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the cells are transferred into nedi um containing a
cogieprbiant sost reduction, the reduced interference in the purification of the

recombinant protein and the reduction in the potential for the introduction of
pathogens (e.g. prions and viruses). The use of CHO cells as host cells is
becoming more widespread as these cells adapt to suspension growth in
serum- and protein-free medium and are also regarded and accepted as safe
production cells by the regulatory authorities.

In order to produce a stable mammalian cell line which expresses a
heterologous gene of interest, the heterclogous gene is generally inserted in
the desired cell line together with a selectable marker gene such as e.g.

- neomycin phosphotransferase by transfection. The heterologous gene and
the selectable marker gene can be expressed either together by a single
vector or by separate vectors which are cotransfected. Two to three days
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(MTX), an inhibitor of dihydrofolate reductase (Kaufman et al., 1982; US
4,656,134). The subsequent selection of the highly productive cells obtained
is also subject to the principle of chance and is based on probabilities, as a
result of which this selection step is highly labour-intensive and time-

consuming.

All kinds of methods have been developed for monitoring gene transformation
and expression better and more rapidly. These include, first of all, the use of
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(1 investigated the stability of GFP expression in CHO cells in the

absence of selective growth conditions. The cells were transfected with a

- plasmid which contained both GFP and neomycin phosphotransferase.

Mosser et al. (1997) used a plasmid which contained a bicistronic expression

cassette coding for a GFP and a target gene (also known as the gene of

interest) to identify and select cells which expressed inducible product. The

target gene was under the control of a regulatable promoter. The coupling of
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the GFP and target gene expression was achieved using a viral IRES
(Intermnal Ribosome Entry Site) element, as a result of which a bicistronic



(I'nternal Ri bosone Entry Site) elenent, as a result of
which a bicistronic 4 nRNA which coded for GFP and
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cl ones. The best clones which were isolated by using

In thee pabiigaitionchysReAGEt &N (2B0BFaRS iPintéMRlibhaPPAfent application
WO 01/04306, an expression system in which the gene of interest was
expressed together with the amplifiable selectable marker gene DHFR and a
GFP gene from a single vector was used to select and identify cells with a
high expression of a recombinant protein. The three genes were either
combined in one transcription unit or divided between two units. This spatial
and transcriptional linking of all three genes in a single expression vector was
intended to increase their probability of co-amplification under selection
pressure and thus identify and select high producing clones. The best clones
which were isolated by using the combined selection by means of amplifiable
DHFR selection markers and GFP-based FAGS sorting expressed the protein
of interest in an order of magnitude of not more than 3 to 4.5 pg per cell per



DHFR sel ecti on markers and GFP-based FACS sorting
expressed the protein of interest in an order of
magni tude of not nore than 3 to 4.5 pg per cell per 5
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Disclosed herein are expression vectors and host cells transfected therewith
which can be used in this clone selection system, as well as a process for

preparing heterologous gene products using these host cells.

Disclosed herein is an expression vector which comprises a gene coding for a
protein of interest (hereinafter also referred to as the "gene of interest*)
functionally linked to a hamster ubiquitin/S27a promoter and a gene which

codes for a fluorescent protein.



functionally linked to the pronoter. In addition, the
expression vector preferably also contains an
internal ribosomal entry site (I RES) which allows

bi ci stroni c expression of the gene which codes for a
fluorescent protein and of the gene of interest.
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The host cell may be transfected, preferably co-transfected, with the
expression vector according to the invention and additionally with one or more
vectors with genes which code for one or more other proteins of interest.

Disclosed herein is a process for preparing a heterodimeric protein in which a
host cell of this kind which has been co-transfected with expression vectors
which code for different sub-units of the heterodimeric protein is cultivated
under conditions which allow



fluorescent protein, and the cell or cells which

exhi bit the highest expression rates of fluorescent
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specific productivity of over 15 pg (single chain
protein) or 10 pg (humani zed anti body) reconbi nant

[\ Q=Y en : i ifi [ .
et BSPeininel te PROVHBY Ligri0ete, 197 REIGBHRY A L RN whicn
espresseha roiwproduqt o itemst benprisingof f 1 uor escent :
protein. 7a, Surprisingly, it has been found that
usi ng- tH{@V@m %%%P&ﬁsg%%w@tor,swlyﬁbwmwsqs a gepethat codes
short tfi fs ' r
Spect 1110 B SIA FoBBCE Bt IntétRRt RftRoRAEHRKSE B By & fister
(si ngl abiduitinSe 7axprosnater oand 0 (ilg a (benanmddch codes for a

W t houtheresael G Mnsrelo Ta¢ dismstee ubishain 87 a promoter
pr oducté Yoddtes @ﬁ%ﬂé?an‘i’gnfgﬂgtﬁ%ﬁ@& Sﬁ%ﬂeﬂgéi éﬁggﬂ,ggpggggthose

per cell and per day b
~anpl i ficedingaeguencesTare pxoessed \staiting faarni theeshrne Hamaster-

cell p%%li(fuiﬁ‘rgl%z%g&%moter,

b. transfecting a eukaryotic host cell, in culture which has been
previously transfected with such an expression vector,

¢. - cultivating a population of host cells under conditions, which aflow
expression of the protein / product of interest and of the fluorescent
protein,

d. isolatihg a cell pool, which expresses an average specific
productivity of over 15 pg l(single chain protein) or 10 pg
(humanized antibody) recombinant protein per cell and day without
gene amplification step,

identifying and/or selecting the cells which show the highest expression levels
of fluorescent protein.



hi gher than the maxi mum productivities of the best
cell clones published hitherto by a factor of 8 to
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Ft r o yadenél ation % the transcri bed nRNA. The
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WHSCTI ption unit and ‘ena translation o
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f t h k
WsGsimél SRR o SBLESIN Vol ontpliEL B bl
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trarisfect CHO D4 cel | s. P/E" is a conbination o
LRAvIeupmeRie handepndaerensed |bmﬁw6ﬂm$arﬂaarpﬁbfmu@n steps

with fdtBoPd¥htb E t e@ c{é? ?cﬂ%&ﬁrres%a ?Ilag 'ﬁﬁ%h% it tng ganggody

termnati on ranscri pti
(Ab) po-tramfmﬂoydmwam canieaf otitheith Aaesond %@tdﬂ@ﬁﬁch &bAtains

n  of transcrlptlon initiation

a BBV eeRitaid Ghe 5 th salectabie matlseoaT e tlsps i spocific
- préfuSivities' stafBd Afd %ﬁlr?ﬁélglg% tﬁe@ﬁﬂkfeﬁrom%ﬁf@as%q] q

di hydrof ol ate redu ase 1S reviated t

exph%s%@n,e@hlabIlaasetaaﬂ(beWdﬁqmmzwimaDeranAbPr ase is
abbreviated to "neo". The "IRES' elenent coming from

t he encephal orTyocardltls virus acts as an internal

Figuho2 ehelvsentiagramhtie @Efébérﬂﬁtld?i & lﬁb%%@eﬁve?ors used to

transcription unit and enables translatio
expeissdipigegmbinant preteinsdertHEFDGdidroall6FPP/E" st Edwibination

of 80 Brphob Bnd Rltmadr- L ERG2 Bfoaoter SO ugnmior
mdzb@teﬁ%grgngﬂtd{ Eladgd;énlztffhgﬂ( gil‘:’) is gﬁéﬁﬁﬁ)‘éﬁbH &hghefforl tenscription,
whléiw is needed jor the polyadenylatlon of the transcribed mRNA. The
position and direction of transcription initiation within each transcription unit is
indicated by an arrow. For cloning the heterologous genes a sequence region
with multiple cutting sites for restriction endonucleases (multiple cloning sites -
mcs) is inserted after the promoter element. The amplifiable selectable
marker dihydrofolate reductase is abbreviated to "dhfr* and the selectable
marker neomycin phosphotransferase is abbreviated to "neo". The "IRES"
element coming from the encephalomyocarditic virus acts as an internal
ribosomal entry site within the bicistronic transcription unit and enables

translation of the following green fluorescent protein "GEP",



Figure 4 shows the correlation between the sl CAM
productivity and the GFP fluorescence taking the cel
pool ZBl1 as an exanple. This cell pool was obtained
fromthe transfection with the vector pBIDGsICAM in
whi ch the therapeutic protein sl CAM and GFP are
jointly expressed by a bicistronic transcription

