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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 heterologous 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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productive cell lines is achieved by the increasing addition of methotrexate
(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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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 (aiso 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
the GFP and target gene expression was achieved using a viral IRES
(Internal Ribosome Entry Site) element, as a result of which a bicistronic
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WQ;@H,OA@@@; an ﬁg@]eﬁgqqrﬂ mrﬁﬂn ndyich 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 fo 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 FACS sorting expressed the protein
- of interest in an order of magnitude of not more than 3 to 4.5 pg per cell per
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(5) A reduction in the gene amplification steps required.

A further aim of the invention was to provide 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

celis.

These objectives are achieved according to one aspect of the present
“invention by means of 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.
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In this connection the present invention provides 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 expression of
the heterodimeric protein, and the heterodimeric protein is isolated from the
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resuiting in a significant reduction in the development capacity and costs.



(I'nvitrogen, Kalsruhe, DE), in CW2 it is a

pBl uescri pt - based expression vector (Stratagene, La
cakel 1-a412CA, US) and in the case of £Id@rinber SndelPAD-rharma XG
CW- based expression vector (Werner et al., 1998). In
the expression of the |ysosbomal enzyne, all the

pesmmmimﬁhgg%mes contain the anplifiable selectable
mar ker di hydrofol ate reductase (DHFR) and the

expression of the heterol ogous gene has been

FIGLER ST SE HHRSARURY ATBLEb By O Lot
recioaitisantfceli fotorasst inhatdgh tie\heteeslogors géne produdt ésekmessed

d t t t whi ch t
el Heen e epatrel 8 GV RESTIHET SbHBAPEMIACIRINEl & The
RS RSE7E ForIRId Hd bEABIA ARG FRed

in rel at ronot er-based ~ expression
tovthedPMV=erdetncet amd (:mﬂn'ﬁmtlommqmncéwﬁH polyAh)is identical

it Gae o Folthrs: G CRY Hid SRBsipactbh i ReBAT Brses
(IhtrEHER, W@\éﬂﬁ\%‘ DE), m%ﬂ\lz'lﬁs% ﬁB]HEééWét%Hbed‘éxp%@élon

enhancer and hamster- ubiquitin/ S27a pronoter,
veater (Siratagerns, da dudlaa Gy, difpprand gl tb&@aseanidJHﬁJ itisa |aAD—

OME-BHE! LA RhRTent v Per LAt 1Ry, e Rlgho T the

lyBesdrhalashhse, @llrtBé exprogsiort VENGEdaPtAiAthE Bink Iﬁf&abf@1
within each transcription unit is_indicate

seleeialile markes difiydigiolaie radueipes dadbs) @é\ﬁ’e’@ezﬁxﬁ&ﬁ%ﬁt@f the
hétggﬂkg%blfs"\gésri% H%!é b}s?l‘n‘?nc‘?r% & .g}ééhé%s%%éﬂf a[@ilgﬁrc?g{)ﬁ 8ps

Iec

witn sethetteate ¢MTH) e m@met & expresethe twidehainplof thebhitbody
mar ker di hydr of ol ate reductase is

| ect abl
(Aiﬁ @Sgﬁrﬁ%iwa%men Céﬁt?dt% vith & 8pEPNE vesigy pdich contains
a HEQW’??{QE@% n%ﬂl?é‘%%?ﬁﬁ%%l}gb%%?{ﬁ'{g‘?%@tﬂ% tifes BFSpecific
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foll ow ng green fluorescent protein "GFP'. Case 1-1412

Boehringer Ingel heimPharma KG9 Figure 3 is a
Figuse 2ahews @ dle@amlcaﬁp&semmmtdﬁeofdbedmewwtors used to
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of TV dreinceHahPRaMsiel-Libiquitin/$274d SromeeRbPN N igNowh
CW enhancer and harrster - ubi gwtl n/ S27a pronoter, "P"
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: It I
5 B 4 P
pasitiint arechdiaecticoh ofetcamsmmptibn 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 "GFP".
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vector pBIDG sl CAMin which the therapeutic protein
- sl CAM and GFP are together expressed by a bicistronic
Figuemnd shopsitbe cometationtzetpeeh thesICGAM|protectivity and the GFP

GEP: b f
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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 siICAM 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



as an exanple. This cell pool, which was obtained from
the transfection with the vector pBlIDG sl CAM was
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- cell and per day (pg/c*d) was cal cul at ed.

camiedpaiint represents the average of at Ieast three
cultivation runs. Figure 7 shows the viability
pattern of cell pools after the addition of different

Fiese S sHowsEiheaherRssk &.m:Ameprsabéﬂmtacﬁfé\@a%mmH R

cell pool ZBl1 which was obtained by transfection wt

GFrsbased aelepmpwtbla@we(mrgpw}camﬁ stepbipldiagdie cell pool ZB1

o35 T ORGP bl b Pl v

trmnqzéotcﬁn PBIDGH3 QAN dis Sublboed tdse tm GREbhséd FATS
the cultivation medium The cell nunbers and

SHIE, ATy the it sarbarg S gorimQHFRmesiatediosnephase

USRS o PRS0 0B i

mediin ¢8 nbd, 80 mm Be0 Wbk or £ vt MT[X)bSﬂye pomhmta:nlmntqf thierAb
E dt P fl uoresc en t aki e

S'Eﬁ‘)'% T %65' juke sypern *p)%epo as Qs%mmﬂp EHSA
al?fdllml—%cgland e FIidlel(-i)ﬁlé?igLCII‘%& F“%‘g %ﬁﬂ?} Q’P@/@%s sucgdﬁ%ct e
Eaeh detﬁmntlrapreeents M%@rm aﬂeashty\reef\culevammrsor t

Filfa 7 ARSI NAtLY st B GRoda ahielrh adiBe’ B) dreren

d@dss.ﬁ rﬁéﬁwo‘h’@ﬁa’resl@ﬁﬁefduﬁwﬁhéﬁ lméduw YTHP@&eIPEbe 2B whith
y (pglc*d) was cal cul ated. Each atg&gln
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P- based sel ection using FACS taking the cell
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mmmrledsmxerléﬁ(ﬁﬁnbemftdm m“ﬁhﬂwauoneédiby.ati on of the
anti body F19 in the cell culture supernatant of the
pool was determ ned by ELISA after each sort and the

Fi§@RES Shéws 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-
F19HC 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.



cell and per day productivity per p (pg/c*d) was

cal cul ated. Each datapoint represents the average of

Cate 1€d4%t three cultivation runs. Pethaidsed Toedbeimpthoorm X6
of the invention and preferrfg enbodi nents The
expressi on vector accordi ng t he i nvention contains
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box>" Al so
preferred is a pronoter which is constitutively
tjva articular is _equa active under
20 Qesc ption ghihe igyention and prefeded embodiments

cul{ure céndit{ons.wlﬁ aﬁotﬁef éﬁbédineﬁ{ if IS an
i nduci bl e pronoter, particularly a pronoter which is
The eixprassibroyeattieacaending|to dlie wention Aoptains a geaelwhich

o o tigtoin B RRRBT RlobS of it i udgonafiy ke o a
h&msih bdquilita sl s Prambiertdf £ geRE viHich cBISSTIr Y fluorescent
sequences which contain the Sequence from position

protgn. tRyefeqablys themxpressiorcysetor alspicorsaivkanyeplifiable
e] KG 12 The pronoters used in the
e LRI

exanples resent patent specification each
contain a DNA nolecule with the sequence from position
1923 to 2406 of SEQ ID NO 1 of the attached sequence
H rigdbicutiin orresponds to the fragnent
-372 to +111 fromFig. 5 of WO 97/ 15664 and represents
the preferred pronoter, i.e a preferred pronoter
Tisdroubbiduitin{S27zo pxdmotdri ©f sthrgudaeester dgi anpowarihétomologous

PRGIEY Bhidhh B1eebibAshi BUpr SRt ncoH® ATBENIs pidlerably
a1 BpeP o YOG TAERRY) feiS Ben "fghed A oo
bindingesitd, ywwalypwinaidine elamsipio ralsenoce pafsa tTADA -btk. t Partidularly
prieperl%cpis a5 plc'gmoter 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.
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rence sequence are c ront of
“muodifnext prdresters”eport er gene whi ch codes, for exanpl e
for luciferase, secreted alkaline phosphotase or
green fluorescent protein (G-P). These constructs
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givePior SEQ IZeN©: 1 A-372r tbesponfibimdEiy €5 bf WO J1EEE4)0TA modified
exanpl e in Ausubel et al., Current Protocols in
pregotiupves; i bgyuseful 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.
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1%94Gtﬁd use themfor the purposes of the present

i nvention. The 5 untransl ated region or speci al

fragnents thereof can easily be obtai ned by PCR
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97 T508% .3 b PARIar BRI T obBs SPlesiisdndSs HENIS, and an
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US%S rtrrFI)eI (reepl)or;ter 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 &' untranslated region may also be obtained by limited exonuclease il
digestion from larger DNA fragmenis. Such DNA molecules may also be
chemically synthesised or produced from chemically synthesised fragments

by ligation.
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geneyite whiclidusihemodegous. 1412 Boehri nger | ngel hei m

Pharma KG 15 strands and can represent the coding or
‘non-codi ng strand of a gene. Nucleic acid sequences
Geng ddntapsbitf i ed using standard techni ques such as

site- specific nutagenesis or PCR-nedi ated nutagenesis
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mutated or otherwise modified. Such modifications include codon
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gene of interest may, for example, code for a secreted, cytoptasmic, nuclear-

~ located, membrane-bound or cell surface-bound polypeptide.

