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| MPROVEMENT OF CELL GROMH BACKGROUND OF THE | NVENTI ON
TECHNI CAL FI ELD The i nvention concerns the field of

wa@edos/oguikg ure technol ogy. It concerns a net hodpOf/EP2008/050699

improving cell growh as well 148 a nethod for
generating a production host cell |line. The invention
further concerns a nmethod of producing proteins using
the cells generated by the described nethod.
BACKGROUND The nar ket for biopharmaceuticals for use
in human therapy continues to grow at a high rate wth
270 new bi opharmaceuticals being evaluated in clinica
studies and estimated sales of 30 billions in 2003

(MPRGVERIONT .OCERIENJROWINHI ncr easi ng nunber of
bi ophar maceuticals is produced from mammalian cells

due to their ability to correctly process and nodify

ﬁ%& GROURD'GF TH¥E GRYG IR high yield production
0

I opharmaceuticals frommmmalian cells is thus
cruci al and depends on the characteristics of the

&ﬁggﬁﬁiQQP nocl onal cell line used in the process.
E tical production processes, yield is
FRL ehvEnNEH BicdMOtHAREI8T S cdiNEuIaRE GbdhinG10RY 0dH Cctoltlt’éltrh% 2 method of

(Pspec) of the host cell and the IVC, the integra '
mEblegoelllggowthers wélhres svmethvdpiioo gemaesatitpea gediietendh host cell line. The

SEV G PR <y @loibofn B Rl g ol sgraicd by the
H&chb® @v@ofr oduct yield therefore can be to increase

BACKGROUND

The market for biopharmaceuticals for use in human therapy continues to grow at a high
rate with 270 new biopharmaceuticals being evaluated in clinical studies and estimated
sales of 30 billions in 2003 (Werner 2004). Currently, an increasing number of
biopharmaceuticals is produced from mammalian cells due to their ability to correctly
process and modify human proteins. Successful and high yield production of
biopharmaceuticals from mammalian cells is thus crucial and depends on the

characteristics of the recombinant monoclonal cell line used in the process.

In biopharmaceutical production processes, yield is determined by two factors: the specific
productivity (Pgpec) of the host cell and the IVC, the integral of viable cells over time which
produce the desired protein. This correlation is expressed by the following formula: Y =
Popec * IVC. Standard approaches to improve product yield therefore can be to increase

either the production capacity of the host cell or viable cell densities in the bioreactor. One
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ei ther the production capacity of the host cell or
viable cell densities in the bioreactor. One -1-nethod

wo eooslovdish hi gher IVCs is to inprove the grow PCT/EP2008/050699

characteristics of cells, that/soeans to generate cells
whi ch grow faster and to hi gher maxi mal cel

densities. Enhanced cell growth has a profound inpact
on nultiple aspects of the bi opharnmaceutica

production process: - Shorter generation tinmes of
cells, which results in prolonged tine lines in cel
line devel opnent; - Higher efficiency after

single-cell cloning and sl ower growh thereafter; -

olaiodas oblaifehipAeEly UK itd gnsroat erclowesERedctdrisiicd of ddile, that means

case of inocculumfor a |largescale bjoreactor; . -

19 ganeiatsreda nich grepdager andde fighenmpyimal petbdensics.o t he

proportional correl ation between |IVC and product

yi el d. Conversely, a low |IVCs cause |ower yields

Enlinoed bahgenwth aane ptodduminintpantsn mihgpleapyom of the biopharmaceutical

dig{drofolate reductase (DHFR) is one of the key
éﬂﬁ?lgP“ﬁﬁcleotlde synthesis. It catalyzes the

Le%%gﬁéto?e&ﬁatgh tlfﬁigg Qf Q%I?St wWifilctt %Sﬁﬁs lﬁ}{?hﬁf) Altim@ lines fln cell line

uni versal transmtter o -units in the synthesis o
purdevelbpmémdi ng bl ocks and of other netabolic pathways.
I n_bi ophat maceut i cal stry an n acaden1c research

d
DHERER effiqency aéf%%}n%lg nca SONER3 r§ R ot thereaftsron
marSlﬁSfteIf Ohefifes Shﬁ?é ké’a‘?e-gﬁ oé’%@cﬁfy it 8 &st LRI LRELG for a large-

scale bloreactor,
— Higher product yield per fermentation time due to the proportional correlation between
IVC and product yield. Conversely, a low IVCs cause lower yields and/or longer

fermentation times.

The enzyme dihydrofolate reductase (DHFR) is one of the key enzymes of nucleotide
synthesis. It catalyzes the reduction of di-hydrofolat to tetra-hydrofolat, a universal
transmitter of Cl-units in the synthesis of purin building blocks and of other metabolic

pathways.

In biopharmaceutical industry and in academic research DHFR is widely used as a
selection and amplification marker for the selective growth of stable transfected cell lines.
Thereby, the expression of DHFR is functionally linked to the expression of a gene of
interest (GOI), e.g. the expression cassette for a product gene. Thus, GOI-expressing cells
are enriched for indirectly via the resistance conferred to by DHFR under selective
conditions. This functional coupling is usually mediated/constituted by the bi-cistronic
expression of both genes or at least their co-location on the same plasmid.
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Ther eby, the expression of DHFR is functionally |inked
to the expression of a gene of interest (G), e.qg.

WO bmsesquessi on cassette for a product gene. TPCBEEP2008/050699

G0 -expressing cells are enricghed for indirectly via
the resistance conferred to by DHFR under selective
conditions. This functional coupling is usually

nmedi at ed/ constituted by the bi-cistronic expression of
both genes or at |east their co-location on the sane
plasmd. -2-Since DHFR i s a non-dom nant marker, this
systemis nostly used in cells which | ack endogenous
DHFR activity. Hence, when in the 1980's dhfr-negative
Chi nese hanster ovary (CHO cells, CHO-DG44 and

CHO DUKX (Bl 1), becane avail able, they Pld
5@1\9@&%@% at - mma@emﬁr@y Shsnysen Ho@@@ Yaptfdaipecells which lack

pr oggn&ﬁq)%}‘{;%w‘ﬂ% rﬁéﬂcﬁ ecvgl ogrlqttﬂey Ll dHﬁ'rﬁE%Ll é@en chinese hamster

uction p Int arnaceut i cal ustr
EH?E&y IIEHR)eJeﬂy,n@HOSDGﬁé anfl CHO- lR@K)@(ﬁMr)Ebedamet dwailable, they rapidly

nt he i.nes. Cell whi ch
& Vém¥ f?sfﬁ@ "SRl 8P Lél%ﬂl%f‘s i FoghY the.%?fi@” 5@ most frequently
GRUARENRRALBMA ﬁﬁdﬁdﬁ%n %‘Ijﬁfoﬁ‘ﬁlcm ey blBIB}fanﬂ%éluﬁ@él'lg&stry

precursors hypoxanthine and thymidine (HT) into"the
culture nmedium Surprisingly it is shown in the

Bl PERE, VB SRRt K GPalnit) kB SREt P aigy of Plines. ol

WalckasdkyDHERSard @it &fotd ndt AabR 8ledsDMBR aRFidlen&SHEO ddindfnsated by the
ﬁﬁfe cells (FIGURE 1). This reduced growth capacity

1491b@h thennydheotide é%@?ﬁltfsqmbél?ﬂﬁa@‘ihlﬁeo@nddﬁlb’fmﬁ@@ 4HIy ento the culture
celf %}(such as the CHO- D4 cells) or incells with a
very l'ow endogenous dhfr-1level, has a
Surprisingly it is shown in the present invention that even in HT supplemented medium,

dhfr-deficient CHO cells grow markedly slower and markedly less dense if compared to

parental CHO wild type cells (FIGURE 1).

This reduced growth capacity, as shown in the present invention for dhfr-negative cells

(such as the CHO-DG44 cells) or in cells with a very low endogenous dhfr-level, has a

negative impact on multiple aspects of the biopharmaceutical production process:

- Prolonged generation times of cells, which results in prolonged time lines in cell line
development

- Lower efficiency after single cell cloning and slower growth thereafter

- Longer timeframes during scale up, especially in the case of inocculum for a production
fermenter at large scale

- Lower product yield per fermenter run.
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negative inpact on nultiple aspects of the
bi ophar maceuti cal production process: - Prol onged

w@eowengtison tines of cells, which results in ppol/BPIPesi50699

time lines in cell line devel apoent - Lower efficiency

after single cell cloning and sl ower growth thereafter

- Longer tinefranmes during scale up, especially in the

case of inocculumfor a production fernenter at |arge

scale - Lower product yield per fernmenter run.

-3-These di sadvantages are directly connected to the

grow h characteristics of the production cell (e.qg.