Rigite 3 ®Bha diamammmlcsmremmdmm obtheaslenyotid exgrBssiaped
Aftﬁ%s ach, sortin sort)

V@&%&W f&ﬂ" igt-cp rEnRIOPNarm %e‘}telﬁ%i érQi@'lnthCéhaS been
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the specific productivity per ce er day
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sorting taking the cell pool ZBl as a
tianseripien injliadionswithin eeehftranacription vait és mdmaied \mytan amew.

TP Rk RN SRR Ay ol BRES 8 At gafa o

"dhfm‘hami ltmi $eloctable marksr wssth diﬁ%)h&gbh@l%r@ﬁeﬁﬁe is abbrewated
sequent P-based FACS sorting. After each sort
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" ﬁ%\l\ﬁ’ g[ast three cultivation runs,
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S i i ng

“‘Gh%‘éé%%?;‘dgfl%%@?%ﬁg L Fodd tant@Tespy RaTorE hdnd
resgigctiyely lof the humaoidedzattibarly B0 @amﬁBGSBQThl s cel |

pool , which was obtained fromthe transfection with

the vector pBIDG sl CAM was subjected to sequenti al

Figtre Bastrvd e orfdation Bewé‘éér?fhetéléAfl\ﬂ’ 6(5110%%?1 a‘ﬁﬂqhe GFP

sixth sort a DHFR-nedi ated gene | cati o
fl@grﬁspeace)tﬁklrtg/tr@om"r@ocwﬁ%as ama&mrmpwxrhlscneﬂrpnol was

ofiffiied Roifie s edion i tng Vodloh paMSGISIE A, Tolnhich the

theupesutit ;ﬁbtelﬁfslchm meﬁr@jﬂirﬂTy‘Ex}ﬁQs@ﬁ E&*'a%cmﬁ*ﬂﬁm
the specif od uct|V|ty er  cel'l and per day
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soiRg2XREAGEH Sortthg' T8 (eI 1S BHESAYIdrCSr thd"SicAMS in the
cell culture supernatant of the pool was determined by ELISA and the specific
productivity per cell and per day was calculated (pg/c*d). Each data point is
the average of at least three cultivation runs. A total of six sorts were carried

out.

Figure 5 shows the isolation of high-expressing sICAM cells by GFP-based
FACS sorting taking the cell pool ZB1 as an example. This cell pool was
obtained from the transfection with the vector pBIDG-sICAM in which the
therapeutic protein sICAM and GFP are together expressed by a bicistronic
transcription unit. The pool was subjected to sequential GFP-based FACS
sorting. After each sort the concentration of the sICAM in the cell culture



Figure 7 shows the viability pattern of cell pools
after the addition of different doses of nethotrexate

to the cultivation nedium The cell pool ZBl1 which

was obt ai ned by transfecti on 18 th the vector
| ected to se nti al
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C:%f'yefg &l‘etypt an blue and nonitored over a nunber of days

in cultivation (dic). Figure 8 shows the correl ation
bet ween the anti body productivity (mAb F19) and the
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of the antibody F19 in the cell culture supernatant
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- Detailed description of the invention and preferred
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codes for a fluorescent protein. Preferably, the
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Figure 8 shows the correlation between the antibody productivity (mAb F19)
and the GFP fluorescence taking the cell pool ZB1 as an example. This cell
pool was obtained from the transfection with the vector combination pBIDG-
F18HC and pBIN-F19LC (Fig.3) . The pool was subjected to sequential GFP-
based FACS sorting. After each sort the concentration of the antibody F19 in
the cell culture supernatant of the pool was determined by ELISA and the

- specific productivity per cell and per day (pg/c*d) was calculated. Each
datapoint represents the average of at least three cultivation runs. in all, six

sorts were carried out.




sel ect abl e marker gene. Hanster-Ubiauitin/S27a
Pronot er The ubi quitin/S27a pronoter of the hanster is
a power ful honol ogous pronoter which is described in
WO 97/ 15664. Such a pronnter:mueferably has at | east

R e e e
lﬁf’@d’ﬁ;@ldﬁ[ﬂwn URdmg me%tdwng meecfegr pes] ZB‘I;JA'?'SA QEQ;B@ e. This cell
L PR RcobiBinedht o6 T aetind e Vst SIBIDG F19HC

aafat pmm.eqigeoctmnqws)owae ﬁ}ﬂljé’cfteﬂ to,s8GH8hA P RIS

serum cont al ni | ow- serum and SEr unt
sodirtg,lr'éhe commmrainm oﬂtheam:nbbdy Fdetindheresll culturessupernatant

ter r ly a pro er which is
o 14 Bldlofed ol Hen BY ELIGH abler bt sopcand tha shacyic
h
nuct e%’f‘??S“é‘éEE‘ﬁE?Se“%a! (B SPIPHETRARLEH Each dggpoint
reresseiBAhe paeragabhal ipapt iofes celtivatien rynsonot er

sequences which contain the sequence from position
-161 to -45 of Fig. 5. 12 The pronoters used in the

Dexailgnl desopibtibh@f phe irehtion bPAlprereiid birBbipRer@ach
contain a DNA nol ecule w € sequence Trom position
1923 to 2406 of SEQ ID NO 1 of the attached sequence
b S : Thi r the fragne
ThiShbPsi iy Setdp AR RIB I PriGenibing 2 HE3T BB <
codies fopraeprotein df iriterast ¢fgene. of intePsA TR, rfﬁﬁdncmacmhﬁéd toa

shoul d i.ncorporate this sequence ion ot her
h@'ﬁ'ﬁf Mbéq‘ﬁPB&?t /éPremaiaeand 8 gang \Ml@lcgt@deédgeaéléorawﬁnt

pRRASID; PSRRI 410s B VoCRRaIE g AR AL,

seiatipbldhmaslezrugeree from position 2251 to 2406 is no
| onger functional (corresponds to position -45 to +111

in Fig. 5 of W) 97/15664). It is possible to extend

Hhh@té}t@@hﬁrn/ggﬂgmgﬁ,ot& the 5 direction starting
rom posStiion s al so possible to use
functi onal subfragrrents of the conpl ete hanster
i ULt i.n/ a ro ter .s nce as well as functional

TS DS (BOGRE6 ot i iadtasoE el vl homologous
provifiep W fs UBSEMSEd YWVEO &AM SSB@GV‘S{]PI‘P“#f E?&nctefr Yreferably

exanpl e, by substitution, insertion or d
hago,atelgggh@nﬁgof the foIIowmg features: GC-rich sequence area, Sp1
binding site, polypyrimidine element, absence of a TATA box. Particularly
preferred is a promoter which has an Sp1 binding site but no TATA box. Also
preferred is a promoter which is constitutively activated and in particular is
equally active under serum-containing, low-serum and serum-free cell culture
conditions. In another embodiment it is an inducible promoter, particularly a

promoter which is activated by the removal of serum.

