20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/ 050126 1 TI TLE @9 OTEOBERZNIH ON
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parti cul ar ?Jd]@ @%‘; on relates to reconbi nant adenovi pet/Epaexdsorze and t he
use thereof. & ND OF THE | NVENTI ON Human adenoviruses are T
non- envel oped i cosahedral particles of 60-90 nMsize. To date 51 serotypes
have been identified that are subdivided into 6 subgroups based on
hemaggl uti nati on properties and sequence honol ogy (Francki et al., 1991).
The genonme has a length of 34 to 36 kb and is flanked on both sites by
inverted termnal repeat sequepsgs dp HRe ThRG&ENMiTONS infectious cycle is
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i nduction” of apootosis resulting fromthe activity of the EtA proteins
(Rao et alvecd®92;arvevihendiBerthiere®d2; reviewed in Shenk, 1996). In addition,
the E1B-55K protein is required in the |ate phase for selective viral nRNA
transport and inhibition of host protein expression (Pilder et al., 1986).
Early region-2 (E2) is al saakerodeid OF IHEEZRVENTOIGRB regi on that together
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of 60-90 nM size. To date 51 serotypes have been identified

that are subdivided into 6 subgroups based on hemagglutination
properties and seguence homology (Francki et al., 1891). 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 El1-E4 become transcriptionally active.
The early region-1 (El) contains two transcription regions
named E1A and El1B. The ElA region encodes two major proteins
that are involved in modification of the host cell cycle and
activation of the other wviral transcription regions (reviewed
by Russell, 2000). The E1B region enccdes two major proteins,
19K and 53K, that prevent, wvia different routes, the induction
of apoptosis resulting from the activity of the El1A proteins
(Rao et al.,1982; Yew and Berk, 1992; reviewed in Shenk,
1996) . In addition, the E1B-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 polynmerase and pre-terminal protein, all involved in refOcaoBBR2006t he
viral genone (reviewed by van der Mliet, 1995). The E3 region is not
necessary for replication in vitro but encodes several proteins that
subvert the host defence nmechani smtowards viral infegidygpaosesiizered by
Horwi t z, 20290406132 E4 regi on encodes at |east 6 proteins involved in
several distinct functions related to viral nRNA splicing and transport,
host cell mRNA transport, viral and céllular transcription and
transformation (reviewed by Leppard, 1997). The |l ate proteins, necessary

for forgmtjnofe tded vpral-t eeaRabds padd dlackagi ngiwfoyvedl igenones, are al
generated from the major late transcription unit (MTU) that_ beconmes fully
act i ve mdgldrcathieomnest the vépeilcgenome Arsomavsd pvcedld ger {ilffdrenti al

splicin d pal.y- nyl ation,qgives rise r t eci es that
share alg%%par t%g%aﬁgaﬁgglggq& né¥. nﬁ'ncgste%r% %?%tglg]ﬁ%}%gﬁegéKignd E4 Of 3
and O ffplaymd Sh¥elak eheran Pieteagid aliaon oibvate theahosRNA
processing and transport fromthe nucleus (reviewed in Leppard, 1998).
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by at |east, two viral proteins, the at e_pr I 2 an

intennﬁﬁ%ﬂ%?iﬂo?@?ﬂ rvig? rdﬁ@ﬁoqlﬁQﬁ%éﬁﬁd%meéﬁgghg %ggﬁﬁg?%b sequence
| ocat ed; @foihey | et se9Bda0f dihe igenormi{ S abhe patatiear t8gvikd0miMIstin and
Inperla}e, 1998; Zang et al., 2001). A second internediate protein, plX 1is

part of sphic mpsandahdansplmdwn hoststegdil inRNA t heanerekt heXdaailnt ctions
(Furcinittj et al., 1989). .In _additiaon | X .has been_described to
transac??iiﬁ%ﬁﬁwéﬁ?néSEﬂéFﬁPﬁgaﬁﬁﬁﬁﬁﬁﬂ%ﬁ#%@&?%%% RUBFERSt & and MLP (Lut z
et al.3c 997, Pug7io the extensive know edge of the viral biology and the

hi gh efficiency of nuclear delivery after entrg into 20 OCCTOBER 2006 WO
2004/ 001032 BT/ EPRO0BLOs@1L2E, necessary for formation of the viral

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 Orf6 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 E1A promoter and MLP (Lutz et
al., 1897).

Due to the extensive knowledge of the viral biology and

the high efficlency of nuclear delivery after entry into



3 cells, adenoviruses have becone popul ar tools for gene a@K)QEQ%ER2QQ§
human cells. In addition, adenoviral vectors are stable and can be produced
relatively easy at large scale. In nost cases vectors are deleted for at

| east the {46 whi ch renders themreplicati on dePCT/ER2903/05P126duct i on
of El - deleteg vectors based on subgroup C serotypes Ad5 or Ad2 is achieved
in El conplenenting cell lines such as 293 (G ahamet al., 1970), 911
(Fallaux et al., 1996) and PER C6TM (Faflaux et al., 1998). As disclosed in
US patent 5,994,128 vectors and cell line need to be carefully matched to
avoi d gesenati adeabvireysdscdidaon luenqzme epopadenotrpdsessan AR honol ogous

recombi nati on bet ween _adenovir uences,i.n_the cell e ey ctor.
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that can_be incorporated into virions
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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 AdS
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.,
1983).

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., 1993).

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



4 exanple are nmuch less prone to neutralisation by human ser2® OtheBRER260GaNd
Ad2 viruses (disclosed in WO 00/70071). Neutralisation of adenovira
transfer vectors dimnishes transduction efficiency in vivo. Furthernore,
the infectiypgoebioss ency of antigen presenting cells, Ipchapdmdsoits c cells,
by reconbi nant viruses carrying the fiber of Ad35 was found to be greatly
enhanced in vitro conpared to Ad5 viruses (WO 00/70071, WO 02/24730). Thus,
Ad35- based vectors conbine highly inpr8ved infection efficiency with | ow
neutralisation in human sera, nmaking such vectors suitable for vaccination
pur posegxafpner atricomasd pEopagabhentof nkultlrnlBlsaddlawt doy Audbabaseda vectors

is possible using technol ogy di scussed_bel ow, Howeve ef ul anal ysi s of
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Generation and propagation of fully El-deleted Ad35-based
vectors is possible using technology discussed below. However,
careful analysis of a variety of recombinant Ad35-based
vectors has revealed that such vectors are less stable, i.e.
can contain less foreign DNA compared to the Ad5-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 AdS5, is poor. In a paper by Abrahamsen

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



5 adenovirus serotype 7 vector (subgroup B) was observed or20208TOBER 2806
conprising E4-orf6 derived from adenovirus serotype 5, as conpared to 293
cells lacking the E4-orf6 sequence from Ad5. However, a probl em was
encount er equybdollodih stability of the vector as unexpeetegtpioasiessbignat i ons
were observed 1n plaque-purified stocks. An additional problem was
encountered wth wild type adenovirus contam nation during production.
Moreover, for |arge scal e production of®adenoviruses it is not useful to
co-transfect E4-orf6 to obtain titers that are high enough for application.
One opt i @i &1 r@s OME PE tHeh 7 adentaw r usasgisup OB pr was debselrvedridrh 2k
E4-orf6 gene stably integrated into the genone of the
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process is |aborious and time-consunming. |In general, it can be stated that
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serotype
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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 AdS5 are able to complement the Ad35-ElA 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



6 vectors by further nodifying cell lines that are capabl e 20fOCTOBER 2006
conpl enenti ng adenovirus serotype 5. WD 00/ 70071 further suggests that one
shoul d establish new cell lines harbouring Ad35-El1 sequences for the

conpl ement a4 fids/Mfiof2€cONDi nant  adenovirus serotype 35 pevkprm3bsecsi ng the
El region (see also WD 02/40665) . However, as al so discussed above, if one
desires to apply a specific serotype for a specific need, one would have
to establish a new cell line for every §pecific serotype, or one woul d have
to nodify the available cell lines that can conpl enent adenovirus serotype

5 for cqaplkerentat ifrtHet heod SeyDhypeedl ilhheseshat! tamoutapath barby be
advant ageous to use the established cell Lines the re available in the
art, andompdemeatiwg fadenwseramdseset yhendt oMo RO/ IO tFwrtd%Tal | ot her,
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syst em h@3g-aducrdisaicd s yfet dshef cadelenients t iser atfy pescdriiainant different
fromthe serotypes of subgro Furthermore, there is still a need for
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El - deleted viruses with and without the E3 region. P1 = plasmd control; M
= mar kehave Ky maabbislera(navi créded)iinendor BMgrY |sReeaitd §BROMYPPenght s

are in kb 20 O%Iﬁg?g%é?%Gtovﬁ%599§/gﬂ%oééé@gg&ﬁggqgﬁkp5pﬁggs7th§£98F%A'

Sequenc@réﬂnﬁhﬁ%n e proxria ream sequence regions
var i ous REgevidrits esd gesel st €ds wirbbypWEGalfiogn csadd Menteen f NASh adF tiaieng

Clustal nethod. Source of
serotype of interest. It would clearly be advantageous to use
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.



sequences are indicated in the text. The Spl site and TATA-b i d
Ad2 (as in Babiss and Vales, 1991) are boxed. Fig. 3B. Schengpf%éﬁkﬁﬁﬁzqﬁ§on
of putative Spl- and TATA-boxes in proxinmal plX regions from sequences

given in 3 Jolle Map of pAdApt535.Luc Fig. 5. Map ,ﬁéﬁfﬁt Fig. 6A
Gel anal ysﬁsvog%p&lg)&ﬁn%ragmnt S generated on DNA i sol at eglt(f i éngéégdApt . Luc
and Ad35. AdApt 535. Luc viruses or generated on plasmd controls. M= Marker

(1 kb plus ladder, Invitrogen). Each wirus preparation or plasmd control
is analysed with two specific PCR anplifications. Fig. 6B. Gel analysis of

PCR f t t ed . Ad35. AdApt.. Z .
Ad35.L%%g§g§§¥32§§%%§§b?g%%f%ﬁ%?ngffggegﬁgﬁé%%ﬁé%%bgg;%ﬁag S5Fkta cont rol s.
Fig. 7-se'§$1%rf€e F{P&%f&% - M, AdABl: sl agiénbvd . ruBe sSehatmt dted ept ekent at i on of

the putative pronoters in the E1B promoter and 55K coding region. Fig. 9.
SchemaMEGalepresenfawvane OPNAhbaresusiiog ¢ usittads nethede 86RIEEgCEn t hat

can be used to generate. distinct fr nt for igdentjficatjgn a ative
pronotéﬁqQQﬂﬁﬁﬁi?ﬁFcﬁn?h%atﬁatég Fggggfgidia&q(gﬁimé}téoébﬁigﬁ&ﬁnQ%%(j
type Ad3p.a29) XIBER 29061 n\022QQ4 QD32 RGT/ BERPPOBR/ §88186x8d .Fi g. 10.
Sequence éilgnnent of the region between the polyA signals of the E1A

regi on Frd ofB i heclkaBApiX cegpemiisont lorfeeutdifireg vl subhiolGPTR OGSy pes.
Fig. 11. Schenatic rfgresentati n of plasmd &NW.C)f?. ro (ECACC deposit
no. POZ0YEEBILIMGE: P 2.regéﬂﬁﬁa%iré’mr c%%féhcieaqtoi m of plaghid pAd35. AMT. O f 6.

Fig. 13. Schematic representation of pUC. 35-5E4. Fig. 14. Coning steps

| eading to pUC. 35-5E4. Fig. 15. Schenmatic representation of pBr.Ad35. PRn.
Fig. 1&idSchenmdflag oéppadéptaBibodusf pBr. Ad35. PR5E4 (ECACC deposit no.
P02041229) .

Fig. 5. Map of pAdApt535

FPig. 6A. Gel analysis of PCR fragments generated on DNA
isolated from Ad35.AdApt.Luc and Ad35.AdApt535.Luc viruses or
generated on plasmid controls. M = Marker (1 kb plus ladder,
Invitrogen). Each virus preparation or plasmid control is
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 generatéd on plasmid controls.
Fig. 7. Map of pBr.Ad35.ASM.AdApt.Lacs

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 i1s according to their position in wild type Ad35.



Fig. 17. Schematic representation of pWE Ad35.pl X-rlI TRSE4. 49 &cTOHRER 2006
Schematic representation of pCRscriptAnp. NFI-NcolR  Fig. 19. Schenmatic
representation of pCRscript Anp. Ncol F-NR2. Fig. 20. Schematic representation

of pCR. NFI - 83004%59)3%21. Ali gnment between E4-orf6 of A&Ew%yosagguence)

W th E4-orf rom AdS cloned into the Ad35 backbone (m sequence) and
the Ad35 E4-orf6 sequence (|l ower sequence), showing that the entire
fragnent has been replaced. 20 OCTOBER 2006 WD 2004/ 001032

PCT/ EP2003/ 050126 9 Fig. 22. Alignnent between E4-orf6/7 of Ad5 (upper

sequen i th . - @@ﬁgﬂni one
(niddlégé%qng%be%Qgﬁggééegiéggﬁggﬁbggéﬁgﬁzg%uence ?%gﬁégﬁ ?ggﬁéﬁgg?? show ng
that the A4 7o seghenERAI $epdior Yand hi frerhe, EVB L pIX heefdsnon rappseé mat el y
at the lysine (K) residue_at position 138. Fig. 23. Schematic

repr esehit B¢ xpnlof SpRETr AR5 BPREATBPIECACC deposit no. P02041227). Fig. 24.
Schematic representation of pWE Ad35.pl X-rI TR 50rf6. Fig. 25. Schematic
representation of pBr.Ad35. PRNAE3. Fig. 26. Schenmatic representation of

pBr. Ad?%i .E3lf!?5§éhemg\:9_c Zlp rANaBit o epf §SENral AOPASIT . Orf6. Hygro
pBr. Ad35. AE3. PR50rf6. Fig. 28. Schenmatic representation of the systemfor

produci (ECAC®Ccaapoaant nade®®A0EI24@rticles in cells such as PER C6 through
a doubl e honol ogous reconbi nati on event. Fig. 29. Schenmatic representation
of pWE. Ad35. pl X- EcoRV. Fig. 30. Alignnment of Ad35 and AdlI| pl X-cDNA

sequences W Ad35.,.se nce, 1T uepc Al fer I cDNA
fragneﬁf%gasigeg%FPSQE%an g%ﬁﬁﬁ%f%%?%%@eggJ§§%g@£§sg§§%§&1 ﬁ'so ?hare
from DNASTAR. Ad35 cDNA sequences were derived from RNAs isolated from
wt Ad35- or Ad35El1B+Luc-infected cultures (sequence of one out of seven
cl ones FEgshbdn) Schraandid RPN sRituriheen f e HnPRNA3S-881at ed from an

wt Adl | -infected cul ture. The sequence

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-NR2.
Fig. 20. Schematic representation of pCR.NF1-NRZ2.

Fig. 21. Alignment between E4-orfé6 of Ad5 (upper sequence)
with Ed-orf6 from Ad5 cloned into the Ad35 backbone (middle

sequence) and the Ad35 E4-orf6 sequence (lower sequence),

showing that the entire fragment has been replaced.



20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/ 050126 10 numnberi '
arbitrary. For the Ad35 w sequence, nucleotide 3339 to nuc?gg¥#§h§%5%£96of
the wt Ad35 sequence is shown. The intron sequence (seen as a gap in the

CcDNA sequengfﬁgmh§13glanked by splice donor (SD) and Sp¥%§%§§ﬁﬁ§ﬁ&géo(SA)

sites closely matching the known consensus sequences. ftware
has placed the first tw nucleotides fromthe SD (AG in the, cDNA sequences
at the 3' end of the intron sequence imstead of the 5 end. Fig. 31
Location of the plX cap site in Ad35 viruses. Schematic representation of

th ) jzati dth E1B X i 35;
dopi of & e A2 ambETTHITRn BEEAPE RS S THT  iS o EbusIaPEEe LR X mrva
Nucl eot,jde, SRAYSNSESe B BASC EQ-HTE A0 SMorAtB5 ANA (MO AAS30BALKbond Minl,

B=Bsu36l, SD= splice donor and SA= splice ac%ggtor. The transcription start
si ée (n?ﬁlclici(m%e?wgzeézt e)lgi_l_tt;h@ G Fcﬂadgfrf 75%@@5#‘1'%@\? éﬁ&;’ﬁﬁetstagh t
codon o nucl . re i . e i cates a
s_equenc%%‘f)%ﬁ ot SRAEHAI E?‘S% §%.e ﬁrgfn@enseecﬁk%%réesuﬂggfe';cg Ad35 viruses
with a 4660003 wELB sRAUENGE oretaipiaskinf ieIDy esentiadi Ygsexanylke of the
results of the transgene PCR assays on Ad35. AdApt BsuLuc5Orf6 (Il ane 1-9) and
Ad35. Advge Biug ugt vpoasesofl ddds 10-14). M= | kb+ marker (Invitrogen), P=

pAdApt BsuLuc control plasm d. SUMMARY OF THE INVENTION It is shown in the
present invention that a reconbinant group B adenovirus that has a deletion

in the & regonstiehttke regrapeaan oin BB 52K, 2635 . 2R;oUREGat @JAESS

exogenous” sequences than a simlar Ad5 reconbi nant adenovirus. It appears
t hat 20dEETECBER2008020@122@04/-001032 PCT/ EP2003/ 050126 11

Fig. 24. Schematic representation of pWE.Ad35.pIX-rITR,50rf6.
Fig. 25. Schematic representation of pBr.Ad35.PRnAE3.

Fig. 26. Schematic representation of pBr.Ad35.AE3.PR5E4.

Fig. 27. Schematic representation of pBr.Ad35.AE3.PR50rfé6.

Fig. 28. Schematic representation of the system for producing
recombinant adenoviral particles in cells such as PER.C6

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

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

The sequences 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 Ad35ElB+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



this is due to a relative underexpression of the pl X gene i 20 QaroBER 2046 B
virus in a given packaging cell, when the plX coding region is preceded by
sequences between the E1B 55K stopcodon and the pl X startcodon only. It is
shown t hat wyieddandibiises can be rendered nore stabl e angtompepodis of
accomodat i ng nore exogenous sequences when either the pl X pronoter is at
| east partly restored by including sequences fromthe E1B 55K codi ng region
into such a virus, or by using a het er'8l ogous pronoter to regulate plX,
such that a normal, or even a relative overexpression, of plX is achieved
in a ohMRBePagkagingredldrarkhe Presem Adyenviosepueviates ruglewnbdeant
adenovirus having _at |least a deletion in ta El re%i on, .char acteri%ed in
851 REE

that at33B8atp pacteetidee ItfietEethentbal BAS5K [ HOB odtiZE  t hat
i ncrease _the_expression qf the pl e: ar r (" iLsyadgnovi rus,
with tha"pr8di quflﬁgtc%saé)sferrgc%%b%(ngﬁ lgdg}rllgvie?g? glgglgezgdt&gxg%ss a
functiopahnkéB BYKsganeeprdstust . (SSucinddspbiteusesegrite motdh)stabtes and/ or

can harbour nore exogenous DNA than the correspondirc%g; adenovi réﬁ t hat | acks
al | El1Bleseilygresghdme ssheor Br@yBbFEoNSIRFYS adEAYFD 'c%i T @ About 700

base pairs, or | ess _of .the n h a [ |y fiRst raam pl X
codi ng EQEG?—S’EES. %Fr? Erleaf eerérg%yge%%%}gn% s?lﬁgzlaggq:gg%r%w rus 1s aé)%rt(()%g)B
adenovi K us + e I@NAP Rl e/s ant atdreo8i r eadderi vée fintran dmgeenhcopon Ad35
or Adli. The invention further provides a nethod for increasing the

st abi | | ips&geadortt kbeparkaRfitg capacity of a reconbi nant adenovirus having
at least a deletion in the El-region, said nethod conprising retaining or
reintroducing at | east part of the sequences that encode the E1B 55K gene

product paRd 3IINCrRRSE ildie EXPEERSSPOR 6hpt Betpl Xrgewws 3 nvsaisesadenovi rus.
Instead of or in addition to the presence of E1B 55K sequences increasing
the expbSesengtisf nemeaactigahton oLi §ha| g6npEss N i EREOW0E the

2004/00%&%29%%@’%@%P%§ﬁ959é&§e&ges 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.AdAptBsuLucSOrf6 (lane 1-9) and
Ad35.AdAptBsuluc viruses {(lanes 10-14). M= 1kb+ marker
(Invitrogen), P= pAdAptBsulLuc control plasmid.

SUMMARY OF THE INVENTION

It is shown in the present invention that a recombinant group
B adenovirus that has a deletion in the El1 region up to the
stopcodon of EIB 55K, can accommodate less exogenous sequences

than a similar Ad5 recombinant adenovirus. It appears that



to change the sequences precedi ng the pl X codi ng sequence i RIOOCIOBERAAGEr
pronoter, to increase the expression of plX, resulting in an increase of
the stability of a reconbi nant adenovirus and/or an increase of the

packagi ng cwpagisoy1083 the adenoviral particle produced seyaeeo3medibod of the
invention. Hence, the present invention further provides nethods and neans
for increasing the stability and/or the packaging capacity of a reconbi nant
adenoviral vector lacking at |east thé*El-region and conprising exogenous
genetic information, conprising the step of expressing the el enents

necessafy; § of s @PrOIHE! hOReaRE iags aifleratpres sl srecofibthanpIddermd rial vect or
into virus particles in a packaging cell in the presence of ggﬁ gievated
| evel ofajpd Xoxewe Produes in Saidl it Rafrgerd | celine’8rR $88d Pdi*evat ed

| evel of pJ X gene, product _is b r r i f genetic
i nf or rra‘F‘?‘ng%n{:%%ﬁﬁ ltshgrﬁlcfd;)e%gg% ns:eacﬁijé{%%%é’uﬁsé;&g)§¥g %%l ?F%dc%ﬁg( gene in
sai d  VeEbPkodsR SnBDEhE ¢ald Mt oaisdduh thiel pl Xigehe phetucttHat keach

overexpressed. In a preferred enbodi nent, said nodified plX gene conprises

a het erviogees pannbeereddaras nowe rteksi and/8F £AR3FESFeGic i nformati on

di | X, sajid heterol t ' QUS| id
genet | CAFRPBISAATORS  BRCad eI BEH Betubr ek Bt d TEheL, ek o
cell. |ﬁroﬁ@@eﬁ@@dbﬁeﬂbasﬂﬁi}ﬂafﬂfrﬂmp]b?”@helluidirﬁj derpsindes part

derived from or based upon the pl X pronoter of a adenovirus serotype that
conf er sEhpghehe| BYBl $5& qeidd nexpregsemnirb@ansual aeNdadEenodF pRoxiHaERd pl X

hi d hoTeherBEREEIoHPo AR T ot AT FE e a8FEDed Fiom A TEeRd upon

said he derrve rom or ‘based upon

the pl Xrpepant 8r refl AAdSre IdvOnex@sdesion ) hefi pYBNLsORNi@iadEsia a
reconbi nant adenoviral vector lacking at |east the El-region and conprising
a gene oiventpeekegingerasild the pl X gene is nodified, and wherein said

recombi nant adenay! Lal, RS {520 ETOREE-30880aY0 20HAAGH naving
at least a deletion in the El region, characterized in that at
least part of the sequences encoding the E1B 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 E1B 55K gene product and
increase the expression of the plIX gene in said adenovirus.
Instead of or in addition to the presence of E1B 55K sequences

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



not derived froman adenovirus serotype 5. It is yet anothenr( @spesir 2006 he
present invention to provide a reconbinant nucleic acid sequence conpri sing
a nodified adenoviral plX gene, wherein the genetic information encodi ng

t he pl X pr ®®2004/001632n0t derived from an adenovirus ser obgPePRONH5083
adenovirus serotype 7 plX encodi ng sequence. In a preferred enbodi nent,

said nodified pl X gene conprises a heterol ogous pronoter driving the
expressi on of the genetic informationléncoding plX The present invention
further provides reconbi nant adenovirus vectors conprising structural and

non- stEucitabe EhemRakfudond SARARYIAYSCRE BTK Ckisy dlammnadetsta said

vector furt conprises a sequence encoding an E4-orf6 fprotein, wher ei n
sai d sequencrges pebecited ,f riom thereaseptheorspseisnd oof ofaP B E4-orf 6

encodi ng sequence derived from an denoviyus.of a secand 0 di fferent
from s&FaUiF+RY 18eAdt fﬁéﬁrﬁﬁs%noﬁﬁ%?f%t@%%zalg%o equence elrrlg%%g from an

adenov&ﬁ&ﬁoQirﬁQ!QﬂHﬂBﬁ ST PhYPSa Y YBYtRE §a@%b%@ﬂ@lcaﬁ&&ﬁ&§0@f BHdi tion
c

and/ or “substitution in one or nore codons; and an E4-orf6 encodi ng
sequenadenoupradi pgrd ifals grrodeteddny athar meghogdn o4 -tdyef 6LIEIRDEL Py~ sequence

derived f d t diff f id _first d
ar t BENER, EADS, 6 STl HOY SEGLBNCECHBRT SR PPONTE (IR Ser i ype,

wher ei n.sakd rhhi 6 SR YRS PRY Beabdenticahdler. the Pddeieiig from said
first serotype. The invention further provides nethods for the production

of suckapaconyi ndnta adsrowdinsnyesdensvioapr vectgrstliagdtinaglat ahgast

non-structural elenments of an adenovirus of a first .ser.otype aid net hod
conpri§PﬁgE%ﬁ§e§ﬂgﬁs§ﬂq %SmBFb§?Hgn§x89688Hﬁlgﬁﬁﬁﬁﬁﬁ;%ﬁjgkwﬁ£b8ﬂfing an
El B- 55l§oﬁ1§|§gggﬂg TN, t oflegiyedsLipg ancadanaddus icas seepndoser ot ype

i n expres form t he necessary el enents of an adenovirus such as

to 20 OTPEBERiZQ0GNANG 200 DP1082s2CH/ ERPZO0RLOBTI2Gdehoviral vector
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 pIX 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



al l ow assenbly of said reconbi nant adenovirus vector by sai 20 QorpBER2006 Nng
cell, wherein said elenents conprise at |east sone structural and
non-structural elenents froman adenovirus of said first serotype different

from sai d sgeandsRsPt Ype and a sequence encodi ng a f ungiigmedsossor f 6
protein, or a functional part, derivative and/or anal ogue thereof, which is

conpati ble with said expressible ELB-55K protein in said conplenenting
cell; b) culturing said conplenenting &&l1 in a nediumunder conditions
allowing for production and assenbly of the adenovirus vector to take

pl ace; £ DAL et bR ahN@ den@ AN AHr AAEROVSH [ USt vest getsanptduced from
the medium and/or the conplenenting cell, wherein the sequence encoding

the conpatedt eoE4tbef rpsend invengriegero iprehede eg orBFABRLN2AFenoVi 1 US
vector so produced. The invention f.urther proyides.a_rec L.nan enovi r us
conpri SHplel ¢ eRShBi AR SRGE éioé“pé'rdisd'r}ﬂnlaep[ﬁ?%lﬂje??vgggflgg%kgﬁ _tpE{ei_novi rus,
sai d re&&ﬂ@' nant QUG ehe /AT eGS0 Shcoliensgt taedelrat idivtigirt he El
region,”characterized in that at [east part of the sequence encoding the

E1B- 55K gemet pdediced ifsopr esermdanpsiai reecodpypand Abckai edesiayiviecul e

and/or that the_pl X codi ng, .sequence is under_the O”téﬁle%% s h@}erologous
pr onot eFeTERE r dcBAi FEMC FAFIRNGSy tHer® RBFHPFEERg SIPPTHITH and

non- st ruct 4r gl s EeEBNLT 0fg i  AdRSONdd4iSa OheBlebbll 8loBer iy tather ein said
reconbi nant adenovirus further conprises a sequencé encoding a functional
E4- or f 6dptwi ey nther expresctiiconal £ pere , geleet vat Lnéoandtdon £asIasHug t her eof
wherein said sequence is chosen fromthe group of: a) an E4-orf6 coding
sequence*¥erived froman adenovirus of a second serotype different from

said first fﬁégpéeg;enb&) Ak 108 GPuPE‘Hé’Eiﬁﬂo§§Q:é§”§%c@%i\ﬁ%Qﬁrom an

adenovirus o irst serotype conprising a deletion, nutation, addition

and/ or addstdvivtbsomeictoarse aymprmirse rop detrisy c20r TCTORERN2066 L WO R0GY 001032

PCT/Engggégggézgflgn 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-orfé 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 E4-orf6 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 E1B-55K encoding sequence,
derived from an adenovirus of a second serotype in expressible

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



and c) an E4-orf6 encodi ng sequence conprising a fusion bet¥reerasRR2006f
an E4-orf6 encodi ng sequence derived froma second serotype and a part of
an E4-orf6 encodi ng sequence derived froma third serotype, wherein said

third ser ot XB8So w3pe identical to- or different from S@éﬁnﬂzbﬁs%tswggr ot ype.
The invention also provides a packagi ng system conprising a reconbl nant

adenovirus according to the invention and a packaging cell, wherein said
packagi ng cell and said reconbinant atkenovirus together conprise al
necessary elenments to allow production and assenbly of said reconbi nant

adenoviplie, | n, sai g PAckBOLOgICELLor@nd bhereidn Al i pagkaghpopyceklia

expres FLuAH d“encodrng at Teast an adenoviral EIB-55K protein or a

functi eralpl dddtsikleréyali vehardiar sadnaledguetterenipr Wbeéchti deastpat i bl e
with the éﬁ-orfG protein, or a functional part, derjvative and/ or .anal ogue

t her eofscafe sl thictocoabi ABAL NABERSFUCHIIath EHSRAIHET oht AP s8R pPEFREY T4 et hod
for Produeig, o, 4 gbLe, e6aID LA AIGNRY LS, DL EHRG SEEUELalacend

non- an adenovirus o I rst serotype, erein said

r ecombinandqastenoVi rE6dEARPEI FSICR ieeANtEifranif6 nucdeétnacod avol ecul e
derived from an adenovirus which nucleic acid nolecule has a deletion in
the El fuwyittiomad ranpri desivatérve argior dEa R e reheaeCfea®lif t1Df the

sequence __encadj ng .t E1B-5 . dyctn i ipgs expressi:an of the

pl X pr&F@ﬁé%éﬁH?ggﬂPﬁgs?édt gpgggﬁégggbﬁﬁﬁ %?%5@%%?%%§|9E1§?1 K protein
from saidhsnshehei 3§i dell;eeyl evanrdidndasaiad ptofpreodéngiagquende iunder
control of a heterologous pronoter, said mnethod conprising_the steps of: a)

provi dimepliure oapllenesonag tioals| addsvdas MPa RBICEKOBNEAE 7§ Se8Rishce, of
adenovithort ACERERREUEePBEYRE T St B 1o Cu PREVRES e SET,
el ement fe Bmitn AFENQYENBY 1 26 st Feditlodw ssgerddyced 2OoRCTOBERMIM WO
2004/ 001032 PCT/ EP20031050126 16
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 sequence 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 Ed4-orf6 coding sequence derived from an
adenovirus of a second serotype different from said first
serotype; b) an E4-orf6é encoding sequence derived from an
adenovirus of said first serotype comprising a deletion,

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



sai d reconbi nant adenovirus vector by said conpl ementing cel490QctogERi20062i d
el ements conprise at |east sone structural and non-structural elenents from
an adenovirus of said first serotype different fromsaid second serotype
and a sequ ing a functional E4-orf6 protein, .onal part,
derivativeagﬁzwgﬁ&gﬁglogue t hereof, which is conpatible mfﬁﬁaMﬂgﬁgap
expressi bl e E1B-55K protein in sald conplenenting cell; and b) culturing
said conplenenting cell in a nediumundér conditions allomjng for
production and assenbly of the reconbinant adenovirus to take place; and c)

harvestdng dhesn rﬁ@%‘%@a@hc%@%@“srétﬁleﬁoc@r@&h@ﬁﬂsiﬁ@mat FagTRE UM and/ or

the conplenenting cell. The invention further provides a nethod of
produmbg;we&m&ﬁepadénoﬁlaalE@aﬂnﬁﬁ;Qnﬂndﬂmgr@ﬁ@&@@@ﬂod§rg§m&|ﬁ¥0m a
information without the ggneratl catﬁgn ngetent adenovi r us,

wher ei rERLHRF ERT OF ¥Pgr LG 83 P& t é”bt enGHBABYI PEEUS T Sonpri si ng

the steps Ofe@r PUHRTaCehESURESH FRNAIFAORS: £0S8UET ¥RikQ adeawigalmaspct or
production, said cells, or an ancestor thereof, having been provided with

and exXpe esdemgioat! ebe amiduﬁﬁmnqpﬁ(ﬁrqmlS@i@nénrsteseewtmmef(n

adenovi ral vector rodgctlon and ackgsqng gents essential_for
gener at¥hg FRPERELPP 0RLEONPIOTHA T ?919%c§¥? BeHYPiresdit Bn at

| east (M0 SROHL £ AHehsiS rag %cdaycﬁ%&e@on@se 9i M88t L bse ah@l iaht er nol ecul ar
reconblnatlon t essential elenents conprising at | east one serotype

determpn¢Kp§im@cteial ahereia maldnpamkagzmge¢ehbnanﬁr@@h&\ adenovi rus of

a first serotype other than Ad5, an risin an_ El B 55K gene product
from a SREIRA BB PHENAVALYFe HOTT rt %@??+é& §£}OP?G§S§ﬁ%"an E4 orf6

gene pré’félﬁénﬁﬁ”{?at b?ll%w%déﬁogzrﬁ%c§5§s 197 88UGk d L& fant

enbodi nment s e nucleic "aci ng ftor a esSential el enments essenti al
for adedewovatuyethosapdoguctkiagirandephkkagnagwhempins e ad 2 PaORBER 2006
vo 2004/OQ%OgnggggEgzgg%ﬁgig;%%ig?encodlng at least an adenoviral

E1B-55K protein or a functional, part, derivative and/or

analogue thereof, which is compatible with the E4-orfé

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 sequence
encoding the E1B-55K 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 E1B-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



reconbi nant pl X gene. In one enbodi ment, a reconbi nant pl X 290eroBER2P06X
codi ng sequence under control of a heterologous pronoter. In another aspect
the present invention provides nmethods for treating or preventing di seases

or disorde%i && @gﬁgn or aninmal subjects, conprising apgiaP2088/050126
adninisteri(b Y i nant adenoviral vectors according to the invention to a

human or ani mal subject. In other aspects, the invention provides vaccines
and pharmaceutical conpositions conprist)g the adenoviral vectors according
to the invention. In another aspect, the invention provides for the use of

reconbi Ranly RANQYIHHht VEEEALT12EE0KICRG 1 Bt i dventp bemént ihbecell,
preparation of a nedicanent for the prevention or treatnent of _diseases or

di sor demheineimuraai brebememt s sapppEise e laaple@aeh afseckeratesnfo a kit
of parts conprisin el l.line nd_adenqvj ral . [ y the
Cnvent i BFTF oI TRt gel?rﬂ%nﬁ%t %6%? S‘Pox%dﬁé‘g’v&yﬁﬁgauén%éeﬁ i‘g%gs TAI LED
DESCRI PHN {Jp T HE # AMEMTHE Oilrbin 58.16N@ caspecisetfo e iawvénsi sequenpeovi de a
method for i'ncreasing the stability and/or the packaging capacity of a

r econbi eactodidenayi fuschhonay B -badst prodeliani @ i FreCHonpégPest,

conpri si the step of ,expressing the el enents .necessa . d ron and
assenbl #jeg:fl"?}ijd’ere%% ?]ﬁaﬂflaigagﬁo ?‘Flféaol@ﬁt ﬁ\ﬁcﬁhsl%aé%ﬁégéégﬁg gﬁtp'):gllfckagi ng
cel | indhe Jessenes i Brpeksraled tavelirmnisfld ganslonedtchg Beddi;d
packaging cell, relative to the |level of plX gene product obtained when the

pl X codiang dequenmteurinpeband cospdrtegding cedrloxihed Mpdiveannsieguence

wi t hout El E 55K sequences. | certal n.enbodi nents_of, {he od of the

i nvent i &iP™ '%Pnijﬁiib%an9e£8F QﬁoﬁﬁfHﬁﬁkEﬁ%ﬁ&ﬁﬁewgi%rSES%Reabout by

retai ni N AmyBidie osieh H9i Past tof thie BhR&EEK spauencrsrias29ngCERRER 2006

WD 2004/ 001032 PCT/ EP2003/ 050126 18 said adenovirus. |In other enbodi nments,

sai d el et it aflenovirus so produced from 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 orf6 gene product compatible with
said E1B 55K gene product. In certain embodiments, the nucleic
acid coding for all essential elements essential for

adenoviral wvector production and packaging comprise a



pl X gene product is brought about by the expression of the pi)XO0ce08ERQ006
sequences under control of a heterol ogous pronoter. The invention further
provi des a reconbi nant adenovirus conprising a functional plX coding
sequence ung,@-,rm&%#(ﬁgl of an expression sequence, said gqPEBiGlSE26€qUeNce
conprising part of an El B 55K sequence capabl e of increasing expression of
t he pl X codi ng sequence in a given packaging cell, relative to the
expressi on of said pl X coding sequence Behind its endogenous proxinmal plX
upstream sequence without the part of said E1B 55K sequence, with the

provi fsoréf@ﬁ\b§ﬁhgtp§&§( eerrn 1 BRSKemsa8ERERt fo8S reciontadtaftorpIK
functional E1B 55K gene™ product. It is shown in the present invention that
pl X proaptelsseqpdiicevdiny requesent uhdesatdnEIBI50K Fediftifesl 09
including t hese sequences in said expression sequence can therefore

i ncr easBIPPKRTEXpressi on. The presence of said EIB 55K sequences increases
the stabilityqand/ehRaGkagitg tkapaettynel i fakdtieaomridibte AdeNNOALS,
conpared to tﬁe situation where said pl X coding sequence is behind its
endogenbus prexitimlg EIXX pyEsterebins edlueagsesi @hogtispﬁélewr tirpfhumzn ¥ B 55K
sequence. ,An_adenqvirus of ser.ot) |l eti,on in the El region but

35 with d
with andPhbadt SEPESEER c Gy T '%na fﬁ%ﬁ.%§3§8Pépﬁﬁﬁﬁﬁﬁ§ﬁAA21K) has been

di scl OSEQCB{aﬁe 202/ é@i@%vimm\y@éto@sfaaéékeﬂﬁlg 85K taene feiicdn B4CA as

present In di scl osed vector, inhibits apoptosis, and hence it is

desi r edhutanobtraiam iredorbibreett adénoviheas ahpeckack $Haunigtremal olE1B 55K
expressi on, ,e.

.e.g. by nutating, the El B 55K, gene or preferably b i ncl udi ng
only paPEO¥tdeRe VEOS 1558 §€a%é$E%§¢aﬁﬁPgig?gfSPgﬁﬁﬁlﬁH%ﬂﬁuﬁ?@F{ﬁﬁ§ng
sequences  dawasifAaam10f,d e i B, SokKrat Gt €8deRe ihvaltlole £ eafotRethe
skilled person that 1t is beneficial t0 mnimalize the amount of EL1B 55K
sequencasperts aitthev égtven 200 rOGTOBERI2 6 06 or WEh 20 04 €0 (1D 32 ¢y B0 3/ 050126
19 in order to qgnerate viruses with_a gﬁxinal El .deletion.to

adenoviral vectors according to e 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 TINVENTION

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 EI1-
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 E1BR 55K sequences in



accommodate nore foreign nucleic acid, while at the sanme tinmggdEtsHeN 2506
sufficient E1B 55K sequences to have the benefit according to the present
invention of an increased stability and/or increased packagi ng capacity

wi thin the i t adenovirus. Wth the teachings o t

i nvention, Fﬁg%ﬁggﬁggn skilled in the art wll be able t%CP?ﬁQRQﬁﬁﬁﬁininally
requi red sequences within E1B 55K that |lead to the stabilization and/or

i ncrease in packaging capacity of the 1Beconbi nant adenovirus, e.g. by using
standard nol ecular cloning techniques to obtain serial deletions within the

E1B 55K, r g0l ing L r ' eCtQk 4 elevated level of
(pBr.Ad%%%?e%gg?ﬁ%iékiAzfﬁ)qgﬁgggé%g§ﬁéﬁﬁéﬁk¥he stabFIpr'g} 6§§iag?ng
capaci tyIx! tehs phedetar & sambrahjgct abowthebprebenexpresericonoft dlipr avldle a
reconmbi nant adenoviral vector according to the inxention wherein said

sequenc@@déngodPAYSRRE SEMBBIK CoRjeRel pP bdBcheEBHBI-PIOVSh RACHR %D or | ess
of the FRZNOULLUS; ofCHIERTRS. haly Alds UL T Ecbbp YRRl o, P! X open

r eadi ng rane.” I'n other e I'men sai d sequences conprise not nore than
about 688mp@8in§5a, faRktidhihrl 400K S68ind08eqiéfce?@Bderlathntorol0HE nt of

t he adenovirus sequences that are directly upstreamof the plX open reading
frame. 8N eXPreRéENMERIUEnfh 22 +RcHBT AARLCRIERGVEIES \RAFLSEI%i ns 166

P Pl PRk, pet R, g D £00M00 BEIUBNECO S it bl S81= 405 7 Per son

art, the 1Tnvention rsn tot ence o
sequencgrt hak ipIxf @vdd g sesti¢gubnsa syl eeahpadikaedlay ayist,r el ativtse pl X
codi ng sequences in the natural £ adenovirus. Instead, it wll also be

possi bl Boatber gXpgess iome Off Rkl i BRXt 6ORNE §BGUEAEEs DHENhrE-For e
see o GrobyEnshs Byl PR e LS Sedpeob TR REM R T SR ory
sequencesidt BeReBBKCreafudig-an withftheéapbrdfiCTOBER 20061 Ar2008/ 8A1032
PCT/ EP2003/ 050126 20 conbinati on of regul atory sequences, as long as this
resul t sSE1B 55K sequence does not code for a functional EIB 55K gene
product. It is shown in the present invention that pIX
promoter sequences can be present in said E1B 55K sequences,
and including these sequences in said expression sequence can
therefore increase plIX expression. The presence of said EI1B
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 El1 region
but with an intact E1B 55K coding region
(pBr.Ad35.1eftITR.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 ELIB 535K
expression, é.g. by mutating the E1B 55K gené or preferably by
including only part of the E1B 55K sequences, more preferably
including only sequences downstream of the E1B 55K startcodon.
It will be clear to the skilled person that it is beneficial

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



in increased pl X expression in a given packaging cell, when 2§Qﬁ§§; t he
absence of any E1B 55K sequences. In a preferred enbodi nent, sai éﬁg%%8¥rus

is a subgroup B adenovirus, nore preferably an Ad35 or Adl| adenovirus.

Adenovi r usesygdoodiiskypes 35 or 11 have been shown to be | usef ul
for adm nistration to humans, as there are nmuch | ess ingFgﬁgégﬁgb?Eat have

neutralizing antibodies to these serotypes than to the serotype 5 hitherto
nost used (WD 00/70071). It is anotheln%aspect of the invention to provide
the nucleic acid that can act as the genone of the adenovirus according to

the present hovepti g,o88 an ALIAINAL S, Of hil B 9N ded kheprigsence of

E1B 55K sequénces t increase t expression of the pl X gene, it 1is also
possi bl gctomavesexphness Fotdilgelfudeimtaticdg vhelel Xt dgéee sgmefeimdly its
pronoter, to increase the stability and/or packagi capaci of _
reconbiﬁ%h@l%H@%OQPfﬁéplﬂnﬁﬂﬁﬁEii%%;ﬁ@@%ﬁﬁ@@?st ngeg§%§ héVFﬁﬁaé _
differenl BEQIRLCEo BAY A ddANSCIAPLL OOk CE 1 DAl Sho Rt JRHA ek $0UI NG
sequences; e g.-o Pained y codon optimsation, introduction of introns

t hat stahd)bzeiRbAcaged theHddkimg Acgpbac Jeymewitbior dieg nerditieinavient i on
conprises genetic information encoding plX and includes nucleic acid such

as the pAsngEnEUSsuWRtaAs Woudeaehindsrat BR8NBYPPESEs 1TOBUA Y i Hi%r mat i on
o nes . . e - ana 1
enco '“gegyggg%kg@epgép &R0, 211 Bbd Caige! BB 10 M Glinideifly ,

encodi n has at Teast part o unction of plX

di ffer fegmipeanBbgpeXdds wiltgnin tEIB VESHrthaal Leati ve admects, derived from
or based on _plX by mutation, deletion, addition, or translocation of am no
aci ds, 8EabbhbrARLPBNINHETecinCTease r kR oRBFhadi "ddERRAGIIY 145 Bh®lel eti on

20 CTOERRP B b0 B 0TS Be epbon3t B0t raRar = L R Bt e
pl X opealbaadyngethaneuad ltdeolptetededrial deletions within the EI1B

55K region starting from the disclosed vector

(pBr.Ad35.1leftITR.AE1RAA21K) and determining the stability or
packaging capacity. It is therefore an object of the present
invention to provide a recombinant adenoviral vector according
to the invention wherein said sequences encoding the E1B 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 3’
end of the 55K coding sequence. As will be clear to the person
skilled in the art, the invention i1s 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



by sequences between the EI E 55K stopcodon and the startcodoQOGngdﬂE&mmese
sequences are herein referred to as the "endogenous proximal pl X upstream
sequences" (e.g. the Ad35 pl X upstream sequence in Ad35 based reconbi nant

adenoviral wRbiogos2t he Adil pl X upstream sequence in Agilobased
reconbi nant adenoviral vectors, etc. are referred to as enlﬁogenous inthis

respect; the definition includes allelic variants that may be found in
nature and which are not created in the |aboratory; see Fig. 3A for sone
proxi mal pl X upstream sequences). A "heterol ogous pronoter” as used herein

is defi ' : if t | foound
IS de 'é‘&%ﬁﬁ%‘f% l%ggggﬁﬁﬁggﬁ{sﬁ%@kﬁéﬁ&@ hes sesuenssstRakukalshyt tfsoun

upstream 0 he séquences of the E1B 55K regi on

and t heiendogenoisd ppOXi srb relsX iups timeam gsierpreneeskagndgbeehd, wdygabl e of
acting as a pronoter and thereby regulatin transcri ption_of plX coding
sequencEBMPaTED L aepechbsgncretad Andydud %?%D?%‘iu% €Be 4sBquence at

L??:Fiﬁ&é¥gﬁre&kgﬁg§§%kggg1o%a 1§a§ﬂ§ylfhéw ignggg?ﬁgﬁgshrean1sequence

g 'sequences between’t he stopcodon an startcodon of

pl X) fromemesadenovinoue bredeardtiierarsdiy per Adhh aHenseictugpe from which
the reconbi nant adenoviral vector _is derived (e.g. an_ Ad5 pl X upstream
sequencRAeP B URBE Of e 66FOLYRRS atherfiitalDaeet B FHPYD §0r &ferred to

(el n B8 feu - E00008N0s MYl Rlet I ADUSEnanth 830 cRERAIIIRAT of

t he i nvention, erive expression is ven by an A
non- endp@emolss Hr dxd el dabXs pramtlerve Amgutioal entingeaatusbpdarismedo pl X
pronoter derived fromor based upon the proxinmal plX upstream sequence from

a serotjpee teRXCEERAGEr SPANGR& tir@/eﬂ%rQﬁYRﬁ)@el?(%F%‘éanmPﬁ&nuFﬁéi (WO
A L e b e L s S
2004/ 0043 2n PETTe £P20038050B26 c2h o ettlse ngyn biee bafe dhep adeseguience
i nformation, such as wll , .

according to the present invention.

