WO 2005/ 042728 PCT/ EP20041052789 -1 Immortalized Avian Cell Lines for Virus
Production The present invention relates to inmmortalized avian cell |ines
suitable for production of biologicals or viruses for vaccination. In

parti cul ar, wdmozet2sl i nes are derived fromprimary cel berwhioodrsaise
transformed with at least two viral or cellular genes, one of which causes
cell cycle progression whereas the other interferes with innate protective

mechani snms of the cell induced by dysregulated replication. The invention
noreover relates to the production of said immortalized cell |ines and
their use for producing biologicals or viruses for vaccination. Background
Enbryonat ed chi cken eggs still are one of the main substrates for the
production of man vaccines. JThey.are aple to support the replication of a
wi de range of %ﬁ@ﬁf@i‘a%gﬁ"m EGW‘U?@ .°r$ﬂ'i"§ Pé'BaEE'r?%'Pn i ncl udes attenuat ed
viruses, i.e. defective viruses that have inpaired potential to replicate

in human or mammualian cells and can thus be used as vacc'bnes. At t enuati on

can be TgerursanEdnRnting; rlalende imedplized Ryian sek Jinge sutaBikpffonat ed eggs.

Chi ckenP_rdaq&%nuave@IorBQir:amWu&@@fdrn@c@m@um PBriieURE, the @Arifneéied to be free
of a derined set of viral and bacterial contam nation (specific

pat hogedts Aeriveg frogppyimagprelisayijen arestransiermed| véth eblepstobweeYitdl & suppl i ers.
The bro jneabd 4 i I j I has kept this
atrat cqu u EnEg e by WA Ealgf e I PREIILR WhERRS HF RS en and

enbr yonit@rfereg yih innatepiptective eneghanisas otiesell ingueed by dysseawdt@dof t he cost of

vacci Negan|i he r I Sl {d 0 +§O0Rtd N ) ent.giyn SPF fl ocks
conpl et g‘?pﬁ}‘[‘fé‘é g‘?@p@%, ﬁ'l(])gognsmg\;leyé%&wgragé\?i (Egn@{eéd @h%éeﬁropo ifcrsagut br eaks of

di seaseimmogglized | el Kines Andatheimesd far praduaig bivlagitatsaoe irusrs fort he SPF

suppl i ey, ééﬁ{a-h&jl es that the parental chickens for the enbryonated eggs used
to mandfACrure the vaccine | ot were conpletely free of any disease. This
uncertainty adds a significant cost to the preparation of these vaccines. In
pandem Ba 'drpﬁhhons wi th sudden need for a particular vaccine (e.g.

i nfl uenza?Ik e supply of SPF eggs may be severely limted. In addition, the
| ar ge- sEmbeyon@c2QhckONgREIRETE B2 60HhE 08T 8@hstrates for the production

of human vaccines. They are able to support the replication of a wide range of
human and animal viruses. This spectrum includes attenuated viruses, i.e.
defective viruses that have impaired potential to replicate in human or
mammalian cells and can thus be used as vaccines. Attenuation can be
generated or maintained by continuous passage in embryonated eggs. Chicken
eggs used for human vaccine production must be certified to be free of a defined
set of viral and bacterial contamination (specific pathogen-free or SPF). SPF
eggs are available from commercial suppliers. The broad applicabiiity and a long
international track record has kept this strategy alive despite clear
disadvantages:

SPF flocks of chicken ahd embryonated eggs are expensive and can constitute
up to 40% of the cost of vaccines. Furthermore, it is difficult to continually
maintain SPF flocks completely free of pathogens which is evidenced by periodic
outbreaks of disease in SPF flocks. A vaccine lot cannot be reieased untif the SPF
- supplier verifies that the parental chickens for the embryonated eggs used to
manufacture the vaccine lot were completely free of any disease. This
uncertainty adds a significant cost to the preparation of these vaccines. In
pandemic situations with sudden need for a peirticular vaccine (e.g. influenza)
the supply of SPF eggs may be severely limited. In addition, the large-scale



-2 processes for infecting eggs and nmaintaining virus gromh are tine
consum ng and sonetines inconsistent across different vacci ne batches. Wth
t he devel opment of cell culture techni qgues vacci ne manufacturers have

repl aced emyoyossisedseggs with isol ated chi cken enbryonigofk®osisagds. Wil e
the use of primary cell cultures ijiproves the safety profile, efficiency and
reliability of the manufacturing process, it also further increases costs:
chicken fibroblasts are prepared from SPF eggs by mincing enbryos to

establish and . amlify viabl T an.mal cells the
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much earlier than for rodent or sone human cell substrates currently used
i n vacci ne manufacture (such as MRC-5 or W-38). Fibroblast cultures have
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carrier, i : e,V |1y grown in
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hanst emprédess Efeycaidd seqﬂmpm)sdlldtmlefage dont propdgativarand o neu:gnow m i nfl uenza,
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o Pt o PErERE piSeRled it TR PR srpfcahe Even ol ta i & aopl . wo
2005/ 042118Ry&SCHIER20Ad: (e Fidtiktantially imits scale-up procedures. Due to the

limited live span a complete set of safety tests has to be applied for each lot of

chicken fibroblasts.

Fibroblasts are the only cell type out of the wide variety of different tissues from
a chicken embryo that proliferates well. The predominance of fibroblasts
compared to other cell types has in some cases decreased theoretical virus yield
because in eggs typlcally the chorioallantolc membrane, an epithelial cell layer,
is the main site for virus amplification.

The discussed problems have contributed to severe influenza vaccine shortages
in the last two years (2003 and 2004). To overcome these limitations, a
permanent cell line growing in a synthetically defined medium, preferably in
suspension or at least on carriers, would be highly desired.

Some of the viruses typically grown in chicken fibroblasts have been adapted to
certain cell lines. BHK-21 (baby hamster kidney) cells support the growth of
various vaccinia, influenza, and rabies vaccine strains (Drexler, I. et al., J. Gen.
Virol. 79(Pt2):347-52 (1998); Gumusderelioglu M. et al., Biotechnol. Appl.



-3 Biochem 33:167-72 (2001); Merten, OW et al., Adv. Exp. Med. Biol.
397:141- 51 (1996)) and easily growin large fernmenters on carriers under
serumfree conditions (Pay, T.W et al., Dev. Biol. Stand 60:171-4 (1985);
Gal | egos Culdwousiz72R. M et at., Arch. Med. Res. 26: 59- 68r/kpR@Dishrse FOr
vaccinia this applies even to the,highly attenuated' strain Ankara (MWA)
whi ch was devel oped on chicken cefls. The BHK-21 cell line is accepted for
production of certain vaccines for |ivestock aninmals (Lubiniecki, A'S.,

Bi oprocgss Technol. _10. - ( 0),) er,, t.he. =21,.1ine does not
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been used eXtensively for t manufacture of the o and smal | pox
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a”enablt%nﬁ'i’ﬂgbéniﬂénﬁ%ﬁéhl ﬁgtﬁggﬁﬁpgﬁg?qgg?rﬁdﬁddi tionally MDCK cells (a

spont aneous “ce ine fro elium with a described history

have bedtouting todheFA; RBERBIsgussianfram dayilaf,|200A 2a opll pubstratartbe, 1. A et
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of vector vaccl nes and gene ap%roac new so-cal |l e
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into t r f trﬁriﬂ'ﬁ' | oduct i on
(Vacci ﬁ%ﬁﬁﬁﬁbﬁgﬁ?é’%i 0 O@?i@éﬁ?ﬂﬁh@ﬁ@ﬁ&%?ﬁ%ﬁ?ﬁmé%@? é@a,{t session from
May 16,havedekn tidasfopeedrin enknowal hedhanisssvgdiecasirageded to provi de

conpl enenti ng genes for reconbinant viruses that are replication- deficient
outside the production system However, stable introduction of the

conpl enientan rgcaption Sorbhg uleethe prERCo oglelhec (driginatibg dront iAfrican geberch ei t her
exceed monkey) is allowed as a cell substrate for vaccine manufacture based on a
proven safety profile and the lack of transformed phenotype for a defined
number of passages. The cell line has been used extensively for the
manufacture of the polio and smallpox vaccines for clinical use. However, VERG
cells require attachment and are amenable only to carrier based processes.

Additionally MDCK cells (a spontaneous cell line from dog kidney epitheiium)
with a described history have been applied to the manufacture of influenza virus

(Tree, 1. A. et al., Vaccine 19:3444-50 (2001)).

More recently, triggered by the development of vector based vaccines and gene
therapy approaches, new so-called designer cell fines of human origin are

intensely discussed and included into the spectrum of potential cell substrates
for vaccine production (Vaccines and Related Biological Products advisory
committee, session from May 16, 2001). New permanent cell lines were created
to provide complementing genes for recombinant viruses that are replication-
deficient outside the production system. However, stable introduction of the
complementing genes requires prolonged cultivation times, which either exceed



WO 2005/ 042728 PCT/ EP2004/ 052789 -4 the natural limt of passage nunbers
available to primary cells or the tolerated limt of passage nunbers for
VERO cel |l s before full transformation occurs. Designer cell lines are

gener at ed iwovéasoe7es t h extensi ve docunentati on using orargeirnszed genes
for transformation. For exanple, igae conplenenting genes fromthe El region
of adenoviruses by thensel ves exhibit transform ng properties and have

al l oned establishment of human cell lines, for exanple PER C6 (Fall aux,
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di sease ey h ken,.a viruses. Wile
some Ofchara!ﬁ%&e@g%q?gggﬁfgw Pr # mﬁ?rﬁ{?ﬁ%ﬁ%ﬁﬁ%Fﬁ’@R@wf‘F'“ﬁﬁ%% virus growh
I's of t éronpothie. E1Fcegiat hefr adénoviesss bepthieoseives exhiibdrarmsfutminigri ted to
particul spec t,rains.. In additi.on th adaptation to a

N d
pr| mat @r%f‘i?%a“i A gs‘?ﬁ} Eﬁae Eabfﬁf!{%%\é}t‘grh%‘i‘%‘blcﬁg lm§$’t &5 FR"WPle virus are
l'i kel y PER.GGhdRgRUK SR, t ENGl), NHamoGkiel FHeran®di:ge0D-pAt (1908))anThe t hus a gener al

effect on,immu n| C Th| . tatio reverse attenuation

For st eapialom PEARES el lies i Mob P BRCE e iBR L Bh e TheV ote HESGittoe) s Couah o6

%ASS; g@ﬂb@?gggbd@t@@emmtm wﬂmeﬁ FbrEamﬁﬁle eihfiudnza \ﬁi@fﬁchﬁ]lcbfe D., tJl. Virol.
: - [ea new strai,ns n re e |C|en y in

human PEXR Qteé' Hedl %a”tf re’i/\i‘lifyaF‘i}‘beeéé%ilé%zsﬂzogugo HHOWeYE5es may al so

obt ai n tis FindMar doddakdtogn} €o awtvﬁnéesaﬂelevﬁﬁtr td PEcciRON& eldpARPASInvacci ne
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t hese stu such as v- ras, direct ect ‘conponents of both
strains.

In addition, with adaptation to a primate-derived cell substrate, receptor binding
sites on the virus are likely to change resulting in a modified antigen pattern and
thus a general effect on immunecgenicity. This genetic adaptation may reverse
attenuation for strains which have been developed via passaging in avian cells
such as MVA or chicken-adapted measles virus (Escoffier, C., Gerlier, D., J. Virol.
73:5220-4 (1999)), or create new strains replicating more efficiently in human
cells compared to their wild type isolates. Such viruses may also obtain a higher
pathogenic potential.

For the above reasons vaccine manufacturers are reluctant to switch to
mammalian cell lines and a need for immeortal avian cell lines has developed.

The Investigation of tumor induction in birds by the avian alpharetroviruses
provided first molecular insights on cell transformation in general. The retroviral
oncogenes are derived from cellular genes with essential regulator domains
mutated or deleted. Some of the factors that have been identified in the course
of these studies, such as wmyc or v-ras, directly affect components of both



WD 2005/ 042728 PCT/ EP2004/ 052789 -5 retinoblastoma (RB) and p53 pat hways.
O her proteins, such as v-src or v-erbB, are constitutively activated
(hence, dysregul ated) signal transducers that mmc inpinging extracellular
m togens. We:@soigam with these factors is that they tpaira®bocdiMsone of
several pathways required for efficient transformation. The presence of
v-src or v-nyc predi sposes the cell for transformation and requires
addi tional, spontaneous and unpredictable alterations within the cell for

s for the patient sed b s transforned

full transformatign._Th i po ce
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cause tunor formation (Hard, et o r. cer, Targets 3 :41-55
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vacci ne manufacturin retrovirus c rf{r%i ng an oncogene nay get activated
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nunber réfﬁﬁrﬁhl%ﬁger@@Qh%@%r@mtzult)fo &oiddgbar nucleic acid transferred

with the vaccine vitus. This anmount I1s [imted by the efficiency of the
purification process and currently cannot be reduced to below 10 pg/dose.
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I argenwéanrr‘{t?ﬁgéennwl]%s] @%ﬁéﬁ#f @%@ﬁ‘@%ﬁ‘ﬂ"]?ﬁo 8Wﬁ %{Elg]% Iiﬁ?@%ﬁrga oth checkpoi nt
controlceilm GL of the cell cycle and p53 activity. Therefore, large T
readily inmmortalizes and transforns nultiple mammalian tissues of rodent and
human origin. Wth the addition of small T antigen (further enhancing |arge
T act iGefl llaesicradiddtbyohasd yirmed dranhotrsyitable fétkiieRcinatrhamyjgctiringaads possi bl e to

ot b Bt S L e B PR R S g
ant i gerthé gaccine. Even a tumor antigen not enclosed by viral LTRs may pose a high

risk when it is able to transform mammalian cells without the help of

complementary antigens. This risk is typically estimated by consideration -of the

transforming potential, the number of vaccinees, and the amount of cellular

nucleic acid transferred with the vaccine vitus. This amount is limited by the

efficiency of the purification process and currently cannot be reduced to below

10 pg/dose. This criterion is especially stringent for vaccine production where a

healthy population often is inoculated at a very young age.

The same arguments apply to transforming DNA viruses such as
papillomaviruses and polyomaviruses. These viruses are equiped with aggressive
oncogenes: SV40 large T antigen is a multifunctional protein which affects both
checkpoint control in G1 of the cell cyde and p53 activity. Therefore, large T
readily immortalizes and transforms multiple mammalian tissues of rodent and
human origin, With the addition of small T antigen {further enhancing large T
action and additionally modulating the AKT3 pathway) it was possible to
immortalize avian cells (part of patent application US 2001-0016348). However,
even with sophisticated modern purification methods Sv40 large-T antigen is
considered too aggressive for use in cell fines generated for application in human



consi dered too aggressive for use in cell lines generated for application in
human WO 2005/ 042728 PCT/ EP2004/ 052789 -6 nmedicine. In contrast to the
above, the genes proposed in this invention affect checkpoint control of

the cell cywoeoesnd2283 i nactivation via separate factor Sspcppp&Gidbfed

si mul t aneous transfer event of two_distinct factors for transformation

dramatical ly decreases any t heoretPcal risk for the vaccinee: US patent

application 2001-0016348 descri bes the use of an anti-apoptotic pathway
i nvention, it .dpes not
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sequences, C-type adenoviruses (which include types 2 and 5) are considered

not to ysdsetent! HpFHEStion DON1-V01634H daeiBeY ithaluss GFUSH GRS-dpapRtRot been
detected in human tunor tissue, Alternatively, i1t has been tried to devel op
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Alternatively, it has been tried to develop cell lines by continuous passaging of
chicken embryonic fibroblasts. Whereas rodent cells appear to undergo
spontaneous imrortalization quite easily (Curatolo et al., In Vitro 20:597-601
(1984)), avian and primate cells are highly resistant to this approach (Harvey,
et al.,, Genes and Development 5:2375-2385 (1991); Pereira-Smith, J. Cell
Physiol. 144:546-9 (1990); Smith ef al., Science 273:63-67 (1996)). Somatic
cells of avian or primate origin lack telomerase and senescence is caused by the
shortening of chromosomal ends (telomeres). Nevertheless, a chicken fibroblast
line UMNSAH-DF1 has been developed using this approach (US patents
5,672,485 and 6,207,415). Immortalization by this approach is caused by
spontaneous mutations in multiple oncogenes or tumor suppressor 'genes. This
is a rare event which is unlikely to be reproduced especially in cells of other
tissue origin. Most importantly, such an approach contradicts the Defined Risk
approach as a general rule for human live vaccines proposing detailed
knowledge about the immortalizing genes to assess the risk of oncogene
transfer. Again, according to the FDA (CBER Discussion from May 12, 2000, on
cell substrates) the use of neoplastic cells derived from naturally occurring



transfer. Again, according to the FDA (CBER Di scussion from May 12, 2000, on
cell substrates) the use of neoplastic cells derived fromnaturally
occurring WO 2005/ 042728 PCT/ EP2004/ 052789 -7 tunors or cells that have
been transfwonmdiokgyr2ainknown nechani sms is di scouraged fromarsdems opnent
of mnimally-purified |ive- attenua&ed viral vaccines and virus-vectored
vacci nes. The spontaneously devel oped UVWSAH- DF1 chi cken fi broblast |ine
exhibits alterations in E2F and p53 activity (Kimet al., Oncogene 20:
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use of e a S t 9, 80 rtl lar cell tines
generat-@@ ae?rﬁa“‘%%f"é’ g%‘ffqugg Hﬁﬁlégg QJ—S\}BFB %ﬁd@g ﬁ%l ntai ned a
fibr oblaijsai*atidnls&n Eaplaﬁ@r;»tamenfmp(lameetrmnanwgynt h emuzislyi,gzozou]gni this | f
represents. ni f nt sa re ese cells are ow val ue for
| arge s OZr (Y au‘iee’é’ﬁ?ﬂy”ﬁﬁi ?—"(F}ec ﬂ@?’%r’@qu‘feﬁl%&é'gﬂ%?ge based

appr oavéhdabéc@ugé)&tréa@o%SfrénhemaFPmﬁaﬂaﬁcteﬁ%ls%:kdsébuuﬁelmg)ﬁw Ayiwty cell lines
originating fromnaturally occurring tunors such as a quail fibrosarcormma

(WO 97/*@@5@?)@95&9@5@ dBe Wé%ﬁ@“ﬁ? epasieve Pt Tﬂeo?Fﬁﬁ‘aFB@?Gﬁer'ﬁ%S theagai n, the

Def i ne%ﬂl@?‘kﬁl@tﬂg@%ltﬂb% sﬁéHdldgsﬁgHtrbnhﬁﬁEBd%uéfa%%'éﬂr@nﬂ%F aslsdidr@nnar e viol ated by
a method that is based on chance events. The approaches taken h the studies

descri Jagednsiper af genes wd}qye@éwﬁqda@mr@hstha active introduction of
specific groups of immortalising genes according to this invention, which
defines the causative agents for imortalisation and allows to assess ri sk,
provi dek spanjengous kiapsfoimation pracese spavche erdagesdbly theruserof\ghemisgs  ti ssues, and
al | ows gﬁ,@ élt@r b geldnd tHre- Despltethe
fact thr];]a?c LL?}]?%%SESEEE%BPSE Ie%asfﬁsu avg !‘gé%to;nsﬁm grasnéd track record
t hey aradpadash devecbeareeme E&n@cﬂmﬁy bupetiaintaingd sk figmbiastt ke only recently
?2388{@&}9%%@53"5@ hOEHEnorfRh K HAHGEYH $his HepARENR a | Sftificahie types of
safety feature, these cells are of low value for large scale fermentation

techniques. Furthermore, this chance-based approach also contradicts the

Defined Risk guidelines.

