111121112112121121212211212121121211111 * 66166* METHOD FOR THE PRODUCTI ON OF
PERVANENT HUMAN CELL LI NEAGES Field of I*nvention 5 The p i on
relates to a nmethod for the production of a pernanent hﬁjﬁ@@ﬂ‘&mwﬂ@ k
wher ei n A sol at ed primary human cells are transfected si th a
sequegnce al |l owi ng the expression of at |east one cell—tr ansf SKpEfigfactor
and a sequence al low ng the expression of at |east one reconbinant

pol ypepti de. METBFOBFORNMUDPROMECTION OFPERVMXNENTHUMAN g nant

pol ypeptides for therapeutic, diagnostic or technical purposes in cell
culture (in vitro) is in general cRINEAGESut in stable, durably or

permanently 15 established cell lines in which the nucleic acid encodi ng
the polypeptide is integrated into the chromosonal DNA of the cell
(so-cal | edighd otlnyention cel | |ine). These production cell lines have to

exhibitgin particular two characteristic properties: firstly, they have to
grow durably (permanently) in cell culture and be propagatabl e, and,
secondl y, Tﬁxbep;eshu\imentioxepqlmessts at iethod fre thmpmdilqn'gntolﬁe p&esineeﬂhlpnﬂnngﬂpt i de

that, subsequ ) Iatedfrom2

super nat anpeareriy sofRR arianpRu g b Mapter A hane iy ik 60Berees

ani mal celallswiag eheusgpiession op ar keast whéatell frstfdthlgpfaaduatd a)sequéncee\diowmgnant
pol ypeptides. Aboqut 60-70% of al l’d“t her Il C proteins are nowadays

produced ithF FRIFSHPT it leastione pagpm Weechnol ogy 22, 1393-1398, 2004).

The pragluction of the production cell s usual ly starts from al ready
imortalised or transfornmed cell lines that grow permanently in cell 25

cul ture aftackergpnd af ventio, as ani nmal derived CHO (Chi nese Hanster Ovary),
BHK (Baby Hanster Kidney), NSO (Muse Myel oma) cells or human HEK293 (Human
Enbryoni ¢ Kidney) or PER C6 cells. These cell lines, which have becone
commer ci alThy IEQ%{HCFI%I@ epprebieanienotimeptides \{er hesanetticat diegnpstisnopiechaicyl cel | s

in cult _ur% }cﬂe %slfl"flhélycu?tﬁrea(nj \lz[rg)tls Lﬁeﬂem ca}xj;@l JE’? nkk zﬁ)lef (agr grgt ?Péx‘nﬁim lg't ur al

producti o enetl c neEni tions, or i1solate oma n
t unour 15 | mstalbieshcthl lm‘es irhehigke ﬂ&rrmt:ieinracaif entménatht palypeptide icintegratedahios, on

L o e bR & PP S SR RSB 5 (11
lines have to exhibit in particular two characteristic properties: firstly, they have to grow
durably (permanently) in cell culture and be propagatable, and, secondly, they have to
express the gene encoding the desired polypeptide that, subsequently, can be isolated from

20 the cell or from the supernatant of the culture. Besides bacteria, yeasts and plant cells,
animal cells are used, in particular, for the production of recombinant polypeptides. About
60-70% of all therapeutic proteins are nowadays produced in mammalian cells (Wurm,
Nat. Biotechnology 22, 1393-1398, 2004). The production of the production cells usually
starts from already immortalised or transformed cell lines that grow permanently in cell

25 culture and propagate, such as animal derived CHO (Chinese Hamster Ovary), BHK
(Baby Hamster Kidney), NSO (Mouse Myeloma) cells or human HEK293 (Human
Embryonic Kidney) or PER.C6 cells. These cell lines, which have become commercially
available in the meantime, were generated from primary cells in culture virtually as a first
step of the method for establishing production cells by genetic manipulations, or isolated

30 from a natural tumour.

In the case of the generation of the actual production cells, on the one hand, the nucleic

acid encoding the recombinant polypeptide (the so-called transgene) together with the
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, necessary transcriptional regulatory elenents is transferred into these
al ready established cell lines by transféectidn, and on the other hand, a
second expression cassette with a gene encodi ng a sel ection narker and
whose géhe product provides the cell vdth a certain sel ectional advantage
is transferred. A few days after the gene transfer, during which the 5
cells were cultivated in a culture nediumw thout selection reagent, the

medi um i s npdeSdahyti@shstigtidna Bitilitel Gerb@hLi thafiferi @P@B these! dlrepdye&saibtishedl t he
sel ection reagent only those cells survive and grow which took up the

nucl ei ¢ acplylinggdydrapsfectioneand onibe ather kandghepcond eqereéseam e%sget&enethsaeg@eu on

mar ker.  Sgh&@ldgon sél&fn%ﬁ "Rarkd}3dnd®Rosk rg{%ﬂé’%ﬁdh&’t MﬁﬁGesa{h% Jehewﬁl?‘arﬂéﬁhlﬁ
resi stance gene, the hygronycin resistance gene and t di hydr of ol ate

r educt ase SElextioRy! aﬂman(tz\mrlmrarméﬁrredeﬁdﬁ‘e@ﬁﬁo@fe@we&n&%@f@r@,@mngz@e@l theyir m and
Jor dan, 5 3Q9;3 Madgr i d S e

Manmmal |5anQ%eI %gr,e ﬂllgew er Arlrlf(;ttﬁlgr g;g%u%ggg%f a#ﬁg%sneféag%ﬁﬁ{el @g%g[?f%r med
accor di nglpyovided ouitht amletahledclmomredgemhkl predeecﬂ ofche sedentiemreagers woly theset he

ant | bF ot SEIBATNCIN Bl DR ANl ne AL LD HIIEIAGAIHERERAL | ooLd

met hot r ex respec e se I'on marker an he
t r ansgene exprigsahe mltrcumvmaﬂdee Skl mmkerp theat e&sfrefqndnlgmséd fire st ieofnycincal I ed

transformants are al | subse uent | di v ed (clon make
Suret hat T ke Bire. 1R T mo BT QRSP et il he Ay ol R BRSO der
to sepas atwukhie NkeS Bi®ebhRologh C12: 13930894, booaeswhayi 4@ UHdalesto-p3o6uct i on
rate from tag&dl ess wel | producing cell lines. 20 The sel ection_reagents

have to bdMakddey FEdvb Oree nbansien apdpBrsessignoin (Mampakian, Gellsn Biseyictss,

possi bly nGhs@adny, 2003). ﬂﬂlets'aece&]l ﬁgfeffeﬂndahﬁe@rd gt y fl GRutedhedind Uit thet he
growth of the cloned cells, in order to guaranfée the genetic stability of

t he producele@iongedgenty,i Sh@,hsas e entipéqiiss pesmyicheor dgglopweinparid/pidipthie ggntiigticansgene)
and the g o] e S hg .same
site of t %gﬁceﬁco}gsn%@ﬁ%%é B)fg %L@e Féﬁsngg seﬁe gg’t F%Ar?a?g gdg&géfre?fsdurﬁlee during
t he | atlger txsnsfganmivdmlniumhe tlteedelesuomproduslang prdiiderpte dshicdlied nrapsfammnts),he

danger ari_ses that .the ction nmapker ndwth it also
he tr ansdls S el vl QiRsh SRl B rRterE i By Bl ol s

cont i nuou&ragkiheﬂicauy iddntitdhans &l ekt mnsepaeagelﬁ& desfred mﬂyct@ﬂlcmnlnmvmgrran
cells that, are t@é@” into. cell cult qafter lermval fromthe 30 organi sm

or tissue RRRESIAOIUGHERFaL oM thedpis e FPé‘? ugige 5¢ll iRste and over few passages.

Human cells are especially suited for the production of human
bi ot her apeutics since they express conpl ex polypeptides - in contrast to
ot her A&nmiaEisglsction rgpgents| hayetq e addgdtiptodhe meAp: dppeading roanthe @fqdaﬁwn

modi i cat 'p?&g&?b&sﬁfb’fy n&hﬁlﬁh%ﬁ%ﬁﬁé e Bn @ﬂ&ste%ruf‘ a19(§ laﬁ]}rﬁﬁhﬁ% WH gant - -3

proteins, e struct’ur con ration o e su e5|dues
wi t hi n t heéhewdbredgklls, wi drider to iguaraee e genepc etabmhty afrthegroductam cciblniees Theepr oduce

consi der ab) Ye [%r desm?d E)ah'pgptﬂieo(ftrar &%{ﬁ He&l%;%Pe%Pnhlﬁggélgcqxﬁgtﬁlgﬁ t han in

case of agSro I'on urmen t9°6n S I's glycosylation
pattern i antégmtquenﬁllyywanmdh@ barhe/ sitd ofpte tcalhder fempmenffahérans nd sﬂeamalt i es of

t he pol t|de such as biological activity,. stability, sol ubj and
| ogun TETSEre JBREIF [ SRR AL S en S 5 proliclin Pihshdhs Sdian cel
l'i nes), V\lhlh'lﬁé's tBa theR11$BeshhE @élection marker - and with it also the transgene for the desired

polypeptide. This is prevented by the continuous addition of the selection reagent.

Primary animal and human cells that are taken into cell culture after removal from the
30 organism or tissue usually grow only a short period of time and over few passages. Human
cells are especially suited for the production of human biotherapeutics since they express
complex polypeptides - in contrast to other mammalian or animal cells - with authentic

post-translational modification pattern. The glycosylation pattern of complex recombinant



t he expression of reconbi nant pol ypeptides, were isolated from tunour
tissue of patients 10 (e.g., HelLa cells). However, such cells are not
suited for an industrial production of therapeutical polypeptides to be
appl i ed o humans because of security ¥ el evant considerati ons and because
of their genetic instability. Besides very few exceptions (e.g., the
so-cal | ed HaCaT cells), spontaneously inmortalised human cell |ines are

practi cal lp}:btéi\% i2V e dRlcire bt 66HHgLATbA oP EeNTuRRNFesidldtERItiiR | the olesle
gener at ed li transformati on of 15 primary tissue by certain viral gene

products &l i8¢psef|acprodictipy of éwme&ig. reRrpdyse saRtidardy peliep deawtien,P

expr essi O OfufichGORMARTEOGpARRLY BER'i &% dHfa BOAuKbh 4 Gn-hihbITBlluGBh! S can
be transferr edﬁelhnto pé’phagpa%t Iy grolvm ng cel C'I'1 he rrec?]anl sm 8 !

t r ansf or maysteoms. rTéltfuglb'e@yltah@n pattesn ac friegrendy of ecisive impetraet] & §WREaRr oduct s
V\nthcelular el,ns a 0 n |1

di vi si ogn (p rtl% f h}% H‘olgsépgglf) p%’{lgfgs%sr Ibg)(lad eca ha%g(lg)g %tgt;l,.].t& 8 ubhﬂg Oa%gn arr est
of the celnlnnmmgemc(tﬁ)’Gl phase) is interrupted and the ceI | s enter the S
phase |l eading to an uncontrolled proliferation of the cells (Helt &

Fal | oway, Carcinogenesis 24:159-169, 2003). Exanples for such transform ng,
Vi rus enc@iesbl pestadligtied hustian céll Bndsliperthament hgean «dl linke), Shich am b4 wsad fet0
(Sv40), E61E7 of the hu api |l omp virus, (HPVY), or ELA/ E1B of adepovirus.
These vi r SHe GPOSEPH St O BEND RO UBARER Nk Ispllrd AT FGHoG s of patenl
transf @f Myt b OMHeLd-RNE) BRMevdzd s@hlcehk afe nbRSiY Fbe af) @RRs@D grodb&ioafl oft he
cellular retinoblastoma protein fam|y (pRb), and l-antigen, E7 and El B

i nact i vat dharapsutical | palypeptidesoter beuppplis stBr hb‘B@“S( PesrPE el %eﬁ““tque Mafsen, J.
Nat | . Berd: fo- exBEiof g, 1993;

Mbr an, %E%Sl(\i]&ﬁ?ns %gdob%%% e%?ghsf ungQQﬁ:elh%:{ngﬁw ngé?ét r 1élnse or rr‘g)gl g such a way
become perﬁmmmﬂlﬂy HaGaT icold @oandecasle imgpetelised |hpman jcele dingsoare Poactically

bi ot echnol I

Virol 30185 sAabRo B Sttt pRHRER Sman el S Ublorh A BYARSoriyon oy G
human asrnlpmmaryeess(lEBy il:er&%ﬂvi&ﬂzgeﬁﬂprodﬂ'dueaxdesmbidabdbmmChnnioglcnl ptddectpmoduct i on
of production ceb nes based ,on .avail ab rtalised and gransforned
respect i véPOSEePY ef‘Prﬁgsonb 'tﬁﬁgo’a'b‘%?o%?%}\ﬁasc?fﬁ% P F PR ESHER s. The
addi tion afe tafifeiddintCFermeANP hRviaPedlisi Tife Méchaiife fof ¥@hsEriniation fegagant s to
the culture pediumduring the sel ecti oanhase @gg posmglg al so durl ng the
expansi on thhtegactipy Pg et"H‘“‘t seodrdgene proghrts Wit seflulas projging @ax Bolg e

product i Orlhér:ge%{?ﬁéon Bemt 461 afviddn (sB AUt uRABuSRpHEREr QéHé pﬁ@cﬁxfctsﬁ NB{dreBy,

| abori ous yses during the production process as well as 10 by analysis

of t he 28 ncanpamssfueft the lsell cycrie (GY/G1f phase) aﬁwt@mﬂeéc%nﬂdhedelbrmlt%rtb@§d{haﬁoes not
retain an u t T n Qf’ﬂjc Jenents
for the q)ljlg f%/gc%lngl?%%‘&?%éd g{ﬁga% e(ﬁ;sﬂeecgérq%t@f%?;}fétlﬁgsk't’v rapenli('!t;%%g‘ysli

prepar at i @ 15301@9 4103). Iixampleb fadugetrasfarmingr eiageantodedigemd prpdudinaradlesi t i on,

an i nfl ue on al|t .an a ahi resn ctivel he
product i onnfélet}%en Ogﬁ’gc%l Hbsu‘{g) @5{2@% :Egﬁ# ol}ttlfe{’%gatnr%af °é“aavs‘m5¥‘§‘éﬁa8‘{ i on
r eagent tOEJJABEme)fcadehMﬁs Thase ez)ﬁan'phﬂemﬂatenémpmsabld in tHetr mastani sbne
pr oducti on ce “negﬂét he i res of a "stable" heno% pe of the cell

in regdrd ¥4s Fgat‘;?F‘o THEGN+ , ingeliyate; gengn RFQAUES pf ke scﬁg\%r t hat
the presenggnddlastotta rbéﬁagﬁﬂﬁly%ﬁﬁﬁ(&ﬁé thhﬁg&VtEﬂlgaﬁﬂeElBHﬁ@ﬁ@'i@ﬂﬁr@llﬁM of the
cells which is not desired, in particular in respect to the regulatory