A particularly advantageous embodiment is a promoter with a nucleotide
sequence as contained in Fig. 5 of WO 97/15664. Particularly preferred are
- promoter sequences which contain the sequence from position -161 to -45 of
Fig. 5.



subfragnments, nmutants or variants are hereinafter also
referred to as "nodified pronoters”. A nodified
pronoter, optionally conbined with other regulatory

el enents, preferably has a tipanscription activity

A er BB ek o B RESHED oo <88 Siop cech

cgntaim & DNBE@nolecH@ Hith- hie2séquerichl frbfd Wobitign 5925 tdl‘@406 of
proves to be useful
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t C h
e MR 572 BCLLH SoniPid s AWK o7Piee R romresgply, the
peef&rredsuronn&ret atd preierréewmdawi‘%mfuld reofsdrate this séquence
t he %n to frarre &372to +111 fragnment) in
regi%mp Qf’?‘%fe ?tB %@h ragragnt C%H”%Gh%r?r%ﬂuence from

pBSiEbET 2 A3k atbezimé' {do%s@bﬁ&fﬁgefos 461 °f Naye @Egiq NEMYMyo

m%uence honol og ype sequence
6645 tﬁhpromgtasméncmboqbama uMyﬁﬁé’ Seguence émnmboamon 2251

| 2808 AR TorR KRB Bl ST ool R0 P . o

WO eI 8664). atit i ?ﬁfs‘slb@e?% %}deﬁ@\&ﬁeapmﬁdtgﬁ%%%ﬁee in the 5'

promoter activity in a conparative ' reporter ‘gene
d'é%@@y‘ starding from RASItAEBBIHI ng conparative reporter

gene assay the pronoter fragnments to be tested

including the reference sequence are cloned in front

ltdé adso possitlendawse hamtiohar sgﬁﬁﬁsgn’@hf‘shoﬁﬂﬁ’@%onfméte hamster
exa.rrBI e for luciferase, secreted al kaline phosphotase

URAURESATY & PIRIME SRAYANSE S Wealas  fumeiienal gpwtanisivarkants of
thePERHPIEEE géaﬁaﬁffé Of sl Zr%tﬁHe?ﬁ? Qﬁé“l%)oﬁ%%%e%; Wodified,

i ntroduced into the
for r exafmpde,i oby arsd:bshmtlond uirtseatiornf of heleletiopr t er Cogr@8ponding
rom)ter fragnent in question is

ressi.on by. the
S"gﬁ Med 'Hﬁt ﬁrY@f&l%ear@r dipinatient also deferied to as

"MSRREd BforAiSies". A correspondl ng test is found for
exanpl e 1 n Ausubel et al., Current Protocols in

Mol ecul ar Biology, 1994, updated. The pronoter

A ROURRG o ot BRBRAl SorBited JPESoB amltorgoments,
U T e 108, g G of
prgmogar tragvrtQNafrcg"en@oaamors él%6t@d2ﬂ0&gnfeﬂt&s ntibleotidd , seugrence
giv¥h PRSELNBANGY 13572 to +111 from Fig. 5 of WO 97/15664). A modified
promoter proves to be useful for the purposes of the invention if it has a
transcription activity which has at least 50%, preferably at least 80%, more
preferably at least 90% and most preferably at least 100% of the activity of the
1923 to 2406 fragment (-372 to +111 fragment) in a comparative reporter
gene assay. Particularly preferred are modified promoters which have a
minimum sequence homology to the wild-type sequence SEQ ID NO:1 of the
hamster ubiquitin/ S27a promoter of at least 80%, preferably at least 85%,
preferably at least 90%, more preferably at least 95% and most preferably at
least 97% and have a corresponding promoter activity in a comparative
reporter gene assay.



skilled man with a know edge of the sequence descri bed
in WO 97/ 15664 using various standard nethods as
descri bed for exanple in Sanbrook et al., 1989;
Ausubel et al., 1994. Starti rlg fromthe sequence

1 O R 0L TR e

te dre atesmedgtrtdhﬂ:ius@qllmencefeoénddnﬁqhea@Iam grRyele in front of a
hesi se be of this kind may
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'Tﬁaéyﬁégttbe tnﬁ@teabpon‘amt e’.ziéheyepertebganeted\ bprrBgPonding test is

o SRS A BB} SR RAGHA Solfodls . MpTeCliar Bidiogy,

1%4;@@&1@11 ed region may al so be obtained by limted
exonucl ease |11 digestion fromlarger DNA fragnents.
Such DNA nol ecul es nay al so be chemcally synthesised

TR BEPSE SRS o AR B Bl e
modifislt srommgetse wiichluendalsy ihelutie; fireiaiile, the 5' untranslated
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regith TAgRRINai ARererbt ehds thee Coding oeeip opf the
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with furth erences Cross on"wt
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uglb dpbli5RaiRrd Fetagds againscribe docpeanpledsi SaTEbIcok of al,
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964 | ansuitaide efrageint abiay ttmcmulemted doe eb@nplebednd an

B N L RE TR IE g
chemitlly spvieBsised. | ﬁ\ bﬂﬂder of‘%kq{?ﬁd ‘?ﬁa PRUGESS fSE@xQHp?e to

at | east 70% %%)re erab ﬁ\/ | east %9 prefera
clonaythe whigiting32r pgene oal ®'5aunir@aﬁate@5'ﬁglca‘ndr ortlnarfragments

th&'eRk Sfof Uk p‘ﬂ:{l:ﬁ eb?ﬁﬁybl?c? B ESH A Norafy R e HEneah 92 genome.

Sequence 0
Usmg the reporter gene assay described above the skilled man is in a position

to identify promoter-active fragments without any great effort and use them for
the purposes of the present invention. The 5' untranslated region or special
fragments thereof can easily be obtained by PCR amplification with
corresponding primers from genomic DNA or a genomic library. Fragments of
the 5' untranslated region may also be obtained by limited exonuclease Ili
digestion from larger DNA fragments. Such DNA molecules may also be
chemically synthesised or produced from chemically synthesised fragments
by ligation.



gene with which it is honol ogous. Gene of Interest The
gene of interest contained in the expression vector
according to the invention conprises a nucleotide
sequence of any | ength whichjigodes for a product of

b d f
LR o R LRl B Pl B
nulﬂagemeslgft aMd/or "PCRbastl WRYRIgenkhis BRKNRLSS". b@d?f\é%p%rndmg

é éense RNA, The gene of inferest may be present
mett 0% @re negiyianed iﬁ)f@@mmfhéfd Licdispeichsand onmaaﬂw@hapter

e. It nmay be genom c DNA or
pie@ra It@é}gﬂskﬁggrgggorrespondl ng fragnents of
fusions. The gene of interest nmay be the native gene
eg I b ted or qtherw i fied.
By SRy RidrbnnBrin Bohs BT of Wiranalgragien of the
hadwspéri mgiqLitinfS R4 'geab! G fr&@ﬁﬂ"ueCSb*?a BPW"h?ﬁ{s‘tél“ubiquitin