CHO D&44 or DUKX (Bl 1)). They occur for exanple, when

Thes eligdldsage ardidiedtly toamngiCtol the gitivith chhﬁct%ﬁétic@\uifﬂg: production
sel ecti on and anpllflcatlon systens: gl utam

63/ herse CH- el orsh S KenB by accupiraiyepls; WBP%&WW:P?HS are used
%nﬁ&é?f%‘flswlth &@)ﬁﬁ%%élgctfo‘ﬁrangr [hlPicQt?tf LSRRG g@ a:nnne synthetase

especl a armaceuti c tion
(G&E§$mnpﬂ®mﬂﬁmmqm&nmamaHMmﬂmeammmmdsto i mprovi ng
the cul ture nedi um by addi ng growt h suppl enents such
as carbohydrates, nucl eosides, trace elenents, protein
¥ AoRlp¥Ratefor g%@fht d%éﬁ%fﬁg Sn kM, especidify bidpReSaERItRal production
for example, to slightly increase t% romﬁ% of
oF hneve gacisi wEouehiage byert Hecdettita umproaﬁlgpﬂlotcmiltnre medium by adding
hydr ol te into the c ure
PERER VRECGrbRich S attphY el P whTghEply brotein hydro-
hRgee mat Tkads Sl ONG INERAILIQ foMPadite, @hg{tgwnbrease the growth of
characteristics of producer host cells, §§£e0|al

B

dinewegasiveteclloly e addition @6 geriondyirtrated ¢ Cwlfpre grsdium, but they
& noCE'_llQac%%e growth level of wild type cells.

Therefore, there exists a strong need to improve the growth characteristics of producer host
cells, especially those with low or no endogenous DHFR expression such as CHO-DG44.

Additionally, enhanced cell growth and thus higher IVC’s during fermentation are clearly
advantageous wherever high biomasses are required, ¢.g. in order to get high product yield
in short-term fermentations, to harvest high cell numbers for isolation, purification or
characterision of intracellular or cell-bound components or to shorten the timelines for cell

line generation, single-cell cloning and culture up-scaling.

SUMMARY OF THE INVENTION
The overall goal of the present invention is the improvement of cell growth during
biopharmaceutical production processes in order to increase cell density and thus product

yield.
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Addi tionally, enhanced cell growth and thus higher
I VCs during fernentation are clearly advantageous

wob@sevans hi gh bi onasses are required, e.g. i NPOI/ERI008/a50699

get high product yield in shostseterm fernentations, to
harvest high cell nunbers for isolation, purification
or characterision of intracellular or cell-bound
conmponents or to shorten the tinmelines for cell line
generation, single-cell cloning and culture
up-scaling. SUWARY OF THE | NVENTI ON The overal |l goa
of the present invention is the inprovenent of cel
growt h during bi opharmaceuti cal production processes

ThisQiodkfs dobicved ireRepre@nt imdeisdrd Yy ardintrodsctioh@UCDHFR expression
yield. -4-This goal is achieved in the present

P%@@th@rpraséﬂ%@ celiy rByureseBhingentiponbhprsusisiRaly plpyvs that enhanced
gﬁﬁ%%%ﬁ i mangcf ¢ %ﬁ&%&&g(ﬁl@'ek@e sT&‘PoP{h%eﬁ%mé Q m?fﬁfdf@lrdte reductase

surprisin nhanced ¢
abtiERped by heterologous expression of the enzyne
di hydrof ol ate reductase (DHFR). In the present
i nvention the DHFR gene does not serve the usua

RUAROSEs@® iSRhna6H | 'tl‘i’é" DI @End @besPRRAt REVe BRNGUaPP@BBK as selection
of interest (GJ), but it "exerts an independent

farket ifgranofher gerce agieng ot mitdresy (oWl h but i exbritsarsmdepangent function of

biEeare Cef Bt ol sl iee b TAIFK st FRLARRo fly iR iggicouted o

b Skclfiel Sherexplaasth @as@éttélsth 4 c bd én 1HB¥%ak€ plasmid as the GOI or
expressed froma separate vector. |f both genes are on

i @t QXPURSEFO B GrisRaTeie (VSCtor. i bpthagmitiare @amepsgate vector constructs,
i tpga{sﬁﬂczsf cgaglltq%fjco FantfEd 6P thedSatt BIVEREA R IWHBISY AL the cell

In the present invention it has surprisingly been shown for the first time, that dhft-
deficiency leads to a reduced cell growth. It could furthermore be shown, that re-

introduction of DHFR can solve this problem.

The re-introduction of a DHFR-transgene does not only lead to a reduction in the doubling
time, but also the IVC is increased to wild type levels or even beyond (FIGURE 1). This
growth enhancing effect can not only be observed in two different DG44 cell lines, but also
applies for CHO DUKX BI11 cells transfected with a functional DHFR gene. Transfection
with expression constructs harbouring puromycin or neomycin restistance cassettes,
however, do not lead to changes in cellular growth characteristics. This indicates, that the
growth enhancement is not due to selection and/or cultivation of stable transfectants, but is

caused by the re-establishment of functional DHFR expression in dhfr-negative CHO cells.
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In the present invention it has surprisingly been
shown for the first time, that dhfrdeficiency leads to

wa@200ederaesi cell growh. It could furthernore bECEHRP2ANG/050699

that reintroducti on of DHFR camosol ve this probl em
The re-introduction of a DHFR-transgene does not only
lead to a reduction in the doubling tinme, but also the
IVCis increased to wild type levels or even beyond
(FIGURE 1). This growt h enhancing effect can not only
be observed in two different DXA4 cell lines, but also
applies for CHODUKX Bl | cells transfected with a
functi onal DHFR gene. Transfection with expression

Bortisdring e, heteas|bgaiisi d’i@rdssibﬁfﬁfd]')HFerlﬁlﬁwfsyﬁ igBne-dosage effect, meaning
resti stance cassettes, ver, do not lead to chan

fhat gher grapih clgarremmﬁtl@ﬁ af éléft rblg el subsippey mﬁr&a@earrégor%onally to the
a:ﬁ%%ssfolﬁeof%t‘?\\l@ﬁH@ ?t%st due to sel ection

or cultivatio e traﬁgfectants, but is
blatabbyd thiy cffieet soemsstoald appipefot cdf lihesnot whichlthBFRR gene has been

PRS0 L s L A ISR e o

&f 4 ﬁ?éshoﬁqﬁ%@ﬁvélp 8t aéth}% IS PRaBo v RhRE 18 rﬂlﬁltlér“g%@ﬂch én'ﬁ@ncernent is
stabl e cell subclones increase proportionally t

eldpmed.sorote ®tomptiseerDefRtprfaheiimhibiFdrGYRE, Zbatbin. hlgh concentratlons

R N R

bf @3MPHené, Bhd@ig @la nel BYdctidieRASIBFR ac@ity ahAQR)s rediided cell growth.

m ght eit her p0|nt to a threshold in the | evel s of
active DHFR above which no further gromﬁh enhancenent

*Tﬁ%?%g &%ﬁl&&{ %(ﬂ?s%eg ﬁlhg%gﬂgrgfcﬁrzo:élﬁ e%gl?]@cfm Hl% égowth of cell lines,

tdpeciatdy @mduaﬁorc o¢IC &inty adth dowadr I[B‘ERiO@BIZQiﬁH)WFN expression. In these
out bal ance the anplification
cells, the growth characteristics can be improved significanty by the heterologous

expression of DHFR.

The heterologous expression of DHFR in dhfr-deficient host cells has the additional
advantages of resulting in a reduced time frame during the expansion and inocculum
process of fermentation, in an increased IVC, e.g. in production processes, and thus in a

higher product yield.

The host cells and methods of the invention are furthermore applicable in the
biopharmaceutical production, especially when using the host cell systems based on CHO-
DG44 or CHO-DUKX-B11. Moreover, they can be used wherever high yields of
recombinant protein are desired, e.g. for purification/structural analysis in research, or
when large cell biomasses are required, e.g. for isolation/investigation of cellular

components such as nucleic acids or proteins.

-6-
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of the dhfr gene, leading to a net reduction in DHFR
activity and thus reduced cell growth. The present

WO pwenedias addr esses the general probl em of enPEIEP20g8/050699

the growmh of cell l|ines, especbally production cel
lines wwth | ow or no endogenous DHFR expression. In
these cells, the growh characteristics can be

i mproved significanty by the heterol ogous expression
of DHFR. The heterol ogous expression of DHFR in
dhfr-deficient host cells has the additiona

advantages of resulting in a reduced tine frame during
t he expansi on and i noccul um process of fernentation,
in an increased IVC, e.g. in production processes and
thus in a hi er product yi el d, The haost ceIIs an

Het Hoefsred dimené rtfi B8 parsenr irveR@miicehess seile aari angthods of the
EI'%?GH@I ﬁ%}ﬁ onefra el:)eic b mBfrRd UG ith Oiec ﬁﬁﬁ) W% %erﬁ”as the glutamine

sing the ost syst ens ase
@I‘fﬂe&lﬂl@( (BIS-) systddor Gadmm’smct Heymioase KEDUS edytokime edaminase (CDA),

j el ds of. r conblnant otein are.desired, e.qg. )
3%7 Gy PFRRYS o ISHRYRE Gfat pﬁﬁ%\r%reéulr i ﬁ@eagremh Bites and higher
Mﬁd[bnkl%"eg gur‘ﬁf‘é the PLATBESIES P?Jc%ssr. equired, e.g. for
I sol ation/investigation of cellular conmponents such as

nucl eic acids or proteins. -6-In a preferred
ent ntion the host cells and

t of th
T R ateRliet BroR BRSO et e Conbi med i oh

sel ection systen(s) such as the gl utam ne synthetase-
éGS—) system adenosi ne deam nase (ADA), cytosine

Hé}rwﬂﬁs\eer(scmbhshsdrrf@rntp@ ispudy o spapetio cclb Benskige im 1 ¥Y7(PUCK, 1957).
Ehln‘?utggae'ﬁc&? 81’%% orlﬂmm ﬁq cll%g,\’\fjﬁaubaﬁnedsC%ﬂl Hév%ﬂ)%rcd DHFR-deficient
“CHO DG44” cells (Urlaub and Chasin, 1980) which exhibited a homozygous deletion of
the chromosomal dhfi-locus (Urlaub et al., 1983). The growth properties of this newly

established cell line were not investigated by the authors.