Avian cell fines originating from nafurally occurring tumars such as a quail
fibrosarcoma (WO 97/08307) have also been proposed for biomanufacturing.
Again, the Defined Risk guidelines for use in human vaccine production are
violated by a method that Is based on chance events.

The approaches taken i the studies described above are in sharp contrast to
the active introduction of specific groups of immeortalising genes according to
this invention, which defines the causative agents for immortalisation and allows
to assess risk, provides high flexibility with respect to selection of various
tissues, and allows to modulate certain features of the resulting cell line,

Despite the fact that chicken eggs and fibroblasts have a considerable track
record they are also associated with a very specific risk factor that only recently
has come into greater focus: chicken cells release at least two types of retroviral
particles, the endogenous avian retrovirus {(EAV) and the endogenous avian



particles, the endogenous avian retrovirus (EAV) and the endogenous avi an WO
2005/ 042728 PCT/ EP2004/ 052789 -8 | eukosis virus (ALV-E). The issue is
simlar to the presence of endogenous retrovirus particles in nouse cells

whi ch are usedososz7the manufacture of reconbi nant pr ot gicisepesdek7es NSO) .
However, in contrast to nouse cel Ig chi cken cells have been shown to

contain reverse transcriptase. Due'to nore efficient detection techniques
RT activity has al so been detected in chicken cell- derived neasl es, munps

(5005 e @fsiaitralASERT “The' intie % Srefarrto fec Phistns® obshOedngols 1%8801)1).

Whet herretroeirysr particles inf moevercells twiidls are plsed;ecoacthe vnénufactard ©f i n

transm SsSi b{)e rtet Vi ruz,s ﬁ\/\ﬂ r@é(ﬁs ontroversu’%\ :%\ nor e det iIed anal ysi s
has sHGHHMPIHT % ((SHTAS ¢ 86 IBnEaRtask £ dMPYRE SRSt h i nt egr at ed
EAVs, toMike®lceldhhgle @@éh Wrﬁﬁﬁcddﬁ&ﬁ%trém@ takdtriptadie pDeasot Mereot her three are
defectiv n(tJohnson A., Heneine, W, Virol. 75:3605-12 (2001)) Tsang,

S. X. ete ient detectign teghniiigs Rgé?@@\l@lhf(slad%?e% debested mcirgkescselli ty and

rel easaje@'f\fed/hfealsm@ahhmﬁé a8d yBIw fiver v&tm@é)&msyﬁnamx srangvesion after a
careful search f sequences in nmononucl ear cells of children

that releitidul hﬁ%ﬁ@l"bagﬁﬁh@@md&&c&? d*i-’tn@irté Gine MigaRipy £Hi@n8bl ogi cal Record
of the ¢ %@@Whtegﬁer( %ﬁe‘?ﬁf)r seh eo@e.@é@&& trlaﬁéeﬂpt%@rac%%.qh%ﬁulwrﬁstlgat ed the

infectivity of artlc a vari et human and ot her mammal i an
cel | s Diansmissie \v@rwué@ﬁ rqmaams @thérsdﬁiuﬁdn@fétde@@ﬂe@a')fsﬁah@m ssion of RT

acti Vi tefofh AP WHHCEHA) cobtha ik B A irkegrBHRRONC DY

epldenlolo i cal I e ave reveal ed no associ ati on betmeen t he use
of chi &feeﬂwi@bmn@épwes@mfe@wsrﬁéy BAnherensi ihemtberothreay At defectivie| udi ng  t hose

Of Ch" &ﬂ-@gn FAT Ha ﬁéuﬁBrW 1. Vb oS gébo\i‘ﬁsb'ké{nef@ﬁeé?ﬁ ggi cal Record,

resses t drtance "of” chi c I’'S"t0 méi ntain
at t enudflﬁOd)n73)f5&élér51a(19990@dS@| floand R adatisity And eelnasd ofevipal qutticiéson processes

ar e nolyfYd fHide AU AherisdRl anthh Salefiettn o hlugaglis an | mpor tant

reason t1or he accepta COﬂtInOUS sour ce or a viral
cont anibheod rnohbm&:lﬂer celtsmfdzhridmhctgatcmCe]gedJmugmss\@ene npxssrdingoisul ati ons and do

Cannot HEntEaY ERIGIGY “Rhaur FBRLIE) 2B (PR E B ogenous Rr
act i vi tigboraipriemdlave investigated the infectivity of the partlcles for a variety of
‘ human and other mammalian cells by extensive co-cuitivation and could not
detect transmission of RT activity or productive infection. This finding is
supported by epidemiological studies that have revealed no association between

the use of chicken cell-derived vaccines and incldence of cancers, including
those of childhood.

Furthermore, in the mentioned Weekly Epidemiological Record, the WHO
stresses the importance of chicken host cells to maintain attenuation of certain
vaccine strains. Alternative production processes are not currently available, and
this lack of alternatives is an important reason for the acceptance of a known

and continous source for a viral contaminant.

However, epidemiological studies superimpose populations and do not
investigate chance events or case studies. Epidemiclogical studies cannot refute
theoretical risks, for example: the accepted endogenous RT activity may mask
RT activity from unacceptable exogenous contarination, and the endogenous
viruses may be mobilized and activated if packaging constructs are introduced
into the cells {Ronfort, C. et al., Virology 207:271-5 (1995)).



RT activity from unaccept abl e exogenous contam nation, and the endogenous
viruses nmay be nobilized and activated if packaging constructs are
introduced into the cells (Ronfort, C. et al., Virology 207:271-5 (1995)).
WO 2005/ 042¥@3008G427868°2004/ 052789 -9 It was shown, howewefryesehalseed | s from
ducks and geese do not contain EAzand ALV related sequence and the
Japanese quail is free of reverse E?ranscriptase (Smth, L.M et at., J.

Gen. Vrol. 80(ptl):261-8 (1999); Brudno, |I.A et al., Vopr. Virusol. 97-100
(1980)). Adenoviruses (AdV) are well characterized, naked (non-envel oped)
ubi quitous viruses. For the nbst conmmon serotypes Ad2 and Ad5 the

ser opr elratassbewi,nhavweyer, thatarellp &pol dutcks andipeeseatohet BolHin E&pbBndat i on

i nconpe S f e L rUses. us as_gene th y and vacci ne
vect or s‘aﬁm’?’%@é ég ag:?sr{c% ?ﬂﬁﬂ@f‘? Ja}gé{'?sleén‘f“za.”ajgﬁe ng?‘:egﬁ{ 'Ecnst@g‘?on of human
Adenovi @umttﬁ Ethetl:&b.erﬂ uGad Mrol. SO(EthRZ6L @ S@Bﬁ);smldhé,l GAhetah, cells in vitro
(293 an\(? ] e7li delggﬁ Fal laux, F.J. et at., Hum GCene Ther. 9:1909- 17
(1998) : V&a '£Hﬁ° 0 D Gen. Virol. 36:59-74 (1977)). The general
process |s |neff| ci ent corrpar ed to stronger mul tifunctional oncogenes such
as SV4O S bservation that 293 show neuron
spemh% g iﬁﬂwq Wégcgp@c%nze &%@&‘8&'@? Pp%ﬁ' f‘}'ﬁp‘t' was suggest ed
t hat Addrsks, fbaﬁr@dnbﬁtad@ﬁ{rﬁémrb@aes Adz bmdmw%etszermﬁmb icehd s (Shaw et al.
Faseb J 16(8): 869-71(2002) % Consi derin t he significant fem es barrier

bet memmﬁomwmxwwﬁ 90%: tReplicagien | ?ﬁ@ﬂwetqnélmés&msmf Besqml ti pl e avi an

ti ssuesyifled %?@%E&Ptdsoébdestffé)/@? AR QattiRXPe&biedin iy TWithi Aiindd  transf or med
cell lines have been used for the production of live purified adenovirus

vect or sPatignis) Genesafromy thg &L re@mmfdww GREMIrYHP ihaYe 6‘?9'! Heed Bount  of
cont am patkdigh &rhd éﬂe%rrcgmanrbeﬁs HAREH g@fﬁ&oﬁmtm@l! A, | dFau?(' ze, the

transf orm ng genes are not con ered a safet { Vacci nes and

Rel at edF-Bi &l abgitham. Geoddbes Xd9PSd7 (1088 Grebam, Edsst @h, Pr 6ANMay 16, 2001).
Adenovi ik e55: S@@h'(ﬁ?ﬁﬂg;@% gét?w ﬁak“@déés efméfﬁ&eﬁtftfoﬁfpfaﬁ‘éii @%t(l'cm ggcause

qui escent host m ssive for a viral cycl e
adenovi Mul§amciionae eopensas Sh@ttﬁénﬁyﬁ@tbrgeoﬂ“c@nbmﬂ s Bagado 053- ﬁh@se

T ZosEfbn SHEE 243 REAACRAKT Eae (ke 8R4 HR0cE Ak R rechani sm (o

evade apoptosis as a response to capsi enetrati on and
viral rregordectodieonal drfgin gjewamnggestydothat Adb ﬁiebam:ld:sansformation is

limited to neuronal cells (Shaw et al. Faseb J 16(8): 869-71(2002}). Consldering
the significant species barrier betiveen human and avian cells efficient immor-
talisation of multiple avian tissues by transfection is even more unexpected.

Mammalian E1 transformed cell lines have been used for the production of live
purified adenovirus vectors in clinical trials. With careful monitoring of the
amotnt of contaminating cellular DNA in a vaccine preparation and its size, the
transforming genes of Ad5 are not considered a safety hurdle (Vaccines and
Related Biological Products advisory committee, session from May 16, 2001).

Adenoviruses replicate in the nucleus of the infected cell. Because quiescent host
cells are not permissive for a full viral life cycle adenoviruses have evolved
mechanism to force cells into S-phase. To maximize burst size of progeny viruses
they have also evolved mechanism to evade apoptosis as a response of the host
cell to capsid penetration and viral replication. The genomic region that mediates
both cell cycle progression and inhibition of apoptosis is the E1 region.

The El1 region actually consists of two distinct expression cassettes, E1A and



both cell cycle progression and inhibition of apoptosis is the El region.
The El region actually consists of two distinct expression cassettes, ELIA
and WO 2005/ 042728 PCT/ EP2004/ 052789 -10 E1B, arranged in tandem and each
equi pped wiwd 2068420 pronoter and pol yadenyl ati on sit ecrhip2dc@@ashsd hr ee
proteins are translated fromthe l; A primary transcript by alternative

splicing. Anong others, EIA proteins have been found to disrupt RB/E2F
conpl exes and to interfere with the p300 and CBP transcri ptional

co-actiyators. The esc of E2F fromthe B.repressor |n S progression
of the Iérﬁegpgie% 'Pr ge?ﬂ%%% tEBdSe?Fﬁagﬁ PREde M 1 h‘g"’rfilpﬂ? tf@ @hpl ex i nduces
apopt osﬂcﬁya&iéwlmml Ap lEabirthyee (rBtditscare tlnblateetfrarh the @A bribeet h Di ffer.
7:177- 88 repressi of tran cr| a negative
regul at%‘? 8’]”3 Waiﬁgactévgngoglgmgoﬁm%%ﬁ&@g 'sﬂ‘%@'g eé@rf@‘l"ﬁvges cells to
TNF- i ndc edrpRORBAEIFS complesies Citgll der Rekriefe a\lﬂ“thtth@DrpBOQQQﬂiﬂ cegnd it is used

I n experi nent al dg)proaches for tunor tre et al., Cancer

Res. 6drapgitiegal wopdivitors thenescars & EQ&E? roﬁbaﬁsé% "éal?"ﬁ EM%‘F‘?SDn modul ator it

drives medressidrosfahe seltéycledirbrhag et ﬁias@r\mh@reémbtmw us to a
potential cell substrate. It was shown Gui | hot et al il hot, C et

al ., O‘fB%@?\@p%Pt@@ ‘@45?@@3335‘ Wﬁﬁa(tpu\?é‘f:r%% ehiely Cahfegth Diferof the 125
pr ot el 7 @?7-@%260@')1 mtﬁmﬁﬁfw rapf@&idnOof trﬁﬁgéﬁbﬁdd B8 MdMy, nﬁ%é’BcNgngeH " This is

li kely the consequénce of Interaction between the avian :

Howev erreglpter B?W@é@ﬂ spasarSon@ORtasifePEBne is introduced by transfection of
naked DNA instead of retrovirus infection (pers. observation). W propose
that the extrenely efficient and stable transduction via retrovirus

i nf ecti&ﬁnEjé‘r sefsiizes cells o PYoindused)apeniesigi is somsidared anregitfuraRral cells with
spont a Hn%%' normally is

i nduce upén ﬁg@%gﬁ.ﬂ%g@rﬁmﬁ @ggﬁgg%fbﬁgﬁqgﬁﬁgunkng éﬂ%ﬁges i ncrease
the rigtlalfGanceaied. 6865229036 (HW3)Bsul ting cell |ine cannot be considered a
designer cell line (the result of defined bl ocks in specific pathways).
Moreover, the transform ng gene introduced via retroviruses is flanked by
i nver t ddirthermdrmakctingepea $raaadriptian, modlléatefdirél;ivetseceﬂstOIWanmjde-Such an event

ey oSS g R RIRURGE b ST b Ailesicsoe revere

transcrip

It was shown by Guilhot et al. (Guilhot, C. et al.,, Oncogene 8:619-24 (1993))
that retroviral transduction of the 125 protein of E1A from Ad5 can lead to
immortalization of quail cells. This is likely the consequence of interaction
between the avian RB and E1A. However, the process fails when the gene is
introduced by transfection of naked DNA instead of retrovirus infection (pers.
observation). We propose that the extremely efficient and stable transduction
via retrovirus Infection creates a cell pool large enough to harbor individual cells
with sporitaneous genomic changes that have blocked apoptosis that normally is
induced upon RB inactivation. These required but unknown changes increase the
risk for vaccinees and the resulting cell fine cannot be considered a designer cell
line {the result of defined blocks in specific pathways). Moreover, the
transforming gene introduced via retroviruses is flanked by inverted terminal
repeats and can, therefore, be mobilized. Such an event may even be more
pronounced'in cell lines that expresse reverse transcriptase from endogenous

retroviruses,

Summary of the Invention
In view of the above, it is still desirable to develop an avian cell fine with



Summary of the Invention In view of the above, it is still desirable to
devel op an avian cell line with WO 2005/042728 PCT/ EP2004/ 052789 -11
conveni ent growth properties for |arge scale nmanufacture, using a defined
combi nat i onwaXzeosmaerzgal i zi ng/ transform ng genes. It is fpEfRRoheARstshabl e
that none of these genes is able to transform mammal i an cells i ndependent
of the other genes. Moreover, 91 action of a single gene should either
have no imortali zi ng/transform ng effect or result in apoptosis of cells

expressj | ve. gepe.,_The risk of ned iranst &l t0 a vaccine
reci pi eﬁ?fﬁ’sh%ﬁ‘i grﬁﬁ 'Ié’Pe'%Sg &rﬁr ’FH%@@'%W%&#C&" UsH9t Aede @ggect i ve genes
on sepaccatnlanmaneBs-nmnrtamkimgitranﬁomhg \gened. Mdsifdriher desiiabbtiet- as the hunman
popul ation is_ typica sed to ther ect.ive, genes - at these genes
are not %{les%fsﬁhsgéﬂe%ﬁst'ﬁ a?’fﬁ% ?PWW&? el g)f‘?%??@ g%’ﬁﬂf&p‘?on The cel |

l'i ne t oother geney. ane@do®dtpthd @idion &l §adyle lg&ﬁ@@hb@!dse‘théruﬁa\&ahbl cles from
endogenpus retroviruses or pot exhihit reverse  transcriptase activity at

al | . |timEert fﬁﬁunﬁ ransEarming, Ale S AraesihinoRpoRtasis ofcealls £xprasHNg ide par t i cul ar

viral apgpedtive @ehd. uﬂr@rns}kedqume@ B@nsrer Wwha olcciel eeibieh shdifd figtHenobl ast oma
prote| ng%ar]d the other, the p protein, provided for a cell |ine well

sui t ed F“”ﬂ'mézeﬂrtl?d%ﬂﬂtpawgcfpe\f??ﬂ%@ée genss 003?89?"@5& POHESSIHRUIEyent i on t hus

provi deFinal(yllt MI@E&%@S:P@A!é |é§‘@le'HUﬁ%rntp§’H Uléﬁgn\m %l@ll\f@ﬁﬁﬁs@a%on of viral
and/or cellular genes (hereinafter s ortI referred to as "gene(s)"), at

(east ole respestiveganes -dhaldpesamgenasarg ﬂﬁkﬂsﬁ‘lﬁ*ﬁt@@ withdumer fasatiaRt oma prot ei n
and at iegRl naReh SE0RHon OE el 1B | GMheitdl BHOUBI oredusbar | merber

t her eof rein prefera rst gene overcones eckpoi nt control
and themmguﬁjvw@ar@ﬁ@sémns er@pmoggurgtnpww@fear Bt ﬁhl@brturﬁwsgene (2) a

met hod Il line as defined in (1) above, which conprises
transfo{rr%ﬁsﬁg?tﬁggé%ﬂfqﬂx%r%g a starting cell with the first and second gene;

(3) the use of the cell line as defined in (1) above for the production of

bi ol ogi ccine or for
gene ﬁg"lr"azf'pi%[ma(ltdd'e Scﬁ; o‘i‘;‘h%ﬁﬁﬁ 3% ¥1aﬁ%§%%lﬂ§? %8@? Etﬁcrgg‘g Wzér‘ré gﬁdc(}g ggl cals using a
cel | | i esdlulas gendsi npel of which affecting the retmoblastoma proteins and the other

the p53 protein, provided for a cell line well suited for the production of viruses

for vaccination.