As an alternative or in addition to the presence of EI1B
55K sequences that increase the expression of the pIX gene, it
is also possible to overexpress pIX 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, cDNA 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 qualitative 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



be evident to the person skilled in the art from Exanple 4. b§odRIEERZU0R
enbodi nents, the adenoviral vector according to the inventiog I's d%rlve
fromor based upon an adenovirus subgroup E serotype, or preferably of

subgroup B wﬂé%ﬁgml n specific enbodinents, said ademﬁb%\m‘gﬁﬁgr is

derived fromor based upon an adenovirus serotype 35 ( Ad7, or
Ado. In alternative enbodi nents, said non-endogenous proximal plX pronoter
is at least in part derived fromor baged upon a proxinal plX upstream
sequence of an adenovirus classified in subgroup C, A D, or F. In

parti culg RUROGHAERLS: SakHNRTX SRAROGRRNS Y Ot R 1 X1 PHANBRlcdech!
| east in part derive fromor based upon a proxi mal pl X upstream sequence
of an mdermyiense sebotypenl2heATLB) ,5550%tarcodtind, and hbee stprdcadam y of

Ad5 or Ad2. Alternatively, sequences actin non- endogenous proxi mal pl X
pr omot 2f K bel FYBRASEAPRPCES| 1IAFE iﬁfedéh%&e?e%?%ﬁ?a?gbiggﬁogy net hods

known t\Q j h Nt t, Aanggr ypt i S
erﬁﬁ%%éﬁ*g;?%§k}!é£%§ Igariogtl:iﬁé.?{/stre%‘ﬁp@éﬁéﬂ/céé 864Dt kAR AsSEY

wherein pro tested for strength. It will be clear to
the skbixesbpersan sbatieakcentnt AdISorhasqnt anetemb imgnbe aswapyédalwi t hout

exchangi ng the whol e_pronoter, e.g. adding, deleting,.. or nutating known
transcrY§REUrs £ ak®r AglAdPrd é]&i}g%?@& SAENGH dﬁtgglﬁaba?ﬁﬁ uence its
strengtfi,c M AlL0g Q&eb%@i&aﬁa%&forsqr%{?g.er SEUHERCLSeQaR e done by

changi ng? e sequence by "nutations, such as aby additions, deletions, or

exchangémgpgdnowseinr thmse musgleent;i ddss defindihgnsineflobes efl lrmiclceot i des
with a known function. Substituting pronoter sequences is done begéﬁggacing

part orvariantsHedk FeyuefcdSu ei”ﬂiqaf%%tan%r%?gr?rgueﬁtr can
Lo the Horean TERPFREATTA he ArC ARy Tororer Ran paegoRat iR 2o
OCTOBERs@f@¥n caf) 2004/ 001032 PCT/ EP2003/ 050126 23 operabl e association with
the pléxwﬁgiéiofggggg’p%g%o%%iae%sfégé&tﬁgfgiﬁcié defined as any
sequence different from the sequences naturally found upstream
of the pIX gene, including the sequences of the E1B 355K 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 in 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 AdS5 pIX upstream sequence in an Ad35
recombinant adenoviral vector). This is referred to herein as
a “non—-endogenous proximal pIX promoterg.
In one embodiment of the invention, Ad35 derived pIX
expression is driven by an AdS5 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



I n anot her aspect, a heterol ogous pronoter is unrelated to »Qo98BERR006
non- endogenous proximal pl X pronoters. Therefore, heterol ogous pronoters
may also be viral promoters, including but not limted to prompters based

upon or deryusehsdober Cytonegal ovirus (CW, e.g. the hurgir&Msiosdssli at e

early gene pronoter, further herein referred to as the CW pronoter), Rous
Sarcoma Virus (RSV, e.g. the RSV long term nal repeat pronoter, further
referred to herein as the RSV pronoter 2 TK, HBV, SV40 and the like. In one
enbodi nent, an adenoviral El B " pr ormt er is used as a heterol ogous pronoter.

Cel I ul a;srox%@éf?é%a Ca Hasedagse &eter ohegerstpoanDiseich @dvilhese
i ncl ude but are not Ilnlted pronnters rom PCGK, netall othionein,

EF1zaFbacevndeahdtbhéﬂaIQ?rSanﬁkmlke@rlnh?belGrbréﬁﬁﬂbﬁgamﬂﬁﬁn45|%©
el ements from pore than ,one ter, can, al $0 be. use for e inve on,
and ar ePaFFcy Fuﬁg‘go\ﬁlﬂﬁ%$h§:q§ecoap eivih tg?%tﬂet %ro gogl pﬁ%rr%&%&ér
Pr oot eFﬁvé’ﬁ@ﬁoﬂaXsb%le%‘mﬁéd t{HdrY & Proh SEYCiPba. ahn aldee ovERiXd uledr &lip
i nduci bl e pronoter a pronoter is considered suitable for the invention if

it giveB seeoéxpeesgmrpnefen@ly neiticedograve. BARPIOtyinst - erlnsegpe@tgic
resultin oV rexpre accordin the inv ntlon be used
as a he?gpﬁab@ pr&ﬁ&t #%)Y%FY%E ?ﬁvéﬁfﬁgﬁd eSS Cl%g%?fgter
strengt frnoANEnOLARH RSRRMA éi@ﬁcﬁfﬁé"w the3ypef PIHM?SAde drparda cutgr
pronot er when present in the reconbi nant adenoviral vector. itself is its

si ze, asltengetipeomntterdsinwiritls, tsaacsiLupospandoaeapmb[pefor?@matlh@lxansgene. A

erson skilled in the art will be able to resent, invention to
gl | ow f BFOMBhEFniLSi Rdr tji‘?@%c]trbrp%&)be‘fl?%ﬁ?al E§° E ‘I% SetURY 6 onot er

I engt h ﬁ99x§ﬁ5§n9&&‘%§§kféaﬁ”§é hdSeh¥ §hZ§deh%VBﬂWitéﬁhséﬁ@ﬂeétﬁﬁ|e
reconbi hant vect or OCTOBER 2 06 WO 2004/ 001032 PCT/ EP2003/ 050126 24 It

Wi | | besubgapuphft, &,hderof olfgouEin@nbiLeulmy egibiodimegdrit siai drnemncl ude

part. or 2kl ;gf he endageroysy pr.oxi el

ePlgé at least in part derived
from or based upon a proximal pIX upstream sequence of an
adenovirus serotype 12 (Adl2), 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 Oor more nucleotides, including stretches of nucleotides
with a known function. Substituting promoter sequences is 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



upstream sequences, or alternatively wholly replace these SHIOERORBER 2006
| ong as the heterol ogous pronoter according to the invention can cause the
overexpressi on of genetic information encoding plX in a packaging cell of

choice. It wydby@lez® be clear to the person skilled in ﬁ%ﬁb&g%@g when

an endogenous non-pl X adenoviral pronoter (e.g. the ELA

pronoter) or a heterel ogous pronoter that for instance regulates the
transgene is used for driving expressi @ of plX by use of an internal
ri bosone entry site (I RES) between the non-plX adenovirus gene or the

transgegggsggléhssebéi%wdm wiSGIUeS etk Ngehbhet endeick, tdls tsstedbe

regar de efng wthin the scope of  the term "heterol ogous pronoter"”
accordi agr fost béfiemrenti on. An el evated or increased |evel of plX gene
product in the invention is the result of overexg&gision of the ne in

| X
a packagi nglBePRogheth@RECtoy et Xpreset 88°8F Ph Tyere WE-© %ﬁdﬁg?ei n
s defi%ggnﬁgigﬁleégkeﬁe%ﬁ%ér?%\?%( BtoRiHa) ebtRebr b tRYA OrrRe ft ebRel evel or

both, t Igher than the expression | evel obtained when the coding
regi on hétpkXlbgoubehirmhdterd eanlpgehsasbpr viredl pploxalsts ealmebgdénges” as
defined herein, .in a given packa ing_cell. "CNereﬁfressjon" i meani ngf ul

i

in the B8Rt BRL THAEDrie3 anfONRAVRA ]Bﬁsfegr UROTp &t idﬁﬁja e%g%é?%l ogous
pronot eggeéﬁﬁggg}%b&%ﬂfson@h,aﬁb qdengyl husahn cROMiRRd ol o ddy By pgehecul ar

packagi choi ce. Me s to determ ne expression |levels are

gener al pyomoekl , kot Her pesseohs skfékeddi ot he ahie, GMd prohotderbut are
not limted to RT-PCR,, Northern blotting, Western blotting,. and the |iKke.
For t heRpHEsSRE COMRe MBS b@%Yexﬁrésngﬁ R done GRERIARY BFPEBEer mi ni ng

t he exp [ | evel s 4 i pan OVigr Wi i nserk (e.g.
Iuciferggéﬁoggreéﬁaﬁggékéksf%%f%@oﬁ?o%igggﬂP /E%fb 103%%%%92% pfn a’given
packagi agveekiv4of achbittes Whes ei Dnt baegembbidd meinnf,oraratadenencodl ng1pl X i s
behi nd t he endogenous proxi mal_ pl

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, EF1-«,f-actin, and the like. Synthetic or
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 available 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.



upstream sequences w thout E1B 55K sequences, and conparing ,f BER 2006
expression levels to those in a reconbi nant adenovirus that I's the sane
except that the pl X coding region is regulated by a heterol ogous pronoter

or by sequeqfefiod the endogenous E1B 55K gene (its | ' _pronoter
t hat has been aﬂhﬁggst partly reconstituted). CNerexpré@gﬁgﬁgng:V% IS

indicated by a ratio higher than 1 for the expression | evel obtained by the
het er ol ogous or "natural' pronoter ovepsthat obtained by the endogenous
proxi mal pl X upstream sequences w thout E1B 55K sequences. The choice of a
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el enent enovir 1 eract w

conpl eyt dih agenoMtl alief paeti @1s d1n tde fackagiogenelk, prpxadiadt gIx ity
(such as absence of replication conpetent = adenovirus fromthe generated
bat ch) ,upsisecan seauenEed horcrdrtaanatiiste ks whpklY hEePLREE ERE®S es of

kagi | 1 to.t i i j de 293
Pl o2 Sidiids o 8 OB aED It RGP oo tOE Ackprdlihd R ude
deri vatdpesi hhenedbnadapt edukser Ml wsmEtptessi ©f afegevietdk vectors of

speci fic serotypes, such as PERSSK. It will be clear that in all enbodinents
of the imfarndbhon eheogiXgcpdihd s equedeexdbrg eegll afocpodequeddes dri vi ng

e aaPECr o 000 2haPtYegRn e BRSIAd P08 O HIE s BAEHEALAORREORmal L1 1

the ad i n erent parts o e "adenovi T us

genor neyn Eefidog8ndils hea-pnxt haterivigidtal p yomsoat aised . t RBeEZ196quEICeS.
Reconbi nant adenoviruses with increased stability are capable of

i ncor patat i ngromeyer) gemoRedatintelagans prenetes thetr foasinsiance
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adenovigpsgese a6£0kfi RAtk@nkhe diainoredory neltde (TRES) betaiegn gaRretic
i nformation, conprising a gene of interest.
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-pIX 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)



Furt hernore, reconbi nant adenoviruses with increased stabiliZgyOceoseK 200§ t o
the invention nay be capabl e of being propagated for nore passages w t hout
signs of instability. Stability can be nmeasured by several nethods known to

peopl e ski lywe3odsofohe art, including but not limted tgpdiEp6u3056080DI nant
virus to denonstrate the presence of desired reconbi nant adenoviral

vectors. Instability will lead to by-products, which can also be visualized
by PCR nethods, and the like. Restricti?dn analysis of viral DNA
determ nation of the relative infectivity of virus particles, determnation

of the ;fhergpseabhhikigehgadenavigalcigidd cl@sepé 50 €ha benesad to
determ ne the stability of reconbi nant adenoviral vectors (Caravokyri and

Leppar dinfi@883tidkt Bodediogd@ler tisndelksindi the yendegapprpt proximedomihant
adenoviral vectors are alsq given i le 3 of 1hi pplicati.on, A

r econbi‘F‘%Wfre%eﬁﬁgil?{}&esaw%&%@éﬁ éédﬂar E%%ﬂ‘g?%%?n %ého%fl?alco\rlnéocatr&ﬁg or
adenovi { Rbs¥egkBlesas oHSa@dRAMEIHY i ek | Ve da f reBbAbibased aderviatus
adenovirus, |acks at |east part of the El region (conprising the El A and

E1B genelsyt of sabhadenoei exseptd Wat YorppTXecediBOghegdnsdt ilé i nf or mati on of

d vector.is i (or

whi ch del i ver nd/ or . expression by sai .
foreignﬁegﬁiﬂg?ac Vnﬁopﬁéﬁr Q%PQENQF?mﬁiﬁﬂ,O?sb¥n§g§eﬁé%%€ Eﬁggfna i on
that iseRebgBabUEakhY BEESend N(Afks adenoyi4us, pasfloteraksat neferseshto as
t ransgene. %hls includes but is not limted to genes of interest,

expr essabnleassepbes lyameadrs i tketeBuchOveregenessliganeti ® I figy mati on can

fill the ace i.n the genane that has beco avai l abl e by .the del etion of
adenovi+%$E%?ge§ea¥eﬁcgéﬁﬁﬁﬂhﬁéhgﬁnﬁh%@e o€$¥aFﬁ9e8§8F$%%%§qx§ﬁY§ifor
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preparation, and ike. In addition to the El 20 OCTOBER 2006 WO
2004/ 0040821 PEd/ ER2003/ GSGIRBErUS rprpovimalkl RIXonpsilreaNEISSIIRNGRELS can be

deIetedWEEQghguggB %%%n%ﬁéﬁgné§¥4‘¥ﬁé éﬁ%ig&rggsg %@%E§a¥%até%ffnigoreign
determined by factors such as the serotype of the elements of
the recombinant adenovirus that interact with the
complementing adenoviral fuﬁctions 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 PER55K.

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 sequences.

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



genetic information in certain preferred enbodi nents. O her 200@tebBRR306¢d
various conbi nations of part or conplete deletions of E2, E3, and E4
regions conbined with the El deletion can be used, if necessary in

combi nat i onwgizbdadrospackagi ng cel | conprising the genetigey¥fgi8ihen
| acking in the adenoviral vector, when necessary for replication of the

adenoviral vector. Al reconbi nant adenoviruses having a deletion in the
El -regi on conbined with optionally any2bther deletions in the adenovirus
genone, are neant to be included wthin the scope of the present invention.

The adenguidssssd atB6r8LEFERL itRLLNIHwIM G beo usedlBedinbi-er ent settings
such as gene therapy or prophylactic and/or therapeutic vaccination,

i ncl udi fareigugenvactt nanifommand oant icomprdlsingori ganreonf HEoteriiss,. t he
adenoviral vector functiggs as . a c%atene.deliver%.vehi.cle
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interest; t enovirus binds to that specific cell either through
capsi d-feecepboe bassaggsomittinoogls igieroheamstabahdityel Stebd Ltitey tdaithsgene.

Targeting of adenovjruses can be erfarned in man i fferent ways. .Persons
ski || edP¥ MEHEUESE D¥f SEHERGV F‘b‘ﬂt% b g‘é?g%xlﬁ?ﬁ Shd L ¢4t | the
di f ferenty possiphhihbesuihabrane appld ad, tecrlebh VeEcbh® i nadenemirial gctors

to the cells o? Interest. Such possibilities include but are not limted to
capsi d dahdrsiataoastiiéi peeseherow fantt sirrquent ecombdhnéntatidemovisiech as

popt | ACEAHAT DY BEREROBE AG g JSAEL) 0 TR A e nelFach Bers AP
Wher ei 1% e B ATt Ao Tt e oo S GEROBER 2bbes W sd04 00tos2
PCTI EP2008] 9604 265 281 rbas®NAs atemmichatGidrerohothebirkilaitéyeare |i nki ng
targeting Opl et es b0 tRe Canshd A 2 sk e MBISL DS 06 RgLance binding
thermostability of adenoviral particles also can be used to
determine the stability of recombinant adenoviral vectors
(Caravokyri and Leppard, 1995). 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 El1 region
(comprising the El1A 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, is 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 E1l
sequences. Recombinant adenoviral vectors are useful for
various purposes, such as in gene therapy applications,

vaccine preparation, and the like. In addition to the E1l



peptides, known and strong binding proteins, or antibodies 03)0RaOBERD006EOS
are linked to the capsid proteins to achieve specific targeting. Such
vectors can all be produced using the nethods and nmeans provi ded by the

present i nwgahhRWoiodher efore, the present invention a|3919h§?h8%(ﬁm
reconbi nant adenovirus vectors according to the invention urther

conpri sing a sequence encodi ng a non-adenoviral protein. Such sequences can
be present on different |ocations wthi?2d the adenoviral backbone, but
preferably they are located in the El region, which is lacking in the

reconbi %ﬁd&é@é{tié}l Vel £3 dedlhddwerin obe dBEcELD Gdioan dukch
conpl emented by the conplenentation el enents present in the conplenmenting

cel | s. adéeodirattientofstheprionptease tthasgepecah dotrerfonsgdnat ory
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such as the Adeno-Associated Virus (AAV), wherein the conbination, such as
an Ad- Ad@leh1033|ofvEﬂusE&xﬂandnE@ra@@ﬂwmsocomblhéﬁtWuﬂﬁIﬂgmﬁﬁhe Sever a

net hods .are known in_the ar eneratin nt egrating aden ruses
GEneraI@?ieFﬁ%nlﬁ@énpﬁoﬁsq a*éogﬁg%?%?£¥g?htHS%bFBE§ qnbﬂ”§¥{é%enOV|rus

forms tﬁé‘&kaggiﬁzﬁCb&q&'édﬁ ©f s 1109)- §19@C%éhé@i&y1n%wa&tl%m alsfok Ay BRI i oned,
several  non- ovi ral nsgenes can be cloned into the reconbinant

adenovi tht wdehovsraf teefumserteni neeassany fhesee@dmuﬁtxmn)oﬁrmhﬂde
regul atory nug¢leic acid sequences such as enhancers, noters (e.g. strong

non- addABUPYAFapr BRELELs ERCPARIRIF bR QPBVFFﬁéﬁi' et qhe SVHO
promot efe 8ad; Lhe; BS%\_/h%r %@fégl&mdc&%yﬁ@&w&%l %%}:l%'n@lq_gg rry\;\D D 0a0

heterologous genes for therapeutic purposes.

PCT/EP2663éﬂ56ﬂ§61@9thﬁuadﬁnnwgruﬂ @aeomspeareomeam§|h0uhﬁlxnplm@©@nb|nant

adenovipus,yeelprs according fo the Lnventon atg Pufd delnoviruses 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 vector 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-



wherein said non-adenoviral protein is selected fromthe gr ow)omﬁh%)bpg
of : a cell-death inducing polypeptide, a tunor specific antigen, a vira
protein, a hornone and a cytokine. Non-limting exanples of non-adenoviral

factors, pr@,b%@%mmf)ol ypeptides and peptides are transcsdpidoRkast ors.
intracellular signalling proteins, phosphatases, kinases, apop{05|s

inhibiting factors, receptor antagonists, soluble fornms of nenbrane-bound
receptors, RNA inhibitors, anti-sense 2RNA's, decoy factors, ribozymes, and
nore specifically, thym dine kinase, erythropoietin, novel-erythropoiesis
stimil ati o9 s ohei nieNESPHtHLS, p&eNGS: 1 De@®- 4 péent akamgant r g iy

Non-adenoviral viral proteins can be cloned into the reconbinant adenoviral

vect or smpievieedtbythke oapich protteimearshere thefpredast aneee minsH TDr

vacci nati on, purposes. Such viral ronfins inc{ude but argi%%}.linlﬁgd to,
ins tor
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prot 0zo for malaria vaccines, rotavirus conponents for rotavirus vaccines,
ebol a pspeeifiscf bargkdlimovacigtesvecters Fcamdatl gbae prosiigeds Yeigrg the

Respi r at or ncytial virus for spiratory Syngytial vyi,rus vaccines, HA
and NA IF‘%FK?‘%I G ﬂzﬁ‘ea\?éc@%videecﬁg?fﬁﬁ%%o@#ﬁéﬁg BIGPGTRE to the invention
are prepRLAbEY-BUMRRe FHQNQMIY USSSentibn HeEbvadstnomedy haspthiupon
adenovirus that "is capable of infecting human cells, but the invention is

equal | yadsebul résr veohonsnemtaretiow riusethe ALpeesbtaoski [flugdhier the art will
be aware of the fact that in addition to al

I uman,adenovi r.uses rous
non- hun&ATBEEAGIEr Bs ESWENE DS Ot # 117 ePﬂglﬁﬁﬁ.Hﬁﬁﬁqiﬁﬂggﬂi?so
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pr esent adanewirah. bhlakdlon®,t iy exeeddezsbby nobayhamen Logddroliirusdse thht can
be prodggggog?iQgizﬁefgﬂfg£sﬁﬁgdigegﬁg 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 ﬁroduction 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 into 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.



of the present invention are canine-, bovine-, nonkey- and XRVOa®0BER 2006
adenovi ruses. Serotypes as used herein therefore goes beyond
speci es-restricted serotypes. "Derived from' as used herein, neans that

nucl ei ¢ acigo BeMdEAsES. denes, or proteins that are norlgggll/ﬁéo&%g&%i n an

adenovirus, are used for the generation of reconbinant enovi ruses
according to the invention. Methods to generate such reconbi nant
adenoviruses are well known to persons2®skilled in the art, and include but
are not limted to general nolecular biology nmethods such as cloning of

geneti CopbpEPSPEL | 9A RO Mdgsidtedh LNt el hpsheDSn Py resembhinkest ri ction
enzynes, and the |ike. Recomnbi nant adenoviruses can al so be based upon

adenovi adénsetmeacesctoBss etamuiinas aisthl hereentionsaggamrovg-dathl ude t he
synt hetic copstruction of genetjic. infaornation based, upon_know. ed such
geneticwhﬁf%+%aﬁ?bﬂ.FoﬁmﬂééﬂSWﬁﬁﬁ§iRﬁﬁ bt 3?3688?8|?%Pﬁe&hﬁfﬁﬁigPuse
of adepgyifal;ggNEEiC Ml e A% a AGNPLRE epbypBERibe, Caniurust @ new
adenoviral construct that is based upon the sequence of the tenplate
adenovi spscifhe sohsyenct iconvisfalcmiteeiy asharmenecagenet iaytiaifioremt i on

ith desired, .g. b | i nki t heti | i | eot.i d t
desi r eNEBRLETHELTTaRF-TEIES (%o, N91 3R 07 HEA hndBFSPEsa BHA-S W81 ved 1 rom
does n%olyﬁﬁsﬁaég'ﬁn@e%ﬁtf&ése%rél@f&ﬂgcﬂp&m@nvvifb_@t@me, DNA. A person

skilled 1n e art wll also be aware of the Ppossibilities of nolecular
bi ol ogy ihbrabéeainl aut avitgrfadrimsnpfproteens ai phpspbetekenuclkirasedd. These
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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. QObviously, also non-human adenoviruses

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



appreciate the fact that certain deletions, swaps, (point)nu |
additions, etc. may still result in a nucleic acid that hasﬁgtgﬁg$¥%ﬁ2006

function as the original nucleic acid. It is therefore to be understood

that such @lgRbdhiRRs that do not significantly alter t /%%Lﬁ tionality of
the proteins such as the pl X protein, E4-orf6 and ElB—5§&%T @mﬁﬁﬁﬁuct are

within the scope of the present invention. It wIll be clear to those
skilled in the art, that the nmethod foso obtaining the genetic information
encodi ng the reconbi nant adenovirus can be varied w thout departing from

t he scope of . t.h t Avention.. Hu Vv _ been classified
into suBgroups l,&&é}{&;ﬁlpbhhgﬁcg%ggsmgl%r@tq%sd% ?Z‘i‘%eﬁg‘?‘gﬁp 0978566) . For
sone  apRNcAties thatadahebbepebiduicald tusiuse Htemwihallsventiomeander i ved
fromor based upon adenoviruses from spccific subgroups or fromcertain

ser ot yfs theatPiRsent in¥enEippopremcangnes Qe cel ROREpE- 80§

dendritic cell 73 gener, izl
antibo&P@fﬂl?é%é&g%%%%%éfig%rgagpggt%ghéﬁ%ﬁfrus ﬁ%ﬁﬁ%gggg?%és gg%oups or

from apespenl fige Ses Ot ypetirs cakslo serdyypard.ant paraneter to deternmine the
serotype of choice (y[)00/70071). Because of the simlarity, between the
subgr ouPeR iMadisiason s s eugedEkersiias Meadiy Y3t i puekedgpacidd that the
invention is partic ly _sui | i S ubgr B.
Hence,ﬁﬁQﬁﬁﬁééﬁf %%%%éfngﬁt r%?%ﬁﬁgigﬁgégﬁ?ﬁgﬁgﬁﬁ %%%§r£§gP§ ?% %ggnovira

vect or s diaidwiedsid ; oaror ubasedoupaemcayatanmidusot| assombedani  subgroup B.
Subgroup B of human adenoviruses conprises Ad3, Ad7, Adll, Adl4, Adl6,
Ad21, AdBnoAd3seandcAas0ingr &perthed irargiddiaentMehodpetpr gsagrate
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ser ot ypgsi.1 1BeSi testligoastngahdr iacseide e fare speci fiwitagplkiocafeinens 1

so-cal l ed chineric adenoviruses can be used. ,
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. “Based 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 biology 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



These conprise parts or all of genetic sequences coding for &8@&0@%&5@5@5’
such as fiber, penton, or hexon, fromone or nore adenovira% Serotypes

linked to the remaining genetic information (the nmain' adenoviral vector

part) from Qid'Rbaneisk0t Yypes, which can be used to decreaﬁg?tgg&%ggenicity or

change the tissue tropismof the "main' adenoviral vecto §§66). The
"main' part as used herein neans that it contributes nost of the genetic
information to said chineric virus, aad a chimeric adenovirus wll
therefore be included in the serotype group of the main part of such a

virus. Jdo i beoclgapet griose o I ed b diesid bhatnthagnesent

i nvention can al so be used for such chiner novi ruses when these could
face sigdildrthegtabe| reyapedbltens A Igercson foihiliedtamcehbeaexpedtldd that a
chimeric adenovirus conprising Ad35 sequences, as the main part and

conpr i ARRFeF¥ItRrthpafars thet var 1 R L1das@H onS¥agS an Adl | adenovi rus

ey have,o Sild@laliishabl Ly yaqn Pranagaldonas i sreepott g for the Ads

r econbi (ectors deséribed here nce, en reconbi nant

adenovimuskesi @rgci@nt hafedaisn at [Hisni lappl fioedt Don €bi tkei orddemadi ral vectors
are neant to be included in the present invention. The el enents necessary
for proviuekeioh agddassEnbiby there NP weebYEPal Geetorsiichre well

known t e n illed j.n t. ri S a; t.
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2 paCk%gkg%Qﬁiésaggnabe varied 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 08978566). 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 adenéviral
vectors derived from or based upon an adenovirus classified in
subgroup B. Subgroup B of human adenoviruses comprises Ad3,
ad7, Adll, Adl4, Adle, Ad2l1l, Ad34, Ad35, and Ad50. Preferred
embodiments of the present application relate to recombinant

. adenoviral vectors derived from or based upon Ad35 or Adll



reconbi nant adenoviral vector that |ack overl appi ng sequences, ~ hat I
ot herwi se | ead to honol ogous reconbi nation resulting in repli%gFﬂgwEg%%og
conpet ent adenovirus (US patent 5,994,128). PER C6TM as deposited under

no. 9602294 ®ood/k5032EUr opean Col I ection of Animal Cell Cultures at the
Center for Applied M crobiology and Research, is theref Bf HERORNN26 i t apl e
packagi ng cell for propagating reconbi nant adenoviruses. Other nethods to
decrease the generation of replicatiose conpetent adenovirus have al so been
envi saged and concern for instance nmani pul ati on of adenoviral sequences to

reduce the honol o bet ween sequences present .ip t k cell and the
vect or SE&OF YRS 3%/%?1%?‘? , gli@@%?‘ ﬁogglrt aetseglo.t,y%ezg\%olﬁégéggigglcng cell's can,
besi degia caldsicaad or ¥o Ebal B8HO0Bh ime@ARS s neiiief sRAenewh roé  gegdences to
conpl enent other adenoviral functions when these are functionally |acking

in th&heseoruinpritsadenovsras adddofs gemeds e SEAYRIISS 0F0ALNIOEOrE2, E4,

and the like. The conplenenting.infornation i in lls _c be
presentO&% Wé}oq‘?ﬁ%’r at B A5t %é?oeﬁéngr?@to@r’ %sr %%r(%ghrgr @oﬁ%? %%pi es,

e. 0. omPAaHiddfovi Vet 8EBot §HERT dSnkedd tihe Hd kesmdAhbfig ngeéheds cmake use of
so- call ed hel per viruses, Ich conprise genetic information |acking in

t he redorflsinmaiti arde ol r imaimbcadbinpanraddaesiioralprasiect 6remapthglrso used as
so-cal | ed hel per viruses used for th pr.oducti on of reconbi t

adenovﬁ%ﬁ§£¥ Srat %Qﬁ§%iﬁa3 Enoigd %&(géﬁfﬁ%ﬁerﬁ%&uéﬁg%?+cgggn86iral genes
(gut | eshatRf Afise OF i sbgb PEEofeRANdENt rRIenRMI UsRsInd Vi £A® FeRabrpr@guction

of such gutless adenoviruses it is necessary to avoid packaging of the
hel per (d@idh)rusThed peasoh BRICkl ed usechdiegaln snedrgmi that wtth t he net hods

engi e o T T TREE 207 CERCRERVS005 MOOHIOHSH10% FOr EBBOD 080126 34
packagivigd,gnald t® eérhimbeithbdepriiatinngiSignalerddded bé Laclpeeessary to
separate remai ning hel per virus fromthe desired

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 in
trans the genetic information of the adenovirus lacking in
said recombinant adenoviruses, necessary to produce

recombinant virus (recombinant virions). Well-known packaging



when t he genone | engths of the hel per and gutless virus dif maxi mal
Therefore, a large helper virus is preferred above a smaller one. As will
be clear towd BN skilled in the art, the present | ' n

equal ly be app?@d‘ﬁ?o increase the stability of the rec%%%gbrf‘?dgoégenovi rus
by use of a reconbinant hel per virus having the increased plX expression,
whi ch can be acconplished by the nmethatls described in the present

invention. Any cell containing genetic information that can be used to
conpl engnt, _t rf%‘,g I t NQVHhRUS, BenerEte L eganhign; Vi rpysr
particﬂ%é%l% §n%%an pgégggfngﬁgdgél}% fﬁ%pscope of the nggﬁi ga)of packagi ng
cell. hioghi IdJulisdearttdst peeferabieskid se ian padiagingt ballt hedadvant age
gai ned by the present invention is not dependent on the,packa%i ng cell

used. TRCQENEaRt | AEORAELFEA FREGEINGNRIX IGHT FYFkl2BRiBPeSERUCDNTCSt he
reconbinant ad V] o] t.ca r f%%b" ndent from said
recowmﬁhéh i?eﬁ%véé% r%%%%o;?gghéﬁgE%ﬁkﬁg§?§§£f§§ geﬁ%%?%eﬁnfornation can
be presesdule itierini AépUL abedonn compegemmadeartowaisrext (Gshpatresamal copi es,
e.g. on plasmds, vectorsg, cosmids, and the |ike. Ig_tGroduci ng enetic

[

i nf or metdi S i WD a PBRKGESI ng &l FeReH BRI doRdeT aBfor 604204 %2 dfarii y of
met hod such as i 4P Gt al Ci 0

o eci prEdie oo LR B Bhine R A e o e e o 1y
wel | kgl 1€ tireer (181 808g K ahbie Relseatria  arits Hrer ¢ ferereahodrysed for
introduction of genetic information is not critical for the scope of the
i nvent ionitaRie tPapkR PN reldxFoss HuRagarimd raSoR8eBaRErei n neans
genetic_informtion e i.n Xd.n.20 4/ 00 2

PCT/ EP %‘@gla ~35 8§%§Fag‘1eghloidﬁkécgoe 0 g%?r%orm %rg%ﬁegggéggr é’%ﬁ atory
sequenGesp Lagap] én ofolipe Ve exphesdiras ofavenidl genséén entasrBiddand

encodi ng pl X in_the packaging cell. Introduction of genetic
concern for instance manipulation of adenoviral sequences to

gutless virus using CsC -gradi ent separation. This is easi er%oe?%Téﬁﬁh%jP?/

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 is 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



information into the packaging cell can be done either priory)deroser 2006
concomtantly with, or after the introduction of the reconbinant adenoviral
vector. It was found that constitutive episonal expression of plXin a

293- based pgekagicamsse! | ine conplenents the deficien ant
adenovirus type 5 (Caravokyri and Leppard, 1995). Home\%crl?épfzg(ir%g%

applications special episonal plasm ds containing an EBNAL expression
cassette are required, and propagation3of adenoviral vectors in such cel
| ines suffers fromthe disadvantage that parts of the episone very |ikely

will DEEOMEPHY Slgddie £6caRRLERNhiAIPAMIAINY 6ot gHial Hepgeeni Rrprel erred
nts of 1he

enbodi present invention, dgenetic information encoding
funct i eralegdaty ito ppesenatenreme iadagovielpervetitors fromt thaprssisedecr ease
t he amount. of reconbi nation Iegdi n% o .replicati.on c et ent adenaqvi rus,

sone adUtores haiie U s a1 K5Cgee NeFSPIRAAEF - GgFoaf BXNiFds- which
was driyven By: a;o mitat eglagl §?B'E)ﬁ'§m %—lg{fhsA.Cb% e dhén Peehahie goveklsap

bet ween ™ t'he nucl el ¢ acl -derived sequence cont ai ni ng)
packagivigree! di afst theximadidyi. nditte rmdeneyi rzallamge ohe{Rebenvtirust isl ., 2001).
However, those experinents were not done tq._.i creafe thg s;cgbi lity of the
viral RAHIIeHERWS 3t 8BRLLEY ORSs Adt Heds et hb8e t88pBFERts. In
the cur t ppl i i t tgﬂﬂ§ﬁg' ti iAo gegcgs of pl X in
t he adesrn]%\r}llrea quléc?}gér g?%'cﬁgrelg W tdt;ootlﬁg;%{}?g%!sgé%f ei%ﬁgr egsi ng the
st abi | idpplafed hieo vindseand/ ahei mdragadliiny tdfe tloapeaecombioantor ei gn genetic
material in virions. The invention denonstrates that a heconbin?@% :

[ e control

adenoviddRNAELE S} PYerFFed Lt PomSAPIRITEHI iG PR PHXU§endVdRde
of an, ége? eg% "axbrBs b1, DAL e e ek £8881 AdRebiSLYPRE20 OCTOBER
2006 4’540%1 }g %%t#% EFOE /05 12(?636 stabl e/ can har bourSFDrmre foreign
genet i angttadsradéeorribad 1 he theonresyzoridiingrar triusn wi Ahyt beléndogenous (i. e
Ad35 derived) . proximal  plX upstream sequences. Therefqre, the present

containing genetic information that can be use o complemen

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 pIX can either be present on
the recombinant adenoviral vector but can also be present
independent from said recombinant adenoviral wvector, and such
extraviral genetic information can be present either
integrated in the genome, or as extrachromosomal copies, e.dq.
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, wviral 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 pIX in expressible format

as used herein means genetic information encoding pIX in



invention al so provides a reconbi nant adenovirus conprising f otYBakk2066
pl X codi ng sequence and having at |east a deletion in the El-region,
wherein the pl X codi ng sequence is under control of a heterol ogous
pronoter, arghYigsfAbaa said reconbinant adenovirus is deikf&gu%@@ﬁkﬁr based
upon an adenovirus other than an adenovirus serotype 5. I'n certaln

enbodi nents, said heterol ogous pronbter is a non-endogenous proximal plX
pronoter. In preferred enbodi nents the 3enetic information encoding plXis

derived fromor based on Ad35 or Adll. In such enbodinents, a preferred
non- end p IR | Sr8flofdp BEOBRhEE: rbiy AR} ASpesheet NE
inventigﬁggggéﬁdgéngg ecoﬁgf%a % %denoviral vecto% obt ai nabl e"by a net hod

accor di agptiblehef idnientrigprex@edsiesonbi rantl gemediia dlnfeomatsoar e usef ul
e.g. in the preparation aof vaccjnes (WO 00/70071; WD Q1/38362;
02/ 247381coddngeRd Xdein Vet %ﬁ’ﬁ%‘ﬂégé ‘&ﬁggt hgnl%irIQ PCtét?Jbs(?ﬁg‘j%n%E%Fr ed main

ser ot yp?\rllmEtBF%mé'}]‘_(iBnr %%@iﬂ?@t%aéﬂsggggréélyeesar HLYBbRE d5Eef 0proBEai ning

ai
vectors altered tissue tr m as conpared to the nuch-used Ad5
adenovi tal, eeicoms taad/yorw e, ber uagtebethesentheduarts dresst theunogeni c
t han such Ad5 derived vectors (WO 00/70071@. Faor the generation, of .
r econbi Bg&REMRABASY BEleRBE Rk, VRELPE. EBnVaSi &0 [ heCPRETE FRRLYENe

into a phasmd(adenters: il asm gy gAnLapYH0GhE el RRIds obe B BdBOVI TS

| acki ng sequenceés an avi restriction enzy sites for cloning. The
reconbi panpladendy tale Wisfdeiéscyhefi pEKemated thydeormtiogosstypecdnbi nation
wth a cosmd conprising the right part of the adenovirus haviggaat t he

5 end oERFAYRKNG 1séqise ardh %955)3' ERYSYRIrhe Hdapier PPR tiong
XD SR 1SREN A0 CCILEER 4005, 0,200y, wlBMC  ragialggonre o7
t he pregankeitheeriricon-dqupredj dend prepagbitiant afuddswowacrall sequence
ConpriSﬁﬂgs%%haﬂiﬂﬂyiffﬂes 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 AdS5, to diminish the overlap between
the nucleic acids of the (AdS5-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 wvirions. The
invention demonstrates that a recombinant adenoviral vector
derived from Ad35 comprising a pIX gene under the control of

an AdS5-derived proximal pIX promoter derived from Ad5 is more



|l eft I TR, a packaging signal, other adenoviral sequences w tﬁ‘OO@:'ﬁ)giEﬁtZQBB in
the El region, at |east part of the E1B 55K open reading frane

codi ng sequences. In yet another aspect the invention provides a nDdlfled

adenoviral pl2@e0c0zWherein the genetic information e”?@?&?g{)og/ﬂﬁﬂkl X
protein is not derived froman adenovirus serotype 5 or an adenovirus

serotype 7 pl X encodi ng sequence. In preferred enbodi nents, said nodified
pl X gene conprises a heterol ogous pronoiter. The present i nvention al so
relates to a pharmaceutical conposition conprising a reconbinant adenovi ral

vect or s%%%q'c%%e%%ﬁﬂzﬁlf EPL 98r9£g9b§éhee%e 1B ARt Hayi ged by

t he i nvention pharmaceutical conposition further conprises an
accept akloerebaomededt iciatus awitler thgeardapepouapdii.ed RAderdeontved] |1 ed in
the art of preparatl on of %gar maceutical s, Furthernmore, the $resent

i nvent i BF FeMate® 1% URS MR HBASBAUERESE i ngRE TREMER 'bIdiF FPiTRT ng
adm ni stering 163 aqgw PO4Ys A rFgeeiabQﬁahta%%\exﬁa_luéfe@érﬁsrﬁ@w@dang to

the invention, or armaceuti cal conposition provided by the invention.
The i nvefirictd ofaclt Ipﬁrx pr@dami@ssaquenoerbandnhaad@gomtr Lﬂseasfjaoa(a@ehgtcenl
conpri si,ng .an reconbl nant ‘?}(‘iienOVI ru or di to the invention. In one

n

enbodi némt 8 & lr &S ha eéﬁéﬂo%ﬁ? B1ga Ry SEIY St S sBRIG  nucl ei ¢
aci d_capaliecaf oL UlErERti 69088 BLbndelrdebiel Gk Oin Sffyr econdi nant

adenovi rus and wherein said conbi nant adénovi rus conprises nucleic acid
nmol ecul e exompingintg aaiqzmvlnlﬁsths degireade f remc odi rlt@saecEILEpcb'rSlelgene pr oduct
i ncreasing the expression of the plX gene, with the oviso that the latter

r econbi nO?Gr@@TGBER”?O@%anVEPZG@QP@@&@EQ Péfpﬁpﬁﬁb 5@12%e§§ 1Rucl ei ¢
acid nolge éﬁm@‘?nl% %afcﬁ‘ Qﬁeﬁﬁ%HﬁS&éoﬁﬁgmg?@rS@.@ ReYGE noARd

wher ei n sal sal reco ant ~adenovirus Jg not Conprlse sequence
over | ap dreadimad tod X herohotent i @n predereedniemmdirederoviieisgenapicsi ng a
nUCIeiCinformation encoding pIX is derived from or based on Ad35 or
Adll. In such embodiments, a preferred non-endogenous pIX
promoter is 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 Ad5
adenoviral vectors, and/or can be used because they are less
immunogenic than such AdS derived vectors (WO 00/70071).

For the generation of recombinant adenoviral vectors, it is
convenient to clone the transgene into a plasmid (adapter
plasmid), containing the left part of an adenovirus lacking E1l
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

3’end of the adapter plasmid (see examples in present



acid encoding a functional E1B 55K protein. This enbodinent »&oR¥sERZ808" | Y
useful for preventing the formation of reconbi nant adenoviruses conpri si ng
addi ti onal adenovirus function. The present invention furthernore discloses

met hods and wasRgeibpat sol ve certain difficulties relat L mnj shed
conpl enmentati on of non-group C adenoviral vectors in Ad5$8ThQN%&&%16

packagi ng/ conpl enenting cells. Although in the Ad5 conplenenting cell |ines
functional Ad5 E1B-55K expression is present, it was found that only very
low titers of adenoviral vectors could be produced when the adenoviral

backbong.upscoli o8, "B LA ANV 1l yoT by 9aokhh e Fhiding: Ll 1 es a

serotyp ecificify rnthe Tnteraction o 5K'with another (viral)

prot ei nanbthés dipetesed here phederithi snvert bdypeodeperdelrcy can be
circunvented by providing E4-orf6 protein conpatible with the ElB-55K
pr ot ei NTREEMPHRANDY NURE € 160 At heIRIURNCR| FOMPRES1AG @Ns AFSIWY Hetdei n,

of ool | EBF iR & PRORATE U iRt o0 (P cy P oA S WA S TS carl ox 1 &

al so i nyoluedtipnstnmihat iFIn Wigishsporicast paral ofRNAes HiBrbiheopet| eus
to the cytoplasm (reviewed in Leppard 1997 and 1998). It has been observed
by the peedeéns framenesds RIFatCoRopErSLERPREREnt &P IR oRNATRAT \BIRYFS in

packagi c 20 Ui : r = . r g ucts
t hat argg%o%%ggp%ﬁgg %ﬁ?ﬁégﬁﬁﬁi%éﬁﬂgf%g%dg%g%ﬁégé?ggrEﬁyfék%§”conp %%%ﬁting
cell's, thet eneelks iagmniste ot afi@ddi se gtieacpsxepeotiein prsotreitns t hat

conpl ement functions 20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/ 050126 39
not prodegtdedy frRa f8c eI rshoIf BB Dackagedn 20CHYYAHEUS ' as used

ner o 1 LIGBELRE TERRE chlAly s TRl et vt Lo kA | R SEK gere

product “I's”a orma fTunctio conpl ex the aval

gene predu@t mbaifaedeRpIX tdiate t bompPi O ei 8 heRprel cetupEordromd ret .

repllca%kgnbresent 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 ElB 55K gene product increasing the expression of

the pIX gene, with the proviso that the latter recombinant



propagation and/or packaging to a level that is conparable togdd&a¥r shoeyPe
situation or that is conparable to the situation found when a reconbi nant

adenovirus serotype 5 vector is produced on a Ad5 conplenenting cell line

such as 293 w 2000k610506TM Vector replication in packagin i fficient
if, during production period in which the virus is for ne%,&&!ﬁ&e&ﬁé%ﬂﬁ

conprises at |east E1B-55K protein and E4-orf6 protein that are conpati bl e.
Preferably, the E1B-55K and E4-orf6 se§uences are from adenoviruses within
t he sane adenovirus subgroup (such as A, B, C, D, Eor F). Mre preferably,

the gﬁéﬁélérgcﬁa 18 SEWRIKES b€ Erosuths sametseeiypen Shmce

est abl i lines are available in the art that are capable of
supportgegetpeognommhaﬂdzmhﬁnﬂmnLsesdo¢e$Mbgndupaug ragshmasnaet ot ype 5, it

is even nore preferred that the E1B- 55K and E4- s are derived from
adenoviFG@“@%EBF?pQOSHO/&FQWR?l%ﬁe%ﬁﬂ%?%?%oavﬁ§iﬁﬁeﬁéaéa rg%

conpat | ?bkfn%h{g?y ofP& qe%(c?cfxﬁﬁﬂ%jntn §9HBY £PEBt abhh ilAHP aprn@éﬁéli{é as such

in the rea t hose led in t e art of adenoviral "vector production.
The peraomdséhbbddngwatﬁnnntlwmdl BlBoSbKdpretend. Ehmstdmbqﬁxm&nm is

invention can alsg be u f the productio adenoyirus serotype on
any conBRrERRRELAGL ¥eHSQﬁ4ia PERyeRsiPget ETB%Q§ﬁa§ﬁ@nEé’ rf6 proteins are

Conpat'QEEOmbﬁﬂQﬁ '&éﬁgﬁlfﬁggé0@§ﬁ§¥f9158abdhh%1%$é¥féﬁéﬁﬁ%ﬁrﬁ%OdUCt

mat ching® wt he EIB i n the conplenenting cel 1 ne, can be provided by
t he adefiawctabnvector, by replacing the E4- orf6 in the adenoviral vector of
choice with an E4-orf6 encodi ng sequence that is conpatible with the EIB
gene present 20 OCTOBER 2006 WD 2004/001032 PCT/ EP2003/050126 40 within

the packagi ngpgell ol TA\&&E‘P&UEG@EhQEm&@é d%‘é%ﬂ%'s’ie‘s”%é‘tﬁé&%‘daﬁ&t to
have a severe effect on the stability, replication, packaging, assenbly and

pr oduct meanef thhe mﬂtwms.cértasnadsﬁéccﬁltlasp@a&amédtﬁp|dnmnML@hedhat one

'S nOVVcomplementation of non-group C adenoviral vectors in Ad5
packaging/complementing cells. Although in the Ad5
complementing cell lines functional Ad5 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 i1s disclosed here that this
serotype-dependency can be circumvented by providing E4-orf6
protein compatible with the E1B-55K protein provided by the
complementing cell line. As discussed herein, E1B-55K and E4-
orfée 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 wviral vectors in
packaging cells requires the presence of E1B-55K and E4-orfé6
gene products that are compatible. Packaging cells are also
referred to as complementing cells, 1f the cells comprise

certain sequences encoding proteins that complement functions



able to efficiently produce adenovirus serotypes different jjdeerbBpr20bg§om
subgroup C on cell lines nornmally applied for the production of adenovirus
serotype 5 or other serotype from subgroup C, such as serotype 1, 2 and 6.