The term "nucleotide sequence" or "nucleic acid sequence" indicates an
oligonucleotide, nuclectides, polynuclectides and fragments thereof as well as
DNA or RNA of genomic or synthetic origin which occur as single or double
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i dBuaeh 8SL R amatiX DR i cataesis ob Raeh P dlTRTS and
naefbMeledlfbsa sDeR- 89 dioRJestdrhpiad rRNI)StRIRAM RN Nother RNA
denot es non-codi ng nucl eoti de sequences of any | engt h.

mpirsples; QINA 2 polipeptides inarbidlegicalracess.i Ace@ringlarmigene

oI fire B PRI T cBorBRGHRTUE ¥ oRIRGA 5 GBI another

bnbﬁ;ymal @/Stﬁrﬁq@yﬁﬁaﬁmmioﬂnarﬁd sUbgeqLﬁéritOt?aWélaﬁdreofi thea RNA.
ends and correct joining. of the resulting

B@%@%@@@Qtsér%@ﬂo‘ﬁﬂﬁ%e augRptide Sﬁﬂé@@%%é%'d@ﬁﬂﬂ@'mt@me mRNA
faul
sénﬁl}’e %réﬁ&ﬁmﬁaﬂgwta;sgoagﬁﬁﬁ% s%g@‘égm}%éan Jat?éﬁﬁse'é‘g EMBL or

synt hesi's plice
GeoBapkoandidlss thmmohmduﬁgwsﬁdtm@ of gl genaengr pﬂwbwhlch aets as

t he se 1-1412 Boehrin el hei m Pharma KG 1
thep HRGRE 407 FEOSORRIKN AV B OIS 18 SOHIMRy fprof product or
ploRdih OMA SfTbid BERY @vﬁﬁ:ﬁscod@.vf%lr abﬁl%ge:ﬁ héé@%ﬁudléseﬁuclgﬁr acids

an overvi ew see Chshi ma et Pr ot el n
whlo:heham @Probfferent /qudery pé puictidicel Baquence on the ba5|s of the
hay mace t| cal i)lugnl fi cant%% i ncl ude. f or

d%‘?ﬁ w3 8@”9 Eho9TR DU ESRUNNRE Sare Bk A S&&”EQ?%W the

pradiAC UNBEleic BBRPREQichc@BOvhiRA Esdd Yor pﬁtﬁén@rméﬁ W&bﬁt&m
thereof but are not restricted thereto. Generally,

iNngPNSpol ypeptl des which act as agoni sts or antagonists
and/ or have therapeut| c or di agnostl c applications are
of value. The term "pol ypeptides" is used for am no

The i 1drime gD ederwteprddaxyriboniicleicr @tRlss whichpargnprepaséd by
am no acids of any length. This term al so includes

reverse transcription and synthésis of the second DNA strand from a mRNA

or other RNA produced from a gene. |f 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
requires 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



proteins which have been nodified post-translationally

by reactions such as glycosylation, phosphorylation,
caeel-yEE i on or protein processing. Bdheingst Mugilbkie Bfrma KG

t he pol ypepti de may be nodified, for exanple, by

substitution, deletion or iHertion of am no acids
sedubriodsi loataidt direttiyeat the ab@inAinitrohi dreintrogiexoni interiaces, have

bi ol ogi cal  actiyvit Exanpl es of therapeutic proteins
Q%R CRAGSHATINER RN ATHYaNEMQRONShES B Bl 1ART: _or owt h

hormone (hGH) and other growh factors, tissue

pl asm nogen activator (tPA), eryt hropoi etin (EPO,
Pooteimkofeterest g. i nterl eukines (IL) such as IL-1, IL-

2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,

lL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17,

Pl ISR TN ephm Bl R0 HRRGY (o
emaleoantymdms giintes, Gytatdies, Wﬁkinb&spﬁﬁhem rhokeedles,

VEGE. s are nocl on o] ycl onal
raEPIdTS T e SAYelieg € FRAMenndhéisaheblbate Mot resticted
thfe?@t@fferﬁ@érhw lei P tiéiss f\DIﬁlcﬁXé‘cEfpb§ fg%ﬁnstgaé"r antagonists

b')2, Fc and ragnents, |ight (L) and heavy

ro r hewe H@'HQ@UHIG ﬂl‘ dingnesficapplications ate ahvalugar i abl e

or hypervariable regions thereof as well as Fv and Fd

fragnents (Chanov et al., 1999). The antibodies my

The tefm MpoBbeplidaeishusah fa A auque@ndr proteins and
chinmeric antibodies are al so possible._ ~ Case 1-1412

refyenta REBIMErAgeR ARINA ARidenal RaY engtfab Thisdernalso includes
PSS TRTn 450 e BeEelindRRSi Al 8 fidions suen as

gliyogsiidtéon, bphbbphagjatioant acedylatient or r pgiteins .pradessinpy  The
be rod ced for exanple fromc i onal antibodies
StEHFt gtt he, Q)Q%fﬁerﬁ’“ge gP8Y % é“%‘ﬁ{g‘?&aéor pRISERIe o PY EHOSiYTION,
t (
déﬂ;}fg&‘anerk%t i mﬂ%m‘i‘fgaénlﬁ@@}‘/g?lo ggn%xélcg{ g\{n@olﬁﬁﬂe)r proteins while
rmlgmtltmhomglctalﬁep‘ﬂtm By gene cloning it is also

possi bl e to prepare shortened anti body fragments
whi ch consist only of the variable regions of the

E*H?ﬁﬁhés(éf"ﬂheﬂiﬁéultlb Prdtefracird lnél\xﬁﬁ mﬁhi‘?ﬁlﬁ(@f’g{)l%m}ﬂﬁ‘%oﬁ%uman

ra nments ra ment vari ab e— ragms
gfﬁmth Bl@rréwpgr(h H) ﬂ@dcﬁib@ﬂ giswibifacliorsy tissue plasrainegen activator

(AL TR RInTEP D) Phalyhal B iRahCOBR TEseh dedhet. 1

2 deB%rletlhiﬁ;i ILJ'GQIIL-t7hlI§8PllI-90H_e1Dhﬂ;-VﬁfllLam AL el 4919L-15,
the heavy and |ight chains are often joi ned t oget her

ILHAS, nibahé” B 18 'QFﬁFFQfOfbe(;Hhoé Pheaghsi® 9amma, -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 F¢' 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.



about 10 to 30 ami no acids, preferably 15 am no acids.
This produces a single polypeptide chain in which VH
cagrdL-Vil2ar e j oi ned toget her by a pepishdiged featseim Shetma Ke
anti body fragnments are also referred to as single

chain Fv fragnents (scFv). Hkanples of scFv

Fabt frhgsieas Qﬂi‘@grhemv\/lanﬂgdn d@ﬂdmgb&dFa@ﬁ corfsit & &g | veariable
Huston et al . years various strategies

rQgiRns (98t He@'@'%é’ﬂ"'%rafﬁr B@!acmgthefu by her aajagemy constant

=
i ThEE Tay | e (BF ekctmble REREhBGRT ArtBBbies by
treang nithea pestebs@ duol agapaphuhy:r thyn DINAl etortireg. aﬂthewantibody

he multime n of the scvara ment s t hey
fragGaUe s AL oHABTBNIS Tigh R IDG | SGE B broteolyti

di Qgﬁéﬁ‘ﬁnth girul tinmerisation donains may be, for
xarrpe CH3 region of an 1gG or helix structures

("coiled COI| structures") such as the Leu0|ne Zi pper
BY R0, iapiaoV & oonsS thebrebats, SRodeireh e trosh, ragments

whieh ¢BHsidtrEY DRithe Vali8bl: rééj.cﬂqs of fHe hah IWH) @hemgfrﬁ)cham
The term di abody is used in the art to denote

(Mbi)y aThase arerwwieas Estwgmeraier(fragmemé vaﬂ;aldemﬁagmetnh ef the

vat el Wt K6 s Buant BTt B Bt ShunBopisbBe g, 1 eBstan

clinely lﬁmQﬁs@ﬂJIé/thheséfo mé’hl% theytadi SFon@tibilised by some
addi ti onal Ig be stabilise i nserted disul phite Case
%

othen Mmethede nFon Hus ntﬁ@@sehéhenvaﬁablearmwf the ihepwy. and light
ol RHASTRArE Sofitn MR doaen6R by ofeiiier prstdlf rcblifd Hratifient of

abhomad! 0 o t3t aanito tavidis nureterablyi alanmohaaddj nﬁlmsmmdﬁmes a
of a fusion protein which

derivative, |t consi
singapalyReRiide ahain f’tﬁsk' ¥H apd VEiargdegesdagether by a peptide
irfkef! e5aEh Yariffady R @mehﬁc;f &M BRIed o URINGA R Fu
regi on. |s connetts the sckv fragnments by ans o
fr@memge(sc@g) oExampm affscRy@niibedibsaartd krkeavn erdidescribed, cf.