CHO DG44 cells quickly became the method of choice for transfections which employed
the use of expression vectors carrying a functional dhfr gene together with an expression
cassette for the gene of interest (GOI). DHFR is a non-dominant selection marker and
hence is best used in cells lacking DHFR. However, it has been shown to be also
applicable in host cells containing endogenous DHFR activity, e.g. by selecting with a
second dominant marker (Kaufman er al, 1986), or mutant or bacterial dhfrr genes

(Simonsen and Levinson, 1983; Asselbergs and Widmer, 1995).

Under selective conditions, heterologous DHFR expression enables transfected cells to

survive and proliferate. It has not been shown, however, that DHFR confers a growth
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cell densities during the fernentation process. The
present invention is not obvious fromthe prior art.

wEbiosoalihs were established for the study of SPOEEPIN0S/050699

cell genetics in 1957 (PUCK, %867). By nutagenesis of
the original Kl cell line, Ulaub und Chasin devel oped
DHFR- def cient "CHO DX4" cells (Ul aub and Chasi n,
1980) whi ch exhi bited a honbzygous del etion of the
chronosomal dhfr-1ocus (Ul aub et ah, 1983). The
growt h properties of this newy established cell |ine
were not investigated by the authors. CHO D4 cells
qui ckly becane the nmethod of choice for transfections

whiagtage npdayadent e s dudtiogXgy assldetioy afirRers asd@ rundemgon-selective
a functional dhfr gene together with an expression
Iﬁe for the gene of interest (G). DHFR is a

TR@ T(lé%e%HE%n @Eﬂf&lﬁoﬂr@a&ﬁﬁc% b\%mlgeﬁ Wé’é)s-‘(t%gpliﬁcation of

wever een s
ﬁﬁelgh genea;m.ﬂelr ¢xbingent iwithothit folat ksaleg Meahmhnagate(mmg)e (Kohanke et al.,

R activit e.g. by.selecti h a. second. .
G et for N7 (T oS0y e gidence. that co-
Qﬁﬁltﬂ%a'tl@h ik G(ﬁ%g&héﬁw&ﬁ%ﬁﬁ it &éi%hd[b%@ Bn WB&Rer both genes are
Assel bergs and Wdner, 1995). Under selective
condhed onshe hveime rpﬁ&n@dd&f»{a@ﬁiﬁ@l engrSheyi, d¥82hdidnesquently, expression

nsfected cells to survive and proliferate, | as .
HERSee o st int Qudi N HaeRh fsnp ES Fogrd e cither both
anfibRdy @R4iagarc I06RBEBH RS sfhe DNA bHBEId RBe@Sr Fith the dhfi- gene (Page
sel ecti on marker and under non-sel ective conditions

e SaR¢thage @bkl Bngdichoorllieonsnphain i ig Apgipnady kepgled with a dhfi
glcﬂrgs\ﬁqolﬁgcgslsjeettec@oﬁgg%l e'tf c'zlc altd9%1 o?fwhere dhfr is encoded on a separate, co-

integrating plasmid (Wurm and Jordan, 2003).

There are reports indicating that structural linkage of the dhfir gene and the GOI on the
same DNA plasmid is not a pre-requisite for co-amplification since different co-transfected
DNA constructs tend to co-integrate into adjacent chromosomal loci (Wurm,F.M. and
Jordan,M. 2003. Gene Transfer and Gene Amplification in Mammalian Cells. In: Gene
Transfer and Expression in Mammalian Cells, ed. S.C.Makrides Elsevier Science B.V.,
309-335). It is important to note, that also in this setting, DHFR serves as a selection
and/or amplification marker for the foreign GOI which constitutes a functional linkage

despite structural separation.

In contrast, the present invention is based on the observation that heterologous DHFR,
besides its well-known function as selection-/amplification marker for a GOI, exerts a

completely independent function in improving cell growth .
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foreign genes after treatnment wth the folat anal og
nmet hot hrexat (MIX) (Schinke et ah, 1978; At et ah,

wda 2008/ 0988 | avi ci ni et ah, 1990). There i s concCPCBER®08/050699

evi dence, that coanplificationsof a GO together with
dhfr is not dependent on whether both genes are

contai ned on the sane plasm d (Kauf man and Shar p,
1982). Consequently, expression strategies for

reconmbi nant anti body production have been reported
where either both antibody chains are |ocated on the
sane DNA plasm d together with the dhfr gene (Page and
Sydenham 1991), in which only one chain is

fisgrestinghalthare @ﬁaurpin&dow tePods Hhiing @ighrHE 'RCHXpEeaﬁSﬁtv&tlﬂl reduced cell
(Fouser et ah, 19 or. where dhfr is encoded on

gopah. ath%r S }é@ppﬂsgl@rtgf Fiﬁsgrableﬁfﬁpﬁof(w%mgﬁ@ gpél@@g}phﬁcatlon Previous
?tg e Wl $§c?ﬁ72£1§% fc?B %1[1%acgvg)rtgiﬁiééée%e;ﬁ%aesélé’n‘f(ﬁ{sﬂﬁ%kﬁhat amplified

ene an on the sane
p]hﬁ%asnd copy mumbarspwerer aguimpatied foyr a dee@agel inf tlxeaﬁplealﬁc growth rate.

nce dif tra sf ect ed onstructs te to )
@%a eyt €g f’;t @e%n e MoV & oy Fat?%/\ﬂ? E?Q’Ea'&'f‘lwomdase
@[ﬂes&ﬁlrgd@HOwaa@Q:%lls @ﬁ&ed ﬁf-%egﬁéc ShpRAchtIBRNS MTX treatment (Gu et al,

Amplification in Manmal i an In: Gené Transfer
é?ﬁi)ESmlwsiawvwem Mzaerddd an I@atistesc;t @ld umSg@. Wi rtraegene coupled to

R VRRE 4o R figreblachal i gl i 3o bresing DHFR

siBheGihien REH targehtiliils abban tlféaﬁkﬁ‘flduaﬂr cdntgbift@nebdMhe multiple
G which constitutes a functional |inkage despite

sersgenasr wicds dpaerantion thayn ogloneeraparcd tthe gprwidephtaracteristics of dhfr-

%g}rer Ing a%élﬁe@%ﬁ%ﬂn %)‘ilglgd ggfe%%%lﬁhs?gctéd@hpulr)]g}ﬁﬁ Svere n not included.
Sﬁi}ﬁatdtoﬂ danpistibiedad ir@uctidd kercell growthGokith i@x®Edisg dhfi- gene copy
numbers in NIH3T3-derived cells (Snapka ef al, 1997). Interestingly and in contrast to
their suggested mechanism, they also showed another adherent cell line which grew to
higher cell densities after MTX-mediated dhfrr amplification. They attributed this effect to

reduced contact inhibition — which is not relevant for cells growing in suspension.

Taken together, in the present invention it is demonstrated for the first time, that
heterologous expression of DHFR leads to an improvement of growth characteristics in
CHO cells, especially CHO DG44 and CHO DUXX-(B11) cells. This function of DHFR
might also be used to enhance cellular growth rates in other dhfr-negative or dhfr-reduced

cell lines.
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conpl etely i ndependent function in inproving cel
gromh . -8-Interestingly, there are nunerous reports

wo powRiosg4hi gh DHFR expressi on with reduced cel PCUERP2D$1050699

t her eby opposi ng the desirabl @/®ffect of heterol ogous
gene anplification. Previous studies with Escherichia
coli and Saccharonyces cerevisi ae denonstrated that
anplified dhfr gene copy nunbers were acconpani ed by a
decrease in the specific growh rate. (Bailey et al,
1986). Gu et al. showed reduced growth rates in

bet a- gal act osi dase expressi ng CHO- D44 cells after
dhfr-gnc anplification by MIX treatnment (Gu et al

DISORIPIION OF THEFMEVRERr esent ed by Pendse et al.
usi ng a viral tranﬁﬁgne coupl ed to DHFR (Pendse et a

TEgIRE INGYIRBQN ER SHD BT PESHET BRASOGALP I R el | s
Ftreﬁ bvth CIAFRI AN MG R RLEVEM §etlorERAGh WASBRRYE for 5 days
0 t% ple