F equi  enmerBEOWS SUpPresseF bYeEeviereddacrus dansen; bNalvGaneerinst P2, 698698, 2908

Stand. 76: 2 EGLHRO § b bt Iindé9,
1999). A f]%?l%ﬁi Aﬁ%ﬁ%aﬁ?‘%? 2993 Iﬁ&a E?SASI cajlmrr%%ohggso ?)k%)t he cgenlelr ation of
pr oduct i ontraneformé¢d imesich arwdjebsemn pennatnhmlyf eultivableaandt d1e espetigllyp svited fox/er y
limted,s nen rting cell lines available on which the
ot hog i e‘f&&%‘g‘ Befi ﬁ§&%§g€aﬁ?§“§ . CHO, BHK, HEK293). Al these cells
have been cul tivated over countl ess passages over the years and stored

prior to their de eIo ment to 2 roductl C I | i nes. . These acti.ons

al ways har BB¥VeR “gl? ncgll Lypes e deen tr'imﬁ 8‘? YH‘r‘?arf}Bnotvﬁglh'g]Zﬁeé’teirﬁg%%anges
necessary $>Dho¢vhmdﬁg§tl fém| FERY bl AduddnaPRellsl oF hilfiin eMbAORIBOKBAeyaliRn¢ at i ons
and genetic nutations that render them nore and nore unli ke the "natural”
ani mal and hurman, respectively, starting cell. Possible consequences of

t hese changes for security relevant and/or production technical aspects of
t he genetic engineering of 30 reconbi nant proteins have not been anal ysed
in detail up to now.. 5 Thus, the problemunderlying the present invention
is to provide a nore sinple, nore cost-effective and, under toxicity

aspects, safer nethod for the production of permanent human cell |ines for
t he production of reconbi nant pol ypepti des.



5 The problemis solved by the subject-matter defined in the patent clains.
The invention provides a nethod for the*production of a permanent human
cell line, wherein isolated amiocytes are transfected with (i)a nucleic
acid nol’ecule or 10 (ii)at least two differect nucleic acid nol ecul es

simu| taneously, and in case that one nucleic acid nolecule is transfected,
said nucleic acid nol ecule exhibits a sequence allow ng the expression of

El A and ﬁhEﬁzng) (GHaRBA eadﬁnp\dehuvﬁ& 36891701 EIP MRRSH @MmbBfonit re@KOEMs nant

pol ypeptid and in case that at |east tw _different nucleic acid nol ecul es
are transf%%@opﬂﬁlf)i“%‘%t’“‘ﬂ%"é‘}‘%cyi"é BER 1430314t e exhibits a sequence
allowing the expression of EI A and EIl B of human adenoviruses, and a
second nucl eic acid nol ecul e exhibits a sequence allow ng the expression of
at | east dhe deweibethbimethed fopItheeredpetion of praductiny <l ilings Hpsed 9 availakle

per manent f the
mvent | o Tpris g (dnBfefpe GhisBRaly cecR 17EL il sbSh R DR ARG,

sel ect i onrespeckse The Fdditiomefeantibioticsa cbanqihesarictess arptheofeledtion c@lgbnts Iniés of t he
i nvention. f h r The in rovi des
use of thé&" ce?fn ﬁpﬁe@%ﬁ%ﬂ ehseleg{10 e%}ﬁ?d)rég(fggsssﬁﬁ' also‘% U ;{iﬁ}%‘%\’é ?S ﬁ?ngifé?gene
transfer ypdattonise profuddvn éfcrddssahe crnstscfnr thé prddect[amamtmgs Béfidesfthatliomisig
figures i Iustrtetheln nt.i.on. herrat cal |y the assenbly
of *pl aar e SRUFIGE GPBREH SY OB e DE A WS POATRRY Belfs v r al

struct yy a|b?r rahayﬁs Bf ﬂk&nafpradi@ﬂmw fhid pusiEiE®biYP Eorffectiondd €hd pro8ut9\dBes not
schematically the assenbl pl am d pGS116, for expr.ession of c A of the

human al pReait aayfesiduglseleq P{?%Wtsu%’éﬁnqaﬂ%a%mn%qeq‘ﬂfequ for ths Y ovi r us
(Cw) 10 E&Qfﬂﬂc%nsm’é {8 se@uﬁt? %Y"ﬁlettllﬂﬁgfeﬁt?r&%ﬂépeﬁﬁtlcﬁ Yéiaé 6f e Rppled isblediRBpect to
the expression of the EIl A and E 1 ein of Ad5 in seven different

per manent repgentoéigplay. i addition: en influprng cndhe ql!alllﬁb@dfcéf?ﬂahij@lﬂhtYalleEi??ﬁtlvely,
l-antitry ect to
the. expr oo prafictiteelt” TSGR ooyl 88 1 Dldlon' haRABETL

per manént tkenouloeyt for baamdlepmmuams, an theldasd iofissme Aprodafidn selirlgteedther om t he

cell's int Cl)mi[)rggslo%uoft & “StaBle %ﬁeno y%g to’f tﬁé celmnr %%grldl tlcj)ll?s pr%dAl'loéIi'vity. However,

genetic analyses have shown that the presence of this reagent enhances the cytogenetic
heterogeneity of the cells which is not desired, in particular in respect to the regulatory
requirements of the process of accreditation (Wurm et al., Dev. Biol. Stand. 76:69-82,
20 1992; Kim and Lee, Biotechnol. Bioeng. 64:741-749, 1999). A further disadvantage of the
classical method for the generation of production cell lines can be seen in the fact that
there is only a very limited selection of permanent starting cell lines available on which
the method of production is based (e.g., CHO, BHK, HEK293). All these cells have been
cultivated over countless passages over the years and stored prior to their development to
25 production cell lines. These actions always harbour the risk to accumulate, in addition to
the genetic changes necessary for the initial immortalisation, further chromosomal
aberrations and genetic mutations that render them more and more unlike the “natural”
animal and human, respectively, starting cell. Possible consequences of these changes for
security relevant and/or production technical aspects of the genetic engineering of

30 recombinant proteins have not been analysed in detail up to now.



20 Fig. 5 shows schematically the anmount of human al pha 1-antitrypsin
(hAAT) expressed by sel ected production‘cell’lines in the culture
supernat ant (ELI SA, Enzyme-|inked | munosorbent Assay). A, anount of hAAT
in passdge 5 of the individual cell cl®bnes; B, stability of expression over
several passages in selected cell clones. 25 Fig. 6 shows the result of a
\stern Blot in respect to the glycosylation of human al pha 1- antitrypsin
(hAAT) fr amugnié peples bﬂfbﬁg‘in@rtﬂéjgfékér@ri‘n&ﬁﬁén Isl 8Fovileh 3hdre dinkias Ghéet i on 30
The term"arryiiocyte", as used herein, relates ’in the broadest sense to

al | cel | s cpsistfective apd.cinda toxicity ppestsi safqrimethed fon dhenprpdussion of Remsdertsy

ammi ocent gg} (Ao 1] el . eaﬁ; r fromfoetal tissue that
isin con?gigtﬁn (\;ﬁnpﬁﬁé?ﬁ{erﬂgnﬂ%?%ﬁlgﬂ {)ti*}g%oéét{lﬁ% ee eﬁgcllér%' cl asses of ammi ocytes
have been described that can be distingui shed based on 7 norphol ogi cal

armi ot 16 1 PORaT T eolV Y BF plect i ceRped i BgPLRSD ° 57708 750,

1974). AF cells are the predom nant cell type. Cells from ammiocentesis

perfornmed-g.q. for a cviogenetical diagnpstics.can be served a source
for ami og?}f gg‘fen%bnr grc?\ygére,s %clgF‘IE’ggg?r tg‘ﬁrﬁg%c%h?rbgf 8 Hgﬂpg}g&hgmﬂ fg! Ep%gnancy

i f the answateinoifolatt amhiocytes el ransfestediwdthe- aver age (pol yhydr ami on,
hydrannio?$ can b?.senged as, source for amiocytes. The term "expression
cassette” Wel af BEICIGHGHE BRIEGHIEQTt 0 a nucl eic acid nol ecul e and a region of a

nucl ei ¢o agii}d NBlestive, diffesReatieidati mdailed sidulanddusiggul atory el enent or
pronoter 10 beiggﬂgositioned in front of the coding region, a coding region

and an o_péﬂd BT att ngnRiclaie apid aplgals is ansfgster sd aueleigracid molaceisal

term nati ephiBkLdRGhedcy aGyiRg e\ kpldi§orf OOE W0 af LB D BE hl-lrl’nﬁ'l SRALAKQ Mgl enent
and the pronoter, respectively, residing in front of the coding region, can
be a consthetaspiegsion ¢f agecompippnbplyreptigeer nanent |y activating the

transcri pty , I (€., a

ot oot er iy oot sy (UK (R0 O huolf afg RS R EnBEQEE b shetfie

r egul afablaeid pnaleavieeehibifhe saoeticagliowiigahe ekpredsmneofE s ahd E1Bafdmntae can be

a continu y reading frame as i.n the case .of a cDNA haying a,start
codon at 1(:3 ﬂegmg’%g% gn?ﬂ Sgcoélfi o’f)ucltebcdélﬂga?l&flﬂ'ge §Xhlgﬁsd a sFﬂBen(‘fﬁcﬁYlﬂg elffon can
be conpri segesfonaf gElbanvE: eEombindpNysptid.ned arrangenent of codi ng exons
and i nterspersed non-coding introns. However, the coding region of the
expressi on cassette 20 can be conprised of several open reading franes,

separ at ed Thy if@nGéd hRE Pr&ides( perindiend huith®d @8I0 MRedUbiainablel £2brding et €F M
"permanent cell |ines", as used herein, relates to cells which are

genet i ¢al methed opff the dnygntiey,cwhageipathe mppshod: iseRerioaped withpwuanstsctignonf 2
per manent kMediidn @klercul ture under 25 suitable culture conditions. Such
cells are also called inmortalised cells. The term "pol ypepti de" or
"reconbi nant pol ypeptide”, as used herein, relates to peptides consisting
of at lea } 10.18CL AS: . T | . ifie 0-. and/ or post-
transl ati gﬁ%ﬁ‘?@@. aglgéo p Iggld%%%ao??éa%%@@% eg §¥ &336\%&&2gqrdfﬂeegrog?cuﬁi} o‘f' a
nmodi f i cat ipolypeptideani no aci d 30 resi dues. The pol ypepti de can be linear,
circulgg or branched. Furthernore, the pol ypeptide can consist of nore than
one amno acid chain, wherein the chains may adopt

The invention also provides use of the cell lines of the invention for the production of viral

gene transfer vectors.

30



nore or | ess conplex three-dinensional structures by intra- and/or

i nternol ecul ar bonds (e.g., secondary, tertiary, quaternary structure). |f
t.he pol ypeptide consists of one amno 8 acid chain it can adopt nore or
I'ess conpl ex three-di mensional structufes also by intranol ecul ar bonds. The
pol ypepti des can be pharmacol ogi cally or immnologically active

pol ypepti des or pol ypeptides used for diagnostic purposes. 5 The term
"primary @riéf DescrigionvEtheBraRiings rel ates to cells that were obtained by
direct renmoval froman organismor a tissue and put in culture. Primary
cells exhibit only a very limted |life span. Primary cells can be e.g.

ami ocyt eqhemmmg&@sllhﬁng{e thE&ilamone! | s- The term "production cell

| ines", as used herein, relates to permanent cell lines that were 10
geneti cal ly nodified by the introduction of a transgene encodi ng t he

desi reds qu@’ﬁ%ﬂéw%h&ﬁa&@lli’{h@%%ﬁﬂt oYQfasﬁq?d $156't&S ﬁ&P&%l&% Rl E1 o8 used
herein, relates to a genetic mar F o er| e cel T "an advan 6e|n

gr owi ng udehstion andeafttheovirat stnuiuralpnssein $UX bf abhemtusserotypﬂd.l tions can be e.g.
15 the presence of a chenptherapeutic agent or an antibiotic or another
cytotoxic or a growing-interfering substance in the nedium Selection

mar ker s offig2 shovwesdschematichidy the assgmbly of @B‘nﬁd p@s Bl 6fenexprdskion bfyePNMOE the

resi stanc ene di. h ol a duct 20 The t

"transf ecl‘:?’lu alpglgqﬂlggy XW{*)( é‘F t°8mé yOfNEFh%org‘EﬁafozXHP% EMV)t he

i ntrodugt Ipﬂﬂn(ﬁér t he nentioned nucl eic aC| d(s) into the cells. As exanples
the cl assical cal cium phosphate nethod, el ectroporation, |iposomal systens
of any kind and conbi nati ons of these nethods are to be nentioned. 25 The
term"tramsgentows he ré&%ﬁ@f RV &ten bloBindbGRctid iR &B&Es%{loﬁﬁé 1RG4 EIEE

ermcodi ng a reconbi nant pol ypepti de. An aspect of present invention

rel ates t &TUCIHOf HY inojevemdifisresti nermapent @fnnspcrﬁ@rhmiemodmwame&éinles firne,
wher ei n |%gh§59?hpf_bﬁmf\%mgynan cells are transfected by a nucleic acid 30
nol ecul e or at least t Ifferent nucleic acid nolecules, and in case that
one nuéieic acid nolecule is transfected, the nucl ei c acid nol ecul e
exhibits a; SSI on .of, at | east e cell

t ransf or m%g%g?sgg?g&e%%ﬂva&grg@gﬁsi&olﬁ oFa 1 é%eoer@feﬁ%{ﬂq gglflg}%leﬂf’}i‘adlé, and in
case that aafitrypsiaghAATYindiefdnedifferentrperthaient aadiistyraassigréducabecdriarsisct ed, a

hAAT secreted from the cells into the culture supernatant; B, intracellular hAAT.