The invention thus provides:

(1) an avian cell line immortalized with a combination of viral and/or cellular
genes (hereinafter shortly referred to as "gene(s)"), at least ane first gene
affecting the function of the retinoblastoma protein and at least one second
gene affecting the p53 protein or a family member thereof, wherein preferably
the first gene overcomes G1 checkpoint control and the second gene prevents
apoptosis induced by the first gene;

(2) a method for preparing a cell line as defined in (1) above, which comprises
transforming/transfecting a starting cell with the first and second gene;

(3) the use of the cell line as defined in (1) above for the production of
biologicals or viruses, preferably for the preparation of a vaccine or for gene
therapy; and

(4) a method for producing viruses or biclogicals using a cell line as defined in
(1) above.

Short Description of the Figures
Figure 1: Schematic sections of the expression plasmids used for enhanced



(1) above. Short Description of the Figures Figure 1: Schematic sections of
t he expression plasm ds used for enhanced WO 2005/ 042728 PCT/ EP2004/ 052789
. -12 imortalization of primary duck cells (exanple 2). Pol yadenyl ation

si gnal s ar ewoaoistoseds f or clarity. The al phanunerics at tgEkhdsnasge short
identifiers for the plasmds. nP@ and hPGK, phosphoglycerate kinase
pronoters of nouse and human, resp.; adb5, El-endogenous pronoter of Ads;
nmCW, nouse CW imediate early pronoter; tk, herpes sinplex virus

t hym di.n ' er; rf,22 and LO,VETU . Et A and E1B,
adenovi '%ﬁo%%@?ﬁ%f?%ﬁa@%gceﬁ Ezﬁjﬁa@%g Qgﬁ%yggﬁ%yrﬁtlm s%g'ﬁ?qgsgescopy pi ctures
as exanphigtedffof olatity. filenalphamumienics AtlshdEleft amnsfoel tdedtifiers foe b yonal i ver
cells (plasnm.d ) .. Lnitial, magnification 4 x tq depict conpl ete
focus eﬁﬂ%&:@ﬁ%&ﬂﬁﬁ&ﬂéﬁé@%@ﬁtprgrsp]?p&lsgfgrag%lk,ng_se @f"’W%F’ESi ‘glm éfn?’?qacat ion 20 x:
peri lrrettexma_f, u@g;}a.ar@ks, raf:}tuad:;ofg@mf piforl;r‘idt’éﬂ bf :MB} smo(a\n\r,ar@ﬁde igMa Cgrrpact .
nonol ayer Vj Si at the rjght of t pane rimry cells in advance
senescéﬁ@éec{'%ﬁ/&?g\é pf%%"t?@ftl‘r. R@P@iﬁ‘ﬁ'p&x W'Wﬁﬁ%ﬁﬂu@%&%@“a%ay for E1A and
E1B 55krprat &idgamex DERD evirdls. gendsPELAtand EB)ySadefibwrf 5pERsedioh
49E-imortalized and primary duck liver cells; bottomtwo rows, 293

positi VE€®ntrol cells. Left colum, phase contrast images; middle colum,

i mmunost ai ni ng of E1A or E1B 55K proteins as indicated in the inages; right
colum, DAPI_stain. The EIB 55K protein characterjstical lé | ocalizes to the
cyt opl JEgHra<d PAGER RANTERSE niFmasergy miguies os eyaipplel of fapusufeswabion spot ty

di Str i bugst-en. tréldhedred HURKCRRIyOREPURER: cAlB! lddifdCaopRChe el i t hat

stain brightly wih DAPI in the transformed duck cells. Figure 4. Q PERT
assay (Hedmiicetian 4% treRpist 35PMRlste fesus erubradad iR senessent pdant i on of

retrovi CHRTIAV f : gl—,ﬁbgq;‘fi | ntrol; open
squar es{eﬁéﬁast?géltlége%%%rﬁ%agfg%tgrxglbgemﬁg#ég °§?ﬁ%ﬁ§%ﬁ“ chi cke_r;SH éa\rl;lgcre ﬁ%ni C

fi br oblagnged boh gompaeimyeralayep giikde Bt the) night wéthe panel,quimaryiceligrey circl es,

subst ra}f,_gav Easﬁ%@?éﬂcgﬁaﬁﬁﬁ%@'gﬂfpe” triangles, duck liver cells
thp , de

imortalized w asm ta Rn, emi ssion of the reporter dye over
starting background fluorescence.

Figure 3: Immunofluorescence assay for E1A and E1B 55K proteins (example 3).
Upper two rows, mix of plasmid 49E-immortalized and primary duck liver cells;
hottom two rows, 293 positive control cells, Left column, phase contrast images;
middle column, immunostaining of E1A or E1B 55K proteins as indicated ‘in the
images; right column, DAPI stain, The EL1B 55K protein characteristically
localizes o the cytoplasm and accumulates in aggregates to yield an uneven,
spotty distribution. E1A is a nuclear protein. Note the compacted nuclei that
stain brightly with DAPI in the transformed duck cells.

Figure 4: Q-PERT assay (quantitative PERTassay} on cell supernatant for
detection of retroviral activity (example 4). Bold squares, CHO positive control;
open squares, water negative control; bold diamonds, chicken embryonic
fibroblasts; bold triangles, 293 cell line negative control; grey circles, substrate-
only negative control; open triangles, duck liver cells immortalized with plasmid
49E; delta Rn, emission of the reporter dye over starting background
fluorescence.

Figure 5: MVA amplification on some of the described duck cell lines and CEFp
(example 5). Infection was performed with an MOI of 0.1. Titration was
performed on VERO cells 48 hours after infection (Exampie 2}. CEFp, primary



Figure 5. MVA anplification on sone of the described duck cell |ines and
CEFp (exanple 5). Infection was performed with an MO of 0.1. Titration was
performed on VERO cells 48 hours after infection (Exanple 2). CEFp, prinmary
WO 2005/ 042%d8003@3272$2004/ 052789 - 13 chi cken enbryoni ¢ gdbELsmsige Figure
6: serial passaging of MVA on duc_:i retina cells imortalized with plasmd
49E (exanple 5). Bold squares, bu gt size; bars, input virus adjusted to an
MO of 0.1. Input virus is given as reference to denonstrate that burst
size is_.independent_of experinmental fluctuations in cell nunbers (which in
turn defiHE" eﬁﬁﬁmqurﬂgla%}ga MO ). Sequence Listing - Free Text SEQ I D NO
Description - free text 1 Prinmer VS182 2 Prinmer VS183 3 Priner VS184 4

Primer MS185 5 Prinmer VintSA- Primer intSA-R.7 Pl | d_pEFAJ5EL1A 8

Pl asm QR AiseTHResgITg odvAon guck sTor adls maaifad WA iR 206 12 Pri mer
V207 140 examble\B0 Boldlshubles MRurstV@ed bats; imput pirugadjustedoiafemOrDNA 1 17
Primer cDNA 2 18 Plasmd 60E 19 Plasm d 36E Detalled Description of the

| nvent i%no.l. Input virus is given as reference to demonstrate that burst size is

independent of experimental fluctuations in cell numbers (which in turn define
input virus via MOI).

Sequence Listing — Free Text

SEQ ID NO: | Description - free fext
1 Primer V5182

2 Primer V5183

3 Primer V5184

4 Primer VS185

5 Primer VintSA-F

6 Primer VintSA-R

7 Plasmid pEFAd5ELA

8 Plasmid pEFAdSE1BSA
9 Plasmid 49E

10 Plasmid 25F

11 Primer V206

12 Primer V207

13 Primer V208

14 Primer V209

15 RT primer

16 Primer cDNA 1

17 Primer cDNA 2

18 Plasmid 60E

19 Plasmid 36E

Detailed Description of the Invention
"Immortalized”, "immortalized cells" and "immortalized cell line" according to



"Imortalized", "immortalized cells"” and "Immortalized cell |ine" according
to WD 2005/ 042728 PCT/ EP2004/ 052789 -14 the present invention relates to a

cell or cell line which has been transfected/transforned by certain
functi onal vBDi2oose¢pamnces conferring the potential for amry@amm@e@
passages, preferably unlimted nuppher of passages, i.e. immortality, to the

respective starting cells. A "gene cassette" of the present invention is to
be understood as a DNA sequence conprising a gene affecting the function of

the retth@ofé B8R ARbET Peateh 6 ANGAN of B! I OhygkRChbechdan (€0, alter

expr essi on sruption 0 étween retli nobl astorna
pr ot ei rﬁ@namdtesﬁtransfmimdrlmptceﬁamf%wcmnr@l E&lﬁdsewanctes confaatngt then conpri ses a

vi ral t is by p53 such
s the PoOuRl Y G A A bkags, Bherden) e BShm @D braRORIEE ° P

papi | | dsaimmosality, tortbé cespbttivetstarting ofllst he | ow-ri sk human papi | | omavi r uses
(HPV) (such as HPV1, HPV6 and HPV11l, but not HPV16, HPV18), or a cellular
gene preventing growth arrest and apoptosis by p53 such as ndn2. In nore
det ai | A Udmmeabassettefe b thagsedant inembion Sedoabe fundsistmpanes a/vlﬁir\%\h in a

preferr ect of. (1) directl via cel.lular inducers)
medi at gg&ﬁﬁ “grers) F&ﬁﬂgﬁ%@}%ﬁﬁ%&gﬂcﬂ &gé‘ﬁyrleéﬁ?lﬂ%sg%?rg protei ns and
E2F Ej i.anwhich @iriéitry breintiogcsly (&l fafécéén é>]§:tre$m¢ niaaliatéethe ckmruipdluorgﬁne such as a
mast a enov rus 0 i | | omgvi ruses,

b of or SBYlesFS prieep tEMR R BaRs Pt TarSCa e ROt FBvI Hve and
HP;/11 wWhiitth nzcﬁddhﬂawl@mﬂﬂlauia)wapger& Qlﬁéklémtir@rmlﬁ@dmxnsdﬂﬁioﬁﬁ\ta'r@q[nns'[:c tﬂ] I v]gal y t
active ver - expr.ess i ne activity o e firs
enc. — ABAPRPRIGH BYISEy s ob i aedarie B SHY proffinoh el sBaipsolhel nauct i on of
apopt og6s pedtemgbp%ipnﬁfnﬁawhse@ltﬂsrefeﬂstﬂ@a&@ee P RS RG-rid "HRewANd gene” is
present in above gene cassette to counter this effect of the first gene. It

pr eventpép'fi%@‘{'%ﬁ% (HPVYrlsvsin ag HRAE; HNP Bpdr dP\AdL ybuicpet BPV18mhi biti ng

transcwpm)oraala @Aty aEhOPrel¥ntRRa3yriiveh vedTRInt dpapilr Hesgpelrhi on of  p53 or
converti ng p5 from a trans-activator to a repressor of transcri pt i on.

Pr ef erﬁBI"iﬂ“?}ne 'second gene" is capable of preventing transcriptional
activation by p53, including repression of the function of p53 and causi ng

a decrease in_ ) . L
In more cetall, the above gene cassette comprises a “first gene” which in a

preferred aspect of (1) directly or indirectly (e.g. via cellular inducers) mediates
the' disruption of complexes between retinoblastoma proteins and E2F
transcription factors. This first gene may be a viral gene such as a
mastadenovirus E1A, gaml and otf22 of CELO or E7 of papilliomaviruses,
preferably of the low-risk human papillomaviruses (such as HPV1, HPV6 and
HPV11, but not HPV16, HPV18), or a cellular gene such as a cc;nstitutively active
CDK4 or an over-expressed D type cycline. The aclivity of the first gene .
mediates cell cycle progression usually at the cost of induction of apoptosis or
growth arrest with increased passaging.

A "second gene” is present in above gene cassette to counter this effect of the
first gene. It prevents apoptosis or growth arrest and preferably acts by
inhibiting transcriptional activation by p53 via augmenting the degradation of
p53 or converting p53 from a trans-activator to a repressor of transcription.
Preferably the “second gene” is capable of preventing transcriptional activation
by p53, including repression of the function of p53 and causing a decrease in
stability of p53. The “second gene” may be a viral gene such as the adenovirus
E1B 55K protein of all groups, orf22 of CELO, the E6 protein of papiliomaviruses,



stability of p53. The "second gene" may be a viral gene such as the
adenovirus EI1B 55K protein of all groups, orf22 of CELO the E6 protein of
papi | | omavi ruses, WD 2005/ 042728 PCT/ EP2004/ 052789 -15 preferably of the

| owri sk huweanogsapihs onmavi ruses (such as HPV1, HPV6 and pdiAshios/ostise not
HPV16, HPV18), or a cellular gene_gpyeventing growth arrest and G apoptosis
by p53 such as mdnR2. Preferably the "second gene" is orf22 of CELO or
adenovirus E1B 55k. This is exactly opposite to the introduction of

. T ) . . (i .
= oht claeaby e Byladhoniing pNoRaMRROtARG 48 RBVL' Py aRggenerat! on ©
" Bi ol ogHB¥l% but ok H%Vlﬁaﬂrlpé&g):dll’ apteldlangererprevantiog aromtbrarsest anther apeuti ¢ and

r econbi ! i i i i receptors or
their | ?gﬂ}rﬁ%ﬁg gigwég?ﬂoﬁgwﬂdej;g(@ehb&gtﬂ%r%@@%%ﬁﬁ%gﬁg%g‘gegﬁg r ecombi nant
pr ot ei ner adgmevipussld 58d aspect of enbodinment (1) is the use of a cell line
derived from enbryonic or hatched chicken, duck, goose, quail or the Ilike,
preferably from chicken or duck. In an especially preferred aspect of (1),
addi t i oifiaib liy exddtly oppbsite td the inrofluctien aff exegewes activeniid itpieapd3 acti vity,
derived frominmortalizat| of a .primary,cell _originati from chi cken
enmbryos ¥ ﬁgt%??eass@ﬁ'@ veth3:38kgeé‘ﬁfﬂt\%sor%a%%mﬁ‘éﬁncﬂg@lb&ﬁg%@? rEg's"’“?jeri ved from
ext r aenbnennaneehabisan@s58r9p24s cultivated in a chemcally defined
medium The nediumis preferably free of animl serum Another preferred
aspect of enbodinment (1) is that the cells subjected to immortalization are
pri mary“BiglbdicalsM @l whé NBntdxPraFbprasdri, inv&itiod &drpfises Ohnaipeuto@yd segnents
(som tese? 8@, setﬁar ated | ndi vi dual a_r ans i ncl Hdl ng neuronal, brain, retina,
ki dney, M4oPEInant, geateins{Rshidig2riibadies o eRY PN NErPYNEs ECCRICES MEnbr anes

prot ect tagr lifshd8MBAY OfusivRS t thRFeRF.© Padiérérred NBIOBBICAIS 8Fee réddMBifapk r aenmbyoni ¢
menbranes or retina. The imortalization |eading to the cells of enbodi nent
(1) is pioddies-ably effected by non-viral transfection, including, but not
limted to, transfection nediated by |iposones, dendriners or -

hydr oxyapatite ("cal ci um phosphat e"; precipitates and
One preferred aspect of embodiment (1) is the use of a cell line derived from

embryonic or hatched chicken, duck, goose, quail or the like, preferably from
chicken or duck. In an especially preferred aspect of (1), additionally this cell
line is free of reverse transcriptase activity, derived from immortalization of a
primary cell originating from chicken embryos, hatched chicken, duck embryos
or hatched ducks, is derived from extraembryonic membrane and/or is
cultivated in a chemically defined medium. The medium is preferably free of

animal serum.

Ancther preferred aspect of embodiment (1) is that the celis subjected to
immortalization are primary cells Including fibroblasts, cells from isolated body
segments (somites) or separated individual organs including neuronal, brain,
retina, kidney, liver, heart, muscle and extraembryonic tissues and membranes
protecting the embryo. Most preferably, the cells are from extraembyonic
membranes or retina.

The immortalization leading to the cells of embodiment (1) is preferably effected
by non-viral transfection, including, but not limited to, transfection mediated by
liposomes, dendrimers or hydroxyapatite (“calcium phosphate”) precipitates and
electroporation.



el ectroporati on. WO 2005/ 042728 PCT/ EP2004/ 052789 -16 Preferably, the first
gene in enbodinent (1) is a viral gene nediating disruption of conplexes
bet ween retinobl astona proteins and E2F transcription factors. This

i ncl udes, bwio Jogs/aotzsl i M ted to, an adenovirus E1A gene pEREP2004/052789

mast adenovi ruses (preferably from@stadenovi ruses of group C, an E7
protein of papillomaviruses, preferably fromlowrisk human papilloma virus
(HPV) (such as HPV1, HPV6 and HPV1l1l, but not HPV16, HPV18), an orf 22 gene

of avia adenoyi ruses and/ or E43 n reading franes from qvi ne

attadeng(ﬂﬁ?rﬁl@‘." %mf%%r%i'Q@W,ogwgﬁﬁ'g@ ‘ﬂr&l\@g@ W@H‘%ﬁﬁg ﬁ'i?ﬁ‘fp?w) is a

cel |tu! aof gegplege;dita@mdeag rgﬂl’tmwamT@rptr@tfeirsoaTnd Ezmra{@eéﬁmﬁnbfh?ﬁoysaobl ?slt pmgt .

rot ei ng, an ranscri pti . factors. is includes, but_is not limte

Fo, cyclﬁ"ﬁ PRCIUdES,c | Huf ﬁz,ﬁ@yg{s‘?'ﬁdﬁoanw o?cpe”&‘"ﬁ‘\'ﬁa ﬂ'\j €981 TP suscepti bl e

to inacma%%émirhyeao@ﬁéfél%w frJrh@nﬁé‘déﬁsviﬁs@%péroeﬁ‘@?pBrr@ﬂ rotdh i s preferably
uc

a viral gene coding for a protein preventing |nd lon of growh arrest and
apopt os PEPapjlopwyiruses; preferally figas lovws(isk iumngbeapiioma Wens (HIPVYEWER coding for

the adeR®wpyusHEIRAK HPVAYL S nétf HAY16, HEUBE . arlCO b §éndCht Gyiar he E6 protein
of papillomaviruses, preferably those of the lowriSk HPV (such as HPVL,

HPV6 anadeqoyiruses hand/abtE43p\epen” reapinggirames stromr evieer aladanevigéses coding f or
the adegpyinhis i dhdirfdivt dnat L ' y, the second
gene enc_o%(rgs_ﬁl‘?hgéﬁﬁ?wg?b%%tei n gr! evenﬁ)né gr o@k‘%rpgérr%regﬁdgﬁ bapopt osi s by
p53 sucHiseuptian od complexds baiwege netinphigsvsroprotaipmand E2R tioosiripion (1) are
prefera i PaLA L al | _ es or |ocated
on di ff?fﬁ%%‘ f#@?f‘%’%"z& g‘réf'g%g'ég@g‘ﬁ? ?’#Cl@ﬁgﬁag%gﬁggﬁ' %%%ggi gl ly preferred
aspect dfnudatied dDKSmot sugceptibde to inectivpioe by 916MK4E1A and t he second gene is
the E1B region of an adenovirus fromthe genus Mastadenovirus, preferably
fromadenovirus 5. Most preferably said EtA regions have the sequence of bp
1193 t oT28GEconprgeherafbembddimbiBYLl) & RA2f9ablpfa FED ddde &@ing for @ he sequence

o efer abyh prkestBor Balfede P hiofin. 3ee Sl pragls a8 o Misgo.
pr ef er aipcdésp bl B7/ndtdinitetiOto, abnesE€ading P ile: aderbhieuss EtRESKCerotalionpl ementary to
bp 23450% ) %Fr)o%p(s),f GEFIQI loP (%?O?'the E6 protein of papillomaviruses, preferably

those of the low-risk HPV (such as HPV1i, HPV6 and HPV11, but not HPV1E,

HPV18). Maost preferred are genes coding for the adenovirus E1IB55K protein and

GAM-1 of CELO. Alternatively, the second gene encodes a cellular protein

preventing growth arrest and apoptosis by p53 such as mdmz2.