The present wgwepéohesd provi des nethods for the productip@D@%ﬂﬂgﬁmﬂ%oup C
adenoviruses w thout the necessity of separately providing the

conpl enenti ng (packaging) cell with E4-orf6 because the E4- orf6 sequence,
that is conpatible with the conpl enment BAg E1B- 55K sequence, is incorporated
in the adenoviral backbone. The present invention provides a reconbi nant

adenovifys p%/@\gigéd%gp%%i RS UGIHY ! 5180 M10Ba ShaERhYEAl, el enents of an

adenovirus o Irst serotype, wherein said vector further conprises a
sequenceamudine 4 &snaiednale redrortfie iies means Bhétnet icom@lerart

deri vative and/ or analogue t hereof ,_ _wherein s%id seguegie is selected from
the gr RELHRARI ShengVatlaR)eaflEEA R 1208 BEPALC L ettieARESdER FEUF™ rdm an

adenOVi%&?c@{%ﬁal Sssﬂgie%% teppe il fed edpid opsatdsf bbb $eciubRe;1h) an
E4- orf6 encodi ng sequence derived froman adenovirus of said first
serot ype semgi shay ahdel etdodmimuoctplbex sddpborba vandlorepilbstdtinnion in

one or nore codons; and c) an E4-orf6 encoding sequence conprisi.ng a fusion
bet weerPECRAFRLHPN afNELOTo P KERASE s%q‘ﬁ%\ﬁ%g HRAFvES FPBmaaF%&‘%nfoo

ser ot ypgy o dj,{ { §LEDhel LAP SR G IS 158F Of ¥ PEoRPYrapPar £ o0k nan &-ﬁ%ﬁon

encodi ng sequence derived froma third serotype, wherein said thir

ser ot ypfouay beehdentriecaimdtiorantoradbfderend $eootgpedd Fiecsbrsearotype. In

one enbodi nent, the present invention prov'dgs a reconbin adenovi rus
2

t
vect or REQGFERAGOR 02t RE2(F BEFEBER 2% CNO 2602308163236 Pr35031050126 41
| nventigp e ek, 5ai,d {éﬁﬂcéﬁlwﬁy@ﬁp?g?:kﬁé'ﬂgs%%‘1;1% Serotypeiane from

di fferent adenovirus subgroups. In a erred "enbodi nent, a reconbi nant

adenoviifis dering paocoradiing tpexiwd iiwvention tbhepvoviged,s ivemedy stliel

first  sefptype e iroma subgroun, ofdier than; Subghopn-§. 3 pherel {
that are compatible. Preferably, the E1B-55K and E4-orf6
sequences are from adenoviruses within the same adenovirus
subgroup (such as A, B, C, D, E or F). More preferably, the
E1B-55K and E4-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
C, such as serotype 5, it is even more preferred that the E1B- -
55K and E4-orfé 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-orfé proteins are compatible.

It 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 Ed-orfé

encoding sequence that is compatible with the E1B gene present



said E4-orf6 encoding sequence is derived from an adenovi r ugg ReFSERROF 0B
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 bgroup C. Even nore preferably, sai B odi ng
sequence i§~9§W¥@%@§¥ron1adenovirus serotype 5. The re%ggé?ggéﬁﬂﬁﬂ&

adenovi ruses of the invention conprise structural and non-structural
el ements. Exanpl es of structural elenment& are the genes encoding the capsid
proteins, such as fiber, hexon and penton proteins, as well as the gene

product §;; tHi$€ldhe BEXRERASSnOT cBON- $HhUCT uihals elRENtEIenthgsearly genes

that are expressed upon infection into a cell and that are downregul at ed

when t heundeEctingl wytdengroctetls. havker sevans efigchopnsthect ural

el enents are the genes. encoding the rroteins acti.ve during replicatiagn,

such asﬁiﬂb%%ﬁFXﬂTfeE%ﬁ%aE}?%raPPSﬁ?gﬁﬁgﬂhgﬁﬂ%ﬁ§$¥:%ﬁﬁcﬁg%ﬂﬁﬁkégnaog

del etion,e a,dptt@tion, addition and/or substitution in one or nore codons

may significantly change the structure and/or functionality of the encoded

gene product .ItThies px espatifhuenspentt bdr ¢her dratentiqrel that ¢veE4sonPd

encoded uences_{ hat agiﬁderived fromthe sanme adenovir erotype as the
e

backboné Nt Hotir ¢ hit EhERHLReBTOPHFS ASHRYE T SETUYRT Al aiﬁ eren
non- st r ygldy alh SLEeNepb |, slihrowpeteion dea IE4ald$ anarsli g sgguenge thas been

nmut ated such that it has bécone conpatible with the El proteins (such as
t he E1B-38K mreodu@ribdocodf pdesentirius tskeeotoms et i oigherl bekatywei dromhe

adenoviral vector is to be produced. The codo y . be altered,conpletely to
change tHPERWRISH afPrB asi 3?r8§.yplet 202091‘& 2B P%S%g#é‘a' on
PCT/ EPZ%%{\Pi@ég@né’@ho&@yfaksethp%h%tc@cqo@@réﬂ ¥dr2-ghahgect he encoded ami no
aci d. etions of nucleic acids may result in |oss” of one or nmore encoded
am no addisjowinlses t wirbjoatstheesglcesisi thr anfe-sdpdtate lThprprvéddmyg the

et of ¢ SRR IR i PRERAPFrE oRe Lt wien BISEE h8calE TR

orf6 sequence, that is compatible with the complementing E1B-
55K seguence, 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 sequence 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-orf6é encoding sequence derived from an adenovirus of a
second serotype different from said first serotype; b) an E4d-
orfé encoding seguence 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-orfé6
encoding sequence comprising a fusion between a part of an E4-
orf6 encoding sequence derived from a second serotype
different from said first serotype and a part of an E4;orf6
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



parts derived fromdifferent serotypes, wherein the domains 2¢ OiroBER3006 L e
protein functional in conpatibility may be used from one serotype, while
the remai nder of the E4-orf6 sequence or a part thereof is derived from

anot her (unyeload/@doszserotype (for instance fromthe sanpeppbabRite126f FOM
different subgroups or fromdifferent species, or conbinations thereof).

It is therefore also within the scope of the present invention to apply
E4-orf6 fusion proteins that are conpat4lble. Such , fusion protein may be
t he product of several pieces of nucleic acid. A person skilled in the art

will be;gyaneish,t hdchach tdhald Hessdeseabtybenmandadeaneyigdisssd nuner ous
non- human adenoviruses have been identified in the art. Cbviously, also
non- hunaaroasprowreusesm s Heezgppt | @denovisaghSHRETOARS -r dsuld s as

di scl osed the present invention. lt.wil|l b o.th killed person
t hat coﬂﬁﬁ?%ﬁ?? ?mﬁgpﬁgfﬁ M§Eﬁﬁ?%ﬂ%lﬁiggr?§68é§§&ﬁ%t%§§ﬁ9€;ted to human
adenovi éeé&%dlgﬂtg tlate rad Siqlxﬁé&mﬁsiérgﬂbeﬂaaayi wheeeispesifd cfipst di fferent

speci es can e conpati ble. Thus, it also another aspect of the invention
t hat nomehotEpeadesndrion sesswemr dep potatethas FugRrOVRerSs ard kheuwmln

kaging.cell Ii ilable in the art ! t he E1B- 55K,
Ea- or 6588 a S BHRR. STAE Lhr AT AP RCe b LERT Py L ESVart Goor O kbhs human

adenovi 5Usgs ypldlo LA P WICAllo s | BYesbieett BOMS RusbibEO! { he
present 1 nvention are cani ne-, bovi ne-, ovine-, fI‘Og-, porci ne, equine-,

nmonkey- adrdoaiiras aadenolinuses. tiser onypesias, uvbgriedreispithef2¥dFe goes

beyond i es-restricted t . If for inst key, 20 OCTOBER
2006 VERZBbAPB01GS2 T BEROTAOR012804 3 aERovE e BE S bans: Bloduct

is conpahbbheup I EHRERRSROK rOEe¥EEEY, bYat HeERAYKEY NEhdsdingt hen this

conbination is” within the scope of the present invention. A so, when
f usi ons seguenagpliise dldusitvestnt Yo f 2denevicnst gpeoLype Bot iBeh E4-0rf 6

sequences d%LLved fro for.instancg ghhunan a@d an avi an
recombinant adenoviruses O e lnvention 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 non-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



adenovirus that is conpatible with the ELB gene of the packegprgddagirl2006hen
that particular conbination is also wthin the scope of the present
invention. The present invention provides a nethod for producing a

reconbi nant waglagfyi1634S vector conprising structural and EEP PG T @l
el ements of an adenovirus of a first serotype, said net odmconpr|5|ng t he

steps of: a) providing a conplenenting cell harbouring an E1B-55K encodi ng
sequence, or a functional part, derivatd ve and/ or anal ogue thereof, derived
froman adenovirus of a second serotype in expressible form with the

necessapy el—ﬁg%ntb% %u@é‘c@c@%é’fﬂ&'%%“%ﬂaﬁ%et enadl oW RESEMhYno Ohc 84l d

reconblna enovirus vector by Said conplenenting cell, whereln said
el enent Pedenpoinse ot dunﬁﬂlso@elésrmayurabulandnndmaﬁrQﬁt@maloelmnEﬂts from

an adenovirus of said first ser e different fro saJd econd ser.otype
And 8 oGHGEREE. AERESUIAG. S5 1 UL IBNAE EAYoPf8opIoCH It O SERTRCEIORar part

deri vat iye gpdlan analRodie; dheseeh, -uhbehs %ocm%tﬂ@ esé‘%&@ncé@' d

expressi bl e"E1B-55K proteln 1n said conplenmenting cel culturing said,
conpl empareiseq tcdln theeadmmbunrahdancle@ndBbmduthﬂﬂcmwmmriae giddectndn and

assenbly of the adenovirus vector to tak | ace; .and ¢ arvesting the
reconblHéﬁ?saﬂéﬁiyqqnﬁﬁgﬁt@%ﬁgﬁrﬁp%déééﬁ Sﬁvtm§qﬁﬁﬁ r#hﬁn PB?lgﬁ

conpl engRLiNG GRldy M@gﬁ&ébﬁ $6HLERER28Nq QdidGp 4the, £0 tfngyebéfl orf6

protein 1s present int reconbl nant adenovi rus vector so produced. In one
aspect u%eﬁhéﬂdmuﬂné(Heramy@$hodha&eothengemalmMEr igfverthe oh4 +erfbovi ded,
wherein said E4-orf6 encodi hg sequence OCTOBER 2006 WO 2004/001032

PCT/ EP2GESIES6E26 ™48 FATScl BEFEALT Hom éV%Jpr%r%re%W% apn) Frlafed

E:rgigge |?§egn E4- oﬁ?%ggﬁggé:%gg?ggﬁgk%gﬂﬁggﬁgé%‘#@%ﬁjgﬁéhgﬁggggggﬁ§ of a
third seubhypapd fderfenm f dbfif saedtf ispsciasd osecomb ez biype; therkodn .
E4- orf6Ien%%mg%éféég¥gngag§raxg in the scope of the present invention
to apply Ed4-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. It will be clear to the
skilled person that compatibility between E1B-55K and E4-orfé6
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
E1B-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



froman adenovirus of said first serotype conprising a dele Q)‘tETPB'E LN,
addition and/or substitution in one or nore codons; and iv)kgn -o#?%hﬁ

encodi ng sequence conprising a fusion between a part of an E4-orf6 encoding

sequence deryyeghsnélosym @ third serotype and a part of anjR4-arf6 encoding
sequence derived from an adenovirus of said second serotype, ereln said

third serotype may be identical to-, or different fromsaid first serotype.
In a preferred enbodi nent, said first ahnd said second serotypes are from
di fferent subgroups. 1In a nore preferred enbodi nent, said second serotype

IS an  agdenowly OL¥ u Cid b Avas &of LR £f,87 €8 -55K
enbodi nment, sgfg§23§%n% ggr%%?%e?%? a gh&&%régﬁgerotype 5. Iﬁﬁgotﬁer

parti culparoasiet tbwfthdepaakentingn ceddi,d thersttlsies otympeinasian adenovi rus
serotype of subgroup B. Preferably, said, K first, sero e is selected from
Che gt bbb Gt Eoke adenbi Mie Sdtoryies on 1 L 56, 9ACHafusIENg 50,

There ar&émﬂe@%&%eﬂ eele e MM d D iR &F tot N twaER Haed dry

conpl enent | econbi nant adenoviral vectors and to produce, assenble and

package ddmpicaaderowienl vedr firomefor NorsHanwet iangruexcampied ah swdéhncel | |ines

are HEK-293, 911 and PER C6T cells. It 'iﬁ preferred to u(s)g cell lines that
t

I
have al3dRRRVbrevehab 481 FOBPd & it e FhIEral &BRs. Such cell
' . : | aut ; ; 9
| neés eﬁ:}?&@ﬁa;gﬁ%pé@if} ntﬁla.leﬂ %h%ttatﬂa‘?iﬂ%ndl%rr ddénxg%ﬁn%tté?gﬁeigrﬁl%opre erre

aspect entlon use cel l I nes an 0 wherein said El B-55K
encodi ngvisEgirences | scopat edr ahed dresertthe rgesmoneorof sai d conpl enenting cel .

More preferred are conplenenting cells that are derived froma 20 OCTOBER
2006 WD 2004700 RS PeT/ EPYSOSLO@R0 PEOVASeSHd Mk 1od bPhi BT REHEAREeR , or a

progeni t c&%in&ﬁ‘@r&%n%ﬁ% A& %fo?x{ﬂ]_‘é%irﬁjgi &f@@hfﬁg”hhﬁg nBeld s

derived froma primry man retinobl ast "¢ primry man enbryonic

Ki dney ceityctauyal netgméntranofearoradercetilruy @f pai ibrytheeaotyaeni cayitde.

Highlylﬁéﬁﬁgéegkégrigfngsghgfgiéggngf¥ng¥ig¥%&f&ing 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 E4-orf6 protein, or a functional part,
derivative and/or analogue thereof, which is compatible with
said expressible E1B-55K protein in said complementing cell;
b) culturing said complementing cell in a medium under
conditions allowing for production and assembly of 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-orf6 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 segquence



in the methods provided by the present invention, wherein sahgl
conplenenting cell is a PER C6TM cell or a derlvatlve thereo? (KgEEEEgPO6
cells are well known in the art for not giving rise to replication

conpet ent aggRviboigzawhen adenoviral DNA is used that h p with
the nucleic acid provided by the cells. Many of the adeﬁ%gﬁggﬁy@%%?ors used

inthe art lack the El region, therefore in one aspect of the invention,
said conplenenting cell conprises, intégrated into its genone, a nucleic
acid encoding at | east one adenovirus E1A protein. Preferably, said nucleic

aci d enfedgegeeﬁeaee%moeeeawﬁ Fdishs FlA Y 06 £1 Ni) Sademiaved g om an

adenovi rus serotype of subgroup different” t han subgroup B. Mire
preferabhyodsagdsequeheecdmnx#&ﬁuﬁnbmmpmiade@QVlone ademamdw&edﬁﬂdprotein
is derived fron1an adenqvi r us éeronéfe of sub roup referred are

Highly
enbodi neRFSEWRR ef &) s&Pd BAr A% EHE otF AY nﬁ? g@ﬁéyegn Iﬁﬁgﬁﬁbirus El A
pr ot ei na&éng@££M§do%r9mt%'lrcPd§éW&&5’ez é@f]@éﬁ@&t SErbil %B@?_’dhgﬁr%'{b%dmm of

the invention the invention provi a nmet hod, wherein said E4-orf
encodi ngecsedqusacetgpd; saud)EkB}HBKcenﬂ@demgo@queﬂ@qu@n&aﬁd@n&xﬁdr(nn

di fferent adenovirus serotypes an erein sajd different , adenovirus
serotyp§§°ﬁr€nn€ﬁﬁ§P¥16PStHE?§§ﬁHQa§£ﬁ%9l?%€o ¥BbgFBE 188 efabl y, said
E4- 0rf6?§989951@9 faddence, angy Al thn B &iK Scedi PEL $BAUSACS Y & deri ved
fromdifferent adenovirus serotypes an wherein said different adenovirus

ser ot ypesrar eoohh; manhlerisr)ofars tByraufd Gndbdingr ebguallcp, cosgird Ehard 6
encodingHsequence and said E1B- 5K encodi ence are derlégg fr9§1the

sanme ad 6%P?u§e§E?SPyﬁePQHRﬂﬂ ?@@8310@ PECRFHEEO
PCT/ EP20034050129 .46 - cbiglesd ot a5 00t ADERELS ceal el 6 encoding

sequence and sal EIB-5 di ng sequence are derived from adenovirus
ser ot ypee§ueilbe daveéemeidorf rains arr edddresvioisredhodsidn swiviorid scderrdwipesl

vectorswﬁggegg EggQU%%%fgﬁgg&tg§%éﬂcg§ 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 is 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 aspeet 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



conpl enent i ng/ packagi ng cells and the adenoviral vector of iyt an
efficient production process it is useful to apply the corrg@té{é’g@#%Rm%

t he proper adenoviral vector. Therefore, the invention also relates to a
kit of partsydadesmioseferred to as packagi ng system) c ising: a) a
conpl ementing cell for producing a reconbi nant adenovi rugg%:ggqo g”&%?rrpri si ng
structural and non-structural elenments of an adenovirus of a first

serotype, said cell harbouring an E1B- 465K encodi ng sequence, or a
functional part, derivative and/or analogue thereof, derived from an

adenov;%#%“ﬁn%,al §E6P894 BERALYRRIN &PrLsstdbeniopm cand Bheprgne or nore

replic clei'c acid vectors all necessary adenoviral elenents such as
to al | ohwers Seomd yooéfeardd, ecathl rantp lademvinrqisceklt o5 Hprivaidd from a

conplenmenting cell, wherein_said el enents coppri se, at Ie%?)t sonme structural
and norRBTAUCY UREIER| EREANSDIEGH &7l ladehdRF HHRT ¥f RURRE FIPSY Rerot ype

differ {d ge r}H{nyaq‘e 206 S sSeauenteqengoding -af ypgtd pnal
E4-orfgp%9%‘ggﬁgfibréagggﬁ?fﬁgna part, ef?vg%?ve 8nd%o%ran§] gue t hereof,
whi ch | smecopate bl Bighllp saiedeyedesis e Bide 56K pr coepdementsaigd cell
conpl enmenting cell. Preferab) a kit of parts is used, wherein said,

d
E4-orf61%n"é}6%!rﬁﬁt§@€}ﬁeﬁe?@viléie?él%l%tfébe RS Ehe l@?’SHElE’BmsiW_ Iedorsaly an
E4-orf GC&Egg?&an&%g@ggggi@ der ivaskr fagm eglggssa%' s Rfa SRt S8EPHYE .

serotype; encodi ng seqguence rived Troman adenovirus of a
third BERoC§Pecdififsereand wehin kadwn f insthandrsedond rsxr aiijpeng cyisa to
E4-orf 6 encodi ng sequence derived from an adenovirus,of said [first serotype

conpr i sTARLCel @i BATPRIEAT GF SRty VIR RHTRER 2866 PN 1£004 01032
PCT/ EP2003/ 015%%29043ve?'1g Ok 1S4PSIHd LHdcﬂferé L8 %?%%E@e&oﬂgfnikea”d d) an

E4-orf 6 encodi ng sequencée conprising a fusion en a par an E4- orf6

encodi ngeskgueviaey defi vhe fadenaritdal dressrat ypesaddia ther brdaf lackEdelos f 6

encodi ng, sequence derived froman adenovirus of said second ser.ofype,

mherein8%a¥%g%%Prdtherefore in 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 ElA protein is
derived from an adenovirus serotype of subgroub 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 E4-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-orfé 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-orfé encoding sequence and said E1B-55K encoding

sequence are derived from the same adenovirus serotype. Highly



serotype may be identical to-, or different fromsaid first Qﬁﬁﬁ
invention is particularly useful for the replication of El ég?g?% C ?ﬁ&fic

adenoviruses that are derived alnost entirely froma serotype other than

adenovi rus Syo fdgboypctors need only to be provided “jtggfmﬁﬁﬁéﬁ%ﬁ@aCid

encodi ng adenovirus 5 Ed4orf6 or a functional part, deri r

anal ogue thereof. Once provided therewith the vector can be efficiently
replicated on normal adenovirus 5 El-cadapl ementing packaging cell lines.
Stability of the vectors is inproved, and vectors nmay be conpl enented for

del et! Q% 4d1- 04 M B An@RHogfS) B TP S G SUS P B CEhBGR W R Anfiifde!] ©
aci d errcodi ng adenovi rus orfe, It 1s possible to enable efficlent plaque
puri fi catd osabddE iRedl 5K emtodimg reabswreand daradddt ifoval adddarimpe
contam nati on problem when grown on 293 or 911 cells. In PER C6, of
coursegS%EQEVR%p%-adenovirus contam nation can al so be prevented in other

ways. An addjtio t of I 'q@$§ t Ahibhe addiention is
that there ?%ﬁ%ofﬁtgggggﬁgg%%?%Egﬁfgg%?gﬁice hg?%ngé a&é%ovﬁfﬁ§1E4-orf6
from a vect®t € ashdbenpegdaiced iuding titee genoper Al t hough such cell |ines

exi st, production paraneters such _as scaling ug%and the_li ke, and/or

regula;%@®P1¢%%%%%nﬁéyaﬁ5?gﬁéﬁe9@%&?r%ﬁQﬂﬁQ% .ePHEl§éﬁeV€é§F€é‘§% f or
cel 1 1ines, such aﬁoEEganwiéi@n% :?yoﬁc’éf@r?épfgcg§5tFiileei%u%setﬂ}fhrf't?faCt
t of cell

that wth nore and nore foreign geries 1nserte into e genone l'ine
it is difppiguthet commienttaicells ahith tyhof pabpetondegoviegiencestqor t he
expressi on 20 OCTOBER 2006 WD 2004/001032 PCT/ EP2003/ 050126 48 t hereof).
In the PresererenvERE dRVien e rdRR) ¥RAteE Feadt Klbomd &R%TR [HR0IR ens

sesoe sheraréd Loy shanolanar ey ugsetplige 8 paced vectors and

adenovi cosp sana@hypeg7cell &nd:3&uﬁu®ﬁamoairesombinbmpedﬁenovirus
vector comprising structural and non-structural elements of an
adenovirus of a first serotype, said cell harbouring an EI1B-
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 E1B-55K protein in
sald complementing cell. Preferably, a kit of parts is used,
wherein said E4-orf6 encoding sequence is selected from the
group consisting of: a) an E4-orf6é encoding sequence derived
from an adenovirus of said second serotype; b) an Ed-~orfé6
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



packaging cell lines can be overcone with a reconbinant adegg qé@é%(%r
of the invention. It will be clear that also the two main aspec
i nvention can be conbined to provide for stable reconbinant adenoviruses

that can gr ¥y SsbAMAEN ent packaging cells that are re 'é: il able. The
invention thus provides a reconbinant adenovirus conprlggh ¥§%W@?5%blnant

nucl eic acid nolecule having at |east a deletion in the El region,
characterized in that at |east part of 47he sequence encoding the EL1B 55K
gene product increasing the expression of the plX gene is present in said

recombi Qﬁayggugh%'s%l%tgdw'&@%@e ot hBrEheoRpAY;Sarhdl) Sal dud e5PEBi nant

nucl ei ¢ aci d nol ecul oes not encode a functional ELB 55K gene product;
said renootingntecatenms rasnguirdimy @ofipsisnnhesteeat ar glamndhcan E4-

structural_ el ements of an adenovirus of _a flrs% Sero wherein said
adenovi PHSOf BRCEREI G0 ekhErc el ERBog 1§14 ARG 89 Br 1 6 _
prot el ngaeﬁ Bl 'ABC‘E'ZLOJEﬁlf?aéﬁ %fﬂé@é!;ﬁéncé”%%v@&a'ﬂ%? diper eof , wherein

sai d seguence is an E4-or I ng sequence derived froman adenovirus of a
second adenotypesdidff exaeid $eoondasdrbdtyse, sehetrgpe. a@u&nﬁhmnwely or in

addition to having a art of E1B 55K uences, said eic acid
may havE&SEOpYREgERY %ﬁbdﬂi?n el |E°regﬁFagé§%g§ n% fﬁ@WbFﬁPdgdﬁ% Dt orot er .
Preferallyot §gbd second serotype and hence the E4-orf6 sequence is derived
froma group adenovirus, nore preferably from an adenovirus serotype 5.
Preferably, %aedihiviesitisar oty peatisiduedaraysubgfalp fotrhethe hap R20cOCTOBER

2006 WD 2004/001032 PCT/ EP2003/ 050126 99 group C, preferably a subgroup B
ser ot ypefskdndgd E@ﬁlChkmﬂrlcA@q%noﬁﬁﬁPseﬂdﬁﬂatA&ﬁ?(ﬂe§&ﬁﬁﬁ 1meRk

e”bOd'”EHEanﬁﬁ £RGOMDI £$ﬂ%r ”QHBéPStEHBtQ EnbYIRUSSES B RGIWECEors

encodi ng a adenovira ei n, pol ypeptide or peptide. Such

reconbi nanti adéo\tior lIEespm*eiMchh?Bthnd nanlgicwaar dr eadiddinavai | abl e

packagig e%gbgihs8%0h4or E%Eﬂéc Sgg{gggglp%%@%g“g%rivative and/or
analogue thereof. Once provided therewith the vector can be
efficiently replicated on normal adenovirus 5 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 Ed4orf6, it is possible to enable efficient 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-orfé 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



cells, preferably PER C6T''' cells, when E4-orf6 in the recg&Q&nant 20
adenovirus is conpatible with AdS El gene products, for inst@an CTQRER, 2006
E4-orf6 in said adenovirus is derived from AdS. The prevention of the
generati on oo 20@RbiesAL I ON conpetent adenovirus or functional El protein
cont ai ni ng adenov@ra? particles is a recognized problewn#ﬁqpﬂﬁmnﬁgp?‘and has
been sol ved by preventing overlap between the EIl sequences present in the
adenovirus with those in the packagi ngscell (US patent 5,994,128). In
enbodi nents of the invention, the conbination of e.g. an Ad35 derived
adenovi ri-s§ e h Lacr il f the
Vi rus b%H?ﬁFﬁggﬁcﬁ%gqgrg%g¥%%§g§i%ﬁ?gﬁﬁ?ﬁﬁaﬁgagaggﬁggﬁgiPﬁ“ﬁégﬁ%r%é%%g El

r egi ons sbmemoAdthenMddobiodmd easls b o1l hosnl agels lowegdellidrate ®mon+ h t he
concom tant formation of a reconbinant adenovirus cqnpriskgg a nucleic acid
encodi ngd8nPYAENSoFE T EPe 55 KOPFeE eVACEPES| andhgdadidtifer dspect of the
Present - L RueIlhan J A A6 & PACKAILRIRKIBILCATPId RN, & Packagi ng

cell and~a reconbi nan enovirus conprising”structural and ~ non-structural

el enent adehoan radenmrdttygpof7a 1irshdsspobypedenshdreisn satskpeskagi ng cel |
expresses nucleic acid encoding at |east a E1B-55K protein or a functional
part, dPRCKACINE cfid/ okingtl QRfuebE heVesronge Wilksd af AR AP HRMBYI rus of a

second gg&g%x&gugﬁgéqqﬁﬁf%ﬁ §ﬁédiﬁggggﬁéﬂqnt adenovirus can be replicated

i n sai d packagi ng generate s reconbi nant adenovirus, said
adenovirus conprising a nucleic acid nolecule having a deletion in the

El -region and further 20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/ 050126 50
conpri si ng alpamildf Reheckeficheat entsai Acak el BEdSK afRRCtDrofiuthe said

nucl ei c;acid.f.urt her | egue . en i f i rorf6
protein}%%%%gl ﬁhéifb%%?nggi??gegeggvgggéédgngﬁgi@%ﬁ%]5gﬂéé¢§ere% ,tmhich IS
conpat i BdenehtiFussd drexpressi drewEdB- eoKvehdkain pgatkea) thpacknys ngheel | .

Preferably said first serotype is Ad 35 or Adll. Preferably
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 pIX
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-orfé6
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 EL1B 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



said second serotype is AdS. More preferably, said packagin i
PER. C6TM Preferably, said sequences encodi ng a functionalg¥M@§#¢%t%%g?%in,

or a functional part, derivative and/or anal ogue thereof, are derived from

an adenovi ryg 2@fsobfas: first serotype. This systemwill gl 250?@%&19@“ on of
the reconbi nant adenovirus w thout the concom tant generation

functional El protein-containing adenovirus. Alternatively, or
additionally, said nucleic acid could €ontain plX coding sequences under
the control of an exogenous pronoter. It is another aspect of the invention

to provyi a r odugi stahl i t, ad ir
P éjlr%gp &E%éﬁo&%% 2946H89 o8 bakles JrepRMidiants 20880y reg14,

conpri str a non-structural elenents of an adenovirus of a
first send,ypel2mhexdd4s, saddlsr erodbisvantI mdermo\dmamsdiooemt j seke a reconbi nant
nucl ei ¢ acid nol ecul e derjved from an adenovirus which nucleic aci d

mol ecuF@RED 1R ATRPYH Ehel BF LR8I 6R™PART SCofpriSEESMER| BNECHLNT deri ved
from at, |l eagfe Rard, of é%eﬁﬁgugeggpég%g@en%ﬂ he RlRi&5Ksgepe product
of the X o)

i ncreasing expressio p el n not l'eading to the expression of
a f unctreoalb iEHIS Hdqiet erusé s oarsasdablel end aarnd gmwdwcoh ereaddlygr has a
pl X codi ng _sequence under control of a heterolqgous pronpter, said,nmethod

conpri $iVidg- & RARKIFING) Ce i Byi GHRG &SPl EnertITHF Lot 19 eRBFESIRRG an
E1B-55 eﬁg.%Odiﬁ%gegxe%'%cﬁlaR%Gw fagctd onglepaid .o g8k Yat ikpe and/ or anal ogue
e

t her eof”, "deri rom an adenovjrus of ‘a second serotype in expressible
form wddontdiearec esdanigvetesenss cofipan ibdenonithusad@asEt ogahkow assenbl y of
sai d reconbi nant adenovirus vector by 20 OCTOBER 2006. WD 2004/ (001032

PCT/ EPBFOISEGL26f 3 l%%?@%%nﬂh@ﬁeﬁ%i'ﬁ& &4 AFCRAVHT BFeddnt s

conpr i %l%ﬁkfefd eﬁ%d'n SREE S&ﬁéc{o%%gi@?%”% Sér{é‘%}éﬁé‘faﬂéﬂeeks from an

adenovirus of said first serotype ferent fromsald second serotype and a
sequenae pdncedi ingn acémpwet éohabdEdovifrisproat diunctimnal fBhcbrobalinpart,

derivative and/or anal ogue thereof, ~which is conpatible mﬁt? sai.d
expresﬁq&§§H§H¥Qﬂﬁ@?ﬁQﬁé¥%liHarthleS is a recognized problem in the

art, and has been solved by preventing overlap between the E1
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 El1 regions from Ad5, will not lead to homologous
recombination with the concomitant formation of a recombinant
adenovirus comprising a nucleic acid encoding a functional E1B
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



said conplenenting cell and wherein; b) culturing said conpl i
in a nmediumunder conditions allow ng for production and asggggﬁﬁbﬁﬁkgﬁﬁé

reconbi nant adenovirus to take place; and c) harvesting the reconbi nant

adenovi rus Sgo 20ieslesed fromthe nedi um and/ or the conpl ' | . The
invention further provides nethods for using the reconbi ‘rfljg‘ri;}tﬁ)kdaa%g%g%fl ruses

fromthe invention, for treatnent of the human or ani mal body, for
vacci nation, gene therapy, and for theb50preparation of medi canents for
treatment of diseases or disorders. The invention also provides

phar maceyt) ol PALILT A5 S| A4 henagenayl BHses e ddigs to Lhe

i nventi on. ntron wll now ustrated Wwth sone exanples, which
are notpiadectpdsaodl noictl etifte ssciapef wfthde comenisdng sEXMPIIES St andar d
nmol ecul ar bi ol ogy nmet hods were used (e.g.. Sanbrook nd Ryssel, 2001),

unl ess SRPRAWNGed| AUNchiodalpB I Lo RRRHRER! aPE Br %\‘zli"l&&&an?lTé%ﬁret'l V.

Exarpl ¢ d. . PER, CBTH 19560 SOIEIPN 00 5] b 085 1£0E o delel o 4035

Vi ruses. S were see cmculture dishes at a density of
3x106 cehis/ dkphespniBER G4 BHSHINeroeeinnmig DVEMI p&ckegiBRL )ceckinpl enent ed
with FBS (G bco_BRL) .up to 10% and 20 OCTOBER.2006 ﬁgﬁ 2004/ 0 10%%%6

PCT/ EP2D0BfesaRby 521d1 Ghusity QX Qe M $t2¢k32 0Pt P! -SitFRHgEe days

| ater,  di it [ ea}ig_ éfgb DINA
(descri %%%igi % r8§51$§%§rg>rt§?>§]§g§ \;\e‘g?%m t@%%%?%ﬁ?ﬁ%ﬁ@ﬂr 1.85a Qﬂg&lScal I'neari sed
pl G35. 56K1DNAs  Bepacal’®. cerg feradlghesaner eequeansfecterbdind 4 or 1.5 pg
Scal linearised EAdApt35.LacZ (described in WD 00/70071) to npnitor

transf efenehienalcE4neOF L bamratieinl oF a. BUpGtseRpl PR&dri S8 PERNWSI sLacZ.

e PATAEEE LERTERLS B SRR e PG e oA che
first serotype. This system will allow replication of the
recombinant adenovirus without the concomitant generation of
functional El protein-containing adenovirus. Alternatively, ox
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-55K 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 E1B-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



ronoter. pcDNA. nlsLacz al so contains a neor expression cas
gegative cgntrol one extra di sh was transfectedp wth Iinear?@g%ﬁ%0£§héb06
pAdApt 35. LacZ, a construct that |acks the neo' selection gene. All
transfecti oo Y4610 fOormed with the LipofectAm ne transfection kit
(Invitrogen/Life Technol ogies) according to manufact ur ePSTERYPIISons
using 5 mM Lipofect Am ne reagent/g DNA. Cells were incubated for 4 hrs

with the transfection m xture after whisth the nediumwas replaced with

PER C6 culture nmedium The next day nediumwas replaced with culture nmedi um

cont ai nj 0 i.Rco . e ! i I t were
transfS% ed %ﬁTﬁpéﬁ%?g§%§5EgggbA3K§§§§¥L§%§&if%g%%gﬁ%%rggﬁgigﬁgs%here used
t o noniledst Lecde expraessuenlt wardlaym ol oy ugal rabsfentsofroff tagr X- gal

staining of these cultures transfection efficiency was estimated at
appr oxi FRERPYLI e, Qf t Rash FHMSE maroinge ddifereny fhemdsandt sgePMeLt ed

Femi m Ser T e el aronsleY WRdhind & LEREE St VR IR ES P on of
sel ection edunBtisnsl pekhts idedihetegatanve/ eoninalodueh thierarsf,ected with

1.5 g pAdApt 35.LacZ) were dead. In the dishes transfected with
pcDNA. ifsicle 71 g erpmpabhbd enwdiid hh o R eI bikle FHBeoPKeProgeiq in

transfecte ' K ol e L esi . 10 8, the
concent%%&?o%6§g%8$§?g%§gtgagagggﬁ%ﬂﬁggggﬁgégé)2%§%§#%ﬁﬁh fggé WO

2004/ 0 &2l RHeEnERH036 050126 aShed ol amidgr tsandi eCbhenallbiedgdaessr and
seven days later a total of 196 cell clones were picked fromthe dishes

t r ansf RERAUGE 0 pRIE35255RMPAY Sfeddie iTReeBatzaRt WRALBOFATY6- TRelHaks at es.
Cells r Lnjn fter I Ri cki.n 10 j f _the
transf é%{?%gn’ vmg?ﬁ %Fglglg%l"%%élg’g&% %‘%éeﬁwlr@%%f%géﬁ?giﬁggl &d and expanded
to gi veops@hc&ERBRh 1R Thelisamai@or dane é@ﬁplmeﬂtihgs cefiit.hahb 5 Ry
transfection. The PERS5K(1.0) cell pool was expanded and seeded in 4 T25
fl asks Hivenyeeri fyrther 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 mclecular 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 viruses.

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



of 3.5x106 cells/flask for transfection to test virus gener gl
addition, 3 T25 flasks with parental PER. C6 cells were seedgg(g&‘?#@%%%

density. pAdApt 35.eGP (an adapter plasm d based on pAdApt 351 P1 (descri bed
in VO 00/ 70Q¥d hookMé1osd SO containing the green fluorescent protein as marker
gene, which was cloned into pAdApt35IPl as Hindlll- Bam-lﬁ)C ERAMA¥er i ved
from pl PspAdapt . eGFP (described in WO 02/24933)) was digested with Pacl to
| i berate the adenoviral sequences frora2t he plasm d backbone.

pVE. Ad35. pl X-rI1 TR (described in WO 00/70071) was digested with Notl to

| i ber at nQvi raly S Cc the. ) d sk W th
pER o ST %o St TR RRRLERE 0) S IMRD e PR R W 2 g
di gest edipAdApti@rce GRS g wWighslefdg pVRIAAIMaari-gsdd D EERH. 55Ke fl ask
of each cell line was transfected with 8 pg pAdApt35.LacZ to nonitor

t r ansf eONPorf describeshdnfrme 2rfuPnihgheradRrRi (H PEERKIed 0yitl 1 sSserved
ti . d t i ] i th
as a neggi 'S‘é%IP‘i’ltnre%Jm%lﬁ% Yﬁ%%%? ggﬁﬁ DRR . t BEQL0RLS ctbqﬁ:l\c/j\ndfhd{%%% Z@%;&e e

transfe on m xture. ctlions were~ pertorne m ne

(I nvitregenslficbecfieatint) 1 aseor dbnggt sca@nufiachurises] iprsdApcd’ onscXisi ng for
each transfection a total of 8 fg DNA and 40 pl LipofectAm ne  reagent. The
t r ansf eddiederabrbud® WK QRMNQEL hf termanhter26renrdeert 2upes £ #2904y 001032

PCT/ EP2003 050120 54, 1 n6Ubat kD20, Loesheaul s, Hedumyes added.

Tr ansf et on’s e ‘don er seedi he "celTs” and again two

days | apepNaehisTiar 7t heidsddr fvesksnWepeo 5aNSLer ied & G EDNBD-bddask except
for the LacZ control transfections. These were stained with X-gal solution

aft er nll@smiidat(Iavyitafaaen) jwikth hbhe snl fEabBat PeRewidH ety ngns of¥Yi on,
t he percent of e Ce ti t _appraxi l.y.:90% i n both
per aent-ag%s, o I?gtlﬂl\#\r it fé% 2R31 63 {:gg\éggn?ma E]%toh eg?)}c%ls%l QP

fl asks “showng 't ans i on wen C i'nes. Four days
fol | oM p@siske teasgagea teddei d*80cbhasks bvhe exansf etitsd wiROb#K(IfOrted

cul tures showed starting CPE (cgtopathogenic .
with linearised 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/|g 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 png pAdApt35.LacZ. These latter dishes were used to monitor
LacZ 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 Uug 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
Bg pAdApt35.LacZ) 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



effect, indicative of virus replication) with approxi mately , BER 2006.
events/flask. The untransfected PERS5K(I.0) cells were groun cou% uent W th
no evidence of CPE. In the transfected PER C6 cultures only three CPE

event s wer ewg fobbfRoedzn the confluent nonol ayer of cellspgﬁgﬁh)/éhree days
| ater, the transfected PERS5K(1.0) cultures showed full W

cells rounded and detached in clunps. In contrast, in the PFR C6 cultures
the few events of CPE had not progressé@d and cells were still in nonol ayer.
This confirnms earlier observations that generation of El-del eted Ad35-based

Vi ruseseq o, fﬁbcﬁrhﬁsféﬁifdﬁﬁfTHEéE“diggE%h&h§é985raB?SEQa%%r RERSSK(1 . 0)

cultures s as expected, a conflue nonol ayer w CPE. The cells
and nedtuﬂalnofhé99ER§5K(bﬂbneéIwaﬁe;yu¢kedufromPEhwedasm@Evested and

subjected to_ tw freezel/t ycl es fter ich the cell dehris s. L enoved
cenFF?PﬁE%?F%ﬂ H%t§0@@Gg§hi W@ 1R gePappée & ﬁ%@e?éthe of

the reswé% gge | ysat es was used to infect a fresh culture of
PERS5K( 1 % Ina T175 flask (1.5 m/flask). Cells and nmedi um were
harvest ed at fuII CPE four days later. This shows that infectious virus had

formed in the.initial .transfections.. GFP ex e55|o? a nfir
f1 uor escent 9?%%%s€8 ¢15ings qﬁﬂl§9%9ﬂ¥mﬁb WEhe h@WPr R 2006

WO 2004/ Q0103 P2 03/050 e u n used
to anal yg %R o}-‘rﬁf"%ﬁrg ti°0n “or 3’1%1ﬁ(§€$§t%%£A8§é %%l{oet/s&t(ﬁﬁ’ V|lr§u$slgi n the
i ndi vi d?éblélioaﬁé agpaeid ked @ﬁi@vyathlepmesmﬂewl hed doresvddat were
pi cked Tfromthe 5.55K transfected PER C6 cells were expanded and were

functi odahe' foteﬂheddh@mddubﬁﬂnﬂety'5cugustanafeephonahmhe(ﬁERSSK(l O)
Ad35. AdApt . eGFP. Hereto, the clones were seeded at two densities in 6-well
pl ates 8AdloReOdayaparaPansattany weelad 1i 40T 2bh& Lasdie adestrd®rei &Y ude

L\,éf,atlg ag g, %gfpg‘)@'etl‘ir ShtNa A ALifireF bG8 eElonAs Jested in this
generation. In addition, 3 T25 flasks with parental PER.C6
cells were seeded at the same density. pAdApt35.eGEFP (an
adapter plasmid based on pAdApt35IP1 (described in WO
00/70071) but also 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 PacI 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 ug digested pAdApt35.eGFP and 6 pg digested
PWE.Ad35.pIX-rITR each. One flask of each cell line was
transfected with 8 pg 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 pl LipofectAmine

reagent. The transfection mixture was removed after 4 hrs



CPE at day 2 or 3 and 68 gave full CPE at day 5 or 6. The 1 ey®FJHERIIOGES
had only partial CPE or showed a few non- progressing events. The latter
wer e indistinguishable from PER C6 cells that were taken along as a

negati ve coWgAbsooRsed on these results a selection of S made
that were further screened for the ability to generate %é%%%@@ﬁ%%g@

El -del eted viruses follow ng transfection of the pAdApt35. GFP adapter
pl asm d and the | arge pWE. Ad35. pl X-rI TR4 cosm d cl one. Hereto, clones were
plated in T25 flasks and transfected with 2 gg of the adapter and 6 jig of

the backRonsat PbasHhE Ysidig Ldpof et A deuRsSwassardbad ahove r o dhay's

followng the transfection, cells were transferred to T80 flasks to prevent
over conveuendgnef thhe dayl tafitesr edirg 2df theneelisgane fagialirCREa hr ee days

after passage to T80.and ., anqther, 13_cl ones gave, progressing to f CPE t he
day af;g?ys iﬂEefeﬁﬁ#i§ndJBﬁ§F%ﬁ%% sﬂﬁ%% Sn%gﬁﬁEt%?ngﬁF§r§gaFFiﬁbgfé%
conpari 90k QUEERE g@Renald ONa@f Ebnoebet edahdBckeslalss ahefFRiGh: Cells
generally results in full CPE four to six days after transfer to T80

f | asks. sThisedhwnsht Katgalhes olest odrorestef fntldnfixatdopl.ederiteEl £ivel et ed

adenovirus vectors. One of, the clones (clone, #16) 20 OCTOBER 2006 _ WD
2004/ 0018855 PERFEP2668F03HTE T 1R % S %th%vetﬁéspﬁéﬁr&t@ggeerﬁeﬁ ate and

producepmybt Lph &5 hakchas fatdq apd HAESxdrheted Ad35 1W ixas £ofdsed ni ng

different transgenes. Hereto, virus in crude |ysates resulting from
t r ansf eshowhsgatshdes tranef eabioha wert usehl foff boeht ceddaptigrel asouds,

were plaque purified on the new cell 1]jne. i ngl e _pl agues were_tested for
transgea@yﬁcEPihPVlgﬁdqmﬁﬂPaéﬁﬂﬂ?f?%dt?%rTﬁadEgﬁF§§al DIFRETSAEED 4-8

P P LTSRS colflasnaCelly sege apaniatintal| O o

amount effectusipditiadiese wal detes nreptibytieR) CwisShalBametirdteli997).