20 Fig. 5 shows schematically the amount of human alpha 1-antitrypsin (hAAT) expressed by
selected production cell lines in the culture supernatant (ELISA, Enzyme-linked
Immunosorbent Assay). A, amount of hAAT in passage 5 of the individual cell clones; B,

stability of expression over several passages in selected cell clones.

25 Fig. 6 shows the result of a Western Blot in respect to the glycosylation of human alpha 1-

antitrypsin (hAAT) from amniocyte based production cell lines.
Detailed Description

30 The term “amniocyte”, as used herein, relates in the broadest sense to all cells that are
present in amniotic liquor and may be obtained by amniocentesis. They originate either
from amnion or from foetal tissue that is in contact with the amniotic liquor. Three main

classes of amniocytes have been described that can be distinguished based on



9 first nucleic acid nolecule exhibits a sequence all ow ng the expression
of at least one cell transform ng factor, andd a second nucleic acid

nol ecul e exhibits a sequence allow ng the expression of at |east one
reconbi nant pol ypeptide. 5 The primary7 human cells used for the nmethod of
the present invention are obtained by direct renmoval fromthe organismor a
ti ssue renoved fromthe organismand put in culture. Preferred are such

primary hwsaghotsdidaberitéfd: @ilvsrdmat e ! {F Jeu?n@ﬁhiﬂef&en@(m%&mmccel !

i nes by expression of cell transformn actors, |n7part|cul ar ammi ocytes,
enbr yoni c Tk rells @i pdlshs(Hobdner ., dediat dxfisc 8746734.0197Ab uAD r8lls 6Fei Bien. 10
Cel | transfRpmidag EAf ks the. 140t i Sv40 Acc. No.
J02400), ﬁ]e E6 and E7ﬁ{;e'er%ﬂ%ro uc%ﬁg“%“feﬁ@ﬁiiﬂ’?@?@ef‘ %é\/i%%%g@%{a%ﬁ?ﬁmc. No.
K02718) adikgnésticetan/beasedved 2B spurne for amuiotwesoMdrenven caienbamniosmeesise. g. |
human e i rys.ser s eB c . X02 adf clelc acid
sequenggs% éfrl %i %%6%@@? lgfggglgb p?ng lﬂlﬁ\t gf 1 rg?%% u@% f OF atbﬁge-%m‘%{%gd
accor di ng (padyhydeniniong hydramnio$)rvan pe semeadyas beureanfoc ahhiscthesve t o be transfect ed
by the sequences for both gene products. If the nucleic acid sequences for
the EIl A and EI B gene products are used for the nethod according to the

i nvent i on,The kempexpregsiontvassate aelales piréiviear yotolenucleangienbrehldind Hegoaquences

for both ne oducts. In case of the expression by a naturally occurring
Hov, 26 ol Aolei A0 QIR SEReRER oS DmENATERIHEL FISHEN THErtaE appl | os
for theo ewmgpséiﬁxfheaﬁn febrd oR e déhin? réffion2 B cadifg Rgidntbhd Whbsdh lesdindiihaél | Y
occurring. The cell transform ng tactors such as the adenovirus El gene

function é?SP%C_é‘f"elb'h_és Wt%@%s&ﬂpm%ﬁmm&@f slemarti bingobehintetheedodingand
t her ef or e ({ . rTh@t}bédlét?frlyt Qeri?éhrt] O R Yrofidter! M&eR el}b,qus_i&a.i?lgi’fl? ffx%ﬁ# §ElgRr i Mary

human cells die naturall'y within the culture at |eas er a few weeks,
wher eas t lgeding gagipec e beeh| eonplitulive; oreat @ promRBr peemateppy caslivatingethegni sabl e

cel | oL oRfaspasniag Sy BighBIRY LIRSl iy i pre

essent il bt ewitthed on mmidot offf (sat a erragyiclitdregaetibls praniute). tThk esdiay edgidnhe

function ?P;e& rsegsligé:taisgert]t rpar er vm'tt hin the mat hc%d accaordi ncgéﬁt of t i nvention
“which sel eCt T8 nar KEFUEIFO0E 2 CREMUE) UEP 5188 11819 25 L4 iy ny
addi t i onalhainggean dedoniie HeGlend flderdtdpdvdph eSthie! B eand iRy @idingtr&i@oBéinde! | | i nes

express one_or re different recopbi nant pol ypepti des. Thus, the present
i nventi oncPré‘P‘ésteggofﬁ FIPTHC OF ot DEWYa Cﬂ‘ﬁ?‘ﬁﬁfg 21gpeesieBt 9 94ing pFempedEnt human
cel | Iine bk donadahgGhieR. Abwaves e Chbaiap rdAEKBS the kPreddisn Basdi@i ¢ acid
sequences for the expression of the cell transform ng factors are present
i n forAY offalhe EXPPIssd joh severa open ecading dramepr epaypledh by 28 salladeREse(interadlt ai n
honol ogou;pysomPERLy sAgl transcriptional 5 term nation sequences,
respectively, e.g.,"the’'natural El A pronoter and the natural E A

pol yadenyl ation site for the expression of the adenoviral E 1 A gene
function. IS C hi;eyved.i f. the nucleic acid | ecul es used for the
t ransf ect iT-(gE t%{)nnf%nﬁg?e?igéﬂgéﬁ ésjs of® ’tlsﬁg hre reeénp’)er?:lfi fev &° Gflggwﬁlég%enﬁ?neg?a&?' of the
adenovi r almagiéfiedrie sechid Way thagthey mag abntinge regbwipetmarstly & @ll,culthreAnddc 1 B.

The expressi cassettes fo he cell tr form actors may al so 10
cont ai ﬁg hé‘(‘éq%gﬁ ] B‘iﬁ§°ﬁ$‘8?ﬂ§t éﬂc&‘ celsare glso ﬁ@ga%@ﬂ?ﬂﬁﬁ‘i fﬁi]é1 ly with the coding
regi on used or transcriptional term nation sequences. As heterol ogous
pronot ers glan serve e.g.;, COwW (cytoma%al ovirus) pronoter (Mlcrides, 9-26
in: Makri d8§ EdPOPeRtRe O rarRIRRans RIYPSPHAR s 8F Biedihsrelattales tnpeparass,

El sevi er, cOnmdial 2t 1ea808 hmirsFacids. @hdpOYRpREe C& B2 Glodfled coCaMBorposél7- 223,
1990), CAG pronoter (a hybrid pronmoter fromthe imrediate early 15 enhancer
of the hurmpsletipnallp gesi dVvitheattaghmens ofrseiaf residueshirdiyanodification of pmiveetidr wit h
the figst L&tron 1 .. Al 08;. -199 ), r ri ne
pgk (pﬁ%sﬁ%sc%l\e%c@é&éwpgﬁﬁ%ege np%?r@t? %rl" c&ﬁ% ogt bff#‘&%@%@%@&é@- 9‘ , 1987),

RSV ( Rous pShpeida cii cansist giiroorotiten ofb/atnirodesl chgin2@hérain thédtrainiesay(aldst. ), Gene

Transfer and Expressiqn |.n mal.i an Cells,, Elsevier, Amsterd 2003) or
a0 (&1 miagte Of PLEEorbgten oo BER Al witehiriety B Ao PR HEE bifly )

Gene Trangé.gl s@onddrkpetiss) qiatériaryari@thiep nf @R fobypeHideednSikts oGRS BhEdM

2003). As polyadenyl ation sites may serve e.g. the pol yadenyl ation
sequences of the SV40 | arge T-antigen (CGeneBank Acc. No. J02400) or of the
human G CSF (granul ocyte colony stinulating factor) gene (M zushi ma and
Nagata, Nucl. Acids Res. 18:5322, 1990). Likew se, sone of the expression
cassettes may 25 contain honol ogous regul atory el enents and ot her

het er ol ogous regul atory elenents for the transformng factors. That is, the
El A expression cassette may, e.g., exhibit a heterol ogous pronoter, the E
B expression cassette may exhibit a honol ogous pronoter or vice versa, or

o . . e ~NN =l -




11 The nucl eic acid sequences of the cell transformng factors and of the
reconbi nant pol ypeptide including the respective regulatory elenents nay be
present on one or several different nucleic acid nolecules. In a preferred
enbodi nent of the present invention th® 5 sequences of the cel

transform ng factors including the respective regulatory elenments, e.g.,
the E6 and E7 gene functions or the El A and El B gene functions, or the

cel | transtiarédaigitl &mt Qopt Gndte s ort RE TodPbt GRRe Aimea¥dlal GhRCa8NHyoN a
nucl eic acid nol ecul e and the sequences of the reconbi nant polypepglde

i ncl udi ng HtREolecglar Rewdsy The rbiperiidss arp be pbagmagplogicalbc on immurdlegieallyci d

mol ecul e whdvehol &t b &40 Wb i disdnokt ' cid 10 nolecule. In a
further pref e:br()ey(?e%nbodrrﬁr?g{{ef)al so the sle%lge%gdeugbog?@t he transform ng factors
E6 and E7, and El A and ElI B, respectively, including the respective
regul at or yrel S e | f | cidg.. . The
cequenco aTELREF il el Pae Heahadh, feRiah (HELE ReRC S BI MR, ot
can, in thémovabfem apergmisyeorta tissueantdiyiut th quitotee Pimanyi celllsredhidudmdy a wedych i s

di stinct fr .he first and.second nucl eic acid | ecul e,..or_ 15 on the
first or Sllg@t%‘%hpens‘gﬁ%gj%a}y NI % af'WéocgtSﬁﬁ‘g‘f‘ff?gBFglfs BAEm3Fet e cel |
transformng factors. In a preferred enbodi nent the primary human cells are
t ransf ect a. first nucleig, acid nol ecul e containing e expression
cassette g‘%e?‘ryﬁ@ ;@FOdE{C%%ce lings" aser bty aﬂgtesatﬁd’ean@@%%hﬁwa e Wergci d

nol ecuh@ euivtibalty MEdifibEbe X! ifg&duetion 3656 RhdserRfentdting @6 @ahiicaddlyppsifei de,

whi ch second nucleic acid nolecule is distinct fromthe first nucleic 20
aci d nol edPeProfycedni s enbodi ment the first nucleic acid nol ecul e contains
the EI A expression cassette containing a heterol ogous pronoter and the
honol ogous transcriptional termnation elenment, and the El B

transcri ptibeterm ‘Gelegtiongnarkémisastused hesein! wiptrsgo prasnasicanarkerchffeniog ttemsllogous

transcri ptyj ] | - . hal: r enmpodi ment
the 711 ot oh Andp T atdha Sy cdilbfh, SIBEEIROY IR LR SHEOS
nucl eotl§ dehes pgseane of far clmnmulvdrapettic] @egend or tan muibicziot ordanof@7 Sytokaxica of ur t her

especially ‘%g[%ﬁé§d.enb qinenl b?e f@rst ngcleic cid gnlecu e cqgtains
the adenow ¢ USETUFETYESUBSIANTE| Wothe gmediamy, S5Ieanan, BRrkstsc PEEh (V% 855

nucl eot i daed@b@dn resistandeupéreprthe sgeondclny reitinee r gale eatio dhd RIMydidIlatei 1 St
nucl ei c ack@_nnlecule contai ns the adenovirus serotype 5 nucl eotide
sequence fYOf®Hucl eotide 1 to nucl eotide 4344 corresponding to the 30
adenoviral DNA in HEK293 cells (Louis etal., Virology 233:423-429, 1997).

12 enbodinent. A further advantage resides in the fact that the sequence

r egi on 2 ethhe sy Hansfechign'c 38 used derem. plaeido ape msthog seitable far the intepduetiogt E| B
contai ns tagndGRNA¥APhuddi& KRS htd el Odfis. R@eeﬂh?ﬁlegoéh)fp&&&i' fecaiui! 1 al
structural protein, acts as a transcriptional actrvator on different viral
and cel | ulphesppate misthads elsctedporation hiéposbmali systems lof amg &indruid tdombbmtiensgdfobi n 5
pronoter. 4Ihe g&%&?ﬁéhﬂ&hﬁ&ﬂ% gptivating effect of the plX polypeptide
which is in addition expressed I'n the cell can lead to an increase of the
expression rates of the reconbi nant pol ypeptide within the production cel

i nes carding to the j,nventi,on i.f the codi ng sequence of the reconbi nant
pol ypeggi glxgeitgr%hngﬁrfsg?nﬁe’ Bohteorergin Hipkesqip ?HECI&Fwé?qgel}an%% B% 2above.
10 The r ecevshibiiant pod@eytidpt i des may be therapeutic proteins such as the
human al pha 1 antitrypsin or gromh factors such as erythropoietin or

i nterl eukin-2. Human al pha 1- antitrypsin (hAAT) is a proteinase inhibitor
whi ch i nhidy {spe®loptlean&eriitlvakiBR relRECTS MBRES fRMEL WalEdtoh Sf tag)gﬁ%@ﬁ{t ically
active in the case of inherited hAAT deficiency leading to 15 severe
damages ofhumge cell Hge, avheraim ésolatedeprimazy \anman gelisedre trandectsd byrponcleintacigr owt h
factor sb O Gl Ur AP kh& Tl GRA- ARAIC R AbIERAL, iR AelhBheBLEGgact | VI LY
in the case of anaema as well as Ih the case s ransplan atron patients.
| nt er | eukinmpl&ule] is- @Insfested, ¢hel hudleic avidsselegde exhibithe saypeme alpstmmitend i s of

significant_import e in the case of the actjyation of the cellular imune
Feaponse. SRR dEssl,Sp 8 EERFoRing fagaf Sid U8 caBRsin tiot ePBbIFlG 20
factors, sobpemilefmdtiocasy/tHat atdeudt twé dif@entindclkic@cidatsiedies Aaarmplatttd,a
patients having blood clotting disorders, also belong to the

t herapeutically active pol ypeptides. The reconbi nant pol ypepti de accordi ng
to the nmethod according to the invention may be a hornone.