I'vi dual contribution the nu transgenes
ﬂl&bféeddd'm@:ry aphhbyrs ftdmylayoﬁloyl Nmﬁb@cdﬂcdﬂm&s 'genavdetermmed daily using

characteristics of dhfrexpressing anp d and
}hefQFéaE%éwtgm Uﬁﬁ%@&ﬁ%&% RO IRAA© M@g (W) CriG eells (—o—;

mﬁﬁﬂ%ﬁ{fﬁ)@él laL d%@g%ﬁd Al BG'M c%ﬁI li"fl"eén_gr m (ﬂfferent sources

I NCreasi'n gene cop

NiﬁT@:ﬂeDmﬂd:eﬂngo% itﬁﬂ?@iﬁﬁsf@&te@'wﬂth&?drs harbourmg neomycin (n=6,
Interestln%ty and in contrast to their suggested

dweta eonisgonyn Weyuranlsroms@oﬁedatawmt épwaldieeisence gends drithe dhir gene
densi ti

B e BT SREY ST PHARIaT P SR PLReGant 1s shown,
(® dwfa&pbeqvm a6t the RPN (amh@hnﬂegran ed1l hieh %vaax 5 4QK calculated

cell's growing in suspension. ken together, in the
ptrdesleﬁcd reiaterst ool Ti levdls whishowee sat 84 oFrrehars Fapsesent the standard
rolo ous 1§ pressi on of DHFR | eads to an

t
PRk 45 TP AR BB el &5 i
(¢) Growth characterlstlcs durlng long-term cultivation. Cells were maintained at cell
densities between 0.3 — 2.5 E06 cells/ml and splitted every 2-3 days over 8 passages.
Growth rate (black bars) and doubling time (shaded bars) were calculated and plotted for

wild type CHO, DG44 and dhfr-transfected DG44 cells.

FIGURE 2: DOSAGE-DEPENDENT GROWTH ENHANCEMENT

(a) Enhanced cell growth in DHFR-transfected subclones. Six stable DHFR-transfected
cell pools were generated by heterologous introduction of a DHFR expression cassette into
CHO DG44 cells. From these, clonal cell populations were obtained by FACS-based
single-cell cloning and subjected to fed-batch fermentation. The IVC of the DHFR clones
at day 6 was calculated and plotted relative to the IVC of the parental DG44 cell line which

was set to 1.
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CHO cell's, especially CHO DX44 and CHO DUXX- (Bl | )
cells. This function of DHFR m ght al so be used to

wenanea4gel | ul ar growm h rates in other <i/z/rPCEBPL0SES50699

or <i/zlr-reduced cell I|ines.1179- DESCRI PTI ON OF THE

FI GURES FI GURE 1: | MPROVED GROMH BY HETEROLOGOUS DHFR

(a) Cell growth curve in fed-batch processes. Cells

were grown in shake-flasks for 5 days and feeded every

24 hours fromday 3 on. Viable cell counts were

determ ned daily using the CEDEX system The follow ng

cells were conpared: WIld type (W) CHO cells (--;

n=4); dhfr-negative DUX-BI | (- D ; n=2) and two D44

@9 IReldtiveeSHF R xpelis§iber diotal RNK GRS ikolated fionm k) sbobAdentioned cells
cell pools stably transfected with vectors har bouri ng

Hch yentHatiye=gcal-gimos PRt véasonwiforaicdpier daigemine ( REER-gpec g“lc mRNA
{11 cAPQWREBLtL &BLIR] RS Esed G0 oralibfondnf I gene (- -,

representative growth curve out of five
|ndependent experinments is shown. (b) Relative |IVCs of
the cells shown in (a). The integral cell area at day
5 was calculated and plotted relative to W | evels

PRTGOLED DESRERIIOAVN BY PHEPAVENGROKSENt the standard
devi ations of at |east three independent experinents.

DEFIFIIWND characteri stics during | ong-term

[ tivatjon Ils were mai ntained at cell densityj
£h5 sl Svo e et D@ lsertS g BORp yhSTnore specific
eaySdimeer “&n@l@ﬁﬁ%gﬁs FigtBhdord, aligulde| makplBan orn@nske not used in a
doubling tinme (shaded bars) were cal cul ated and

pmgtngeda.or wi |l d type CHO, DX4 and dhfr-transfected
D&A4 cel ls.

Terms used in the course of this present invention have the following meaning.

The term “DHFR-deficient” means the same as “DHFR-negative”. This describes cells not
functionally expressing the DHFR enzyme. This can be caused by either homozygous

deletion or mutation of the DHFR gene.

The term “DHFR-reduced” means cells with low endogenous DHFR levels, e.g. cells

heterozygous for the DHFR gene.

The term ,,integral of viable cell concentration over time* (IVC) means the area below the
growth curve of a cell plotted over time and is a commonly used parameter to describe the
growth performance of cells, ¢.g. in production processes which run over several days to

weeks.

-11-
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FI GURE 2 : DOSAGE- DEPENDENT GROWH ENHANCEMENT (a)
Enhanced cell growh in DHFR-transfected subcl ones.

weeooserEd e DHFR-transfected cell pools were gRCIEEPR106£050699

by het erol ogous introduction ofsoa DHFR expressi on

cassette into CHO D4 cells. Fromthese, clonal cel
popul ati ons were obtai ned by FACS-based singl e-cel

cl oning and subjected to fed-batch fernentation. The

| VC of the DHFR cl ones at day 6 was cal cul ated and

plotted relative to the 1VC of the parental D&4 cel

line which was set to 1. -10-(b) Relative DHFR

expression. Total RNA was isolated fromthe above

Teatdronad]] ealtig” andn g uaitdiplt atily eultieatd id o &dthinasunder conditions
performed to detern1ne DHFR-speci f ¢ nmRNA transcripts.

E@thﬁﬁb@F@H“W@§ thsee!lfor nor mal i zati on. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON DEFI NI TI ONS The genera

enbodi nents "conprising” or "conprised' enconpass the

fidoe et ithe endonigneithe” prossit shvangonfare feals kechmas damster cells,
singular and plural forns are not used in a limti

A ablféﬁ%ﬂ%]s@dﬂfx A K heHEb GH- Kt GHP-DPr¥seRO- DUKXB1, and CHO-

R R B0 Mo L e

Chics DARISIC UHM)M@XI SHOK If cBHRDA! bid exd 898 peférRk@? CHO-DG44
DHFR enzyne. This can be caused by either honozygous

e eBQR regtlatlingnfusther pabpirrngehghe present invention host cells also

mean murine myeloma cells, preferably NSO and Sp2/0 cells or the derivatives/progenies
of any of such cell line. Examples of murine and hamster cells which can be used in the
meaning of this invention are also summarized in Table 1. However, derivatives/progenies
of those cells, other mammalian cells, including but not limited to human, mice, rat,
monkey, and rodent cell lines, or eukaryotic cells, including but not limited to yeast, insect
and plant cells, can also be used in the meaning of this invention, particularly for the

production of biopharmaceutical proteins.

TABLE 1:  Hamster and murine production cell lines

CELL LINE ORDER NUMBER
NSO ECACC No. 85110503
Sp2/0-Agl4 ATCC CRL-1581
BHK21 ATCC CCL-10

BHK TK" ECACC No. 85011423
HaK ATCC CCL-15
2254-62.2 (BHK-21 derivative) ATCC CRL-8544
CHO ECACC No. 8505302

-12-
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The term "DHFR-reduced" neans cells with | ow
endogenous DHFR | evels, e.g. cells heterozygous for

wo s gene. The term,,integral of viable Pel/EP2008/050699

concentration over tinme" (1VQ3/ameans the area bel ow
the growmh curve of a cell plotted over tinme and is a
comonly used paraneter to describe the growth
performance of cells, e.g. in production processes
whi ch run over several days to weeks. - 11-The term
cell culture” neans multiple cells cultivated in one
contai ner under conditions suitable for the growh of
the cells. "Host cells" in the nmeaning of the present

CBNRRMI on are cells such as hanspaCeCliss1 preferably

BHK21_BHK TK _ CHO CHO- Kl CHO DUKX, CHO DIUKX B1.