Table |18 eé@Q%%s&?ia%&ﬁl%ﬁugfégﬁransfected 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 PERS5K(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
cbservations that generation of El-deleted Ad35-based viruses
on PER.C6 is very inefficient. Also the untransfected
PER55K(1.0) cultures showed, as expected, a confluent
monolayer with no CPE. The cells and medium in the PER55K(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 virus had formed
in the initial transfections. GFP expression was confirmed by

fluorescent microscopy of A549 cells infected with the crude



downst ream processi ng of medi um scal e productions of El- andyo8drearielodked
Ad35 viruses on triple layer flasks with PERS5K clone #16 cells. The anpunt
of purified virus particles is conparable with the yields of Ads-based

vectors on wWeRoswordae! | S W concl ude that we have genersla% ] /&619%e cell
lines that efficiently conplenment fully El-del eted Ad35-base vecCtors.

Thus, Ad35 E1B-55K expression in an Ad5 conplenenting cell line facilitates
replication of Ad35 vectors. Exanple 255Generation of pWE. Ad. pl X-r| TRAE3.
The early region-3 of human adenoviruses contains nultiple coding regions

for profgifsethahel Blelgkens Wdd e fst us8aUPE BAENGR%E to adenoviral
i nfecti on. When adenovi ral vectors are used as vacciné carrier such

i nt er f ecempkenantahnant of. thie dflordeleked ohd3 b ubdadtanGAE3F ixackbiohe cosmi d
| acki ng, t he, E3, reqi on. Hereto, construct r.Ad35. PRn (Fig. 15; described in
exanpl ethS ?‘Iﬁgbﬁba}léit ic&?r’éﬁc?ﬁdgﬁcwgge@?%%’g?‘éd with Stul  and Mul and
the 17.3 kb vector fragnent was purified fromlow nelting point (LMP) ge

usi ng agarase enzynme (Roche) according 20 OCTOBER 2006 WO 2004/ 001032
PCT/ EP2003/ 0B)¢ 28upTa ide sreridifeat talr@nss i sat ueerenpickiedt framPERef r agment

ool | {1 BE6 75 Bho “PRASAGISHRE 420 o che) | kot cR b aRABR R (7e
”anUfaCE#ﬁ@E§th§E§”%@§%@Hf¥B¥¥HHEﬂé%&§§E ato s84Eahar répliiideon 30k cycl es

of (94C for 30 secodnds, 58C for 30 seconds and 72C for 1 mnute) and a
final i|iAdBbakdapt.aGFE8CHearet® nmitha eslomde 838e bpePGRdpraddiato was puri fi ed

usi ng %ae C#Aquick B%E rification kitﬂ$C§ eni nd di gested, w.th ul and
Stul. THE"&thLsPed™ d%i&[ﬂﬂ%%?%ﬁ???o %eagyu F%Grtﬁg% 9&$ﬂtﬂéﬁﬁﬂfg
extract honoki £ neQ-3987) - BN hso! tede [(39RBN BpRELA d ingAtib AW the
transforned into DHba conpetent cells (lInvitrogen/Life Technol ogies) to
gi ve pBdapd3StPRnABE the 146 clones tested in this way 19 gave full
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 pg of the adapter and 6 pg 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 Ad5 vectors on
vPER.C6 cells generally results in full CPE four to six days
after transfer to T80 flasks.
This shows that the new clones efficiently complement El1-

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



(Fig. 25). The plasm d was checked by restriction anal ysis agwOc3e88rRR006J
of the PCR anplified insert. The E3 deletion was then cloned into the
PVE. Ad35. pl X-r1 TR cosm d backbone. Hereto, pWE. Ad35.plX-rITR was di gested

with Pacl aRebiaeefdhr was purified by precipitation w tﬂbf/ﬁ‘%&fsﬂ;?ﬁ?@' and
washing with 70% EtOH. Fol |l ow ng resuspension in mlliQ water e DNA was

digested with Swal and the 22.8 kb vector containing fragnment was purified
from LMP gel using agarase enzyne as &bove. Construct pBr.Ad35. PRNAE3 was
digested with Pacl and Swal in the same manner and the 16.6 kb fragnment was

al S0 | §Ol@t B §ShPEvAJALES & SR R geﬁﬁfhtéoémeﬁrbdﬁgéemh&t\&@l% l'i gat ed
using 0.5-0.6 jlg of each fragnent. (gated fragments were then packaged
Kk

usi ng opteles patkEyi ﬁ@dei?tlr/& giel(eg_:ﬁq: t%@%@eylééééﬁdFF?@tﬁénﬁﬁMf acturers
i nstruc ) TBL- ceIJs |_at +ANP
pl at es ‘é\%ﬁgerr%%ﬁl Prﬁasggpgﬁ, ed'Sh& % ’analrry%%d o?ﬂlﬁ eggr?%e%gef q’ﬂh%l%gb\
ROr T oCt £ ERSE EHEL Fo TRl HrEaWe G LIsta MY AS 350t Xab L FRAR £t 1) . The
E3 del etion extends fromnucl. 27648 to 30320 of 20 OCTOBER 2006 WO

2004100&@@@5@@&@@@505@@@ 58 aqufe PaREE seduencehedesyr iasdd i D

00/ 7007 gans a 2 | ng di gest ed
pVE. Ad3%i r? § aﬁ@repFﬁ %?#%#@é] r%ﬁ%?dﬁgl %Eg%;%glgegy% et

pPAdApt 3a5ml§>£fP1@dat eorPERE e e bl eedlst {seschi bed suppd)l gavwerise to GFP
expressi ng Ad35-based viruses. Upon isolation of viral DNA from these

vi r usesfl@grs avﬁﬁxil'ﬁﬁc@m/tfrla@fk)t h&€ea3l g é'gﬁ?léﬁl kapvegtedhat tfl*iélvﬁrﬁfse%n%r e

del eted,_for nce cted i
packagi Ng® SY}EHEI 88| §t§‘ Ciepd‘lr ors ﬁagﬁl gd%@nle reﬁ e ed and
El / E3- d@&@ﬁ@@lﬂ%é@mm@nb@wﬁw oﬂléiﬁﬁ@nlbarﬂﬁemég wake dgenramates byy

transfection of PERS5K- cl one#16 cells (see exanple 1) with

HPLC (Shabram et al., 1997). Table I presents the yields after
downstream processing of medium scale productions of El- and
El/E3-deleted Ad35 viruses on triple layer flasks with PER55K
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
immune’response 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 Mlul and the 17.3 kb vector fragment was purified from low

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



1.5 kg of an Ad35 adapter plasm d carrying a specific trans %
with Pacl or plPsp-1 enzyne to |liberate the adenovirus inse??qicr—lgim %‘ﬁ%

pl asm d vector sequences and, 4.5 gg of either pWE Ad35.pTX-rl TR di gested

W th Noti ORyo Yol/fo1pME. Ad35. pl X-r | TRAE3 di gested wi th Notj ..Lthe right
flank of the adapter plasm ds and the left end of the bgg@gﬁé%oggm d

cont ai n honol ogous sequences nedi ating reconbination events that lead to a
conplete El-deleted viral genonme (as déscribed in WO 00/ 70071).
Transfections were done with 30 | Lipofectam ne reagent (lnvitrogen/Life

Technol ogi rﬁéﬂuf&&tﬁ?%l}ss &l A AN HIC ife x R COT BERI Fa gRAYS JRfdir ers

instructions. Transfection mxtures were added to PER55K clone 16 cells at
70% congénerayed noit2pB . PaiSis PRihexdiold qui hrgeconBbRafponanter3SRImansf ect ed:

1. pAdApt 35| Pl + . Ad35. pl X-11 TR 2. AdApt 351 P1 + pWE. Ad35. pl X-r 1 TRAE3 20
OCTOBE %o%hev@n%\gi/l@@few B @%a@%@gﬁw%gméghﬁ)\dm%m +

pVE. Ad3 . + =hh T . 35Luc +
PVE. AdscOpiiingned: meadlichifehs LitodibhoRs "aha TRFegzah RACARLIDLLS 1
PVE. Ad354 pE XEot TR Bii npAcapt 3FL anit He pWEE AIS5° Q| Ror| BRAER cadaix er5pl@sm ds

were digested with pl Psp-1 enzyne to |jberate the adenovirus sequences from
the pl aE®¥ d30edB6PNA5a RSO (%/\KE?%d]SS‘?Jp"F%‘Fl TRGng PRB2AJIN IR IRAES

wer e dégeéée@'t ﬁ%&h ot bn R O fr%st%%%ﬁc%%gng%éﬁxggeW%%%Jﬁa%q%%ckbone

.

Gener ation of adapter plasm 5.plX-rlIT

cosnm d usingsthébedapueviko PR pur MO X 7071t Gehepahi)ommd digested

pPVEE. Ad35, pl X-r1 TRAE3 i s described supra. Two days foIIQmﬁn%itransfection
I

cel I's wWiteh pdseagend: 6trdo ErRi FriFeHerc | Hilin4e & dPHRL IR SCuIHT TPE Sas
obtal neds ! LRe2BAASRUL P! ENPIYERI R0k 1t 2 (E2UFeR Lo |1 S a e

noti ced.
fragments were ligated and transformed into DH5a competent

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 Pacl 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 pg of each fragment. Ligated fragments
were then packaged using A-phage packaging extracts
(Stratagene) according to manufacturers instructions and mixed
with 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



m xtures were subjected to one freeze/thaw cycle and spun do pm
for 15 mnutes to pellet cell debris, after which supernatan 9C\a;\lt/eor]thalz‘l:ﬁ()ﬂ)Or6
coll ected. The crude |ysates obtained in this way were used to isol ate

viral DNA. kesfbfeo1es4> 9 of crude |ysate material was | d w th |0Ogl
10ng/ M DNasel at 37C for 30 m nutes. Subsequently, 6_&&/@?@5}%3%3?'&\ (pH

8.0), 7.5 gl 20% SDS and 1.5 gl 20 ng/m Protei nase K was added and m xed
by vortexing. The mi xture was then incwBated at 50C for 1 hour. Finally,
the viral DNA was isolated using the GeneCl ean Spin Kit (Bio 101, Inc.).

Fol | owi e £EO ' ; i 4 Y UZALY: 2 t region
was ana ys%%ggygﬁgkeg%l i(ﬁ{%ﬁl?r&%gﬁ),og?%gﬁAgﬁ& l3%181\%’/}# an E‘aSSpI XR
wer e uskde Hberagpbhfications were done with 2 | of the isolated viral DNA
usi ng Tag DNA pol ynerase (lnvitrogen). The 20 OCTOBER 2006 WO 2004/001032
PCT/ EP2003/ 050tp8ngbectéapt iodn Natd uitse sord abPWBdAS 3P - POXHTIRAES and

| nvi t y o 2 50V , | 2 dNT. 3. 1,.0f i 10M
gt g\élk) rlggﬁ%%?.lS (hﬁf"’t gn’ﬁ&%%#% Y P ?S/%I Bﬁ%A%F%g%IEE@’I'IW@ ropg ogr am was
set at Pdk560E13n81 pukeschald oy diyi 884 Cyeb£s) 0fave94Eskorr3&Gmeconds, 60C

for 30 seconds and 72C for 4 mninutes). Control reactions were done on 5 ng
of adapteprepbangi 8d35Abesec onpfutdon Gipon hesPLRE1engl fofvitded rlBHet i on was
| oaded on ge|, for analysis. Figure 2 shows.the results.faor the bove

ment i on]g’aorgrJ&HEF@C?’F5H§?SThelJ:d§?i%ﬁléﬁ%‘,\?*?ns‘_é uiﬁgeg‘?’ S Y he® B Y of
the CMLREEMBHES viRukhRe WerdNdidfetidle PdX 2 COUKBIOEEEROBe AR ridl ks seen in
Figure 2, viruses without transgene or with GFP insert show the expected
band (cexpactedwith the plasmd controls; lanes PL for each virus). Smaller

fragments are seen with the larger inserts, luciferase and LacZ, and these
del eti ons becone nore promnent with larger total length of the virus

(cowparEXA@ZeOB.L@qmy}trsus@ﬁ %géma%@ M sdout - §3) et BRURG I LASA hg genone
| engt h res W rrence o el etions in € transgene
regi on.vgaeors.

Ad35-based El-deleted and El1/E3-deleted vectors containing
different inserts were generated by transfection of PERSSK-
clone#16 cells (see example 1) with

1.5 kg of an Ad35 adapter plasmid carrying a specific
transgene digested with PacI or pIPsp-1 enzyme to liberate the
adenovirus insert from the plasmid vector sequences and,

4.5 Wg of either pWE.Ad35.pIX-rITR digested with NotI or
with pWE.Ad35.pIX-rITRAE3 digested with NotI enzyme.

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

1. pAdApt35IP1l + pWE.Ad35.pIX-rITR
2. pAdApt35IPl + pWE.Ad35.pIX-rITRAE3



fact that the total genone length (also indicated in Fig. 2),
Ad35. AdApt . eGFP and Ad35. AdApt . LacZAE3, 33.7 and 33.4 kb resggf: TQRER 2006,
conpar abl e while deletions are only found in the LacZ virus sanple,

i ndi cat es t jgj264/8di6r t he sequence or the size of the i ' hg f or mer
El region can also influence the occurrence of the deletﬁgﬁgkmgﬁg ge 4.

Sequence conparison of the pl X gene region of adenovirus serotype 5 and 35.
The finding that with increasing genon@®l ength of reconbinant Ad35 viruses,
del etions occur in the transgene region could suggest, in analogy with the

pl X-deficieny AJaqROr FLEBER+2QMNE . AMR 20 -00EH32 PCT/ EP20031050126 61
viruses (Ghosh-Choudhury et al., 1987), that there is a problemwth the

stability of4thpaaapsBgeGcFPhe e . AJBS . pAUSISI TRAR3 AdApt . Luc viruses (where
E1A sequences are replaced by the AdApt.Luc cassette), with a total |ength
of 36.7 kb can PB@Aﬁgaé¥andi@ﬂﬂﬁﬁq P fer HeR et i on of E1B plays a role

This mght pe either3g£rou h a function of one the E1B proteins itself

or through a fuﬂégﬁBE UGN RN &UFE - Eﬁ%ﬁ?r% ces in this region having
i nfluence 0”7eXgA8§B£§§L8EZOQh%{1%1 %éfiﬂrpfﬁtEInS. It has, to our

know edge, not been escri bed proterns itself influence the

packagi ng c@paghlixpehsaderow diseadibwemerr1TRARas been described that
t he E1B-21K protein non-specifically stabilizes transfected DNA (Herrnan

and Mat hews,Ad8Bd¢r apdashatsnweats alisyd stahev UK ppPoPreiln engyiiet tion
degradatj.on of cellular and viral DNA duri infection ((Pilder et al.,
1984; %%]?%r%YeaEL? PYSHPVIGUT & THE KRS %’%ﬁgz{ijlkepphiﬁé G ¥eS&Rtessed in
PER. C6 | he iRdi N t i.-de e a i f r

obser vars SRone TrEfE, RS A A A Qe A R8s SERK AR TR Uex® ! ot ng
regi on.dfges e withsnkrawptikat tdetpdos psordder tandtbedisighe sRAUMIICES are

| ocated wthin the E1B transcription region since plX and E1B share the
pol y- adeeye et bAnspgndhe Beapter 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 Ml of
crude lysate material was incubated with 10pl 10mg/ml DNasel at
37°C for 30 minutes. Subsequently, 6.0 pl 0.5 M EDTA (pH 8.0),
7.5 pl 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 pl milliQ H20, the transgene region was
analysed by PCR amplification. Hereto, primers AdApt35CMVF and
35pIXR were used. The amplifications were done with 2 ul of the

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



m ni mal pronoter sequences necessary for plX expression have ng(gn stu%%d
in case of Ad5 (Babiss and Vales, 1991). It was shown that & kR 200
fragnent containing the upstream Spl site and the TATA-box sequence was
sufficient xpression. The spaci ng between the site and the
TATA- box agwméolg‘ll/%é%ﬁt he sequence of the TATA-box itself) 8%?@“%??8% to

i nfluence the level of plX expression. Wether the corresponding region in
Ad35 is also sufficient to drive plX expression to a |evel high enough for
stable viruses is not known. Sequence conparison reveal ed that both the Spl

it d the TATA di ff t Ad5 .20
%ET%BE%%@EOW%%%%%Q%% BEnrEhso6L1 dd S (3 u Erbfen T L2 RY

f b f th
S?ﬁifﬁa‘ﬁ"wﬁ [ 1 0 (B 2ohAOLRTEEOMs HEPA Gadh &%%?%%S?f OHA° S PBERLOL S
the ﬁé}{& £ogan, pf g the g!;. m?ﬁ@eh ofy %%rt%tlyRFolerﬁé’rBﬁ'ﬁéeﬁf”t Th&ubgr oups.

The follow ng adenoviru .and Genbank reference
sequengEso e weesadsé*orathezlcanﬁ@m SZOIrrurAd:ks (BSEQovwdr Q. 385¢yCaeisamkE NC
001405) Ad5 % I D. NO. 46; Genbank I\/I73260) AdlZé g I D. NO. 47;
Genbank (MC ©0om 030 SP@OnEsEQEO’S, te, 348 SassiskhicEq8966559TAd40 (SEQ 1D,

D ol TR 166 LR H&E&s Wos " A0 aehanpiien 25 (520

Ad35 sequeneesd S&thép CBQplé%howa%fa%hepwn shedul o ¥O:-H8/ 78811 ohheaAdi |

sequence (SEQ ID. NO was not publi shed before and is provi ded herein.
Fig. 3Acduwd omubealgoneahad&sume éh@m&enﬁushwmm skquenced thetfweertitche
stop caqdon of the E1B-55K protein f|r 3 nucleotides,in all sequences)
and t héRQE (Meefpred EhengERH: eaé%rls‘“e%ci‘% G¥sPEIPRACESL site

hsut 12 ont ooy o Che S ;’%‘S’E‘Pﬁc{e‘% e S o TS Eoras Pa¥he ot her
sequencesiing herefan e, Asheavobhsesses sequsimese fdr GCruand TATAoWdxes as
transgene or with GFP insert show the expected band (compare
with the plasmid controls; lanes PL for each virus). 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 kb

respectively, is comparable while deletions are only found in
the LacZ 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 AdS5



publ i shed by Bucher, P (1990) was used to identify the putative Spl a
TATA-box in the various sequences. Fig. 3b shows the putatiéb(ggvggﬂﬁgﬁh6

TATA- box sequences and the spacing between them Adl12, Ad9 and Ad40,

bel ongi ng t g RePfibdvel Y subgroup A, D and F, have Spl _and TATA sequences
that fairly natcﬁﬁthe consensus sequence. However, the BFYERHE¥OBBSween
the two boxes is smaller than for Ad5 and Ad2. This is not wunusual since
the Ad5 E1B pronoter also contains an &pl box and a TATA sequence with a
spaci ng of 11 nucl eoti des. However, a deletion of 9 nucleotides (of the 20)

in the AdS pl X pronoter seguence. betwee Spl; TATA; boxes gave
reduped’%%ﬁ(ﬁ%ﬁ%o@wﬁ5654}g‘60%@}32 Bé%?gngzl&ﬁtgg%ﬁ 633_5 %I X levels
(Babi sy raml e¥lessh k98d) st IBe1sehIbeURNB epatiyes THel3Bactdihagnd Ad7 as
wel | as subgroup E virus Ado, have divergent TATA-box sequences and

di f f er @3 spaEnddPanderc t ierupesat(vhersp Elde fagiances ahe TAPABEL The

proxi mal pl,X _regi.on in human, adenovi.rus typ IS '@@Qt' ak -t at._in the
sim a%&d?&%i%@%’%@‘(bfé@??eﬁgsgro?’h’%ﬁ fahaO%raAe!Lceln%1+ vvaééE %?(’)goi{gd 3¢
ther apgydl iaesctisidi{ &t ésatBhtakhe 3@Abkiohhs Eid S91498 a role. This
replication-deficient vectors based on-non-human adenoviruses pl X

expr esgiightirde el iheufthepeah pofuscablba ofasialef |themplReprrobeifgat pl X

expressi.on.is requlate differently i AQ%? Vi ruses. a ther h and
non- hurfr© eorifo%'li‘fﬂ%‘é% aﬁdff‘lﬁgl?“llpgg&lfgtu&r oswenqy%%%%%?ggFgeggﬁuFﬁgggpr onot er
sequencggs dfiselfeqd® heeahgdihynbacecUuRs (BPRdJEidie oFl Btrgguences or even
nore upstream Af%ernatlvely, it is also possible that, since plX

expr essidanawl ct inepteeiny . EIA hpset donourhikgiowledds, ohoplxeerpressi on are

Subgr oGS Ve b (P bl ReP - OREAGEng "oha TerldiguBte pE % Rat B Cups! T cam

sequencepddittyy el @ RbeYLUSeR! OMBlek el HIRCIHRASG@een described that
the E1B-21K protein non-specifically 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 is expressed in PER.C6 cells, these
findings do not provide an explanation for our observations.
The pIX gene is located directly 3’ of the E1B-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 E1B 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 viruses is not
known. Sequence comparison revealed that both the Spl site and

the TATA sequence are different from those found in the AdSH



pl X expression in the vector, leads to nore stable viruses a
packagi ng capacity (infra). Alternatively, the plX functionaﬁé§é¢é§§&£%06

delivered in trans via the packaging cell 1line. As a non-limting exanple
we descri beyw@sefp@nt Ad35- based viruses that have a pgn-endogenous

proxi mal pl X pronoter as found in Ad5 viruses, and shom}’{??(ﬁ’f’m{’ﬂ%@b%vi ruses
have a better stability than the unchanged reconbi nant vectors. Exanple 5.
Generation of adapter plasmds with ans®Ad5 pl X pronoter 20 OCTOBER 2006 WO
2004/ 001032 PCT/ EP2003/ 050126 64 pAdApt535 is an Ad35 adapter plasnd

havi ng t pLX pr t qﬁﬁ%ﬁg‘%ﬁc ut . I r\pl identical to
Ad35 a%%ét%]?énb(%g%ﬂl Qggkghptswc%;ele 0%7 ‘f%ﬂ'tgig'ﬂ%o\ggt%&ucti on is
descri heshibetlow. a Acbinpair iBOR fwaagmerde s igemepadrdmailt bIHr upety <3S Of or

and pl X5Rnfe. The reaction was done with Pwo DNA polgrrerase (Roche)
accor di SRANGRNuf et ur BEEWERS: (& 151 1RAR thf 384 BpRBD prAdt kdSf i nal i x.

Ad , d 1.d_f El - | ; WO
b0/ 700715 as Path S22 G I ity o MO Rae  BEPR SHEEARERE"S mnutes

at 94C sasglkdlien. 3Bhey ebas obfi n(®Hddryvidth s ontish (BEOL I 1D)., NORC 30
seconds (anneali ngq)EI and 72C for 30 seconds (elongation)) followed 13/ 8
i nut esGerbark reMpEeREsUISETNGPCR Waigahied Eoht Bhe EREP3ITised :offdde SV40

pol yade ti si.gnal, f.r ) A I o] er f~egi as
pr esent PE}% @%anﬂg'Aégésgggﬁm%—%%% f ?ﬁo?ngn{qg?éé?? é yrgl'l d
nucl eotG&ioar3o867andoan Mdelk sisem.atiphend. ead; despaardNECBOIaENt Was

generated as descri bed above but mﬁt%ﬁpriners pl X35Fnf e and 35R4. 100 ng
pAdApt 3B1P1(5BR- t BRenNCas 4Bemfiapicank ' Ghe@? | ngRHA8 $8FQat IH3CNGr 30

Seconesi SN BgFLEOThog] Mok "GARE RLONGD M RELpBlg T, 9l

nucl eot2gle(gBE9 tsequenceInurheidditk asr3 g ME 00/ XQ@071EEQ. ID. NO. 54;
Genbank AD7001). The Ad35 sequence (SEQ. ID. NO. 52) was 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
Ad5 are boxed. In most cases there is insufficient homology to
directly point the Spl and TATA boxes in the other sequences.
Therefore, the consensus sequences 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, AdS 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 AdS5 pIX

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



and adds an Mel site to the 5 end. Both PCR fragnents were di gest ed
with Mel and purified using the Q agen PCR purification ki?B?SEE@éhB£556
according to manufacturers instructions. Concentration of the purified

fragments wWggy &%/ ed by running a sanple on agarose gel and approxi mate
equi ol ar anmount s o§ the two fragments were nmxed in a ?H&?’P%’ﬁﬂ"ﬁ@écti on

containing 5 g DNA 41 I Ox ligase buffer and 2 gl |igase enzyne (New
Engl and 20 OCTOBER 2006 WD 2004/ 0010323 PCT/ EP20031050126 65 Biolabs) in a
40 | volume. Follow ng an incubation of > 2 hours at RT, the m xture was

| oaded 1. 2% agar.ose_gel .i AE t.he f 1.4 l.engt h
were | SOETEHS noTRESeoRad) Bakthr BECararhr STRETE Borhriy ess

manuf agideEr AdliNdrdcAdpnss Tae1DN8 wahgoded ivi B0 |Ag4 erhheeH20 and 1 |
was used in a PCR anplification reaction with primers SV40for and 35R4 as
descri Edetgand TAEA PoRxwaEsadencess adek chiififareaovepradihg batueaaaltibey

t enper at ur e .of and an_el ongation tj t 90 .second The sul ting
pr oductpl%fgcjivseo%f(ieds?ggﬁpagl aﬂgi ﬁglet #@rﬁd%aod%n r]‘iqhe":f' &?}?%%?ilfoﬁ&% t and
di gest edbgiidrh Agedumad Bakhbvirtbetigsuld iing 86 kdnbapd vasti sal &hed from

gel using the Geneclean Il kit according to nmanufacturers instructions.
pAdApt 3BLMiEN (ReReT bedsi ASWICHOBT00 Al s anes vilss o lgeseeent iyt WaBgl | | and

e PR BACCHERL B AOTRR e a0 (L B e

ragme <8 gaet1 ed w he“i'sol'at ed
Bgl I | - Agelo fragneat] i €88€bhbad rsepbatCRiidiNhd Hed Aslh- AddSnhahbreric pl X
pronmoter, to give pAdApt535.Luc (Fig. 4). Qther adapter plasm ds containing
t he AdRqEnopromaereIeesrrrenimnd@mays Heoldmmst £ poept 586rLgtakde di gest ed
W th B%III .%{1d Apal and the 1.2 kb insert was purified fromgel using the
Genecl edtP94%kit  accordi ng to manufacturers instructions. pAdApt 351 Pl was

al so It may well be that pIX expression is regulated
differently in Ad35 viruses and other human and non-human
adenoviruses and that regulatory sequences, or even the
promoter sequences itself, are located further upstream in the
E1B sequences or even more upstream. Alternatively, it is also
possible that, since pIX expression is activated by E1lA
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 pIX
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 pIX promoter
as found in Ad5 viruses, and show that these viruses have a

better stability than the unchanged recombinant vectors.

Example 5. Generation of adapter plasmids with an AdS5 pIX
promoter




digested with Bglll and ApaT and the 3.6 kb vector fragment syeiq g as
above. Ligation of both isolated fragnents resulted in pAdApt 535 I gure
5). Next, pAdApt535 was used to clone other narker genes |ike eG-P (derived

from pAdApt% M6dglosand LacZ (derived from pAdApt 35. Laczﬁcfﬂzﬁ?os%@ﬁzs mul tiple
cloning site using standard cloning techniques giving rise

pAdApt 535. eGFP and pAdApt 535. LacZ. 20 OCTOBER 2006 WO 2004/001032
PCT/ EP2003/ 050126 66 Exanple 6. Gener &tion of El-del eted Ad35-based vectors
with adapter plasmds containing the Ad5 pl X pronoter. Reconbi nant viruses

were gener at dgansteshi a8 acadaRber Bl as Ci?a\ﬁﬂg%ﬁ%f’tvéﬁt ehebackbone

cosm ds on PERS5K clone 16 cells as descrlbed abov reto, the follow ng
set ofAqd qslﬁctsrmo‘eeuseaquﬁnceﬁAMm 536 e 5w AE. M@Btpt&ﬂr EBRAJRED

D e o o oD oo IR, 31 000 1T

PVIE. Ad3%, pd i étTﬁﬁE?’lsT@es%q{% P3hags + pVE. Ad35. pl X-”TR T7.
pAdApt 535LacZ + pVE. Ad35. pl X-r | TRAE3  T8. pAdApt 35LacZ + pVE. Ad35. pl X-r I TR

T9. pAdApt 3F atizZrst pPERAG3BgpeXtr WERAEREneAtAE e rwptmspr imener 8Vdilfest ed wit h
Pacl except t 535, Luc an pAd 5, Luc whi.ch_wer ted with pl Psp-

1 enzyfharRl ’E@@%ss ThexrepeRl %%@ Wi 58 rﬁ’w@ﬁgmgpiym&ir@éﬁ ed with

Not 1 pr il -y té@@éiﬁ%boeo %a%ﬁa%r%dalmﬂru&%ﬂ dbaedw_ﬁ_ta afy the

backbone DNA were m xed w th Li pofectam ne (I nvitrogen/Life
Technol mg@s)n aclor finglt mlxrrammfcﬁmtur errs damptrectpbasmaddfpme @olst éd - t h

eSO SLone. 4, eehbn, LOahaRerl R ORI NepeY aRtanalocty on, rediur
Two daysergfiffe ! roRst Bebbeln Rlsl SR PASBRURY: 2 minutes at 94°C
and then 30 cycles 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 MfeI site at the 3’end.

A second PCR fragment was generated as described above but
with primers pIX35Fmfe and 35R4. 100 ng pAdApt35IP1l 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 Ml 10x ligase buffer and 2 Ml ligase enzyme (New England



to a T80 flask and scored for occurrence of cytopathogenic (ﬁ%:qu t he
days after. Five days later all cultures showed progressing or qﬁ%§§26

except T6 (no CPE) and T8 (CPE events). Again two days later, T6 and T8

showed st ar {igotip320 OCTOBER 2006 WD 20041001032 PCT/ 6 67
and all others full CPE. Al cultures were harvested by Fgﬁ?&é@?@ﬁégmdl um

and cells. The m xtures were stored at -20C. Upon thaw ng of the sanples,
the mixtures were spun down at 1500 rfnfor 15 minutes to pellet cel
debris and supernatant were collected. O sonme of the sanples (the four

LacZ expyeesiog yATyses. uT6yIud Medwuiseg 1o 1ALesheagal Br BERESK clone

16 cell Yo con Iuen y in a urther anplify the virus

titre. Halts andrTpdtum Vt@ﬁ{@.urléarwa@tleﬂadmrbrpra)gl £3%i agald6eTelorirf ul | CPE
(T7+T9) and crude Iﬁsates were prepared as descri bed above. The crude
| ysat esTAgbtandhedhe nDHA §rmyle\m efused tl leptll eWoreal solAtaderEitdl 275 |

30 m nutis CAERIEHTCRT 1% GO Tadepirstty, B PR Eadusts o

1.5 1 :ﬁhgﬁ&m@tfﬁﬂgelnase K mas added and m xed by vortexing. The m xture
was then incubated at 50C for 1 hour. Finally, the .viral DNA was isol ated
usi ng t he GeTie< BiHA ﬁp'sneﬂ(iltce@Biim 0O Ul Isiedila/iRED ONA Wwadlematsedisad 50 pl

mlliQ H20 and_ 5 | | es were used to al se t he ene i | t
shoul d 1he n%?%da’iﬂﬁétlftlﬁét&\ﬂ@ RS (T DR AE K BUAD Tage M e

unchanged @é‘?cibﬁé 9bBveL| lr'heC%Pé"vshg f}gofg?:a‘?s paése&%eaerabov% g his
pr onot er ocate at the very 5 end cosmd, the chances for a

r econbiaxat aonmeaVenty keswktriatgren athe 2 a&d@Samr@hongatmenetameslaierﬁﬂj to be

smal | . However, it coul not be excluded in this set u t hat viruses woul d
be gen%?%‘?%‘%lsthr'é}t‘esﬂfﬁﬁp 6Hf3a|pri-“‘-“tcﬁ-lé:§6\d’§55 p’r§@3p"i“6‘?(%t£F° TRELe BT &

fSPreg'tf:NaS ‘%‘BF] 5o t%ks&?gﬁggo\gfg[ﬁ@%ﬁ@r&@@e%&%&w RYe1 RLRPHALien: The
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 II 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 Ad5 pIX promoter
were then made as follows:

PAdApt535.Luc was digested with BglII 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 BglIT and Apal and the 3.6 kb vector fragment
was isclated 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.LacZ.



specific): AdApt 35CWF and AdApt 35pl Xrev. This PCR specific I $dcS
the transgene region in viruses containing the Ad35 plX pro%gkg?ﬁﬂﬁﬁééqqgQ
reacti on was done on 20 OCTOBER 2006 WD 2004/001032 PCT/ EP2003/ 050126 68 5
pl of the | @) fwoHehbiydzr al DNA sanpl es with reconbi nant Ta e
(I'nvitrogen) according to manufacturers instructions butﬂcwﬁ?%o)fﬂﬁgslﬁﬁ% 4Vl
MyCl2 and 4 units Tag enzyne in the reactions. The PCR program was set at
94C for 2 minutes followed by 30 cycl & of (94C for 30 seconds, 60C for 30
seconds and 72C for 5 mnutes) and ended with a final step of 8 m nutes at

68C. Thg 580QRNG Wage dORSE Yok N okthe 1d IRt AN BT andct BLXSRIRke and t hus
speci fiTalty anpiiTies The transgene regi on 1 n viruses contal ning the Ads

pl X pr adzpgrey ppiasmidet coptaparRngmpihef iAd X VBEOHORRTan 5 gl of the

i | at ed vi | i . Pwo DNA | D i naxi in 50 gl
Vo une cont SERAEP ST b THFLe8aN "SRRI T ook BT o P
M Xt Ur §daptlr | §RIBE ehBbRERET Vddtdr ddiXkbond . SogihidBDVER @mkIBKE | Pwo

enzyne. The PCR programwas set at 94C for 2 minutes followed by 30 cycles
of (94CXmre 306 seebhdsasedescirdbe’h admrehdsierrt T2 her £51omingsSednd ended
W th a\/Rfetir najls%q st(gg of 8 m nglt_es at 68C. During PCR the heating and cooling

r anps E-HINAtS 2"8FSet5fd: Then, 5 gl loading buffer was added to the
sanples and 8 41 of the m xture was | oaded on gel for analysis. The El and
E1l/ E3 del eted Ad35 viruses containing the Ads pl X pronoter sequence and
eGFP transgehie. (pRdAstB3be6R® F okt AR . phiat-POR anpl i fied bands at the

expected height with no__shorter fra%gfnts. Figgﬁgg shows the results for
the PCR a § i PAERBRI3BACGERe TEIRHei At 20 RAKTH B3carrying viruses

(transfecti T Lan - 1€ trol PCRs on AdApt535Luc
(lanes 5 anﬁ) é‘?\%ﬂﬁaﬁ%gﬁﬁc%ﬁ)ﬁg@%%e&#gﬁes and 8) with both primer
sets. Lanes 144 preapPORS50act he pHE.a@ld35 . pIX-rITR

T5. pAdApt535Luc + pWE.Ad35.pIX-rITRAE3
T6. pAdAptS535LacZz + pWE.Ad35.pIX-rITR
T7. pAdApt535LacZ + pPWE.Ad35.pIX-rITRAE3
T8. pAdApt35LacZ + pWE.Ad35.pIX-rITR

T9. pAdApt35LacZ + pWE.Ad35.pIX-rITRAE3

AdApter plasmids were digested with PacI except
PAdApt535.Luc and pAdApt35.Luc which were digested with pIPsp-

1 enzyme and pWE.Ad35.pIX-rITR and pWE.Ad35.pIX-rITRAE3 were
digested with NotlI prior to transfection. 2 Ug of each adapter

plasmid and 6 pg of the backbone DNA were mixed with 40 pl
Lipofectamine (Invitrogen/Life Technologies) according to
manufacturers instructions and incubated with PERS55K 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



DNA isolates. Primer set 1 (specific for Ad35 pl X region) ag@%gﬁﬁ; nd
of the expected | ength and shows in addition 20 OCTOBER 2006 032
PCT/ EP2003/ 050126 69 shorter fragments on Ad35. AdApt 35. Luc viruses (| ane 4;

conpare al §@ fobfeoreszLuci ferase +E3). In contrast, prine ecific
for the Ad5 pl X pronoter) only shows a band of the expe%?g/gﬁ%oésﬁgﬁﬁewm no

del etion fragnents when viruses are nade with the AdApt535. Luc plasmd
(lane 1). Fromthis we conclude that téfie i nsertion of Ads pl X pronoter
sequences increases the stability and the packagi ng capacity of Ad35-El

del et ed, yyr Hﬁfsotﬁggg ¢80 GH | 1B LOgBeures Uik sel AR rAd3R o FHF3 del et ed

Vi ruses carrying as transgene. Lanes 1-4 are the control "PCRs on
AdApt 5350LaeZtand AdApUBS arat £elpl asnilds misxturashwprenmsitogetd Some
background, bands are _seen especially wth prinmer .sgt 1 (lanes 2 and 4) but

a strong?OspecPPPe BRAYINY Ao tetf R the EXPCLEH RESMETOSRYEh  pri mer
set on &Q\ﬁnhg’ﬂng@g??gﬁ@%@%élﬁ‘ﬁ&éﬁa@@ é%%éé[trélell%ﬁﬁ% i3 ated after

transfection an one anplification r as descri bed above.
Stri ki ngiperpatamt setre Zajdrertaddes Ohesem@ect etdher agmpiteson(the four

Ad35. AdApt 535. LacZ ,viruses with no deletion fragnents (lanes 5 and 9

wher easl'efé SERESPE ALt IV LWHYSRSes %%ﬁ?%]néd@ltH@SAH§§dpF% ﬁﬂﬁ%ﬁ%ﬁa%%ﬂience
clearly edgfr ts igpaddht fPRehOvaifir a0t Mfs s R correct

| engt h %\ﬁ/?gl Igggﬁtgegeiarr%lgi%qca:tti on@(?%ne ? tloget her, tﬁiesse results show
t hat subatthatri ampdf fiyheheAd8iG-yd X proept @6l Seqardcasdiam Adi=epl X pronot er

sequences increase the stability of the transgene rﬁgion in viruses with

| arger BRRBABECASUPERgOT GFLGHT IS 6FOHER t PENARLpr 675t T eI BettS may even
C
t

enhance kgagdggggggs g?éqfrg)l Jpa]g%(ﬁ]eéét&8@C9%€\%&E§§%§%:3481' As i ndicated

above, ovirus insert 1n the cosmd ) I X-r1 TR contains the
Ad35 pl X pr omhtecratiel lysatesensbtdinesd coul thisadayoweee nsexd itan of the

Ad35 pl X pronot er
isolate viral DNA. Hereto, 275 Ul of crude lysate material was

incubated with 10pl 10mg/ml DNaseI at 37°C for 30 minutes.
Subsequently, 6.0 ul 0.5 M EDTA (pH 8.0), 7.5 pl 20% SDS and
1.5 pl 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 pl
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 pIX 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): AdApt35CMVF and AdApt35pIXrev. This PCR
specifically amplifies the transgene region in viruses

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



into viruses generated with the pAdApt 535- based adapter 20 O%(&%R 200?0 q\4\0
2004/ 001032 PCT/ EP2003/ 050126 70 plasm ds. Therefore, a new q

Ad35 backbone cosmd is nmade that |acks pl X pronoter sequences. Hereto, a
PCR fragneryovssogeser ated with the pl XcosF-2 and Adapt 35- 3 mers. The
anplification was done with Pwo DNA pol ynerase (2.5 uni IPQF{EPZ‘%@H%(W%) in 50
| volune containing 3 p.| of each prinmer (10 Mstock), 5 1 2mM dNTP

m xture, 5 gl 10x conplete buffer (inek. My2+), 1.5 1 DVBO, 0.5 1 Pwo
enzyme and 10 ng pAdApt35IP1 tenplate. The PCR programwas set at 94C for 2

t foll 5 f f 3 0 d d
720 1 or5 155 T nbRBL) SRTH CERo 25 oy APb S BT S £ By *30O0BABAAS, THOC for 30
d & t f 8 m nut
o oBC R 2 o e Y Conces from

nucl eotimet 8481i¢ms nogt ewtiictie WBBR) (4mMriderG iy m@oﬂdhng'}ttso Taid 3 zs@npience as
publ i shed |n WO 00/ 70071) Aat 11 and hbtl che to the
blene a5l Yot huSte

5' end. ThetPERBROGHRESwa SFOUA M IHe® Pt Plro kit (Q agen)
accor dipgn e s TROV{ GEYT BYS INydidd s W@Ipaedmms%ctdmspp%@rl pt Anp

vector (Stratagene) according to manufacturers instructions. "The sequence
of the Lbon20d Seagndat ans 7I2€C Vayy f5 eniryte sermdcendednarishbseduial y
renoved fron1% construct by ,«igestion with Aatll and Agel. The resulting
780 bp $reRneht ©i BLIPUFPF| ¢ | o&igel usi ng the Genecl ean spin kit (BiolO01,

Inc.) accor dipg ggcaﬁautqa%t WB1eS 1119 MRS 190 ne LONRUANE B SeMGRAL3ANde |

(described infra) 1s also digested wth and Agel and the resulting 12
kb vecthXfBRm@aeaDm 5huss<slpaoeifﬂfcrao]rﬁ3geﬂmpﬂs1ﬁge$ h’ehé;erhealrle@ewpmegqctn

BiolOl, In¢ accor di n to urers instructions. at i of both
i(sol at @f?hﬁ?’rﬁ‘ﬁ? sCPﬁgé‘ll &r‘lgn &%d? \@%&%%e§4ép}§&ﬁlg|r %ﬂ)fe%dnst ruction
of _const ruct, oy, AdBANIeL ;1% daieTddRe od s A 00K 7PRLY 1304 000 N5 I35

sequences fron1n
DNA using Pwo DNA polymerase (2.5 units/Hl Genaxis) in 50 ul

volume containing 0.3 pl of each primer (100 uM stock), 5 pl
2mM dNTP mixture, 5 pul 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 pl of the mixture was loaded on gel
for analysis.

The E1 and E1/E3 deleted Ad35 viruses containing the Ad5
pPIX promoter sequence and eGFP 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



20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/050126 71 3401 tg Enﬁfgﬂil %te
at nucl eotide 6541 and Ad35 sequences fromthe Ndel site at % RS

33167 to the end of the right |TR whereby both Ad35 fragnments are |inked
via the NdewoSibfogidssee al so Figure 13 in WO 00/70071). . Ad35- 3481 ANdel
is then linearised wth Ndel, dephosphorylated wth Ci %EEVH@"?N@% Engl and
Bi ol abs) and purified fromgel using the Geneclean spin kit (Biol01, Inc.)
according to manufacturers instructiong? This vector fragnment 1is then
ligated to a 26.6 kb Ndel fragnment isolated fromAd35 w DNA after which

the m ’Q}{ersérg éx?tQaSKaﬂ%;s*!%dﬁg%@'sqLu%s'ﬂgai-’s:é’é‘agg Rackagingextracts
(Stratagene) according fo nanufacturers ‘instructions. fie-redul T r?g m xt ure
i s usedlso HRignst orucS¥Bkadeba®@3dr.i an( lovdtragen)pr phekngeti 2e to

pVE. Ad35- 3481. Exanple 8. Construction of plG35.55K Construct pl G35.55K
cont ai neSRaE Idgdi IR selyfiefdes PR PROMOAGIE PrE-%510GehedopeRdt PEeltfd i nked

to the We&ﬁ%@ﬁ' ¥§giéa5%. K1358 I %ﬁer&t{i)%eﬁnQiEﬂgegB\ér%m Y-

adenyl at'i‘on seq I n"addi'tion, it contal neonyci ne resistence
gene operda iwielly thakrdapos58be LRSV plaenmitder (lard: HBV. PAomThkisomst ructi on of
pl G35. 55K i s descri bed bel ow. Caonstruct. pl @70 (described in WO 00/ 70071)
was di qERtEdde tatEchRe, inseatd®nwiath AW rE9Ret8kd SEEPNICES using a

PCR puri f ] i i i : rdi . man Jrer i r4Gtions.
The r eclorgléelfé}td4 %&ésé%gggg%&’géﬁ g{dqﬂv%%tg fﬁ%g%%&ﬂa?d%ﬁgew?k%fvécﬁ? tdr)r r agnent
was i salalteted rommgees UsFagutree 6bGCmediears kiHeddi pé&liltbn€o)y AaclGrding to
manuf acturers_ instructions. Next, Ad35 E1B-55K sequences were anplified by

PCR on I/ &Y e kel dt 61 DNASEs CAF WHEREBEE it BEE3SPeNfer §anephd

TP 6 5y 002 Y50, D40 O B0y o oSRgl 287120 el o O
plasmids with each primer set. Some background bands are seen
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 homologoué 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.AdAptS535.LacZz
viruses with no deletion fragments (lanes 5 and 9) whereas the
sample with wviruses 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 AdS5-pIX 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
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concentration of 3%in the PCR mxture. The programwas set at:. 94C for 2
m nutes followed by 25 cycles of (94C for 30 seconds, 56C for 30 seconds

and 72C f ofyo3gosfesRPds) and ended by a final incubationp©fpps her 10
m nutes. The resulting PCR fragnent was purified using t(ﬁlre P@?{%S?}r?fi cation

kit (Q agen) and digested with Ncol. Following Klenow treatnent to fill in
the protruding ends, the DNA was furth& digested with Agel and again
colum purified. The thus treated PCR fragnent was then cloned into the

above %’1%1@&.quﬁfég@feﬂi gegtadveestion fof@mNIAERS db&¥€kbone cosmid
pl @70. AELAA21K. pl R70. AEIAA21K was digested with Avrlil and Xbal and
pr ot r udiiy masss thete FackedpriK BEoAgtrRIrefeAvENSaf- Ha¥ete, 9a kBCRr agnent

cont ai ni the ,PCK pronpoter,and Ad35,E1B- K ences isolbated from
gel as _ B ™ ov%e.n?\ﬁ%,ea fﬁ’hg%nécgf (pgg%s%sfﬁﬁ-q%]iaongd%as\@?%%agi nfra) was
di gest egpiintdys Batrld , apuntedawibh KWaenewrenzyieh mephosphesyiatedsand
isolated fromgel. The blunted Avrill/Xbal fragnment from pl&70. AELAA21K was

t hen | i g@t.&d umitics Alble; abenexpsepaned0 pRSviodavney endrora Imamgyredit Ui oofji eech

pl G35. 55K. pRSVneo4 was generated as foll ows: Construct pRSVhbvNeo

(descri edrar WO Q0 097aFkhas SdHde8mild dNTEh rdadiurzed BabdH 10andoppdekadi ng
ends were filled in using Kl enow enZéne. The 1070 bp fragnent contai ning

part of RHESAPIIIFE n ¥ehs) and -Ohel REGOpr Shot dbl VRO | RvF @ d2PRokgBF usi ng

and  EcOM TN WFTRERE Snon SnECEnE 29 T 1 hgtent  Eobfarning 2t he neo

gene, HEMpAtaL Il &weld payt 50t yichesAmE cid4 T gene I@ssetsndia) edsds dbaeve.
The two fragnments were then ligated to give pRSVneo4. Exanple 9. |ncreased
pl X expr¥ssiasionaalianed’ByCt herRIVS priowdes) iand ddves 3% aBVFiey ef Ad35

viruses. 20 OGIOBER, 200840, 2094001033 PLUERAI0Y 950426; o7 1.5

minutes) and ended 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 AatII and AgeI. The resulting 780 bp fragment
is purified from gel using the Geneclean spin kit (Biol01,
Inc.) according to manufacturers instructions.