Bi ot echnol ogi cal | y engi neered hornones are used in the substitution therapy
in the case of patients having hornonal disorders. Exanples are the bl ood
sugar | oweri ng hornone



25 insulin, upon which many patients having di abetes nellitus are
dependent, somatotropin (growh hornone) for the treatnent of dwarfism and
gonadotrope factors such as the follicle stinulating hornone (FSH) or

| ut ei ni sing hornone (LH) for the treathent of fertility disorders. 30 The
reconbi nant pol ypeptide can be a reconbi nant antibody which may be used for
t.herapeutic or diagnostic purposes. Antibodi es agai nst the tunour necrosis
factor al i n(JE acifl nevleculesdibits a kitfref@SBoRngRRE &xpRdsSiotvot it 1EREoHERINT d
arthritis, antibodies against the cellular receptor of the epidermal growh
factor (ECRRYOHERE t?ﬁ@& %%ﬁ aispeond ayeleisracidgpelaule exbibits sepyegce ﬁﬁ’t"‘il’éﬁ)@?es used
for di agnegiregionof ROSRAS ofEécdMfbidt pSlyFpRIE conponents of commer ci al

di agnosi s kits based on nethods such”as the enzyne-Ilinked i mmunosor bent
assay (ELISA) or the radio i munosorbent assay (RIA). In these test assays,
t he ant{ bagl} I f e i . Of cLhkQUs agents
such as3 t ﬁgk ﬁ»ﬁi%ﬁf }5{&?1%18%“%{&? eédjgﬁ\?ﬁ }lilsg{.ﬂo r?tf it“%ogf?%é{ g’?&?h%?’maﬁ%gfngg%{l:g es (1g)
consi st ofdirecttremoval £roan ghel prghnism i . tissae erpovedi fsor rthe ofgaviami afsl putand

const ant r.egdi i nsS. . j i u f the transfected
nucl ei ¢ agﬁgjrﬁoﬁ%tg%?&g%g?%@ qrhngggQ{Srﬁ%ds§elng’n&§f}g%a%eb%n%qﬁ%%‘fg rlrrzlat%/ P g%nnaflgl}qn t wo
separ at ed htaexelt diged by ezpressint efs celb transfdrmiviy flatoes) do iantigulah @miogites,chai n

and the other the theav]i>{ chai M of bt he, i rrﬁru%orral obLiI i.ne nol ecul e. Upon

expr essi oA SPOBSEHIREETHES W 95 Fmbpienic cls Y98 58 he i nvention t hese
chai nsiassenble to formthe active anti body nol ecul e. The expression
cassettes the two chains may be present _on separated or on the sane
nucl ei c a&%h tw?@gup%fagt)o_rs Web%teﬁ&'rf’_ﬁ“%"_é’tﬂrﬁléyél%a?‘ﬁpa{‘%éc‘?'iN_j’ntIO%HQP’ Heavy
chai n may E6hawayREene BRoAICRSSTHP Ze. i, HPVI6! B8nARE ARYPRESROPN 8 @bkt € and
be separated by an | RES sequence (Tnternal ribosome entry site) providing

for an exfilés¥idi Bogenp araduets of humos adenavipuses (eisgHuman alenovirpesessieny
sequences deAtBdnRoadc! BB X656}, MEMRRAY Xcid BghlholBBdor ik 1Y hﬂ?ﬁE‘Pgﬁnngr&fﬁcth
present within the sane expression cassette and be separat y a sequence
encodi Ay are wad Jorethe mediod ageqyding ite thefipventioprtbe piimaryehufmangrells haveantben) whi ch
is simult r i.thi.n 20 the ¢ and. whi ch c| eave he

br ecur sor ATERey HHESERERA, Meedblech plodfial B Ine G el el TR ey

chai n i nt &lAhandaE1B \gend pglductarne: hedvipr tHeainsthoRacaidinhh & theainvehiod) s encoded

by the nucl.eic acid sequence .of the cell according.t he i nventi may
al so consiP8Mabt ﬁwaé‘g??@ﬁﬁgveoﬁo bfntraé‘ﬁfl%i’tﬁ‘ghkj' thenseauengesyfor gﬂ &PBﬁ]BfO@P‘étS-ﬁgght and
25 heavy ehRiof theSRpfeadibiEsly hdt@laBy 6QakrihgdMV, EEinaE (%6 ¥ exgrbRied fomhai N
vari abl e fragnent Sgta(rﬁ?‘nSI st of, the variable domains of a heavy and a |ight

chain F9n frgnseH f82me pRPliE f b exnression of Al Acand Bl af 3n pegovitisng for a

free noti lyich i9hatkllf oA NFhe AN BRbARRg BICRHE Qh SE GRSk SET p&iaed by
the intranol ecul ar assenbly of both domai hs, which structure corfFesponds to

the vari afbmstiprefifeshthsimamertalisstiomnef tmsormsionsf thewkls angjthgseforeftheir ability

to be durably cultivated. Non-transfected primary human cells die naturally within the

culture at least after a few weeks, whereas the transfected cells proliferate to
25 phenotypically recognisable cell colonies because of the immortalising activity of e.g. the
E1 gene products. The transfer of the cell transforming factors, which transfer is essential
for the immortalisation of the cells, thus takes over the function of a selection marker
within the method according to the invention which selection marker allows the isolation
of cell lines without any additional exogenous chemical selection preésure, wherein the
30 cell lines express one or more different recombinant polypeptides. Thus, the present
invention relates in particular to a method for producing a permanent human cell line

without transfection of a selection marker.



30 single chain antibodi es (bis-scFv) consist of two of such single chain
assenblies nmade up of the variable domai'ns of a heavy and a light chain
which in turn are linked by a connecting sequence and are notile agai nst
each other; such nolecul es may sinultdReously bind to two antigen binding
sites (epitopes) thereby connecting two 14 nolecular structures in a
non-coval ent manner. Bispecific diabodies consist of two single chains

whi ch ar e Tax puc&is acid seqirhéds €biytha BLhréssioh o theail GlanFomsih s FacRrs ¥ pkaabiie
dormai ns of, ﬁ)light and a heav?/ chain each, separated only by a very short
g © i

| i nker or ™ PR ESHOB£255 nker at all. The short or |acking |inker
inhibits the intra nol ecul ar assenbly; by 5 intranol ecul ar assenbly of a

vari abl e q_zav and |ight dormain an active_ nol ecul e havi g‘g two bi ndi ng

val ences i'§¢f HOBNEASSET eMAYTIRONfAHY JIPBIoIRERYS REPRIENst iRB sranseriiierrlpy t he
nucl ei cs a@érﬁhidmb@%_ ed, 'rBpREBRRIEE gl thd RBurRl ESL Broré Y (HRYatlRl KiAQl |
bacterial or &%ras_l ic proteins™which are to be produced for a 10 use as
pr ophyl ac®Pprlyadanylatien sifsclor the expressioncef therpdenevipl &l 4 gene fiangtioe Thist dander uct ur al
pol ypepti r g@&y i ti:ve . i rom

Vi ruses, %gg%‘%??g{hgglﬂgg%gag?at Igél.e I r"[aEF‘5 ;'f)(%gt“l’elx?\@?ercr%n B%?A%E%:Q{herﬂgéf &Epat itis
B virus sugspeatize aimaliggaomg, iR\ of e oo vinal tgegmng exhibitingethe said generfahctionnt ei n Li
from human pagi] | i ruses... Bacterial. proteins ich are considered for
the pr odugtgi’g%)i‘%fgvmgcﬁgng’éprg 1% T tese>§°5r%‘gsﬁeggtrq"%%BP333téftP§nm3%l 015 lines
are, elg. comahdewtodogone poatotsns that do mnoedtir astatally WiboRO esdis: egiohasddadri a col i

ETEC) or .transferrin bindin rotejn T A and B) from Nei sser.i
éonor 3 hoe&&M5° tll%gbaﬁnalggoq F‘%ngﬁﬁ?“déﬁ ﬁfééf?PO\%ﬁ‘i‘ScPFOB‘BP &Pt §ea\g¢se.%3irl\6§ encoded
by the nuctytimegalovitusyopremuiet Makades] o6er: iMakides PERE WendetriiRtbraimg, €. 9.,

the nmerozoite surface protein (M5P) of the causative agent of nmalaria
Pl asnodi uf*pgpienoiy Mamaalign Gells, Ilsshier, Smsterdame? 03 ER8T pravgoter dm e

Schi st oso f iIGHBH2 T i J i nucl ei ¢
St o oy GERELAY s, o], € Bt (PRI HECH SR TRl 08, "C O

pol ypeps i delfapyerwlithethunmh aytemagdlowims asd 4 ejpdified thiokenf fradtidrprspotandittibech al | ow
an episomal . i.e. a.chronobsone jndepegndent = replication of 25 nucleic acid
nol ecul e?@ﬁb%ﬂénﬁﬁyai it r‘gduééaei E&g&?h@pce 2%1?4 ﬁBmB'il P SHEFRECtREEN Wi t hi n
t he hunan (gikphokiyoerate Tkifase) ptddhdtera@idia WP laEC HeS 654BSRIUSST) RSN {RQHUCed
into the cell line by transtection contain_a genetic elenent denoted

"origin o W@‘Bﬁixié?%)oﬁ’f‘Dm(’Wﬁ)(Maﬂ(Ed%i%% in: Makrides (Eds.), Gene Transfer and

Expression in Mammalian Cells, Elsevier, Amsterdam, 2003) or SV40 (Simian Virus 40)
20 promoter (Makrides, 9-26 in: Makrides (Eds.), Gene Transfer and Expression in
Mammalian Cells, Elsevier, Amsterdam, 2003). As polyadenylation sites may serve e.g.
the polyadenylation sequences of the SV40 large T-antigen (GeneBank Acc. No. J02400)
or of the human G-CSF (granulocyté colony stimulating factor) gene (Mizushima and
Nagata, Nucl. Acids Res. 18:5322, 1990). Likewise, some of the expression cassettes may
25 contain homologous regulatory elements and other heterologous regulatory elements for
the transforming factors. That is, the EIA expression cassette may, e.g., exhibit a
heterologous promoter, the E1B expression cassette may exhibit a homologous promoter

or vice versa, or both expression cassettes exhibit a heterologous promoter.

30 The nucleic acid sequences for the expression of the at least one recombinant polypeptide
are present in at least one expression cassette, too, wherein the kind and the selection of
the promoters and of the transcriptional termination sequences correspond to those

mentioned for the cell transforming factors.



el enment the pol ypeptide(s) acting as replication factor(s) bind(s), thereby
initiating the replication of the episoral nucleic acid nol ecul e. The .
epi sonal replication of nucleic acid 30 nolecules, in particular of plasmd
DNA, in‘cells effects a strong increadé of the copy nunber of the
transferred nucleic acid nol ecul es thereby increasing the expression of a
r.econbi nant pol ypepti de encoded by this nolecule as well as its maintenance
during many cell divisions. Such a viral replication factor is, e.g., the
l1-antigen _of the Siman 15 virus 40 (Sv40) which, upon binding to a _
sequence dendielgicadcid, segpences ofgthg il transiorming Bptorssangoob the tﬂqomhléalgucl ei c
acid nole i b L Ed I J J e
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on adenovirus, adenovirus associated virus (. erpes virus.
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del et ed Onyd&E QR fdRRh1eVivhilE G SHEd (s © qirﬁ aRl 8&88& %&E&i Y GlliE uges do
not contain a gene to be transferred and thereby not actlng as a gene
transf & pedhedirstnriseeond malemile, eorgprisingsthe saqaenderfer or2Mfltie ¢diletramafoeminf
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the vect Orfunicggnrseaﬁlﬁeas setcgr?d nucleic acid molecule exhibiting the expression cassette of the
recombinant peptide, which second nucleic acid molecule is distinct from the first nucleic
20 acid molecule. In this embodiment the first nucleic acid molecule contains the E1A
expression cassette containing a heterologous promoter and the homologous
transcriptional termination element, and the EIB transcriptional unit contains the
homologous promoter and the homologous transcriptional termination element. In an
especially preferred embodiment the first nucleic acid molecule contains the adenovirus
25 serotype 5 nucleotide sequence from nucleotide 505 to nucleotide 4079. In a further
especially preferred embodiment the first nucleic acid molecule contains the adenovirus
serotype 5 nucleotide sequence from nucleotide 505 to nucleotide 3522. In a further
especially preferred embodiment the first nucleic acid molecule contains the adenovirus

serotype 5 nucleotide sequence from nucleotide 1 to nucleotide 4344 corresponding to the

30 adenoviral DNA in HEK293 cells (Louis et al., Virology 233:423-429, 1997).