The ene, of interest may, for exa e, code
Se¢éar Eg@@ it cigt gifiondiaissibler el @iﬂntlf](omaiaaofate suitable promoter

ex u bound Iyp pt
é@#ngr}n{ nuc{&ﬁt | 8'(}5%@%{'1&(5%@ BB@‘%?Q agc:lo g'[?u,er&rg?erably
mammam:?asp?u:lespISL@lgb%m{eehhic{ﬂ@stalfqm(‘de%f@hbéefby way of exampfe in
cl eo S an ragnent s ereof as
Lg‘? F}-/%kﬂ‘ d ﬂ&ﬂS&%SPS Ghamier 8. oeges e dwr@@@geua“sfor the
I o,
PRGLS e TR Righvs ol MERAR] SALeneR S Afagt 70%
p@é@fﬂblﬁ@‘sleaaysm% pnefefab@daumasgget/@ refsyhblycatdgast 95%
ﬁi g Eg - Lé2° enesi s _or - medi at ed
REpE %ag % gl rrﬁlty Qs Bweewd%sequqry@gof the
géie ﬁrﬁﬁwﬂﬁbh filis Abmoldd@fify.- By "coding” is neant the
property or capacity of a specific sequence of

nucleotides in a nucleic acid, for exanple a gene in a

Ggﬁé or an nMRNA, to act as a matrix for the
--—syw'rm‘%—éf ot her polynmers and macronol ecul es such
as for exanple rRNA, tRNA, nRNA, other RNA nol ecul es,

cDNA or pol ypeptides in a biological process.
The gsngi A Ilwtef%sfg@féalr@dd@sti‘na)remr@smmvecntdr abeording to the

SR B BORAH E8bliedf br SgLBAH goces fr o
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nucl eotl de sequence is identical to the nmRNA uence

Praicdn.i RO MB‘PWHJEF yeentigle of tr@gmantwqd@rma;lveatrwmwfks Howeg'er it
may/Blso®e RNA or antisense RNA. The gene of interest may be present in
its full length, in shortened form, as a fusion gene or as a labelled gene. |t
may be genomic DNA or preferably ¢cDNA or corresponding fragments of
fusions. The gene of interest may be the native gene sequence, or it may be
mutated or otherwise modified. Such modifications include codon
optimisations for adapting to a particular host cell and humanisation. The
gené of interest may, for example, code for a secreted, cytoplasmic, nuclear-
located, membrane-bound or cell surface-bound polypeptide.

The term "nucleotide sequence" or "nucleic acid sequence" indicates an
oligonucleotide, nucleotides, polynucleotides and fragments thereof as well as
DNA or RNA of genomic or synthetic origin which occur as single or double



GenBank, and al so the non-coding strand of a gene or
cDNA which acts as the matrix for transcription nmay
be referred to as coding for a product or protein. A
nucl ei ¢ acid which codes for 1& protein al so includes
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by reverse transcription and synt'’hesis of the second

DNA strand from a rrRNA or other RNA produced froma
doubl e stranded DNA
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whi ch have been nodified post-translationally by
reactions such as glycosylation, phosphorylation,

TR Eh ALORA Yerldit&d e&ébx%%ﬁ&éé;{&gacme which are prepared by
reverse transcription and synthesis of the second DNA strand from a mRNA
or other RNA produced from a gene. If the cDNA is present as a double
stranded DNA molecule it contains both a coding and a non-coding strand.

The term intron denotes non-coding nucleotide sequences of any length,
They occur naturally in numerous eukaryotic genes and are eliminated from a
previously transcribed mRNA precursor by a process known as splicing. This
rrequires precise excision of the intron at the 5' and 3' ends and correct joining
of the resulting mRNA ends so as to produce a mature processed mRNA with
the correct reading frame for successful protein synthesis. Many of the splice
donor and splice acceptor sites involved in this splicing process, i.e. the




structure of the pol ypeptide may be nodified, for
exanpl e, by substitution, deletion or insertion of
am no acids and fusion with other proteins while
retaining its biological actingty. Exanples of
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rell‘@ﬁwﬁg lfs\ﬁib!o@li&E'abﬁmy chain (VL). These are known as

Fv fragnents (fragnent variabl e = fragment of the
vari able part). As coval ent bi nd| ng via the cystein

ER B8 < obasEA BroPins A% oS3H0 dnodinath seadh saciasnpuman
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t he heavy and chains are often joine

(tfy). esthecRsietn 1;5%00 @pdpkings, egadgnterieukines 4o suchtas [1_-1 IL-
2, 3-SR 8%, f6, AL, AL8V LM TL.38) RO 802, i3, 114, 115,
IL-16, 1L-17, IL-18 interferon (IFN)-alpha, -beta, -gamma, -omega or -tau,
tumour necrosis factor {TNF) such as TNF-alpha, beta or gamma, TRAIL, G-
CSF, GM-CSF, M-CSF, MCP-1 and VEGF. Other examples are monoclonal,
polyclonal, multispecific and single chain antibodies and fragments thereof
- such as for example Fab, Fab', F(ab'),, Fc and Fc' fragments, light (l.) and
- heavy (H) immunoglobulin chains and the constant, variable or hypervariable
regions thereof as well as Fv and Fd fragments (Chamov et al., 1999). The
antibodies may be of human or non-human origin. Humanised and chimeric
antibodies are also possible.



singl e pol ypeptide chain in which VH and VL are joined
together by a peptide |I|inker. Such antibody fragnments
are also referred to as single chain Fv fragnents
(scFv). Exanpl es of scFv antiilyodi es are known and
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escri bed by Hu e

fouexample dustoarat af.o19830t e a trival ent hom)t rimeric
scFv derivative (Kortt et al., 1997). The direct
fusion of VH VL wthout the use of a |inker sequence

B S AR o i Ve eorl BoV BB, fGdleing
‘mytimeyigt selul gativativaset uTbeaiintentisn $ertovatodiee obcsmBinant
antib88EE Whn ifpfoved pharmacokinetic properties and increased binding
avidity. In order to achieve the multimerisation of the scFv fragments they are
produced as fusion proteins with multimerisation domains. The
multimerisation domains may be, for example, the CH3 region of an IgG or
helix structures ("coiled coil structures") such as the Leucine Zipper domains.
In other strategies the interactions between the VH and VL regions of the

scFv fragment are used for multimerisation (e.g. dia-, tri- and pentabodies).

The term diabody is used in the art to denote a bivalent homodimeric scFv
derivative. Shortening the peptide linker in the scFv molecule to 5 to 10
amino acids results in the formation of homodimers by superimposing VH/VL
chains. The diabodies may additionally be stabilised by inserted disulphite



mul timerisation is achieved by neans of di-, tri- or

tetranmeric coiled coil structures (Pack et al., 1993
and 1995; Lovejoy et al., 1993). Gene which codes for
a fluorescent protein The exgrsessi on vector according
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etat.e1e¥¥. and under the control of the

hanst er-ubi quitin/ S27a pronoter, a nodified hanster-
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i ncorporated herein by reference. These fl uorescent
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protein. Mreover, the expression in mammlian cells
: cies. gan _be inproved by codon
GEhe Wi plof s 0 i nvention the
fluorescent protein nmay al so be used in fusion with a
sel ectabl e marker, preferably an anplifiable
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protein
control of the hamster-ubiquitin/S27a promoter, a modified hamster-

ubiquitin/S27a promoter or a homologue thereof.

The ﬂuoresc_:ent protein may be, for example, a green, bluish-green, blue,
yellow or other coloured fluorescent protein. One particular example is green
fluorescent protein (GFP) obtained from Aequorea victoria or Renilla
reniformis and mutants developed from them; cf. for example Bennet et al.,
1998; Cha]fie et al., 1994; WO 01/04306 and the literature cited therein.

- Other fluorescent proteins and genes coding for them are described in WO
- 00/34318, WO 00/34326, WO 00/34526 and WO 01/27150 which are



detect the proteins, e.g. by throughflow cytonetry
with a fluorescence- activated cell sorter (FAGS) or
by fluorescence m croscopy. Ot her regulatory el enents
The hanster-ubiquitin/S27a prignoter may be
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denotes a pol ynucl eoti de sequence which in the cis

| ocation acts on the activity of a pronoter and thus
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such as the frequen used
dedmgt dnen aproteing,s eqpe byf thmagbﬂowngﬂsmeimaﬁﬂﬁres fluorescence-
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Anot her possible nodification is, for exanple, the
Othgf regulatornalesients| ti pl e Spl  binding sites. The

pronot er sequences may al so be conbined with
regul atory
The hamster-ubiquitin/S27a promoter may be functionally combined with

other regulatory sequences in order to increase/regulate the transcription
activity in an expression cassette.