Construct pWE.Ad35ANdeI (described infra) is also digested
with AatII and AgelI and the resulting 12 kb vector fragment is
isolated from gel using the Geneclean spin kit (Biol01l, Inc.)

according to manufacturers instructions. Ligation of both
isolated fragments results in construct pWE.Ad35-3481ANdel.

The construction of construct pWE.Ad35ANdeI is described

in WO 00/70071 and contains Ad35 sequences from nucleotide



73 As an exanple of a heterol ogous pronoter driving expres$)errero08 X
gene, the RSV pronoter was inserted into the Ad35 adapter plasmds
containing the LacZ or Luciferase reporter gene. The RSV pronoter

cor r espondswighosdioNise! / ApaLl  fragnent obtainable from - itrogen).
Prot rudi ng ends werg filled in using Kl enow enzyne (Ne%@gg%%&@:ﬂ& abs)
according to manufacturers instructions. The 388 bp fragnent containing the
RSV pronoter was isolated from agarose’del using the Q Aquick Ge

Extraction kit (Q agen). Adapter plasm ds pAdApt 35. Luc and pAdApt 35. LacZ
were |ipegli ggdtnkt RdeByldiltd ald avwaeh &yt Khenevutr gatimeat st @ RfudiHcddre ends.
Bgl Il digests just behind the SV40 pol y-adenyl ati on sequence of the

t ransgefieomxphesyfief sddsetate nRoreat ddsc33 b7 ohoothpAeAgt 35 s axll Gltfapt er
pl asm d ee, WO 00/ 70071. reat ed adapter. plasm.ds r n. .

dephos piBﬁyWﬁ?ﬁag‘ésgﬁgz’Sﬁqg}ﬂi Tgﬁ IS He® %S%ﬁﬁggge V&%Algsp‘%ag\]é’lcﬁqgi $19-% o

manuf actyegr g1 6B0ehghird NSY ruct®nsg / te71ipol ated RSV pronoter fragnent was
then ligated with éach of the treated vectors and transforned into DHba
conpet ent bapgWEL Ad36 3V ATRIT) . i Cotlosm eSimeaneiandl wieth Nd=I,forward

oriented insertion_of the RSV pronoter relative to the pl X gene resulting
i n pAdAgeBBoERROFYakRd 35 qnayne s{NevwnEggdpndoBiod@badapnd plasnid
was gengr.ated firom. _sequences i ted.hy.E Iy n

r econbi gﬁ%%legir&o{nhgt%lir glssu%r%iﬁ":f \tlgérﬁ%&efée)%ﬁoggés ngRt(EBal%?ggldeﬁ(gi )on.

Anal ysi gcebraifgude hmapaifegneparatioscrestldhsg Thed &edtcansfegdgrhent of
pAdApt 35. Lacz and the pWE. Ad35. pl X-r1 TR Ad35 backbone constructs and

) p )
subsequéfit theraqda Iptedf itatd off shoedidehaf regBeditr dsoHades de1@ idA3 9 n t he

transge i oXd . mat . ' es.fro { $ Virus

wer e Pgig& %ﬁg‘l ?‘? Fgg fwr% gLEn{}} )s(ﬂo at@%yﬁiﬁguglpn%g%rsi ?rgr ?g%%é%%a?%l %ﬁfﬂéfhe

reacti ofs\ag RephapBEdAMKdy i Dol yaeEasest Reehgend) FetBERPG WO

20041001832§PCT?EP900 beé%gng € §eng? %P
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 AgeI
and the ~5 kb vector fragment was isolated from gel using the
Geneclean kit (Biol0l1l, 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



74 according to manufacturers instructions. Programsetting

follows: 94C for 2' then 5 cycles of (94C for 30 sec.; 48C ?%%B§§?QO67ZC
for 2.5 min.) followed by 25 cycles of (94C for 30 sec.; 56C for 30 sec.;
72C for 2.5whH d ended by 8 min. at 68C. The resuliing 2 kb fragnment
was purified {/bo%/??é@%CR purification kit (Q agen) and cF‘éT(‘égz"Pﬂ?SBWhe
pCR-Scri pt-Anmp vector (Stratagene) according to manufacturers instructions
resulting in pCR Ad35A2. 8kb. This pl asmed was sequenced to determne the
extent of the deletion. The deletion affected npbst of the CW pronoter, the

G/ pr ot a7 b UPRBS SOl B & (R L ohEent PR Ch S 384 TR RE T

f ragmentix€ené ai NEet bregrGm e sandata: 244 bp repeat miBoshkay tfEll @dted
1985). Possibly, the renaini ng seqﬁgnces of the CW pronoter could augnment

the pl XoexpPesErdasr 85ul 3§ iTph Horeecerdfe 561 FudOoras lalsesangds vand
P : ! . iy L me .
possibilbiy g@?l gpsl}sefré%d:ga\r/é%}cpeéxﬂge?ﬁr?%’cjieflngﬂ ibcﬁ%aftlro%sﬂfteszwb

i ncreased St i I ga a conpl ete expressi on cassette

was cl ofed 1DbagknuBeishe Thel |radult IRNNBCR ARSgMEN YS R& sWidhdt itfiiesl nesiin@dapt er
plasm d were generated. The pCR-Script-based vector containing the
anpl i f i elde sBgRepuss flcatdpdd kit pCRaggnhaand digpghedavdith e precedi ng

h - . Th ] Lzed i : i th
K enow Koy Ret R G B o s e etted dar i R BRE, RECIASEHEY it P ey’
above. plaphsr £Rkafeird s iRRGANED 3B Hiackgé Exanal 898} nakd 1RAGARH U AUE] d O

00/ 70071) were digested with Avrlil and Bglll and DNA was treated with
Kl enow Thef thtispioeatgidnFC@nhdsragnentt réeaprepien ebpnedpandiondheo akre and

and || GEeRE WPnECPRe RO IFRa 0 o pH Crt VREBF 0t Sy mati on i

conpet e?i(;?‘?b | ApdaAghqve AEl RE1ARD1RT wE 8l ARLeS thbatyitaf 2P FETERER 2006
WD 20047 001032 PCT/ EP2003/ 050126

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,
PRSVneod (construction described infra) was digested with
BglII, blunted with Klenow enzyme, dephosphorylated and
isolated from gel. The blunted AvrII/Xbal fragment from
pIG270.AE1AA21K 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 Ampicilin gene was
isolated as above. The two fragments were then ligated to givé

PRSVneo4.

Example 9. Increased pIX expression mediated by the RSV

promoter increases stability of Ad35 viruses.




75 the cassettes in the forward orientation relative to the é?%% gg}
resulted in pCR C4.LacZ and pCR 4. Luc. Ad35 viruses were geﬁ TP 006
described in exanple 6 wusing the new adapter plasm ds: pCR C4.LacZ digested
with Pacl, wefF c digested with Apal and pAdApt 35.LacZ.rsv and
pAdAptSS.Luc.rsvgﬁgc digested with Pl-Pspl. The adapt ePCHERRPIH81260er e
cotransfected onto PERS5K cells (WD 02/40665) with pWE. Ad35. pl X-rI TR or
pVE. Ad35. pl X-r1 TRAE3 digested with Not3. In addition, adapter plasmd

pBr. Ad35. aE1AA21K. Luc (construction descri bed bel ow) was digested with

Pl - Pspl and.,cotransfected with JAD35. pl X-r T j.gested.with Notl. Upon
full cyto- pgtshgdlen§%ar%¢f%c¥df(%ngegﬁﬁp res \%roe%%tgérl\ge&é’%%ﬁl%(% one

freezeldxpawseide dndcheeptki fugal edhled RERMProddr dedsi $ns8@8epl iofcdt he
resulting cleared |lysates were then used to re-infect PERS55K cells seeded

t he dayheefst3d iadamoer| nsasnidpogongiingpm, thaudecd yaat bycivrsageepar ed

and used_taq.infect A54 e to t _for tr XPr essi to
perforﬁqgﬂﬁgﬁﬁug%ﬁ%ay?%% £52R§§Rh§2ﬁ2a09ﬁ§ﬁ§g§§$%qﬁgr%ﬁsgg ngggﬁg-weH
pl at es mtadaeHId owed 1 saMed | fasfl pReeRSYhoursy it eedred. Wbt #Qdihgoendsl pl

of each of the LacZ virus stocks and incubated for two days. A549 cells
were t Werestfdildeat fbr watzgakilenpwy earynst udiave|Broler@ Biedabsd. The
iyen i.n_Tabl viruses are

per centage of. blue cells_is A1 . LagZ essi

Ol car | 7 HoPE e TRAREEREIREY pRSTOLE: 1o i Vg 2o prRsSTBHTST t he pl X
gene agm@Eaiedy {1 tREvAglkengdeeMiaRr Ay 1R tedl NEEen &gt bseageiconfir nmed
with the Luciferase viruses. To neasure activity of the Luciferase viruses

A549 celdingrdiie seBiedick GalwBktrpicition atil x(@egeel | shdePreand infected
days, - CAASTS @ ERREE" 20 eCTeRERPIRES D S04 D02 Pert ERgod 350126
BglIT followed by Klenow treatment to blunt the ends. BglII

digests just behind the SV40 poly-adenylation sequence of-the
transgene expression cassette. For a description of pAdApt35~
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.LacZ.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 plagque 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 35RA4.

The reaction was performed with Pwo polymerase (Roche)



76 with PBS twi ce and resuspended in 100 }il lysis buffer Prone a%gand
stored at -20C until use. Luciferase was neasured using the<St GB%B 4006

| uci ferase assay system (Pronega) according to nanufacturers instructions.
Results are Agéﬁ@&ﬂ&ﬁd in Table I'll. In exanple 3 we described that fully

El - del et ed ly viruses containing the E3 regi on and anPAHREBI00}QfE126r
AdApt . LacZ expression cassette were not stable. Apparently, in the new
descri bed constructs the del eted. CW proonoter in front of plX did not
prevent the deletion of the transgene region. Wth the RSV pronoter driving
t he pl X _gene.however, we.now are able to _generatge viruses of.nmore than wld
Lype. | BRGORCLRe CoAfias Ak oS 0o RUC RASE A RSO R SRV L e S4°RE and
36.5 Kkh re3peqld:velard sesr apsothbéAUREcYh1esABED. (REPAAZS LAg £86.4 Kkb)

al so showed high transgene activity. W next tested whether viruses would be
i nt act 48f Ceffoxr 30 apme put2iC chorod.- SHadat.o, fPERSHRCC &Y 2wt ecteeded in 6-

wel | plates at 0.9x106 cellsé | _and infected.w th different . 10-fold

dilut | ¢98 5t & e3%3°§cAdAp$§Le§§§°Er3ﬂesF§sat 22\6‘ ézﬂrutj:'o S48 ohi 1878 to 10-8
were pkabed aRd & hemexit dgg°@n agar overlay was added. Hereto, cells were
first washed with PBS and then 3 ml of a pre-warnmed agar sol ution prepared

by m xi ng ZTYREMeSEIdGORRIZ g 1irapghenEBBasGPbcd fied3dmithe MER (4,9 M
0.037 m) ,wi.th agarqse (SeaPl aque , 22.5%i.n H2Q, 7.2 T . Was., added.

Af t er EBFilg‘:lFi‘% |noﬁu%a _a%%?g ?{C}’thH%Pnefjon&GE_gt %@eatpégg%%\%mp Four
days | gk ol ag4es tiRfche Vi 8EbbBIAAY kBC 4adhdalitite3d W hoPryesigdded to the
wells on top of the agar and allowed to drain. Al viruses showed clear,

separ atresplladues im gdre. X&d§e2 o8kh0- Thie PlaSmbid ward yseduerasé bd t he
viruses with the RSV pronoter driving the pl X gene all plaques stained

bl ue. ﬁﬁtﬁémﬁnﬁm§§$\ﬂﬁﬁ%ﬁth@fdéh@té@leGWV%prEmﬁeﬁekﬁﬁk%% pfkegtefeast part

of the, Rl.aduss el AR SRoRAEPERR20C r NOGZRRY AN Q2 P PE FFR 007 £30126
resulted 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-bp 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 vector
was linearized with AvrII, blunted with Klenow enzyme and |
dephosphorylated usiﬁg SAP enzyme (Roche) as described above.
Adapter plasmids pAdApt535.LacZ (Example 5) and pAdApt.Luc (WO
00/70071) were digested with AvrII and BglII and DNA was
treated with Klenow to fill protruding ends. The fragments
corresponding to LacZ 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



77 stain. This clearly shows that the packagabl e genone si Sﬁh@ﬁi i (S
increased in viruses that have the RSV pronoter regulating %ﬁ : |€§idﬁ6

invention for the first time provides a stable reconbinant adenovirus

derived fr oW upon an adenovirus serotype 35 | i ressi on of
oubised SFELPRORIORS

a functional E1B gene. Such an adenovirus has at |east a the El -
region. In particular enbodi nents provided by the invention, said stable

reconbi nant adenoviruses have foreign "hsert sequences of nore than 4.2 kb,
and a packaged genone size of nore than 33.4 kb, using nmethods according to

the invantionssetied Sihhenel ¢ P .aN10ft #d1e PEESEM i BYERKEON df2

provide a stable reconbi nant adenovirus that: a) harbours a foreign
nucl ei CI'ER) dresgleadeinf pOBr.€4t.AaTc . dhkipCrRtd okud) has a packaged genone

size of nore than 33.4 kb. In particular enbodi ,nt%,.the i nvention
provi des an 235 BITASPF BEEEd ISPELSHS &R QQﬁﬁéEbﬁ sTRhGEAMRY-Ch&r bours a

forei anQueh eifie AGHda88BYeRe B1ferilad asin o6, iz aRd4RELBY Batpa Packaged

genome size of nore than Al ter ively or in addition thereto,
sai d paEX@DedoORNOIELSL Zddgatdeat WiddstARA Gnd5.0, 36.1 and 36.5 kb,
respectively. The foreign sequences in these enbodinents may include a
het er ol ogousPiRblerLAFPvEAY 286 AR Dyt X ST neanBt ﬁéfge§§690t"",§shai d
st abl e ﬁfgfﬁpinant adenovirus is of serotype 11. A stable adenovirus
accor di'ng this aspect of the invention can be passaged on a packagi ng
cell to provige adbateh plathddsea@ra nautiradefimviedisest owPERS SKese Itllsan
10% preferably less than 5% preferably none of separate clones giving
rise to(Wel @27/ 66865h whehf oW .gyel3 S.ayfuericdR | o t PBE F AddAbPAXME I i rus,

CTORER 008 S0 2604 7053 P B0 CSAE TeP-pRMAI35. AEIARZIK. Luc

(see aqggng&§§.HE?&A%iKt%UéN%%onstruction 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 PER5S5K 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 5Shours infected with 10, 1 or 0.1 pl of
each of the LacZ?Z 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 II.

LacZ expressing viruses are clearly more stable when the
RSV promoter is driving expression of the pIX gene as compared
to 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



Construct pBr. Ad35. AE1IAA21K (WD 02/ 40665) was digested with

dephosphorylated with CI P (New Engl and Bi ol abs) and the 5 k%bﬁz§£QﬁER2006
fragnent was isolated fromgel. Construct pBr.Ad35. AELIA Luc was al so

di gest ed w Wo tdosbo1esad the 3.3 kb insert was isolated f;gﬁhgﬁ%/&£g6ligated
with the isolated vector fragnment. Follow ng transformation |n%o conpet ent
STBL- 2 cells (Invitrogen), a colony was selected with the insert in the
correct orientation. This gave construéfé pBr.Ad35. AE1IAA21K. Luc.

pBr. Ad35. AE1A. Luc (al so called pBr.Ad35. E1B+. Luc, because it still contains

the EIR; 1109 983 tWeSe"BHE R¥sulgRiidd i_trhelo‘l‘ﬁﬁpi-i—y§_i§a}®&@fb% taken from
pAdApt . Luc after Avrll and BgllIl digestion and blunting with Kl enow enzyne,

into thePwaeoa) faagnehorpBr aAd320 6 tumR-pluse ( Vi 02f20668) waisgest ed wit h

SnaBl and Hindll] and d_with K.enow Colonj ith th i
cacset PRI s S BSortEREITON varg Lt cussgivedgen oo o

PBr . Ad3pp Ay &} CaccEXaTREE t10 mdffdd thiXatd ohof rREXL HRGU! KB tEeGURNCES.
The previous exanpl es show that Ad35 reconbi nant viruses in which the

codi ng pezgemsed orn EFAbard IEIB are conpletely renoved becone progressively
nore unstable if the gegone sjize .s jngreased. how.in this . application
t hat additidﬁnp?x%mp%gp rHFO@%ﬁ%”ﬁ#ﬁﬁ%BﬁFﬁﬂrfﬁh%%é%fXag%ﬁFggs?@ﬁ%can

over congi ti6esi BsteRihihy- the W3 %éfh%ﬁ%r@%ﬁmpﬂ@mb%&osed that Ad35
viruses that retain the conplete E1B-55K codi ng sequence can be produced on

PER. C6 ablarkac? abkprefhéosam@assetttaiordny not retabl eha®ppeirant livhe il |
E1B codi.ng sequence (WD 00/ 700Q71; r.ahamsen e | .., 1997). Tagether these
resultstQ i 88 tﬁ%scﬁéggprﬁ %Hﬁﬁgﬁiaﬁe§§§%§€%n8¥ﬂepﬁP% @ﬁéjgézﬁ% at ed
di fferept|yrkngsybghoup B vUNtUSER ase LMY e tond h%rahég@%_@e I%Q;i%r.@ER

2006 WD 2004/ 001032 PCT/ EP2003/ 050126 79 in subgroup C~ Since the viruses
that refaim the EIB- pEkmgéee diriiwiery bihea helX1@pe ohoterear e wst alghwe Fee

above) , PIX £egulatery 399uRnges, AL, £rababl y; bg L9gared it hizg,d eai on
Ad35.AdApt.Luc.rsv and Ad35.AdApt.LacZ.rsv are 35 kb and 36.5
kb respectively (see also figure 2). Ad35.AEl1AA21K.Luc (36.4
kb) also showed high transgene activity.

We next tested whether viruses would be intact after a
plaque purification. Hereto, PERS55K 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
PBS 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% C02. Four days later plagques were
visible and LacZ staining solution was added to the wells on
top of the agar and allowed to drain. All viruses showed
clear, separate plagques 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



To investigate this we generate a series of constructs that B%ai n
different lengths of the 3' end of the 55K sequence. Her et 020 OCTOBER 2006
pBr. Ad35ASM AdApt LacZ is first generated as follows. Construct

pBr. Ad35. | | Ty Rofodiggscri bed in WO 00/ 70071) is digested with SnaBl and
Mel, blunted with Kl enow and de- phosphoryl ated with SABCIEPIIO0RSche) .
The 4.4 kb vector fragnent is then isolated fromagarose gel. Construct
pAdApt . LacZ (An Ad5- based adapter plasmd pAdApt with LacZ transgene
insert; WD 99/55132) is digested with Avrlil and Bglll (and, optionally,

Sall to_jncre .1 h i.tf,erence | i d _hlunted with Kl enow
enzyme.s %anzlégﬁk% S%rl}g:fmﬁ%él nnts%gr‘{ aﬂgg%%ék%Q%Fggeggpﬁg% gel. Both
i sol at egli z&y ggaBDl $t@r € st Herdd g did oy hvee PBEhAEG3DAGM AGADIHSACZ

(Figure7). The orientation can be checked by restriction digestion since
| i gat i dPremotPe regréatiod eéfiXation restores both the Avrll site and the

Mel site,_ Constr Br. Ad35 flLac pps.t -6 kb 3" EI1B-55K
sequenc%@ls(ﬁﬁvéﬁgﬁgﬂugpréégfzé%g%§gﬁﬁuwﬁégﬁ§$%§égtPo%%é%é%ive to the plIX
gene. Preybatshint WadBaveivhewddiiated hessn 56K s2g48anepsn @ not lead to
expression of a functional ELB-55K protein since propagation on PER C6

cel | s appenapeirndt SpESsvIFee 3 PErCKUBE AP s DON40668) Ludcdritansyl fHbin

pBr. Ad35ASM tLacZ _di fferent deleti,o can be de.of t.he,.680Q,bp (0.7
kb) E1BISBK rA%é naByaglieé‘é)sYtJTro P with a?\}i’ e1®2% s%géﬁ?%%%@ﬁ 3 Wit %Jg_nd ei t her
Stul, Netgigh. Bohl balrelilcmed dwbddindnty ofotDeedr BY WG A Ush hg

Kl enow or ‘T4 DNA polynerase in case of 5' or 3' overhang respectively.

Rel i gat fahdostahéedirgesmid M gderoviniesevnahvadipred 920 IOGFEBER 2006 WO

2004/ 001032 PCT/ EP2003/05Q126 8 | i d h h d t.
Feconbi EARSDTT Gsel A= SPRRaSK £ | Eny 03. ¢ 1 BRSRBOF o RN otedBEr e

PVEE. Ad3Ropb XehAdR3854 @@SChidiath akoMeod AddeEboARhgC RS tHeCtis e Tdgle by

using enzynes Dralll, Bsu361, BssH | or BanH, and digest the vector
It 1s therefore an object of the present invention to provide
a 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 1s 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.



partially (the LacZ gene also contains a recognition site fo
enzynes) using nethods known in the art, followed by select ?89%‘?&&&2006

correct clone. The stability is tested as described above for the

Ad35. AdApt . kg foolddieszonstruct.  Constructs that are stabl &J.e. do_not
acquire deletions In the transgene region) contain propggT 56@W§W5¥y
regions for plX expression. In addition, it is possible to directly test
pronoter activity in a given sequence bg inserting the sequence upstream of
a reporter gene. pG.3basic (Promega) is such a reporter gene construct. The

E??:né’? ot S50k SELANT AR e xTS) PeRS 5 eﬁ?@é?@%fﬁf LQE 20
cycl e 8haka0,8pcRads 3 C AR RoLRN o S9Ey 46058709 sTRGcd aldeed by 8

m nut es nexi ccordi ng to manuf ac

inStrUCH%Qﬂﬁ,débhbs@ﬁ@&yraﬁﬂdfﬁ%tﬂjﬁiﬁ adk i £hglaAd3Bisaauencesmd rme 2804
to 3491 (nunbering as iIn w Ad35) thereby changing the sequence around the
start bBoHbnvefttprXIfirgoment Nod3 Ssekated fremodadinGoastrued 11 site at

the 5 end._This amplified fragnent js digested with_ Hindl |l and Ncol and
cl oned pﬁfoAﬁéﬁséﬁch Lggeae i 19 teaniiBhziRed §oetdS ntr HEB- M\,

pG.3- MW, s a S t I S e S am. UCIHAf e codi ng
regi on %yse%gngﬁﬁi%goﬁ%%ﬁgnﬁ%ﬁﬁé§%?5%¥%%#Bgiés g%gﬁ,kﬁ%:%§§§%15§ Bsu36l
BssHI | ¢ecbek! Frabalkhewedrdiyl dbing | trea0é £dhtkat poat fudiongoésednd STBL-
religation. Pronoter activity is tested by transient transfection of the

obt ai ned €6A&6r UENY LLAOGIPER. B CLPNYE WidF ngel eppbrec tafbndheedgefr tack®dr di ng

to manu t i L UG ife LYi i s anal ysed two days

after Z%E§I#%§E%CEO§?E%ﬁ§%§§§bDgﬁggg %%igég§hégkhé5126 81 transfection

usi ng B§QXd§EQAEE@NQ¥K¥Eh@§S?Hr§M§3§U&EigﬁBHEQQBE@HNHéﬁﬂﬁﬁtO

manuf acturers instructions. Alternatively, into the pG.3basic vector

di ff er epBrr AgBbnB1Are Luicnsdrdadisenritthst 2l onsnhaengendeattd® hedEh)

it :

anptt Iggglggde by inserting the AdApt.Luc cassette, taken from
pAdApt.Luc after AvrII and BglII digestion and blunting with
Klenow enzyme, into the vector fragment pBr.Ad35.leftITR-pIX
(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.AEl1A.Luc.

Example 10. Identification of pIX regulatory sequences.

The previous examples show that Ad35 recombinant viruses
in which the coding regions for ElA and E1B 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 E1B-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



using a 5' (forward) primer directed to a specific sequence i 055%
E1B-55K region and having a Hndlll site attached at the S'EOn B@%ﬁ@@é

with the Nco-pl Xrev primer. In this way one is not Ilnlted to the presence

of a uni quewipgSRbdidosdshon site for cloning. The |ocati on ronot er
was further investigated by using software to find putati “é%?%"&@?g

sequences (Reese and Eeckman, 1995). Figure 8 shows the pronoter scores
(mninmum set at 0.65) for the ELB prondter directly linked to the 55K
codi ng sequence (as in pBr.Ad35. AE1A 21K). The regions narked A corresponds

to the E—}rﬁsel%q%;’?ﬂ_ﬁu%rcanglh%g' ene B30 ﬂ}%@t&ﬂéiﬁ'ﬁhéhﬁlﬁ5§5‘f{°?e@&

regi on. streamregion is not recognized as a pronoter sequence.
Regi on di e tie the gheBt promoee029@) sdfallee (deeealjeven, hpgHer than the
known EI1B pronoter) and may therefore conprise sequenges that influence

pl X eXpt?%%lé%%ﬁpryl'oseFﬁ‘éﬁPgeﬁnafllldeﬁriq}%ﬁb&%c%%|]o‘P%aEﬁEg( bRokbiér reglon.
exper| TR0 Al dst 1 8a 88T ERS 50leS Talle A0 (X T62POBALRIuER sdickzer ent

(overl apping) par of 't codi ng segquence are generated.
Fi gure fetscirendd f faréytdeépngthst s ehfer fmmnids ofinthé hBbK beqaenoe.rel ative
to the putative pronoter region and the plX gene. The fragnents are

gener atféQirQi;/O,r eBBIrédBéASMd t|1@|¢2u§4319fp 1al | geiretd bedensy fmed L oMsagnent s

bI d T, 3
Bt ot r AT GRSy BRG - BRdned TACE Whel R e b #Rc004EPaHEE! I et or
(Promegaq)yéd s&y bJJi'E'lHegnQBIHa%@OWfterleatH!ﬁﬂ{tecﬁ%ﬂ@ RrieABHOENKHaRd by SAP
treatnent (Roche). Foll ow ng transformation into conpetent bacteria

obt ai nqvhq:ﬁratmﬂlsa’ae@ RO tBOCEBBERNZY0E (RO 2304/ 01.'&1@3@ PCEbEPEO@@/IOSOlZG 82
checked_for the ori eﬂt ati,on_of the insert by rest i on estion.

Pr onot efF3EGRF 1351 SPBRed SRS d TR 3 Fht9e ra Q?EEFPS of the
obt ai negh 4ot f]?éélﬁe(ﬁﬁniﬁ'Su%ta%e'd“aQiaP;ﬁ%rC%léfé%i§ yaiRgt | Wpeheekam ne
reagent accordi ng to manufacturers
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.AdAptLacZz retains the 0.6 kb 3’ E1B-55K sequences
(wt Ad35 nucl 2804-3400) in the wt position relative to the
pPIX gene. Previously, we have shown that these 55K sequences
do not lead to expression of a functional E1B-55K protein
since propagation on PER.C6 cells appeared not possible
(pBr.Ad35ASM; WO 02/40665). Starting from
pBr.Ad35ASM.AdAptlacZ different deletions can be made of the
680 bp (0.7 kb) E1B-55K region by digestion with Mfel
(isoschizomer of MunI) and either Stul, 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



instructions. Enpty pG.3basic plasmd serves as a negative 8o d1RBER 2006
Addi tional controls are made by cloning i) a Bglll- Mel fragnent #1om
pAdApt 535 contai ning the Ad5 pl X pronoter, ii) a 38B bp Nrul-ApaLl RSV

pronot er fra@RMootsiescri bed above), or iii) the Ad35 PR regi on
as a PCR fragnent into the blunted Ncol site of pG.3ba§+8C<r as éo‘sg@]:p?bed

above. The Ad35 upstreampl X region is anplified on pAdApt 351P1 usi ng
prinmers SV40-for and 5' - phosphoryl at ed8®d35pl Xrev. Followi ng anplification
the DNA is digested with Bglll and treated with Klenow Constructs are also

transf egted,iqy %Wgréekhénngrsedc(%@ &t dH ¥k tlepovb s nEht ( €131 sA24%n Hel a)

to investigate the dependency on ELlA expression. The fragnents are al so
cl oned BERSGKarcealdaptiey pbasmadsfpBtiAd35A3SW AdiptAds2.ps¥erdifBves to be able

to generate . reconbi nant viruses and study viral genone stabil.ity. Hereto,
Const 1 e GBI TN AR L SLo7Pd GoTF A H I BTIERY BGRPE bl unt eq

Wi th Klenaweanzyer pad ggphesphacykatedy Adfir, %ﬂdiégg@&or&h@f v geect or

fragment, "DNA can be {igated with the fragments described above (see Fig.
9) to giare-irdlsley t btlae SetZofeadaptleon pladgmidss tharebagrivapyi g tleerfgiths of
55K fragments upstream of the pl X gene. Viruses can be erated wth the
constrgkﬂe%ﬁﬂ§w@@ﬁ?%)X@?F?@ Q@tEQ r%ﬁ&&naﬂdbéﬁuaC%ﬁ¥foF8$E8W§ge Yi ons are
done wigh dhe HBr, AdBSASMAGARLL 202 e PAIAPIAB.LALZ ANdsPABARLE5 JACZ. T SV
constructs. Upon appearance of full CPE, cells and Tedium are harvested by

one f réeege/ibedv dlyove dnd tbed AdB T .AdApgtediadd assv PERBSKruoeltl.s. 20 OCTOBER

2006 WO 2004/ 001032 PCT/ EP2003/.050126 B3. Cel|s and, nediu rre _again
har vest < SHTYGHS @’EE BrGd&taPy&atlds Sar éi%r%%%r%ﬁq‘éﬁﬁeuggg]et%&oﬁ‘@r it m a

P lchdal e TS g Braeen o RIS e ST Bl R o

findi npIheexpression. In addition, it is possible to directly test
promoter activity in a given sequence by inserting the
sequence upstream of a reporter gene. pGL3basic (Promega) is
such a reporter gene construct. The region between MunI 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 dige;ted with
HindIII and Ncol and cloned into pGL3basic digested with the
same enzymes generating pGL3-MN. pGL3-MN is than used to
delete sequences upstream of the Luciferase coding region by
combining HindIII 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



position of plX regulatory sequences in the Ad35 E1B-55K re '@E,lrgﬁl‘yﬁﬁm
another alternative, plX gene expression may be driven by the ronot er
as a heterol ogous pronoter for the generation of reconbinant viruses.

Her et o, pAdighehookdasZ i1s digested with Bglll and M el é* ﬂ@ﬁﬁ)gﬁ Klenow
[ éa 8 k

treatment to blunt ends and dephosphorylation. The thus

vector fragnent is then isolated fromgel. The EI B pronoter region- |s
isolated as a PCR fragnent using pBr.A835.1eftl TR- pl X as target DNA and the
Epr-F and Epr-R primers, whereby both priners are phosphorylated. PCR is

done wist;hy, Fe AN PALYREY 88 a6GerRY S/lanastsad nabia ?ng%ltk;mewbh) accor di ng

to manufacturers instrucCtions. The resulting 151 bp fragnent is then
cIoned(EumeQEa|sotarddnge¢pomannﬁﬁqhuqﬁm#miGSEpuctLacﬁ This plasmid is

th d t t d d t bil it d bed
bef or 6 BTG HEANE 3Vt haDBPT FOPRCLIATR | Pretthat EEATaNE SPALOaqafocs.
RNA i's 'ﬁé&:{s‘éé‘c@ f&Hﬂbh”E@%&%ﬂsC%‘ﬂé GHHE Pl ved Copt BERI BRPRYAS e drdenti fi ed

by hybrldlsatlon wth a |l ed specific probe. Hereto, PERS5K cells are
i nf ect etbiatg aa nf Kfprwan:tiy pfrlmeafre@tmmctﬁd 1o andsBECHEL B skqulesideovimg

Vi ruses 1B. AdApt . Lu Ad35AE3.

Ad35AE§%A@§§§5Efﬁ E5E §§9A8Rptafldﬁéwr‘§x}19 |%f€%:$§%ltef’?§ea?$taﬁ£‘r%ﬁted
after & ss{ WAY380ab3aeal @th2 taRd N By réndo RNRe ri. S Ths @hatsedyaisi Ng

TRI -zol Reagent (Invitrogen). This RNA is 20 OBER 2006 WO 2004/001032
PCT/ EP20038/0501@6 Bdmitiede thr ddtd gneasshom eh 4. 884 gyer osstgdlctitaransferred
to a Northern blft and hybridised to a 32P-1abel ed probe derived fromthe
pl X cod?h@? OF on-OPrB88edures are known in the art (described in Ml ecul ar

C oning: A Iﬁb@ff&@éylaﬁw@' th%l%@&@&@ﬂdw&@e&he%o%v@stqajalﬂ&r

versions). The |length of can be determned if known RNA size
mar ker sownresingcsafiedaard t\m IAing veutat iveli paonohenf sehueRNASs pésese t hat

and Eeckman, 1995). Figure 8 shows the promoter scores
(minimum set at 0.65) for the E1B promcter directly linked to
the 55K coding sequence (as in pBr.Ad35.AE1AA21K). The regions
marked A corresponds to the EIB 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
E1B 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 schematically 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 (3’
protruding ends) and cloned into the NcoI 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



contain pl X sequences. To identify the nmRNAs that start in th é?q%
pronoter, the blot can be stripped and re-hybridised with a gﬁ) 1 ﬁ%%ﬂgg
pl X-containing transcripts that do not hybridise to the E1B-21K probe are

| i kely genekgd adaybfod pPronoter different fromthe E1B p?8ﬂ%%ﬁ%/ to
possi bl e (and expected) splicing events it is still diffrcu %% ecisely

determ ne transcription start sites via this nmethod. This can be achi eved
as follows. The isolated RNA is rever$e transcribed into cDNA and t he cDNA
is used to specifically anplify 5 ends of plX containing RNAs using the

GeneRaceto st eAbL! RYE! LOGRME AN BAKKO TREUEACHYT LS £ iRSLIGHEL i Ons Wi th

the reverse priners directed to pl X coding sequences: pl Xrev and the nested

primer ¢gigesvidl. Bromohgramdtisdduenis ncherd amel pspti byedrbnagmerit s gi ves
the location_of  the transcription start, sites and 5 sequences aqf nR

t hat _CEH%%?395F¥P§e8§e%&&aO q?%qﬁi ﬁk&ﬂféﬁﬁ%%sg?BFErBF ScaditR Pﬂﬁwégfare
'dent'fé@ﬁl?T?ﬁéﬁggﬁgb%E@% hee e addie | £¥&b 8 Phg BOXn@KRIFRIIThA: and

stability o rrespondi ng reconbi nant adenoviruses can thus al so be

det er m fest réxadphe . 1 EmpE}B relB i 94 ¢ qujlesices $epwegr esp aB nedertowie uses.
Above exanpl es use the Ad35 virus .as an exanpl.e. her nenbers f_the
subgrou%°%£¥ﬂ%t ﬁggét&8ﬁ§idéﬂﬂﬂ§9%ﬁnﬁﬁﬁxﬂa %%c%ioﬁ%ﬁgrl r@tﬁﬁi%ﬁﬁave

compar afker PEXapROHLA-BR AQLOEHERER. 2005 W0, 2004 803033, PELIERAGNS) 050126

85 To investigate this, al i'lgned ELB and pl X sequences of =~ subgroup B
menber siiThe 38§ubpcdrof -Age (ISHPV |Rromereb7iragmeatai(lcasios ildead Genbank

Accessi on nunmber X03000.  The sequence of, Adil (SEQ ID. NQ__56) was
revealeﬂb%yeEhoPﬁuﬁlégqﬁgﬁﬂAﬂfaﬁpI%»&P?EE@%Feﬂég}§%1ﬁ&lFpaﬁg\ﬁ?%ﬁﬂﬁpt

Phe ~Adas: Sobanes T oEn B NA as T T T e RResoara 1 ghiy ool ogous
t o eachThthad3boupsalkead8 pl% stadieniiy)amphifide onmaipAdAptE&IHIc ess e
lOcatedpé?mggéogvggqf%&b%%J“EﬂEphosphorylated Ad35pIXrev. Following
amplification the DNA is digested with BglII and treated with
Klenow.
Constructs are also transfected into human cells not
containing adenovirus El1 (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.AdAptLac? is digested with MfeI 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.AdAptlacy,
PAdApt35.LacZ and pAdApt35.LacZ.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.



The AdlI| sequence is also disclosed in WO 02/ 053759. The se(r:]#ﬁkge betw;i
t he poly-adenylation site (pA) of ELA and the pA downstrea ??ﬂpﬁﬂ (Béne

is used in the alignnent (Fig. 10). Ad35 has an overall simlarity (in this
region) of AGadhsosr Adll and 82.9 %to Ad7. This nmakes_it very |ikely

that pl X expression is regulated in the same way in thesé’CT%P?q?)s‘/@%“.mHence,

t he nmet hods and neans according to the invention as exenplified in the
previ ous exanpl es can be used accordindy to increase the stability and/or
insert capacity of other reconbinant adenoviruses of subgroup B, herein

exerpl | £156a D Ak 1 AT o BAATPhE: 25 CENSEAELN. Ofpsfl - dlel gt od A3

viruses expressing A 5-E4/C}% on an Ad5 conpl enenting cel I ne. The
sequenclpgatést hecAgerparads @et oilypd BS penboemas walalgques addwey cakstenct i on

of a plasm d-based vector system and 1g:ge_ne,rati on_of  recagnbi nant Ad35-based
vi ruses@RBGBLBBER OdeSLABEF i it hi PLRANYET 08P FBE7OD e 8 i of t he

Ad5- E4- a1.f B ceding, %%mg¥ﬁ¥%§§#&h.pAdApt351P1 (ECACC deposit no. P02041228
i of isp

for cloning detallg asm d see WO 00/70071) was performed as

foll ows. TheThpl assud tsas fditdes tadsb v t dixei mants Aai 8l iand idephaes pitos vl at ed
20 OCTOBER, 2006 WO 2004/001032 PCT/ EP2003/ 050126 86_ with Calf_ |ntestine
PhosphaPa8éttREBWCENHILaN I SIbIHHRYY SeAeRees BRATHEs Adse dtl& 33%m gel usi ng
t he Gbng%?ggﬂ_kit. Plasm d pAMI. O f6. Hygro (Fig. 11, ECACC deposit no.
P020412 was digested with Nhel and subsequently partially digested wth
Xbal . After separation of the resulting bands on gel, the 1350 bp fragnent
correspondingﬁto the AMI pronoter |ipked to the E4-orf6 sequence was

purified frofifgdPt REAENPorn t4RA G 6 (PEGNERDS REPESSSdatediande _

L OAFEehOL SEriy SRURSLentProR, skl soLont paRgnli chsemloot e
generation of recombinant viruses. Hereto, pAdApt535.LacZ is
digested with BglII and MfeI 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 also after 2 and 18 hrs) and RNA
is isolated using TRI-zol Reagent (Invitrogen). This RNA is



respect to the SV40 pol y(A) signal was selected for large sgRORTBNER 2006
preparation. This resulted in construct pAd35 AMI.Of6 (Fig. 12), which
contains the Ad5 E4-orf6 coding sequence functionally linked to a nutated

met al | ot hi owei200s0RAPt er (AMI). The AMI pronoter has beggrE8§@lks by
Hagnmeyer et al. (1996). The Ad5 E4-orf6 sequence correspor@? to (ﬁggl eoti de

33193 to nucleotide 34077 in the Ad5 sequence (CGenbank accessi on nunber
M73260). To test whether the expressi 88 of Ad5 E4-orf6 proteins woul d nmake
production of fully El-del eted Ad35 vectors possible on Ad5 conpl enenting

cell's, PAASSEAMEL QhhBLBAS o0l al“.%%%ﬁ:d@é hgéhp Pd3hsrbagkhone construct
PVEE. Ad35. pl X-r1 TR onto PER C6 cells. reto, fAd35.ANW.Crf6 was di gested

wi t h PIN@spharandlopWenAd3yhaidigerk wmsa dyestedehpthrnebe detitrdate t he
adenoviral ipserts.,from.t he backhon 2 kg of digested Ad35. AMI..Orf6 and
006 o e B LR e RAE s SRR v et et SEP R Bl I Sl ne.
The trapséeetipagmixt Mee SRS aradsiesh 19y PER Copeehtsriyhatanerns segded the day
before at a density of 3.5x106 cells per T25 flask. The next day the nmedi um

was chabgedréok PER Besseltlur & asldi emm ¢DNEMeW VAL SO9NEBS de lengine MyT12)

Sor 1 or nERe W FANABEs Sl eI g s R 0B ShEFaBeERsE A o e
PCT/EPZQQ@iQéQé2§n§7wiH&aQ$Rﬂ9Qﬁ¢ W he PNEADZE. BhE RNER spHles that

PVEE. Ad35. pI X-rI TR alone. 'Two days after transfection, cells were passed
from T28ontaid8pIK| askvemre s .ndihatdehasiyleklee i BBYAsAgdiat tatraget daystheat er

t he cul e_transfect W th pAd35. AMI. O f6 together i.th .the 35, backbone
showed %#055???88_8?‘]?0%5‘?1 ?&Otgéiﬁé} 1_3? n%l?’éja???/‘g 8ngirFJi\4y!tb§d1cﬂcS§_A$o"ﬁ%t nd was
harvest gds(i pekugdirBge .CRITIxS- Uitk e n) t Bdh S rapt Hr that ikcubati on of 2

days. The cell suspension was subjected to 2 rounds of freeze/thaw cycles

and t hehyesitlisagtaatae ARG deorobat @fewhikrépt ggnerad B ia further
use. ThSrg%ggérfhg%%grgk% Q%&m?qﬂxécﬁ¥éaggomoter.

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 c¢cDNA and thechNA 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-N2. 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
pPIX 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.



were passed 1:3 in T80 flasks 6 days after transfer to T80. ff%
| ater the pAdApt 35. Luc + pWE. Ad35. pl X-rI TR transfected flasi shg%BgRgﬁpgw

CPE-li ke events but this did not progress further. 0.2 and 0.5 nl of the
crude |ysat g Jo68dhdshng fromthe pAd35. AMI. O f6 transfecyi used to re-
i nfect PER Cb cellghgt approxi mately 85% confl uency in'ﬁ%ﬁﬁhﬁﬁg%gVGThis
resulted in full CPE after one day of incubation indicating that infectious
virus was present in the crude |ysatesss These cultures were al so harvested
by two freeze/thaw cycles. Additional control transfections with construct
pAd35. AMI. O : e t 9hgonf f
expr essi on bggi?égﬁgtggéQﬁgﬁﬁﬁgghrggi?ﬁ%éﬁ€&?%g?c?Py eg%%q%¥%£%ﬁﬁé§céﬁl
deat h. bubgebcpusi membenlsy. tTe tsaqsérecs i 0ASAdW t(BERQAdID.AMD.O'FH) tget her
with pWE.AdBS.gIX—nITR did result in CBE and virus replication. PCR
anal ysi 3Vaasapeef §iAe PN AGHE T HeCpredBhes &P 30R935 Thes & Hente gehones
wth AdR-E4- repl agjiNg e f egi,o t | -{ﬁ?& S
i sol at eng ?EOSnEFéé g@udg\qu'l y‘J’s@t ewggﬁ%gggjégaf g?l %&gwg%%ﬁqﬂo% clr e Tysate
mat er i abNpag soilatebatfedmmvAdl 1D pt DNaseés (pOrfptned &ty IATK or 30 min.
Subsequently, 6.0 p1 0.5 MEDTA (pH 8.0), 7.5 }11 20% SDS and 1.5 pl 20
ng/ M PEBEBNAASEIRSWITKAdFdd ikl ni & ede BL BReexRg 0070 A8 ioBEfR DobRe WO
2004/ 00 03/, 126 88;~ Th i X [ it t 50C for
1 h. Fi%ggﬁy?ggﬁgﬁggiﬁgl mth?éo %?%daggﬁnég?héﬁégne e?ﬁ‘%g% Kit (Bio
101, |nRemplogohki tof ddumh istheat edoBravasosher BERidmdiit)ed aisd nghepri mers
35psi -For and 35R4. The program was set at 94C for 2 mn followed by 30
cycl es BRrigsdiféprspcesc amBG 9erted sechesnn »pd 0S¥ Minel and ended by an
| ncubat iRl 8bn{2Geklertd U Ny J0CaPLLIELSaBIE SBEGNIds IRl AI3S sequences
and genérate ~a fragnent of 2. b rangrng from the packaging sequence to nt
4669 (nunhkesengeasel hamMwaAd35tisequebgeadeéhyiathohudiing t(pd)Adsf BIZA 6and
transgegg cassette. Electr%Pq%gesis of the, obtained PCR

e

e pA downstream o 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 it 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 by

Adll and Ad7.