The presence of the EIB promoter and the E1B polyadenylation sequence (nucl. 4037-

4070) should lead to an optimal transcription and expression of EIB in the case of this



security of the vectors and increases its capacity for the uptake of

unrel ated nucleic acid 25 sequences. The gené function pl X is an adenoviral
structural protein, i.e., a conponent of the viral capsid. The viral gene
functionis E2, E3 and E4 encode regul atidry pol ypepti des which are expressed
in the early phase of the viral replication. Adenoviral vectors of the
first generation are nerely deleted for El and/or E3. Adenoviral vectors of
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most conv@fHFd2Penovi ral vectors are derived, the so-called Coxsackie
and adegpovirus 10 receptor, CAR was identified (Ber gel son et al., Science
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25 insulin, upon which many patients having diabetes mellitus are dependent, somatotropin
(growth hormone) for the treatment of dwarfism, and gonadotrope factors such as the
follicle stimulating hormone (FSH) or luteinising hormone (LH) for the treatment of

fertility disorders.

30 The recombinant polypeptide can be a recombinant antibody which may be used for
therapeutic or diagnostic purposes. Antibodies against the tumour necrosis factor alpha
(TNF-o)) are used in the case of patients with rheumatoid arthritis, antibodies against the

cellular receptor of the epidermal growth factor (EGFR) are used in the case of cancer



30 Transfer and Expression in Mammalian Cells. 2003. El sevier, Ansterdan.
17 functionally linked factors, respectively; and an expressible nucleic
aci d sequence of at |east one reconbi nant pol ypeptide the inventors have
succeeded to generate pernmanent hunmani@ell |ines for the production of
reconbi nant pol ypeptides wi thout the addition of selection reagents. Thus,
the ‘present invention relates further to a nethod for the 5 production of a
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the cell transform ng 30 factor(s) further conprises r t1on sequences
of a sg}qugﬁd‘@ lsqgécwlflgtt cleaves il prgeursmy polypeptide consisting of the sequence of the

light and heavy chain into the active light and heavy chain.

Recombinant antibodies encoded by the nucleic acid sequence of the cell according to the
invention may also consist of fragments of an antibody instead of the complete light and
25 heavy chain. So-called single chain antibodies (scFv, single chain variable fragments)
consist of the variable domains of a heavy and a light chain linked by an amino acid
sequence (a so-called linker) providing for a free motility of both domains. An antigen
binding structure is formed by the intramolecular assembly of both domains, which
structure corresponds to the variable region of an immunoglobuline molecule. Bispecific
30 single chain antibodies (bis-scFv) consist of two of such single chain assemblies made up
of the variable domains of a heavy and a light chain which in turn are linked by a
connecting sequence and are motile against each other; such molecules may

simultaneously bind to two antigen binding sites (epitopes) thereby connecting two



enzyme. In a subsequent step, a further expression cassette for a transgene
may be integrated in the permanent human cell |ine whereas the respective
reconbi nase i s simultaneously expressed, wherein the expression cassette

al so contains a respective 18 reconbildase recognition sequence or

reconbi nase recognition sequences. This leads to an integration of the
expriession cassette at the specific "hot spot" and thus to a high, |ong
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sequences twybinding valgnees isfomddiane¢ inore. 10 A furt her aspect of the present
invention relates to a method for the production of a permanent human cel
line, wherein the nucleic acid nolecule exhibiting the sequence all ow ng

t he expr e§he cevombinant gtypepiided rincqaiell by and hiii&eie&ﬂ'd gﬁdl&ulds rtraﬂ%’@(tt&d gnthte o the
expressi on _cassette of the conbi nant pol ypeptide or to the coding
s egu ence BFES§H gleﬁ!‘ﬁ’ﬁ Ry d%‘?ﬁ’l‘ﬁ‘}{aﬁf“’t?ﬂﬂl PPRASINYFPTOE IS VhichAse © hegueruspchips a

recognid i Qfe S€@regRStc PPMh@XFHiat Qacdift®. MRERMHRARE ma§ARIBbh QRicRBFUENCES
may reside at t ‘- and 3'-end of the respective sequence. The

he 5 . . . .
r econbi na H?be"cﬂt‘g%eaﬁ'fiir ERLatR o 0y MREgRLly gt veqRohepeptifles fiom iaises, bictasia ora gene
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After selection of a stable’cell”Tine having a strong eXpression of the

reporter PRUECB) pisthe;sticturabiprattia IgefremAtummnquipilomendodesd Baytetidleproeinsr t er )
P ecanbi nagtBars, eepe G GaBRTBE LI A bR R RS AR R Gn @l Another
15  lines are, e.g., enterotoxine subunits from enterotoxinogeneous Escherichia coli (ETEC)
or transferrin binding proteins (Tbp A and B) from Neisseria gonorrhoeae. Polypeptides
from parasites, which polypeptides may be encoded by the nucleic acid molecules
transfected in the present method are, e.g., the merozoite surface protein (MSP) of the
causative agent of malaria Plasmodium falciparum or glutathione S transferase (GST)

20 from Schistosoma japonicum.

The recombinant polypeptides encoded by the nucleic acid molecules transfected in the
present method may be one or more viral polypeptide(s) which is/are active as replication
factor(s) and which allow an episomal, i.e. a chromosome independent, replication of
25 nucleic acid molecules subsequently introduced into the cell line by transfection within the
human cell line. The nucleic acid molecules subsequently introduced into the cell line by
transfection contain a genetic element denoted “origin of replication” (ori), to which
element the polypeptide(s) acting as replication factor(s) bind(s), thereby initiating the
replication of the episomal nucleic acid molecule. The episomal replication of nucleic acid
30 molecules, in particular of plasmid DNA, in cells effects a strong increase of the copy
number of the transferred nucleic acid molecules thereby increasing the expression of a
recombinant polypeptide encoded by this molecule as well as its maintenance during

many cell divisions. Such a viral replication factor is, e.g., the T-antigen of the Simian



transfection as a second step. The expression cassette al so contains
recogni ti on sequences of the same reconbi natton enzyme. After a short-term
expression of the reconbinase a new production cell line having also a high
production efficiency will be generatad by the 25 excision of the ori gi nal
and the integration of the reconbi nant pol ypeptide newy transfected into

tthe ‘cell. This nethod reduces the tine consun ng process of the select ijon
of well expheudl BB QHHGH, |1 PBn Whding 18168 seqrRBPIGSteh Of 5?‘\%*3 an
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251: 1351- 1 uentl the actual recognition sequences but
"pseudo™ %D‘Pi"%%&r;oz?ne) 1%1‘(1:‘10}%&(: %‘Ee 25: 868-872, 1997) or "pseudo”

att 19 (Thyagaraj an et aI , Mol . CeII Biol. 21: 3926-3934, 2001) are
advant age The foll ow ng exanpl es

s for.an efficient integratjon
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necessary for the production of the gene transfer vectors, which components are not
encoded on the nucleic acid molecule of the gene transfer vector. In such gene transfer
vectors certain viral gene functions are usually deleted because of security considerations.
Gene transfer vectors, whose complementation factors may be encoded by the transgene
15 introduced by the described method, are for example vectors which are based on
adenovirus, adenovirus associated virus (AAV) or herpes virus. The complementation
factors expressed within the cell line may also complement deleted or recombinant viruses
during their production, which viruses do not contain a gene to be transferred and thereby
not acting as a gene transfer vector but are used, e.g., as a vaccine.
20
In the case of adenovirus based gene transfer vectors, for example the gene functions pIX,
E2, E3 and/or E4 may be expressed within the cell according to the invention. The
deletion of the respective gene function from the genome of the vector increases the
security of the vectors and increases its capacity for the uptake of unrelated nucleic acid
25  sequences. The gene function pIX is an adenoviral structural protein, i.e., a component of
the viral capsid. The viral gene functions E2, E3 and E4 encode regulatory polypeptides
which are expressed in the early phase of the viral replication. Adenoviral vectors of the
first generation are merely deleted for E1 and/or E3. Adenoviral vectors of the second
generation lack additionally the gene functions E2 and/or E4. Cell lines complementing all
30 viral gene functions would be, in principal, able to complement the generation of
adenoviral gene transfer vectors which are denoted as “gutless” vectors or high capacity

adenoviral vectors, which do not contain any coding gene functions any more but have



a) Plasm d pSTK146 Pl asm d pSTK146 was described in detail in EP 1 230 354
Bl and conprises the nurine phosphogl ycérate“ki nase (pgk) pronoter,
adenovirus serotype 5 (Ad5) sequences nucleotide (nt.) 505 to 3522 and the
splicing and pol yadenyl ati on signal ofléSV40. 15 b) Plasmd pGS119 (Fig. 1)
Plasm d p05119 contains the murine pgk pronoter, Ad5 sequences nt. 505-3522
containing the entire El region, the 3' splicing and pol yadenyl ati on signal

of SVA0 awdlyt the sejuéndes FoOtheQtplRdforl Bf the 348f0r 40018} -acid) sail) QedidReeR Ib¥ingene
sequences are derived fromplasmd pXC 1 (M crobix Biosystens Inc,

Cat al ogue dRRPtedopYeyted desminab rrpgaty{IEBS)IAGS sequences nt. 22-5790. Using this

plasm d and the priner p9.3485-3504 ( CTGGCTCGAGCTCTAGCGATGAAGATACAG SEQ ID
NG 1) and p9.4079- 4060 (GCTGCICGAGCACTTGCTTGATCCAAATCC; SEQ ID NG 2) Ad5
gene sequé[ri?ééls‘dﬁl@.acm&@ls@@fﬁg Wikl the prgsentf methodintg dleyprimary dumhaicell magct i on 25

(0 U o o Do BE R0 B\l S (9
Pl asm d p@S1R2 cedbandaiwhéchAid Sresppgsiblacles thepinfectiGn 4f then cell by rasvirst apl thads
peauences by Ry RS AN, LB BE AL ST T,
Sacl | restlhe ipitiabstes of enfatiop $TKAs YittotheademvauPsedtypee or Scfrommwisich ehef ol | owed
DY 2 SRR PG R 05l e RAEDefe Y aBSBTER 0 o0
PXC 1 contréepior) ICARE wAS iGatified ¢BergBIponl 941 41 53&8ncwes 5t 1300-0928; e pGHE21) . Two
(OO TR SRR off AR oAb s Ecoresarequishcbeiaeaiable o be a
SEQ DNO: 3)ppstl&sbin_dedrt dord 2R foviral gene transfer vectors. In a preferred embodiment the
recombinant polypeptide is the Coxsackie and adenovirus receptor (CAR). The
overexpression of the receptor polypeptide can significantly improve the infectibility and,
15  thus, the production efficiency of these cells in regard to adenoviral vectors. Furthermore
the nucleic acid molecule may encode, besides CAR, secondary receptors or internalising
receptors such as certain integrins that mediate the uptake of the virus and gene transfer
vector, respectively, into the cell and whose additional expression is advantageous in the
production of production cells for adenoviral vectors.
20
The nucleic acid molecules used in the present method for the transfection of primary
human cells, which nucleic acid molecules encode the at least one recombinant
polypeptide, or the nucleic acid molecules encoding the cell transforming factors may
contain “matrix attachment regions” (MARs). These genetic elements, also denoted as
25 “scaffold attachment regions” (SARs), play a role in the regulation of the gene expression
since they are associated with transcriptional units and regulatory elements within the
genome. MARs are able to protect foreign genes integrated into a cell against a
transcriﬁtional muting or shut-off of the transcription within the transfected cell thereby
enhancing their expression (Girod and Mermod, p. 359-379, in S.C. Makrides (Eds.) Gene

30 Transfer and Expression in Mammalian Cells. 2003. Elsevier, Amsterdam).

By the simultaneous transfection of primary human cells with nucleic acid molecules

containing expressible nucleic acid sequences for a cell transforming factor and two



( TCGAGTTTAAACTGCCAA TCAGCTTGCTACTGAAAGACATTTTTAGGCACCACGCCCAGCT; SEQ I D
NO 4) were hybridised to formthe double strdnd. Plasmd pGS121 was
digested with Afel and Xhol, and the above-nentioned ol i gonucl eoti de was
introduced. The sequence of the 10 ol ilgonucl eoti de was sel ected such t hat
upon introduction into pGS121 the Afel restriction site at the 5 end is
retained, and at the 3' end a Pnel restriction site is followed by the

regener at gshcbmilly Nixked FaetdrQespedtively] Bikb an Eﬂﬁes@ﬂﬁ: ﬁlﬂﬂﬂi@ 868 SedenRCSHla2 are
directly flanked Eféﬂlg Prel restriction site. 15 Plasm d pGS124 Pl asm d
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cl eaved out of the 5V40 genone and i ntroduced |nto pBl uescri pt, digested

wi th BanHselegiion kisagentsa ws.d thegprgsenp imveniion jsetaies furthesrtess anethark fesvihg