The first gene and second gene of embodiment (1) are preferably either
separated spatially by heterologous sequences or located on different nucleic
acid segments or plasmids.

In an especially preferred aspect of embodiment (1) the first gene is the E1A
and the second gene is the E1B region of an adenovirus from the genus
Mastadenovirus, preferably frorn adenovirus 5. Most preferably said E1A regions
have the sequence of bp 1193 to 2309, preferably bp 1239 to 2309, of SEQ ID
NO:7 or the sequence complementary to bp 4230 to 3113 of SEQ ID NO:9,
Furthermore most preferably said ELB regions have the sequence of bp 1145 to
3007, preferably bp 1197 to 2810, of SEQ ID NO:8 or the sequence
complementary to bp 2345 to 550 of SEQ ID NO:S.

In a further especially preferred aspect of embodiment (1) the first gene is 0122



In a further especially preferred aspect of enbodinent (1) the first gene is
orf22 WO 2005/ 042728 PCT/ EP2004/ 052789 -17 and the second gene is GAM 1
from an adenovirus, preferably fromthe genus aviadenovirus CELO, which

pr ef er abl y Wavesstohzz2zsequence represented by the sequengewErpl«@RERs ary to
bp 1252 to 635 of SEQ ID NO 10, ang_the sequence conplenmentary to bp 3138
to 2290 of SEQ ID NO 10. In even a further especially preferred aspect of
enbodi ment (1) and (2) the plasmds 36E (SEQ ID NG 19), 37E (figure 1), 49E

(SEQ | ) 0 ( sed for

i mor t g‘? r!}izqa iggﬁg’gfgé'ﬁggc%ﬁﬂ slwgﬁr%rhgéreﬁgﬁgfs’ ?Ee%u{aﬁl%rﬁ?%%?eﬁﬁ%l ei ¢ acids
encodi nayidEEnodng/ CFLOE Wwhivh tphefadably hawven theoseqDeR@2 repsestatdadn byl thbove are
preferr e i | i r.di o enbodi nent
(1) STV e Spadr Sre e s BB 3R aReEet el Ui g, but
not | i ndangdermentatyr @rip3idsso 2260 c&SEQEDND:1@onpl enent i ng defi ci ent viruses
(e.g. EBNAl, etc.), pronoters (e.g. PGX-, EFl.alpha-, CW-pronoter,

El -pronoters of Ads, tk-pronoter etc.), enhancers (e.g. RSV-LTR), selection
mar ker sInsexsn asurierngspedialtye preféraat aspeati b Bbbdimane (il taadqR) théc. . I n one

Cepar at o ORAPE L MO R IHOREON T FEOoRRS), efcstE ' ny”
tk-prommmﬂlozoriﬂr@(smm NONEB)4E€ 06dH fagirhmorkaadomBinthe(calis.is in one preferred
aspect further- nore suitable for production of biologicals or viruses

i ncluding vaccine strains (Marek's disease, infectious bursal disease,

Newcastfigthéhfaeas eombinblichs dFeiUBRR: acidslinebdify B8 Bhajor E1BlWENEAM- vacci ni a
(MVA), rub ,..rabies viruses, et¢.) and reconblc{;ant viral vectors (e.qg.

ubel | a )
r econbi hat/oRWE24 es defiies\aboye et prefasted aspects gt erabodimenkEd- f or vacci nati on

are MA and influenza viruses. The nost preferred reconbi nant viral vector
is WA _In one aspect of enbodi nent 31) the cell line is cell line 12A07-A10
(DSM  Athezetiishnedegcoidie o embogimant L) 22ay addidanallyicrm¥xianaatdi onal nenbr ane

cells Mhﬁaniai @éqﬁeﬁce%%ﬁgg&maﬁeh@gﬁ%nwﬁea ttfg den¥ L8] hehenss t he generation

of the ce I nes according’to odi ment (1) "under cGVP conditions which
r ender scompiementingadefisiens r viises 0@87. 0BRVES ¢#iC)/ Eromoterd {2 oPGK-,

EFl.alpha-, CMV-promoter, E1-promoters of AdS, tk-bromoter etc.), enhancers
(e.g. RSV-LTR), selection markers such as neomycin-resistance, puromycin-
resistance, etc.. In one preferred aspect the first and second gene are under the
control of separate promoters selected independently from PGK-, CMV-, E1- and
tk-promoters.

The cell line according to embodiment (1) is in one preferred aspect further-
more suitable for production of biologicals or viruses including vaccine strains
{Marek’s disease, infectious bursal disease, Newcastle disease, turkey herpes,
chicken anemia, influenza, vaccinia (MVA), rubella, rabies viruses, etc.) and
recombinant viral vectors (e.g. recombinant MVA or alphaviruses). Most
preferred viruses for vaccination are MVA and influenza viruses. The most

preferred recombinant viral vector is MVA.

In one aspect of embodiment (1) the cell line Is cell line 12A07-A10 (DSM
ACC2695) derived from immortalization of duck extraembryonal membrane cells

with plasmid 49E (example 2).

Furthermore preferred is the generation of the cell lines according to
embodiment (1) under cGMP conditions which renders them suitable for



-18 pharmaceutical application. The nethod of enbodi nent (2) preferably
conprises non-viral transfection of the starting cell such as |listed above.
Most preferred is |iposonal transfection, especially transfection by the

Ef f ect ene meapgmwsn427& preferred use according to embodi mpet/p2dss7dehe use
for the preparation of a VaCCI ne %r for gene therapy. A viral vaccine
strain or gene therapy vector rought into contact wwth cells of a cell
| i ne accordi ng to enbodi nent (1) so that infection occurs and the virus is

anplifi Conti nued passagi ng of virus (repeated cycles of
I nf ectlpglgrrg%(?ﬁﬁ aé@lcgg?n'vi_rus on said cells) will lead to attenuation or

adaptation of virus to this particular host cell line. Thus, a viral vector
or vac rain wi.th.|esser e the i.n ccl nee (which is
not dugﬂﬁIE p?ghf)grdibﬁr?})%@estv@rﬂre{egb‘gy %mé'?’{eea. Rt"f"@jmﬁlaéﬂgfgc%ahr ses allow the

| mune thy staeting tell fechvackstek abdve. Mosh plefarade splipasemélnzansfextionr e protective

t han vaCC|n tlor\ﬁfgfﬁ BVJ: %‘% ctivated particles, and that is | ess severe
than iHPEEEV IR oML DY) ftﬁﬁ "Ef8?4F"41 ) pat hogen. The preferred viruses
for this errbodl ment are neasles and rabies viruses. The nethod for
produci,n ses accqrdin 4 ferabl o nprlses t he

cont act ﬁ'& CAMFE PG ngég%\mqoﬁ'"éergzhf%%ﬁg %E‘@&E%P@af%m@rf’g nment (1)
and/ or vtab@n@ui- farvgérieomem‘pysax dirai vaeeing serainsat éeﬁéefﬂerépweect&SBeCI ally, this
met hod ,can be used 'groduc g_% ? gox Vi, rus, ﬁgre erably strain WA, in a
duck Epyght 'W@C%‘iaélf‘éﬁt gells of aell fing perording B erapedigent GhsaUBRE somi tes or
duck nenfeaitdl occlifsSaridethe GNIEB IS BMBlifikidasyesdid dells! COhHRY pagsdgiey ofEspeci al |y duck
retina and sonmite- derived cells obtained by transfection of Ads-E region

under HP (EpRefed iCysRs ofsiptagtion §'ﬂﬁ)B%"r"?5td?%’l“'P§ B seidorelldr wilgedga h an

ef fi ci ep@huaIIPe &I%'p?atioﬁ Svitd8 e ‘%Fns ﬁaﬁ%la‘?rﬁoﬂﬁl&éﬁ it Gkas & viralyoni ¢
fibroblasts (Exanp 5). The nethod f rodume«ﬁ\) bi ol o i cals, especially

r econbiVEERf ObV@ﬁCWrﬁéralraWEBﬂ%ﬁﬁ‘g"lfl«ﬂ%‘c@tﬁw £ htARdedayaceiba® W@é'% i% he
'”trOd%E'd?)@kOBré‘erQB]?en&o%Qﬂ) f@@eﬁerafe%cmﬁ@nuaga ﬂh%@'d?lompﬁf‘é ably linked to

aprormter |ntoace [i ne daccordin I ment , cultlvatlng sai d
modi fi émrr@@msvstemaohﬂ'@ Yaeenes to @Jmhea respeaseoihak i rrpre)pmtﬁctwﬂo 2005/ 042728

PCT/ EPZEQ&Q‘IA' Qgt?r%%gn w:ﬂhg fully inactivated particles, and that is less severe than
infection with a wildtype (natural) pathogen. The preferred viruses for this
embodiment are measles and rabies viruses.

The method for producing viruses according to embodiment (4) preferably
comprises the contacting of said viruses with a cell line according to embodi-
ment (1) and/or the cultivation of said viruses on said cell line. Espedially, this
method can be used for producing a pox virus, preferably strain MVA, in a duck
cell line, preferably a cell line originating from duck somites or duck neuronal
tissue, even more preferred from duck retina. Especially duck retina and somite-
derived cells obtained by transfection of Ad5-El region under cGMP conditions
stably support amplification of MVA with an efficiency comparable to or better
than primary chicken embryonic fibroblasts (Example 5).

The method for producing biologicals, especially recombinant proteins, according
to embodiment (4) comprises the introduction of a gene coding for a
recombinant protein, operably linked to a promoter into a cell line according to
embodiment (1), cultivating said modified cell line and harvesting the
recombinant protein.



The net hod of enbodinment (4) is used preferably for the production of
viruses and biol ogicals usable for vaccination or gene therapy.

Hi storically, chicken eggs and the respective cells (chicken fibroblasts)
are the dovdemsinsrgessubstrate for the manufacturing of ‘pavwrr@sos2For
pharmaceutical purposes chicken_gge avail able from pathogen-controll ed
environnents with an extensive nonitoring system A |arge body of
literature suggests chicken eggs as the primary target for cell line
devel offBMethdd 8 eﬁsbﬁmeﬁbwﬁﬂsé@hﬁe@s@ e ﬁéﬁ&%ﬁ%@vﬁﬁé@sce for starting
cells of the invention. However, chicken-derived cells and cell lines wll
be m)staﬂﬂ|bl@é?9}‘-'af§1115@8?|fPI‘V@ClnEtl@léﬂfageﬂeéh@lﬁP& suggest a low risk for rel ease
of infectious virus. However, the absence of transm ssible virus wll have
to be nonitored for any cell line to be used in manufacturing. Indeed, nost
of t he Hishorigally.efiicken ieggs @pd dhe iredpedtiveocella(chigken dibrelaris) arg theom chi cken (US
|5 830, far anﬁg%@Z& t%zﬂ')r trf“'fn Btuh %"éﬁ‘sva%?ﬁéé b#o% é fRarflatEtica chi cken

I neage of “av n enous avi an
r et r ovipH®ees (:lEd@nl—mra av(a%g]r@é‘oﬂapahhogeﬁ-cmltmlledl en\xyrrqnmen%'(vkbi an919- 29 (1992))

are pr I C an active

rever s§§ Béﬁégn&gjto ggy%tg{n IS % é(#]g &q\t%']a e %yszﬁlﬁé%a 211 y. Therefore,
even pas hiee primbryctaegetder ¢ed Imed:leoelbbmémtnElsereﬁwe,fthi{xerﬁ)lééllsteh'atonEest ed RT
negative.n lLess s gy 57(1):128-38

Ve assa Crittend et al r ol
(395 Preshied, SRilied T tanie, PR VMR GarEved ikt Ml o ehhas
anddrrayzelrsaarriabcrenrlmtei; it be et llk&i}‘l Ra(rj;msmélNmadrmdute][sugﬁ@talmw gr owmt hf .
condi ti.on ternativ I ed ayj an,_ speci of | i.nvention for ce
"o wESk T selenes OBt B Holveiie® fhe oShes o BafebohBoME e ovi v uoes. or
eXPr es il B the Hoﬁlﬁ@r‘éﬁlf@ﬁ @rﬁﬁcdﬁﬁ'ﬁb to baised NthmddeRctdvialSIndebd,ch are suitable
for two addltlonal @’(S}% Duck egs are al so aéallarlllefrompathogenfree

moni t oMt &t H@K@V‘%fhﬂe” @ta(gllgl‘!ed,&‘fp b3t 9d9InatngyEeBLhigkgr {UPj kel y to

devel op, 83007732 805870 BIAY, AlthWidH & wdst pdssiblengtedd atchiRay lindagkhe 1 el evant
vacci ne_strains reas)l icate wel| in duck éenbr onalz cells as they do in

chi ckeflineefbfips i vianelqugosis Vius, MEagenous jayRAstetroviryses (BWrHR)Y | Avi an
Dis. 4ezf2e-13dné %99%)5 Vol B%%@?-'@@Q(ZBQQQ@Z)) afe pres§@t| MQ‘Hﬁkén célis: NUOV' AN, g

M crobiol. 21:336-4 his remains to be shown for virus strains
of pri isiugingniing @s?AVF@fO chan aghve revessestignpcrpliase.i BUlnePressipRi | abl e. WO

2005/ 01138y uBEERAANOTRERRbre, even primary chicken cells and cell lines

such as DF1 that tested RT negative in less sensitive assays (Crittenden et al.,

Virology 57(1):128-38 (1974)) presumably will test positive in modern real time
PCR approaches and may harbor retroviruses that are activated under certain
growth conditions.

Alternatively preferred avian species of this invention for cell line development
are those which do not contain endogenous refroviruses or express reverse
transcriptase (RT). This includes ducks, which are suitable for two additional
reasons: Duck eggs are also available from pathogen free monitored stocks and
ducks are, in contrast to geese, less likely to develop spontaneous tumors. While
it is known that many of the relevant vaccine strains replicate well in duck
(embryonal) cells as they do in chicken {(embryonal) cells (e.g. Marek 's disease
virus {Witter, R.L., Avian Dis, 46:925-37 (2002)) or rubella (Rocchi, G.,
Salvadori, A., Nuovi Ann. Ig Microbiol. 21:336-40 (1970)})), this remains to be
shown for virus strains of primary interest. For other vaccines such data is not
available,



-20 To our know edge it is a novel and unexpected finding of this invention
that the highly attenuated pox virus strain MVA (nodified vaccinia Ankara)
replicates in duck cell lines at simlar or higher efficiencies than in
comonl y usww 2oed/0mar2y  chi cken enbryonic fibroblasts. Ongci/pbRiMidsesse Oof the
inventors was to provide a safe apd robust alternative to primary cells for

anplification of viruses that require an avian host, or vaccine strains
where a non-mamalian host is preferred. An inportant virus for which

3 . .
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nmeasl es i nfluenz ruselsrcﬁ i br obl, asts h ve been

sel ect eﬁafﬁsa“(ah@%ﬂ?re%g‘?m@ﬂv%é? IPITARE ryamplification of jvirusery thabr act i cal

reasonSrquIrbramlaamhsh@stp otrhmcf:laststﬁeﬁnsgwhweng mn—ﬁﬁh&fn@[hh' Rodtrem mammal i an
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. en uspen
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only after conplete (tumorigenic) transformation. This process requires the
pr esenca) exrensely prgmisigniopblorithryakle and pesteive\vacgise pRPISAERAS. ng with si gnal

tr ansdugi/ae s@@é'&‘é’%\’lﬁodgﬂl‘ﬂu& f&%ﬁﬁ?&%ﬁe’ﬂ&@hdﬁ%ﬁd&k%@ﬂsﬁﬁ}t s%hltzquoﬁs is in part
caused by the total absence of telonerase activity in birds and man

(Forsyt B¢ tRkenRas an grclusivepiexp@plentthatdeserited expeginents cay 3lsw0be) ). Human
primary éHré?—Fn%E'ﬁ@ﬁ \janﬁé o 6f e Uidlists? WS §§ fi dridNoPidtapdiBicEl genes of

adenow us type do not direcfly inte wi th these pathways

( per sonugctorgtish pamassies, Ebeliayirebies, iomniueada iausesn and growth i n suspensi on
culture has a higher chance to succeed for epithelial and neuronal cells.
Moreover, epithelia instead of fibroblasts seemto be the primary site for
Vi rus errthwta favei heehdeelectad asbihe prefgged ceit bipesnainlyl fpr historicaidr ast to the

mies bPPaTe! e s/oRRE, §7€ Sns cloRERE orbRlrB BER L IR L. | oget her
bi rd epiahmehaliah asa!dllsasmmlmsbenlgs KiVheregy celbmslpbmmmﬁ'omnmahedmdml cells are
consl deéx%grygp?s BPo%tghP En%mcﬁitn%, ttﬁig 9843t b only but the predominant cell

type. However, fibroblasts grow strongly adherent and loose this feature only

after complete (tumorigenic) transformation. This process requires the presence

of strong transforming genes such as v-ras interfering with signal transduction

pathways. Early senescence of fibroblast cultures is in part caused by the total

absence of telomerase activity in birds and man (Forsyth, N. R. et al,,

Differentiation 69 (4-5):188-97 (2002)).