For example, the promoter may be functionally linked to enhancer sequences
in order to increase the transcriptional activity. Fo'r this, one or more
enhancers and/or several copies of an enhancer sequence may be used, e.g.
a CMV or SV40 enhancer.

The term enhancer denotes a polynucleotide sequence which in the cis
location acts on the activity of a promoter and thus stimulates the transcription



sequences which allow control/regul ation of the
transcription activity. Thus, the pronoter can be
made repressible/ inducible. This can be done for
exanple by l'inking to sequences which are binding
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transcription of the genes or sequences functionally
connected therewith. A pronDter contai ns recognition
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: examp e is the binding site for the activator protein AP1, which may act both
- positively and negatively on transcription. The activity of AP1 can be
controlled by all kinds of factors such as, for example, growth factors,
cytokines and serum (Faisst et al., 1992 and references therein). The
transcription efficiency can also be increased by changing the promoter
sequence by the mutation (substitution, insertion or deletion) of one, two,
three or more bases and then determining, in a reporter gene assay, whether

this has increased the promoter activity.



i ndi vi dual sources. In inducible pronoters the
activity of the pronoter nay be reduced or increased
in response to a signal. One exanple of an inducible
pronoter is the tetracycline2iet) pronoter. This
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acid in the construct which corresponds to the Tirst
iheliewidhc  AciRIOmeieh crstaing Jepegritie sequansesr farabindiyy RNA
' j -y The transcription.
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to tetQ is inhibited. Examples of other inducible promoters are the jun, fos,
metallothionein and heat shock promoter (see also Sambrook et al., 1989;
Gossen et al., 1994). Of the promoters which are particularly suitable for high
expression in eukaryotes, there are for example the SV40 early promoter,
adenovirus major late promoter, mouse metallothionein-I promoter, the long
termina! repeat region of Rous Sarcoma Virus and the early promoter of
human Cytomegalovirus. Examples of other heterologous mammalian

promoters are the actin, immunoglobulin or heat shock promoter(s).

The term "transcription initiation site" refers to a nucleic acid in the construct
which corresponds to the first nucleic acid which is incorporated in the primary



a pronoter or a pronoter/enhancer elenent, a gene of
interest and/or a marker gene as well as a
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The IRES element may be of various lengths and various origins and may
originate, for example, from the encephalomyocarditis virus (EMCV) or other
Picorna viruses. Various IRES sequences and their use in the construction of
vectors are described in the literature, cf. for example Pelletier et al., 1988;
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A preferred vector according to the invention additionally contains an
amplifiable selectable marker gene which allows amplification of the
amplifiable marker gene and preferably co-amplification of a transcription unit
consisting of the hamster-ubiquitin/S27a gene, the gene of interest and the
gene for the fluorescent protein. For this, the host cells transfected with a
corresonding expression vector are cultivated in the presence of a suitable
selection agent, so that only those host cells which have a number of gene
copies of-at least the amplifiable selectable marker gene can replicate (be
replicated). Preferably, this is achieved by stepwise cultivation of the celis in
‘the presence of increasing amounts of selecting agent.

The amplifiable selectable marker gene usually codes for an enzyme which is
needed for the growth of eukaryotic cells under certain cultivation conditions.
For example, the amplifiable selectable marker gene may code for
dihydrofolate reductase (DHFR). In this case the gene is amplified if a host
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According to the invention the amplifiable selectable marker gene used is
preferably a gene which codes for a polypeptide with the function of DHF R,
e.g. for DHFR or a fusion protein from the fluorescent protein and DHFR.
DHFR is necessary for the biosynthesis of purines. Celis which lack the
DHFR genes cannot grow in purine-deficient medium. The DHFR gene is
therefore a useful selectable marker for selecting and amplifying genes in
cells cultivated in purine-free medium. The selecting medium used in
conjunction with the DHFR gene is methotrexate (MTX). The present
invention therefore includes a method of preparing highly productive
recombinant host cells which contains the following steps: (i) transfection of
the host cells with genes which code at least for a proteifi of interest, a
fluorescent protein and DHFR; (ji) cultivation of the cells under conditions
which aliow expression of the various genes, and (iii) the amplification of the
co-integrated genes by cultivating the cells in the presence of a selecting
agent which allows the amplification of at least the amplifiable selectable
marker gene such as methotrexate. Preferably the transfected cells are
cultivated in hypoxanthine/thymidine-free medium in the absence of serum
and with the addition of increasing concentrations of MTX. Preferably the
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obtained commercially from various companies such as Stratagene, La Jolla,
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.can be transcribed from a transcription unit and thus expressed. Each
transcription unit contains the regulatory elements which are necessary for the
transcription and translation of the gene sequences contained therein. Each
transcription unit may contain the same or different regulatory elements.
IRES elements or introns may be used for the functional linking of the genes
within a transcription unit.



take place starting fromone or nore transcription
units. The term transcription unit is defined as a
regi on which contains one or nore genes to be
transcri bed. The genes withimpa transcription unit are
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~ Oreowbakdr idtetddegGA Bromoter, €.g. SV40 early promoter, is used for the
selectable marker gene and preferably no enhancer is used. Expression
vectors with two separate transcription units are preferred within the scope of
the invention. One ({bicistronic} transcription unit contains the gene of interest
and the gene coding for a fluorescent protein, while the other transcription unit
contains the amplifiable selectable marker gene. Preferably, each
transcription unit is limited at the 3' end by a sequence which codes for a

polyA signal, preferably tk polyA, BGH polyA or SV40 polyA.

Also preferred according to the invention are those vectors which instead of
the gene of interest have only a multiple cloning site which allows the cloning
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Examples of hamster and mouse celis which can be used according to the
invention are given in Table 2 that foliows. However, derivatives and
descendants of these cells, other mammalian cells including but not restricted
to cell lines of humans, mice, rats, monkeys, rodents, or eukaryotic cells,
including but not restricted to yeast, insect and plant cells, may also be used
as host cells for the production of biopharmaceutical proteins.
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' Cell 32[2], 405-412, 1983
CHO Pro-5 ATCC CRL-1781

| v79 ATCC CCC-93
B14AF28-G3 ATCC CCL-14

| CHL ECACC No. 87111906

The transfection of the eukaryotic

host cells with a polynucleotide or one of

the expression vectors according to the invention is carred out by
conventional methods {Sambrook et al., 1989; Ausubel et al., 1994). Suitable

methods of transfection include fo

r example liposome-mediated transfection,

calcium phosphate coprecipitation, electroporation, polycation- (e.g. DEAE

- dextran)-mediated transfection, protoplast fusion, microinjection and viral

infections. According to the invention stable transfection is preferably carried

out in which the constructs are eit

her integrated into the genome of the host

cell or an artificial chromosome/minichromosome, or are episomally contained

in stable manner in the host cell.

The transfection method which gives the



B14AF28- G3 ATCC CCL-14 CHL ECACC No. 87111906 The
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highly efficient internal translation initiation of the genes is obtained in the
second and subsequent cistrons. - However, the expression rates for these
cistrons are lower than that of the first cistron, the translation initiation of
which, by means of a so-called "cap"-dependent pre-initiation complex, is
substantially more efficient than IRES-dependent translation initiation. In
order to achieve a truly equimolar expression of the cistrons, additional inter-
cistronic elements may be introduced, for example, which ensure uniform
expression rates in conjunction with the IRES elements (WO 94/05785).