Pt aom oo BEASEn O EPBReRITIER S, o SR o B YRR T

1- antit rwpkypwt@hﬁmqurab}ydemhwhEartsfmticpmf apfelediiérf mauket. The oetstreayshe @8&d,Pl asni d

pGS116 (Fi; C th .Ccyt | Qvi rus
(o) 1 of Pagte B O ARpefoncBY WL R peBliodsy el SRS WBE IRV LTS oo
and the Smrpdioyramwhdttahmdmstae v(qﬂodswk)al batteri iy paradltis\;éd@pslﬁiqiaeﬁnes are
derived fromthe plasm ( Cat al a The 13
gal act osi das& é%:ﬁpe E%F?%irg \%5 ceﬁ%la‘éctoé%n%f q‘?e‘“&‘?“b‘ggt“?aén Wstea beghF and a
subsequentprdduttioni of diagaﬁiticﬁlly @ievhrhq)r&ems Such\4e WhralN Backddl biepraa@canfiyedshe hAAT
cDNA whi ch was i.sol at, n giolﬁl % Stlejjn of fhe pJasm d Ad/ PGK- hAAT
(Kay et al °F "SRSSHYSIPG C?‘_‘L ies ghugthermgsg; the celly agsprding 19 theagyosiop iy dens t he
above des @ﬁedbfedthbbfbﬁuam/bfmﬂﬁeaﬂm iSRRHaly reqe‘vaﬁtf}ﬁotbﬁlmma @ § forf OF the
el ongation factor EF-la. The CW pronoter was del eted from 6 by the

di gest i on trcatysisid tW‘B‘ﬁaIXﬁ@}PeWOEéWRIOT &ﬁ@%ﬂ%@ﬁ%‘wﬁ@wmfpﬁwﬁtﬁm@éact i on
of the 5 T‘B\!%Elﬁadég&dﬁ?% tRRh G R0 B Tprest dR of bR ﬁfe‘nﬂé&bﬂgﬁnme EF-Ta
pronoter. Plasm d pGSI31 contains t cDNA un er the control of a
hybri dés prPQl’iD@Iélde&;(Ths nembergf gtprcdséliﬂdypemmm(seierddnttdndlowhhmiyehffdr&atact in

pr onot er r r er wa aced 1.1 kb CAG
oot er Byt Rgftps SURIT 0F FAPRh BB B bt i
fill-in rceeldsthdntheinetﬂmd a&or@ﬂgtohhdﬂgﬁentiahasm d pGSlBZ contai ns the hAAT cDNA
under the control of the Rous sarcoma virus (RSV) pronoter. The CAG
pronmoter in pGS116 was deleted by a restriction digest with Xhol and EcoRl
and subsequestrerfgitl df-ekpresstscifiaiingdend thea froduRvieh BaNg srueiafly dgRhasedn ¢ t he
0.58 kb RSV pronmoter. In plasm d pGS133, the expression of the hAAT cDNA is
cont r oP? e &eRRMIE Hegin in ywhich, the wansgenegntertes\affer dts 4ntrpdugtion lnt‘rﬁbe GFJll/

pronmot er Wageréhg gt %résh@ﬂ‘o?@éjﬂzﬁlsé&ﬁetléﬁﬁ'lugbﬁeﬁt‘éf Q?el?ﬁweg' %ﬂlaﬁlt R and a
subsequent fill-in reaction of " overhangs and ace e 0.23 kb
SV40 pr onwitesrof thocellplapigaromiay ﬂp@p@ssmm eassaillg rmszsarsmnt@maiy admee whl ow ng

Ceauences T cEgeRIBHERT LR FAERCHAS T HeSicled P o’ QB Fltou >

The maintenance of the transformed phenotype in the permanent cells produced according

25 to the invention requires a continuous expression of the cell transforming factors. In the
permanent human cells, the integration site of the respective expression cassette resides
thus at a “hot spot” of transcription within the cellular genome. A further aspect of the
present invention relates therefore to a method for the production of a permanent human
cell, wherein the nucleic acid molecule exhibiting the sequence for the cell transforming

30 factor(s) further comprises recognition sequences of a sequence specific recombination
enzyme. In a subsequent step, a further expression cassette for a transgene may be
integrated in the permanent human cell line whereas the respective recombinase is

simultaneously expressed, wherein the expression cassette also contains a respective



consi sting of Ad5 sequences. nt. 3485-4079 and the hAAT expression cassette
consi sting 25 of CW pronoter hAAT cDNA,~ SV40 pol yA. The hAAT expressi on
cassette was isolated by the digest of pGS116 (see 1 e) with EcoRl and
Hindl 11 "and a subsequent fill-in reactl8Bon and introduced into plasmd
pGS119 (see 1 b) upon digestion with BanrH and fill-in reaction of the 5
overhangs. Plasmid pGS126 thus expresses the Ad5 El and pl X proteins and

hAAT. 30 gdcolbamss ﬁc@@ﬁibﬁ%ecﬁleﬂ@éﬂrdedbm& &@6§n§idﬁsse uelcdehit 1eahs oQnt he hAAT
expression casset matrj X associ at ed retgl on This MAR | ocal i ses

within a 28atRs @éBPF?@ﬁ%]onfqa%%ﬁttt £ SBAF Echehof ﬁﬁqt F\HQ s t@@ihigh, &met he gene
| ocus for 14shfy RUPRRINAST (1 BBABKATEERIASh !69?%8%] havi H%Sa HERIE nlgs c! oned

in pBluescript (pGS58) and was i ntroduced into the Ec restrictron site
af t er t he Pradpstiqnietiicdiency; whickeell linss bavedieen grparpteddn thedssctibed faskion,epuld5 h) )

Pl asm ds p Ig;gpjz IQXM or the
human e5r y?ﬁ}%%doil?le??%p tg(EtEI?)o) a%eélgﬁ%t &Jg@i?)t %8? sggﬁgﬁggﬁm*gﬁqﬁ\? ik ac‘{\om dase
gene was Hethsyaspedtraf they@hagm ipyention nelates toahd\bdladwrgefstheserspwﬁt ‘rhepk;mcséd by t he

compl ot ended oS b e B fierkdoh G AL VBS8 jETHETEG PRGH RS, on'

di gest. Falowethmizoltion béhmapoteed;ueeeasummmip foh@walilen Gumbani sellsy §@oEIAL S | N
pGS119, pGSl22. ence _anal ysi s

was conf.irnmed b
al teratioffs pre‘ﬁmflﬁ@ssgtfs d:gx}.hﬁ‘em%r %rfﬂét}eé%lseﬂ %wwqcawwétl%quence
were found. b) Expre55| on The pl asm ds pGSllG pGS129, pGSl3l, pGS132,

pGS13s, pﬁs%uzrt%era gs%eth(%lt%g p\{fvgsléx(lat invention relates to a method for the production of a
permanent human cell line, wherein the nucleic acid molecule exhibiting the sequence
allowing the expression of a recombinant polypeptide exhibits, in addition to the
expression cassette of the recombinant polypeptide or to the coding sequence of the

15 recombinant polypeptide, one or more recombinase recognition sequences. For example,
the recombinase recognition sequences may reside at the 5'- and 3’-end of the respective
sequence. The recombinant polypeptide can be a reporter gene in this case, i.e., a gene
whose gene product may be easily detected and quantitatively determined. After selection
of a stable cell line having a strong expression of the reporter proteins, i.e., of the gene

20 product encoded by the reporter gene, a nucleic acid molecule comprising an expression
cassette for another recombinant polypeptide may be integrated into the cell by
transfection as a second step. The expression cassette also contains recognition sequences
of the same recombination enzyme. After a short-term expression of the recombinase a
new production cell line having also a high production efficiency will be generated by the

25 excision of the original and the integration of the recombinant polypeptide newly
transfected into the cell. This method reduces the time consuming process of the selection
of well expressing production cell lines. Examples for recombinases and respective
recognition sequences are: Cre recombinase and loxP recognition sequence from the
bacteriophage P1, integrase and attB/attP recognition sequence from the bacteriophage

30 ¢C31 or Flp recombinase and frt recognition sequence from yeasts (Groth et al., PNAS
97: 5995-6000, 2000; Araki et al;, Nucl. Acids Res. 25: 868-872, 1997; O'Gorman et al.,
Science 251: 1351-1355, 1991). Frequently, not the actual recognition sequences but
“pseudo” lox (Araki er al, Nucl. Acids Res. 25: 868-872, 1997) or "pseudo” att



transfected into HEK293 cells and the expression and secretion of human

al pha 1 20 antitrypsin (hAAT) into the culture supernatant was detected
usi ng ELI SA (see chapter 6b). The plasm ds pGS119 and pGS122 were
transfected into HeLa cells and the eXdpression of the El A proteins was
anal ysed by Western blotting using a nonocl onal anti body (see chapter 6a).
25 The plasm d pGS124 was transfected into HeLa and HEK293 cells and the
expr essi onTKyfagirfan Ter a41l, N6 MRS B! @ptm6®3m,926€ﬁfta?é RdPnelboROrpnd 2
nonocl onal _anti pody (Abcam Canbridge, UK). 3. Cultivation of cells 30 a)
Cel | |i neSHRiREt BMASFatOly t ure reagents were obtained, unl ess indicated
differently, fromthe conpany Invitrogen GrbH HEK293 and HelLa cells were
cultivated in nodified in Eagle's 23 Medium (MEM with 10% foetal calf
ser um ( FC3pe foJowiag iexamplenillustrap thenipyemiontand a6 n@5&h beupdngdidered dimitibgs CO2.  b)

Pri mary: agpy i LOCY. [ ol | owi ng routine nethods,
obt ai ngsd m§ﬁéﬁd§%tegn§f%%gﬁ ’e@&géu?a%-s%%ﬁ?rwﬁ?&{l%ssw%e F%thfuégpaﬁrf{éf‘iﬂbgé’vvere
cul ti vat ed-gwibyPbagbrdok idaad .9 989, Moteclilarmionin@¥AAGSerafy ManugsEEdEidnOgolaGen

GrbH) , i Bi i i i 37 5% hug di d 5% CO2 i 6
chI;?i rrai(lsgg{l:%ﬁ%n%ét !lb%%té&g}sgﬁ%%?) ecggaﬁ"}:n& a?t?%fl%]%‘?%g%t)d/aig the ami Io(r:]yt es

started to becone adherent, and 3 ml fresh nedium plus additives (see
above) wer e dded. 10 As soon as the cells were fully adherent, the nedium
was renovel g’r‘?&'&@ﬂf’é‘&'&‘&f by 5 m fresh medi um plus additives. For the
furtheno passages the confluent cells were washed with PBS, detached with

trypsin (T | eSel nvitrogen) and transferred into 10 and 25 nl,
respecti vé‘5 él%s‘?‘?"’ggﬁfm um plus additives into 10 cm and 15 cm di shes,

r espect i Velamid By 146 AR ESHEOh @R ihgﬁgf/&?(?]m h?ﬁnfﬁoﬂéﬁs@?ﬁ% r@IIFPJFOCyt es

The pri mar% ammi ocytes were transfecte e transfection O erent
combi nat | GASPBYElYqsEAtey Hanase d@sk) ipperdoterd, agsdeneidrus t frzotypearfs f(@dfedeqehdes| i nes

wer e i sol ghaehialthid3es of2LRd %hte E@A%{(ngiéigfg?eﬁgfat&? %gllga{l apseaac:

Subsequently, the generation o ce I'nes using the
pl asm #s pGS116 and pGS119 is described in detail. Further cell lines were

20 genera%zﬁgisﬁi&géggﬁrs@%@xcw th the follow ng nucleic acid conbi nations:

pSTK146 (cC al ns es nt. 505 to 3522) and pGS116 (contains the
CW- hAAT @lasmib $iGEN1Z asamins ethe pedddd pgk qitbabies AdS egeHieRCas $U5-35285 to

4079) and chﬁﬁ%ﬁg t}gecgnr%ltre ETS'regtiQrE tEeFé’l S)liglé?-[mg )Eaglrygdsesniyg[]ior? ?isggaeltotf ] V40 and

the pIX region of AdS (nt. 3485-4079).

20 The Ad5 pIX gene sequences are derived from plasmid pXC1 (Microbix Biosystems Inc,
Catalogue No. PD-01-03) containing Ad5 sequences nt. 22-5790. Using this plasmid and
the primer p9.3485-3504 (CTGGCTCGAGCTCTAGCGATGAAGATACAG; SEQ ID
NO:1) and p9.4079-4060 (GCTGCTCGAGCACTTGCTTGATCCAAATCC; SEQ ID
NO:2) Ad5 gene sequences nt. 3485-4079 were amplified by polymerase chain reaction

25 (PCR), cleaved with Xhol (each primer contains one Xhol restriction site) and introduced

into the Xhol restriction site of pSTK146.

¢) Plasmid pGS122

Plasmid pGS122 contains AdS sequences bp 1-4344. In a first step, AdS sequences nt.
30 356-3826 were isolated from pXC1 (Microbix Biosystems Inc, Catalogue No. PD-01-03)

using Sacll digestion and introduced into the Sacll restriction site of pSTK31 (contains a

Pmel restriction site followed by AdS sequences bp 1-400 in pBluescript). The in such a

way generated plasmid pGS120 was linearised with BssEll, and the BsfEIl fragment from



25pGS119 and pGS131 (contains the CAG hAAT expression cassette) pGS119 and
pGS32 (contains the RSV hAAT expression cassétte) pGS119 und pGS133
(.contai ns the SV40 hAAT expression cassette) pGS119 und pGS123 (contains

t he CW hAAT expression cassette and RAR sequences) 30pGS122 (contains Ad5
sequences nt. 1 to 4344) and pGS116 (CW hAAT expression cassette) pGS126
(-cont ai ns Ad5 sequences nt. 505 to 4079 and the CW hAAT expression
cassette) pXe4 pdotiidiflg ahel ASSIedderceObpaiag-stiBe walvMmbpducek (pESs1IgNTEASSEt t e)
- pGSl124 (eﬁg%ﬁaées T-Ag) and pGSl116 For the transfection all plasmds
except pGS8 PAeS; nearised prior to the transfection by a digest with
sui tabl e gt 4dootgzamprucl eases. The plasm d pGS122 was digested with 5 Pnel
prior to the transfection since the adenovirus sequences in pGS122 are

~flanked byO6RECHRGTGRTBLCIMSHATEECEEERAGTAGGAEETEAnhen two pl asmi ds
vere transfericUGTETAAAC; Of eged pl agyi d vRe.gysed; Hid) t heaPRag0lr08
transfection of only one plasmd (pGS126) 2 jig were used. Transforned cel
cl ones colFdGASTITANAEEGULAR al | nucl ei c acid conbinations and single

cl ones co i Wsf é“ﬁ? .1y cl ones
was 10 deglgr%\ entT(ggh?ESéG?emg} Angéﬁg?grég%g}* Lr?o@é%ﬁ Ee:C‘eAncodi‘éﬁEg t eﬁ?é‘bl

t r ansf or mwege hybeidsed toafcmrttie doubje steand pPlasmid giGS 12 h avas digegted watll| Afel and

signi ficangl re t S cell clones wer bt ai ned when th | astni d
pcan10 wadroh il e BRSO CRe SfmShARRE AT el TR SRR PEUR] on it
t he nuad eiotigamiclotidz vessulestel avdhniatkdpom sntwahdtioh imb $IGSN 21 thg Afelatarictdoad t o

significantl re transforned.cell ¢lones than the transfecti 5 with
nucl ei c aé}t%lx?}g?gc ﬁ’?‘g‘ss e and ) tbteh3g calad "Teﬂdf‘ﬁ"?“é’é’ﬂ s tf)éS'ffgﬁ)“?&)Q%é“e

expr essi oOReg@herhioé XneL@REHE A Kite PTHUE PBP AIdS Sedi@fices Th pES IR20ePGIREE T tlafledt he
pronoter used, wherein the use of the SV40 pronoter in pGS133 resulted in

the | owestY@XHred ESHIGHOR Siftes Herei nafter, the generation of hAAT
expressing cell lines using the plasmd pGS116 and 20 pGS119 is descri bed
in detail. Prior to the transfection, the amiocytes were adapted to
Opti - PAD B &lasmihpGR12, Ul troser. For this purpose, the cells were spiked

Wi th freshpytdam §G§%£)4 ESHAHH S Vb promoter and the gene sequence of the SV40 T-

antigen. By digestion of SV40 DNA with BamHI and Kpnl a 3 kb fragment was cleaved
out of the SV40 genome and introduced into pBluescript, digested with BamHI and Kpnl.
Accordingly, plasmid pGS124 expresses the SV40 T-antigen.