GHO-BUEDEA4 cel I's or the derival ATES) 6REMPes of any
6f CHOctulkCalHONVdhfi€). Particul arly|preferred are

CEHO-DEIdx EO- DUKX, CHO KT and BWHZT cRntggen nore
preferred CHO DA4 and CHO DUKX|cells. I1n a further

@H&&Gﬂént of the _present i nvent Uolﬁuhgtsrptl 6@11I3§[2dl@15 412, 1983

NS

al | nraof o AL
Qgﬁg $ the éerl vatives/ iorggenl égwgcgﬁ;@; suzh cell

Vroe. Exanpl es of nurine and hangtrerc cetlsy whi ch can
be used in the neaning of this invention are also

B&ﬁﬁﬁiSﬁﬁd in Table 1. However , défKV@CLV%b/progenies

nnnnnn

| heo nmyral i anl o H
ﬁ I|n1ted to’hunan m ce, rat,E;éﬁE%yl gﬁHTP@ge

celT Tines, or eukaryotic celTs, tncluding buf not
limted to yeast, insect and plant cells, can also be '
Hestceellp atchmostaaeficrrgd,ofhanhbaing estenisheh adped,iand|campietely cultivated

In?({er tsgr%m free conditions, and optionally in media which are free of any protein/peptide
of animal origin. Commercially available media such as Ham’s F12 (Sigma, Deisenhofen,
Germany), RPMI-1640 (Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma),
Minimal Essential Medium (MEM; Sigma), Iscove’s Modified Dulbecco’s Medium
(IMDM; Sigma), CD-CHO (Invitrogen, Carlsbad, CA), CHO-S-Invtirogen), serum-free
CHO Medium (Sigma), and protein-free CHO Medium (Sigma) are exemplary appropriate
nutrient solutions. Any of the media may be supplemented as necessary with a variety of
compounds examples of which are hormones and/or other growth factors (such as insulin,
transferrin, epidermal growth factor, insulin like growth factor), salts (such as sodium
chloride, calcium, magnesium, phosphate), buffers (such as HEPES), nucleosides (such as
adenosine, thymidine), glutamine, glucose or other equivalent energy sources, antibiotics,
trace clements. Any other necessary supplements may also be included at appropriate
concentrations that would be known to those skilled in the art. In the present invention the
use of serum-free medium is preferred, but media supplemented with a suitable amount of

serum can also be used for the cultivation of host cells. For the growth and selection of
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producti on of biopharmaceutical proteins. TABLE 1:
Hanster and nurine production cell |ines -12-Host

wa@edosmomdne nost preferred, when bei ng establ i sPEEP2008/050699

adapted, and conpletely cultiwaoed under serumfree
conditions, and optionally in nedia which are free of
any protein/peptide of animal origin. Commercially
avai |l abl e nedi a such as Hami's F12 (Signa, Dei senhofen,
Germany), RPM -1640 (Sigma), Dul becco's Modified
Eagl e's Medium (DVMEM Sigma), Mninmal Essential Medi um
(MEM Sigma), |Iscove's Modified Dul becco's Medi um
(IMDM Sigma), CD-CHO (Invitrogen, Carlsbad, CA)
@Iﬁl&llmbdlﬁe@ e€l)s, expessing tea]cCHO VRt uruitdhilgsmgctioangdent is added
otein-free CHO Medium (Sigma) are exenplary
¢ spluramediviri ent sol utions. Any of the nedia nay
be suppl enented as necessary with a variety of
conmpounds exanpl es of which are hornones and/ or ot her
Yhowtim f ambte'nﬁ {ssusd aserichaigeably withnahmor heid residue sequences or

epi der rowth factor, jnsulin romﬁh actor
B mﬁ@ &eﬁ %@Séwp Wicehy Fnge, aC@éwg if elﬂgﬁ’g s also include
PRESANMaB hre R4 Eﬁﬁs@atfo%ﬂﬁ? n?o%llﬂfﬁpé@ughnﬂé%t%ﬁ§ 'tl@ﬁ%n&lﬁ&@ But are not

as adenosi ne, thymdine), glutam ne, glucose or ot
hqllLtﬁd/ &, glhstcoari@tncgy ae@yia‘c@s phamhpml@ttqnm; pr@tﬁmcmocessmg Modlﬁcatlons

y ot her. nece | enent s so be, . .
i PR P SO aPES B AUEh PG iR B s Substtuions,
Halemshst R ih@schsskdnl b&ehati® it R @fdcturd Bf LR IYPepE&MWhile the molecule
invention the use of serumfree nmediumis preferred,

patntaedita wolepicahdnictianali adtiviy s lipe ghpaplanesttgin @mlrsOe j8gigh sequence
1%_.%‘3‘[1@%18195 ?a%v\# S&gdé g f)ng/ngLE d%' ga{s u%laer? fm? %ﬁélle% dS ¢oding sequence

and’ sé i‘on
amba f)ﬂoeain cal bsol@xipE®ssth Nigke phpeaisect abl e gene a

suitabl e sel ection agent is added
The expression vector having a gene of interest encoding a protein of interest may also

contain a selectable amplifiable marker gene.

The term “selective conditions” refers to conditions which do not allow for the growth or
survival of cells which do not contain a corresponding selection marker. Selective
conditions may be generated by using a medium containing additives such as antibiotics or

lacking essential growth components.

The term “‘selectable marker” or “selection marker” is used for markers, which allow the
growth /survival of cells under selective conditions. In the example of the selectable
marker puromycin N-acetyl transferase (PAC) only cells containing the PAC gene will

survive in selective media containing the antibiotic puromycin.
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to the culture nedium The term"protein” is used
i nterchangeably with am no acid resi due sequences or

w@edogpents de and refers to polyners of am no apCTEPNS/050699

any |l ength. These terns al so imol ude proteins that are
post-translationally nodified through reactions that

i nclude, but are not |limted to, glycosylation,

acetyl ation, phosphorylation or protein processing.

Modi ficati ons and changes, for exanple fusions to

ot her proteins, amno acid sequence substitutions,

del etions or insertions, can be made in the structure

of a polypeptide while the nolecule naintains its

Pholag cahplifidtd harak” aetamblificatioar mekaiplseusee rfbﬁigﬁnes which are
am no acid sequence substitutions can be made in a

ﬁ@p%@béq Helogbliqated, trinliepted; ngtmhléfi)e%tha@ir%emﬁq@selectlve agent or
u&%ﬁeﬁn\g a%ref&ﬁ{l@a (@gcrglgl%l% aVI M"Itg% géﬁgﬁlgfto an increase in

operti es. e expressrton v
thetgene sdpyenmdety nijtha nparkéree ig. DPHER) ed @stsumayndihg DNA regions.
contain a sel ectable anplifiable mar ker gene. The term
"sel ective conditions" refers to conditions which do

Rd “@idcid Shplidi® 1 Ihameh g&fe”%k'ﬁa\ﬂ'yve%ko&gs aﬁ%hizy%né"@hﬁ:‘ﬁ iRquired for

not contain a corresponding sel ection marker.
swlwéh: of vekarpii aeilpnsdardlyosseogditienatfied chymplsi thg selectable amplifiable

][’I]él %%ﬁ%gliag/hgtl}cgﬁ mh&/@g@ﬁ%maém%[ﬁﬁgy wglppna hSst cell transfected
therdva drewiel KRS pre@ince 8 eHRCIlRivEBEKR! methStres&@d (NIPIX). The non-
mar kers, whi ch aIIOM/the growth /survival of cells

hmtéd cxempleny salecidelicenasria. Table B e akoarmpmdifighletarker genes, which

gaﬁll sgeltal 5 Qfﬁ»xl%%{ tﬂ%%gﬁg lr&&%‘ cglg %teo}/ {ia\l/i r%:w%wsg fethgigleétglﬁgamphﬁable

tal ni
rnarker genes listed in Table 3, see Kaufman, Methods in Enzymology, 185:537-566

(1990), incorporated by reference. Accordingly, host cells genetically modified according
to any method described herein are encompassed by this invention, wherein the selectable
amplifiable marker gene encodes for a polypeptide having the function of dihydrofolate
reductase (DHFR), glutamine synthetase, CAD, adenosine deaminase, adenylate
deaminase, UMP synthetase, IMP 5'-dehydrogenase, xanthine guanine phosphoribosyl
transferase, HGPRTase, thymidine kinase, thymidylate synthetase, P glycoprotein 170,
ribonucleotide reductase, asparagine synthetase, arginosuccinate synthetase, ornithine
decarboxylase, HMG CoA reductase, acetylglucosaminyl transferase, threonyl-tRNA
synthetase or Na'K'-ATPase.

A preferred selectable amplifiable marker gene is the gene encoding dihydrofolate
reductase (DHFR) which is necessary for the biosynthesis of purines. Cells lacking the
DHEFR gene will not grow on medium lacking purines. The DHFR gene is therefore useful

as a dominant selectable marker to select and amplify genes in such cells growing in
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survive in selective nedia containing the antibiotic
puronycin. -14-The term"anplifiable marker" or
wO 200ploddieeat i on marker" is used for genes, whi BCT/BPE08/050699

anplified (e.g. doublicated, tadoplicated, multiplied)

in the presence of a selective agent or upon treatnent

Wth a selective agent (e.g. nethotrexat (MIX))

| eading to an increase in the gene copy nunber of the

mar ker (e.g. DHFR) and the surroundi ng DNA regions.