Human primary fibroblasts are refractory to transformation with the E1 genes of
adenovirus type 5 which do not directly interfere with these pathways (personal
ohservation). Efficient immortalization and growth in suspension culture has a
higher chance to succeed for epithelial and neuronal cells. Moreover, epithelia
instead of fibroblasts seem to be the primary site for virus replication inside the
bird egg. Interestingly, in contrast to the human situation, bird kidney does
express telomerase throughout life which makes bird kidney cells a good target
for immortalization. Taken together, bird epithelial cells including kidney
epithelium and neuronal cells are considered the most promising targets to
develop a cell line of the required features.



develop a cell line of the required features. WO 2005/042728

PCT/ EP2004/ 052789 -21 It i's therefore only for the ease with which
fibroblasts are obtained that avian cell |ine devel opnent has al nost

excl usi vel ywbaousmerzon these cells (Cowen, B. S., Braungriv6d40s2% an Di s
32(2):282-97 (1988); US 5,830,723)4.In sone cases whol e enbryos have been
used (US 2001-0016348). Viruses do not onl y exhi bit species but al so organ
and tissue specificity based on receptor distribution and cellular factors
supporting replication. Therefore, in contrast to the typical approach, a
preferred way to performpresent invention is the separation of organs
prior t1 igthereforst oron ferothebrasi with woish fiproblasts ae shisined éhat. avidfor i nfl uenza

Vi rus, | p t,on for the
cel 11 1 BUIRE AEREGYRETAEIRIE BAAENEN, Beed, AR bR GhERLB on 1 < ot the

enbryo $.1 Sebdneb M. Oe,xﬂwaenﬂ)vyoiiﬂ(é) @B82H97 af1688); Tuer58280,823)a Inpsmnd i c aimwas to

al so deyel o el | s fromextr | terial, including protective

menbr an&s® so\ghcﬁﬁgmg%'s%veggﬁté%qu@Sgﬂg%g@lg? primary cul tures including

those of the extraenbryonic rrerrbranes have very short survi val tines

conpar to .fi bro | ast. Thi s f her hts or desi gned

i mor t aY TS5 ROt 8%1 ﬁ'? FPRGIS; B f’ HOFH%EE(%@ @S‘% ‘?'}rm)rtal i sation

of nul thepdgort HisGWagoh Bnd cénumtf@@toﬁsl snppwunngpr@ﬁunr ¢ﬁeﬁefb¢e Specific

conmbi nati on of genes used wt sent Invention. It was not known which

of the WPHaF Pithgtrpica %%D"P‘P@rﬁﬂ?fég’?g?”@iblt? PaTONTR PESSERIPYRNtoNiSr pox vi r uses

such ashMMépaRatidredFasnganX pridite dultveE& toBbialh aGhettiphéFeRe@ BBStellf or WA
invol ves a mxture of cells froman enbryo excluding the head which is

removed prior to disintegration. It is therefore conpletely unexpected that
a cell ForijhricRfa DRYY, %ﬁisere&h&ad@@)ﬁ@é SRRMcidO® 4 hbjbehppidatidhas_such a high

capacitiy for ~MA replication whereas other tissueS have not. The.sane
ti ssue fep&hd eallclineg Qippﬁese@é invenpiert lar kypieab glie tof oreplicatientis 40k &4 pt i onal

capaci téf%tbrgo%@me@@itr BRI BILAEE, itkerBe, tf GLRFEIAh Wik fACt ors and even

strong u uitous vira prormters exhibit variable strength in
di f f er ealgo tdeg@qwelwbm@o\f@m extraieondryenics amteniabd inaludieg rpretecBy’yl y depend on

; Ih3e/cos W@l@b%ah{a%oi%e nfiftd. '%;«g@f.ssﬁs'sbe&ﬁe%nmy kot feRiRiRss (€ 9
of the extraembryomc membranes have very short survival times compared to
fibroblasts. This further highlights the need for designed immortalization to
obtain optimized host cells. Successful immortalisation of multiple tissues in a
limited time window requires the specific combination of genes used within

present Invention.

It was not known which of the avian tissues has the highest replicative potential
for pox viruses such as MVA or Canarypox. The typical manufacturing process
for MVA involves a mixture of cells from an embryo excluding the head which is
removed prior to disintegration. It is therefore completely unexpected that a cell
line of neuronal origin, developed from the retina, has such a high capacitiy for
MVA replication whereas other tissues have not.

The .same tissue specificity applies to protein production. The transcriptional
capacity is dependent on the available set of transcription factors and even
strong ubiquitous viral and cellular promoters exhibit variable strength in
different tissues. Moreover, yields of secreted protein strongly depend on the
capability of a particular cell type to fold and process (e.g. glycosylate) the
protein properly.



WO 2005/ 042728 PCT/ EP2004/ 052789 -22 The nechani sns | eading to

i mMmortalization and transformation of primary cells have been well

descri bed (Hahn, WC. et al., Nature 400:464-8 (1999)). Required el enents

i nterfere WORNGAY27EONt rol of cell cycle progression, (dcrmmegdosdmed cell
death induced by the deregul ated.ggll cycle, (3) growh factor signal
transduction and for human and avian cells (4) shortening of the teloneres,
the linear termni of the chronbsones. A |arge nunber of factors are known
that can drive primary cells to an imortalized and transformed phenotype
but immortalization comes at the cost of inhibiting cellular checkpoints
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factor?E‘}a{rﬁﬁﬁ‘%gWS(']?g&ﬁé“é%ﬁeag’Hg‘ﬁS%‘S[?&H'aW%ﬁﬂ&'et tér%’gwmc %n without the
need f eignalc transduatiororandf foraHudman oavad asfaontelise(t)s shartertingrof; thehat is, the

nol ecul ar__pat hway. | eadi ng.to,th resul ti cell lin oul d be known
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urt her pror esired to sel ect a synergistic conpi.natjon o actors that

i ndi vi BH%TQ%XPECMOW‘F’PEF\@ZPHP% B?'T‘%%riﬁ og I%osgogé)Hﬁfi"E@“%ﬁﬁlwarrent transfer

of gene?é@pm?tsethht?bré t@tspmmwadnﬂmma tﬁubfhﬁfr}ambﬁiilﬁﬁtﬁ%ﬁoétﬁﬁ 6 .sr of desi 1 od
i nadvert en ransformation in_vaccinees or patients. Finally, it is desire
that & HEE I0R SR S PR CHRISTRITIC (Sctars Pabrae oEch SRR e r eci pi ont  of
bi ol ogyemdratisiP of tahadll lifeBIE pobe niitimalirkk AMaBrcd iAGldtoAtiAdthen the unlikely
event of tunor formation due to product application. The last criterion can

be real§chients of higlegicals) daved fram: the sleaiopeyr, cefie Thisceagpirament Bgedst r ansf or mi ng

pr ot ei g$ barfRildhckd W%héétréﬁ?& pomd BEffortiifg fAdiGsEhdyesid beom human
adenovirus 5 (Ad5) 1s ideally suited to transformavian cells so that the

resul t Biigndieapugielo ealise EanFrmagoniwithoughe peed fier agsorwiationt@i a. The E1B
[ : ' : Gyl o th 21K d
regi O“aéﬁlﬁmé%ﬁe‘eﬁég%?%dt%sf‘%d‘tggffﬁén%%cﬁlapgﬁﬁh% Qéd %@ﬁhﬁg prg_ an

55K prot el ns. _ proteln bin to p53 and thus turns apoptotic
t r anscrespitingresll line shawd b knawo camplgbels {eadegoripad andidl mecearding teonpl e-

the FDA CBER Office of Vaccine's presentations at the May 2000 Advisory
Committee). It is furthermore desired to select a synergistic combination of
factors that individually cannot transform primary cells so that a concurrent
transfer of genetic material is required which further minimizes the risk of
inadvertent transformation in vaccinees or patients. Finally, it is desired that the
transforming factor elicits an immune response in the recipient of biologicals so
that immune tumor surveillance is activated in the unlikely event of tumor
formation due to product application. The last criterion can be realized if non-
cellular but foreign, for example viral, transforming proteins are utitized.

It was now found that the El region from human adenovirus 5 (Ad5) is ideally
suited to transform avian cells so that the resulting designer cell complies with

all of the above criteria.

The E1B region encodes wo open reading frames on a bicistronic mRNA, the
21K and 55K proteins. The 55K protein binds to p53 and thus turns the pro-
apoptotic transcriptional activator into a repressor. The 21K protein comple-
ments this anti-apoptotic activity by binding to Bax, thus maintaining integrity of



ments this anti-apoptotic activity by binding to Bax, thus maintaining
integrity of WD 2005/042728 PCTI EP2004/ 052789 -23 the mtochondria
menbrane and preventing the rel ease of cytochrome C. This protein is
essential twodeasipe272’lher ent cell's towards substrate | ndegangendsessseort h  and
hence is essential to a fermentathgn process in suspension. It has not been
shown before whet her human adenovirus E1B 55K can affect the avian

honol ogues of p53. Furthernore, the avian adenoviruses are not equi pped

Wi th 9RAE IritRAGHRNal AkrfbHEheoshd BRlvehdlicefiNSRa8l SOBRy BRI @ofa bl e. - Contrary

to all expectations, the i1nventors found th 1B can provide the
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nat ural context an cenent un contro a strong, reconbinant
pronoter. This novel nodification and conbination allowed efficient

I mort al | ' | ' : | fransfection
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t r ansf @viaat ihomologugs of s peambludkeromee, Hhé | awiark adenaviruses aresinotabl e feature:
E1A is i e I ol f.e | n l.S.Whereas E1B
prot ei ﬁgu@%rﬁ)@ﬁt (L:'n %girrﬁegﬁtf@ge%wo%% t@%&bfé%ésq%g %%} ﬂ'aggﬁgéggér@?‘ease

rest ri cdontranoiv akéxpectptives, tioaninvehtors-kanecfoundthad E4Brgherbvids the but t he

cont i nuQus sence .of E1A an 1 oteins are required to sustain the
exper i ﬁéﬁ%"é‘%[@'“eﬁ'ﬁfﬁé%a"?wM‘P%P#E@Bm@gﬁétﬁﬂ*ype. Since the description of
v-src in the 1970s (Brugge, J.S., Erikson, R L., Nature 269:346-8 (1977)) a
panoply of transforn.ng factors have hee l,scovered and characterized.
deed A Mevelad T (agr BY et FeBT POTRETIST: Was oNg! of

al phar ef1BofrbiUEE el ALLUPAICAONESE dnidr siacaidre Ander contpd At skrbfig,tin, G S.,
Nature 227:1021-3 élQ?_g_@. Tre retrovi r%ongo _eag\ﬁ aéfg %e_rl ved from

cel | ul dpcqyahigant pipmptegsinrovel mediigrtianandqompinationgilewedierienl| et ed. Sone of
the faghaicstalittfon BRYRUINNE Ntidsd@Ntfidn edlick Nadd@hizRér Sy @fanbfeessh st udi es, such
as vnyc or V-ras,‘d@(ﬂl rectltyl af fect conmponents of the RB and p53 pat hways.

Ot her  prebead ofdetrayigh ragsdugliait.c or v-erbB, are constitutively activated
(hence, dysregul ated) signal transducers that m m c inpinging extracellular
m togens. The problemw th these factors is that they target only one of
sever alAlthaugindye updeylyinde mechanisn fpe trapsformation by El is complex cne

hallmark is a most desirable feature: E1A is a strong inducer of cell proliferation
and apoptosis whereas E1B proteins efficiently interfere with apoptosis but
cannot release restriction on cell cycle control.

Hence, not a single factor but the continuous presence of E1A and E1B proteins
are required to sustain the experimentally induced transformed phenotype.

Since the description of v-src in the 1970s (Brugge, 1.S., Erikson, R.L., Nature
269:346-8 (1977)) a panoply of transforming factors have been discovered and
characterized. Indeed, it was the study of induction of tumors in birds by
alpharetroviruses that provided first molecular insights (Martin, G.S., Nature
227:1021-3 (1970)). The retroviral oncogenes are derived from cellular genes
with essential regulator domains mutated or deleted. Some of the factors that
have been identified in the course of these studies, such as vmyc or v-ras, )
directly affect components of the RB and p53 pathways. Other proteins, Isuch as
v-src or v-erbB, are constitutively activated (hence, dysregulated) signal
transducers that mimic impinging extracellular mitogens. The problem with these
factors is that they target only one of several pathways required for efficient



WO 2005/ 042728 PCT/ EP2004/ 052789 -24 transformation. The presence of v-src
or v-nyc predisposes the cell for transformation and requires additional,
spont aneous and unpredictable alterations within the cell for full

t ransf or maW@mos/T4resr i sks for the patient posed by cel beTigbsvasiprgsed W th
one of the retroviral oncogenes therefore is difficult to estimte. Qher
DNA viruses such as papillonmaviruses and pol yomaviruses are al so knowmn to
transformcells in vitro. However, the sel ected transgenes shoul d not be too

aggr esghy, o%tﬁh”'fﬁez‘irés@ﬁcé 'o‘Fk -%f’c L meyid‘gir'ﬁlédageé thé hd?‘ellr g pients of

biologicals via inadvertentl tran erred DNA. This criterion is
especi BpMsjorgation g ed f'@ﬂUIFQSac@ddlfélnphodG@@ﬁaBGP%eaT@ aunpsediet@blepopul at i on

of ten higarhitsUii tﬁfﬁgl-lé"liellafo}’ﬁﬂb’trar}é% tu@ﬁefhfeﬁ*{&f@, Fif hi. e |§6§§86‘t ed modern

purlflcatlon me ol yomavi r us ar e- igen i's considered too

aggr esky ealistteanstosmed rwlthedme ofi the selyeviral amtwaelﬂewtheee;ﬁwlmlsdlfﬁmﬂt ton human

medi CI é@éereas 90% of cervix carcinomas carry papillomavirus sequences
(Munoz, N' et al., N Engl., J. Med. 34816):518-27 (2003)) C-type

adenovi ruses (which |nclude type 2 and type 5) are not considered to induce

Bacoq Qe Eakadaes SRR oA el Fho RREBE s e o JBHER" Lo above <
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Dot e pverta gy e ke tmah Bl &n o 1o BETERE of bofalRbnonn t hat ¢ he

conpl e\m@|r5|dv&?re©‘1ﬂ?r’craﬂsf@rb‘drmumlmubN5 T citetion Isl espémw stiimppnt feent s. \Wer eas
it was shown, eéh%%an we 12S.p ein interact with avian

RB ( GUY3CHBE Pr hered“p @' epgp"gﬁtg’"Zﬁ ?‘19’9@3“'@%%? @n¥Yonal activity

of 55Kyqung a%;bKEDéIOWﬂhnﬁaph@t@técﬁmda@H puﬂlf&aﬁ@ﬂmﬁd@t solydredviduge  first tinme
I n present _i nventi on. I S not surpri SI n %l | sone cl ones_of quail cells
f

expr es'EraRy Tt aHdioen &5 }S‘Prﬁd@ﬁq ¥r asgressiRifer P esggnedtrdufoss (@il hot,, C
et al appliERoAd e eubidhl Inetikidel F0Bkleas TO®RE F rc@ﬁﬁcha@élﬁdirﬁaﬁrHarr@nd stabl e

transduction via retrovirus infection creates a Ia:m%g eng h cell pool to
al | ow Pardiomayiiys seqanses GMunpze M difedly W Eagli, +yMed Bk>88-4/nducti on of

apopt OQUEBBYCSU?B@@J&BH&ISE@“@N& lrﬂlﬁd@g%e 3hase fyﬁGUST &ffe DAy unknown
changes i ncrease the nedicinal risk
considered to induce tumors in vivo and adenowral have not been detected in

human tumor tissue.

Based on the complementary features of the transforming genes shown above, it
was found that a combination of genes each interfering with single pathways in
the cell cycle and apoptosis Is necessary to obtain a genetically stable cell line

growing in suspension.

It was shown that the complete E1 region of adenovirus 5 can fulfill these
requirements. Whereas it was shown, that the 125 protein of E1A from Ad5 can
interact with avian RB (Guilhot, C. et al.,, Oncogene 8:619-24 (1993)) the
functional activity of 55K and 21K proteins in avian cells is demonstrated for the
first time in present invention. It is not surprising that some clones of quail cells

expressing the 125 protein of E1A exhibit transformed features (Guilhot, C. et
al., Oncogene 8:619-24 (1993)). The extremely efficient and stable transduction
via retrovirus infection creates a large enough cell pool to allow individual cells to
overcome the cell cycle block or induction of apoptosis by spontaneous genomic
changes. These required but unknown changes increase the medicinal risk and
the resulting cell line can not be considered a designer cell line, which should be



the resulting cell line can not be considered a designer cell line, which
shoul d be WD 2005/ 042728 PCT/ EP2004/ 052789 -25 based on known genes.
Moreover, transfection techniques are not sufficient to create the large
cl one pool wequésraghzgor natural selection. Instead retr oyi¥idSoodosaReduct i on
was required. The transformng gepg introduced via this approach wll be
flanked by I TRs and can, therefore, be nobilized, even nore in a cell line
expressing reverse transcriptase. Recently, an avi an adenovi rus, termed fow

adenovi §d to?f%ogvp erierngknM%%'u?e&f(hEr%ﬁsfemgcéécm%éoaﬂe%o@%h em:]gtg) has been

descrlbe 2939- 49
(1996) )creaj:artbe lacgencloee pgeh cerduired tfoenetial sfleddBnOlestead hermlirogous to Ads but

differ t ant t ped with an
E1 - hor Dot e B s B0REE. e PR emnaiicRy ol R nB 3L Ageni pec
in EL1A mfhdbe flenkadebysﬁlr%s andidsanFthepafotee ba snabilizedyteveh ragre-iaatdell dihe transcri ption

of del ayed- ear U P. et al., J. Gn. Viral. 65(Pt 10):1817-25
(1984) )G‘X( &“95%"’“%%1%5%%3@3 able to transform hanster cells in vitro (May,

J.T. et al., Virol ogy 68 483 9 (1975)). Genes interfering with cell cycle
and apqptosjs, orf22 ebenjde tifjed CELO virus
(Lehr t‘-\f an (ﬂYﬁ"o EHWUSJ terme:é gef@yws e(llﬁ@?)CELbd?q 2 encodes a
prot ei rthicllfémﬂr% Fétﬁ’éffor[YMaﬁ'nb' IBBbeéﬁeeééﬁNédm dHegtiel BERA (Bhibkca, sp@ﬁot osis in a

fashion sim]lar yEHa 21K protein (Chiocca et al. J.
g

Viral . ak1J3Yes. 767 2(3539*?)61996}) e EEREPLERNOMI Atreiches gfe%-@ #ief 22 and GAM 1
from CHeRoddouis tRE5 Dyt HiRel th intithEhnt bifiels -fahoﬁgletr@m dELB.is fdke spect rum of

avail abl e transgenes for transformation of avian cells is therewith
expandgUipPed s Withr odiei 4 -Ienelogeys  regieh uREEhepMeRE, o LY t@Metansf or m avi an

cel | s. @{ﬁﬁﬂd‘?) mBE}@SR lzed ﬂP YA 'R, &J%U@r%elgaédfg%r eﬂeﬁme‘%g%nﬁét a cell ul ar

gene. ates for rep Frednare ers or D group
cycl i ndransractivate trnscriptifinoel dflayedessolyi GELO gangs ribin®- ebmal.t heGELB regi on. The

M kr oor Jaki ek AERIZPAE (FRR0T Wl R KBE0NE GopeRsg iRl 0o "

Br auns dtawestay, ceHsrman&ro (MapBLD4 easalDSWmMmWﬂSBcﬂsdd:g?E)é‘d GenesSept enber 18,
2002; interfering with cell cycle and apoptosis, orf22 and GAM-1, have been identified
in the CELO virus (Lehrmann, H., Cotton, M., J. Virol. 73:6517-25 (1999)).
Orf22 encodes a protein that interact with RB, and GAM-1 interferes with
apoptosis in a fashion similar to the prototypical 21K protein (Chiocca, S. et al.,

3. Virol, 71:3168-77 (1997)).

It was now found that the genes orf22 and GAM-1 from CELO virus are sultable
substitutes for E1A and E1B. The spectrum of available transgenes for
transformation of avian lls is therewith expanded. These proteins have not
been used previously to transform avian cells.