S Lbodi es are described by Hu et
fogpx%p%ld tow%ql flﬁbg'ri abody is used in the art to

denote a trivalent honotrinmeric scFv derivative
(Kortt et al., 1997). The direct fusion of VH VL
Inwipaisbuyearke vaseus  skategiask davee dugaic edévedeped door hproducing

BN SRR o B, K SR 58"k boinans

arftidbtsalithtinprovsd phardacoldhstic pespartibs @Rl Plcréeded binding
avflcglgrg nl%ncgr?ier ;rohachleve 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 tinmerisation is achieved by neans of di-, tri- or
tetranmeric coiled coil structures (Pack et al., 1993
Caprdl-1995; Lovejoy et al., 1993). Cewrerishechncddes Fherma KG
a fluorescent protein The expression vector according
to the invention contains a ]g%ne coding for a
bfilges. e Egamblgy oft diabodiies dano@ fdynd Imireditéatiree egprrin Rdrisic
i nterest and under the control of the
ek ubi qui tin/ S27a pronoter, a nodified hanster-
ubi quitin/ S27a pronoter or a honol ogue thereof. The
fluorescent protein nmay be, for exanple, a green,
Tbe delsm-rgnﬁmdy iblused inythelarivi@denbleea hivalenlr ramodimeric scFv

AN '%fue@fmr%ﬁeﬁt Phieh CoPieta SRaTedn of an
1n¥rhﬁﬁt9§lb8um*i ﬂ?@féréﬂ)l? I HIJS?EF@féraHP&’ !Q@f oy §m§1#lé%ltleﬁe?‘§glon

fromThem cf ennet et” a
Tiosatdrinects the sc,:F\wggrnews @y/ 109308 chradhirige ﬂelglCHT, also of IgG,
Cit d therein cen rotein
o, e SHSPR Frianibies of Sraadniollis® 6/ teratiged iy Hu e al.
1698.34326, WD 00/ 34526 and WO 01/ 27150 whi ch are Case
1- 1412 Boehringer Ingel heimPharma KG 11 19
i ncorporated herein by reference. These fl uorescent
opho
TS S BR0RF s hee et TR frndB: Bhgle R hOmRERRbrc soFv

de!mmmel(ﬂortaeaaiq 1987V Thardics fusiorZoRVHNIs without the use of a
Zoant hus sp DI scosona strl ata, Discosona sp.
"nheééequwg%l%@lﬁﬁow forgatien-of tinetesona  sp.
"“Magenta", Anenonia sulcata. The fluorescent proteins
used according to the invention contain in addition to
Thé&ragiiedits kpewvpirothe ars asahioi ahtnhndlgaemmidf‘chaewgla bi-, tri- or

d t t d t t
teffafRBRE SThett A0 Heav Aot Scfiv AUTave. 18 exanp! o
mﬁﬁiﬁﬁbrféé‘%lﬁﬁ is ‘élbﬁlﬁv@d Bgrmé’aﬁrﬂi &1 Bis tﬂ[ oP RIS cdift® coil

mut at1 ons used r exa ter the excitation
stactuigisdFiack eépla,ci Qﬂﬁmnd Hégﬁotmwy) et af, 1983)nophor es,

the extinction coefficient or the stability of the

protein. Mreover, the expression in manmalian cells

Géhe WHIEH coMSCiR A ﬁlﬁiﬁe%dt:@él@wd_ by codon

optim sation. ccording to the invention the

fI uorescent protein may also be used in fusion wth a

| : A .
TR R eERoR VERidHoooRid 16 Mt BRiaTBbh el Gene soging for a

ﬂdo@biﬁi@nt prdteirf imﬁ@mwﬂm@;ertbtth@ dehy df rtefdstiandsselet the

prot ei ns nakes possible to
control of the hamster-ublqwtln/827a promoter a modified hamster-

ubiquitin/S27a promoter or a homologue thereof.

The fluorescent 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; Chalfie 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 (FACS) or
Cidpe 14y escence nicroscopy. O her Beguiratofyeghenetibsna KG
The hanster-ubiquitin/S27a pronoter may be

functionally conbined with b1 her regul at ory sequences
ircorpordiEd t hedeier gs abfergntat e (Theser afsgesqnt oproteins  are

15ioRBPES AR IRGSHSRE! DjORTARECR Dechbagi Anthozoa, for
AR AN H8ho, CIVIRIERSE, RHAAISE! | PRSIk sp.

t
activity. For t , One or nore’ enhancer's
Disposoaia stiigta DisCosoma sparicsetl’, Disposoom spy"doeenss ddfscosoma
e. 4, a,CW. or SV40 enhancer. The term enhancer
Sﬂ‘eﬂ@@“‘%*ﬁﬂ%‘ﬂ@?%&?@e sequence which in the cis
| ocation acts on the activity of a pronoter and thus
stinmulates the transcription Case 1-1412 Boehri nger
The debrasicenbheateins kised zecotding de the inveotiomnaantajn in addition to

PRSI bl BEbP el AR A8 Bnl o orans,
fragimentsidediPamith dheitizdd tHebRIAIch hAR RPExhhPIeBebh fused

front of or behind a transcription unit, within an

with other petainear poptidesn Theemsdrtions usag vay forrexashtiaraiier the

ofEHEHBE, BT PRI Sapdirit® gonthifon, of fcbioBhold ine
extinetionrooediicient drtthestabilily glohel hroesih.o Mavever, nhy Sxpadssion

.and functi on%ov%rsl ap with the pronoter. The skill ed,
inyRammalian,eelisnelr ether saergatran b BRIYRENscodghPptimisation.

. . , . _
NSRRI Ao RIS QLIRS BYEhet fson
wikin lrasedectableamianarj prefermabhaac arsplifiable séleatableamarkertduesh as
.as .i ndependent el s or elenents cloned within
d'ﬁ)ﬂ‘f’ﬂ?ﬁ‘ﬂ@f)ee@"iua s?é&;%es (e.g. deposited at the ATCC
or fromcomercial and individual sources). A nunber

of pronmoter sequences al so contain enhancer sequences
Tre dhiosesaeheef emidiesn by \thesiubreskentr praseios . makes fitupaasible to

. f.th t h
R Y B n e o bV Oai e e FECA upresconce-
adiVaRICEs!| $GridrFADE)arIsy IRBSEhRARIESIopyi ch can
be stinmulated by glucocCorticoids or heavy netals.

Anot her possible nodification is, for exanple, the

Ofﬂéﬂ'rré’&gﬁfd!?g%lé?ﬁeﬁml tiple Spi binding sites. The
may al so be conbined wth
regul atory sequences which allow control/regul ation
of the transcription activity. Thus, . . .
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. For 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



the pronoter can be made repressible/ inducible. This
can be done for exanple by linking to sequences which
cameel-beredi ng sites for up- or down- eéedgifgat iTAfplheim Pharma XG
transcription factors. The above nenti oned

transcription factor Spi, f4f exanple, has a positive

ofhigenk fanctidirally 'c@nASEied to AMis §rbmotdry - Urinet fremotérsani| effect
is the binding site for the activator protein APL,

olpnhanaesy isiedependent 9 speitioa japderienialion aveéHeyoran therefore
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withiet thescodiry tegfiomeShavahaacsmnmal deslstated with in HPidnmsdiate
references therein). The transcription efficiency can
Vigingy g tli‘%éf%é‘ﬂ“%@ %bﬁ@ﬁn@t t%é‘oﬁﬁﬁiﬁﬁ@? d'§@@§@nﬁf@m the
PRI T AARHIOT halt kihysld Sl el Sl e
pmmncﬁerﬁ nTm@:skilledamaapwHIt be ayeare of mapumbbetdiesnhanieess from
has increased th ronpter activity. Case_ 1-141
valifii SAYGES | (AGH| FRAGRPH R riatReanke Siigh SaRRYBaDkee.g. SV40
e der@NTMV eEHhAN@TY, ?bﬁ)ﬁ'i‘é SorlHHFIcEPS ROSRRNIRISS cRhAREers)

than the hanster-ubiquitin/S2/7a pronoter, enhancers,
whishmaratavailabled agoingepengénit etementsgonl elemeadtsochmred within

. | el ... B ' Y] d .
pARRLFERAT sERPeren fefompPeuisel al dod 4R G oo rommercial
and@lin@vRILee! dourddfs. A nIhARSCh Rirb@idtdre88@rie¥ also contain

el enents" generally conprise a pronoter upstream of

enfances seqyenermuchi as the baguedlvased Chhsprametebn The human
CMY SRBRGR, ¥ Sy SR ihod AhefBlk Fenigen ierp. Ore

exaohyleusfl @olrndieibie enrageenibithd nadthhodichieth eabatder| whidrecan
. transcription of the,égenes or sequences functionally
be stimelated byghegaspriapidsomnhemint @etalent ai ns recogni ti on
sequences for binding RNA polynerase and the
initiation site for transcription (transcription
- Amother gbssiblesmbdificatiom isy fdeexdropkey the firariudton oé dnultiple Sp1
.sequence in a certain cell type o host  cel | |
bigg-aeS- THIRROGIIF SraRRCEs ek Alssbe RoBBimeckwEh regulatory
sexfifenices m?h"&ilb{m @&tfcﬁﬁbgﬂjlﬁﬁon"&f?the% i rf]:giﬁfié{n Aetivity. Thus,

pronoters rom vari ous sources, inclu
the opromater ioze, bei madei tspsessible’ dpdecibiebl elhis mant besdone for

e, osjted in datapbanks such, as.GenBank, for
Qs IHFASS Staldhetal AR arg Bitking SHEF URE M QP bown-
regURITRG FafsRRInWchirs. PTheNHBbeS trhestiGRAH eReSErpticHfactor

commerci al or individual sources. |In inducible

Spot drbexagie hag ai pasitiveosffedtconp thenbrapscrintipnbactivityd udveether
ex@imgiB 58 332 Bhhdiflg SASAGNHR bt SiRkin APF, GifRHRNSy Yot 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.



pronoter is the tetracycline (tet) pronoter. This
contains tetracycline operator sequences (tetQ which
cganl-eid nduced by a tetracycli ne-r egikaiget tngelheim Pharma KG
transactivator protein (tTA). In the presence of
tetracycline the binding of 3TA to tetOis inhibited.