20
e) Plasmids pGS116 (Fig. 2), pGS129, pGS131, pGS132, pGS133
Plasmids pGS116, pGS129, pGS131, pGSl32 and pGS133 express the human alpha 1-
antitrypsin (hAAT) under the control of different promoters.

25 Plasmid pGS116 (Fig. 2) contains the early promoter of the human cytomegalovirus
(CMV) followed by a SV40 splice donor / splice acceptor site, the hAAT-cDNA and the
SV40 polyadenylation site (polyA). The CMV and SV40 sequences are derived from the
plasmid pCMVp (BD Clontech, Catalogue No. 6177-1). The B galactosidase gene in
pCMVP was deleted by the digestion with NotI and a subsequent fill-in reaction of the 5’

30 overhang and replaced by the hAAT cDNA which was isolated by an EcoRI digestion of
the plasmid Ad/PGK-hAAT (Kay et al., Hepatology 21:815-819, 1995).



additives) plus Opti-Pro nmedium (wth 2% U troser) in a ratio of 75:25%
50:50% 25 25:75% and 0: 100% every 2-3 days. 'For the transfection, the
cells of an approximately 80% confluent 15 cm dish were distributed onto 6
c¢m di shes corresponding to a cell nunmBér of 5-7 x 105 cells per dish. On
the follow ng day, the cells on 5 dishes were transfected with 1 pg pGS116
and pGS119, 30 both linearised with Seal, using the transfection reagent

Ef f ect ene P(dsin@) 9GS 1 Z5C €atitalhg) ghet abokdr destribed BANTT EDNA yiidet @eOdontréN6f thesh was
not transfected and cultivated as a control. On the next day, the cells

wer e wash&dmap promofss fogdheadlpneation fagtor B pide Jded Vaniemeternas eqlstedifrem a 15 cm
di sh. The p@shm%meaig%motn of p58 114 WHth kK5I8 EcIOr zha aQa¥quetl il §i Radiddg Medi um
by f d 3-4 days %tlstlmathe

i
was 25 repl ace resh nmedi um every 3- ys. Durin
addi ti on of thel5{ pogkangners] dplaceddyead .3 kb fi8gmeht tantaizibg the EF3ld prodmyes. t he cel | s
wer e copfl uent and were transferred to 15 cm di shes, as descri bed above. 5
5. Isolation of the transformed cell clones A few weeks after the
t ransf ect iPta3mid lpGS&s1 cething SheahAATCEDNA ideothsedoniadl, of\ai H3/Brie Heomoter
si gni ficant I%qtiggr hol Ol%i cally distinct, fromthe non-transforned anmmi ocytes.

These cel IOF @5 et Visinbpacsr adthe Fhipkend}-ptid REPMeIeDUAR Promgtery elhe

(cor r es poR Y GréRotBw8P@Bladdd byl{he 10€kY @A’Gelgxﬁmf)iéf b{laargamdﬁ dfgjmgém and
transferred to 6 cmdishes at first and later to 15 ¢cm 10 di shes.

I nitial |y XhabundtEcaBI gdorsabseguens fillsio rearéen ofuks Lioverhangsal |y wer e
signi fijgantly norphol ogi cal ly distinct fromeach other during the further

cultivation. Sone of these clones showed a significant "crisis" in the case
of a prol dayedd pGH132vcontains, th¢ hAAT DA ungar gheyenmyrol ofstha Roas sarcon® vihsi r

oot TR TR AR LT IS LMD il Vgt o0
fol |l ows: 2Hbl 2nd EAIRISNd 28bsequen? All-id Zeac@ohl oflthe 52 AverHahgs 8 repBiced by the

0.58 kb RSV promoter.

15
In plasmid pGS133, the expression of the hAAT cDNA is controlled by the early promoter
of Simian virus 40 (SV40). The CMV promoter was deleted from pGS116 by the
digestion with Xhol and EcoRI and a subsequent fill-in reaction of the 5’ overhangs and
replaced by the 0.23 kb SV40 promoter.

20
f) Plasmid pGS126
Plasmid pGS126 contains the following elements: the E1 expression cassette consisting of
pkg promoter, AdS sequences nt. 505-3522, SV40 polyA, the pIX expression cassette
consisting of Ad5 sequences nt. 3485-4079 and the hAAT expression cassette consisting

25 of CMV promoter hAAT cDNA, SV40 polyA. The hAAT expression cassette was
isolated by the digest of pGS116 (see 1 e) with EcoRI and HindIII and a subsequent fill-in
reaction and introduced into plasmid pGS119 (see 1 b) upon digestion with BamHI and
fill-in reaction of the 5’ overhangs. Plasmid pGS126 thus expresses the Ad5 E1 and pIX
proteins and hAAT.

30
g) Plasmid pGS123
Plasmid pGS123 contains, in addition to the hAAT expression cassette a matrix associated

region (MAR). This MAR localises within a 2085 bp EcoRI/Spel fragment from the intron



6. .Characterisation of the cell lines 20 a) Expression of the El genes
(Western blot) The expression of the El ‘A and EI B 2110 proteins was

detected in seven clonal cell lines by Wstern blot analysis using
nonocl onal anti bodies. For this purpogd, 7 x 105 cells of each of the
i ndividual cell clones were plated in a 6-well- 25 dish each. Seventy-two

hours |l ater the cells were detached with Tris-saline/4 nmM EDTA, pelleted,

r esus pendesgionmof kBOgdie 1ddub For3d hunganaAAIT |(G§1ﬂ3$nb3&c&é§ﬁmél€bﬁ2ﬁ%)Q‘Fhi@ffragﬁ&ﬂtl 4 X
SDS| oadi ngﬁ_auffer %40% glycerol, 1.4 M nercaptoethanol, 8% SDS, 250 niV

Tri s/ HC1 95ed 1ppBluescript (PGS gpd Pas infrofyced into \WagsEqoRA destintion sumaftesr epar ed
fromthe siml-HUBRE6n 6f thP5! S%Eﬁﬁnés%}" 16 fee £, @ pPOsitive control served a
| ysate of HEK293 cells. 10 pl each of 30 these protein m xtures were

el ectrophoretically separated on a 10% SDS pol yacryl am de gel and
transf es r 6l ppRMy G137 ocel | ul ose nenbrane. The nenbrane bound proteins
wer e visualised by chenol um nescence (ECL, Amersham by the incubation with
an ant i - EPlasmithpGaA7 cmkaii the GNDV groimnbted ythe cBNpefor itheehyman( @ythoepeivein

R h R i ted 26 tiy- .(E1A, Jack I R h
esear o) @ 4 HESCANLAGR! a2 M e TS LKA, Tockson, | minoFosear

respect i veCMVEbEmeans H€ g Worlldidebidhat réplaced BEthe pHlcbNAf the Western bl ots
with EIl A and El B are depicted in Fig. 3 and show that all exam ned cell

| ines express the EIl A proteins (3 bands at 30-50 kD) and the BIB 21 kD
proteify 2, Vérifididn X HeSoiitPiet Vst ern blot) The expression of hAAT was
detected intracellularly (1n the clonal cell lines) and after secretion (in
t he medi uf) Sequeneecamalysisl y, al so by neans of Western Blot analysis using a
nonocl ona i .f] j : hi. S _pUrpos 7 x 105 cel.ls of the
si ngl e ce:TPQ?é%g ongés? %P@r};elg%ﬁg%ldg{ggéeé ﬁi)(g'eGW\a}\%?ﬁsggi l?h.resi‘%‘glgn n‘ie‘éeéf'i ve
control t lertkeamrerec tel cootctaequehte oflthb aderol bnefrygsentsiachGR1i18hpGRIR2g@der at ed

by the tr tion of imary amiocytes with pGS119 only. As a pQsitive
control iﬁB’? E]%Cvg% %oélglﬁrre@"%{bya?@é?’c%é?*@ '8P awaatb‘lﬂsi”ff FEHIKRGE 35 OMPAGHan

pl asmais 1% thendf twildtyp® séypenice wead Rind.he cel | cul ture supernatants were
renoved, the cells detached with Tris-saline /4 nM EDTA, pelleted,
resuspended in 100 pl Tris-saline and |ysed by the addition of 30 ill 4 x
SDS | oadi pyERpelsisn For the detection of the intracellular hAAT 10 pl of

the protein mxture of the |ysed cells were el ectrophoretically separated
and vi suallhe glsmigds P& $6,1GH 200p0T13dnpES BRAPGE 3, Ip6SY23 @GS Wiewéreal s) and
a HRP- 20 jLya 3939 t iLho i erce) w.th a subsequent

chenol um rtlrglgzdechegeﬁlggal ni ngg3. 9@& ﬁ-{hh'gﬁd%{pé%s L|°gnzﬁ1§f Se\sé%e}-:l?rétoefdhllh%a%gaﬁl of the
cel | c@f t ertérypeidi (bAATR o shy kdwrensuphrntant SRSddtereedi wsingoBEISA (see chapter

el ectrophggetically separated and detected as described above. Fig. 4A
shows t he HAAT which was secreted fromthe cells into the culture

super nat affhe plaémit pGB b @deIGSIRAWe P sBEaEOMtOHIAATs bisd BeRksitRMnicd Fi g.
4B. The lﬁfézé@},f or. .t he intracgl I uﬁlyar detection of hAAT ist, contrary to the
cell cult BEYInE XAt anglysed fye Watterd bloing using omenockarek antibadys (¥pat  hAAT

is secreteghplyei)ne cells very efficiently.
25  The plasmid pGS124 was transfected into HeLa and HEK293 cells and the expression of

the T-antigen was detected using Western blotting and a monoclonal antibody (Abcam,
Cambridge, UK).

3. Cultivation of cells
30 a) Cell lines
The cell culture reagents were obtained, unless indicated differently, from the company

Invitrogen GmbH. HEK293 and HeLa cells were cultivated in modified in Eagle’s



c) Quantity and stability of the hAAT expression over several passages
(ELI SA) 30 The anpunt of hAAT secreted i'nto the nedi umwas detern ned
quantitatively using the ELI SA (Enzyne-linked | munosorbent Assay) nethod.
For this purpose, 7 x 105 cells of th&3different clonal |ines were each
plated into a 6-well-dish, and the cell culture supernatants were renoved
after 72 hours. The anount of hAAT was determ ned by 27 neans of ELISA

usi ng pol widdanalMEM) withT%afattaloal fsunk M)C@le%éilﬁ%@%ﬁaﬁcﬂ%@at ed;
| CN Bi orre%a} |2 As control hAAT was used Whi was purififed from hunan

pl asma (| it #415% COpj g. 5A shows the armunt of hAAT per cell,
expressed in passage 5 of the individual cell clones. The stability of the
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- pSTK146 (contains Ad5 sequences nt. 505 to 3522) and pGS116 (contains the
CMV-hAAT expression cassette)
- pGS119 (contains AdS sequences nt. 505 to 4079) and pGS129 (contains the
EF-1a0 hAAT expression cassette)
25 - pGS119 and pGS131 (contains the CAG hAAT expression cassette)
- pGS119 and pGS32 (contains the RSV hAAT expression cassette)
- pGS119 und pGS133 (contains the SV40 hAAT expression cassette)
- pGS119 und pGS123 (contains the CMV hAAT expression cassette and MAR
sequences)
30 - pGS122 (contains AdS sequences nt. 1 to 4344) and pGS116 (CMV hAAT
expression cassette)
- pGS126 (contains Ad5 sequences nt. 505 to 4079 and the CMV hAAT

expression cassette)
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- pGS119 and pGS127 (contains the CMV-Epo expression cassette)
- pGS124 (expresses T-Ag) and pGS116
For the transfection all plasmids except pGS122 were linearised prior to the transfection
by a digest with suitable restriction nucleases. The plasmid pGS122 was digested with
5 Pmel prior to the transfection since the adenovirus sequences in pGS122 are flanked by
one Pmel restriction site each. In the case when two plasmids were transfected, 1 pg of
each plasmid was used; in the case of a transfection of only one plasmid (pGS126) 2 ug
were used. Transformed cell clones could be obtained with all nucleic acid combinations
and single clones could be isolated and tested. The number of transformed cell clones was
10 dependent on the used nucleic acid molecule encoding the cell transforming factor.
Accordingly, surprisingly and unexpectedly significantly more transformed cell clones
were obtained when the plasmid pGS119 was used than when using pSTK146.
Furthermore, the transfection with the nucleic acid molecules having El as cell
transforming factor led to significantly more transformed cell clones than the transfection
15 with nucleic acid molecules expressing the SV40 T-antigen (pGS124). The expression of
the recombinant polypeptide was in turn dependent on the promoter used, wherein the use

of the SV40 promoter in pGS133 resulted in the lowest expression rates.