Example 12. Generation of El-deleted Ad35 viruses expressing

Ad5-E4/0rf6 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 NheI and AvrII and dephosphorylated



fragnents showed that the fragnents had the expected | ength O’rggggla Inkn
the control PCR fragnents generated on the adapter plasmd %A\ .(ﬁﬁ%%gPFG.

Thus, fully El-del eted Ad35- based vectors can be nade on Ad5 conpl enenting

celI's if theyobdsbiesd! SO expresses Ad5-Edorf6. Exanple 13 S (H)Jcti on of
pVE. Ad35. pl X-rI TRBE4. A first PCR fragnent was anplified % 3:5 Hers

DF35-1 and 35FR Anplification was done with pWE Ad35. pl X-rI TR (see WO
00/ 70071) as tenplate DNA using Pwo DNAépol ynmerase (Roche) with additional
DMSO (Sigma, final concentration 3%9. The programwas as follows: 94C for 2

m n fo'xlr%d(t:crx’l/f?’@nﬂé%\:??e o dMHa e SSeEnFRENAO0B1 3088, 72C for 3

mn) and a Inal step of 72Cfor 8 mn to ensure conplete fragnents.
Anpl i f i bhatréoed eBEAt wdsi 0 salh ek formgrehtusiong espen@engCfleanntki30224 to

31805 of . the, Ad35 sequence. A BanHl site wa [ntroduced at 3 . The
anpl i fi BHREREE WASM ol FEPe HYETSM (gﬂd& Jéng(f%é ﬁﬁﬁségnr"?i'tt@%@@i%@ed to
the p i C N t i . Egl 4

tranaf oT et FHACT R T S e R A e AP T e ot s

sel ect editlorxbdLrt AEteanskysiratin off eshd tessubt togsbands pGRakilhert3te Due

to the blunt cloning the PCR fragnent could be inserted in 2 ,2?( OCTOBER 2006
WD 2004} 824032 PEAPEPRGOSITFEERSTEY- 1D nthe | OME. PRORPSRE HRAKShd2 he

nsert gt it e BATEL oalbe e iyhd e poiadd ket ofe f heygQRScELpl ATp vector

t he 5' was sel ec gesti‘on W't us resufts’in a 1.6 kb
fragmeni sobtetp@neiragmeanti madk corgaacdd aampd | freasformetl tiheo RIRdtmghent. A
second PCR fragnment was amplified using friners: 5E4F and 5E4R

Apl i f i €ATPRECINasCHORE Wil s pMiE Wt gdn {15 e eahnohRpeRs) s ad tegs mhd Ghect or
Cont 2, PATE SOy ISR, ERGL S gV ML L HTECRRACE danger no
t enpl at eegpéely Poot DNASNEIOlY Ry IasEh Jass Tpsxl i besl sabeweedalfvlroughrge
pVE'Ad5é££ié'bﬁ£T§r§83¥g€?5§7[¥%{§*¥L§é¥té§ein construct
PAd35.AMT.Orfé6 (Fig. 12), which contains the AdS5 E4-orfé6
coding sequence functionally linked to a mutated
metallothionein promoter (AMT). The AMT promoter has been
described by Hagmeyer et al. (1996). The AdS5 E4-orfé sequence
corresponds to nucleotide 33193 to nucleotide 34077 in the Ad5
sequence (Genbank accession number M73260). To test whether
the expression of Ad5 E4-orf6 proteins would make production
of fully El-deleted Ad35 vectors possible on Ad5 complementing
cells, pAd35.AMT.Orfé was co-transfected with the Ad35
backbone construct pWE.Ad35.pIX-rITR onto PER.C6 cells.
Hereto, pAd35.AMT.Orfé was digested with PI-Psp-1 and
PWE.Ad35.pIX-rITR was digested with NotI to liberate the
adenoviral inserts from the backbone. 2 ug of digested
PAd35.AMT.Orf6 and 6 pg of digested pWE.Ad35.pIX-rITR were
transfected using LipofectAmine. 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 MgCl:) and cells were further incubated at 37°C/10% CO,.

Control transfections were performed with pAdApt35.Luc co-



sanme purpose. After purification fromgel, the DNA was digeg% %Eﬁk
and BanH (both sites introduced during the PCR) and the 3 fragme was
purified fromagarose gel using the GeneC ean kit. The Ads E4 region that

is anplifiegyosibAgRoNds to bp 32794 to bp 35828 of the ﬁ@i ??ﬁ@nce
third PCR fragment was generated on pWE. Ad35. pl X-r| TR usi %’ 1%¢. 35517R

and 3531TR. PCR anplification was perforned as described above. The
resulting 160 bp fragnment is flanked by7 an Sstl site (5 end) and an EcoRl
site (3 end). After purification fromgel as above, the DNA was digested

with Sstl,napdcEeORYitHS va@OA@jsf;gfﬂﬂFﬂchoaﬁasPow 'Ardﬁast Sinefrght | TR of

Ad35 was then separated from digested ends on a melting polnt agarose
gel andatohteclud idaygelafiNextirpudidetivas, degést werei e sBedH frond TR

and the 3.1 kb men urified from sin Lhe ned an kit. The
Sbove 't Foatell TlaedTa Andh HPIR Rk £ HORBRELOREr o DRI (T RSANE b

BamHl / EgoRLrdigesied Rl 18- 1 sl L 89 M_‘tHUﬁAé@@Eﬂ@'oE%G Tﬂ’t?geﬁﬁé’f'ed PCR
derived I nserts were sequenced to verify correct anplification. Next, the

1.6 kb wmthrthenAdGE%hdnkbﬁhewmhowadlsgdopathoBame affdadie (CRENEnt was

purified fromgel as above. Ad5E4- 351 TR was so digested wth, BanH
and t helP8ieRFEBEROZ0 T TWD + PRE 522 P@WEEQ@O% Cgo (1n¢Hading

fragmentovas gHE! tieed o gely, & E@ftﬂé'roinéﬁf)?tﬂ)ha%@@ U, sehection of

the cl ones that ha e correct orientation relative to eac resul ted
in pUC. 3515EéuspEng1dh®wa§?mubjemtedeadlBgrbundbeaﬁmﬁnqazﬂﬂthawf

pUC. 35-5E4  are schenati cal representeg in F| 13. The aden@%érus i nsert
in puC. SEChed @ag §&’@ STk 7 TRER T AaiS5 (PRH gp.lgsatfé "G ¥PBorY0071),

5 SoneL e e aﬁﬁ;%%“e“ﬁeneotz*%fk@as&ggzéﬁa%gey%.%?«. 354 A g
I o qaeamy s g e g, e gren ot ot
Again 5 days later the pAdApt35.Luc + pWE.Ad35.pIX-rITR

transfected flask showed a few CPE-like events but this did
not progress further. 0.2 and 0.5 ml of the crude lysate
resulting from the pAd35.AMT.Orf6 transfection was used to re-
infect PBER.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-rITR 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 pl 0.5 M EDTA (pH 8.0), 7.5 ul 20% SDS and
1.5 pul 20 mg/ml Proteinase K was added and mixed by vortexing.



pBr. Ad35. PRn. This 16.3 kb fragnent was purified from ge
enzyne (Roche). Ligations were then transforned into conpeten?ﬁaﬁgﬁéﬁ®@Pls

The resulting construct was naned pBr.Ad35. PR5E4 (Fig. 16, ECACC deposit

no. PO02041239 2004iRo32! @ast step entails cloning of the nn?#%éfgmigwend of the
Ad35 sequence into the viral cosm d clone pWE. Ad35. pl X- ,

fragnents are conbined in a | anbda phage packagi ng reaction (Stratagene)
according to manufacturer's instructi@ds. The first is the 16.8 kb nodified
Ad35 insert from pBr.Ad35. PRSE4 obtained by digestion mﬁth Pacl and Swal

and the_second is a 22. % kb fra e bta”ggQ%q% El
PVE. Ad3TID: IEFFHEE WER PRSP &ﬁ I In f?% Yof Hffe two
fragment sryi ehde PNE Ad3] aRlel rdsE%'SaE%r(eFl@enééieanTbﬁn KA tt higs £ onstt f uct

the E4 region in the Ad35 backbone s replaced with the correspondlng
regi on mcu)ved2f}ubnoAd5he E»m:@lt@dlmNPC@m rtleenoRCBf amplified using

pVE. Ad35. IX-rI 50r f an_.adenovi ral backbope _construct that
Eont ai rtt THES AU98S S0 Ran a0 FETA ¢ I B (RRSSA0T P the g 2
sequenqﬁnt&m@w@adbggf soheydiay JRPUt mbi haphgesequerecesorf oJo E@rf 6
and -orf6/7 exchanged for the correspondi ng 20 OCTOBER 2006 WD 2004/ 001032

PCT/ EP2003/ 05012609815 sdquerssss eafdeatl )y Au35inndbAdsoseqlieN@es viere FCR
lified d nbi ned d d b f t t ed

M T PYLENATSS| BROPEEE Atth SRR h H1E D6 (3HISgBRTARY ATHEHR vas

done wifhep %%@@H§5O?RQ OFiy® g fﬁﬁ*ﬁ%@m0@ﬁ50§3éka?§nbe@@qﬂéhdﬂ1 d hee

primers E4- and E4-RJ. The program was set as follows; 94C for 2 mn,
cycl es @66Q oimbperifg sec,irboC fAg3Bepeemesl) 7RCufointlndingf diHeoviethb by 30

| 94C f 30 Cf 30 d 72C fo d with
S o She b e h S B P o s h e i SR T {8 Sopp Enp, e il BIKISC
using thgassRaeld e@ﬁowléut thBte t%pé:mmty@%ganew (3 \AE@\AEe/adﬁ_eL}«fg}tﬂ- rl TRsp,

which 1s a cosmd vector containing a Pacl site inp flTI-
matching with the control PCR fragments generated on the

adapter plasmid pAd35.AMT.Orf6. Thus, fully El-deleted Ad35-
based vectors can be made on AdS complementing cells if the

virus also expresses Ad5-Edorfé6.

Example 13. Construction of pWE.Ad35.pIX-rITR5EA4.

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 sequence. A BamHI site was
introduced at the 3’ end. The amplified DNA was purified from
gel using the GeneClean kit and ligated to the pCRScript/Amp
cloning vector kit (Stratagene). Following transformation into
electro-competent 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



rl TR (ECACC deposit no. P97082116, described in WO 02/ 40665) t te
and the priners E4-F3 and E4-R4. The program was set as foIFg&gix§§%R#@% 2
mn followed by 30 cycles of (94C for 30 sec, 62C for 30 sec and 72C for 1
mn) and eng®ovd/bdiozza final step at 68C for 8 min. The 1.1 kb fragment was
purified as above. The third PCR was done with pBr.Ad35. PRHEBI0IQSERS| at e and
the prinmers E4-F5 and E4-R6. The programwas set as follows: 94C for 2 mn,
5 cycles of (94C for 33 sec, 48C for & sec and 72C for 45 sec) foll owed by
30 cycles of (94C for 30 sec, 56C for 30 sec and 72C for 45 sec) and ended

th afinal D8t £ Lot Braln,oJ,200 o fy aprmntengso puri Lied as

1
above. a es O ragnents were on a ge estimate

t he coneertheatgdly laintkéheatt bhe bCrGERIbLS /ARIE vEoRLt together 5t oeqdnt ain 700
ng PCR-1, 650 ng PCR-2 and 430 ng PCR-3 in a total of 30 pl. To this
m xt ur @33 sgi | Digeetienewd ERgBamd IBtéuspsesB 5 11 ad dRTEP sol uti on

and 3 11 11,.Q e ; sul.ti m M€ . i ncuypa at 94C
for 3 %ﬁ#&ﬁ%?%hg%g%%%$%gggogﬁnggggég gfkr§%$C§ﬁé%§ﬁﬁ¢§§21ﬁag?aﬁggof
0. 5C secr Faldpwirtg. i csbadbhanPCRt £&aGrkeart WA driamplihei ed xbst egwas furt her

cool ed down to 20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/050126 92 20C at
a rat e PFRIGRIE5C PAF sard apB4RnchpRildd icetion Haf fdoneoditithen 1 ul (5

uni ts) VAE_ ng| and, Bi.ql ab f

ncubaFg o Qo - 41 T REPecuY B RbeplS8 ey CohCHEALRY 38,

t enpl atextira Fepar adety ianpWefl pabwafiitagramr @&cAat | assosPriner set 1: NF-1
and Ncol- R was used in a reaction usi%gS ol ynerase (Roche) with

addi t i 89768 2BNS0 425 @r pedl 1BoHEe M2/ 40 ﬁm%\lﬂé AFREITRETREBI | owi ng
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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 Ad5 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 SstI
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 pUCll9 resulting in pUC.AdS5E4-35ITR. The
cloned PCR derived inserts were sequenced to verify correct
amplification. Next, the 1.6 kb insert in pCR-fiber35 was
excised with BamHI and the fragment was purified from gel as

above. pUC.Ad5E4-35ITR was also digested with BamHI and the



concentration of 3% and using the follow ng settings of the [Rp =%
94C for 2 min followed by 30 cycles of (94C for 30 sec, 62 (ﬁgnggﬁgg@ﬁgnd

72C for 90 sec) followed by a final incubation at 68C for 8 mn. The

resul ting fwade®bossef 2.7 kb (priner set 1) and 1.1 k i.mer 2) were
purified fromgel using the GeneC ean kit and each \Nasblli(i("glf‘:\]%zg@mls@ﬁ% he

pCRscri pt Ai np vector (Stratagene) and transforned into DHLOB
el ectroconpetent cells. This resulted ©¥f construct pCRscript Anp. NFI - Ncol R
(Fig. 18) and construct pCRscriptknp.NcolF-NR2 (Fig. 19). Since the inserts
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sequenced to verify correct anplification. Next%ﬁgart of _the insert from
PCRscr i i veptahEdP FrRR2ThHE Eeciedsd RhhRy Bepdi! ARoPUSndopdi% i ed from

gel as aRoye. 1 PORSGEPLATRNIL MOl wase il aBsled Wt ohnes SHEe #NAupS and

t he vec cont al ni ng ment was ‘al so fromgel. Ligation of

t hese fargnechemaesuhieg irepreCRntdds NR? Xigg.120) Thp CRANRovNRZiscONt ai ns
Ad35 seguences,k 20 OCTOBER 2006 WD _2004/001032 PCT/ EP2§%3/ 050126 93 between
nt 301629t 3823RUEH 3pna BAJ 35 Ss SRS RF R i B4R oPBE - A9Ad - ERNor f6/97
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| ocat ed Dbet ween shed Ad5 sequence in Genbank
(Accessi@re tjTbebn shE3Z2G0 pUCTIBES-S5ES icandbgestead whthhMlad aadadot I
alignnments presented in Figure 21 and 22, the am no aci d seguence of the
cl oned 3H ok Br ot EPn firaIr@et ilGaPY f iR B IR 1B S eléREe thound in Ad5

gg)EQan:j%%éﬁE%g%r ]FS;P 7”2%&%5%%?&%‘?&%%;’%%4&? gfic‘g?t%%eﬁg?galtt ere S%%e#dewﬁ cal
to the Bdagmdétt 7resaqduénge fpoes @itul rerftl WHEL - dt fésTisnqueEnemristgiaten f or
AdS A% PR3 Dl Bl 1Y MY At hs e PR e o gel
using agarase enzyme (Roche). Ligations were then transformed
into competent DH10B cells. The resulting construct was named
pBr.Ad35.PR5E4 (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 pWE.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 PacI and SwaIl
and the second is a 22.8 kb fragment obtained by digestion of
PWE.Ad35.pIX-rITR with Pacl and Swal. The correct combination
of the two fragments yields pWE.Ad35.pIX-rITR5E4 (Fig. 17).
Thus, in this construct the E4 region in the Ad35 backbone is

replaced with the corresponding region derived from Ad5.

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



cloned fusion protein as SEQ ID. NO 65). Cbviously, diff [
Ad35- Ad5 E4 constructs can be designed using the general ng?ﬁg%”@%?ﬁ#ﬁgg

above without departing fromthe invention. This chinmeric insert from

PCR. NF1- NR2ywepseoddagds, Cl oned into pVE. Ad35.pl X-rITR p %ﬁt-N -2 WaS
digested with Mul and Ndel and the resulting 2.8 kb Eﬁ% %?E%%guﬁurified

fromgel using the GeneC ean kit. Construct pBr.Ad35. PRn was al so di gested
with Mul and Ndel and the 18 kb vectopifragnent was isolated from ge
usi ng agarase enzym (Roche). Ligation of both fragnents resulted in

constr 35¢ PR4B0r Fig. gg%§§5g§poé'£ neerP 2 The
Ad35 sg%%%ncégé%e ae§%§’P§§F%aﬁ%dS£§%3con al ni ng t%eechinegﬁgﬁéﬁg%%hion in
this codtesmbbime® &bedeckanbed micd ceanRQRICE r pYifeMdSSwplrX- Kk raksdg

| anbda- phage paéggging as described above., The resultin

PVIE. Ad35HX-FYTRO%Dr PElympgase4 ity aeH ticad 2% %%r‘égetor e&ontityeant

Ad35- based. i e y -t f i . GB; . packagi lls with an
Ad35 a§§§%g% p asﬁ?g.déggn%?gﬁlgﬁﬁ%ggggﬁ&ggfbﬁﬁg¥'p nggg.ﬁﬁx-rlTRAE3.5E4
and pWo AU Pl % & | TRE320ef 6.nd2 @ HCTBRR 20064 - D 2004EA0R232 The

PCT/ EP2003/ 050126 94 The Ad35 backbone was further nodified by a deletion
of E3 DRt esas E3ehr abeifd 1oWs kTt thdiunbte PhEYRESE iGhuiit °C

SePonsged ygieteyt visc Bbectypn Al o T P ) PROSERRAY AP

vitro propagation’ of 'réco nant  viruse ernore,

sequencescedd oys {ou°tnsert Bonseef, largerfdet® osogoasdsegaendes iin the
vectors w thout conprom sing the packaging efjicienCé. Al so, for the
appl i cation a1d agededi vathyvactfdmalastarr @At dn fenri 81 BIn. &Bsression of

const r 0T G 51 phed Abse R RRTPr S sl et A obhePEERELIRED T2

construett ! hEn&E3sdebatiedcrergisomoref witth pWe mdls { A€UThackli®aee,consitatict s

descri bed above, the E4
is a cosmid vector containing a PacI site in pWE.AdS5.Af1TI-
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 (84°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 primexs E4-F5 and E4-R6. The program was set
as follows: 94°C for 2 min, 5 cycles of (94°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 pl. To this mixture 3
Bl EcoPol buffer (New England Biolabs), 3 pul 2 mM dNTP
solution and 3 pl milliQ H,0 was added. The resulting mixture
was incubated at 94°C for 3 min and then cooled down to 65°C
in a PCR machine at a rate of 0.5°C/sec. Following incubation

at 65°C for 10 min, the mixture was further cooled down to



nodi fications were introduced into the pBr.Ad35. PRnt E3 (Fig. ct
as follows. Construct pUC. 35-5E4 (Fig. 13) was digested mﬁtﬁoéﬁhrﬁﬁﬁghk%tl

and the 4.7 kb fragnent was isolated fromgel using the GeneC ean Il Kkit.
Construct R 2008stReARNAE3 was al so digested with Mul apd Notl and the
13.6 kb vector fragnent was isol ated fromgel using the Pgﬂﬁg@f’ﬂ%ﬂ%pi n kit.
Ligation of these fragnents resulted in construct pBr.Ad35. AE3. PRGE4 (Fi g.
26). Construct pCR NF1-NR2 (Fig. 20) weas digested with Mul, Ndel and Bgl
(the latter to digest the vector fragnment into smaller fragnments), and the

2.8 kb ment _was, | solated fro el_ usi ts e SPikN . s Ki L.

Constr u?'{:q@(gl?}t A%3%é5%2n§l\ci3b\7v§§? gl ?ee%t &t vm'atr}% I\#ﬁ?%%g&l\ggf Rge%gis%ﬁcoryl at ed
usi ng CGd>@nzywed Newy Engbang iBisql aisonovanshd fiee 180@wkhnyeahdr Bilcdgmey)t was
al so isolated using the GeneC ean spin kit. Ligation of these fragnents

gave corist radded piBpl heesdABS. PR5GHIcBEipn 24  6GhErimdds. ARSCPRSEA larmE

pBr. Ad35. LE R50rf 6. are_t hen _us Q.S t ' cl- L. fragnment in
pVE. Ad35 i %f?ﬁ%f%%x hES €67 é%%&‘{nﬁsngam?cgegﬁ‘%ﬁasé‘?rgﬁq %E?&%&i@l&%& PRSE4 and
20 OCTCRIER 20P6twd\Cx 28846805032 RGH/1RRI0F 0626580 1 pBNFAD3NGERIYHO f 6

as described intra. This leads to constructs pVWE Ad35. pl X-rl TRAE3. 5E4 and
PVE. Ad35. A X-usedROE3250ER6L 1A alFisrh AWy OVt holynergeger(Boehenedd ihar ge

T 7 KRBT PGt A o i e RS Re Bad e
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cosm d vector ragnent (Stratagene) . This latter fragnent can al so be
i sol at daly f3Gncyhke oot/ PREI° CdifgastIibreast, PME. QAdBsY pBR- sETRandCoA Carfsi®ect i on

o ool LR ISIL8Y, P S RS LIORED, SOALR WA oy, PPl

reconbi paithe Ade8OVD F UScEELiEV @ehd NIM AdEDs WeghihesorbialdAbn using Pwo
DNA polymerase (Roche) with addition of DM3O 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 DH10B
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-
NcoIF-NR2 was excised using BamHI and NcoI 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 reéulted in

PCR.NF1-NR2 (Fig. 20). pCR.NF1-NR2 contains Ad35 seguences



adenovirus conprises E4-orf6 derived from Ad5 (conferring th bilit f
propagati on on PER C6), said reconbi nant adenovirus furtherﬁgéitxﬂﬁﬁe%ﬁh§

het er ol ogous pl X pronoter resulting in increased plX expression |levels and
stabl e viri efg00saRl € 16. CGeneration of El- and El/E3-del et ed Ad35-based
vectors on PER C6 cells. To enabl e generation of r ecombi AAHEPHYYENA6 uses on
the conplenenting cell line PER C6 using the pBr.Ad35. PRn-based

constructs, we first made a new construwst contai ning Ad35 sequences from bp
3401 to bp 24650 of the Ad35 sequence (WO 00/70071) and thus overlaps with
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replication of reconbinant viruses as outlined in Figure 18. The required
pl asni dfQasAAdddebyvad seicmensiesa lerafeeparetetent Bé2Ad35nde st 1am

pVE. Ad3 | X- 0, 5, bl X- I e Lt h EcoRV and
Phe 20 kpovRePat Shsht BBE sl B e sue R WS b RPaT Tyt

PCT/ EP2G082660126n086, tkag@ntbevasednirifhi elef s@ima bhewdrelltiigignagiaiait gel
using the Geneclean spin kit. The purified DNA was self-ligated and used

to trangfesenbedoBneFégure cdnpait@nd? bakher aaippndcidog@ausnce qfestheing in

pVE. Ad35, pl X- RV _(Eig. 29). Al us or _transfection were digested
B nd ShPRE L VESPe PO 1 hact UG Gt at S65EST B8 08 P

wi t hout fofingt her atisegisment 1ol e, t 6ansiechbolci BEBeRetRId S ivare-oseeded
the day prior to transfection in T25 flasks at a density of 3x106

cel | s/ fashddhdisr 8ESf-edhad 3. | Rl can@dthe Efapké oY 7usimigioLigsdfcect Ami ne
L anst cRPRRRNCR XPUFE™| 1 Sorthd T ek VM FOOT ReC S BP0l BRLE i Tl aced T or
PER. C6 sufhgheempdedntDNEMAJD % EBS anel/ 10sadhdbEd2) safdiererd £dx: Adnes day
after, transfection efficiency was estimted at 50%
as SEQ. ID. NO. 63, for Ad35 as SEQ. 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-NR2 was then
cloned into pWE.Ad35.pIX-rITR: pCR.NF1-NR-2 was digested with
Ml1uI 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 MIuI and NdeI and the 18 kb wvector fragment
was isolated from gel using agarase enzym (Roche). Ligation of
both fragments resulted in construct pBr.Ad35.PR.50rfé6 (Fig.
23, ECACC deposit no. P02041227). The Ad35 sequences between
PacI 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) 1s 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.Ad35.pIX-rITRAE3.5E4 and
PWE .Ad35.pIX-rITRAE350xf6.




by fl uorescence m croscopy. Two days later, cells were tryp Czlg)cbﬁ%%
reseeded in T80 flasks and further incubated at 37C 10%C02.
followi ng transfection all cultures showed full cytopathogenlc effect ( CPE,

i ndicative @ 0o¥i/dods2 Propagation) except for the PER ransfect ed
with Ad35. AdApt. eGP + pVE. Ad35. pl X-rl1 TR. One day | at g?"%‘l;ﬁ%@’%éf‘ﬂ&“ medi um

in the flasks with CPE were harvested and subjected to two freeze/thaw
cycles, clarified fromcell debris by %entrifugation (10 mn at 1500 rpm
and 100 al of these crude I|ysates were used to re-infect fresh PER C6 cells

at 85% a e f Pe3p,AdApt g8GFP +
pVE. Ad%%r%{ﬁ)é#%%%btﬂg?gg%o? Egﬁg\%ﬂs fngﬁ?i%e%tﬁéprh de har v%rse\t ég Eg
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fresh PER Cb6 ceIIs all flasks owed full CPE except for the one that
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E4- or f Gwerieqmodctthes ézpeessedoffr &F tdeyueis3ss l:mbkdmslefoExanpleetlbn

El - del eted Ad35 viruses_with a heterol ogqusﬁé{)rormt er dri vJBPr% g
expres§ﬂ5ﬂafﬂ?qrﬂ@%ﬁ?@é?%OPﬁesgﬂpgéFeéf%9 %rgi o Y&r sequence

act | vatd e tde DI gene packibling edghieleaol f Yoes,, arserifis  of adapter

plasnl S use o] gen rate-re nant Ad35 viruses. Hereto,

Apt it a thAdAps 85atandvisel( exatplres @)s vaprdiip 536n Leedicéranpl e 5) and
pAdApt3SBLacZ (containing the Ad35 ElI B pronoter ﬁ guence in_front of the

pl X gerfRP R Rt b@@%ﬂ&mﬂéPeaBP§¥39§&qﬁ1%? BY ale (Eadreg1g8ner at e
viruses; g %gggé\%éfeg gsted cosm d pWE Ad35-3481 and pWE/ Ad35- 3481AE3
(exanple escrrbed in exanple 2 (and in WO 00/70071). In addition,
Vi r usesTheereorgener @t 2on wo £h piida pidais . plixsmIT R . KBS ASM Asldpt LacZ (Fi gure
i exa eségfged1lu§r§da8ée£onstruct the E3-deleted versions of the
E4-modified backbone constructs described above, the E4
modifications were introduced into the pBr.Ad35.PRnAE3 (Fig.
25) construct as follows. ConstructvaC.35—5E4 (Fig. 13) was
digested with Mlul and NotI and the 4.7 kb fragment was
isolated from gel using the GeneClean II kit. Construct
pBr.Ad35.PRnAE3 was also digested with MluI 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 pBr.Ad35.AE3.PR5E4 (Fig. 26). Construct pCR.NF1-NR2
(Fig. 20) was digested with MluI, Ndel 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 Engiand 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.PR5E4 .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



plasmd is deleted for ELIA and a | arge part of the E1B sequg@@Q§0thb
retains 0,6 kb of the 3" EI1B-55K sequence and also has w sequence et wee
the stop codon of 55K and the start codon of plX Upon full CPE, the ceIIs

and nmedi um wer®Bodwigest ed, freeze/thawed and centrifug t he cel
debris. The supernatant (cleared |ysates) of each of tﬁgj@§%h§¥%¥§fons was

then used to performa plaque assay as described in exanple 9. (eared
| ysates were diluted serially tenfold 2nd 10-5 to 10-1 dilutions were
pl ated. One week after addition of the agar overlay, plaques becane visible
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exceedspadkagmg :mem 1 packkbl Nok&nfek Ias rdetmemt niagorh opWE\dBd%rpiﬁs (105% .
This may _influence the results bt ai ned for
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driving pl X expression i nproves the nmaxinmmtolerated packaging size and

t he st&ﬁdgmqnunéﬂniatqgené)EITdebeﬂethdSEnﬂgmﬁmE cdmeasanebes true for
viruses, that have a | ong endo%enous pr.oxi mal

SuggestiTRLATRA TTRI aHart FBal FOEIE BERP Ao eRg5s (5P 2r ik acs)
bl 5 pEhe Iﬁaﬁ@é‘f 15070 Pl &, gx.prtﬁ%smzm%@@éﬂacz is an Ad35 adapt er
W t A

pl asm 35 El B. ronot er sequence regulating the pl X gene.
Adapt erpy 2083, p¥XApt BREBE3C Z0wES gerer al.ed sl fmépDwWeigested

pAdApt35.LacZ.rsv (example 9) into PER.C6™ cells will generate
recombinant adenovirus derived from Ad35, which recombinant
adenovirus comprises E4-orf6 derived from Ad5 (conferring the
ability of propagation on PER.C6), sald 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.C6 using the pBr.Ad35.PRn-based
constructs, we first made a new construct containing Ad35
sequences from bp 3401 to bp 24650 of the Ad35 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



The E1B pronoter fragnent was anplified using the priners ??ﬁ
Ad35El bprornrev. Both prinmers were phosphorylated. The reac |on was g
with Pwo DNA pol ynerase (Inno-train, Diagnostic GrbH) according to

manuf act ur egyo Johdoligset | ons. pBr. Ad35. 1 eft1TR-pl X was us ate DNA,
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m nutes at 94C and then 30 cycles of (94C for 30 seconds, 60C for 30
seconds and 72C for 1 minute) and ended by 10 minutes at 72C. The

cool ing/ heating slope was set at 2C/ ggc. This PCR results in anplification
of the potential EID prormt er of Ad35 of 125 nucl eotides. Construct

pAdapt 535. Lac exa s then digested vmth and, After
di gesti he ?Tﬂ%nz% ‘é P Qr% S\t WK%‘@?T%\W@n?? 8e%r83f88 %P%nt ends. A
dephosphenyt BédOrssie k Was m®mm@dSmAZQa@C§@ER12Q@6edV&awééﬁ)OlOBz

PCT/ EP2003/ 050126 99 Roch %ﬁ The thus treated 8 kb vector fragnent was then
i sol at e8Of FBRRYED Gt EompEEst hast sr%a .<§arfa1téaqef1(wbe|

These twgs{li@ﬂ{gan_{cr§ w%égggaéjg@mvt ram%forz into DH5a-Tlr conpetent
cells (Invitrogen) he correct orientation o the E1B pronoter in the

resul tlﬁélpp%fm @%sfohowaﬁfmwfdl“@éﬁ idigewited BPafingadappdlLin After
sel gac_tlg B?é viNg ano”r?ac%(QaQ{Eedtlag: dﬁﬁgerfto%d Elﬁlﬂr QgﬁtﬁéFieQ%QSS was al so

verifie y sequenci ng prondte gene Is |located
in the Burtkeard meammﬁl&rﬁwh@omhawgsfmﬁmememn AﬂBEeamd wdkée viruses.

Based on t s described su expect IX pronoter in
subgrouﬁe%‘%ﬁlr@%‘%s‘i%lﬂ]ﬂl% q‘bcfarta&‘cfafe\r@ﬁllﬁg ETB%gg BE? ng-r2gi on. To

i nvestigahgiti Sr BAEE Ikl 198 F386kOHhAt Orahdeattdy dbe; pidcHRRNA Gap site as
described in exanple 10. Hereto, wAd35, wtAdl| and Ad35, E1B . AdApt. Luc

vi rusesTakte Vyseng obipeERet AErss K vdia o9 ndbIFLs accardiM® B9 50 VP/ cel | .
As a copkf ks 3t AdD-yes, daken: @lng esec%% tthastpmgott%n@@@ gRMA start site

of this virus is known. RNA was i'solatéd from't
mixture in serum-free DMEM medium (Glbco/BRL) was replaced for

PER.C6 culture medium (DMEM, 10% FBS and 10 mM MgCl;) after 5
h. The day after, fransfection efficiency was estimated at 50%
by fluorescence microscopy. Twc days later, cells were
trypsinized and reseeded in T80 flasks and further incubated
at 37°C/10%CO;. Six days following transfection all cultures
showed full cytopathogenic effect (CPE, indicative for virus
propagation) except for the PER.C6 culture transfected with
Ad35.AdApt .eGFP + pWE.Ad35.pIX-rITR. 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. Two
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.C6



infected cultures at 16-18 hrs post-infection using TRl zol 29a®68t0BER 2006
(I'nvitrogen) as described by the manufacturer. At the end of the procedure,
the isolated RNA was stored in 100% formam de. The GeneRacer Kit
(I'nvitrcgeny to amplify the 5 end of plXtra order to
| ocate the s?art gégptranscription Before starting GEngigggﬁ&%?g?g%ol 5 gg
RNA was purified fromthe formam de by_;odlun1acetate precipitation as
described in the GeneRacer protocol. Puti fi ed RNA was treat ed according to
manuf acturer's protocol for anplification of the 5 end of the plX nRNA
After pledgisarbse thtenthdht EAndrf§ubssgupmodusiiovid efprewsedpisenuthere
wth to 0 acH&v%ﬁ%rophosphatase and ligation of the Generacer RNA oligo,
20 COCT 004/ 001032 PCT/ EP2003/ 050126 100 SuperScriptTM I

Rever se Transcrlptase fromthe kit was used for cDNA synthesis. cDNA was
synt hesi zed by reverse transcription using a gene specific (reverse) primner
for pl XExaFpleAd3s Bk -cdateEe8+AHE6 viirusesand bhx AdlletpeiokegplXrev was
used, for Ad5 the orlner £ rev-AdS was used. The resulting cDNA (1 | of
unknown BEGHOESL: 4 NGak gP38°3P8npl ate for PCR to generate dsDNA.

Thi s PC%d”%%d@EEié&ﬁégtﬁgne@WécthEY%E%@%%ﬂﬂﬁﬂﬁBﬂ St &8 E8quence

manuf acturers instructions, and with addition of” DMSO (Si gm; 3@6v/v) The
anpl|f|eamumatnmg;thﬁmpﬁmtgenhelﬁbﬁemdcéﬂ%ﬁehﬂhadHVIrmﬂﬁ$heaksermhsch is

specific for, the oI onucl eotide ligated to t 5 end .of the , and the
ggne spéH{ q?ﬁQﬁ%r HPifler was agsﬁgnkloﬁgﬁ Eﬁ%ﬁufe?ﬁﬁg%?%%tcéﬂsgAions wer e
as fol | qug: %%natﬁg@éwn C@AdAgﬂgsiLanZ RInRAL 85 fild pwedt; bye 38msyE! 65, of

(94C for 30 seconds, 30 seconds, 72C for 2 nlnutes) and fini shed
by eIonq@MAyt&&S(ﬂHCZoteBampheté$ aﬁﬂepﬂﬁapu35ﬁ}au%A (dontgmbenisgwehe size

separated _hy el ectrophoresis on a 1.0% agar o el . r Ad5 a. 480 b

T ngon ] EGY SIS (56t ROSUPPaBed) SrdTRIPE dTRPED FPEghore Rasbed

obt ai neghe1M)| W20 g ShO¥EEdawtkbplipagmantan Allsdd agiept se Mt oxehsed and
with NotI digested cosmid pWE/Ad35-3481 and pWE/Ad35-3481AE3

G OTC

(example 7) as described in example 2 (and in WO 00/70071). In
addition, viruses were generated with adapter plasmid ‘
pBr.Ad35ASM.AdAptlacZ (Figure 7; example 10). This adapter
plasmid is deleted for E1A and a large part of the EI1B
sequences. It retains 0,6 kb of the 3’ E1B-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 LacZ 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 plaques



purified fromagarose gel. The purified DNA fragments were £ 6e¢8skR200§0e
pCR4Bl unt-TOPQ(r) vector (lnvitrogen). The vectors were sequenceg usi ng
comercial ML3 Forward and Reverse priners. The resulting sequences were

al i gned agaiyashosddidsst yPe sequences to | ocate the start
transcription. The 200 bp band isolated from Ad35 and A ’li/ﬂ%:%ﬂ/&mm

preparations constituted the genuine X nRNA, the 2 kb fragnment isol ated
fromAdl|l turned out to originate fromthe E1B pronoter. Fig. 30 shows an
alignment of the Ad35 (SEQ ID. NO 59) and AdlIlI (SEQ ID. NO 58) cDNA
sequencés wufh asise Ywa Ad3Zigee@nte tiSERL -ppleNed @035 AdARlt i haoent
reveal s the |ocation of a 20 OCTOBER 2006 WD 2004/001032 PCT/ EP2003/ 050126
101 splMigsgernt Mot esddithceh e ntekel prRnarRRALePAth @ $hq fd3e%t FaRZof

the ide t a n the
E1B- :ol X%'ggl %% 8?%,&(#35’;.%‘%8%%%5 hvéﬂaégég SX%%%%%% éA%X I'SS andI Val es,
1991) W@ackdbnbl flicedytM tas dideerapnsdt EOi’.‘OAdBeG}'l&TUS@@SI (1 0D® 358ﬁhisloma§hom;

nunbering as enbank accession no. Mr3260). For Ad35 the cap site was
| ocat ed linﬁlﬂlﬁélcg %3Sy Hes B BERCYeher at p6siviings -3 ® on  an A resi due

(Ad35 s ng I h Py riy.found on a
T resi dg‘gﬁ?p Wo%%gs}%\ eeé-%ﬁk‘lﬂ% glﬁé XY%%%%%%Aeges ingly, the
sequenceheeteeeralngacHapalsDEonioé . t hetbgKraere tard i lstardhewdonaef the

pl X, where in AdS viruses the pronoter for pl X is |ocated, is | i ced out
of the @RNRWOAW%CPMW’C% ra5e¥inghpdd expE@Isss oy GIRIOER S og@e evi dence

| ocat ca PTRE S St PR8eaRig ERaL el kg A P PR BRI e

that reiod miadietied HA®S chiiphisSs . EtBe 5BKmeequenaaidhaiey ariniges paekagi ng
capacity. Wth the identification of the pl X nRNA cap site it becones
possi bl dave iandlanget hengagenabs Ad86x pms kpseulesicec oAERAPY Xeac?z)

suggesting that the additional (E1B 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 (94°C for 30
seconds, 60°C for 30 seconds and 72°C for 1 minﬁte) 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 E1B
promoter of Ad35 of 125 nucleotides. Construct pAdapt535.Lacz
(example 5) was then digested with Mfel and BglII. After
digestion the vector was treated with Klenow enzyme to create

blunt ends. A dephosphorylation step was done using SAP



expression and also limt as nuch as possible the ElB-55K sgagefegerh00é he
viral vector. Here we show, as a non-limting exanple, the construction of
an Ad35 adapter plasmd that retains 166 bp of the 3" end of the 55K coding
sequence (wéddrjosepsu. Luc) and the generation of an El Luc
virus with increased stability and/or packagi ng capacit}éﬁ?ﬁ?gﬁméﬂéébp

sequence does not code a functional 55Kjgene product but contains the plX
NMRNA cap site identified in the previous exanple in its natural position

relative to the pl X codin sequence. 20 OCTOBER 2006 WD 2004/001032

PCT/ EP2(R3¢izsb126he Dhuso FAdAD t BEHEser LEE2ESNGeaBattdehs fol | ows:

i ot SO HESFP R B S A AT A gl RTINS,

PCR wastpehif @ redTiekld tRwo Ny deiese {{paasdsandC eolati gt Anted

manuf acturer instructions. In addition, 3%v/v DV5O (Sigma) was used. The
progranimas BBboa§ liroldoowstehtmaritles &In@idCrogéeh. 3Theycleesreatf (94C for 30
seconds, 6DC for 30 seconds and 72C for 1.5 ninutei and qufd,q¥ 8 m nut es
at 68C OTHRNERELPRI A the BIE RTMRESTak” cHoredS It &Py Biasiiheras
pCR4BI upnt - eqt,ory: SLlpvi rdi ng he {

P ot ocor P FEmett o ISR TR Be Ao e Remet oot ee Shezked

by di geshé ononrébtPelbhe( e Bngdeanice Bi Bl Bbsrombee Bs seduenda agrerdl sas

i solated fromthe pCR4BI unt- TOPO Bsu- Age plasm d by digestion with Bsu361
(New EngPahEiBfoPEbSFEd &t ed with Kl enow enzyne (New Engl and Bi ol abs)
to blunt ends. The DNA was then purified using the PCR purification kit

(Q agen) and was digested with Agel (New England Biolabs). The 1 kb
fragnent was isolated fromgel using the Gene clean Il kit (BiolOl, Inc.).
In parallel, construct pAdApt35.Luc (described in WO 00/70071) was dj gested
with BgEX@MBhe iPeai’d§ WHOHOLET R e X GBREDMNE dRSANET fiTbdlRi$g t he

PCR purifiicgti Ple E1B-55K coding sequence in Ad35 and Adll viruses.

Based on the results described supra we expected that the pIX‘
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, thd35, wtAdll and Ad35.ElB+.AdApt.Luc viruses were
used to infect PER55K 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
inﬁected cultures at 16-18 hrs post-infection using TRIzol
agent (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 LUg 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 tobaccc acid

pyrophosphatase and ligation of the Generacer RNA oligo,

[aN



kit (Qagen). The purified DNA was digested with Agel (New i bs)
and dephosphorylated with SAP (Roche) . The 5.8-Kb fragnentggg%ﬁ?gggéﬁbﬁ
fromgel with the Gene clean Il kit (BiolOl). The two fragnents were m xed
in equinola inaligation reaction and transforned into Ti

resi st ant EF\%ODI%%%%E:%I s (Invitrogen). This resulted in POIEBPHS126

pAdApt 35Bsu. Luc. To generate El-del eted viruses pAdApt 35Esu. Luc was di gested
with pi Psp-1 and co-transfected onto PEI55K clone 16 cells 20 OCTOBER 2006
WO 2004/ 001032 PCT/ EP2003/ 050126 103 w th Not! digested pWE. Ad35-3481

(exanplgudar Sheh pé ™h T IpVE- AR SHBIARS st describadthel arie, . AURE- 3481&E3
contains the sane E3 del etion as described for pWE Ad35. pl X rl TRAE3 (exanpl e
2) and fimas gfer syrtdhaster dicDifAt erashes yrethesl zald sy | beveirseexanpl e 7 usi ng
constryct pVE. Ad35- 3481ANdel and a 26,6 kb el fragnent fro

V. A3 TS (s UF aNat Beo, SO ol YesR el B ATe o e T S at ed

that oRt aidgres (e %ﬂd%ﬁ;@@%&%@m@ Ta1SEAHERNGES f)E:Qﬂi}eéd XN eas/iral

backbone repl acing the native Ad35 sequences (see exanple 16 for the
gener atised of feuchdyi thsepromemmpdd faedhd PER Cousedll sThel meshd tdurg ent

exanpl e AdAf)t 35Bsu. Luc_digested wth plPsp-1 is cotransfected with
Not | / E difeldt edf POENAWDS5 GENCRGIRL G Wah YRR/ A6t B degedede for

0% LR AL I S 5 ST e TS B L

to ful | owing. ransf I on™an s and nedi um were

har vest@ pe i8S (Redhehebeedrdiingises nierd benrokaquaspwiiddietsgnd viral
stocks anplified on the appropriate conplenmentation cells and originating

from sianfd evbtagaedithere afaDYHed BAPER f3¢ Vint egfhey agp ltidd qatdmsyene

o A BB RR SSE L R S L

pl aquessp&ti i afbAgthe 0 AGIndsl.ddit nd fgaBAdSSBsHelL BE . 20 &f the
mRNA, and 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 68°C for 8 minutes. The resulting DNA
fragments were size separated by electrophoresis on a 1.0%
agarose gel. For AdS 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 E1B 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



viruses. Irrespective of the presence of the E3 regi on or of togg E4- 6
sequence in the viral backbone, all tested plaques (5-10 f o VSICTORER 2046
contai ned an intact transgene. One exception occurred in one of the plaques
from Ad35Bs i.h44ses that showed a faint band at approximtely 1,6 kb
(Fig. 32; | %%h@%’ydlﬁjgr obably originating from m nor armuEFT@PZ‘\‘)?/?flﬁyés with a
del etion. The faint band at approximtely 500 bp that occurs 20 OCTOBER 2006
WO 2004/ 001032 PCT/ EP2003/ 050126 104 1% all virus sanples, is a background
band of the prinmers on the viral backbone. The observation that

E3- contd i Wi AdBSron i 68§88nwet Ana thieCifiar agerexpression gassgpkt e proved
stable follow ng plaque purification is in contrast to previous results

wi th Ad3ocardiapt . eficther idestifaedacan Wibe Endictrleee anbiedoimot contain

the 166 3'. 55K codin equence. in t andard 35_Luc asmi ds, we
wer e no‘:th'g%ﬁlaet]t‘%?ﬁg]éﬁé%&gﬁ glﬁa&g‘?— E@“@%@%Sﬁﬁgﬁ?srésmg?g@g' hi Eﬁgt ﬁ@gE eZi on.
Thus Widdhed P POL ahROA QBabh@ sednd RalesSequecesywa s LhenbaekbBangiwa can

now neke ‘viruses of nore than 34.6 kb total length w thout severe
i nst abitha ycaprhsstel bsekyemnbth@ostitta drentftd ofnet wehowdasnunpgsingf agn

E3-del et ed backbone were,used, t Ci f0 or.ei gn_seguences

theoreﬁ%a‘ﬁ&% | - BESBVEF 5‘_Okb?f73%& du?ll%f, ;}({3‘[}5“5%5%?& glfs iwﬁéorporate
nore ELR;SHHed seduenses’ t Ban bF ihe GUR-TEK e)ai®| £ apgdsotiba 8aB0I k@ t he 3
55K sequences with heterol ogous enhancer sequences w thout departing from

t he i nvantA oreshides 0$2d3bnbecaenz@ GOTORZR WO - Vi 28041 0bhe3gap site

PCT/ EP2003/ 050126 105_ TABLES Tabl l.: . Yi d f. El - E1l/ E3- . del. et ed
A6 v TR O T BROE 2YRACET &' 0 GG 100 23 389, R0 REno3fis o

Scal e Tt@lInd. oAy ME89S6YP! G@klerestingly, the sequence between the
stop codon of the 55K gene and the start codon of the pIX,
where in Ad5 viruses the promoter for pIX is located, is
spliced out of the mRNA in Ad35 and Adll viruses. These
results provide strong evidence that in Ad35 and Adll pIX gene
expression is 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 limit 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.