BExieally, aheiddiidal redulatohbbRnidmEMicide pfemdiees bther than the
fos nmet al | ot hi onel n and heat shock pronoter (see

hamstersiiaviinloZsa pomotary gohancesss iimination and polypdemylation
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PR s S T KR eiptioh Riliafh Bha %rihation
sitemamd gl poyddemytationesignadhock pronoter(s). The ter m
"transcription initiation site" refers to a nucleic
acid in the construct which corresponds to the first
Tﬁé‘Ct'eﬁhC% RftheteMiiibies 4 Eﬁ%ﬂfn%fei\ﬁnlg bEidHeeP WhiBH 4)I6RE €and
-1412 Boehringer 1ngel heirm Pharma KG 22 transcript,
contenls tthe tremsariptien of Sbe .geniee on saeguangesi immctlmaliyacmmected

ity A, BFORR o Rob i TeldBIRT (sebiRET 33 Hifing RNA
s g wamBR i by g sy Rt s
In; %rder do %@pfem slesiied segHanemirt B Qﬁgrtal@ge&tim of gehost cell a
sUBEHR Ak SPa gk AL fEPbbEhoBn, TS SOKIRERR G, I8 i

wmaua e\ssarcétpama@eombtas fsoecvhriousi stcmraés t hmhjﬂmg nebrgfitutive,
t he eukaryotic pRNA and post-transcri ptl onal

*mfiH@QIepaWAtrfeewsabl% P:E@Hﬁ@rﬁ%e Theyagsudenenitedon daiabanies such

oS SRRy e 8 Jpafind B811EA 60 o3alh i o

':3elabmmts 1€loB8d nmathirot pdgsumipemdeaaeapjendes dtc&avegmmmml or
. ghd, a, sequence .|l ocated downstr Vari oys
indy|daksRyTess IR ladubiRromotene tharrctivily: AT the prempter may be

It I ' £ .
Bl o o SN it %, e

profeter l@sibatteﬁraﬁwhne dietepromateansbisi gaintains deiracyiclise operator

oRHRERAE @i PP S P54l Y, B 8leguion

trdrisaggvatop brétairt @TA).Nai tHpRISBABE of téthadiialhd Be binding of {TA

preferred enbodi ment the transcription unit contains
tottﬂp figinhibited.r &a@mples 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-1 promoter, the long

‘terminal 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




regul atory units. "Translation regulatory el ements”
conprise a translation initiation site (AUG, a stop
cgedonsend a pol yA signal for each pahypept rtelbdnmarma e
expressed. For optinmumexpression it may be advi sable
to renove, add or change 5'-24nd/or 3'-untransl ated

trapgeripis i.ef thbemRMA @iréc@ebfl STRYCGSsCABLEN ihRiationbsite may
expressed, in order to elinmnate any potentially

OYﬁﬂﬁP wiBItee REUNlEsRANUSRGASs| ation initiation codons
or other sequences which m ght affect expression at
the transcription or expression level. In order to

The demih étramnpﬁem tarminativrssite! refars e asigledlidedisaiencé dhich
be inserted i medi at el y upstream of

. alternative
'St'?%m@"m t the §d%rr>3 of fhepgefd of htprestacel egsasiessqalion which is
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amfel m@aee@ Blende qVRE qmlya@enwndw ﬁgﬁﬁl cémpasEs Ghé deHEence
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translation initiation independently of a 5 -term nal
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a GRSt B S P p e RABREn BT ¢ Sans o Jatstssleardior a
maHReSgemd &nWéﬂ a§'éetrér?§cr[§)tﬂéntfeff‘ﬁlﬁ'l bhOBIe?ﬁeﬁthe IRF’&rﬁbther

readinhg frame | ocated 1 medi at el vvnstream
pretatrech emhaglimant g aﬂanmlmmmﬁ ¢anjaing iwo further transla’non

ronic, i.e. it my code for nunerous
regﬁﬁéé&e"ﬁ{ pol ypepti des or products which are
transl ated one after the other by the nRNA, the

majority of nRNAs from aninmal cells are nonocistronic
Taares'%m regifatonl plesrrntsr 6omprse@ aelation inifiatiamgite 486G),

a ?Loga?r ansfaﬁp h8&éﬁ ghﬁpﬁ)‘ﬁrréa%th ﬁ&y&eﬁ%a{&’ BEieg(p?gééed. For
optimum expression it may be advisable to remove, add or change 5'- and/or
3'-untranslated regions of the nucleic acid sequence which is to be expressed,
in order to eliminate any potentially unsuitable additional translation initiation
codons or other sequences which might affect expression at the transcription
or expression level. In order to promote expression, ribosomal consensus
binding sites may alternatively be inserted immediately upstream of the start
codon. In order to produce a secreted polypeptide the gene of interest usually
coniains a signal sequence which codes for a signal precursor peptide which
transports the synthesised polypeptide to and through the ER membrane.
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I'ngel’'heim Pharma KG 24 Jang et al., 1989, Davies et
rikgsomal ggtry siigaltiRES)alThe elavoenizcoroprisgs a seggence which
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element, i.e. the spacing is selected so that the
anig eskk plewsihe tanslgiae of wasisticast(epenreading frames) from a
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s AREY, STAETAES eqbBe gRUIALEhNABIREERE DSl o
sikeetfordhet randl&ESh ef ¢henbpemdreakiings tfeare clodatedd fimniiediately
ene | ocated downstream thereof for sufficient
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~ transiated . oy affiee the asthee bydtec midA, ithe imajociysiohineRNAs from
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one or nore such neasures is therefore a further
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woli £ iSRRG RIBLF! Stop et cEF Wridibhe Pabplint would be
refakedtidhh thaBbsEMmae Mhushbaly thkl ivsispappeptidecat produef coded
anplifiable marker gene and preferably

t he ) )
byc dbanmANA cwoulsh ke produasd c upng olsapsiation. By contrast, a
muiticistronic transcript with an IRES element which is functionally linked to

the second or subsequent open reading frame in the transcript allows
subsequent translation of the open reading frame located downstream
thereof, so that two or more polypeptides or products coded by the same
transcript are produced in the eukaryotic cell.

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;



consi sting of the hanster-ubiquitin/S27a gene, the

gene of interest and the gene for the fluorescent
cpreot-eirz. For this, the host cells sdeansbectegiwimhrphama xc
corresondi ng expression vector are cultivated in the
presence of a suitable selettion agent, so that only
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of  at least the anp lifiable selectabl e narker gene can
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%ﬁg$§%g%¥l %ﬁ%gﬁ overvi ew by Kauf man, Met hods i n
Enzynol ogy, 185:537-566 (1990). Table 1: Anplifiable

se| ectabl e marker _genes Anplifiable sel ectable )
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(human) aspartate transcarbanyl ase: di hydroorotase
adenosi ne- deam nase K02567 (human) Xyl -A- or
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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
repiicated).r Preferably, this is achieved by stepwise cultivation of the cells 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 ampilified if a host



AMP (adenyl ate) -

D12775 (human) adeni ne,

azaserin,

deam nase J0281 1 (rat) cofornycin UMP-synthase J03626

pyr azof ur an Bdd¢Pinger Ingelheim Pharma KG
5' - dehydr ogenase J04209 (hanster) mycophenol i ¢ acid
J04208 (human) M33934 (nouse3d® xant hi ne- guani n- X00221

céliEtransieicleditepehith o icaltizated i the presence of the selecting agent

c{seurrami2 6- azauri di ne,

hosphor i bos%{t}ransf erase |limting xanthine
”%@W@@é@ MTXd0060 (hanmst er) hypoxant hi ne, nut ant

mut ant

t hym di ne- ki nase ML3542, KO02581 am nopterine and

(human) thym di ne (HAT)

J00423,

M68489( nouse)

TN@S@I&SM!OgaTabIWGgE@s (eanmpess of otler amplifiable selectable marker
ase 0596 u .
3315013 AgoptRoUBRYY Wy s uppdapcording to

te-synt he

06084 BoNURe estpratid,

th(?r e vkéﬁﬁd?ﬁ %ﬁic‘ﬂ él%o dé%@l%&i

FQrJr QRePvibUBR

nouse) adr | anycl n

Enzwmniogwhéés 6Baf5ﬁﬁ @860)e reduct ase |

aphi di col i ne

(rmouse) |

KafPMB" Methods in

vincristin,

ML24223, K02927
Case 1-1412 Boehri nger

I ngel hei m Pharma KG 26 gl ut am ne-synt het ase AF150961
Téblén‘ﬁt er) Aﬁﬁﬂl'ﬂb@l@' sra#ec&ablahﬁesﬂkm BBnes09114, M50803

(muse)

M29579

(rat) asparagine-synthetase

Amsalae(mmele) 3-
markerageneal bi zzi i n,

d
3

dssessibhywmbeinat e,

azacyti di ne

Saleqtz@pagent

38940 ( nouse)

PHyePorordidleductase

M19869 (hamster)
E00236 (mouse)

methotrexate (MTX)

metallothionein

D10551 (hamster)
M13003 (human)
M11794 (rat)

cadmium

CAD (carbamoyiphosphate

M23652 (hamster)

N-phosphoacetyl-L-

synthetase : aspartate D78586 (human) aspariate
transcarbamylase:

dihydroorotase)

adenosine-deaminase K02567 (human) Xyl-A- or adenosine,

M10319 (mouse)

2 deoxycoformycin

AMP (adenylate)-
deaminase

D12775 (human)
J02811 (rat)

adenine, azaserin,
coformycin

UMP-synthase

J03626 (human})

6-azauridine, pyrazofuran

IMP 5°-dehydrogenase

J04209 (hamster)
J04208 (human)
M33934 (mouse)

mycophenolic acid

xanthine-guanin-
phosphoribosyltransferase

X00221 (E. coli)

mycophenolic acid with
limiting xanthine

mutant HGPRTase or
mutant thymidine-kinase

J00060 (hamster)
M13542, K02581
(human)

J00423,
M68483(mouse)
MB3983 (rat)

M36160 (Herpes virus)

hypoxanthine,
aminopterine and
thymidine (HAT)

thymidylate-synthetase

D00596 (human)
M13019 (mouse)
L12138 (rat)

5-fluorodeoxyuridine

P-glycoprotein 170 (MDR1)