Another possible way of simultaneously producing a number of heterologous
proteins, which is preferred according to the invention, is cotransfection, in



transcriptional and translational efficiency. In the

second case, the expression of the genes take place

mﬁthln a multicistronic transcription unit by nmeans of
single pronoter and only ong transcript is formed.
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forsxemple, peamyetRiResRitottansfaraseml | si ze and are
easier to handle both during cloning and during
transfection. In one particular enbodi nent of the
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nucleosides (e.g. adenosine, thymidine), glutamine, glucose or other
equivalent nutrients, antibiotics and/or trace elements. Although serum-free
media are preferred according to the invention, the host celis may also be
cultivated using media which have been mixed with a suitable amount of
serum. in order to select genetically modified cells which express one of
more selectable marker genes, one or more selecting agents are added to the

medium.
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received the gene for the selectable marker can be selectively eliminated by
negative selectable markers. An example of this is the thymidine kinase gene
of the Herpes Simplex virus, the expression of which in cells with the
simultaneous addition of acyclovir or gancyclovir leads to the elimination
thereof. The selectable markers used in this invention, including the
amplifiable selectable markers, include genetically modified mutanis and
variants, fragments, functional equi\}alence, derivatives, homologues and
| fusions with other proteins or peptides, provided that the selectable marker
retains its selective qualities. Such derivatives display considerable homology
in the amino acid sequence in the regions or domains which are deemed to
be selective. The literature describes a large number of selectable marker
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DHFR-mediate gene amplification methotrexate (MTX) is used. The growth
properties are critically influenced by the addition of MTX. Usually, a
substantial deterioration is observed in the fermentation robustness of the
cells as the MTX concentration and ampilification step increase. Surprisingly,
however, it has been found that, using the clone selection system according
to the invention, recombinant host cells can be enriched which display much
more robust behaviour in the presence of high concentrations of MTX (cf Fig.
7). Thus, host cells which have been identified and sorted usinga
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resulted in a significant increase in productivity.
I____Thus . a method of selecting highly productive host
EXUESSIoNS |\ ogarded as being particularly according to

the invention if host cells which are transfected with

an expression vector according to the invention and
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mMRNA predestd b thargeripiibh of a selected nucleotide sequence can be
determined for example by northern blot hybridisation, ribonuclease-RNA-
protection, in situ hybrisation of cellular RNA or by PCR methods (Sambrook
et al., 1989; Ausubel et al., 1994). Proteins which are encoded by a selected
nucleotide sequence can also be determined by various methods such as, for
example, ELISA, western blot, radicimmunoassay, immunoprecipitation,
detection of the biological activity of the protein or by immune staining of the
protein followed by FACS analysis (Sambrook et al., 1989; Ausubel et al.,
1994).
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rate according to the invention can be ach|eved in various ways. For example,

through coexpression of the gene of interest with a gene for an amplifiable
selectable marker it is possible to select and identify cells which express the
heterologous gene to a high degree. The amplifiable selectable marker not
only alows the selection of stably transfected host cells but also the gene
amplification of the heterologous gene of interest. The additional copies of
‘the nucleic acids may be integrated into the genome of the host cells, into
additional  artificial/mini-chromosomes or into episomally located
polynucleotides. This procedure may be combined with a FACS-assisted
“selection of recombinant host cells which contain, as additional selectable
marker, one or more fluorescent proteins (e.g. GFP) or a cell surface marker.
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order to identify and select the cells/cell population which exhibit the highest
expression rates of fluorescent protein. Preferably, only the cells which
belong to the 10% of cells with the highest expression rate of fluorescent
protein are sorted out and further cultivated. In practice this means that the
brightest 10% of the fluorescent cells are sorted out and further cultivated.
Accordingly, the brightest 5%, preferably the brightest 3% or even the
brightest 1% of the fluorescent cells of a cell mixture can also be sorted out
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Accordingly, the invention thus relates to a method of selecting cells which
comprises the following steps:

(i) transformation of suitable host cells at least with one of the vectors

- according to the invention, wherein the DNA of the expression vectors is
~preferably stably incorporated in the host cell genome or in artificial

chromosomes/minichromosomes:
(i) the transformed cells are cultivated under conditions which allow
expression of the gene of interest and of the fluorescent protein;



or nore sorting steps nmay be carried out, while

bet ween the individual sorting steps the cells nmay be
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Accordingly, the invention thus relates to a nethod of
selecting cells which conprises the follow ng steps:

Optipnaliygnstbps 1t oncah Isdlirgpddtedn@sd ofahbie dindsedfth the cells

ne of  the vectors according to the invention,

Owﬁta?h%r ACRAEINONR P tvihe MarpPERS itle Irasfasmed; @lllslmay optionally
<R et S o R e i B e et

int e tpreseae rofda cesléctings agent twivish eldadsdRy afpiticaticnof the
V\hgf:rblalcﬁlregw ﬁrepres& on of the gene of interest and of

ampuliahlg seleciahlie marer gene This Blep may beicesrieg eut both with
&8l Whieh Bad |

e Which ald ol Dt BEets SBREd I oSt RIS ARER HalBbiready

been pre=sprted enewrafiorettiraesel ecti ng agent are
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to step v). Moreover, the transfornmed cells my .
exphesdaraef fhe gene of interest. The protein of interest is preferably
obtained from the cell culture medium as a secreted gene product. When the
protein is expressed without a secretion signal, however, the gene product
may also be isolated from cell lysates. In order to obtain a pure,
homogeneous product which is substantially free from other recombinant
proteins and host cell proteins, conventional purification steps are carried out.
First of all, usually, cells and cell debris are removed from the culture medium
or lysate. The desired gene product can then be freed from contaminating
soluble proteins, polypeptides and nucleic acids, e.g. by fractionation on
immunoaffinity and ion exchange columns, ethano! precipitation, reversed
phase HPLC or chromatography on Sephadex, silica or cation exchange

resins such as DEAE. Methods for purifying a heterologous protein expressed



al so be subjected to one or nore gene anplification

steps by being cultivated in the presence of a

sel ecting agent which leads to anplification of the

anplifiable sel ectable markerdzgene. This step may be

L I
eEofbirtith cBHS Brthounit the abS e BRaeR BERR
ligzratuzes ¢.gdbyittards etat.1995Eand Soepesyrgeg)on al so |
relates to a process in which correspondingly sorted
cells are replicated and used to prepare the coding

Wﬁv@ﬁﬁ&#i@thé?éld%'ﬂb? bﬁéltam elfor ﬁlll?r%ﬂg r&b%c@rﬁ i Son-

cells are prefera vated In‘a
fe%trlﬁti\r&eexemﬂllfumgaemmdmmmwI y in suspension culture
under conditions which allow expression of the gene
of interest. The protein of interest is preferably
BEXrMPRES fromthe cell culture nediumas a secreted
gene product. Wen the protein is expressed wthout a
secretion signal, however, the gene product nmay al so
Al%ré\ﬁgll 4ed from cel | Iysates In order to obtain a
‘p‘m‘e—(i'om)geneous product which is substantially free
from other reconbinant proteins and host cell
rot eins, ionventl onal purification steps are carried
at . Fi r 8tkalipe phosphaiase| y, cells and cell debris are
bPenoved fPa8¢PaE cul ture nedium or |ysate. The
Cédi red gBhingsechanssteravatthen be freed from
DEthR:am natihydrofelatedrbdugtasé ei ns, pol ypepti des and
Ehl8Aei c aenzbﬂneﬂlrﬁedbmﬁmﬂfsbrmtas@ﬁ on .
FA(USJnoaffflmﬁebcéﬁébJa@f‘vﬁéﬁ n%ﬁ%ﬁ' (ims, et hanol