Furthermore, one of the viral genes may be replaced by a cellulér gene.
Candidates for such replacement are E2F family members or D group cyclins for
the E1A region of adenovirus and mdm2 for the ELB region.

The following cell lines were deposited at the DMSZ, Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, Mascheroder Weg 1b, 38124
Braunschweig, Germany:

1. PBGO4 as DSM ACC2577, deposited on September 18, 2002;

2. 12A07-A10 as DSM ACC2695, deposited on October 20, 2004.



2. 12A07- A10 as DSM ACC2695, deposited on COctober 20, 2004. WO 2005/ 042728
PCT/ EP2004/ 052789 -26 The invention will be explained in nore detail by
reference to the following Exanples, which are, however, not to be
construed asotasluzve¢ the invention. Exanples Exanpl e lct@siskadkegat i on of
primary duck cells with Adenovirugg5 ELIA B The adenovirus sequences for ElIA
and EIB were anplified fromthe culture of passage 8 of the first
generation (E del eted) adenovirus Admuc grown in HEK 293 which was heavily
contam nated with wild type virus using provestart polynerase (Q agen). The
follow ng priners were used: VS182 ACTCGAGCTGACGIGTAGIGTATT (SEQ I D NO 1)
VvS183 meAmm@mAﬁ;ﬁrpieiszagm [mo@ dtait dyarefdrefige tchéheEfollawiregi on and VS184

NG 4) (e PO G, BB e o Deigr e B HEATE, eI, cloned nto

pPCR4bl unttopo (lnvitrogene). The E1B construct m sses the splice acceptor
fromthe E1B nessage. It was therefore replaced by a synthetic one
anplified using priners fromthe | eader intron of a human inmunogl obulin
heavy dxamples’s tenplate, the genomic DNA from PBGO4 (DI\/SZ ACC2577), a

nmur i ne- huma het er oh br| donf*a was s d.
AAGGT AGZETEECEH QNI diEK GeyS g CAGAGTGGGCTCCTGTGG
(SEQ | E?hbl@déhovmb %eéxﬁéﬂc@@ f@GCERPhd EY@%ve?é éﬁfﬁmﬁéﬁ Frbmnme du'ﬂ:hﬂa pEFNYC,

contai ni ng aEF1l al pha pronoter and t nyc | eader peptide to create fusion

prot ei PassagRd efithe fisei grneration GEérﬁﬂFé%ﬂ)fqd@H?\ﬁ'ﬂ-@p%ﬂEﬂW goAgnEEIR | and Xho |
sites 32’99 ﬁhi@ﬁ‘eﬁaé IFIEQVIMDC&&QI“#%73&1'}PGTH Byeo O0AhioedRe prﬁ@ezst Frnyc directly,

renovi ng nyc | eader sequence and fusing the E1IA t0 't ovi ne growt h
hor rmnepobfmanQ (QirgenkE1B regi on was again removed with EcoR |

The following primers were used:
VS182 ACTCGAGCTGACGTGTAGTGTATT (SEQ ID NO:1)
V5183 CACACGCAATCACAGGTT (SEQ ID NO:2)

to amplify the E1 A region and

V5184 ACT! CGAGTCATGGAGG_CTF GGGAGT (SEQ ID NO:3)
V5185 ACACATTTCAGTACCTCA (SEQ ID NO:4)

to amplify the E1 B region. Both fragments were first cloned into pPCR4blunttopo

(Invitrogene).

The E1B construct misses the splice acceptor from the E1B message. It was
therefore replaced by a synthetic one amplified using primers from the leader
intron of a human immunoglobulin heavy chain. As template, the genomic DNA
from PBG04 {DMSZ ACC2577), a murine-human heterohybridoma was used.
Primers:

VintSA-F AAGGTACCCTCCCTAGTCCCAGTGA (SEQ ID NO:5)
VintSA-R CAATGTACAGAGTG GGCTCCTGTGG (SEQ ID NO:6)

This splice acceptor was directly cloned into pEFmyc, containing akEF1 alpha
promoter and the myc leader peptide to create fusion proteins. The E1A region
was removed from ptopoElA using EcoR I and Xho 1 sites and cloned into



and Xho | restriction enzynes and cl oned i nto pEFmycSA containing the
het er ol ogous splice acceptor site. The resulting plasm ds were naned
pEFAd5ELIA (SEQ I D NO 7) and pEFAJS5E1BSA (SEQ I D NO 8). Enbryonated duck
eggs were iwaoavedsat 37C, 60%air humdity, for 12 days/eEpeddeszzenbryos

yi el ded nore cells but also contabned a hi gher nunber of contam nating,
differentiated fibroblasts). The shell was sterilized with 70% i sopropanol,
opened at the large end, and the enbryo was renoved aseptically to a

steril epayt 'dlrgt':tﬁrh re Bﬁné ?g%lrnvgerlﬁéder%@@féﬁ}:éégﬁi?ué'@d thd £ ‘66’%? transferred to

separate petri di'Shes f m nce ter a brief
i ncubath%ﬁ'e BOWHIERENS Moty Enss E%g‘-‘gfﬁnﬂ@f Qﬂaﬂmrﬁm\@ﬂc\é@t EelR F12 nedi um

(13 ooldhlY khd A0 PEictoRP LFRTALL Ll Libnek Hhth ChEim @A cBRtGHMG Fhochr om and 2%

Utroser G (G phergen) I S suspensi on was 0 a petri dish
and cLheterolamusrﬁpu@sacpemtﬁoslhmJhatreamg(nmﬁnmds werd nameed pEFASEDE 41. 6C

physi o QE?INO 9g5%[5|_gftﬂxldl'§5%1 Aié‘%dﬁ nd 5% CO2. The culture nmediumw th

non-ad er Fris" was rep flovm ng day and cul tivation
continued until at Ieast 5 x 105 cel I s per 3.5 cm di shes were avail able for

transf S xperiments
conpar f‘Eﬁ%ﬂrﬁl p?gésdo&)n"lla enegél%a en)™ ancﬁ%@m@a f@f‘ &%%JSY% ect; Q agen)
transf e(oltjenrenm?cg;emehjedug'@eestaeds b:emalsn‘ fcontomedi @ shighdrhnufabéeof ene.
Transfection there.was r i t Ef fectene rea briefly: 2 pg
of pl ashi'g ‘“%S'f}&??ﬁﬁgﬁ %%@I L}%& %lﬂ'f‘g?s c,sg‘?fﬂ'ﬁ?%‘%@ n}@/b Enhancer .

Af t e[) dsopropandiabperedtatrthe ddrgb emdn and hepemBifybavdsereenoved aadotivdlly A}‘ ter an

i ncubation, tinme o m ant was renove culture in 3.5
cm di sh@& Sipge pF“é'pﬁj'a%'celH‘e\/\ﬁéWn%fgmana bR RN aﬁﬁr'%”ﬁié transfection
m X. Afskpdraiipetii apHesfillc@nwith tpsi/EBTRAHE fhivded SARewd Briclinédbatiomddi tional 2.5

m fresh nedi um Wﬁ'ﬁf ded to the culture. The tr sfected cells were
al | oned@ t SHSPERIGR $Qiert¥3F MiXRGsi WEk e@N (XEESpetdedZ | MSEHE U t r oser

G SUPP'(GI&BMMUE@@)@Eﬁplémenwﬂdmtr?-l@%elﬁtaﬂ calﬂéauml&hmh) an®PRed es
(correi&ondl | d expansi ?N\# éﬁ? and 10 gf%'s he nmedi um was
r epl acettriet E %’E I-J SESPERTPY WRF (1P F'éSntOTﬁePe[S” re scanned WO
2005/ O%Ifi@@cldﬁcﬁédfﬁéfﬂﬂﬂ'{ea%%b&gc (waﬁhflprowehmaﬂnﬁeaar1asv@:epr%.oidg¢dat of cells with
changed norp ? decrease in _ove

temperature chlcken) and 5% CO,. The culture medium with non-adherent

debris was replaced the following day and cultivation continued until at least 5 x

10° cells per 3.5 cm dishes were available for transfection of plasmids

pEFAdSELA and pEFAdSELBSA.

Initial experiments comparing liposomal (Effectene; Qiagen) and dendromeric
(Polyfect; Qiagen) transfection reagents suggested best efficiencies with
Effectene, Transfection there was petformed using the Effectene reagent; briefly:
2 pg of plasmid DNA was diluted in 200 I EC Buffer containing 16 pt Enhancer.
After an incubation time of 5 min, 16 ul Effectene was added. After an ihcubation
time of 10 min, supernatant was removed from the culture in 3.5 cm dishes and
replaced with 1 mi fresh medium containing the transfection mix. After an
incubation time of 2 hours at 37°C and 5% CO,, additional 2.5 ml fresh medium

was added to the culiure.

The transfected cells were allowed to reach confluency, trypsinated, resuspended
in FCS/Ultroser G-supplemented F12 medium, and re-seeded into two 6 well
plates (corresponding to a 12-fold expansion). After 5 and 10 days, the medium
was replaced with F12 supplemented only with 5% FCS. The plates were scanned



cell size, increased size of nucleus, increased visibility of plasma

menbr anes under phase contrast) and increased confluency. Approximately 14
days post transfection, once the foci reached a dianeter of 1-3 mmthe
medi um was wepsasEds and t he cul ture washed twi ce W th tpoipEs0d4eEsREs

(G bco). Trypsin-soaked cloning dhgks (Signme) were placed on top of the
aspirated foci for 3 mn, then transferred into wells of a 24-well plate
filled wwith 500 pi of F12 medi um suppl enented with 5% FCS. The cl oned,

t f ] j of ' f. ,

L1 ypat nPLE diPeBntE e orieid ﬁ*ﬁéﬁ%@%%ﬁ%@f@ﬁ@ﬂk@&f%?# BYRRLS and

t r ansf efel s inwededetize pf avdeus, dnereasedevigiilityuek plasmehmembmiesuency in the
6- wel | urﬂlala[a_@as%Qﬁnﬁ%tjeénd‘ﬁﬁ%agéd”‘glﬁ&@élﬁ&g to T25 flasks for continuous

passagi ng. I cryopreservation efined intervals cells were trypsinized,
resuspended in F12 nmedi um containing 5% FCS, collected by centrifugation at

100 g f | us I.h F12 l.um.cont ai ni_ ng..50% and 10% DVSO
(S gy HestXm el 1 AR RRE ReGSTetbor oo TEr 61 e AR BL s oy an
pl aced mm theyoediar svasnaspirtated samor thp antilirebeeshdd twiok iwidy thepsingEDBA - 75C. The
coolin ev{ ce_ensure const ant oling rate of, 1C per mn. After 24
hour s ?(ﬁ’g”CBE fgpﬂgfsgafgcgﬁ@m E@o&?qm‘?{)ui r‘?‘ni'ﬁ?(@aeﬂnf&p ﬁgr nent storage.
Exarrpl easpirated oo Verd3 ﬁﬁlﬁrthé?tt&a@ﬁfeﬁ?diimtﬂmk dilglof aez_#-w}gi! @rattﬁﬁll%d Ml’(cnes a)

repar at.i o rinmary ce|ls origin for e duck eggs was
certifia5t@8 P{PBP%@?‘FE@”%?”PBLE"?%E%FWEL%g‘hf‘g-itidi s and S. typhinurium
Mycopl asma gal | i septi cum and At synovi ae; cases of |eucosis,
reticul.o-endot he]iosis, psittacosis, ayian influenza, duc hepatitis, and
Dot 2oy Do BBk ctroritartied s Herk AUoMENAD! Graliraion gt SolRaded  agai not
par vovighpsinged, NesuspaRiedOfn ﬁQVﬁl\éH_fuﬁﬁisﬁgﬁﬁm@nté@_t @fthedo, Atioahg in the flock
of ori ?cl n have been vaccinated against S. enteritidis and S. typhimurium
Past eurtEinsteried| 'f"t'oc%’(dfleﬂ&’!at‘?ﬁhé:’rfﬁéttg%ﬁ@%\f??‘fﬁ‘ﬁd ronfluency il Bet6-48hei tis; and the

par amy itk theScdlid Werd Gahieeed td 23 ERIRR coritfiodd PassiBing. al | owed to
equilibrate without agitation at roomtenperature and WO 2005/ 042728

PCT/ EP2004/ 052789 -29 after two days were incubated at 38C in a danp
chanmberror kRfoBFRENERGHHE Bbfined derds BEIRANERSryiRMIzRA] restSpended in

F12 medium containing 5% FCS, collected by centrifugation at 100 g for 10 min,
resuspended in F12 medium containing 50% FCS and 10% DMSO (Sigma) to a
concentration of approximately 3 x 10° celis per ml, and placed in cryovials in an
isopropanokbased cooling device at -75°C. The cooling device ensures a
constant cooling rate of 1°C per min, After 24 hours the cells were transferred to

liquid nitrogen for permanent storage.

Example 2: Improved preparation of immortalized avian cell lines
a) Preparation of primary cells

The flock of origin for the duck eggs was certified to be free of Salmonella
enteritidis and S. typhimurium; Mycoplasma gallisepticum and M. synoviae,
cases of leucosis, reticulo-endotheliosis, psittacosis, avian influenza, duck
hepatitis, and Derzsy s disease. The animals intentionally were not vaccinaied.
against parvovirus and no cases of parvovirosis were detected. Animals in the
flock of origin have been vaccinated against S. enteritidis and S. &yphimurium;
Pasteurella ‘multicodica; the metapneumovirus Turkey rhinotracheitis; and the
paramyxovirus causing Newcastle disease.

The eggs were allowed to equilibrate without agitation at room temperature and



Duck enbryos were sacrificed for isolation of primary cells after one or
three weeks of incubation. Eggs were transferred to a cGW unit (a cl osed
| aboratory performng as outlined by the Current Good Manufacturing
Practi ces) vamabosmzrasshel | was sterilized by w pi ng w thpé@¥peaeps98anol
under a laminar flow hood. All sihsequent steps were perforned in the GW
unit under sterile conditions wth defined solutions or nedia. Eggs were
opened carefully, enbryos transfered to a |large petri dish and killed

| medi ghel pndYafleranl halled a fiSa HEABIHBRLEL!b@thd regigys wer e T enoved:

brain, retina, 1i1ver, esophagus, heart, extra-enbryo nbranes. In
addi t i &M altgeieliag fiofEB®M%°%s were prepared from an 8-day-old enbryo. All
sanples were rinsed with PBS (phosphate buffered saline; G bco/lnvitrogen,
USA), treated with trypsin (G bco/lnvitrogen, USA) for 1 to 10 mn, and
tritur &uekl eimbrdiEvere] Sacdfitedufoe isudationnof(pEinbary/dells afterogesn pr t8AF suppl enent ed

ith 10% i.och A t j h h 18G
oyri ngdeeina RENBEER Eadr iR ralERsadt A T WL & BR8P EBEmN 0, 2™ mobr 1 <
was r eperfedhing am cullinedent theeClrsertyGaddagreufadtunigd Practitdsg ahdlthewi ng day. b)
PI ' t Ex | L i ds f E1A, E1BR, Orf22, d Ganl
e BB SRR, FIBe SR oRel WP e Pl BUbGE Tre comae©
DNA of Aldebsatuentssteps ety perfermedd hihekemP efftrundel etdhid cardiume ( CELO)
wldty ectivel by PCR and insertion into vectors equi pped

e VjLus, res ,
wi th hg’#ﬂrﬁieﬂ"ﬂeqﬂﬂ% "sﬁ’r'i@leﬂl‘%gl ycerate kinase (hPGK or nPGK), mouse CW
(moCW) or tk pronoters (figure 1). The adenovirus sequences for E1A and
E1B were anplified fro ild type virus, using ProofStart | yner ase
(Q ageR9oTHPRPRERedFREETYIRY EEWIYRS (ANSIRid 19,8 (aite pelboishANd diletda57 28

PCT/ EP} NO 1) VS183
FRd4RRN/ C%?%e ﬁayﬁ%mﬁm%@%&ﬁ?ﬁ%éd&d VSl)84

CACACGCAATCACA ‘(: IDNO2) to anplify tl
ACTCGA@W\TWVF@P%@U%:@QU gnd\extR-emyRypsic METRPENES:CAGTACCTCA (SEQ I D
NO: 4)

In addition, cells from somites were prepared from an 8-day-old embryo.

All samples were rinsed with PBS (phosphate buffered saline; Gibco/Invitrogen,
USA), treated with trypsin (Gibco/Invitrogen, USA) for 1 to 10 min, and
triturated in DMEM:F12 culture medium (Gibco/Invitrogen, USA) supplemented
with 10% FCS (Biochrom AG, Germany) by repeated passaging through an 18G
syringe. The homogenized samples were cultivated at 37°C and 5% CO,. Debris
was removed from adherent cells by change of medium the following day.

b) Plasmid Constructions
Expression plasmids for E1A, E1B, Orf22, and Gaml were constructed by

extraction of the relevant target regions from the genomic DNA of adenovirus
serotype 5 or chicken embryo lethal orphan (CELO) wildtype virus, respectively,
by PCR and insertion Into vectors equipped with human or mouse
phosphoglycerate kinase (hPGK or mPGK), mouse CMV (moCMV) or tk
promoters (figure 1).