AF016535 (human}
JO3398 (mouse)

several drugs, e.g.
adriamycin, vincristin,
colchicine

ribonucleotide reductase

M124223, K02927
(mouse)

aphidicoline




ar gi ni nosucci nate- X01630 (human) canavanin
synt hetase M31690 (nouse) M26198 (bovi ne)
cgreni-tlhime- decar boxyl ase M34158 (huRe#tyinger Ingelheim Pharma XG

a-di f 1 uor onet hyl or ni

HMG- CoA- r educt ase L00183, ML2¥®5 conpacti n

thine J03733 (nous

e) ML6982 (rat)
(hanster)

gitdidbrid-éyninemseN- ace
tuni canyci n transf gnags
M63180 (human) borr €

tAF@Ol%QS(hﬁhﬁlé

uh VYR trz%NA-
'(hﬂ'u@ " Na+K+- ATPase

Th&thidriikéailpbhoximine

et ase
J05096 (human)

ouabai n I\/Il4511 (ratwmeéﬁg to the finventi on the
G A BRCEaes T2 L RBITY o wi (BRI ORIt
of DHFR, e.g. for O 396 on pr of@PIRZiM. ongagytidine

fluorescent protein
the biosynthesis of

um
ANPHOHROUSBNFR i s
AMO72084rate| | s whi c

necessary for
h Iack the

afgifiRogecrsateannot gr
sptR&agene is theref
sel ecting and anpli fjyi

X01680{buimae) def i ci
WS 690J($|®(ﬁuﬁe)sel ect

a@nanadinum The
abl e mar ker for

s cultivated in

oﬁh‘l'hirﬂeﬁdééaﬁﬁo&?gﬁe' Hd

conj uncti on
I nvent|

The present
III y |J \Y

HRHFRPAS %‘{‘%{'14‘ %€t he f

of the host cells Wi
a protein of intere

- Hﬁ%ré@mormthme

r exat
es a nethod of

GOMBAGtBCt | on
e at | east for
otein_and

Nemrfylglticopamingld vat |
traingferasal | ow expr essi

Iﬂ(+\. alal
ToT TTTO
on of the various g

dunicamycin ons
enes, and (iii)

thr8enyAnBNA-sgtheRizeof

cel |

%%%ﬁfﬁf?
s: (1)
Md®1 80cGrumidrggr at ed

R Rigirdy

NetKLATPEsR0 the cell

agent which all ows ttm

meadi u
net ho
Paaﬁ
s mhlch cod
tM" & (hywsrasy c et
ence o
gos%%mﬁégfl on of

foubafl €cting
at |l east the

anpttfiable—setectab
net hot r exat e.

i ncl ud
MBEER 1t (hemead)l s und
ITal K1 QCIIC o Ul

I

II asS

Preferably the transfected cells are

Accdrtingplostieiinvdntiontas tarmggiableyselettabld magkdrefénendad is

t he absence of serum and with the addition of

PrefriablisR Agne ariemcrdes e Relymaptidepvith dha Bingtionef BAYR,
o5 It BHPRESY 4 RARSH pRASH I SR sKSht protein and DHFR.

DHFR is necessary for the biosynthesis of purines. Cells 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 protein of interest, a

fluorescent protein and DHFR; (ii) cultivation of the cells under conditions

which allow 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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step is at least 200 nMand in a nore preferred
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step by stepto 1 :M In individual cases
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pl asm ds, bacteriophages, phagem ds, cosmds or viral
i G - giass ardingto thei invention
adenovi ruses, adeno-associ ated viruses and her pes
sinplex virus, as well as artificial chronposones/m ni

Thérr oxpreesien. véber acdardingt ite teDNidsition ey ahsoretically be
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PriBradk | GOneBPPRIATTRSHORS | KIoWRNia de | Bitoas: described by
Sél%ﬂ(%l@@?&l. ?‘R{%@ R SBmpts.| QUnBbk Gitd 88%%}%3 the functional
se | er o
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| oni It f th i ntroduct i f , .
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ar&ﬁﬁi&@éis‘i&ﬂ%@béh%,'éélécftQBierﬁéHéélﬂé s mrﬁﬁaﬁwgﬁ?ﬂﬁts and
Stratagene, La“Jolla, Case 1-1412 Boehringer |ngel heim

spisEnonsigR@s2 dConventional cloning vectors may be used to produce them,

e.g. plasmids, bacteriophages, phagemids, cosmids or viral vectors such as
baculovirus, retroviruses, adenoviruses, adeno-associated viruses and herpes
simplex virus, as well as artificial chromosomes/mini chromosomes. The
eukaryotic expression vectors typically also contain prokaryotic sequences
such as, for example, replication origin and antibiotic resistance genes which
allow replication and selection of the vector in bacteria. A number of
eukaryotic expression vectors which contain multiple cloning sites for the
introduction of a polynucleotide sequence are known and some may be
obtained commercially from various companies such as Stratagene, La Jolla,
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CGeneral 'y, but not necéssarily, functionally |inked
DNA sequences are close together and, if two coding

WAETHS 17 SHOBS G 1r8L Brspeil B8P S 1% Gttt oo or

"fiMGHOPEDN liAkédM edfemN @ ko ldriieeb PUBKRIS atid Seq@stRiea! by partial
| ocat ed upstream of the codi ngégene sequence it does
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of the coding gene sequence it does not necessarily have to be close to it.
Enhancers need not be close by either, provided that they assist the
transcription of the gene sequence. For this purpose they may be both
upstream and downstream of the gene sequence, possibly at some distance
fromit. A polyadenylation site is functionally linked to a gene sequence if it is
positioned at the 3' end of the gene sequence in such a way that the
transcription progresses via the coding sequence to the polyadenylation
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fierdseaninablen amafancticaahatinked ecbwthet s Tivs meaastfor example

o5 S o R B i
)fb%ﬁé’ééf rlﬁ%7 PE0dfhe Qb |W§2f75€p90ﬁ1%gv &P be esified form

ancer ele 40 enhancer
theredd. dWaepﬂranularly eivefesred enmddaemtrml functioha! linking takes

piﬂ% rv?qs %{gglrﬁ%@ie@? elggrs]@\gff :agbdcbqi g)nngﬁ'@ﬁ | I(S) nsy\r/1 Cetscl)sred from
bdtha@%ﬁéspt | PRe U@kb:@ssfﬁhe VieRtdH dcb@ﬂ:ﬁﬁg' & iBB Widntibh may
defi'ned as a region which contains one or nore genes

additionallytgontaiore cemalemanie svhigh achfunctipaalcen pnesir more

ol BRREbRRVGRIte/ b HF o8 eRtEsERR, VEhtat Tngiicn® e
uﬁudj@tmiszmasgrdmtemala ﬁ'@@ﬁﬂed forfn tHeeshiRElinkednt &1 edthancer
pronot er/ enhancer. result of this

elemgnb @0 pan SY40 @ﬂhﬂﬂcﬁ@%ﬁ M enhansee elemgntone
protein or product can be transcribed froma
transcription unit and thus expressed. Each
‘FUrromm@ntam ithe enplrésm@nbathﬁs gehes méifin anmraweneetor may
are neces for the transcrlﬁ)gl on

ta't“? aH Cat iStRT'BY r|q Jfe YedUBHt AR Pﬂeél‘nftﬁ-er effie term
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rent regu atory | RES el ements or
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transcrlptlonal control of the same promoter or promoter/ enhancer. As a
result of this transcriptional linking of genes, more than one protein or product
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.



30 The expression vector may contain a single
transcription unit for expressing the gene of
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fot Iaélugmm:enb proteginfand thef amphfﬂme Béleptatﬂ@ markeahgdam aree
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veetargivith td Sepdrahtrahdatipiohimitel B8ipheferred 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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gene of interest via recognition sequences for
cdsest-nkt i on  endonucl eases. NUTEr OB&:hf RGO Mhdell Bim Pharma KG
sequences for all kinds of restriction endonucl eases
as well as the associated reskriction endonucl eases
of\l ¢hd 4gkReWLff ripfarebe pPial OfecabhitiohT edcfuditlcks SOFUeESHGtION
are used which consist of at "|east six nucleotides as,
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according to the invention results in transforned,

genst" cally nodified, reconbinant or transgenic
H ,13 which are al so the subject of the present

invention. Preferred host cells for the purposes of

the invention are hanster cells such as BHK21l, BHK
FoK"trar@fiatioBHWiKI1 , theHexprasxjonCheciokacedrdingl t0HEhe DB%antion
cells,.or derivatives/descendants of these cell,lines.
eyikary B, Mgty o A8 U5 Tar iR BOIAMEARRBLRRS SR kpore
pé"ﬁléiﬂ%ﬂﬁfilrbd@ﬂ{ lcRils PRIcH &4 mbli¥e, FEIQaRPAtarAser Gdi vdeX The
cells.

so suitable are nyeloma cells fromthe
suapeseiul praastacipnyoiNbe earespendngeeslisswithdan expression vector

AR 1 e VTR ieills VR Rnetifmge: bty Roffiec,
rédconibiveanti oW rahsgeniaraelig] which ard atée the tijedtodfl thas present
However, derivatives and descendants of these cells,

INYEREIN.manmal i an cel l's including but not restricted to
cell lines of humans, mce, rats, nonkeys, rodents, or
eukaryotic cells, including but not restricted to

Pyedased hosseells fordthpl murposes o§ therinyeation dre hasester aslls such

h cel for p uctian of hiop tical
aoBhlianBiea, 6MDGRBSRN, ERD kG eER i Shanrs cHo-
0%4 taps eo@idekﬁﬁﬁ&@é/ﬂlé%mwse Ot aiset icen fiRéd. LimRBeularly

I'l T1ne Accession Nunber
preferred are CHO-DG44, CHO-DUKX, CHO-K1 and BHK21 cells, particularly
CHO-DG44 and CHO-DUKX cells, Also suitable are myeloma cells from the
mouse, preferably NSO and Sp2/0 cells and derivatives/descendants of these

cell lines.

Examples of hamster and mouse cells which can be used according to the
invention are given in Table 2 that follows. 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.