FApem pi taﬁlbr%‘ﬂ)lasrt%‘éﬁ(/é C or chr onat ogr aphy
G%%é\ ephadex, l'ica or C%tl on exchange resins such as
E.

l\/btﬂ'fﬁ%‘ URreBeRntRIPIRIN a het er ol ogous pr ot ei n

HEGS: essedHarks BaldareeanSamSaiutionl | s are known to the
killed ibed in the Iliterature, e.g. by
iiarrl s e%&%@ggﬁﬁm " opes (1988). The invention
HREGrer ei nhdrseradisipparmédaswore fully with reference to

IRESe non- mt@ﬂbrhlgéso/rﬁaleéﬁﬁﬁpélté yi ng enbodi nents.
kH2XAMPLES Kifdphdsyi at i ons al kal i ne phosphat ase bp:

miagse pai rmERckIoRB! Qﬁﬁﬁodgprrster ovary

MTX: methotrexate

PCR: polymerase chain reaction

slCAM: soluble intraceliular adhesion molecule
Methods

1. Cell culture and Transfection

The cells CHO-DG44/dhfr-/- (Urlaub et al., 1983) were permanently cultivated
as suspension cells in serum-free CHO-S-SFMII medium supplemented with
hypoxanthine and thymidine (Invitrogen GmbH, Karlsruhe, DE) in cell culture
flasks at 37°C in a damp atmosphere and 5% CO,. The cell counts and
viability were determined with a CASY1 Cell Counter (Schaerfe System, DE)
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i mmunosor bant assay FACS: fl uorescence-activated cell
sorter FAP: fibroblast-activated protein GFP. green
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mQ'F@?: G418 (Invitrogen) was also added to the medium in a concentration of
400u9/mL.

A DHFR-based gene amplification of the integrated heterologous genes was
obtained by the addition of the selecting agent MTX (Sigma, Deisenhofen,
DE) in a concentration of 5 — 2000 nM to the HT-free CHO-S-SFMII medium.

2. Expression vectors

To analyse the expression, eukaryotic expression vectors were used which
are based on the pAD-CMV vector (Werner et al., 1998) and mediate the
constitutive expression of a heterologous gene by the combination of CMV
enhancer/hamster ubiquitin/S27a promoter (WO 97/15664). While the base
vector pBID contains the DHFR minigene which acts as an amplifiable
selectable marker (cf e.g. EP 0 393 438), in the vector pBIN the DHFR
'minigene has been replaced by a neomycin resistance gene (Fig.2). For this
purpose the selectable marker neomycin-phosphotransferase, including SV40
early promoter and TK-polyadenylation signal, was isolated from the
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clamidlg siteasfghé vesitgpBIDe control of the CW
enhancer/ pronot er |n the vector pBID so that the

multiple cloning site between the pronoter region and
THEREman sICAM gene was isolated as a Hindlli/Sall fragment from pAD-

sICAM (Werner et al., 1998) and cloned into the corresponding cutting sites of
the vector pBIDG, resulting in the vector pBIDG-sICAM (Fig. 3).

In order to express the monoclonal humanised F19 antibody the heavy chain
was isolated as a 1.5 kb Nael/Hindlll fragment from the plasmid
pG1D105F19HC (NAGENESEQ: AAZ32786) and cloned into the vector
pBIDG digested with EcoRl (filled in with Kienow-DNA-polymerase) and
Hindlll, resulting in the vector pBIDG-F19HC (Fig.3). The light chain on the
other hand was isolated as a 1.3 kb Hindlil/EcoR! fragment from the plasmid
PKN100F19LC (NAGENESEQ: AAZ32784) and cloned into the corresponding
cutting sites of the vector pBIN, producing the vector pBIN-F19LC (Fig.3).



el enent was retained. The foll ow ng procedure was
used. In a PCR nutagenesis in which the plasmd
pl RES2- EGFP acted as the tenplate, on the one hand
the Hndill cutting site AAGEET within the |IRES
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the cells were sorted according to their fluorescence
protein signal. The cells were taken up in test tubes
al ready containing culture nedium then centrifuged
and seeded into suitable cul tdffe vessel s dependi ng on
the nunber of cells sorted. 4. ELISA The sICAMtitres
i n supernatants of stably transfected CHO D&44 cel |'s

Exanaplegilza fianpasisasyofithe SAM¥carut Hamgteraibiduithé®2r a-promoter
procedureg ﬁAg'subel et al., 1994, updated), using on
the one h&fd" goat anti human 1gG Fc fragnent
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TBE@Y"SrFEO”‘O zfﬁeétﬂcrrsa kl)(émgfi tahe I@M\éé%\hﬁﬂﬁéw EGHpolyA

veSRE g WA SFIE) O°L T O B i
vegtorg@hich- canm(taibedyhe WMV rpmeseredlers bdrd sitriTort &enodified
PR GBI TRyt pEaBlEse Bhovasior (B agatagene) and
atdiaoMAIRY SodeRy for twamp}nnablleyséléaﬁsﬂ rherl{?'?%l hydrofolate-

CW- enhancer. BGH was used rm nat | on
reslugtase. Tbe &méesse@mvecwgm therramsibepomotes snahe other had

wiE B3 ol e DAY Ve TRk A T5R); Gy groress
theBlemyaridiight ehbivy of the @ABoSY T 6t cﬁ'ﬂﬁas carried out with
additional |y coded for the arrpl I T1able select a[)f

a FRFRY vertay whishorentainederinecaryein rEBEstmqﬁr@arm aa setextable
matep T8 AN FnBe SR beREr i B8 anlgasd b g SEf0
erimneegpr ess the heavy and |ight chai n of t he ant i body,
cotransfection was carried out with
By limited dilution in 96 well plates, after transfection, cell clones were
selected and isolated in HT-free medium (with the addition of 400 ug/mL
G418 in the case of co-transfection). Cell clones with the highest productivity
with respect to the recombinant protein were subjected to stepwise DHFR-
based gene amplification by increasing the methotrexate concentration step
by step from 5 nM via 50 nM, 500 nM to 2 uM, in conjunction with a diluting
cloning in each case. At each amplification stage about 20 to 30 clones with
the highest productivity were selected.

Generally, the hamster promoter was found to have the highest performance.
Both in the expression of the lysosomal enzyme amd also in the expression of
the antibody, productivites or titres were obtained which were 2 to 5 times



a second vector which contained a neonycin resistance
gene as selectable marker. The CW enhancer may,
however, also be replaced by the SV40 enhancer. By
limted dilution in 96 well prbtes after
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cells.. For this were transfected

GXBB?%%WSO’W?'W gnig)transpaptieni Uit éndl the i EB0a sepaicke
trslrl%cnptlon unit. Two to three weeks after the first selection in HT-free CHO-