The "sel ectabl e anplifiable marker gene" usually

encodes an enzyne which is required for growth of

eukaryotic cells under those conditions. For exanple,

inkeiuse lekinghheinaspThicf scdduttion ngekedsed éneonyictioic aith DEFRR gene is
whi ch gene is anplified when a host cell transfected

msBoERratn MdXgr own in the presence of the selective

agent, nethotrexate (MIX). The nonlimted exenpl ary

sel ectabl e genes in Table 3 are also anplifiable

irhe koem “YaHERS genvdYios Hd/ahmbensusgtucricaid ynoodingtaneactive dihydrofolate

resent invention., For a rev of the sel ectable
FE%S RYBicH- i‘%&?lu@%grf’eegoﬂl“sbg'gﬁ $A4SgeB CoNtaiging one or more introns,

KonABRueARS Reds daﬂecﬁ%ﬁﬁgé&gy’co%sééﬁjﬁﬁﬁ I(eéﬁ’l%@))(y sequences and
i ncor porated by reference. Accordingly, host cel

gmhieg sagatiogs tgdibicr withae sothdinigtrows. any et hod descrl bed

herein are enconpassed by this invention, wherein the

sel ectabl e anplifiable marker gene encodes for a

PRI FEPL | dSelB@thlB@m NeablbAGikepends di hydrofol ate

reduct ase (DHFR) utam ne synthetase CAD_ adenaosine

Selesitblase, adenyliiid ée desaisimadeumbivp sy Pelperioasigent NP
Bhﬂ&ehkdeogenase xant hi ne guanlne phosphor i bosyl

Iﬂﬂﬁ&fﬁfa?esl% 1}5&%6“'33 ’Mféi%@‘ép ' ”a‘]ﬁ{etﬂoﬁ}égle@)(m‘)ﬁ

et ase ycopr %i()ﬁz? i bonucl eot i
rpr‘lur‘t ase__aspar am na &\ @1 ar gi nosuccinate

Wﬁlh&lw or ni t hi na DI0551 (harnster) Cadmium
M13003 (human)

M11794 (rat)
CAD (Carbamoyl-phosphate | M23652 (hamster) N-Phosphoacetyl-L-aspartate

synthetase: Aspartate D78586 (human)

transcarbamylase:

Dihydroorotase)

Adenosine deaminase K02567 (human) Xyl-A- or adenosine,
M10319 (mouse) 2’deoxycoformycin

AMP (adenylate) deaminase |[D12775 (human) Adenine, azaserine, coformycin
JO2811 (rat)

UMP synthase J03626 (human) 6-Azauridine, pyrazofuran

IMP 5’dehydrogenase J04209 (hamster) Mycophenolic acid

J04208 (human)
M33934 (mouse)

Xanthine-guanine X00221 (E. coli) Mycophenolic acid with limiting
phosphoribosyltransferase xanthine
Mutant HGPRTase or mutant [ JOO060 (hamster) Hypoxanthine, aminopterin, and
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decar boxyl ase,
t r ansf er ase,

HMG CoA reduct ase,
t hr eonyl -t RNA synt het ase or
wa2se9mEns ed sel ectabl e anplifiable marker genBCT/BP100&050699

acetyl gl ucosam nyl

Na+K+- ATPase.

gene encodi ng di hydrofol ate redoct ase (DHFR) which is

necessary for the biosynthesis of purines.
| acki ng the DHFR gene wi ||

purines.

Cells

not grow on nedi um | acki ng
The DHFR gene is therefore useful

as a

dom nant sel ectable marker to select and anmplify genes
in such cells growing in -15-nmedi um | acki ng puri nes.
The sel ection agent used in conjunction with a DHFR
gene is nethotrexate (MIX). The term "DHFR gene" or

thyhfidine kags any nucl
di hydr of ol at e reduct g
DHFR sequences cont ai
sequences or so calls
regul at ory sequences
with or without intrg
abl e narker genes - 16

afr35ag] d encendigmd
BurRd tein. This
ﬁb&%P ne or nore

nlgenes c
AeBASSEmonses equel
MO39BABtaE) 3 : Sel

MIF66Uhdrp&va O}

Jthgthidigé (NAT)

i ncl udes genomi c
i ntrons, cDNA
pnpri si ng DHFR
nces together
ectable amplif

5t cells for

Tﬁ{; Ao FihRIIEOdT ™
e

ny"at

ker are€ nanmal i an
or hanster cells. Mr
CRL-9096) and CHO DA

e

are<

L1238 gad et al |

SR G n&lﬁlcﬁﬁé €

muri ne
CHODUKX ( ATCC
Cel | 33[21 405

P-glcdprat@83Y0 ¢RIDRS] )wh
activity. To extend t

iAdD 146535 @afiaa) ent
h@y@@&ﬁmggglific(

MuitipDHERRgs, ¢.g. adriamycin,
3 ih &t 8] Edchidife

ARG e

|V|t K§§

Zen3|

host cells

{xﬁhld gpRaes @

exat e may
that contain

be used in conjuncti
portamincnpmthetase of an

AF150961 (hamster)
uU09114, M60803
(mouse)

M29579 (rat)

Methionine sulfoximine (MSX)

Asparagine synthetase

M27838 (hamster)
M27396 (human)
U38940 (mouse)
U07202 (rat)

B-Aspartyl hydroxamate,
Albizziin, 5" Azacytidine

Argininosuccinate synthetase

X01630 (human)
M31690 (mouse)
M26198 (bovine)

Canavanine

Ornithine decarboxylase

M34158 (human)
J03733 (mouse)

o-Difluoromethylornithine

M16982 (rat)
HMG-CoA reductase L00183, M12705 | Compactin
(hamster)
M11058 (human)
N-Acetylglucosaminyl M55621 (human) Tunicamycin
transferase
Threonyl-tRNA synthetase M63180 (human) Borrelidin
Na'K'-ATPase J05096 (human) Ouabain

M14511 (rat)
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endogenous wi Il d type DHFR gene (Sinonsonet al., 1983;
Wgler et al., 1980; Haberet al., 1982). The present

WO pwenedias i s suitable to generate host cells POI/EP18/050699

producti on of bi opharmaceuti cedsopol ypepti des/ prot ei ns.

The invention is particularly suitable for the

hi gh-yi el d expression of a |arge nunber of different

genes of interest by cells showi ng an enhanced cel

productivity. "Gene of interest"” (GJ), "selected

sequence", or "product gene" have the sanme neaning
herein and refer to a pol ynucl eoti de sequence of any

| engt h that encodes a product of interest or "protein

of interest”, also nentioned by the term"desired
roduct”. The sel ected sequence can be full |ength, or

uifgblibest eellsfonasing alRRFB snendinmegiechs gessiectahlecprepfifiale marker are
g’lagﬁk@?n I%teﬂsg ’abgé%%b%unﬁé el & M&tc’ellg NRbRr L}ﬁg{%d are CHO-

native sequence, 1.¢€
DEEUX (AT ORIEAS) end CHOMGHu(adad aral. oaeﬁrm[s]e 405 - 412, 1983)

i fi.ed as, desired ese. nodi.ficatiqns | ud odon
E',%E W&%ﬁ%@%eat %PHEE@%&O 0 agfgaﬁq@hﬁ@ Rplificpgen method to
B®St cQPlypes, WHRRINZ HHIGO oBfc 1h@BGhDdAes Ilib‘?o@i%l ®ith ‘?Qduced sensitivity to
sequencé can encode a secreted, cytoplasm c, nuclear,

n@ﬂbnan%eb@wﬁﬁtmuimammﬂsmnmawﬁhmoMypHpﬂmUennmhemnmalnmﬂbmsofan

pRIGHENE 27l aPh BT, et Gato S THRF on el TGE, 1V bt

essed in the selected host cell. Desired proteins
can be for exanple -18-antibodi es, enzynes, cytokines,
Iynphokines adhesi on nol ecul es, receptors and

% %r%ge!tny eﬁlvglgth [ 6}9 n?uq{a%let qg r g@ge’ratg ng?s@ NYeIR I}&[ the production of
serve as agoni sts or

blopharrnaceutlcal polypeptldes/protems. The invention is particularly suitable for the

high-yield expression of a large number of different genes of interest by cells showing an

enhanced cell productivity.

“Gene of interest” (GOI), “selected sequence”, or “product gene” have the same meaning
herein and refer to a polynucleotide sequence of any length that encodes a product of
interest or “protein of interest”, also mentioned by the term “desired product. The selected
sequence can be full length or a truncated gene, a fusion or tagged gene, and can be a
cDNA, a genomic DNA, or a DNA fragment, preferably, a cDNA. It can be the native
sequence, i.e. naturally occurring form(s), or can be mutated or otherwise modified as
desired. These modifications include codon optimizations to optimize codon usage in the
selected host cell, humanization or tagging. The selected sequence can encode a secreted,
cytoplasmic, nuclear, membrane bound or cell surface polypeptide.