NSO ECASS No. 85110503 Sp2/0-Agl4 ATCC CRL-1581

BHK21 ATCC CCL-10 BHK TK- ECACC No. 85011423 HaK ATCC
cdselr-1,m2 2254-62. 2 ATCC CRL- 8544 ( BiHdKr2ker defelvdahi Mejma X6
CHO ECACC No. 8505302 CHO K1 ATCC CCL-61 CHO DUKX

ATCC CRL-9096 (= CHO duk , G4 dhfr") CHO DUKX Bl ATCC
Téhle-B HdinsterHenBMdudd Priducién Dell LGges 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

pol ynucl eoti de or one of the expression vectors
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Hé nstructs are either immgﬁ ﬂ?o t he genone of

2tmpep@st  cell or an art | WTOGCRL-8544 _
chronosone/ m ni chronosong, or are episonmally contained

(BRK-2f1 dgrivatiggher in the host cell. The transfection

4.4.9). H

pethod—whi-ch—gives—the Caseriixi412-Boehri:nget
Chﬁjgel hei m Pharma KG 33 ﬁﬁ%%"\f‘?-;i; é‘@?i on frequency

CHmKexpression of the hetamg®aoaisegene 1n  the host

cell in question is preferred. By definition, every

CHEYDAIOE or every gene | ASEG ERL-A086host cell is
(=r6ﬁejra&|g bﬁ&ahﬁ,_)"heterol ogous sequence" or

CHO-DUKX B1 ATCC CRL-9010
CHO-DG44 Urlaub et al;

Cell 32[2], 405-412, 1983
CHO Pro-5 ATCC CRL-1781
V79 ATCC CCC-83
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 carried out by
conventional methods (Sambrook et al., 1989; Ausubel et al., 1994). Suitable
methods of transfection include for example liposome-mediated transfection,

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

dextran)-mediated transfection, protoplast fusion, microinjection and viral
infections. According 1o the invention stable transfection is preferably carried
out in which the constructs are either 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
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SERI. B0 EsRavsly 9a00%s,y PPl Eifle SipfésdiSh fbtes for these

cistrons are lower than that of the first cistron, the translation initiation of

D

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
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pleBirH( | EY?tbfr%ger ﬁ?éke%*%a%nd%% M‘éA) ol SofSFM.é same

(Inwtrog serumfree CHO Medium (Sigma) and
priomater/anhancer camieatiomansifgnal leastaoh ddiien $aleetabtedmarker,

nal | y. b ted with various
fog%%@ﬁﬁjﬁe’w@y . pﬁlﬂsﬁﬁﬁt@%@% other growth factors
(e.g. insulin, transferrin, epidermal growth factor,

insulin-like grovvth factor), salts (e.g. sodium
Amrdmgd@ thealnyeaiign #heyhesi cells pweosm&anagjy eﬁ@bﬂ@?@ adapted
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ccﬁﬁp%aur%dé, e.g. hormones and/or other growth factors (e.g. insulin,
transferrin, epidermal growth factor, insulin-like growth factor), salts (e.g.
sodium chloride, calcium, magnesium, phosphate), buffers (e.g. HEPES),
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 cells 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 or
more selectable marker genes, one or more selecting agents are added to the

medium.
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amplifiable selectable markers, include genetically modified mutants and
variants, fragments, functional equivalence, 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



usual ly used in eukaryotic cells include the genes for
am nogl ycosi de phosphotransferase (APH), hygronycine
cgaosphst ransf erase (HYG, di hydradketate refucdiaS®arma K6
(DHFR), thym di ne kinase (TK), glutam ne synthetase,
asparagi n synthetase and gengs which confer resistance
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s{i}tHI85C SRpaPAdih CLhABASET Bh& ! Ginath et | 45HIER GEsistance to
naomytinqGartehgaceniycior, distidiiot Ds belonagie,. ghleomysincauhzeocin.
sp., Anenonia sp., Cavularia sp., Zoanthus sp.) for
the selection of transformed cells. In the present
1118688 loBBsiplefo Y8RPk Hé%%&gngylf@o?égé&{cb%&afed cell

on O genet | reconbi nant

sirting (FAI0S. abot Ithasabad:heﬁalaﬁlglacﬁ&:d%abd:@l sarfaegs nggakers or
This marker is particularly suitable for the sele tlg\PS nd

flugrgserniJuqiring mapberysest (%9 g d&rﬁﬁc%ﬂqﬁﬁoﬁ%@

a I S
RS b o oae B cRs SALR ATISAS Ry pivr
spegtieg rred fiuorerosnh grétezeanc thmtmns@mhnsla dlumne:tqe int ch’@eDlelEilau rs

ng nmay be here a om nant sel ectabl e rker
ki dte. YRR ofeda NEAT QU ESSE b DEaRTIRNS SUGR' 68 ..
Dl’!;&‘:@?é:%ﬁtéﬁ Nahehldtd ShbNChVGarASS, Wearthu®sP8 o the selection
achi eve 'DHFR-medi ate gene anplification nethotrexate
of(imgfoimedieelis. The growth properties are critically
i nfluenced by the addition of MIX. Usually, a
substantial deterioration is observed in the

InfthE 'Iﬁ@ééﬂt'lﬁ\?bﬁti@lﬁu ﬁieﬂ@&s oPfhet DHFRC?ér\éSISE}ﬁ'eféiﬁad\'fa(the

concentrati on and I i fication i ncr ease
selgetinn efi ganafically (recomb@abaéwsi calias the amplifialle
sc%!%@tgﬁ{ ?rglglrlé‘? g??\%?ﬁg#ﬁﬂ%ﬁ?@ﬁﬁtpmaﬁg tgtb eemar (t:tp]e aelectlon

andsotsatjuspt ashpiificitiomwhen mMgsDHFﬂwmgaﬂue basid bells such as
I%r esence of hi ngconcentrati ons of MIX (cf Fi

ChighRGAdoar CHE-PUKRR asthese Sefle 8a Nod exPrassaNdas noUbQHFR
oo 80Dl Ty BYRRE RS- ALAE, OO AN DR
gdre malthevasexbhemredas amoninhasidselectable mpades e the tE0Gformed
ceqilglarg Irsefec’tea lr}/ hy'ré‘ofal?'&iﬁéfa t ?/Pn? Offrele r%edlum In order to achieve
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 amplification 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 using a



which resulted in a significant increase in
productivity. Thus, a nethod of selecting highly
c@feoductzi ve host cells is regarded a&nhbRigBf Ingelheim Pharma KG
particularly according to the invention if host cells |
which are transfected with ah/ expression vector |

FREFESENGE-ARivaie] CBN Sokicp (FAOS) R%ps 8bk Ribé eatvateleind
gene of interest, the fluorescent protein and a DHFR
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SQIag: angh @ﬁﬁbﬁﬁ@ﬁddﬁ@/ geng agpificationstgp ipthe presence ot at

Ié&g{%@hwgﬁrate 1rs{gﬂqﬁml n a host cell. The

expressi 0 general |y deternined, either
on the basis of the quantity of correspondlng mRNA
fhe host. cell or on the

BY e ihgniatony ofhogens’ IpSatiens GrouliePaiis of e e, such

aSrs@ehgl thd maidBRaAte bf‘&&‘i:ﬁﬁ tgro@i’i*?ra%@ %bhé’tn@@,s tdTRNA
produced by transcription of a’sel ected nucleotide

"upsgaling dlarger $izes abbiorencies) aod tax acpieyvementof highreell

ot oSl R mib RS SRR Sk R slufbiriRaiche

indbemial pRIductbn dhtes oH@Kcafiigubel et al ., 1994).

Protei ns which are encoded by a selected nucleotide
sequence can al so be determ ned by vari ous nethods

Eﬁgggsﬁﬁ’ for exanple, ELISA western blot,
T noassay, i munoprecipitation, detection of
the biological activity of the protein or by inmmune

stalnln of the rotelnfollovvedb FACS anal ysij s.
%a‘i?HPo KPESSIn | & U@JE@“SEE'P%“ a”di%ztﬁg;‘s@@é‘ of a

hétel’lcﬂég% Iéhbn&?(ﬁ érﬂ:%e]rh%' Rb&N Iﬂahﬁ%@ rd<¥on G518 can be

Xp eSS|on 1evel (or rate expre33|on
gen&ralégammbrnmed eshemoar thisi gasmran‘dthet quantty ofetermesgonding

| ong-J astin ufflc ent|y high. expressi 0
B L < GiresSufaha o col SEQnIRE E4tin Sl bl 8f gene
prodekt piubed Svifich @8 eﬂc@&@& byORbBreObf hibfeat amdiet qeantity of
rote|n I ncreased or
NA produced by transcnptlon 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, radioimmunoassay, 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).



expression or a high expression |level or rate or a
hi gh productivity are present if a cell according to
c4shel-iemzention is cultivated by ones@hrirber mefchods Pharma ke
according to the invention described here and if this
cell produces at |east norel&han roughly 5 pg of the
THestereR Oeigh RxprbissionPesvdlafor( patell/ ﬁi{ﬁ( dpréssion, increased
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iSSP BhSucel 8D IRABIEH Widry Blgiy DL BPIRS Hedited gene
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l'ogolis gene egr ee
desileeloyeris promxck@er alat (20r|:IgIda3I/oaM$ tPartiselady tincreaséd or high
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integrated 'into the genone o

- maddihanagraghlyrdQ py of the desireccgenmprxivet per dan(30 pg/day/cell).

epi sonmal ly | ocated polynucleotides. This procedure
may be conbined with a FACS-assisted selection of

Higacsriatrakbd @§ire§616h Shighi (rBdGENiF oY a AgRasbidsertil level or

sel ectaple pmarker, one or nore fluorescent proteins
raeagrording)todhe anvasitiondiant e achigvee in variees ways.Bor example,
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he?n)e(r% glo%sogeﬁg ?o l.JaS hlgh 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.