S-SFMII medium, 5% of the cells with the highest GFP fluorescence were
sorted out. After about two weeks' cultivation the 5% cells with the highest
GFP fluorescence were again isolated. This sequential sorting was carried out
six times in all. A good correlation could be demonstrated between sICAM
productivity and GFP fluorescence (Fig. 4). By FACS-assisted selection
alone, without any MTX amplification step, cell pools with high specific
productivities of up to 16 pg/cell/day were thus isolated in a very short time
(Fig. 5). By combining the GFP-based selection with a single subsequent
MTX amplification step it was even possible to increase productivity to above
30 py/cell/day (Fig. 6). These productivities were achieved both with an
amplification of a pool after the fourth sort with 500 nM MTX and also after



pBI DG sl CAM transfected cells made it possible to use
a FACS-based selection strategy. The therapeutic
protein sl CAM and GFP were jointly expressed by a

bi cistronic transcription uni48 and the DHFR by a
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unm irhaddltlopj aisothdr selectable marker, GFP, is contained in the vector
pBIDG-F19HC. By the transcriptional linking of the expression of the GFP and
the heavy chain by means of an IRES element, in the co-transfection of CHO-
DG44 with the vectors pBIDG-F19HC/pBIN-F19LC, cells with a high
expression of the antibody F19 could rapidly be isolated solely by selecting
. the cells with a high GFP content using sequential FACS sorting. For this,

after a first two- to three-week selection of the transfected cell pools in HT-
free CHO-S-SFMII medium with the addition of 400 pg/mL of G418, the 5% of
cells with the highest GFP fluorescence were sorted out by FACS. This
sorting was carried out up to six times in all, leaving a cultivation period of
about 2 weeks between each sorting. Astonishingly there was found to be a



conbi nati on pBI DG F19HC and pBI N-F19LC (Fig. 3). The
expressed humani sed anti body F19 is directed agai nst
the surface nol ecul e FAP which is synthesised by
reactiven stroma fibroblasts-%xf also EP 0 953 639).
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possible to select for the expression of the heavy
chain, as a result of its transcriptional coupling
with GFP. The productivities could be increased to 10
pg/cell/day (Fig. 9) and further increased to an
average of 37 pg/cell/day by a single subsequent MIX
anplification step, starting fromthe cell pool of the
fifth sorting, by adding 1000 nM MIX to the sel ection
medi um Conpar abl e data could al so be obtained by
functionally Iinking the hanster pronoter with the
SV40 enhancer instead of the CW enhancer. At the
same time, the developnent tine for selecting
hi gh- producing cells in conparison with a conventiona
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120 days, with a concomtant significant reduction in
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gtgtgtgtgc
ccaggggtgyg
tataggacag
taattttagt

tggaggctgt



720 ggtgcactgt gaaagtctga gggtaacttg ctggggtcag
ttctttccac tataggacag 780 aactccaggt gtcaactctt
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1620 gtgaccatta accgtttcac gctgggaggg cacgtgcggc
tcagatgctt cctctgactg 1680 agggccagga gggggctaca
cggaagaggc cacacccgca cttgggaaga ctcgatttgg 1740

gcttcagctg gct gagacgce clgﬁigmggggé t cggcta caccttcagce
a

cccgaatgcc 1800 ttccggcc cc cttctaggca
tttccggcga ggacccaccc tcgcgccaaa 1860 cattcggccc

atccegce tectcacclg aatctctaac tctgactcca gagtttagag
i920 %?g%aﬁ){aseg%ﬁ%@gc% host selvhigly sxprasgeata prajein/product of
ggacgpgerdt chiriprdfraa 1980 aagaaagcga cgaaaaact a
caattcccag acagacttgt gttacctctc ttctcatgct 2040

aaacagjdyeviding ﬁaiftasggemg;ze?t?f,c\twhicthgidmﬁes@Qtéflﬁttﬂéﬁcodes
agaaagg aaca aa gg gcacaccgtt
tcgagga?gé;?%%?egﬁé%% u ggi:‘é&t%r&&é fg@f@ﬁaghﬁ'&%gkg) a hamster-
cccgagce idhER7achdnsstbf agagagiircyc gt 1t gea C
2220 aggcacttgc gt géa}cgcct gg‘ggg%g%gg?%t?@ggﬁcg&&&g for a
gggaagc dMOresaas trietein, wheteh)c dhet kamstecubiquitirdS27a-promoter

t { t Gt t 340
o8 toged AttAn] 41 fie Xttfing XeelEhees ané: wherahyt those
ctctttt egdinPdefuericgisagre 848%es84d JeATRYFrdthAhMSame hamster-

ubiquitin/S27a-promoter,

b) transfecting a eukaryotic host cell in culture, which has been
previously transfected with such an expression vector,



Process for selecting a host cell which expresses a
protei n/ product of interest conprising a) providing
an expression vector, which é&@nprises a gene that
codes for a protein /product of interest functionally
l'inked to (i) a hamster- ubiquitin/S27a-pronoter and

(ii) &) ganievatinigcs popdistiooof osf L&y AREEMNEOMIIGEIR, which allow
wher eby é)g)g hanst ggh ubi quw n/ S27a- E_r onoter is

| ocat ed UPLETERCLING REPIEBW RLpdiish ot intereshaad wih éhe fiyorescent
those qmdtdig, sequences are expressed starting from

t he sage hanst er- ubi qui tin/ S27a-pronoter, b)
t ransPedelating aukeslly naal, hebiche edstprissesul anir averslgiec hspecific

has b 1 ted with such _
ha et roB AN S gD TE R sl G550, e cor 10 o
host cel(hamaniiesd @mtbﬂjdy? P88 mBHAH! p%ﬂegigvptéﬁgéﬁ%ﬁh%w%ithout

the protein / B{}fodu_ct of interest and
f 1 uor es @SR aPPYicatian sigp,i sol ating a cel | pool, which

eXpr ess ¢SemviaMe spapd fi rodycti vi.t f over 15

pPg (si}rigl e&gwgpngggigtreg%@%b&l %g‘:éi%hdﬂﬂﬁ'?{z@aow ﬁ1e ighest
ant i bodgxpressinrbienelstoffharesceieioem.] and day without

ene lification i dentifying and/or

Hol odih g5t ﬁ&ce'"é’l"?gﬁﬁgkn% sharagierisndyindbat thexsplestidrois

rar s MR A RIS TEACS.

claim 1, charact erise
Zar r iR@CEsS ageendingtordlaim ds charetdsddviatiasg: el isolagsd esll

( FA s§ .according to claim1, - characterised
el ARS 853 436 SEbiocka by ohe o anorsradshtignatgene
subj ethpkficationReepy. nore additional gene

anplification steps. 4. Process according to claim 3,

characterised in that the anplifiable selectable

A BrobSs T HER AN G LIS 3. LHased iplthet e aropiifiable

. char selentallednarket. [P 3Rl i
Z) arkek. RPDHFR H%fﬂeﬁ%mgﬂ%ﬂg‘%@zﬁ i& gi‘géjhpﬁexate.

Process according to clains 1 eri
that the host cell is
.5' Process according to claims 1 to 4 characterized in that serum-free

medium is used.

6. Process according to claims 1 to 5 characterized in that the host cell is

a cell adapted to suspension culture.

7. Process according to any one of claims 1 to 6 characterized in that the

process further comprises the preparation of a. heterologous gene
product, wherein

f) the host cell clone is cultivated under conditions which aliow
expression of the gene product and wherein

g) the gene product is isolated from the culture or culture. medium.



a cell adapted to suspension culture. 7. Process
according to any one of clains 1 to 6 characterized in

that the process further conpbises the preparation of
a. heterol ogous gene product, wherein f) the host

éell clone is cultivated under conditions which allow
xpr e EEPeRORCAOdingdn elginod chbrauvterixbinghat te Heterdisgisus
pr odu L Sypl ffromthe cylture or culture

e ugenERrodfidh Bhab RIS afighiiyoih herein the host cell
char abae beeada-aihdattedhgith ékﬁfé%isi?ﬂwta‘ct&%r\ﬁw% gt S

a het &%FEYIC pr ot ei n/ product, wherein the host cel?
has bEBeTeR) subsuriteet e haterorasmc pedeivpredocor s whi ch
code for different sub-units of the heteroneric
rotei n/ product. 9. Process according to claimS8,

Sh ar aPrageassetcorling ao cldve dieihpiraderissd iPHak Sidheteromeric
produg&wgs aqgfnilbody.,lo. Process according to any

of cl BiofeiM Progiust 1s.an 3ptied¥ed in that the host cel

is a CHO cel I.

10.  Process according to any of claims 1 to 9 characterized in that the host

cell is a CHO cell.