(T175u" Particles after DSP fl asks) Ad35. AdApt.eG-P 4 7. 5x1g§§i

Ad35. AE3. AdApt . enpty 8 2x10 12 3300 Ad35. AE3. AdApt . LacZ 8 3.4 pT@BER 2006
Ad35. AE3. AdApt . W-F 4 8.8x10 2900 Ad35. AE3. AdApt MW-H 8 2.6x10 4250 Tabl e
[1: Transge ctivity test on A549 using crude |ysates from second
passage V|r3§0§%§ﬁf%§?cells is given for each anount ofPéFﬂﬁgm&@%ﬂﬂﬁor

I nfection. Virus 10l 0.1 gi Ad35. AdApt.LacZ.rsv 95 15 <1
Ad35.AE3.AdApt.LacZ.rsv 90 10 <1 Ad3510&dApt.LacZ. C4 2 <0.1 0

Ad35. AE3. AdApt . LacZ. C4 15 <t <0.1 20 OCTOBER 2006 WD 2004/001032

PCT| EP20031050120 080 T8bs Wl JIANagR0e (achLerayeh,aat vily test on

A549 usihg crude tes fromsecond passage virus tivity is expressed

in rel arivet! aghtrRubirbgmeRtUwasVigatteddied ludiflg 140n§. 01 |
Ad35. AdApt . Luc rsv 845453 27940 178 26 Ad35. AE3. AdApt . Luc. rsv 258269 2217
46 6 2ot Le GBI ER-B1%0 o575 argedy DNRY3EIEar WeRdt 1 nyuOCh 20 AAdED 6278

147 23 1 5

20041 ooal%@?ﬁéﬁ%éézééaﬁé*ﬁ&%ﬁ%%é%% e r.@%ﬁg@?ﬁ?r%%%%sé%th narre

sequencewd DoNANeb 1 ghERaS'e QA ACTHIAIIIAGTHGTAENCTRGtI rek
instructions. In addition, 3% v/v DMSO (Sigma) was used. The
program was set as follows: 2 minutes at 94°C, then 30 cycles

of (94°C for 30 seconds, 60°C for 30 seconds and 72°C for 1.5

minute) and ended by 8 minutes at 68°C. The resulting 1.2 kb
product was cloned directly into the pCR4Blunt-TOPO vector
(Invitrogen) according to the manufacturer’s 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 AgeI (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 isolated from gel with the Gene clean II
kit (Biol0l). 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



35R4 5' - CGGAATTCTTAATTAAGGGAAATGCAAATCTGTGAGG 3' 2 35psi - For,

5' - GTGGTATTTATGGCAGGGTG 3' 3 DF35-1 5' - CACTCACCACCTCCAATTCC 20 QCTQRER-2006
5' - CGGGATCCGTTTGTGTTATGTTTCAACGTG 3' 5 5E4R

5' - GCTGECGAGHD AACTTGTATGIG 3' 6 3551TR

5' - GATCCGGAGCTCACAACGTCATTTTCCCACG-3' 7 3531TR PCT/EP2003/050126

5' - AGGAATTCGCGGCCGCATTTAAATC-3' 8  E4-Fl 5' - AGAGGAACACATTCCCCC-3' 9 E4-R2
5' - GGGGAGAAAGGACTGTGTATTCTGTCAAATGG 3' L0 E4- F3

5' - TTTGACAGAATACACAGTCCTTTCTCCCCGGCTGG 3' 11 E4-R4

2 - W-@:@lléﬁ 1557 and w
5 - GGACGTAGTCATTCTgéTATTTT ATAGC- 3' é%x&%ﬂ 1' GIGEEEE 3' 14

NF- 1 5' e C@O@&cﬂﬁbew%afére@mqa@@c@mwccs' 16
Ncol -R 5' - AGGATCATCCGCTGCTGECCC-3" 17 Ncol -F 5" - CATCAGGATAGGECGGTGEE 3 18
35E3f orcshtaing GoF AATBEABSTEREE Blon s 3gEgeeibed for pWE.Ad35.pIX-

5' - CGACCCGITGTAGTCGTTGAGCTTCTAG 3' 20 AdApt 35CWF

5' - GTA SoCeAaPdeT@)3 and, Was ysie tat qEaFeteRat ngCARGAGSG e thod
SV40f or |5' - TGTATCTTATCAT CTAGr3 23 IX5Pmc

5 - CTCTRSBRR: @Tﬁmﬁmxm&&c@@ B3CC JPiEs ARG H481ANdeT and

CT/ EP20087 050136 268 AR Top Wﬁ%@&&%@ o3 26 oy

pl XcosFzg §ddqgﬁe%@m@g@%&@%z§e%tea Adapt 35- 3
5' - TGCAAATCTGTGAGGGGAAC- 3" 28
contained the E4-Orf6 and E4-0Orf6/7 sequences from Ad5 in the

viral backbone replacing the native Ad35 sequences (see
example 16 for the generation of such viruses on unmodified
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
before. 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 AdApt35CMVF and pIXrevN2.
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-
Orfé6 sequence 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



35D21 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' 29 35B3 5'- §56GRERG806AT
TTC CAG 3' 30 5' 35F1 CGGAATTCTTAATTAATCGACATCATCAATAATATACCTTATAG 31 -3
5' - CGGAATTCTTCTTAATTAAGGGAAATGCAAATCTGTGAGG 35R4 32 3' Ad3555KM hF 5' -

AACCAAGCTTGABTLhGIGTSI GAA -3 33  Ad35pl XNcOR 5' - CCACCCATRGAGHTFAAGACAG - 3
34 Ad35pl Xrev b5 - TCAGCTGCAAGACAGAAAAAAC-3' 35 Epr-F 5' - :

GTGTTTACTTAAGGTGACGTC -3' 36 Epr-R 5' - GAAAGCCAGCTCCTATGAGC -3' 37 pl Xrev
5' - GGOGGGTTGAACGOGTCTTCCA-3' 38  pl Xréd4ng 5' -

GATGGGAGACGCCCTGTCAGATAAGG 3' 39 35EI Bl ong 5' - AAGGTGACGTCAATATTTGTGTG 3' 40
Ad35El bimomls' vAEGAAAGEGAGES CCTATEABadkgdbunde b andXrel/- s primers on

5' - AGGGGAGGAAGCCTTCAGG 3' 42 Bsub55KF 5' - AGG TGG GOG TAG AGG AAT G.3' 43
Age- pl Xl véxalckedlonac The epeeevatisn ihadcTCBERORbO 189 2662/ 001032

PCT/ EP2 128 AP, T, w okl tr n han

El - del etQ’g%E% 5 "based %,??%gggag% %ER%?%%?’] sdé;%&d&e%%??%%gﬁqng{:%i@igxanpl es.
Adapt er feQlsinet olvernes dpgestfeédaviovh Paclin RARtAGES piot-coRVouwas di gest ed
with Notl and EcoRV, E4- nodified pBr-based 5 constructs were digested with
Pacl andaStillts Md.thodidds LReArepbuc1vhaHASE3Shadrm ANt Wb, Bl xdeleted

DBr . AQ3S, BROEA QS o ERORY, 2 RAIABE3B,2 P SIME AR5, P! 3o RBL A3 PREOIf 6 Yes

EcoRV
standard pAdApt35.Luc plasmids, we were not able to generate

plaque-purified viruses containing the E3 region. Thus with
incorporation of the extra 55K sequences in the backbone we
can now make viruses of more than 34.6 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.



3 pAdApt 35. eGFP pVE. Ad35. pl X- pBr. Ad35. AESPRSE4 Yes ECoRV 4 p&dhesEr2066P
pVE. Ad35. pl X- pBr. Ad35. AE3. PREOf6 Yes EcoRV 5 pAdApt 35. eGP

PVE. Ad35. pl X-r1 TRXNot1 No 6 pAdApt5.eGFP pWE. Ad5. Afl Il -rl TRxPacl Yes .0
Table VI: Pgocsadeass of LacZ positive plaques of Ad35 WdisBeshayhed

di fferent pronoter sequences driving pl X expression. (NP= no plaques
visible) % of blue plagues Virus nane with E3 region w o E3 region virus
length (incl. E3 region) Ad35.A AAptl@%cz 0% 50% 36,1 kb Ad535. AdApt. LacZ
NP 100% 36,1 kb Ad35. AdApt B. LaoZ 5% B0% 36, 2 kb Ad35. AdApt LacZ.rsv 90%
100% 36,5 kb Ad356SM LacZ 50% 100% 3a, 7 kb 20 OCTOBER 2006 WO 2004/ 001032
PCT/ EP2003/ 050126 110 REFERENCES Abrahansen K, Kong H L, Mastrangeli A,
Brough D, Lizonova A, Crystal R and E&BéESPedersen E. (1997) Construction of

ST SRR ORI oW

Siml arbwnéO#EéBcémds l uoed i o byisuestayyki gnaekst.he siman virus TATA
elenent. J. Virol. 65(2), p598-605. Bett, A J., Prevec, L. and Graham F.L.

(1993). Packagl ng capaci ty and stabili ty of human adenow rus type 5

vectors i-+ol—6+310-TH593+1+-5924 —Jahr— G,
Dor scht MH§$ er, K, Fl eckensb@l® B arcir@@t#aa}xgp i@é@ﬁu A very sfrong
crhancer ;| ocated, upst e pgEn | Mg afklpseete of  hurn
flasks)
Ad35.AdApt.eGFP 4 7.5%x10" 2500
Ad35.AE3.AdApt.empty 8 2x107 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
lysates from second passage virus. % blue cells is given for

each amount of wvirus used for infection.

Virus 10pl| 1pul)01pl
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
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S5EAF 57 -CGGGATCCGTTTGTGTTATGTTTCAACGTG-3" 5
5E4R 5’ ~GCTGGCGAGCTCGGCGGAGTAACTTGTATGTG—-3/ 6
355ITR 5’ ~GATCCGGAGCTCACAACGTCATTTTCCCACG-3" 7
353ITR 5’ -AGGAATTCGCGGCCGCATTTAAATC-3’ 8
E4-F1 5’ ~AGAGGAACACATTCCCCC-3' 9
E4-R2 5" ~-GGGGAGAAAGGACTGTGTATTCTGTCAAATGG-3' 10
E4-F3 5/ -TTTGACRGAATACACAGTCCTTTCTCCCCGGCTGG- 3’ 11
E4-R4 5’ -ACAAAATACGAGAATGACTACGTCCGGCGTTCC- 3’ 12
E4-F5 5/ -GGACGTAGTCATTCTCGTATTTTGTATAGC-3’ 13
E4-R6 5/ ~-TCACCAACACAGTGGGGG-3’ 14
NF-1 5’ -CCACAACCCCCACTACTCCC-3" 15
NR-2 5’ -CGTCTCTTCCCTCTCCTCTCC-3" 16
NcoI-R 5’ -AGGATCATCCGCTGCTGCCC—-3 17
NcoI-F 5" -CATCAGGATAGGGCGGTGG-3’ 18
35E3for 5’ -AATGACTAATGCAGGTGCGC-3" 19
35E3rev 5' -CGACGCGTTGTAGTCGTTGAGCTTCTAG-3' 20
AdApt35CMVF 5’ -GTAGGTGTCAGCCTAGGTGGTC-3’ 21
35pIXR 57 -TCATGTCAGCTGCAAGACAG-3’ 22
Sv4a0for 5’ -CAATGTATCTTATCATGTCTAG-3’ 23
pIX5Rmfe 5/ ~CTCTCTCAATTGCAGATACAAAACTACATAAGACC-3' 24
PIX35Fmfe

57 - CTCTCTCAATTGTCTGTCTTGCAGCTGACATG-3'

25
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5’ —-CGGAATTCTTCTTAATTAAGGGAAATGCAAATCTGTGAGG-
35R4 32
3/
Ad3555KMfcF 57 — AACCAAGCTTCAATTGTCTCTGAA -3’ 33
Ad35pIXNcOR 5/ ~CCACCCATGGCAGCTGCAAGACAG -3’ 34
Ad35pIXrev 5/ ~TCAGCTGCAAGACAGAAAAAAC-3’ 35
Epr-F 5/ — GTGTTTACTTAAGGTGACGTC -3’ 36
"~ Epr-R 57 - GAAAGCCAGCTCCTATGAGC -3’ 37
pIXrev 5/ - GGCGGGTTGAACGGGTCTTCCA-3’ 38
PIXrev-N2 57— GATGGGAGACGCCCTGTCAGATAAGG-3’ 39
35E1Blong 5’ -AAGGTGACGTCAATATTTGTGTG-3’ 40
Ad35Elbprom
5/ -ATGAAAGCCAGCTCCTATGAG-3’ 41
rev
pIXrev-Ad5 5’ ~AGGGGAGGAAGCCTTCAGG-3’ 42
Bsu55KF 5/ -AGG TGG GCG TAG AGG AAT G-3' 43

Age-pIXR 5’-CAA GAC GGG ATC TTG GCG G-3' 44
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| nhi bi ti Wasefd piFuskesapaa®ERY G aalneqaisreeiscﬁmbetd airs ftreredsizonp s .adenovi r us

early region 1B protei Nat ure 357, Zhan w,_J. A
chri gt endsipPt frBl%o %rl‘lﬁﬁér V&IE, dﬂrﬁFsggfizﬁbtﬁ‘ Pa‘%@ﬂ g—bW]{Vﬁ\:A‘%ﬁdeéﬁgﬂﬁvus | Va2

protein i%@&%@t@@ Hfithvinoall BNA. EdoRY| rod- ndifidd NBr-Zlasdp10446- 10454,
20 OCTOBER 2006 115 PCT/ EP2003/ 050126 0076 WD 00 ORD CLAIMS 1. A

r econfSi ndRNHdaRRF Mesec digesseagvathuRee! ot ¥I9€ - codi ng sequence under
control of an expression sequence, said expression seguence conprising part
of an gig 55K sequence capable of increasing expression of the plX Coding

sequence No. a given packaging cel Congehadtisve to the expression ofCeai d plK
codi ng eqLe hi nrl s endonnnnnc n xel—pl X-Uphstream-se
wi thout |the pBPEAPHSS se¢HF EPRESSKS éeaaéﬁce PRE A g%l so t hiat d jpart
EcoRV
2 PAdRpt35.eGFP | pWE.Ad35.pIX~ |pBr.Ad35.PR50rf6 Yes
EcoRV
3 PAdApt35.eGFP | pWE .Ad35.pIX~ |pBr.Ad35.AE3PR5SE4 Yes
EcoRV
4 pAdApt35.eGFP | pWE.Ad35.pIX- |pBr.Ad35.AE3.PR50rf6 Yes
EcoRV
5 pAdApt35.eGFP PWE.Ad35.pIX-rITRxNotI No
pAdaptS5.eGFP PWE.AdS5.Af1IT-rITRxPacl Yes

.0 Table VI: Percentages of LacZ positive plaques of Ad35 viruses
having different promoter sequences driving pIX expression.

(NP= no plaques visible)

% of blue plagques
Virus name with E3 region | w/o E3 region | virus length (incl.
E3 region)
Ad35.AdApt.LacZ 0% 50% 36,1 kb
Ad535 AdApt.LacZ - NP 100% 36,1 kb
Ad35.AdAptB.LacZ 5% 80% 36,2 kb
Ad35.AdApt LacZ.rsv 90% 100% 36,5 kb
Ad35ASM.LacZ 50% 100% 36,7 kb




of an ElI B 55K sequence does not code for a functional E1B 5SiOge08ERPOJECt .
2. A reconbi nant adenovirus according to claim1, wherein said expression
sequence contains about 0.7 kb or less of the adenovirus sequences that are
directly upwbreamopbzt he plX open reading franme. 3. A rRe@edbd3dsiie
adenovirus according to claim1, wherein said expression sequence contains
about 500 nucleotides or |ess of the adenovirus sequences that are directly
upstream of the plX open reading frangl? 4. A reconbi nant adenovirus
according to claim1l1l, wherein said expression sequence contains about 300
nucl eotides or |ess of the adenovrREwsrEg@wences that are directly upstream
of the pl X open reading franme. 5. A reconbl nant adenovirus according to

claimit whehlerahamaed BxpKesd dirlsedlasiceandst hihs Bboug2@0 dud@mnvales ar
20 OCTQBER-20 116 _| ess, af i1 denovit us n hat .are digectly
Cstrod BYPRal pxeBror ke Tas £ o (RSHECERRsEIR A Wi

accor di 8geh&vekasM peWrer GiIn” sRict AXPIESEi L SENUBALe-89BlLai ns about 150
nucl eotides or |ess of the adenovirus sequences that are directly upstream

of the pl X oPehiseadlng.f eade Vadlesk recnbihddt) adBrepotes @dnpitising a
functional plX codi sequenc nd_ havi deletion inth | - region,
wher ei naa‘ﬁ%g%i";(a oBE?EgP?E%& cz[)fsg%%érggrgﬂ}?f)}eyo? © gqr?gta(;enrogl ogous

pronot ef nadfdvibessi BySaibdtacaridiandt aslengvhigs ks rder inveth fenament based
upon an adenovirus ofther than an adenovirus serotype 5. 8. A reconbi nant

adenovi JusVacedrdihd20e ®H8M605 wherein sai d heterol ogous pronoter

conprises a pug|ei cid__seguen chosen fromthe.gr nsisting of a

non- endogen]gﬁgjcpr Xrél Pﬁle% rﬁ’o%t e?'r}éa&ﬁ}r“%m’ pFo tglri%%g ‘ce a}‘f}fa 119

pronot efapdc syt BRHI etRLAMANES) ANth@méybsdénovirus type 5 vectors. J.
Virol. ©67(10), p5911-5921.
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pronoter. 9. A reconbinant adenovirus according to claim8, YW&FoBER2D0E
het er ol ogous pronoter is chosen fromthe group. consisting of sequences
that are at least in part derived fromor based upon the Ad5 proximal plX

pronot er, awBd&/oofeds coma virus pronoter and an adenovi rm@ﬁ%@g@l@t er. 10.
A reconbi nant adenovirus according to any one of clains 1-9, erern said

adenovirus is derived fromor based upon an adenovirus classified in
subgroup B. 20 OCTOBER 2006 117 11. Al¥leconbi nant adenovirus according to
any one of clains 1-10, wherein said adenovirus is derived fromor based

upon an(aglenpVvi RES1 $8E08LE RS R Ut B ALY NYgsegebat Woehlilhpaldzed

reconbi nant adenovirus derived fromor based upon an adenovirus serotype 35
or an aadenovingssedot Ypeoll |Hel@dg rbde®3sionlds a functional ElE gene,
wherein sai d_adenovirus; _a) nt ai ns easy_ 4.6 kb of foreign DNA;_ and/ or
b) has a packBy JgEngmg'gf"_a UG '3?'§J11<'b.5[£[1%§5%n’r e@‘onﬁpﬁla_r#oéﬁénom rus
accor di pgo b9) any1 9881 8k cati ¥k -remeridid Bt & bEed ik sleliat pilsdpur t her
conprises a sequence encoding a functional E4-orf6 protein derived from or
based upeporn afiehbei hugeohnadubgralpc@milidednonstbitadmyucieivi mesels t hat
upon ingroduction in%o a. syitable q@b@ging cell constitutes the genone of
a recombfRant15@tnovHPRY a oﬁﬂfHU?T ny one of clains 1-13. 15. A nethod

for increasipg tig: stabi lp tyy, angorodderomackaghng sapaeitty Rofv.a (esoIpi nant
adenovirus having a deletion'in the El-region, conprising the step of

expr esshdgnoheres epehypepédass i) faveplatiurt i oapahd ceseaiblby of said

reconbi na adenovirus into vir articles in a packaging cell in the
presencglg%eﬁﬁnc%lévégﬁﬁIﬁ%ﬂﬂ e?#%?%éﬁkcﬁ?ﬁﬂﬁgypﬁﬁéggidgpackaging cell
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SEQUENCE LI STI NG <110> Crucell Holland B.V. Vogels, Ronald Zo
J.E. zuijdgeest, David A T.M <120> stabl e adenovi ral vecto%geﬁﬁgﬁﬁgﬁﬁ@gs
for propagation thereof <130> 0076WO0000RD <150> EP02102631.5 <151>
2002- 11- 25 wekatk / NLO2/ 00281 <151> 2002-04-25 <15 0656
2201> 2005 N e e 22705 Patontin vorsion s, STGEhtSRR020
<212> DNA <213> Artificial <220> <223 primer 35FR <400> 1 cgggatccac
tttattttag ttgtcgtctt ¢ 31 <210> 2 <211> 37 <212> DNA <213> Artificial
<220> <22F=wyr iPER.32AMH BLOR R.0gga@ids2) . aatnhdagggbonabgcass ¢ t gt gagg
37 <210> 3 <211> 20 <212> DNA <213> Artificial
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early region 1B protein. Nature 357, pp 82-85.
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<220> <223> prinmer 35psi-For

<211> 20

<400> 3 gtggtattta tggcagggt g &eToptk®o
<212> DNA Page 1 20 OCTOBER 2006 WD 2004/001032 PCI/ EP2003/ 050126

06

0076WD000RDsegl i st <213> Artificial <220> <223> prinmer DF35-1 <400> 4

cactcaccac ctccaattcc 20 <210> 5 <211> 30 <212> DNA <213> Artificial
<400> 5 cgggatccgt ttgtgttatg tttcaacgtg 30

<220> <223> priner S5E4F
<212> DNA <213> Artificial <220> <223> prinmer 5E4R <400> 6

6 <211> 32

gct ggcgagc tcggcggagt aacttgtatg tg 3215<210> 7 <211> 31 <212> DNA

PCT/EP2003/050126 0076 WO 00 ORD
CLAIMS
1. A recombinapt adenovirus comprising a functional pIX

toding sequence under control of an expression sequence,
said expression sequence comprising part of an E1B 55K
sequence capable of increasing expression of the pIX coding
éequence in a given packaging cell, relative to the
expression of said pIX coding sequence 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 sequance does not code for a functional E1B
55K gene product.

2. A recombinant adenovirus according to claim 1, wherain
sald expression sequence contains about 0.7 kb or less of
the adenovirus sedquences that are directly upstream of the

PIX open reading frame.

3. A recombinant adenovirus according to claim 1, whersin
said expression sequence contains about 500 nucleotides or
less of the adenovirus sequences that are directly upstréam

of the pIX open reading frame.

4. A recombinant adenovirus acecording to claim 1, wherszin
sald expression segquence contalns about 300 nucleotides or
less of the adenovirus sequences that are directly upstraam
of the pIX open reading franme,

5. R recombinant adenovirus accozding to ¢laim 1, wherain

said expression sequence contains about 200 nuclesotides or

<210>



<213> Artificial <220> <223> primer 3551TR <400> 7 gat ccy8aq5ctSRGR2¢EH C
attttcccac g 31 <210> 8 <211> 25 <212> DNA <213> Artificial <220> <223>
primer 3531TR <400> 8 aggaattcgc ggccgcattt aaatc 25 <210> 9 <211> 18
<212> DNA <213> Artificial <220> Page 2 20 OCTOBER 2006 WO 2004/001032
PCT/ EP2003/ 050126 0076W)000RDSegl i st <223> prinmer E4-F1 <400> 9 agaggaacac
attccccc 18 <210> 10 <211> 32 <212> DNA <213> Artificial <220> <223>
prinmer E4-R2 <400> 10 ggggagaaag gaclgégtat tctgtcaaat gg 32 <210> 11
<211> 35

less of the adenovirus sequences that are directly upstream
of the pIX cpen reading frame.

6. A recombinant adenovirus according to’claim 1, whaerein
said expression ,sequence contains about 150 nucleotides or
less of the adenovirus sequences that are directly upstream
of the pIX open reading frame.

7. A recombinant adenovirus comprising a functional plX
coding sequence and having 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 5.

8. A recombinant adenovirus according to eclaim 7, wherein
said heterologous promoter comprises a nucleic acid
sequence chosen from the group consisting of a non~
endogenous proximal PpIX promoter, a viral promoter, a
cellular promoter, a aynthetic promoter and a hybrid

promoter.

9. A recombinant adenovirus according to claim 8§, wherein
gaid heterologous promoter is chosen from the group.
consisting of sequences that are at least in part derived
from or based upon the AdS proximal pIX promoter, a Rous
Sarcoma Virus promoter and an adenovirus E1B promoter.

10. A reconbinant adenovirus according to any one of
claims 1-9, wherein said adenovirus is derived from or
pased upon an adenovirus classified in subgroup B.



L

<212> DNA <213> Artificial <220> <223> priner E4-F3 <40 aa
tacacagtcc tttctcccecg gectgg 35 <210> 12 <211> 33 <212> D%?(§é£§§gﬂ§6@@
Artificial <220> <223> prinmer E4-R4 <400> 12 acaaaat acg agaat gacta
cgtccggegt tcc 33 <210> 13 <211> 30 <212> DNA <213> Artificial <220>
<223> prinmer E4-F5 <400> 13 ggacgtagtc attctcgtat tttgtatagc 30 <210> 14
<211> 18 <212> DNA <213> Artificial <220> <223> prinmer E4-R6 <400> 14
Page 3 20 OCTOBER 2006 WD 2004/0010327PCT/ EP2003/ 050126 0076W)000RDsegl i st
t caccaacac agtggggg 18 <210> 15

11. A recombinant adenovirus according to any one of
claims 1-10, wherein said adenovirus is derived from or
based upon an adenovirus serotype 33 or an adenovirus
sarotype 11.

12. A recombirant adenovirus derived from or based upon an
adenovirus serotype 35 or an adenovirus serotype 11 lacking
expression of a functional E1B 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.

13. A recombinant adenovirus according to any one of
claims 10-12, characterized in that it further comprises a
sequence encoding a functional E4-orfé protein derived from
or based upon an adenovirus of subgroup C.

14. An iscolated nucleic acld that upon introduction into a
suitable packaging cell constitutas tha genome of a
recombinant adenovirus according to any one of claims 1-13.

15. A method for increasing the stability and/or the
packaging capacity of a recombinant adenovirus having

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 produet 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 S5K sequences.



<211> 20 <212> DNA <213> Artificial <220> <223> prinmer NRgloctdRRr 2006
ccacaacccc cactactccc 20 <210> 16 <211> 21 <212> DNA <213> Artificial
<220> <223> priner NR-2 <400> 16 cgtctcttcc ctctcctctc ¢ 21 <210> 17
<211> 20 <212> DNA <213> Artificial <220> <223> primer Ncol-R <400> 17
aggatcatcc gctgctgccc 20 <210> 18 <211> 19 <212> DNA <213> Artifici al
<220> <223> priner Ncol-F <400> 18 catcaggata gggcggtgg 19 <210> 19 <211>
20 <212> DNA <213> Artificial 118 |

16. A method according to claim 15, wherein said elevated
level of pIX gene product is brought about by retaining or
reintroducing part of the ElB 55K sequences in said

adenovirus.

17. A method acéording to claim 16, wherein said elevated
level of pIX gene product is brought about by retaining. or’
reintroducing part of the E1B 55K sequences in said
adenovirus such that sald adenovirus contains about 0.7 kb
or less of the adenovirus sequences that are directly
upstream of the pIX open reading frame.

18. A method according to claim 16, wherein said elevated
level of pIX gene product is brought about by retaining or
reintroducing part of the B1lB 55K sequences ,in said
adenovirus such that said adenovirus contains about 500
nucleotides or less of the adenovirus sequences that are
directly upstream of tha pIX open reading frame.

19. A method according to claim 16, wherein said elevatad
level of pIX gene product is brought about by retaining or
raeintroducing part of the E1B 55K sequences in said
adenovirus such that saild adenovirus contains about 300
nucleotides or less of the adenovirus sequences that are
directly upstream of the pIX open reading frame.

20, A method according to claim 16, wherein said elevat=aqd
level of pIX gene product is brought about by retaining or
reintroducing part of the E1B 55K sequences in said
adenovirus such that said adenovirus contains about 200
nucleotides or less of the adenovirus seguences that are



<220> <223> prinmer 35E3for <400> 19 aatgactaat gcaggtgcgc ﬁ@OCE@gﬁRﬁoaa
OCTOBER 2006 WO 2004/ 001032 PCT/ EP2003/ 050126 0076WD000RDsegl i st <210>
<211> 28 <212> DNA <213> Artificial <220> <223> prinmer 35E3rev <400> 20
cgacgcgttg tagtcgttga gcttctag 28 <210> 21 <211> 22 <212> DNA <213>
Artificial <220> <223> prinmer AdApt 35CWF <400> 21 gtaggtgtca gcctaggtgg
tc 22 <210> 22 <211> 20 <212> DNA <213> Artificial <220> <223> priner
35pl XR <400> 22 tcatgtcagc tgcaagacagl®0 <210> 23 <211> 22 <212> DNA

directly upstream of the pIX open reading frame.

21. A method according to claim 16, wherein said elevated
level of pIX gene product is brought about by retaining or
reintroducing part of the E1B 55K sequences in said
adenovirus such Ehat sald adenovirus contains about 150
nucleotides or less of the adenovirus sequences that are
directly upstream of the pIX open reading frame.

22. A method according te claim 15, whereln saild elevated
level of pIX gene preoduct is brought about by the
exprassion of the pIX coding sequences under control of a

heterologous promoter.

23. A method according to any one of claims 15-22, whersin
sald recombinant adenovirus is derived from or based upon

an adenovirus classified in subgroup B.

24, B method according to any one of claims 15-23, wharain
said recombinant adenovirus is derived from oxr bhased upoa

an adenovirus serotype 35 or an adenovirus serotype 11.

25. A method according to any one of claims 22-24, wherain
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.

26. A method according to claim 25, wherein said
heterclogous promoter is chosen from the group consisting
of the Adb proximal plIX promoter, a Rous Sarcoma Virus



<213> Artificial <220> <223> prinmer SV40for <400> 23 caat ghp@DEtoBrd 20Ut Ct
ag 22 <210> 24 <211> 35 <212> DNA <213> Artificial <220> <223> prinmer

pl XSRnfe <400> 24 ctctctcaat tgcagataca aaactacata agacc 35 <210> 25 <211>
32 <212> DNA Page 5 20 OCTOBER 2006 WD 2004/001032 PCT/ EP2003/ 050126
0076WD000RDSegl i st <213> Artificial <220> <223> priner plX35Fnfe <400> 25
ctctctcaat tgtctgtctt gcagctgaca tg 32 <210> 26 <211> 22 <212> DNA <213>
Artificial <220> <223> primer AdApt 358P Xr <400> 26 caatctgtcc atctgaaaat
cc 22 <210> 27 <211> 40

promoter, an adenovirus E1lB promoter.

27. A vaccine comprising a recombinant adenovirus
according to any one of claims 1~13 and, optionally a

suitable carrier or an adjuvant.

28. A recombinant adenovirus packaging cell comprising an
recombinant adenovirus according to any one of claims 1-13.
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<220> <223> priner

ct gct ggacg tcgcggccgec gacat gagtg gaaatgcttc 40

<213> Artificial <220>
t gaggggaac wihoosebiész 29

<223> "primer Adapt35-3
<211> 25 <212> DNA <2

pri mer

35D21

<400> 29 ttagatccat QgReR66EIRD

<212> DNA <213> Artifici al SEQ2ENcEPRgSTING0
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<170>
<210> 1

<211> 31

<212> DNA

<213> Artificial

<220>
<223>

<400> 1

PatentIn version 3.2

primer 35FR

<223> pri

cgggatccac tttattttag ttgtcgtctt c

<210> 2

<211> 37

<212> DNA

<213> ‘Artificial

<220>
<223> primer 35R4

<400> 2

cggaattctt aattaaggga aatgcaaatc tgtgagg

<210> 3

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer 35psi-For

<400> 3
gtggtattta tggcagggtg

<210> 4
<211> 20
<212> DNA

Page 1
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<400> 28 tgcaaatctg

13> Arti péBepdoosiodsds
<210> 30 <211> 18
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<211> 44 <212> DNA <213> Artificial <220> <223> prinmer 353LOcTHRER 2006
cggaattctt aattaatcga catcatcaat aatatacctt atag 44 <210> 32 <211> 40
<212> DNA <213> Artificial <220> <223> priner 35R4 <400> 32 cggaattctt

cttaatt aagwapgaeaédena atctgtgagg 40 <210> 33 <211> 24 pcRiBroidi2e<213>
Artificial <220> <223> primer Ad35félbedorosegPs®B3 aaccaagctt caattgtctce
t gaa 2813<2A0%iBikia211> 24 <212> DNA <213> Artificial <220> <223> priner
Ad35pl XNCOR <400> 34 ccacccatgg cagctgcaag acag 24 <210> 35 <211> 22

2 PE i Aiticra

<400> 4
cactcaccac ctccaattcc 20

<210> 5

<211> 30

<212> DNA

<213> Artificial

<220>
<223> primer S5E4F

<400> 5 :
cgggatccgt ttgtgttatg tttcaacgtg 30

<210> 6

<211> 32

<212> DNA

<213> Artificial

<220>
<223> primer 5E4R

<400> 6
gctggcgagec tcggcggagt aacttgtatg tg 32

<210> 7 -

<211> 31

<212> DNA

<213> Artificial

<220>
<223> primer 355ITR

<400> 7
gatccggagce tcacaacgtc attttcccac g 31

<210> 8

<211> 25

<212> DNA

<213> Artificial

<220>
<223> primer 353ITR

<400> 8§ ‘
aggaattcgc ggccgcattt aaatc 25

<210> 9

<211> 18

<212> DNA

<213> Artificial

<220>
Page 2



<220> <223> prinmer Ad35pl Xrev <400> 35 Page 7 20 OCTOBER Z06cT¥EER 2006
2004/ 001032 PCT/ EP2003/ 050126 0076WO000RDsegl 1st tcagctgcaa gacagaaaaa 22
<210> 36 <211> 21 <212> DNA <213> Artificial <220> <223> primer Epr-F

<400> 36 Oh@ihbamidszaaggtgacgt ¢ 21 <210> 37 <211> 20 pceirssoddiize <213>
Artificial <220> <223> prinmer Epr-gg7eqddfdro3dqpaaagccage tcctatgage 20
<210><BB><2pdtmeR2e4<212> DNA <213> Artificial <220> <223> priner pixrev
<400> ﬁﬁ)ggggggttga acgggtcttc ca 22 <210> 39 <211> 26 <212> DNA

< >

agaggaacac attccccc 18

<210> 10

<211> 32

<212> DNA

<213> Artificial

<220>
<223> primer E4-R2

<400> 10
ggggagaaag gactgtgtat tctgtcaaat gg 32

<210> 11

<211> 35

<212> DNA

<213> Artificial

<220>
<223> primer E4-F3

<400> 11
tttgacagaa tacacagtcc tttctccccg gctgg 35

<210> 12

<211> 33

<212> DNA

<213> Artificial

<220>
<223> primer E4-R4

<400> 12
acaaaatacg agaatgacta cgtccggcgt tcc 33

<210> 13

<211> 30

<212> DNA

<213> Artificial

<220>
<223> primer E4-F5

<400> 13
ggacgtagtc attctcgtat tttgtatagc 30

<210> 14

<211> 18

<212> DNA

<213> Artificial

<220>
<223> primer E4-Rb

<400> 14
Page 3



<213> Artificial <220>

gccctgtcag at aagg 26

<223> priner 35El Bl ong

<211> 21

<210> 40 <211> 23

<223> prinmer plXrev-N2

% i cial <é¥%§>

<212> DNA <213> Arti

<400> 40 aaggtgacgt caatatttgt gtg 23 Page 8 20
CCTOBER 20Q®) 200$h3834/ 001032 PCT/ EP2003/ 050126 0076W00§

<400>tddccalhgaeadfrgggggt cctatga g 21 <210> 42
prinmer plXrev-Ad5 <400> 42 aggggaggaa gccttcagg 19

Artificial

<220> <223>

210> g3 213> 19

<211>
<212>
<213>

<220>
<223>

<400>

20
DNA
Artificial

primer NF-1

15

ccacaacccc cactactccc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

21

DNA
Artificial

primer NR-2
16

cgtctettcc ctctectcte ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

20

DNA
Artificial

primer NcoI-R

17

aggatcatcc gctgctgcec

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

19

DNA
Artificial

primer NcoI-F

18

catcaggata gggcggtgg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

20

DNA
Artificial

primer 35E3for
19

aatgactaat gcaggtgcgc

Page 4

<211> 19

Fpes <210> 41
. 126
<212> DNA <213> Artificipghke Dsggﬁﬁa:prlner Ad%%%?%pronrev

<212> DNA 813>

20

21

20

19

20



<212> DNA <213> Artificial <220> <223> priner Bsu55KF §4OQ§Efg(%g8§gggth

agaggaatg 19 <210> 44 <211> 19 <212> DNA <213> Artificial
primer Age-pl XR <400> 44 caagacggga tcttggegg 19 <210> 45 <211> 102 <212>

DNA <213> A¢s2Nbéids type 2 <220> <221> misc_feature <%?%?Tﬁg§?9roxbzﬁLang

upstream sequence <220> <221> E1B @@ﬁﬂﬁ 222>
9 20 QBIEBERQ2006 WD 2004/001032 P 98@%%QQQ13 0076W000RDsegl i st
<221><§mL>sQBe <222> (18)..(24) <220> <221> TATA signal <222> (45)..(51)

< s <212>
220 <213> Art1f1c1a1

<220>
<223> primer 35E3rev

<400> 20
cgacgcgttg tagtcgttga gcttctag 28

<210> 21

<211> 22

<212> DNA

<213> Artificial

<220>
<223> primer AdApt35CMVF

<400> 21
gtaggtgtca gcctaggtgg tc 22

<210s> 22

<211> 20

<212> DNA

<213> Artificial

<220>
<223> primer 35pIXR

<400> 22
tcatgtcagc tgcaagacag : - 20

<210> 23

<211> 22

<212> DNA

<213> Artificial

<220>
<223> primer Sv40for

<400> 23
caatgtatct tatcatgtct ag 22

<210> 24

<211> 35

<212> DNA

<213> Artificial

<220>
<223> primer pIX5Rmfe

<400> 24
ctctctcaat tgcagataca aaactacata agacc 35

<210> 25
<211> 32
<212> DNA

Page 5



<221> pix startcodon <222> (99)..(102) <400> 45 tgaggt act HEe4UHRER2D06
gcgtggctta agggt gggaa agaat at at a aggt gggggt 60 ctcatgtagt tttgtatctg
ttttgcagca gccgccgeca tg 102 <210> 46 <211> 105 <212> DNA <213> Adenovirus
type 5 <2320926¢0ke32m sc_feature <223> Ads proxi mal pi XpePgbigassesgauence
<220> <221> E1B 55K stopcodon <2223pAckboodfdseqiide <221> spl site <222>
(18). <£2%) Af22PPciad21> TATA signal <222> (45)..(51) <220> <221> pix
startcodon <222> (103)..(105) <400> 46 tgaggtactg aaatgtgtgg gcgtggctta

agggt ¢ %%a agaat at at a _aggt gggggt 60 cttatgtagt tttgtatctg ttttgcagca

gccgcég 3 é’%&'ﬂ‘ﬁr fﬁ%&ﬁgg% 47 <211> 84 <212> DNA <213> Adenovirus type 12

<220> 488> i sc_feature <223> Ad12 proxi mal pix upstream sequence <220>
ctctctcaat tgtctgtctt gcagctgaca tg 32

<210> 26

<211> 22

<212> DNA

<213> Artificial

<220>
<223> primer AdApt35pIXr

<400> 26
caatctgtcc atctgaaaat cc 22

<210> 27

<211> 40

<212> DNA

<213> Artificial

<220>
<223> primer pIXcosF-2

<400> 27
ctgctggacg tcgcggccgce gacatgagtg gaaatgctrtc 40

<210> 28

<211> 20

<212> DNA

<213> Artificial

<220>
<223> "primer Adapt35-3

<400> 28
tgcaaatctg tgaggggaac 20

<210> 29

<211> 25

<212> DNA

<213> Artificial

<220>
<223> primer 35D21

<400> 29
ttagatccat ggatcccgca gactc 25

<210> 30

<211> 18

<212> - DNA

<213> Artificial

<220>
Page 6



<221> ElI B 55K stopcodon <222> (1)..(3) Page 10 20 OCTOBER 2896 cTOBER 2006
2004/ 001032 PCT/ EP2003/ 050126 0076m000CRDSegllst <220> <221> pi X startcodon
<222> (81)..(84) <400> 47 tgaggtaagt gggtggagct aggtgggatt ataaaaggct
ggaagtcaac“t@ﬁ,@ ahbgt 60 ttttgttctt ttaacagcac gatg 84pcipidesiB126211> - 93
<212> DNA <213> Adenovirus type 9 g &ﬁ@% sc_feature <2£3> Ad9
pr oxi wpp3pi Yripet r3zam sequence <220> < 3 f% 55K st opcodon <222>
(1)..(3 <220> <221> pl X startcodon <222> (91)..(93) <400> 48 tagaggtagg
t cgagt) tg gct aaggt ga ct at aaaggc gggtgtctta 60 cgagggtctt
tttgcftt abgctc Cadbiddt @Y%t g 93 <210> 49 <211> 73 <212> DNA <213> AddRovirus
type 40 <220> <221> m sc_feature <223> Ad40 proxi mal pi X upstream sequence
<210> 31
<211> 44

<212> DNA
<213> Artificial

<220>
<223> primer 35F1l

<400> 31
cggaattctt aattaatcga catcatcaat aatatacctt atag 44

<210> 32

<211> 40

<212> DNA

<213> Artificial

<220>
<223> primer 35R4

<400> 32
cggaattctt cttaattaag ggaaatgcaa atctgtgagg 40

<210> 33

<211> 24

<212> DNA

<213> Artificial

<220>
<223> primer Ad3555kmfeF

<400> 33
aaccaagctt caattgtctc tgaa 24

<210> 34

<211> 24

<212> DNA

<213> Artificial

<220>
<223> primer Ad35pIXNcoR

<400> 34
ccacccatgg cagctgcaag acag 24

<210> 35

<211> 22

<212> DNA

<213> Artificial

<220>
<223> primer Ad35pIXrev

<400> 35
Page 7



<220> <221> EI1B 55K stopcodon <222> (1)..(3) <220> <221> @oXOsreBEr2(06
<222> (71)..(73) <400> 49 taagggtaag gggcggagcc tattacaggt ataaaggttg
gggt agagt a aaaaaaaggg 60 aagttacaaa atg 73 <210> 50 <211> 90 <212> DNA
<213> Adenﬁﬁiﬁﬁgmﬁyﬁe 4 Page 11 20 OCTOBER 2006 WO 2004¢0984383%050126
PCT/ EP2003/ 050126 0076W)£RDSegI I Sho76wd806R }3s@i sc_feature <223> Ado
proxi fehgPigéadpgic ApAaEL nce <220> <221> E1B 55K stopcodon <2223?2
(1)..(3) <220> <221> pl X startcodon <222> (88)..(90) <400> 50 tagagtgagt
agtgtt g cgggggag gacctgcatg agggccagaa taactgaaat 60 ctgtgctttt
ctgtgﬁ%&ﬁ@ %%gcagcatg 90 <210> 51 <211> 90 <212> DNA <213> sim an
Adenovpips fpype 25 <220> <221> m sc_feature

<213> Artificial

<220>
<223> primer Epr-F

<400> 36
gtgtttactt aaggtgacgt c 21

<210> 37

<211> 20

<212> DNA

<213> Artificial

220>
<223> primer Epr-R

<400> 37
gaaagccagc tcctatgagc 20

<210> 38

<211> 22

<212> DNA

<213> Artificial

<220>
<223> primer pIXrev

<400> 38
ggcgggttga acgggtcttc ca 22

<210> 39

<211> 26

<212> DNA

<213> Artificial

<220>
<223> primer pIXrev-N2

<400> 39
gatgggagac gccctgtcag ataagd 26

<210> 40

<211> 23

<212> DNA

<213> Artificial

<220>
<223> primer 35E1lBlong

<400> 40
aaggtgacgt caatatttgt gtg 23

Page 8



<223> sAd25 proxi mal pl X upstream sequence <220> <221> E1B 20:3ctdBER 2006
<222> (1)..(3) <220> <221> pix startcodon <222> (88)..(90) <400> 51
t agagt gagt agtgttctgg ggcgggggag gacctgcatg agggccagaa taact gaaat 60
ctgtgctttt wefQbMloddshd cagcagcatg 90 <210> 52 <211> 89 pcFipbooddsfi26213>
Adenovirus type 35 <220> <221> m sp7bRaboE®sedPdst Ad35 proxi mal pi X
upst reamossequence <220> <221> E1B 55K stopcodon <222> (1)..(3) <220>
<221><plk sPartcodon <222> (87)..(89) <400> 52 taaggtgagt attgggaaaa
ctttg 3 ﬁ%%%gltc g atggacagat tgagtaaaaa 60 Page 12 20 OCTOBER 2006 WO
2004/ 2 /'EP3003/ 050126 0076WD000RDsegl i st tttgtttttt ctgtcttgca
gct gagpd@ 89 <210> 53 <211> 89 <212> DNA <213> Adenovirus type 11 <220>
<223> primer Ad35Elbpromrev

<400> 41
atgaaagcca gctcctatga g ) 21

<210> 42

<211> 19

<212> DNA

<213> Artificial

<220>
<223> primer pIXrev-Ad5

<400> 42
aggggaggaa gccttcagg 19

<210> 43

<211> 19

<212> DNA

<213> Artificial

<220>
<223> primer BSU55KF

<400> 43
aggtgggcgt agaggaatg 19

<210> 44

<211> 19

<212> DNA

<213> Artificial

<220>
<223> primer Age-pIXR

<400> 44
caagacggga tcttggcgg 19

<210> 45

<211> 102

<212> DNA

<213> Adenovirus type 2

<220>
<221> misc_feature
<223> Ad2 proximal pIX upstream sequence

<220>
<221> E1B 55K stopcodon
<222> (1D..(3)

<220>
Page 9



<221> m sc_feature <223> Adl| proxi mal pix upstream sequence() G22POBEK2Q016
E1B 55K stopcodon <222> (1)..(3) <220> <221> pix stopcodon <222>
(87)..(89) <400> 53 taaggtgagt attgggaaaa ctttggggtg ggattttcag at ggacagat

t gagt aaaaaw@oodidoi@bttttt ctgtcttgca gctgtcatg 89 <210pcHh¥re@slose2400 <212>
DNA <213> Adenavirus type 7 <220> ¢o2élg000rbsefadtir e <223> Ad7 proxi mal pix
upst r eall:segperxiece <220> <221> E16 55K stopcodon <222> (1)..(3) <220>
<221><pR3%> s(aBtcdddm <222> (98)..(100) <400> 54 taaagtaagt agtgggggca
aaat gt ggat ggggactttc aggttggtaa ggtggacaaa 60 ttgggtaaat tttgttaatt

tctgt gg%p FAFA OGeRLY 100 <210> 55 <211> 2430 <212> DNA <213> Adenovirus
type 3522;22@;)52%%3 m sc_feature <223> Ad35 E1B-pl X regi on <400> 55