The “protein of interest” includes proteins, polypeptides, fragments thereof, peptides, all of

which can be expressed in the selected host cell. Desired proteins can be for example
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ant agoni sts and/ or have therapeutic or diagnostic use.
Exanpl es for a desired protein/polypeptide are al so

w@eawenodied ow. In the case of nore conpl ex nol eRCI/EB2008/050699

such as nonocl onal anti bodi esisovdne GO encodes one or

both of the two antibody chains. The "product of

interest” may al so be an anti sense RNA. Proteins of

interest or desired proteins are those nentioned

above. Especially, desired proteins/polypeptides or

proteins of interest are for exanple, but not |limted
toinsulin, insulin-like gromh factor, hGH tPA,

cyt oki nes, such as interleukines (IL), e.g. IL-I,

hittbddiek L - éhzyinks, 4 cylokifes, |Ikm@holihes/, adHesi®n InholSculdsl - tédeptors  and
l.-1 1, IL-12, 1L-13, I1L-14, |IL-15, I1L-16, IL- 17

fgrivaiges pinfragnretyeraobnndaanyieiher nokynsetides thineag s, as agonists or

I h
LTGRO Peror) TG b VR P aRbSt ety EXley SKFNa desired
Bk UBpolybeiise ardilbo ivambelvixG-. Al so included is the
roduction of erythropaietin o er. horngne
E} 045¢ b 0FS OIS FiR ROHESLe ﬁa.fﬁ@w@ e bg iR th GOI encodes
Sﬁgbﬁ%dﬁQOPﬁe@QM@&H%@?QH&BX used for production of
ant i bodi es or fragnments thereof. Such fragnents

i nclude e.g. Fab fragments (Fragment antigen-binding =

r nts c i st of. the riabl e regi ons of
56t hpr8ﬂlé“it€|‘?£ Sy e Bl R B fhe ad; acent
constant region. These may be forned by protease
di gestion, e.g. with papain, fromconventiona

Bmt@%gfélgteregtupr dpsiicdaprofeay @rﬁa@mﬂ@nhﬁyedaq@debEspecwlly, desired
EJOQQg‘ESZI?Oq%eEU = dy fbg%l}flrée érptl rr?c g}gtflo fgﬁj%lge y Ial%r%re ln{nted to insulin,
iRuloh lik@ygrdweh factor, hGH, tPA, cytokines, such as interleukines (IL), e.g. IL-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16,
IL-17, IL-18, interferon (IFN) alpha, IFN beta, IFN gamma, IFN omega or IFN tau, tumor
necrosisfactor (TNF), such as TNF alpha and TNF beta, TNF gamma, TRAIL; G-CSF,
GM-CSF, M-CSF, MCP-1 and VEGF. Also included is the production of erythropoietin or
any other hormone growth factors. The method according to the invention can also be
advantageously used for production of antibodies or fragments thercof. Such fragments
include e.g. Fab fragments (Fragment antigen-binding = Fab). Fab fragments consist of the
variable regions of both chains which are held together by the adjacent constant region.
These may be formed by protease digestion, e.g. with papain, from conventional
antibodies, but similar Fab fragments may also be produced in the mean time by genetic
engineering. Further antibody fragments include F(ab‘)2 fragments, which may be

prepared by proteolytic cleaving with pepsin.

-19-



10

15

20

25

prepared by proteolytic cleaving with pepsin. -19-The
protein of interest is preferably recovered fromthe

wa@iosE4sredi um as a secreted pol ypeptide, or PCT/EP200$1@50699

recovered fromhost cell lysate® if expressed w thout

a secretory signal. It is necessary to purify the

protein of interest from other reconbi nant proteins

and host cell proteins in a way that substantially

honbgenous preparations of the protein of interest are
obtained. As a first step, cells and/or particul ate

cell debris are renoved fromthe culture nedi um or

| ysate. The product of interest thereafter is purified

The praont @frintaadt is qirﬁbfﬁlyp f@b@ér@@ Jfrqpoltpeplurdescdn® as a secreted
nucl ei c acids, for exanp y fractionation on

PBrRRRSISES 9 i garpbe F%Y@ﬁ@ lﬁr@ﬁgbos(% SR hysates éf egiesped without a secretory

BERG! Riid f%c‘e?%yl’ {o%fr?fgzgl%ag%@a %);F ﬁ%res%‘ﬁ%ﬂ‘?gﬁ)ér reﬁomblnant proteins and

chir omat ogr ap on silica or
baxt icolh peotcinange weas ihat subﬁnamlljz)ﬂiéﬁloghmmgqnepmuons of the protein of

met hods teachin kill ed ers n how purify.a

Praestiare ppRrd, %@65@“&% & rr?ea%%utl S PFlL de‘ﬁ?searwrpoved from
KRoWMNID MB&uAY lor SY&B M8k hﬁl‘dﬁu&r of fifler&X alBeBiter is purified from
described by Harris and Angal, Protein Purification

ddsttéroient SotubiRe pﬂo{m@dpalrmepﬂahegncéwlelc Ttids, Ppaetangdd, by fractionation
proach Series, |RL.Press 995 Robert .Scopes
SPBUACHTIFY (OF A2 BHEh RSy ?%é,f& ﬁngbpﬁ%%swn BEYatse phase HPLC,

BEHEPOERbREtoRYaph§f @i G&Brabhy b sitieN 8f bif a A NNSG@hAYE resin such as
methods it is possible to produce shortened anti body

PEAdmémeenaini Blsthodn tashing giskillsel persen gy tapuely & graseis heterologous

prrgﬁ ef % %M—Darea\ﬁgﬂ o&tbﬁl tih g?FS&ctﬂath&P&y Lf)rrle g%rlh%ﬁlilple described

ere rarre

By &gﬁﬁmhnd)fAttghE Rtafehﬁbhleﬁmfoh)Meﬁibﬂs anthiek®ood and Hames eds., The
Fv-fragments | ack the coval ent bondi ng of the t

Bragtiend %gprpw‘él §91§@sellﬁésP5qss (1995) or Robert Scopes, Protem Purification,
Springer-Verlag (1988), both incorporated by reference.

Using genetic engineering methods it is possible to produce shortened antibody fragments
which consist only of the variable regions of the heavy (VH) and of the light chain (VL).
These are referred to as Fv fragments (Fragment variable = fragment of the variable part).
Since these Fv-fragments lack the covalent bonding of the two chains by the cysteines of
the constant chains, the Fv fragments are often stabilised. It is advantageous to link the
variable regions of the heavy and of the light chain by a short peptide fragment, e.g. of 10
to 30 amino acids, preferably 15 amino acids. In this way a single peptide strand is
obtained consisting of VH and VL, linked by a peptide linker. An antibody protein of this
kind is known as a single-chain-Fv (scFv). Examples of scFv-antibody proteins of this kind

known from the prior art are described in Huston et al. (1988, PNAS 16: 5879-5883).
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the constant chains, the Fv fragnents are often
stabilised. It is advantageous to link the variable

wo egsoyE4f the heavy and of the Iight chai n bRCHEBR1{008/050699

peptide fragnment, e.g. of 10 ti@w0o30 am no aci ds,
preferably 15 amno acids. In this way a single
peptide strand is obtained consisting of VH and VL,

| inked by a peptide |inker. An antibody protein of
this kind is known as a single-chain-Fv (scFv).
Exanpl es of scFv-anti body proteins of this kind known
fromthe prior art are described in Huston et al.
(1988, PNAS 16: 5879-5883). -20-1In recent years,

UBfec@utSesis) adrivgh 8satbgivehbedited dvallopddof preppigPaiFivig a multimeric
scFv as a multinmeric derivative. This is_ intended to
deraativenl tinistiniended to leasl, iepastieg Aaie resAmPHEAT @4ibagtich with improved

%ﬁgfﬁlg&ﬁgn&ﬁ%ﬁ%?ﬂQMtio% ;ﬁggergésoﬂ'vt?‘et lréb d}{ erclreaseddamdmg avidity. In

roperties as well as wt ncrease
bmlen todmhletve raglhieyvieationl dfi the scisatsclbn wete pﬂepamd fay fussmerotems with

d as fysion proteins, wth mJI i meri
H’&hﬁ?%&sa 19T QOMYNE-i Ty &ﬁata)&n%ﬂ%nmy B e tg %:Pﬁereglon of an
%@ of 8}1aN & s@ﬁctﬁ&%@ﬁx sRLdtedsraich a%tlé%fﬁ{zgpér%dlﬁn& However,
structures) such euci n- zi pper domai ns. wever,
thhsr gcatw® saltasﬁtgl@tm athedi ge interaghiog I’oetvtmnitm é’ﬂﬂ&’ﬁ regions of the scFv

VL .r |o s of t t he
A1 et QR e [ R SpBPaBR Gy vy e it
irahothtatshebivKlchl BsheEmSED sﬂlﬁaﬂ@mﬁtl% Vﬂieesfhbrtemng of the Linker in an
onodi nmeric scFv derivative. The shortening of the

sqFkmplerwle 4a 5 clbyamimoeasidselends ®-thg dommation aichaiodimggssin which an

{%_ﬁrv%gglzgfélwi -8 O@elzrﬁ‘xlg%oﬁﬂﬁk éllgées p[lﬁaéécee d"%& %besgﬂa | Q&(ﬁtrIOI‘Faﬁ?Ib% stabilised

bl dhet {Iﬁﬁ@bi@ﬁob&de@bﬂ)ﬂlﬂé Bﬂd@@s Elﬁ@mpl&@ f r@l@rb@tiy—@ﬂtﬂﬁtfdy proteins from
di su] phi de bri dges | es of diabody-antibaod

Hedrier ad cpp B%fqmé %P%ﬁw @tratl (A A PEUE TS 112.%71ﬂé2g)si c et
al . (1994, Structure 2 : 1217-1226).

By minibody the skilled person means a bivalent, homodimeric scFv derivative. It consists
of a fusion protein which contains the CH3 region of an immunoglobulin, preferably IgG,
most preferably IgG1 as the dimerisation region which is connected to the scFv via a
Hinge region (c.g. also from IgG1) and a Linker region. Examples of minibody-antibody
proteins from the prior art can be found in Hu et al. (1996, Cancer Res. 56: 3055-61).