(artificial) transcription factors, treatnent of the
cells wth natural or synthetic agents for

casp-1-egud ati ng endogenous or het er ok@goligef)@iglhein Pharma KG
expression, inproving the stability (half-life) of
MRNA or the protein, inprovid® the initiation of nRNA
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bagarboh Divh cohcatemess (Mobgco seahs1286)t he fl uor escent
protein expressed, e.g. by sorting using a
fluorescence activated cell sorter (FACS). The _
A&S3raHd RNhefinv& My chamed RRischislide oMMHeCHerx bi itdrebi Md of
vitality and an increased expression rate of the

thegegenewhigineogasolon dhe fluomseant piteigds carrircbout. Tiwe resulting
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profdinondn he @asinef @is asbupling efinthiehexpregsiohoot tHeoprotein of
_exanple, are investigated at |east for the expression
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meahs bof thiee fluopbersint prpeies sixpregsatiesegf by usorimgensing a
rotein. Preferably, only t cells which belong to
flygresagigesctivatqdsc ?quﬁéﬁhest expression rate of
fluorescent protein are sorted out and further
cultivated. In practice this neans that the brightest
The Hetdctioneof Irecorekipant host Icellarwhisbr éxtdbib tigandtality and an

. further cultivated., Acgordjngly, the brightest 5% ..
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sorted out Case 1-1412 Boehringer |ngel hei m Pharma KG

veptor apgondig ite athedinventien ir eptienallyl gojsarsfecteddwith another
VeI SooERmER b BB AR 1Skt 1o e BREbIAG e gene
whiehldotlebddr a fluorescent protein and is coupled to the gene of interest, in
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



For this purpose, the cells which have previously been
transfornmed with the expression vector according to
cdsher-imeenti on are cultivated i n a seheebéOMmgemednUmarna kG
whi ch optionally also contains a selecting agent

specific for the anplifiabl4l sel ectable narker.
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A | nd to carry out only a
e@?ﬁ%‘f@'@@h@%ﬁ% iﬁ?ﬁ‘(,ea%o%éné}fe’?ooqjgexanpl e. Accordingly,
the invention thus relates to a nethod of selecting
cells which conprises the follow ng steps

If desited dhediosbaelly mayi beysubiested taene §3l’d’001€b§é@% wnification
st V\Eg i Br&%ﬁo\(%géé tq%%@i ALRBet O Epfé %ﬁéﬁg‘of interest and

erelrn ressi on VEC

ther afmplififibly sélabiaple mkeormd |Hrocéssdsofﬁr steptbygsteprngene
or in artificial c:hrom)so(rEqStcl ni chronoso

amHEﬁQﬁﬁé’ﬁslf%'PWtE%if%a*ﬁr%‘e b dar BaDPIEL Bhds:§ 478,017,
AYEBrBlhcPtol Y inGeRtichP He gl prbBBCAH SyRih! e AbhRABA S not

uorescen proteln rlnger
tigchtped eghmmbenaf §@e 4dpiesi R)améreltc:ssthesempresmohtqf\rmreased
in.the pgresence.of a ast on ent, so .
steflily Sl ETRaGE Sk, Rbusfidh Br e fieb e mitertiohes. 1 is

thBFtﬁéR—iﬂ FSSQBIe fohedeiet aRé 'rﬁﬁn@eﬂ‘%ﬁ géHee afrpifitArirestepki rlé&]uwed
the ce exhi bit the hi ghest expression rate of

and toearsy ent only a single gene amplification, for example.

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;

(if) the transformed cells are cultivated under conditions which allow

expression of the gene of interest and of the fluorescent protein;




protein are sorted froma cell mxture, the cells
bei ng detected and sorted by neans of a

cdskuotescence- activated cell sort erskftACS)Y, 1{dé)hdiReharma ke
sorted cells with the highest expression rates for the
fluorescent protein are cul4livated. Optionally, steps
1) ii)\theC@dlisb&re BRATAIRY i@nnﬂ]eof)rd%hge tdfnas|ewst Bnkhselecting
cells” obtained according to step v). Mreover, the
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I'nventlon a éo rocess In
whi cy) ahersestedalls glith thertigitestelxpressivreratepidrdbe ddomsdent
used to prepare the coding gene product of interest.
The Proigis@eaullivaleder oducing cells are preferably
cultivated in a serumfree culture nmedium and
preferably in suspension culture under conditions
Optioredilyalsteps iiexm) ecesi be @epehterl greeromorentiieness withTte cells

rotein of .interest | r ef er abl obtai ned fromth
ofaed ARl a0 ¥ afei MBI S er e ragB RS TseeRl I MaeBonally
r » . I "
ol he ALY 1 BB AGRE oM MR LRSSl
inctiie prgsemcesof lan seledtingt agerit whichalgagiseo amoplifigatieousf the

[ t i is substantially free from oth .
arfufatic sticiahie Spdikal GBRg hbut by BELHESH out both with
celienwisighi el ndiUfdt fiae safed bABAISS VithaddlisefhiRtt have already

First of all, usually, cells and cell debris are

beampreespriadane pemsie tilmes. medi um or |ysate. The
desi red gene product can then be freed from
contam nating soluble proteins, polypeptides and

Thruitiventiomalsdselateg to Bprocesst inavtsith eorregpondingly sorted cells
i mrunoaf finity and i on exchange col ums, et hanol

argrepligated engniseddo grarare thaLo8INGINLPrashich RhidRfegh e
T T Blon iy e e IR XERRARS i £ 8. Aip T e
medipnease grefasbly inldusheBsehT culyze uhdgetbrditioirhahieh dBw
42 by recgnbi nant,.cells e known to the skill.ed, man
OXEFRPSIRR Of I5cdPNot IAtEreFs e LRt of Tyteresy To.greteatly
obhinell ¥R B8l STRRBMEdIBRBAS a HiRrdtBY e PtotiBict. When the
hereinafter explained nore fully wth reference to
pretsie isnexpresssad withoula sesretiphisignahdghawesdi thengene 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, ethanol precipitation, reversed
phase HPLC or chromatography on Sephadex, silica or cation exchange

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




EXAMPLES Abbrevi ations AP: al kali ne phosphat ase bp:
base pair CHO Chinese hanster ovary DHFR
cabiehiydiaf ol at e-reduct ase ELI SA: enzydmrinigék @fbeineim Pharma kG
i mmunosor bant assay FACS: fluorescence-activated cell
sorter FAP: fibroblast-actidzated protein GFP: green
@réwn%iﬁﬁrﬁlt celisQir8ikhowriB8he SRINKS nfii ang. %sé%éd in the

ol ution HI: hypoxant hi ne/thym di ne
liteeatoes, &y 4y Iparrisetdlsid 99bRawl Scapes (11998&); bosomal entry
site kb: Kilobase mAb: nonocl onal antibody MIX
nmet hotrexate PCR  pol ynerase chain reaction sl CAM

TR irinBoh ¥ heephaftdraxpRIRes e mnlyamm fefeldiidead sole non-

Cell culture and Transfection The'cells
restiistvesxenmifying epradimenist al ., 1983) were
permanently cultivated as suspension cells in
serumfree CHO S-SFM | nedi um suppl enmented with
EXAMMEES hi ne and thym di ne (I nvitrogen GrbH,

Karl sruhe, DE) in cell culture flasks at 37Cin a
danp at nosphere and 5% CO2. The cel|l counts and
A Ridiihy were determined with a CASYl Cell Counter
System DE) Case 1-1412 Boehringer |ngel heim
Pharma KG 43 or by tryptan blue staining and the

eIIsvve then (glnaconcentration of 1 - 3

AR105/ mL a‘l”??np q-va@se 3 days. Lipofectanine Plus
bRieagent (9388 PAIbgen GrbH) was used for the

HQinsf ectChinesghaopdeD®m®ry For each transfection
DHiFR:ur e adihgdraifolate-tedugtase pl asmi d- DNA, 4 pL of
ELISfof ect aanayenetidkéd phmohogbrbant asgmnt were m xed
FAQGSet her faastescimg-activated cell sorter

FAP: fibroblast-activated protein

- GFP: green fluorescent protein

- HBSS: Hanks Balanced Salt Solution
HT: hypoxanthine/thymidine
HRPO: horseradish peroxidase
IRES: internal ribosomal entry site
kb: Kilobase
mAb: monoclonal antibody
MTX: methotrexate
PCR: polymerase chain reaction
sICAM: soluble intracellular 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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to the manufacturer's instructions and added in a
volunme of 200 pL to 6 x105 exponentially grow ng
c{sHQ-Df344 cells in 0.8 nL of HT-suppleanmpéedndsihdin rharma ke
S-SFM 1 nedium After three hours' incubation at 37C
in a cell incubator 2 nlL of4HT-suppl enent ed
Fl)?@?t%ﬁ'\ﬂlbe %‘%ﬂhfh? atrsthaddas ware théhseddiRn Hassskntration

n of stab transfected CHO D&4 the cells
ofiere3 KT%H@LM@“EVedhﬁs aeys. transfection into
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the bicistronic base vector pBIDG (Fig. 2) the

| RES- GFP gene regi on was
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, inciuding SV40

early promoter and TK-polyadenylation signal, was isolated from the



isolated fromthe vector plRES2-EG-P (C ontech, Palo
Al'to, CA, USA) and brought under the control of the
cdsMVi-amtrancer/ pronoter in the vect otodpBldger Sagdhih@ih frhena xe
mul tiple cloning site between the pronoter region and

| RES- el ement was retained. 4he follow ng procedure
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DNfesPpl¥a®rasguence or a Spel cutting site was
i ntroduced by neans of a prinmer with conplenentarity
to the 3" end of the GFP sequence. The resulting PCR
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thigiseationih &l86: 0ol theestaseharahdn Xdandliting sieswhs inserted byhe
vector pBI DG F1 9HC (Fig.3). The light chain on the
meeRg of RRTimeRyith §6 %‘HG%\@”&/ o e epp wthe JRED quuence or
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t
o e P SEndh i e
cloningrsits efthevector plBt i on wavel engt h of 488 nm The

fluorescence intensity is absorbed at a wavel ength
suited to the fluorescence protein and process by

THE dgnat sidEM Qérﬁ@%ns%!ﬁtéwae[sea@qmb‘IﬁBaEﬁ%@?ﬂentTﬂ?@n pAD-
sorting was carried out at a rate of
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 (filed in with Klenow-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 Hindlll/EcoRI 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).
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8000 - 10000 events/second. The suspended cells were
centrifuged (5 mn at 180xg) and adjusted to a cel
cazenceatzr ati on of 1 - 1.5 x107/ L i BoetiBSGer Thenheit iarma ke
cells were sorted according to their fluorescence
protein signal. The cells kte taken up in test tubes
al ready containing culture nmedium then centrifuged
and seeded into suitable culture vessels dependi ng on
3t HACHunber of cells sorted. 4. ELISA The sICAMtitres
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pronoter frequently used in eukaryotic expression

nyBbebetcells@qnatszs4 cells were transfected with various
reconmbi nant vectors. The heterol ogous gene product,
on the one hand a | ysosomal enzyne, on the other hand
4aElligd 1 -antibody, was expressed either under the
control of th pronoter or ungder the can

The, él%l}«ﬂsttta&alu@w@rrﬁatamtgzoi&iwﬁ Hssfectedrfel@ 5£celfs were
R e et SuepaartpiGed ok (Rusubel et al. 1054,
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(Ct-Co)), where Co and Ct are the cell count on seeding and harvest,

respectively, and tis the cultivation time.
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was based on the pAD-CVM vector (Werner et al., 1998).