<220>
<221> pIX startcodon
<222> (99)..(102)

<400> 45
tgaggtactg aaatgtgtgg gcgtggctta agggtgggaa agaatatata aggtgggggt 60

ctcatgtagt tttgtatctg ttttgcagca gccgccgecca tg 102

<210> 46

<211> 105

<212> DNA

<213> Adenovirus type 5

<220>
<221> misc_feature
<223> Ad5 proximal pIX upstream seguence

<220>
<221> EI1B 55K stopcodon
<222> (1)..(3)

<220>
<221> spl site
<222> (18)..(24)

<220>
<221> TATA_signal
<222> (45)..(51)

<220>
<221> pIX startcodon
<222> (103)..(105)

<400> 46
tgaggtactg aaatgtgtgg gcgtggctta agggtgggaa agaatatata aggtgggggt 60

cttatgtagt tttgtatctg ttttgcagca gccgcecgeccg ccatg 105

<210> 47

<211> 84

<212> DNA

<213> Adenovirus type 12

<220>
<221> misc_feature
<223> Ad12 proximal pIX upstream sequence

<220>

<221> E1B 55K stopcodon
<222> (1)..(3)
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Page 13 20 OCTOBER 2006 WD 2004/ 001032 PCT/ EP2003/ 050126 O00¥66R90arR200k1 St

aat aaaaata tgttaactgt wactggttt ttattgcttt ttgggcgggg'actcaggtat 60

at aagt agaa

gcagacct gt gt ggttagct

t gggccat t t wigmapeaeRst t aggaagact

gtctccggtt
gct ct ké&lt

t caacE&e®y §

at cccgggga

tttggagatt ctggttcgcet

pEyFreatcademt t cact tt
baddttdc tgctgctgtg
ghcatttcag caggggat ac

cat aggagct
aggcaact gt

ggctttcatc
t agagagcgc

aqiorardb@kocskgboat agt
aaacagrizt at aaacaaga atttgaaaag ttgttggtag attgcccagg

aaagaaaaag
gcttttctta
gttttggatt

ttttatcagt
cttttatatt
tcat agccac

cat ggaggt t

PETHBAO IS

ttttaggata
actttttgaa
tttagacttt
agat aaat gg

agcatt gtgg

agaacagaitaagotdqutegagentgrtgasa vhehhadgick agiaaeaant taaRaceHtt o

ggtgtagcgg

gaat cct gag gcatccaccg

caagafegAtatt cydgageceggipdyggac

tgtctcctga

tt aagaggga
t gagt cPLRg
aagtt kg1t
cagaggatiiyya
aacagt at aa
gggct gagat

tgt gg9cs3€og
at ggt kaena
ttt

tttttg
gtttcr

aatgcg 2
act gcgcttc

at aacapzmt
ggcat k2 a

tttttgadda

actgcaacgg gtgcttaccg
gggggcatcc agtggtactg
gggt cct gaa accatttggt
phAgcaggag aaatattcac
Adenpdigysgtyees & t aaaa
gat cagtaga cggattaata
ggt aat agat act caagaca

M9 ARGk at ggaagcagy

gt cat gccag
cct ccagt gg
gat ct acgtc
at gct agat c
ggcat gaggt
t ggaacaggt
attat gccaa
t ccggaat gc
agacagtt at
tcacttttgt

A9 3R0xgheT tihalupgELermisage@nrRct

caacaat acc tgtgtagatg

t att gccacagctg
gi%é%é%ﬁ@?pg gggca
atagatact ggatgtttta

ttgtggtgct tccgatgaga

pEX gtagrgcodarct gt gcat a
é%wbgéggﬂg accaagt gca

ttatgggé&p.ggagtgtaac at gaat catg

ccagag

ta

at gat gat ac gagat cgagg gt gcgcgca

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<220>
<221>
<222>

<220>
<221>
<222>

<400>

49

73

DNA

Adenovirus type 40

misc_feature

cct ggggaca
gcagaaccaa
ttct gaatga
ttttaattaa
ggccttatca
ttgtttccca
ccat gcat gc
t gaaagt gt t

cggttctgga
aggaggcgga
cact ggacgg
t gagt t ggct
t cagaaagag
gaaaacat gt
gatagctttg
ttgttacata
t agat gct gc
aaat gt t aag
tatattgcat
ggttagtgta
gagtcaattg
aggcgaagca
gggaaat gcc
aat gct cact
t caacgcaaa
aggt gggcgt
gt t ggaacca

ggaggaacag
gt agct gact
gat aggggcg
ttaagtttaa
ggaagggat g
t ggt t ggagc
aggcct gat a
t ct ggaaat g
at gat ggat a

tttaggggag
ggt t gt agct
cgggggt gt a
t ct ct gaaga
agggt ccgtc
agcgt aaagc
tgtgctggtg
aaat ggcctg
agaggaat gt
gatgcctttt

b 2R AYEFagt HUdroggedtd YRAGAGHGA EPARY8RIgdttice9RAI!

gcgaat'gcgg aggcaagcat gccaggttcc
agccggyagqutt gt ageatgyttg tac cigagatatd gagaccgga tcatttggtt attgcccgcea

Ad40 proximal pIX upstream sequence

E1R 55K stopcodon
(..

pIX startcodon
(71)..(73)

49

taagggtaag gggcggagcc tattacaggt ataaaggttg gggtagagta aaaaaaaggg

aagttacaaa atg

<210>
<211>
<212>
<213>

50

90

DNA

Adenovirus type 4

Page 11

120
2680
240
300
360
420
480
546
600
689
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1240
1800
1880

60
73



ctggagcaga gttcggatcc agtggagaag aaactgacta aggtgagtat tgggapPOCcToBERQ006age
14 20 OCTOBER 2006 WO 2004/001032 PCT/ EP2003/ 050126 0076W)000RDsegl i st
ttggggtggg attttcagat ggacagattg agtaaaaatt tgttttttct gtcttgcagc 1980
t gacat gagt wapmeadeget cttttaaggg gggagtcttc agcccttatc bOHEPBOHE3P124040

tctcccatcc tgggcaggag ttcgtcagaa toidawoogerdseyae¢égt gg at ggaagacc 2100
cgttcaaccc gccaattctt caacgctgac ctatgctact ttaagttctt cacctttgga 2160

cgcages® ccgctgccg ccgcctctgt cgccgctaac actgtgcttg gaatgggtta 2220
ctatgg % 'g%??5$at LS, Stolaat aac ccttctacac tgactcagga 2280
caagtt 56 8? g gj%???% CCc caacgtctgg gtgaactttc 2340

tcagcagg@g gccgagttgc gagtacaaac t gagt ct gct gtcggcacgg caaagtctaa 2400

at aaaaaaha (Efec atnpaad@mataaa 2430 <210> 56 <211> 2429 <212> DNA <213>
AdenovZeds t(gpe- 3D <220> <221> misc_feature <223> Adi| E1B-pl X region
<400> gg aat aaaaata tgttaactgt tcactggttt ttattgcttt ttgggcgggg act caggt at

60 af 32 oCcAd3eghet otggttaget cataggagct ggctttcatc catggaggtt 120
t gggccapis gbgyag@xgt t aggaagact aggcaactgt tagagaacgc ttcggacgga 180
gtctccggtt tttggagatt ctggttcgct agtgaattag ctagggtagt ttttaggata 240

aaacagdaet aaaacaaga atttgaaaag ttgttggtag attgcccagg acttttt 300
gctct amtqagggé@%afct&tggt9%&9@999%6@@5 863y BOP9EEA9AG TRRE EAARAY tt

t caac g cttttctta cttttatatt agataaatgg 4
atcccgggégj%%ga?ﬁ%%gét%ggg a ac ttttggatt tcatagccac agcattgtgg 4%@
agaacat gga aggttcgcaa gat gaggaca atcttaggtt actggccagt gcagcctttg 540

ggt gt agé tcctgag gcatccaccg gtcatgccag cggttctgga ggaggaacag 600
caagag h cgagagc cggcctggac cct ccagt gg aggaggcgga gt agct gact 660
tgtctc g,gat ctacgt c cact ggacgg gataggggcg 720
ttaagaggga gagg§?2§%t° ggﬁggégzgtgctagatc tgagttggct ttaagtttaa 780

<220>
<221> misc_feature
<223> sAd25 proximal pIX upstream sequence

<220>
<221> EI1B 55K stopcodon
<222> (1..(3)

<220>
<221> pIX startcodon
<222> (88)..(090)

<400> 51
tagagtgagt agtgttctdg ggcgggggag gacctgcatg agggccagaa taactgaaat 60

ctgtgctttt ctgtgtgttg cagcagcatg 90

<210> 52

<211> 89

<212> DNA

<213> Adenovirus type 35

<220>
<221> misc_feature
<223> Ad35 proximal pIX upstream sequence

<220>
<221> EI1B 55K stopcodon
<222> (1..(3)

<220>
<221> pIX startcodon
<222> (87)..(89)

<400> 52
taaggtgagt attgggaaaa ctttggggtg ggattttcag atggacagat tgagtaaaaa 60

Page 12



t gagt cgcag acgtcctgaa accatttggt ggcatgaggt tcagaaagag ggaaggg@tgogﬂﬁ2006
aagtttctgt atggcaggag aaatattcac tggaacaggt gaaaacatgt tggttggagc 90

ctgaggat ga ttgggaggtg gccattaaaa attatgccaa gatagctttg aggcctgata 960 Page
15 20 OCT 06503032 V\O 2004/ 001032 PCT/ EP2003/ 050126 0046VRPRMARHY! 1st

aacagtataa gattactaga gattaata tccgfaabforpsegifsat tctggaaatg 1020
gggct gaggt ggt aat agat act caagaca aggcagttat tagatgctgce

t gt gotttgy gyt aotatggtges gya@gcaggt aactttt gt aaat gtt aag

atggtt at aa

ttttt 6t
gttt cEptdr
aat gcapats
act gcgeiix

at aacat gat

ggcatt g@a
£

tttttg
ttat 9%%23;?1
ccagaat gag
at gat gél‘%vc
agccgg )
ct gga a
[ efefs[o}:3x1s)
t gt cakpapt
tct cceddze
cgtcca
cgcag

ct at ggaa

i &

t ggaat agag tttatggcca
égacaatacc tgt gt agatg

gttggatt gccacagctg.

bRAaagat gt aacct gggca
ndemapdtrast tggatldtttt a
ttgcggtgct tccgatgaga
tatgctggct actgtgcata

hast gffél%ge acgaagtgta

at accaaact
cct ggggaca
gcagaaccaa
ttct gaat ga
ttttgattaa
ggccttatca
ttgtttccca
ccat gcat gc

a8 20T HoxaRa i@ B et BednD 3840 it

cctaacagga atttttgaca

at cga g gtacgcgcat
%g E%é; R4%¥aagat ¢
¢ t cc agt ggagaag

attttcagat ggacagattg

PoRagEPbtost t t t aaggy
(8gycadfPag ttcgtcagaa
caattctt caacgct gac

RGILLE:

t gaacat gca
gcgaat gcgg
t cagaccgga
aaact gact a
agt aaaaat t

gggagtcttc

tgttatggga
ct at gct act

Sbedt toabhland MERREHEED K¢

Caagttﬁ@éﬁt&&ﬁcttd&ﬂﬁgcsQﬁg@ﬁggagggctttgacc

t cagcaggt g

gt cgagt t gc gagt acaaac

t gagt ct gct

tatattgcat
ggttagtgta
gagtcaattg
aggcgaagca
gggaaat gcc
aat gct cact
t caacgcaaa
aggt gggcgt
gt t ggaacca
aat ct ggaag
aggcaagcat
tcatttggtt
aggt gagt at
tgttttttct
agcccttatc
tctactgtgg

at gat ggat a

tttaggggag
ggt t gt aget
cggggatgta
t ct ct gaaga
agggt ccgec
agcgt aaagc
tgtgctggtg
aaat ggcctg
agaggaat gt
gatgcctttt
at cct gaggt
gccaggttcc
attgcccgca
t gggaaaact
gt ctt gcagc
t gacagggcg
at ggaagacc

ttaagttctt cacctttgga
A AL
CCcC cagga 2
caacgtctgg gt gaactttc
gt cggcacgg caaagt ct aa

1080
1840
1200
1260
1320
1380
1440
1500
1560
1620

1680

1740
1800
1860
1920
1980
2040
2100
2160

5o

2840
2400

57 <211> 2426 <212> DNA

at aaaggf&t

<211>
<212>
<213>

. <220>
<221>
<223>

<220>
<221>
<222>

<220>
<221>
<222>

<400>

%icagaatca at gaat aaa 2429 <210>

100
DNA
Adenovirus type 7

misc_Teature

Ad7 proximal pIX upstream sequence

E1B 55K stopcodon
D..(3)

pIX startcodon
(98)..(100)

54

taaagtaagt agtgggggca aaatgtggat ggggactttc aggttggtaa ggtggacaaa

ttgggtaaat tttgttaatt tctgtcttgc agctgccatg

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

55

2430

DNA

Adenovirus type 35

misc_feature
Ad35 E1B-pIX region

55

Page 13
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<213> Adenovirus type 7 <220> <221> misc_feature <223> AdAREOBTOBKRROGS ON
<400> 57 aataaaatta tgtcagctgc tgagtgtttt attacttctt gggtggggtc ttggatatat
60 Page 16 20 OCTOBER 2006 WD 20041001032 PCT/ EP2003/ 050126

0076W000RQ&LRbsdl 032 220t aggagec agat ct gt gt ggttagct ca capeppploboseizgccat cca
tggaggtttg 120 ggctatcttg gaagacctgmedasRikdskgdigct act acta gaaaacgect

cggacggegiaabdd t@itahaoget Wealcgggoet ttahtigittegot sy dogatesagtigg@gct agbgt
ttaggat aaa 240 acaggactac agggaagaat ttgaaaagtt attggacgac attccagssc
t

tttttERRALI008 9%3RCEEGT 19 I9YEaaEE £3¢2893q¢ Tt 99GE (YFA§aYeAHRIBLhL ca
2t saardadcEatly dREhEELOhadilanr D Sl D A bt o A Soaged

tcag
ctttgbhugegabit taagayagaaggyetecgecaggghgaggacaaiggriagtgattiagghggccagugce
agcctctggg 540 agtagcaggg at act gagac acccaccgac cat gccagcg gttctgcagg
aggagéageasgned amga&aaattéegamg@gtaw@gga tICe@9ggR Geoed tgant agépaa
cctgt > t C g aca g
cat nSbECHrBY tERRCRICANL AL BEL Aol AERLCLECL BRETOLRRARPP DT AL
aat gagesfecctl8y gegpedt§etthgety el daatgtggeat gag Hatrtagfoetatgggcaggga
tgaagtttca 840 atattgcagg agaaatattc actagaacaa cttaagacct gttggttg a
acct ga§gesIwge CyRtt§gaagRrAaoggatas tHGtEggattat grE2gr4g4t ageattatgaggcd ga
t aaacaatat_,960 _agaattacta .agaagatt at t.agaaat gcat gc cag a
P N A 2 GRS B iR g N e
t at gt ggegeagtdgOgaieeahh gt sch tecat 69 andat galagacggt tctjgdagdaidaacagt t t &gagg
ggatgggtat 1140 aatggcattg tatttatggc taacactaag ctgattctac atggttgtag
ct t t t €CRAgRPIEZE0CEadngafa st ay ccFogRetCHyaCagiact gg@wmaggtwtgaggagg@gﬂt g

tagtttttat 1260 cat gct gga cpacatc,aqggta t g aagagtcaqgt tgtct aa
gaaat %gé?ﬁc%gioac&ctaﬁga%%gCéﬁ:gﬁﬁ%tqaéﬁt%(gﬂgc?8%%3398?@%@395 agggégcg
ccact g@ﬂ&g@ag%%ﬁoga@@ka@wa@b&g@&a@@g %@tt&g?etttc%?@g&g@%@gg@&@gtt&tasagt gkgaa
gcat aatatg 1440 ‘atctgtggac attcggatga gaggccitat cagatgctaa cctgcgctgg
t ggacapagecaragacgtaicapaataqragtagettagcat gaaatrgt cagrnragaygestrpagasgaaatdfcc

tgtat%%g%%%é%ggoattgcaggag aaatattcac tggaacaggt gaaaacatgt tggttggagc 900
cagaggatga ttgggcggtg gccattaaaa attatgccaa gatagctttg aggcctgata 960
aacagtataa gatcagtaga cggattaata tccggaatgc ttgttacata tctggaaatg 1020
gggctgaggt ggtaatagat actcaagaca agacagttat tagatgctgc atgatggata 1080
tgtggcctgg agtagtcggt atggaagcag tcacttttgt aaatgttaag tttaggggag 1140
atggttataa tggaatagtg tttatggcca ataccaaact tatattgcat ggttgtagct 1200
tttttggttt caacaatacc tgtgtagatg cctggggaca ggttagtgta cgggggtgta 1260
gtttctatgc gtgttggatt gccacagctg gcagaaccaa gagtcaattg tctctgaaga 1320
aatgcatatt ccaaagatgt aacctgggca ttctgaatga aggcgaagca agggtccgtc 1380
actgcgcttc tacagatact ggatgtttta ttttaattaa gggaaatgcc agcgtaaagc 1440
ataacatgat ttgtggtgct tccgatgaga ggccttatca aatgctéact tgtgctggtg 1500
ggcattgtaa tatgctggct actgtgcata ttgtttccca tcaacgcaaa aaatggcctg 1560
tttttgatca caatgtgttg accaagtgca ccatgcatgc aggtgggcgt agaggaatgt 1620
ttatgcctta ccagtgtaac atgaatcatg tgaaagtgtt gttggaacca gatgcctttt 1680
ccagaatgag cctaacagga atctttgaca tgaacacgca aatctggaag atcctgaggt 1740
atgatgatac gagatcgagg gtgcgcgcat gcgaatgcgg aggcaagcat gccaggttcc 1800
agccggtgtg tgtagatgtg accgaagatc tcagaccgga tcatttggtt attgcccgca 1860
ctggagcaga gttcggatcc agtggagaag aaactgacta aggtgagtat tgggaaaact 192b

Page
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cataatgtga ttaccaagtg
t accagt gt a acat gaatca
agcgt aacag gaatctttga

act aaaccaawagmbhgaaeac

caccat gcat ataggtggtc gcaggggaat gttt az@Ocros8RQ006
t gt gaaggt a at gttggaac cagatgcctt ttccagagtg 1680
tatgaatatt caactatgga agatcctgag atatgatgac 1740
at gcgaat gc ggaggcaagc atgctagatt scpegp»EHisg128300

tgcgtggatg tgactgaaga cctgaggccc gajorawbd@kosagiigect g cact ggagcg 1860
gagttcggtt ctagtggtga agaaactgac taaagtaagt agtgggggca aaatgtggat 1920 Page

17 20 tORuORERY 2008 tC@n P OpA/Cce0a 03P aptAz R0 89 UETLX6 t 0ge g8 0 RDs d§B9st
ggggactitc aqggttagtaa 'W aaa tt t aaat ttaafl:tctatcttgce 0
a0t gEearroagr ditiReRictl (Tt egtod STRRETs boocyiRh idiyltlgg Belo
caggciee€eccateal @eaggagHticgitegadagtoitjod feedcrgyJatdprigaasag 22500
acccgtccag cccgccaatt cctcaacgct gacctatgcc actttgagtt cgtcaccatt 2160
ggat géagteaagea gt gt §Ctt Arrgochdas gragecsdt htaratdettgereriitygget a 24890

ttacggaagc ,attgttgcca attccagtte ctctaataat ccitcaaccc tgqct a 0
cangoFAETHCgrR A EReed (Rt ehEoh sObRTeaRe ata il st atedr e 220
t aagc gt ghage CAtgtgec gh dAGcraattd dratad ikl aEt@aaRaItFAARAGGhAa 22400
at aaagat ct caaatcaata aataaa 2426 <210> 58 <211> 240 <212> <213>

Adeno¥aagistacypegtkr ttE2@0@>CcRRLEgPd YgCtbgance ca2Betydi atgaaxtCONA 2840ence
<400> 58 cgactggagc acgaggacac_tgacatggac tgaaggagta gaaatcattt ggttattgcc
50 o5Eant LY TaRg g P AL AN T e B (A AR ke Bag gl 190
aacgchigidadabh 22099999229 £dgaadgasct tat ct ga cagggegtct cccatcctgg 24388

gcaggagttc gtcagaatgt tatgggatct actgtggatg gaacacccgt tcaacccgcc 240 <210>

59 <211> 227
56

<212> DNA <213> Adenovirus type 35

<210>

<211> 2429

<212> DNA

<213> Adenovirus type 11

<220> ‘

<221> misc_feature

<223> Adll E1B-pIX region

<400> 56

aataaaaata tgttaactgt tcactggttt ttattgcttt ttgggcgggg actcaggtat 60

ataagtagaa gcagacctgt gtggttagct cataggagct ggctttcatc catggaggtt 120

tgggccattt tggaagacct taggaagact aggcaactgt tagagaacgc ttcggacgga 180

gtctccggtt tttggagatt ctggttcgct agtgaattag ctagggtagt ttttaggata 240

aaacaggact ataaacaaga atttgaaaag ttgttggtag attgcccagg actttttgaa 300

gctcttaatt tgggccatca ggttcacttt aaagaaaaag ttttatcagt tttagacttt 360

tcaaccccag gtagaactgc tgctgctgtg gettttctta cttttatatt agataaatgg 420

atcccgcaga ctcatttcag caggggatac gttttggatt tcatagccac agcattgtgg 480

agaacatgga aggttcgcaa gatgaggaca atcttaggtt actggccagt gcagcctttg 540

ggtgtagcgg gaatcctgag gcatccaccg gtcatgccag cggttctgga ggaggaacag 600

caagaggaca acccgagagc cggcctggac cctccagtgg aggaggcgga gtagctgact 660

tgtctcctga actgcaacgg gtgcttactg gatctacgtc cactggacgg gataggggcg 720

ttaagaggga gagggcatct agtggtactg atgctagatc tgagttggct ttaagtttaa 780

tgagtcgcag acgtcctgaa accatttggt ggcatgaggt tcagaaagag ggaagggatg 840

aagtttctgt attgcaggag aaatattcac tggaacaggt gaaaacatgt tggttggagc 900

ctgaggatga ttgggaggtg gccattaaaa attatgccaa gatagctttg aggcctgata 960
Page 15



<220> <221> m sc_feature <223> Ad35 pl X CDNA sequence <400>%@EOcT68ER20D06.C
at ggact gaa ggagtagaaa atcatttggt tattgcccgc actggagcag 60 agttcggatc
cagt ggagaa gaaact gact aagctgacat gagtggaaat gcttctttta 120 aggggggagt

ctt cagccct wiodosd/@ag3ad ggcgtctccc atcctgggca ggagttcgt c pEHepRaA@bakt at
gggat ct act gtggat ggaa ga gttca acRygweodakbseg2iSe <211> 289 <212> DNA

<213>aAdsymatah Ugatitaeeada tddt2 @ cogdanide 2066ta 0Odd3Ah@g2 1020
PCT/ EP2003/ 050126 0076WD000RDsegl i st <220> <221> m sc_feature <223>

wi | d- OYBELIRags IHATEAGRT RCIIRGACH AGUCYLIRT £39at0qLeC BFOATIPASa 6 H080( 138)
<220> | ( 4 > t ggt

Catt giREiRb M CACBoE dtodaadtdy LafbleelohiBharattads, B AIGRRE Don4g

t t gggatgactaithh gOpHaggggat tidatggacd @gacegaidt gagatiraat gd:@@ta@t:gt t tI2100cC

RAIUSTICE IR, NI e
ggtTggg?g@&ﬁggf)%g?cﬁc@ﬁ@%é&é&‘c&ﬁ&t& GRAGIS GGt g Bl ighliga294320212>
aatgcatatt tcaaagatgt aacctgggca ttctgaatga aggcgaagca agggtccgcce 1380
actgcgcttc tacagatact ggatgtttta ttttgattaa gggaaatgcc agcgtaaagc 1440
ataacatgat ttgcggtgct tccgatgaga ggccttatca aatgctcact tgtgectggtg 1500
ggcattgtaa tatgctggct actgtgcata ttgtttccca tcaacgcaaa aaatggcctg 1560
tttttgatca caatgtgatg acgaagtgta ccatgcatgc aggtgggcgt agaggaatgt 1620
ttatgcctta ccagtgtaac atgaatcatg tgaaagtgtt gttggaacca gatgcctttt 1680
ccagaatgag cctaacagga atttttgaca tgaacatgca aatctggaag atcctgaggt 1740
atgatgatac gagatcgagg gtacgcgcat gcgaatgcgg aggcaagcat gccaggttcc 1800
agccggtgtg tgtagatgtg actgaagatc tcagaccgga tcatttggtt attgcccgca 1860
ctggagcaga gttcggatcc agtggagaag aaactgacta aggtgagtat tgggaaaact 1920
ttggggtggyg attttcagat ggacagattg agtaaaaatt tgttttttct gtcttgcagc 1980
tgtcatgagt ggaaacgctt cttttaaggg gggagtcttc agcccttatc tgacagggcg 2040
tctcccatec tgggcaggag ttcgtcagaa tgttatggga tctactgtgg atggaagacc 2100
cgtccaaccc gccaattctt caacgctgac ctatgctact ttaagttctt cacctttgga 2160
cgcagctgca gctgcecgecg ccgcttetgt tgccgctaac actgtgettg gaatgggtta 2220
ctatggaagc atcatggcta attccacttc ctctaataac ccttctaccc tgactcagga 2280
caagttactt gtccttttgg cccagctgga ggctttgacc caacgtctgg gtgaactttc 2340
tcagcaggtg gtcgagttgc gagtacaaac tgagtctgct gtcggcacgg caaagtctaa 2400
ataaaaaaat cccagaatca atgaataaa 2429

<210> 57

<211> 2426

:%%%: Rgénovirus type 7

<220> ]

§§§%§ Xé?cEigﬁgg;eregion

<400> 57

aataaaatta tgtcagctgc tgagtgtttt attacttctt gggtggggtc ttggatatat 60
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<220> <221> M SC FEATURE <223> ani no aci d sequence of the E20Dt$0BrrRR2006 Of
Ads <400> 61 Met Thr Thr Ser Ay val Pro Phe Ay Met Thr Leu Arg Pro Thr
Arg 15 10 15 ser Arg Leu Ser Arg Arg Thr Pro Tyr Ser Arg Asp Arg Leu Pro

Pro 20 25 @@ 00®16ku Thr Gu Thr Arg Ala Thr Il e Leo Garfeiaodiiseizbr o Leu

Leu 35 40 45 Pro Gu Cys Asn Thr lepedbooddisel fstAsn Val Ser Tyr Val Arg
@y 50 55 60 Leu Pro cys ser Val Ay Phe Thr Leu Ile An du Trp Val Va
Pro 8&&tAQgdAsC SyatTiptgs wavtagstda Eegca&ﬂ‘ttgr gta¥aatcra tggaggartgl e 020 Arg
Lys 8 95 Met_ His Val S ys.Ala Asn Ile As |l e Thr
sor niCTREIE0 1B L AR VO GOLYF AT 6 2PB8D1 26 LE0
0076V£EE¥§?@&€€'ﬁgﬁagieﬁcﬁiﬂﬁticg@&ﬁg kb@t&ﬁé@d@ X?gaﬁag@bﬁ SigghtRadl @ bgo H s
Cys Hi s s ser Ser 115 120 125 Pro ser Leu Ancys Ile Ala dy Ay dn
val Lacro§agtaeragngadagaldn trygagagrt pméggsa@aweatwagva: Peirtorggnl a B8P Phe

LR TER ML RSP TENECRS KL W I MR M

e BRSOt et Ractimod fesi e iy Guhsgdy oSy Ve

Leu Asogdsnatt ecadtitcegta ng@yscgfygttggatttc atagcagcag ctttgtggag 480
aacatggaag gctcgcagga tgaggacaat cttagattac tggccagtgc agcctctggg 540
agtagcaggg atactgagac acccaccgac catgccagcg gttctgcagg aggagcagca 600
ggaggacaat ccgagagccg gcctggaccc tccggtggag gagtagctga cctgtttcct 660
gaactgcgac gggtgcttac taggtctacg accagtggac agaacagggg aattaagagg 720
gagaggaatc ctagtgggaa taattcaaga accgagttgg ctttaagttt aatgagccgc 780
aggcgtcctg aaactgtttyg otggcatgag gttcagagcg aaggcaggga tgaagtttca 840
atattgcagg agaaatattc actagaacaa cttaagacct gttggttgga acctgaggat 900
gattgggagg tggccattag gaattatgct aagatatctc tgaggcctga taaacaatat 960
agaattacta agaagattaa tattagaaat gcatgctaca tatcagggaa tggggcagag 1020
gttataatag atacacaaga taaagcagct tttagatgtt gtatgatggg tatgtggcca 1080
ggggttgtcg gcatggaagc aataacactt atgaatatta ggtttagagg ggatgggtat 1140
aatggcattg tatttatggc taacactaag ctgattctac atggttgtag cttttttggg 1200
tttaataata cgtgtgtaga agcttggggg caagttagtg tgaggggttg tagtttttat 1260
gcatgctgga ttgcaacatc aggtagggtg aagagtcagt tgtctgtgaa gaaatgcatg 1320
tttgagagat gtaatcttgg catactgaat gaaggtgaag caagggtccg ccactgcgca 1380
gctacagaaa ctgcctgctt cattctaata aagggaaatg ccagtgtgaa gcataatatg 1440
atctgtggac attcggatga gaggccttat cagatgctaa cctgcgctgg tggacattgc 1500
aatattcttg ctaccgtgca tatcgtttca catgcacgca agaaatggcc tgtatttgaa 1560
cataatgtga ttaccaagtg caccatgcat ataggtggtc gcaggggaat gtttatgecct 1620
taccagtgta acatgaatca tgtgaaggta atgttggaac cagatgcctt ttccagagtg 1680
agcgtaacag gaatctttéa tatgaatatt caactatgga agatcctgag atatgatgac 1740
actaaaccaa gggtgcgcgc atgcgaatgc ggaggcaagc atgctagatt ccagccggtg 1800
tgcgtggatg tgactgaaga cctgaggccc gatcatttgg tgcttgcctg cactggagcg 1860
gagttcggtt ctagtggtga agaaactgac taaagtaagt agtgggggca aaatgtggat 1920
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210 215 220 Ser Tyr Cys Ala Asp Leu Ser Gu lle Arg Val Ar¢er&EtrAbee Ard
225 230 235 240 Arg Thr Arg Arg Leu Met Leu Arg Ala Val Arg Ile Tie Ala Qu
G u 245 250 255 Thr Thr Ala Met Leu Tyr Ser Cys Arg Thr Gu Arg Arg Arg A n
A n 260 269 40déo3e |le Arg Ala Leu Leu G n H's H s Argefd®oddBokelU Met Hi s
Asp 275 280 285 Tyr Asp Ser Thr Bp9ehbiooRBeqriz0> 62 <211> 299 <212>
PRT <@dgirachAgenaygtitggtas SE35ga 220 tgdrbaall SEgeEATURE 3232t gdn nessei d
sequence of the E4-Orf6 protein of Ad35 <400> 62 Page 20 20 OCTOBER 2006
WO 20889196 £852 WﬂEﬁ@%@IGS@E@@%GQW@R%@@EFgFt MHCt9aFae9 y 23R40 Asn se

pr o 1530k E5F Rt aBgad gt oarch alftarrd doateachl ol L I S ury®
Al a Sad:cdg&tca'@rccﬁguc&@u Idlcscatctgdtegatewtg&ﬁ dcxt4gafro ArgacygattAsp2I60 Met

Thr Met His Ser Val Ser cys Val g 50 55 60 Leu Pro Cys Ser_Al a Ser
Phe T?ﬂa“&§ﬁ9EEnBQ§gﬁC9¥@9l9§QCF?%ﬁ9q 9F¥QFC365 ErILSCEBY AATIAIETARt 2PRR Leu

Asn P{fhéagﬂag%thﬂf%thééhlét@c@@ﬁtf@'gté%ékfgﬁﬁ é%%f%gagéc tggctgagga 2280
caagctactt gttctcttgg ctcagctcga ggccttaacc caacgcttag gcgaactgtc 2340
taagcaggtg gcccagttgc gtgagcaaac tgagtctgct gttgccacag caaagtctaa 2400

ataaagatct caaatcaata aataaa 2426

<210> 58

<211> 240

<212> DNA

<213> Adenovirus type 11

<220>
<221> misc_feature
<223> Adll pIX cDNA sequence

<400> 58
cgactggagc acgaggacac tgacatggac tgaaggagta gaaatcattt ggttattgcc 60

cgcactggag cagagttcgg atccagtgga gaagaaactg actaagctgt catgagtgga 120
aacgcttctt ttaagggggg agtcttcagc ccttatctga cagggcgtct cccatcctgg 180

gcaggagttc gtcagaatgt tatgggatct actgtggatg gaacacccgt tcaacccgec 240

<210> 59

<211> 227

<212> DNA

<213> Adenovirus type 35

<220>
<221> misc_feature
<223> Ad35 pIX CDNA sequence

<400> 59
ggacactgac atggactgaa ggagtagaaa atcatttggt tattgcccgc actggagcag 60

agttcggatc cagtggagaa gaaactgact aagctgacat gagtggaaat gcttctttta 120
aggggggagt cttcagccct tatctgacag ggcgtctccc atcctgggca ggagttcgtce 180
agaatgttat gggatctact gtggatggaa gacccgttca acccgcec 227
<210> 60

<211> 289

<212> DNA
<213> Adenovirus type 35
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Met His Leu Cys Leu Cys Cys Ala Thr Ile Asp Il e Phe H s ser 48 OcTtd88r12086 110
Val Ile Hs Ay Arg Qu Asn Trp Val Leu Hs Cys Hs Cys Asn A n 115 120 125
G@n @y ser Leu An Cys Met Ala Ay Ay Ala Val Leu Ala Val Trp 130 135 140
Phe Arg LYWo%b4/d0h(%2|—eU Ay Cys Met Ile Asn A n Arg Cyspd¥Brabbansorad> 150 155
160 Tyr Arg G n Ile Val Asn Met HI(ﬁ)Mﬁéod%IR@sEMﬁﬁU e Met Tyr Val 165 170
175 dvy Ser Val Phe Leu Arg GQu Arg H's Leu Ile Tyr Ile Lys Leu Trp 180

185 190 Tyr Asp Gy Hs Ala Ay Alalle Ile Ser Asp Met Ser Phe Ay Trp 195

200 e% e igrAsn Tyr dy Leu Leu Asn Asn Ile Val Ile Met Cys Cys 210
215 Sl%-ryﬁ %{I e Arg Met Arg Cys Cys Ala Hi s
225 32>3 §%§9eh %e%dlggu Arg Ala lle Lys Ile Met Leu G n

A u 24p2®50 255 Page 21 20 CETCBER 2006 WD 2004/ 001032 PCT/ EP2003/ 050126
0076VWOJDRDTRYrdst  Thr Val Asp Pro Asp Pro Ile Asn ser ser Arg Thr Au Arg
Arg ARgR2>2666255 (33D An Arg-Leu Leu Val Gy Leu Met Arg His Asn Arg Pro lie
Pro ng%g 275 280 285 Ser Asp Tyr Asp Ser His Arg Ser Ser Ser Arg 290 295

<210>_ <2;;grg&gon<gf,g> PRT <213> Adenovirus type 5 <220>
<222> (146)..(148)
<400> 60
atcatttggt tattgcccgc actggagcag agttcggatc cagtggagaa gaaactgact 60

aaggtgagta ttgggaaaac tttggggtgg gattttcaga tggacagatt gagtaaaaat 120
ttgttttttc tgtcttgcag ctgacatgag tggaaatgct tcttttaagg ggggagtctt 180
cagcccttat ctgacagggc gtctcccatc ctgggcagga gttcgtcaga atgttatggg 240
atctactgtg gatggaagac ccgttcaacc cgccaattct tcaacgetg 289
<210> 61
<211> 294

<212> PRT
<213> Adenovirus type 5

<220>
<221> MISC_FEATURE
<223> amino acid sequence of the E4-orf6 protein of AdS

<400> 61
I\lllet Thr Thr Ser Gly val Pro Phe Gly Mgt Thr Leu Arg Pro 11'hr Arg
5 1 5

Ser Arg Leu Ser Arg Arg Thr Pro Tyr Ser Arg Asp Arg Leu Pro Pro
20 25 30

Phe Glu ;‘hr Glu Thr Arg Ala ZI(';r' Ile Leu Glu Asp His Pro Leu Leu
5 ‘ 45

Pro Glu Cys Asn Thr Leu ;gr Met His Asn val ggr Tyr val Arg Gly
50

Leu Pro Cys Ser val Gly Phe Thr Leu Ile GIn Glu Trp val val Pro
65 70 75 80

Trp Asp Met val Leu Thr Arg Glu Glu LSU val Ile Leu Arg Lys Cys
85 9 . 95

Met His val Cys Leu Cys Cys Ala Asn Ile Asp Ile Met Thr Sér Met
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<221> m sc_feature <223> am no acid sequence of the E4-orf 620 @CcoOBER2006 AdS
<400> 63 Met Thr Thr ser Ay Val Pro Phe Ay Met Thr Leu Arg Pro Thr Arg 1
5 10 15 Ser Arg Leu Ser Arg Arg Thr Pro Tyr Ser Arg Asp Arg Leu Pro Pro 20
25 30 Phewglgoah9iozsd u Thr Arg Ala Thr Ile Leu G u Asp gd1gef2o@ob@s Leu 35
40 45 Pro G u Cys Asn Thr Leu Thr MeyelbGook®Bedd Estlrg@Thr Ser Pro 5er 50 55
60 Pro Pro Val 0pgs G n Pro G n VabsA@y @n Gn Prol¥al Ala An Gn 65 70
75 80 Leu Asp Ser Asp Met Asn Leu Ser Qu Leu Pro Ay Gu Phe Ile Asn 85 9D
95 1] e r Arg-lLeu Ala Ar n G.u IThr Val _Trp. Asp ILle Thr 100 105
120 St e AT o TSR P il Y ol DS 2 sor 115 120
125 Arg Quy u Arg Thr VvVal Tyr 5er val Cys Trp udy dy Ay Arg 130 135
140 Leu Asn Thr Arg Val Leu 145 150 Page 22 20 OCTOBER 2006 WD 2004/001032
PCT/ EP2O 3059 26U08 6 \DG0 S RDsel 63y G 8B Paﬂ Lpuiala Ser EpR2> PRT <213>
Adenovird§0type 35 <220> 4321> m sc_feature 23> amino acid sequence of
the E4-orf6+7 protein of Ad35 <400> 64

Phe Arg Met val val Asp Gly Ala Met Phe Asn GIn Arg Phe Ile Trp
145 150 ' 155 160

Tyr Arg Glu val val Asn Tyr Asn Met Pro Lys Glu val Met Phe Met
165 170 175

Ser Ser val Phe Met Arg Gly Arg His Leu Ile Tyr Leu Arg Leu Trp
180 185 19

Tyr Asp Gly His val Gly Ser val val Pro Ala Met Ser Phe Gly Tyr
195 200 205

Ser Ala Leu His Cys Gly Ile Leu Asn Asn Ile val val Leu Cys Cys
210 215 220

Ser Tyr Ccys Ala Asp Leu Ser Glu Ile Arg val Arg Cys Cys Ala Arg
225 230 235 240

Arg Thr Arg Arg Leu Met Leu Arg Ala val Arg Ile Ile Ala Glu Glu
245 250 255

Thr Thr Ala Met Leu Tyr Ser Cys Arg Thr Glu Arg Arg Arg Gln Gln
260 265 270

Phe Ile Arg Ala Leu Leu GIn His His Arg Pro Ile Leu Met His Asp
275 280 285

Tyr Asp Ser Thr Pro Met
290

<210> 62

<211> 299

<212> PRT

<213> Adenovirus type 35

<220>
<221> MISC_FEATURE
<223> amino acid sequence of the E4-orf6 protein of Ad35

<400> 62
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Met Ser Gy Ser Asn Ser Ile Met Thr Arg Leu Arg Ala Arg Ser 300ctdBER 20045
Ser Cys Ala Arg His H's Pro Tyr Thr Arg Ala A n Leu Pro Arg Cys 20 25 30
Gu Gu Asn Au Thr Arg Ala ser Met Thr Qu Asp His Pro Leu Leu 35 40 45

Pro Asp CywoAsewobius2 Met Thr Met His Ser Met Thr Val |1 epdakp2868i050128 55 60

Pro Gu ser H's Pro @n Leu AsmpoPsmodddkoSeq1Na uLys Asp 65 70 75 80
Tyr Avgt/sapr Ay ddreAkes Tel MetTmhrAsy Rea Arg AlauAP™y el ghBer 85 90 95
G u Thr val Trp Asn3val A u ser Lys Met Ser Ile Serl5Asn Gy 100 105 110

Ile G n Met Phe Lys Ala Val Arg Gy Qu Arg Leu Val Tyr 5er Val 115 120 125
Lys Tepr Qyd Ry A?)gyn%wawblﬁer WhrTREg A9 &12 Le@Upldhrl3Ryd40 <210> 65
<211> 150° <212>»0PRT <213> Artifizsi al <220> <223>3@am no aci d sequence of
the E4-orf6+7 fusion protein from Ads and Ad35 <400> 65 Met Thr Thr Ser Qy
Val Pr&chtZ]le Gy Met_Thr Lau_Arg Pro Thr Ar 1 5,10 15 Pa%e 23 20 OCTOBER
2006 Gl FB0AEHEIBRENBATERIB0RHHSES 'b&ﬂgv@%(bgés&j?llset” 8dr Arg Leu Ser
Arg Arg Thr o Tyr Ser Arg Asp Arg Leu Pro Pro 720 25 30 Phe A u Thr Qu
Thr Arg Ala Thr Ile Leu Qu Asp H's Pro Leu Leu

Pro /g(s)p Cys Asp Thr Met ‘ghr Met His Ser val ggr Cys val Arg Gly

Leu Pro Cys Ser Ala Ser Phe Thr val Leu GIn Glu Leu Pro Ile Pro
65 70 75 80

Trp Asp Met Phe Eeu Asn Pro Glu Glu Lgu Lys Ile Met Arg Srg Cys
5 9 5

Met His Leu Cys Leu Cys Cys Ala Thr Ile Asp Ile Phe His Ser Gln
100 105 ; 110

val Ile His Gly Arg Glu Asn Trp val Leu His Cys His Cys Ash Gln
115 120 125

GIn Gly Ser Leu GIn Cys Met Ala Gly Gly Ala val Leu Ala val Trp
130 135 140

Phe Arg Lys val Ile Leu Gly Cys Met Ile Asn GIn Arg Cys Pro Trp
145 150 155 160

Tyr Arg GIn Ile val Asn Met His Met Pro Lys Glu Ile Met Tyr val
165 170 175

Gly ser val Phe Leu Arg Glu Arg His Leu Ile Tyr Ile Lys Leu Trp
180 185 190

Tyr Asp Gly His Ala Gly Ala Ile Ile Ser Asp Met Ser Phe Gly Trp
195 200 205

Ser Ala Phe Asn Tyr Gly Leu Leu Asn Asn Ile val Ile Met Cys Cys
210 215 220

Thr Tyr cys Lys Asp Leu Ser Glu Ile Arg Met Arg Cys Cys Ala His
225 230 235 240

Arg Thr Arg Lys Leu Met Leu Arg Ala Ile Lys Ile Met Leu GIn Glu
245 250 255
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35 40 45 Pro @Qu Cys Asn Thr Leu Thr Met His Asn Ala Trp Tho GeroBkp2666 50
55 60 Pro Pro Val Lys An Pro @n Val Ay G@n Adn Pro Val Ala @dn dn 65
70 75 80 Leu Asp 5er Asp Met Asn Leu Ser Qu Leu Pro Ay GQu Phe Ile Asn 85
90 95 Il ewdhoosdefessd u Arg Leu Ala Arg G n A u Thr Val pomxpdediiosdies Thr 100
105 110 Pro LyS Asn Met Ser Val Thooréwooderodd&j1iMet Lou Phe Lys Ala Ser 115
120 125 Arg Ay Gu Arg Thr Val Tyr ser Val Lys Trp Qu dy Ay @y Lys 130
135 1d0 val e‘\sphgggmsmﬁ’gm Ite A58 %155 SEF0ARG g r261u g;g Arg Arg

Gln Arg Leu Leu val Gly Leu Met Arg His Asn Arg Pro Ile Pro Phe
275 280 285

Ser Asp Tyr Asp Ser His Arg Ser Ser Ser Arg
290 295

<210> 63

<211> 150

<212> PRT

<213> Adenovirus type 5

<220>
<221> misc_feature
<223> amino acid sequence of the E4-orf6+7 protein of Ad5

<400> 63
Tet Thr Thr Ser §1y val Pro Phe Gly Mgt Thr Leu Arg Pro Ihr Arg
1 5

Ser Arg Leu Ser Arg Arg Thr Pro Tyr Ser Arg Asp Arg Leu Pro Pro
20 25 30

Phe Glu g?r Glu Thr Arg Ala Igr Ile Leu Glu Asp ggs Pro Leu Leu

Pro Glu Cys Asn Thr Leu Thr Met His Asn Ala Trp Thr Ser Pro Ser
50 55 60

Pro Pro val Lys GIn Pro Gln val Gly Gln G1ln Pro val Ala Gln Gln
65 70 75 80

Leu Asp Ser Asp Met Asn Leu Ser Glu Leu Pro Gly Glu Phe Ile Asn
85 90 95

Ile Thr Asp Glu Arg Leu Ala Arg Gln Glu Thr val Trp Asn Ile Thr
100 105 110

Pro Lys Asn Met Ser Val Thr His Asp Met Met Leu Phe Lys Ala Ser
115 120 125

Arg Gly Glu Arg Thr val Tyr Ser val Cys Trp Glu Gly Gly Gly Arg
130 135 140

Leu Asn Thr Arg val Leu
145 150
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