The adenovirus sequences for E1A and E1B were amplified from wild type virus
using ProofStart polymerase (Qiagen, Germany). The following primers were
used:



to anplify the EIl B region. Both fragnents were first cloned into

pPCR4- Bl unt - TOPO (I nvitrogene, USA). The E1B construct m sses the splice
acceptor fromthe E1B nessage. It was therefore replaced by a synthetic one
anplified ug0nepspui7eeers fromthe | eader intron of a hungirpidRegkobul in
heavy chain. As tenplate, the genggdc DNA from PBG4 (DVBZ ACC2577), a

mur i ne- human het ero- hybri doma was used. Priners used for anplification:

Vi nt SA- F AAGGTACCCTCCCTAGTCCCAGTGA (SEQ ID NO5) VintSA-R

CAATGTQ@?{;?\W %li@r enes GAM 1 and ORF-22 were
lifie rom w (dGFc-‘r é;!%&%L Hug%\nétl% mers V206 AAC CTC GAG ACC CcCC
CTG TA@’SAﬁC@ACG@E@ @Wﬂsﬁhw NQ 2} GCC GIT AAC TTC AGG GAT TGG TTA CAG
(SEQ ID NGO 12), and V208 CAC CTC GAG TCC GGA TTA AGA TGA ACG (SEQ I D NO
13) and V209 CCA GIT AAC AGG TGA ACC ATT TAT ACA G (SEQ I D NG 14),

r especitd amblify thepi dsregivatande exanpl es for the resulting plasnids are given
with plasm d 49E (adenoviral factors under control of human PGK and nobuse
CW pronoters;  SEQ ID NO 9), plasm d 25F (CELO factors under control of
nmouse ¥5d84HACHOGAFPTREATBGAGBETSGGAER (SROND-NO)3) pl asm d 60E (adenovi ral

factor CTI EP2004/ 052789 -31 of human PG&K and
tk pros{éﬁgg&p‘%@#ﬁiﬁgéé Hy 36E (CELO factor under control of
nouse PG&K prom)ter SEQ I D NO 19) (see also Figure 1). Int egri ty of the
expreSS| o s _was confirnmed by sequencing. The plas are not

equi ppd¥ @ %&ee@sBFGQ'P%-t lgeka dragmen \yerggfaﬁm?g%mrwg@%guoguch as

anpi ci fopn) Inﬂr@}@ﬁ@rug}\) c cells. c) Transfection Primary cultures were
transfected with expression plasmds for El or Of22/Gam shortly after

isolation or after single subcultivation. Depending on the experinent,
pI ?sm hie WMBBCcdnsael AfidseE tAS sBHRCE&BhLE fidin #hd &iB! ma%%gezat hgp wth the Sca

New Engl ands Bi ol a restriction enzyne. Initial experinents

conpar thagefiore eepbaead mﬁé@méefkonegaa@@ﬂed edrgr@Rinerafrgm the leader

intron of a human |mmunoglobu||n heavy chain. As template, the genomic DNA
from PBG04 (DMSZ ACC2577), a murine-human hetero-hybridoma was used.

Primers used for amplification:

VIntSA-F AAGGTACCCTCCCTAGTCCCAGTGA (SEQ ID NO:5)
VintSA-R CAATGTACAGAGTGGGCTCCTGTGG (SEQ ID NO:6)

The genes GAM-1 and ORF-22 were amplified from wild type CELO virus with
primers ‘

V206 AAC CTC GAG ACC CCC CTG TAC ATT CTA (SEQ ID NO:11)
and V207 GCC GTT AAC TTC AGG GAT TGG TTA CAG (SEQ ID NO:12), and

V208 CAC CTC GAG TCC GGA TTA AGA TGA ACG (SEQ ID NO:13)
and V209 CCA GTT AAC AGG TGA ACC ATT TAT ACA G (SEQ ID NO:14),

respectively.

Representative examples for the resulting plasmids are given with plasmid 49E
(adenoviral factors under control of human PGK and mouse CMV promoters;
SEQ ID NO:9), plasmid 25F (CELO factors under control of mouse and human
PGK promoters; SEQ ID NQ:10), plasmid 60E (adenoviral factors under control



dendroneric (Polyfect; Q agen, Germany) transfection reagents suggested best
efficiencies wwth Effectene. Transfection was perfornmed as follows: 2 | ag
total DNA was diluted into 200 pl provided EC buffer and m xed with 16 pl
provi ded esvthawsen72sAfter an incubation for 2-5 min at peepiRIRRsat ure 20
pl| Effectene reagent was added._-After 5-10 min at roomtenperature this

m xture was applied to the cells'in a 8 cn2 dish under 1 m cul ture nedi um
After 2-5 hours an additional 1.5 m culture medium was added. On the

foll owi ' | G ] |t ure nedium and
t her e%f@%’gﬁﬁ%k gg‘ﬁ' t%éﬁ%ﬁ?@@i@f@ﬁg } ghasp '(gé'fnillgoﬁé%\g@]‘gg%];%of: med in parall el
exper i medarsoniielof mouse PEKtpremgteneSEQHR2NOe19)dsewalso Eigatd Hlousl y passaged in
DVEM F12 nedi um contai ning 10% FCS. Twenty days after transfection changes
of norphol ogy in defined subpopul ations (foci; figure 2) of sonme cultures

wer e obﬁegritﬁdf th'geremrdfseioln_q::cldmnidsmi a}giﬁnﬁédibw_eequehamga']ﬁ?@plamrdg not habl eto
conpete with rqbusf proliferatjon o e prinmary .ce|lls; again other
cul t ur 8¢ 80 F%‘I“B‘Eﬁctrﬁ‘gsqx%ﬁséeqeﬁ‘sﬁé‘é‘f ﬁa‘%ﬂ‘ﬁ g@rﬁ'gcgc%ﬁ@@t@ﬁo(ﬁ‘? aSaft er

t r ansf edbicdiim) irfel icroetier of independent foci were expanded from plasmd
49E- transfected cultures with cells derived fromliver, retina and
extra-enbryonic nenbrane. At passage 10, e.g., cell line 12A07- A10 deri ved

from degckaM¥gffs/ 042728 PCT/ EP2004/ 052789 - 32 extraenbryonal nenbrane
cells transforned with plasm d 49E was isol ated and deposited at the DSM.
Foci wlisary| Syltgissamesel treesfegediswith exaressiomslesnids &l Edr & with cells

from i n o?ﬂfﬂé ; I b cj , i ronoters drive
expres‘gi’érg%/@%fmi ElghA andFt@Ellsg!aﬁtr)nggﬁ?iﬁ?}?ﬁgggwgﬁgﬁl@n%ﬁ %SE ?IE[)) NG 18) al so

encodetta B@eriment, plasnpids wesgitmnsiegied aeppunsseals asfafiendinpaidzaieni ve ETB regi on
s dri - t afal ; S ag.qk.he mouse CW
pr onot ggﬂ(gﬁt %E? r%)n ewat n@%ﬂﬂ?hgﬁiﬁg% yghzlr%g%—ircgrar%t éerﬁz?%mﬁwsitﬁégt ent with the
pr ot ecexpegmeniseccoroparingr r BpbsonakE1 Effectanef evaganpciGdrmahghe@ndel | sanpl es

1ore SRR LY SR b S SRR il = 11 D o
phenot gffidencies with Effectene. Transfection was performed as follows: 2 pg total

DNA was diluted into 200 pl provided EC buffer and mixed with 16 pl provided

enhancer. After an incubation for 2-5 min at room temperature 20 pl Effectene

reagent was added. After 5-10 min at room temperature this mixture was

applied to the cells in @ 8 cm? dish under 1 ml culture medium. After 2-5 hours

an additional 1.5 ml culture medium was added. On the following day, the

medium was replaced with 2 ml fresh culture medium, and thereafter once per

week. Successful transfection was confirmed in paraliel experiments with a

reporter gene.

The cells were continously passaged in DMEM:F12 medium containing 10% FCS.

Twenty days after transfection changes of morphaology in defined subpopulations
(foci; figure 2) of some cultures were observed; in other cultures foci did not
appear or were not able to compete with robust proliferation of the primary
cells; again other cultures suffered massive cel.l death and senescence shortly

after transfection.

A large number of independent foci were expanded from plasmid 49E-
transfected cultures with cells derived from liver, retina and extra-embryonic
membrane. At passage 10, e.g., cell line 12A07-A10 derived from duck



was al so observed in cultures of liver transfected with CELO plasm ds 36E
(SEQ 1D NGO 19) and 25F (SEQ ID NO 10). Cultures with foci were expanded by
treatment with trypsin for 2-3 mn and resuspension in DVEM F12 nedi um for
transfer tdowOReSHIZIASt ure vessel s. For cryopreservati on miT/eregu4lassse nt erval s
cells were renoved with trypsin, -33esuspended in DVEM F12 nmedi um cont ai ni ng
10% FCS, collected by centrifugation at 200 x g for 10 mn, resuspended in
DVEM F12 nedi um contai ni ng 50% FCS and 10% DMSO (Sigma, USA) to a
Conce”te&%érﬁﬂry@ﬁal rﬁ@ﬁﬁr%b%@l‘isedré(ns?% eaq,ﬁtmﬁbéns.dn@rrs Was .saaﬁdfaﬁl@' ed wth a rate
of 1C per mn ours, the cells were transterred to liquid
nltrog@ﬁpﬁ%ﬁe ab@?ﬁv@ﬂ‘éﬁ{ storage. Exanple 3: |munofl uorescence assay for
stable transfection Cultures of potentially inmortalized cells were seeded
on glass slides and allowed to proliferate for several days before fixation
wi t h i decicwere alsa nbhamedffmm plasnid ROEKransfected ccudturdsswitle cells ffembat ed wi t h

ant i bocilét‘?r?%ﬁ'gﬂé cE1A and E1B 55K proteins, secondary antibodies, and

fl uorescen e speC|fi c against the latter according to standard

i mrunof | uorescene net hods (Becton Di cki nson, UK, WD 2005/042728

PCT/ EP 7 5 t i 1: 30; Oncogene,
USA, #%&83#3% (53%g ?Sabr{édlaéégegf:ﬁgt 'ﬁ'%gy%gaﬁw%F(B'%}'éoq%gg?hgaggondary ant i body
di rect eEdBagsaa'paettvelymPlﬁsmld)lGOEa(SEQrElsﬂ@ciﬂ)vﬂd;cyeneudds dbejfulyatBeElt 0 biotin, both

o JIEHER T TSRO Do E14 It o el LU F L Jecken

di | ut egrdmdi@d}hat s hoteas/stearld as thet nnblhseaml‘divlqimrmhen (lmardtyongeothaget ful |y

establ ished. jm and adl bl e by

ot phol By Py ETR A teES chBretk WA B reorechi ek Softeb AN EBor *ant i body

speci f ifad fewer 268 inckiver chllgBMpREDNStendhtaikedimeth Ees Icahstilvatwhemt abl y express

the Ad5 El % n ser ed as gglscl ive control. DAPI (4', 6-

di ani dFﬂ'@S‘Péfeg %ﬁ}ﬁl reﬁ@ Witisplasa! ) to 1 pg/m was added in the final

i ncubati on step to stain the nuclei of the cells for orientation purposes. A
55K was, observed onl t hat under went

t E1A i |
zhgfggf g?’ﬁ%ﬂ @fg?%%‘@s& PRBIOY GBIbBRPERARES ARY ﬁ’éné@lﬁ"ﬁg@ Qﬁ‘?ﬂ‘)wqﬁ’rmr talization
by theak ra@sasa‘be@meal it aaesIst [(Ver Grahsfectd withr¢H1EY BB Rids SBETERQEOUS .

transformati
1D NO: 19) and 25F (SEQ ID NO:10).

Cultures with foci were expanded by treatment with trypsin for 2-3 min and
resuspension in DMEM:F12 medium for transfer to fresh culture vessels.

For cryopreservation at regular intervals cells were removed with trypsin,
resuspended in DMEM:F12 medium containing 10% FCS, collected by
centrifugation at 200 x g for 10 min, resuspended in DMEM:F12 medium
containing 50% FCS and 10% DMSO (Sigma, USA) to a concentration of
approximately 3 x 10° cells per ml, and cooled with a rate of 1°C per min to
-80°C. After 24 hours, the cells were transferred to liquid nitrogen for

permanent storage.

Example 3: Immunofluorescence gssay for stable transfectio

Cultures of potentially immortalized cells were seeded on glass slides and
allowed to proliferate for several days before fixation with ice-cold methanol for
10 min. The fixed cells were incubated with antibodies against E1A and E1B 55K
proteins, secondary antibodies, and fluorescent dye specific against the latter
according to standard immunofiuorescene methods (Becton Dickinson, UK,



formal possibility, was not observed as all cells with altered phenotype
were El - positive. None of the cells with primary phenotype expressed

El -proteins. Although possible in transfections of supercoils where the

| i neari zat i 80 20504R%usmid in the process of integrati on mAngErsiak2788NdOM
positions none of the exam ned tgsi exhibited E1A expression in absence of
E1B expression, further enphasizing the requirenent for dual pathway
disruption for immortalization. Exanple 4: Assay for endogenous and

ex0genquss1 88 raﬂtibéd’}sé‘%lr%t@lm‘%g OPOIIORRSRUA! OSAT HBHER- MR nes ar e

produced in prinar cken asfs is contam nation with exogenous or

endoge?piko @Q%Mtr'i}@e§5K:Tﬁ@te@|1V%Qrs$Q°9""e'ﬁ"V tanEbodyt ABeSted, @0pIARE 1y is too
COMPI ©nd ok fél FlspAREH}Endcdod BPBEHE ol ramOREKSORTfng eLr oV r uses.

Reports fromthe literature t ore usually are limted to a subset of
t he retRestareudShadiluted 128 \@sc@h;at@nwnslmwmw@d%aﬁa@rcb, YS$kith, L.M et

2l 3 gl b b BORh 2R H1AS9) add 056 PRy b2 Subset of

avi an speci es. AbI'e Cont I T el con ndt i on retroviruses

t her ef 6Flk @Hodﬂftﬂ lﬂo@ﬁﬁ‘b’, nok s&:tcfahwmstabbsheﬂ qmm@r@ahtzed rcell Himse arnidr uses. Sequence
i ver Sty RIS U7 RBnAGh RAREH JRLARNIAD IEPsaptiavever | common

to all ovirdses 1s reverse transcri ptase enzyne.
The supemhrtzitfalnantﬁfodeﬁpamﬁew mz&m@(mmamﬁﬂrﬁmenmw oy &t - 34 foci from

duck [i cel with pllasm d 49F wa h €. assayed by
guant i P\@fo&eé%etwggé@a é& ge(%a& S gn%%c?"ﬁ&?—’?f??ﬁ@tv@é‘gfe? I’%lnSCI’I ptase (Q
PERT) diahidiooiapleshylindote Gignad, USA) rol &, ua/ml ewasladdedHO® e ffiaali ti ve control
and 293 |1 s _.as at ontr e he and figqure 4 to detect both
endogewgeﬁloéﬁt%]:origmgb? PW f&ﬁe Eéﬁ%g'rﬁr@% &R %r?ch"%i;r ee Zet roviruses. The
assay 1is a nodification fromthe literature (Lovatt, A et al., 3. Virol.
Met hod 8 efly: retrov ) nriched from
cul tur g‘h‘éﬁ?ﬁ ﬁ‘&f‘é ft% ?538‘ éﬂcfggke"msr Pk’?ﬁ'j‘é‘%/q BWVVWtQ?hﬁE%%OBn l-t(ﬁ:hr ough a
barri echatctidsticscangee ('j” ﬁ'loP;BﬁlogVOchﬁngM?fstﬁtdsuﬂuaﬁmﬁ_ih_:ailﬁtlom b;n gnSB(() i ];nvl -
resent) were resuspen uf f er :
FZ) 5 rrM%?I’Ef n e;gfﬁlﬁg@ﬁipg é&b%ﬁ%ﬁo% SE% tW)%@EI“@\’IP 19 3subst r at e
buf f er fdrifl Fd4sRARY, Wis ﬁc.%%se.d@ar RBs afl G2l wmmdwer@a’]aﬂen&g p®WefPBLi fic primner
[GCC TTT GAG AGT TAC TCT TTG SEQ I D NO 15 and O ng/ m_fragnented

herri ngogw@f n{\lmo{ ﬁh@nﬁeﬂﬁ FPFI%IBQ_]’ﬁn? pe expressed E1~prote|ns

Although possible in transfections of supercoils where the linearization of
plasmid in the process of integration occurs at random positions none of the
examined foci exhibited E1A expression in absence of E1B expression, further
emphasizing the requirement for dual pathway disruption for immortalization.

Example 4: Assay for endogenous and exogenous retroviruses

A common problem encountered when vaccines are produced in primary chicken
fibroblasts is contamination with exogenous or endogenous retroviruses. The
diversity of the retrovirus family is too complex to predict whether a given
species is a carrier for retroviruses. Reports from the literature therefore usually
are limited to a subset of the retrovirus family, for example EAV-HP/ALV
subgroup J (Smith, L.M. et al., J. Gen. Virol. 80(pt1):261-8 (1999)), and then

only to a subset of avian species.

A reliable confirmation of contamination with retroviruses therefore should focus
on a common motif present in these viruses. Sequence diversity precludes
nucleic acid-based detection methods. However, common to ali retroviruses is
the presence of the reverse transcriptase enzyme. The supernatant of expanded



containing a nodel RNA (5 pg/m Brone Mosaic Virus RNA [ Pronega Corp, USA,
#D1541]) that is reverse transcribed if RT activity is present in the

sanple. cDNA fromthe nodel RNA is anplified by PCRwith priners (AAA CAC
TGT ACG GO0 @@0803@% TT; SEQ I D NG 16) and (GCC TTT GAGpekrIAGodsd TTG SEQ
I D NO 17) and detected via SYBR %en fluorescence in an AB 7000 Sequence
Detection System using the QPCR R Green ROX M x #AB-1163 from Abgene,

UK, according to the instructions of the manufacturer. Figure 4 denonstrates

o 0T ek BT S LSRR Sy LTS
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in chi ck((i-

) ur.e |d .di amond nbol s The si gnal
f or * RTELIReRPU vl achyBiorehtardinar i ee s VEURG, TEYESRY T ne- of gnal
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repres i t etection limt for our S sistin node not
i ngubaﬁgg'zaﬁt(ﬂgf?ﬁ Pf'gh’r JEYOVIELSRS wege @U?q@? f\?\é/rf‘ @wgrﬁuzﬁ’ﬁ%' g&lﬂfd triangles and
WO 2005#@&%%@ﬁtr|ﬁg&uﬁi?m4imaﬂ&9g thréfgtos edrriet bf be%) sucksseiiy @Bgnt | evel s of
signal .intensit re separated by I% 6I east two_cycle nunbers

bet weeFP SEpeE Y?%BH?QEI—‘!OVEZQF%WQFR?E HIW@ﬁesué iptp Y%fbp'éfget"s (that for

these (55(19@’([\4 leﬁ@TpH ﬁBGSGI%M\!@i 1. EQﬁMaD'ISIOlUWrrMEMA b.goberienhl % weakly
RT- posi tive) unber s_bet ween sanmpl es from CHO

S o> A0 ok s it SubSTERtR, SRS 104N e38 @ HATPOBCT P TP B8 Thu.
Cont r gy s KRl [coe SR et BhectcIoPtd ssitoTyNo: g bi ¢ RT

activity hus fulfill an essential attribut€ for suitability in
phar ma@editd. 5,am9/l'a|pﬁ’lagﬁfl§ﬂﬁednbe"l‘|&§1a$p@ﬂ@ BNAMRIPmegR) GoaR.c &1 r us Ankar a

('WA) co?ﬁénhf'ﬁ? : mbgel‘ﬁNAtqﬁJg?ﬁPBderﬁ@'MB%b Vitds RNR?@?&% Y e @i i fication of

m ned f or retina, somtes ryoni ¢ menbrane
I i nes #D1ablle tmatatsdrave@arteartscmadwfrﬁsacuvgtydbtmeseen inyhe samplel on of the cell

lines }%ﬁ;&' fidbh the model RNA is amplified by PCR with primers (AAA CAC TGT ACG
GCA CCC GCA TT; SEQ ID NO:16) and (GCC TIT GAG AGT TAC TCT TTG; SEQ
ID NO:17) and detected via SYBR green fluorescence in an AB 7000 Sequence
Detection System using the QPCR SYBR Green ROX Mix #AB-1163 from Abgene,
UK, according to the instructions of the manufacturer.