In order to express the heavy and |ight chain of the
canati-bady, cotransfection was carriBghoiberVitidalhedm Phazma KG
second vector which contained a neomycin resistance
gene as sel ectable marker. 4%he CW enhancer nay,
however, al so be replaced by the SVAO enhancer. By
limted dilutiaon in
Exasple dctGomparson O 6 ek o geler i G2 scpramater
in HT-fr t&ﬁglun1(mnth the addition of 400 pg/nL
418 in the case of co-transfection). Cell clones with
t he hi ghest productivity wth respect to the

reconbi nant protein were subjected {o stepw se
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on the CW pronoter being set at 1 (CwW1 for
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I
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receptor, e prerequisite for entry into the
erdwricer.and subsequent infection (Bella et al., 1999;
Marlin et al., 1990). sl CAM was chosen as an exanpl e

for the expression of a single-chained protein (480

By liinited a6 in 96 WP flgless aftéotrandibstideCelleivhesriere
selected and isolated in HT-free medium (with the addition of 400 xg/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 M, 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



transfected with pBI DG sl CAM (Fi g.3). The additional

expression of GFP in pBIDG sl CAMtransfected cells
cavade1it2 possi bl e to use a FACS- baseghr 8gbeatidediiein Pharma KG

strategy. The therapeutic protein sl CAM and GFP were

jointly expressed by a bici®tronic transcription unit
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three weeks after the first selection in -free CHO
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t he G-P- sel ectl on with a single subsequent
anplification"step it was even possible to i ncrease
producti vi ty to above 30 pg/cell/day (Fig. 6). These
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bigding afirhincpirgsesvand in this viay castredyce or svepprevent their
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sbsgieenMhiedtionc@aiaat ahn19e8) Marlibeet dilseg9fy.om t he
outset to achieve an anplification effect. Thus, there

was no significant increase in productivity as a

SIEAM Wastindseh 24h blAfMpR tor 15 kBBl of A fifglelolfiihed
pmitelﬁ%g?/?gtkmho abibs) in CEIO sells. oﬁa')::fl_ ﬂrnesnéz-bhﬂe-li)eﬁg vﬂelmg ( Fig.
eeieqitt, é&éyﬁ%\f%ﬁﬁa%ﬁ EbE fgiilions exereasipn A GEP in
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st rat egy nple 3. Isolation of cells with
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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 pg/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



conbi nati on pBI DG F19HC and pBI N-F19LC (Fig. 3). The
expressed humani sed anti body F19 is directed agai nst
cddaersursf ace nol ecul e FAP whi ch | se&ypnirhes isednhddy pharma ke
reactiven stroma fibroblasts (cf also EP 0 953 639).
In the vector configuratior used the two protein
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G-P- baseobd%@@&rﬁgstgdnmgt was only possible to sel ect
for the expression of the heavy chain, as a result of

its transcriptional coupling with GFP. The
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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 uyg/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
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an anplifiable selectable marker gene. 3. Expression
vector according to claiml1l or 2, characterised in
cddbat-1bt2 conprises one or nore enhaReekSed wiRthaRathbyna xe
linked to the pronoter or pronoters. 4. EXpression
vector according to one of Gdins 1 to 3,

characterised in thapATENTGLAIMS |y contains an
internal ribosomal entry site (IRES) which allows

bi ci stroni c expression of the gene which codes for a
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and gere whinh ¢qdes fer adlbosescent protginker gene are

| ocated in one or in tw separate transcription units.

6. Expression vector according to one of Clains 1 to
25, chapessioniveetbriatcotding té birmhunchactidridddiki thgt id cestains
not take place via.intron se%uences. 7. Expression
vect 8p apRdigabieRgleaigdnarketugnfs 1 to 6,

characterised in that the anplifiable sel ectable

mar ker gene codes for di hydrofol ate- reductase (DHFR)
3or aExpressionprectariatcofding éo tlairariesc rthapactedsed amthat it

 ortou a8 B Rt S e ARCE bR RS b o
or Sydhdehancer. Case 1-1412 Boehringer Ingelheim

Pharma KG 55 9. Expression vector according to one of
Clains 1 to 8, characterised in that it additionally

4o ERTESRPDJEERT acREIR8 1y BHE bR U ¥ Bheraffpriged in
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exprefSiaterest. vect or according to one of Clains 1 to 10.
12. Host cell according to claim1l1l, characterised in
that it is a manmalian cell, preferably a CHO cell.

5. Expression vector according to one of Claims 1 to 4, characterised in
that the gene which codes for a fluorescent protein and the ampilifiable
selectable marker gene are located in one or in two separate
transcription units.

6. Expression vector according io one of Claims 1 10 5, characterised in
that the functional linking does not take place via intron sequences.

7. Expression vector according to one of Claims 1 to 6, characterised in
that the amplifiable selectable marker gene codes for dihydrofolate-
reductase (DHFR) or a fusion protein of the fluorescent protein and
DHFR.

8. Expression vector according to one of Claims 3 to 7, characterised in
that the enhancer is a CMVor SV40 enhancer.



13. Host cell according to claim11l or 12,
characterised in that it has additionally been
cdseansiected with one or nore vect os&hiinhdr GoRESinWhheh xe
codes for one or nore other proteins /products of
interest and at |east one dthher sel ectable marker.

14. Process for preparing a heterol ogous gene product,
wherein a host cell according to one of Clains 11 to
9.13 i Expigssionaestpratgerdiag telpne ohElaimsi te &) shawacterised in
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to claim 15, characterised in that the heteroneric

protein is an antibody. Case 1-1412 Boehri nger
11.ngeEhiamoihhostecallGviEi6h hhas. bdendcarssecied avitlh sy ekpressiodn

of clains 1 6, ch cleri in that the host
cel | VGOl %ﬁﬁoéé'f’gio ﬁ@evﬂ%i%dene anplification
steps. 18. Process according to claim 17,

characterised in that the anplifiable selectable _
12var kidest celimgerrding te plairanl, icharasderéigpehin that it is a mammalian

net h rocgess according to claiml18,
char(gééltr‘g)f‘rg%ga@w%%flﬂi e'?Ihe host cell is subjected to
only one gene anplification step with nethotrexate.

20. Process according to one of clains 14 to 19,
1% harldestgallacgording taelaim fisor targhasactetised i ﬂi’at it has
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Pr ocess for selecting a host cell which expresses a

pr otIBRRY Yroakiet selectatle B1a&er. wherein a popul ation of

host cells according to one of clains 11 to 13 is

cultivated unter conditions which allow expression of
14.he Pl}mcesmforlmepahimg adfetdand@gce.fstgampmﬁuchavherein a host cell

fluoresc rotej ceII cells
t he AAeQraED B Re S LI ) ¥ 1358 chiigleddeidiy SonaoNs
which allow expression of the gene product, and the gene product is

isolated from the culture or culture medium.

15.  Process for preparing a heteromeric protein/product, wherein a host
cell according to claim 13, which has been co-transfected with
expression vectors which code for different sub-units of the
heteromeric protein/product, is cultivated under conditions which allow
expression of the heteromeric protein/product, and the heteromeric
protein/product is isolated from the culiure or culiure medium.

16.  Process according 1o claim 15, characterised in that the heteromeric

protein is an antibody.



protein are identified and/or selected. 23. Process
according to claim22, characterised in that the
c&el pakion is carried out using a Boehringer Ingelheim Pharma KG
Fl uorescence-Activated Cell Sorter (FACS). 24. Process
according to claim22 or 23,5¢haracterised in that the
correspondi ngly sel ected host cells are subjected to

one or nore additional ?ene anplification steps.
18r oc Bsecessascarding iaone &f plajms 16Har1§epbara§é@'laad Inrﬂaat the

arret 1951920 5o GEORTbF Ry G8he aoibalici eps®

18.  Process according o claim 17, characterised in that the amplifiable
selectable marker is DHFR and the amplifying agent is methotrexate.

19.  Process according to claim 18, characterised in that the host cell is
subjected to only one gene amplification step with methotrexate.

20.  Process according to one of claims 14 to 19, characterised in that it is

carried out in a serum-free culture medium.

21.  Process according to one of claims 14 to 20, characterised in that the

host cell is cultivated in suspension culture.

22. Process for selecting a host cell which expresses a protein/product of
interest, wherein a population of host cells according to one of claims
11 to 13 is cultivated unter conditions which aflow expression of the
protein/product of interest and of the fluorescent protein, and the
cell/cells which show the highest expression levels of fluorescent

protein are identified and/or selected.

28. Process according to claim 22, characterised in that the selection is
carried out using a Fluorescence-Activated Cell Sorter (FACS).

24.  Process according to claim 22 or 23, characterised in that the
correspondingly selected host cells are subjected to one or more

additional gene amplification steps.

25. Process according to claim 24, characterised in that the amplifiable

selectable marker is DHFR and the amplifying agent is methotrexate.