Hereinafter, the generation of hAAT expressing cell lines using the plasmid pGS116 and
20 pGS119 is described in detail.

Prior to the transfection, the amniocytes were adapted to Opti-Pro medium with 2%

Ultroser. For this purpose, the cells were spiked with fresh Ham’s F10 medium (with

additives) plus Opti-Pro medium (with 2% Ultroser) in a ratio of 75:25%, 50:50%,
25 25:75% and 0:100% every 2-3 days.

For the transfection, the cells of an approximately 80% confluent 15 cm dish were
distributed onto 6 cm dishes corresponding to a cell number of 5-7 x 10° cells per dish. On
the following day, the cells on 5 dishes were transfected with 1 pg pGS116 and pGS119,
30 both linearised with Scal, using the transfection reagent Effectene (Qiagen) according to
the manufacturer’s protocol. One dish was not transfected and cultivated as a control. On
the next day, the cells were washed with PBS, detached with TrypleSelect and transferred

to a 15 cm dish. The cells were cultivated for further 10-15 days, wherein the medium was
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replaced by fresh medium every 3-4 days. During this time the addition of Ultroser was
decreased to 1%. After about 10-15 days the cells were confluent and were transferred to

15 cm dishes, as described above.

5 5. Isolation of the transformed cell clones
A few weeks after the transfection, clonal cell islands could be observed, which were
significantly morphologically distinct from the non-transformed amniocytes. These cell
islands were picked and transferred onto 24-well-dishes (corresponding to passage 1). The

cells were furthermore propagated and transferred to 6 cm dishes at first and later to 15 cm
10 dishes.

Initially, about 40 clones were isolated, which partially were significantly morphologically
distinct from each other during the further cultivation. Some of these clones showed a
significant “crisis” in the case of a prolonged cultivation, i.e., they were very instable in

15 their growth. The further experiments were limited to the further cultivation and analysis
of seven morphologically stable cell clones. These were denoted as follows: 2A1.2, 2AL3,
2A16.2A1.12, 2A1.15, 2A1.17, 2AL.18.

6. Characterisation of the cell lines
20 a) Expression of the E1 genes (Western blot)
The expression of the E1A and E1B 21kD proteins was detected in seven clonal cell lines

by Western blot analysis using monoclonal antibodies.

For this purpose, 7 x 10° cells of each of the individual cell clones were plated in a 6-well-
25 dish each. Seventy-two hours later the cells were detached with Tris-saline/4 mM EDTA,
pelleted, resuspended in 100 pl Tris-saline and lysed by the addition of 30 ul 4 x SDS-
loading buffer (40% glycerol, 1.4 M mercaptoethanol, 8% SDS, 250 mM Tris/HCI pH 7).
As a negative control a lysate was used which was prepared from the same number of
primary amniocytes. As a positive control served a lysate of HEK293 cells. 10 pl each of
30 these protein mixtures were electrophoretically separated on a 10% SDS polyacrylamide
gel and transferred onto a nitrocellulose membrane. The membrane bound proteins were
visualised by chemoluminescence (ECL, Amersham) by the incubation with an anti-E1A

and anti-E1B 21 kD antibody, respectively, (Oncogene Research) and an HRP-conjugated
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anti-mouse (E1A, Jackson ImmunoResearch Laboratories) and an anti-rat (E1B 21 kD,
Oncogene Research) antibody, respectively, and subsequent incubation. The results of the
Western blots with E1A and E1B are depicted in Fig. 3 and show that all examined cell
lines express the E1A proteins (3 bands at 30-50 kD) and the E1B 21 kD protein.

b) hAAT-Expression (Western blot)

The expression of hAAT was detected intracellularly (in the clonal cell lines) and after
secretion (in the medium), respectively, also by means of Western Blot analysis using a
monoclonal hAAT specific antibody. For this purpose, 7 x 10° cells of the single cell
clones were each plated in a 6-well-dish. As a negative control the same cell of a cell
number clone was used which was generated by the transfection of primary amniocytes
with pGS119 only. As a positive control in the subsequent assay served 50 ng purified
hAAT from human plasma.

Seventy-two hours later the cell culture supernatants were removed, the cells detached
with Tris-saline / 4 mM EDTA, pelleted, resuspended in 100 pl Tris-saline and lysed by
the addition of 30 ul 4 x SDS loading buffer. For the detection of the intracellular hAAT
10 pl of the protein mixture of the lysed cells were electrophoretically separated and
visualised by means of a monoclonal hAAT antibody (ICN Biomedicals) and a HRP-
conjugated anti goat antibody (Pierce) with a subsequent chemoluminescence staining. For
the detection of secreted hAAT 10 pl of the cell culture medium were spiked with 2 x SDS

loading buffer, electrophoretically separated and detected as described above.

Fig. 4A shows the hAAT which was secreted from the cells into the culture supernatant,
the intracellular expression of hAAT is depicted in Fig. 4B. The lysate for the intracellular
detection of hAAT ist, contrary to the cell culture supernatant, concentrated about 20-fold.

This means that hAAT is secreted by the cells very efficiently.

¢) Quantity and stability of the hAAT expression over several passages (ELISA)

The amount of hAAT secreted into the medium was determined quantitatively using the
ELISA (Enzyme-linked Immunosorbent Assay) method. For this purpose, 7 x 10° cells of
the different clonal lines were each plated into a 6-well-dish, and the cell culture

supernatants were removed after 72 hours. The amount of hAAT was determined by

25
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means of ELISA using polyclonal anti-hAAT antibodies (non conjugated and HRP-
conjugated; ICN Biomedicals). As control hAAT was used which was purified from
human plasma (ICN Biomedicals). Fig. 5A shows the amount of hAAT per cell, expressed
in passage 5 of the individual cell clones. The stability of the expression in selected cell
clones over several passages is shown in Fig. 5B. The examined cell lines express between

0.2 and 4 pg hAAT per cell constantly over the time period tested of about 20 passages.

d) Glyco-analysis of hAAT

Since hAAT is a glycoprotein, the degree of glycosylation of hATT was examined in the
individual cell clones. For this purpose, the cell clones were adapted to Opti-Pro medium
without Ultroser step by step in advance, which results into to the fact that the cells are not
adherent any more but grow in suspension. In order to test if the hAAT secreted into the
culture supernatant is glycosylated, a digestion with the enzyme peptide-N-glycosidase F
(PNGase F) was performed. This enzyme cleaves off sugar residues which are attached to
asparagine residues (N-linked) resulting in a decrease of the molecular weight of the
protein. 22.5 pl of the cell culture supernatant of the individual cell clones were spiked
with 2.5 pl denaturing buffer (10-fold: 5% SDS, 10% B-mercaptoethanol), and the
proteins were denatured for 10 minutes at 100°C. Subsequently, 3.5 ul G7 reaction buffer
(10-fold: 500 mM Na-phosphate pH 7.5), 3.5 ul 10% NP-40 and 3 pl PNGase F (New
England Biolabs; 500 units/ul) were added to the proteins and incubated for 60 minutes at
37°C. As controls, in each case, 45 ng purified hAAT from human plasma were denatured
in 25 pl Opti-Pro medium as described above and spiked with PNGase F and H,O,
respectively. The changes in the molecular weight of hAAT were subsequently detected as
described under 6 b) by means of Western blot analysis using a monoclonal hAAT
specific antibody. Fig. 6 shows the changes in the molecular weight after digestion of
hAAT, expressed in 4 different cell clones, with PNGase F, and hAAT purified from
human plasma, respectively. These experiments clearly show that the hAAT synthesised

in the single cell clones is glycosylated.
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<210> 3
<211> 56
<212> DNA
<213> artificial sequence
<220>
<223> Oligonucleotide primer
<400> 3
gctgggcgtg gtgcctaaaa atgtctttca gtagcaagct gattgccagt ttaaac 56
<210> 4
<211> 61
<212> DNA
<213> artificial sequence
<220>
<223> Oligonucleotide primer
<400> 4
tcgagtttaa actggcaatc agcttgctac tgaaagacat ttttaggcac cacgcccagc 60
t 61
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30 30 Caims 1. A method for the production’of a permanent human cel

|ine, wherein isolated primary human cells are transfected with 5(i) a
nucleic acid nolecule or (ii) at least tw different nucleic acid nol ecul es
si myl t aneously, and in case that one nucleic acid nolecule is transfected,
said nucleic acid nolecule exhibits a sequence allow ng the expression of E
1 A and E1B of human adenoviruses and 3the expression of a recaonbi nant

pol ypeptide, and in case that at least two different 10 nucleic acid

nol ecul es @aknd r ansfected, a first nucleic acid nolecule exhibits a
sequence allow ng the expression of EIA and El B of human adenoviruses, and
a second nucleic acid nDIecuIe exhibits a sequence allow ng the expression

of at |east AffethdCRMHNeRAGHu ngifent fitnar cell e "BhAAH i RER n;ﬂ'l

claim1l1, wherein the seq uence f 1A and E 1 B from human ade ses
conpri ses th@WEbW@é@watqddVﬂB44 505 to 3522 or the nucleoti des 505 to
4079 of the clé’ig‘ﬁ&ﬁ‘{ﬁorlééﬁle grotype 5. 20 3. The nethod according to any
one of the prece In erein the reconbi nant pol ypeptide is a
hornone, a c(lld?tlﬁwgtwca@ffment @Cl}rmméla@tl@mmulme@@bysackl e and adenovi ni s
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sequences f of"EIB*HI® 18?8 B ATCOBRMANRONEFP e TR 23Rt St 2V Ful e.
10 nucleic acid molecules are transfected, a first nucleic acid molecule exhibits a sequence
allowing the expression of E1A and E1B of human adenoviruses, and a second nucleic
acid molecule exhibits a sequence allowing the expression of at least one recombinant

polypeptide.

15
2. The method according to claim 1, wherein the sequence for E1A and E1B from human
adenoviruses comprises the nucleotides 1 to 4344, 505 to 3522 or the nucleotides 505

to 4079 of the human adenovirus serotype 5.

20 3. The method according to any one of the preceding claims, wherein the recombinant
polypeptide is a hormone, a clotting factor, a growth factor, the Coxsackie and
adenovirus receptor (CAR), an antibody, a viral, bacterial or parasitic antigen, or

complementation factors for the production of recombinant viruses.

25 4. The method according to any one of the preceding claims, wherein the sequences for
E1A are present on one nucleic acid molecule and the sequences for E1B are present on

another distinct nucleic acid molecule.

5. The method according to claim 4, wherein sequences for the recombinant polypeptide

30 are present on one of the two nucleic acid molecules forE1A and E1B..



5. The net hod according to claim4, wherein sequences for the reconbi nant
pol ypepti de 30are present on one of the two nucleic acid nolecules forE 1 A
and EIl B.. 31 6. The nethod according to any one of the preceding clains,
wherein’the sequence allowing the expression of a cell transforning factor
or a reconbi nant pol ypeptide exhibits a heterol ogous pronoter and/or a

het er ol ogeous transcriptional termnation elenent. 5 7. The net hod
according to claim6, wherein the prompter is the CW (cytonegal ovirus)

pr onot er, EF-Ia pronoter, CAG pronoter, human or murine pgk pronoter, RSV
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contai ns recognition sequences tor reconblnase ecognition
sequences fldemkenthe codi ng sequence of the reconbi nant polypeptlde or the
conplet§ expressi on cassette of the reconbi nant 15pol ypeptide. 9. The

met hod according to claim@8, wherein the recognition sequences are | oxP,

at t B/ at t P 7or Ther methedjaretdaeg. to 2ird 6, whdrein i froshore BAREICNY {c9tonttgalovieuspl t he
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wherein the nmethod is performed wthout transfection of a selection

25mar ker . 1polyadswylggfontspquepessof the $d¢0arasrldiniigen or ofIthd hamian G-68Fighee.
productjon of a pol ypeptide. 13. Use of the cell lines according to
claim 1l for the production of viral gene transfer 30vectors. 14. A nethod
for the priodlhst methodfaceorgiagntaneyt orteuofathe cptdedingndaiasg evhelieing tHeosequemicen 1 as

pumancel | | SVREE RGBS AR bt bl sl s et BRE
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Exanpl es. recombinant “po ypept1 e or the complete expression cassette of the recombinant

15 polypeptide.

9. The method according to claim 8, wherein the recognition sequences are loxP, attB/attP

or Frt sequences.

20 10. The method according to any one of the preceding claims, wherein the transfected

nucleic acid molecules exhibit no sequences encoding a selection marker.

11. Permanent human cell lines, obtainable according to a method according to any one of

claims 1 to 10, wherein the method is performed without transfection of a selection

25 marker.

12. Use of the cell lines according to claim 11 for the production of a polypeptide.

13. Use of the cell lines according to claim 11 for the production of viral gene transfer
30 vectors.
14. A method for the production of a permanent human cell line according to claim 1 as

substantially hereinbefore described in the Examples.



17. Use of a cell line for the production of viral gene transfer vectors
according to claim 12 as substantially hereinnbefore described in the
Exanpl es.
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15. A permanent human cell line according to claim 11 as substantially hereinbefore

described in the Examples.

5 16.Use of a cell line for the production of a polypeptide according to claim 12 as

hereinbefore described in the Examples.

17. Use of a cell line for the production of viral gene transfer vectors according to claim 12

as substantially hereinbefore described in the Examples.