Figure 4 demonstrates strong RT activity in CHO cells as expected from reports
in the literature (for example, Anderson, K. P, et al., Virology 181(1): 305-311
(1991)). With these cells as positive control and human 293 cells free of
retroviral activity as negative control a bracket is defined that allows
interpretation of unknown RT activity in the supernatant of cell cultures (figure
4, bold squares and bold triangles).

We found moderate RT-activity In chicken embryo fibroblasts (figure 4, bold
diamond symbols).

The signal for RT activity in the duck cell supernatant was congruent with the
signal for RT activity in 293 cells, and both again congruent with a control
representing the detection limit for our assay consisting of model RNA not
incubated with RT {figure 4, compare curves with open and bold triangles and



I nocul um prepared froma |arge scale preparati on of MA (ATCC #VR-1508) on
CEFp, primary chicken enbryonic fibroblasts. The data in the table obtained
by infection with an MO (nultiplicity of infection or nunber of infectious
particles werodsoesiragell) of 0.1 denonstrates that viralpcauimbdsnsdsd €ti na
and somte cells (in plaque form#sug units per nl) are conparable to or even
exceed the output obtained with Fp cells. WA vyield in pfu/m (after 48
h, infection with MO of O. 1) CEFp 3.54 x 10 retina 2.06 x 107 liver 3.20

104 fovi
;(I ters g§ a| neg éﬂ"%é%jgﬁ bl %@ﬂaﬁlﬁe%){(d%@%ﬂg%%@ I ;S(rjlncgvi ;/: (ragsof
24- wel |at geast elgvo Icyq:b@tnumtraus hmeemdpamplefd frasp GHO Mells ca‘ndocmckenCEFp fresh
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d e b te th VERO ( Af
oreen HORESERT SHOORIE 3nd 876,802 Reea B ESMTS AriBe fupk S s 208 cel 1o per
wel |') dhds m&a&%m&&%cmhéﬁﬁﬂﬁbéwamns d8 6ot efhdtnit RT awlivity serial 10-fold
diluti f - t ai foll day., Two d
*her cn i, Shust SOR]PBhr eBsEeC RARLE e o Suiabignof P TeR B d el Te

I ncubatapglicatiéds. pol ycl onal vaccinia virus antibodies (Quartett, Germany,
#9503- 2057, at 1:1000 dilution in PBS containing 1% fetal calf serum for 1
hour at 37C. Two wash steps were performed with PBS containing 0.05% Tween

20 (Si gmn@ ', MddFidd @agnﬁm@ﬂggatagnvj\pody to the vaccinia- specific
anti bod addea1 at 1:1000 djlution in PBS containi ng 1% fetal calf serum

This s Eﬁlﬂ%‘/yo q sseRnded 6L AP subsimatentor pupRlificatione OB ANAdVashat  cat al yzes
a col Oﬁefeﬁ%ﬁfebofbrulﬁfék“ 'ré\ﬁ’léb%hﬁﬂés%ﬁd"eﬁﬁ@ W nﬁ@mlﬁfﬁhé‘qw@s ethyl -
carbozole; 0.3 ng/ 0.1 Macetate buffer pH 5.0 contai ni ng 0 015% 1102) .

Table 1 and fi f'gure 5 show results obtained by infection of the cell lines with an

Inoculum prepared from a large scale preparation of MVA (ATCC #VR-1508) on

CEFp, primary chicken embryonic fibroblasts. The data in the table obtained by

infection with an MOI {multiplicity of infection or number of infectious particles

per host cell) of 0.1 demonstrates that viral output of retina and somite cells (in

plague forming units per ml) are comparable to or even exceed the output

obtained with CEFp cells.

MVA yield in pfu/mi
(after 48 h, infection with MOJ of 0.1)

CEFp 3.54 % 107
retina 2.06 x 107
liver 3.20 x 10*
somtite 4.60 x 107
membrane 4.03x 10°

Table 1: Comparison of virus titers obtained in parallel infections of 1 to 5 x 10°
cells in cavities of 24-weli plates. Input virus was adjusted for an MOI of 0.1.
CEFp, fresh primary chicken embryonic fibroblasts; membrane, extra-embryonic
membrane.

Plaque-forming units for MVA on duck cells were determined as follows: MVA
virus was recovered from infected cells after 48 hours from the supernatant and
from adherent cells opened by repeated freeze-thawing. VERO (African green
monkey kidney) cells were seeded in 96 well plates (2 x 10* cells per well) and



Infected foci are identified by Iight mcroscopy and plaque formng units
are calculated fromthe maxi numdil ution of MVA suspension that yields a
positive dye reaction. Figure 5 depicts the output of virus per cell. The
out put of wyoueosperrzgel | correlates wi th perm ssiveness@ip@odioyEg host
cell for a particular virus. Perggssiveness is influenced by biochen cal
properties such as receptor density or efficiency of processing of viral
structural proteins. Figure 5 denonstrates that the nunber of infectious
particl I e ' r I s favourably
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evident to one famliar with the art that_anplification of other viruses,
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that with subsequen passag virus on a given host ce the out put
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question serial passage of was per on duc |na cells
transf ofviee@adiionh plasnmid 49E. The data in figure 6 dem)nstrate that MVA is
not lost with passaging on these cells: at simlar |levels of input virus
adjusted to an MJ of 0.3 (given by bars in figure 6) the burst size (bold
squar ediguracy elapists Himeutpit dof Yirusnpgscelo TESoutput of edasnperocelt he i ncrease in
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Permissiveness is influenced by bipchemlcal properties such as receptor density

or efficiency of processing of viral structural proteins. Figure 5 demonstrates

that the number of infectious particles released per retina cell or per somite cell
compares favourably with the obtained Infectious particles per chicken
embryonic fibroblast.

Division of "output virus per cell" by the "MOI" yields the burst size, the ratio of
input virus to output virus. Burst size is equivialent to amplification of virus and
thus important to estimate cost and required resources for large scale
production. The determined burst sizes in the described example are 374 for
CEFp, 513 for retina cells, and 1108 for somite-derived cells. Retina cells and
somite cells yield better values than fresh primary chicken embryo fibroblasts
and thus should provide superior substrates for large scale production of MVA.

The unsatisfactory results for MVA amplification obtained with cells derived from
liver or extra-embryonic membrane cannot be extended to other virus families:
it is evident to one famillar with the art that amplification of other viruses, for
example vaccine-relevant influenza viruses; may be extremely successful on

these cells.



I n conclusion, duck retina and somte-derived cells obtained by transfection
of Ads-E1l region under cGVP conditions stably support anplification of MA
with an efficiency conparable to or better than prinmary chicken enbryonic
fi brobl ast svo Bms/odm2¢ he hi ghly attenuated nature of MWApeameRbooAg cell
lines for large-scale product|0n31c viruses are not suitable. It is a
surprising finding that designed~duck cell |lines perforned better than
primary chicken cells in propagation of MVA and thus are able to provide
novel production platfornms for this inportant vaccine candi date. The
described cell lines were generated under cQGWP conditions and are therefore
sui t abl & i amcgbablertiat whthcalbsequeht padsaging oBdrusGin/d bﬁeﬁhoﬁbe&\th@n cell line
imortalized. by non-vir tra sfection wth a.,conbi atl viral and/or
cel I ul a?“tﬁlg&@'y‘a’ﬁ@?é?%)%au‘:hﬂe" ARy SRy '%?theﬁﬁewpa "Be% ngnf"he function of
t he retahgiopait bEwvapbed stagedyf BRIInRLiOG clickl Tptaddresefthigqjiiektiores bet ween
retinobl as roteins and E2F transcrl tion ffﬁgtors and at | east one

second %'ﬁtpﬁ’?ﬁ? & of VA nespRITRsmed 9 dBE EietF"érﬁ ranairmedn®iteof . wherei n

the firghsrgidneos, ST dhtAlin FROR: SelanbRirats eRatAMVAdRNAYE (dst JitkA gene from
mast adenovi ruses, an E7 gene of papillomaviruses, an orf 22 gene of avian

adenovi PaFERENG AR thess calis r\atr%@tﬁrn@"ﬁfl? aiiBBUY Vigs aliisted e @AdERLY rus or is a
cel | ul ag.3q8Ren BP B bt 85 U bt Gre ARIPLAIRES) TREVERE MR- frpb! astorma

proteins and E2F transcription tactors; and the’secon ene is a viral gene
ngl nglﬁ“@ﬁﬂ k:3 Eﬁéﬁ-&éﬁgfﬁ%@mﬂ)m@q wiggsi(ﬁhbw;: Sgﬂdg?h blalr o fnd aGRﬁ/Ftlosi‘ s by
p53 se £ Rb al |l groups, o
CELO anﬁ‘ﬁ*ﬁgdgé pr ot el ﬁ: (E; yﬂ&e”?ﬁ?nav?rﬂges Iﬁh‘éal ss ndn2 being a cellular
gene preventing growth arrest and apoptosis by p53. 2. The avian cell line
of claiym e t t Eqﬁ] ntrol and the
second ge%ugdgggﬁledn 5 'gg%%ﬁéglsggﬁﬁﬁjf@ggd EQ t&?dr:g 'g“@%fg%%“ é}‘fl)'he cell line
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cells |f‘rt[rbtnlaht$1g3ue‘ td)tl’@b?hlgblﬁ(satpanebﬂed_rfatwmuf wﬂat:Mebbmal selyfieest s (sonites) or
|S|e52: atfelg(lﬁrnq's%%ﬁsjﬁt%lgugqoépo \Srirllxsrt]eglali"éj'ng st Orif:as a%[n%rfgingrfer;[ innga’ Ki dney,

that designed duck cell lines performed better than primary chicken cells in

propagation of MVA and thus are able to provide novel production platforms for
this important vaccine candidate. The described cell lines were generated under
cGMP conditions and are therefore suitable for pharmaceutical application.



extraenbryonic tissues and nenbranes protecting the enbryo; and/or (iii) the
immortalization by non-viral transfection, includes, but is not limted to,

| i posonme and dendri mer-nedi ated transfecti on and el ectroporation; and/or

(iv) in the first gene the adenovirus E1A gene from nmastadenoviruses is from
mast adenovi rus of group C, the E7 gene of papillomavirus is froma |lowrisk
human papilloma virus (HPV), such as BBV 1, HPV6 and HPV11l, but not HPV16 39
and HPV18, @ndpnfée cel lul ar gene nediating disruption of conpl exes between
retinobl asti noma proteins and E2F transcription factors is selected from
Cyclins Di, aAP2vandeDBne adodalirud 8y @oh-Cld4ranetecSarswephicom®ination aact i vati on

P Fi ok T B8RP Leelils, oot RpdREARCAOBAG, BAE 7 B Bl R HdEu e,
and/ or (vi furcien fof rige rgbnRbIasNE SERRR B mediatiag sépEptreal spapiests y by

het er ol 0goWstweRAGHBIMBRE A @Fcﬁe;h@@ﬁd EEiF eanstibfi@r fitorfiWRd Gt RadiChik Segnents or
pl asm ds. one of cla 1.to 3, which is

an
| mortali ze%lmntc’ltgk(?ﬂe (a%mtnﬁ %E?lker”g %Eaﬁrggc [Hb%fgerfeo cf"'gene) regi on of
an adenovi s fifgtogsnet heagemsﬂemsﬂe&d@ﬁoﬁfﬂmusﬂ aﬁemve'patﬁxy« sened fiBA and E1B
region is d@gstae@ﬂoé.m@a aflenoyd n@u& ) lilﬁ'ﬂfaeir@sfegf &h abt ¥2 S@ind &lfidegi ons have

t he sequence of bp 11 o 2309 E NO? or the se uence

conpl enment 5?9“"["5”%3? &4 d)pgrilrgacgrrg ﬁ"N@V@e ARIIRYS PLE® Pegi ons have
t he sequencellwdr lgpnd 1ikedieon@0digrupfion S;Echrﬁ}lN@sB betwddne regbinoea

conpl errent ryteﬁlgagﬁ?ga?n&gg@pfag{o ID NO9; and/or (ii) the genes orf22

(first gen %y? sec gene rom an adenovirus, rsc@r eferably from
the genus &0% S8EHEVITES'S CENMIR! SiECIPIFBeTE RaBIFiRN RERME TN INWGRIM ek

r epr esent edyriptht hseeﬁemtemgeptcgsrpiyemtsareyteﬁofrdsm tha52ddnavir@381845«SEQ | D
NO 10, and ptn?t%m 3%%?%&&%% ?'ESFE&!{%K ¥nd %ebé% ;?r%fé’?n BPp{p%?%a‘% ruses Q ID Na 10,

respectively I ons El A and/ or
E1B with Gmwnganwgoa c@ufazzea%p@émtrmewrwh(an)eshw qnopyosm’;w@?z 5 The cel |
| i ne accordi ng to anyone of clains 1 to 4, which (I) additionally carries

non- nat ur al nctl on equences inclu but not |imted to, transgenes
Coch a5 gerfedNE GHER BRITS T aiar g &dhe'}ﬁgtegfnfavgmes &1 eReekpoltt

control and the second gene prevents apoptosis induced by the first gene,

3. The celi line according to claim 1 or 2, wherein

(Y  the cell line is derived from emhbryonic or hatched chicken, duck, goose or
quail, preferably from chicken or duck; and/or

(i)  the ceils subjected to immortalization are primary cells including
fibroblasts, cells from isclated body segments (somites) or separated individual
organs including neuronal, brain, retina, kidney, liver, heart, muscle and
extraembryonic tissues and membranes protecting the embryo; and/or

(iily the immertalization by non-viral transfection, includes, but is not limited to,
liposome and dendrimer-mediated transfection and electroporation; and/or

{iv) in the first gene the adenovirus E1A gene from mastadenoviruses is from
mastadenovirus of group C, the E7 gene of papillomavirus is from a low-risk
human papifloma virus (HPV), such as HPV 1, HPV6 and HPV11, but not HPV16



EBNA1, etc.), pronoters (e.g. PGK-, EFl.al pha-, CW-pronoter, tk-prdnoter,
etc.), enhancers (e.g. RSV-LTR), selection nmarkers such as neonycin-

resi stance, puronycin-resistance, etc.; and/or (ii) is suitable for
production of biologicals or viruses including vaccine strains and

reconbi nant viral vectors. 6, The cell |line according to anyone of clains 1
to 5 which 40 (i) is free of revers transcriptase activity; and/or (ii)
is derived fromimortalization of a grinary cell originating from duck
enbryos or hatched ducks; and/or (iii) is derived from extraenbryonic
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(i) cultivaidengiraasdmvadplefeesbi€ edid ELA RegicBthave the sequence of bp 1193
to 2309 of SEQ ID NO:7 or the sequence complementary to bp 4230 to 3113 of
SEQ ID NO:9, and said E1B regions have the seguence of bp 1145 to 3007 of
SEQ ID NO:8 or the sequence complementary to bp 2345 to 550 of SEQ ID
NOC:9; and/or
(i) the genes orf22 (first gene) and GAM-1 (second gene) from an
adenovirus, preferably from the genus aviadenovirus CELO, which preferably
have the sequence represenied by the sequence complementary to bp 1252 to
635 of SEQ ID NO:10, and the sequence complementary to bp 3138 to 2290 of
SEQ ID MO:10, respectively; and/or
(i)  combinations of nucleic acids encoding E1A and/or ELB with GAM-1
and/or Orf22 as defined in (i) and (ii} above,

5. The cell line according to anyone of claims 1 to 4, which

{i) additionally carries non-natural functional seguences including, but not
limited to, transgenes such as genes complementing deficient viruses (e.g.
EBNAL, etc.), promoters (e.g. PGK-, EFl,alpha-, CMV-promoter, tk-promoter,
etc.), enhancers (e.g. RSV-LTR), selection markers such as neomycin-
resistance, puromycin-resistance, etc.; and/or

(i}  is suitable for production of biologicals or viruses including vaccine strains
and recombinant viral vectors.

6. The cell line according to anyone of claims 1 to 5, which



(ii1) harvesting the reconbi nant protein.

40

(1) is free of reverse transcriptase activity; and/or

(i) s derived from immortalization of a primary cell originating from duck
embryos or hatched ducks; and/or

(i) is derived from extraembryonic membrane; and/or

(iv) is cultivated in a chemically defined medium which is preferably free of
animal serum.

7. The cell line of claims 1 or 6 which is avian cell line 12A07-A10 (DSM
ACC2685),

8. A method for preparing a cell fine according to anyone of claims 1 to 7, which
comprises transforming/transfecting a starting cell with the first and second
gene.

9. The method of claim 8 which comprises non-viral transfection of the starting
cell.

10. Use of the cell line according to anyone of claims 1 to 7 for the production of
biclogicals or viruses.

11. A method for producing viruses which comprises

(i} contacting sald viruses with a cell line according to any one of claims 1 to 7
and/or

(i) cultivating said viruses oh said cell line.

12. The method of claim 11 for producing a pox virus, preferably strain MVA, in
a duck celi line, preferably a cell line originating from duck somites or duck

neuronal tissue, even more preferred from duck retina.

13. A method for producing recombinant proteins which comprises

(i} introducing a gene coding for a recombinant protein, operably linked to a
promoter, into a cell line accerding to any of claims 1 to 7,

(1) cultivating said modified cell line and

(iii) harvesting the recombinant protein.