By triabody the skilled person means a: trivalent homotrimeric scFv derivative (Kortt et al.
1997 Protein Engineering 10: 423-433). ScFv derivatives wherein VH-VL are fused

directly without a linker sequence lead to the formation of trimers.

The skilled person will also be familiar with so-called miniantibodies which have a bi-, tri-

or tetravalent structure and are derived from scFv. The multimerisation is carried out by di-

21-



10

15

20

25

By m ni body the skilled person neans a bival ent,
honodi neric scFv derivative. It consists of a fusion

w@e@B®9a148\hi ch contains the CH3 regi on of an PCT/EP2008/050699

i mmunogl obul in, preferably I|g&/sonmost preferably 1gQd

as the dinmerisation region which is connected to the

scFv via a Hinge region (e.g. also fromlgd) and a

Li nker regi on. Exanpl es of m nibody-anti body proteins
fromthe prior art can be found in Hu et al. (1996,

Cancer Res. 56: 3055-61). By triabody the skilled

person neans a : trivalent honotrineric scFv

derivative (Kortt et al. 1997 Protein Engineering 10:

428 -04 3dFamddicFooilde fcbil atrusess (Peokedtral. ViDOA Bitehhologd 11:, 1271-1277;
directly without a |linker sequence lead to the |

Loyaax stok 1903 Seiones 359 1RE8-dRP1:1Fsek pletls 4RO INola Bid. F46: 28-34).
famliar with so-called m niantibodi es which have a

bi-, trior tetravalent structure and are derived from
Bgfaefinifioe anwylstquoacessat gomps isrodacadi iath @ hbstloglldire calRl-‘heterologous

tri- or tetranmeric coiled cQil strugtures (Pack. et .
$quencEy 98T ShETBlonReY BEY ot s gaiey S i TERRAE} By theihog cell, even if
ﬁl%gﬁtr@ic@([‘ %g?%%or%ﬁ@isjia&ﬁicafﬁ% &ho@dnous d8enct or MRLin the host

Bi ol . 246: y definition any Sequences or
g8hes introduced into a host cell are called
“het er ol ogous sequences” or "heterol ogous genes" or
"transgenes” with respect to the host cell, even if

HBRrd 18I R PLEE Je RIBACS RER bOlintdRGed fitd deMHabCaI] ByOoudhl an “expression
endogenous sequence or gene in the host cell

FRSt@T oPisgally gameuknerpitnced avan mere picfasehls ed mamnealign expression
g&rt(%ef\/l oldls u@yd t%séolﬂgtn%r‘g Vé&él%r ESRLR 'Pmé{\%ﬁ‘té’ 5 rson lfilled in the art and
eb C, anc? e gFeraB y a

pretérably an eukaryotl VEN nore pr
daoribdd anaespy pasicanonsebit it cullttbatisquas &g doaste@ag suitible vectors,

vectors are well known to a person skilled in the art

Hyghpding a description of the functional components such as promoters, enhancers,
termination and polyadenylation signals, selection markers, origins of replication, and
splicing signals, are reviewed in considerable details in Sambrook et al., 1989 and
references cited therein. Vectors may include but are not limited to plasmid vectors,
phagemids, cosmids, articificial/mini-chromosomes, or viral vectors such as baculovirus,
retrovirus, adenovirus, adeno-associated virus, herpes simplex virus, retroviruses,
bacteriophages. The eukaryotic expression vectors will typically contain also prokaryotic
sequences that facilitate the propagation of the vector in bacteria such as an origin of
replication and antibiotic resistance genes for selection in bacteria. A variety of eukaryotic
expression vectors, containing a cloning site into which a polynucleotide can be
operatively linked, are well known in the art and some are commercially available from

companies such as Stratagene, La Jolla, CA; Invitrogen, Carlsbad, CA; Promega, Madison,

WI or BD Biosciences Clontech, Palo Alto, CA.
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described in various publications. In particular
techni ques for constructing suitable vectors,

wOo pBoglitmg a description of the functional conpONEP1088/050699

such as pronoters, enhancers,2%%®rm nati on and

pol yadenyl ati on signals, selection markers, origins of
replication, and splicing signals, are reviewed in
consi derabl e details in Sanbrook et al., 1989 and
references cited therein. Vectors may include but are
not limted to plasmd vectors, phagem ds, cosm ds,
articificial/mni-chronosones, or viral vectors such
as bacul ovirus, retrovirus, adenovirus,

hoangrefsied CdraliRiimyitr the, cxipedspies e @mprisessit least one nucleic acid
retroviruses, bacterlophages The eukaryotic
ESABPRES SV Bieh Vib at BREIafIY | SCAYqICE A1CPseynioR tinggripgion and translation of

t
R A g PSRRI B2 AR LR g MR o1
replication and antibiotic resistance genes for

Iecthn in bacteria. A varie of eukaryotic
L e Srpgeiator & vstshibaie ﬁ&g % & SRR eAnd/protranslation. of a
Hé’[bl%'fbg%u@ﬁﬁé‘l&b‘ %hﬁ%h@éﬁcg YPrhiCa ABGTRI VIR Dévél'd%%ﬂresﬁé@ of a desired
Known in the art and some are conmmerci al

amdu¢tém®elﬁ radnintsossh amiad®st dh nay 18t datlalgeﬁde on I_the JYasis @f either the

%’B.Olg}t OV Cltorér% é)éld]@lgorﬁi{gg] %abggre%n? o %E,_\CGIYIB %Ifehargount of the desired
p@l?‘ﬁ@ﬂd@ﬂ pﬁﬁ’@@dbmbreﬁth encdpd 56 it sve&t® I'scGeoHRE I %€f/ the present
at | east one nucleic acid sequence which is a

exsgnlen Epycxaple meRNAdswserdrog fram aselgeisd seqyenercaahg quantitated by
f\]‘bﬁpéréeﬁ yb%ﬁlznﬁ%dé %%n?cqearcég q&%@ %)?g’teétﬂ)gt n?.ﬁ&ﬂ?;%nd?zatlgn to cellular

pepti ypep pro ern eres
RE&@pbeSbsrl POR @6c Sambrdvkr &i 4l.,r efsor s\ulsabdl raang criopT ivpdated). Proteins
and/ or transl ati on of a heterologous nucl eic acid

sugdehbr awelered seusBen capdie quantigiaddiyeyarigps aleglodsss- erby ELISA, by
HesRrf! %?dtﬁl?g by radioimmunoassays, by immunoprecipitation, by assaying for the

biological activity of the protein, by immunostaining of the protein followed by FACS
analysis (see Sambrook et al., 1989; Ausubel et al., 1987 updated) or by homogeneous

time-resolved fluorescence (HTRF) assays.

“Transfection” of ecukaryotic host cells with a polynucleotide or expression vector,
resulting in genetically modified cells or transgenic cells, can be performed by any method
well known in the art and described, e.g., in Sambrook et al., 1989 or Ausubel et al., 1987
(updated). Transfection methods inlcude but are not limited to liposome-mediated
transfection, calcium phosphate co-precipitation, electroporation, polycation (such as
DEAE-dextran)-mediated  transfection, protoplast fusion, viral infections and
microinjection. Preferably, the transfection is a stable transfection. The transfection

method that provides optimal transfection frequency and expression of the heterologous
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product/ protein of interest in a host cell may be
determ ned on the basis of either the anount of

waeersepaendi ng MRNA that is present in the cel PCT/BP200$1€50699

anmount of the desired pol ypeptasde/ protein of interest
encoded by the sel ected sequence as in the present
exanpl es. For exanple, nRNA transcribed froma

sel ect ed sequence can be quantitated by Northern bl ot
hybri di zati on, ribonuclease RNA protection, in situ
hybri di zation to cellular RNA or by PCR (see Sanbrook
et al, 1989; Ausubel et al, 1987 updated). Proteins
encoded by a sel ected sequence can be quantitated by

y@ick ousthoepditicidar @og. cdily liltk 1404, typy MeRvercd. ISudhble N@ethods can be
by radi oi nmunoassays, innunogrecipitation,

b b

adeuninety byoroytine Btiow%@%/s@ droragtably Frgnsctantie thy @i\{)@ﬁtﬂ{cts are cither
. ) et ; . / _

B0 M RO 6 Bl MR chromosome o

bosed epidameldt) scoas thye babhgeaiatirdtitten teswlsved.

fluorescence (HTRF) assays. "Transfection" of
eukaryotic host cells with a polynucl eotide or

?K@Fﬁéﬁém tHEPLQent ifveaHbE Wil¥eihPlogeRAtdsCahdriviseRalitdt&H conventional
cells or transgenic cells, can bé perfornmed by an
teehifigebsvoIcEll feredagy, imw l¢dubar idlogndeldl esleure bednurelagy, andrihe like which
Sanbr pok ., 1989 o usubel, et al . 87. .
FpdabBa 7 fisr Boviott-nbiNedechriuedds B fisglongg n the current
liteRitired SE® clol BambBvkN@ il at\6lctulansimeid: 00, Labatabry Manual, 2™ Ed.,
hﬁ@ghate Co-precipitation, electroporation
e

pringoHaben dgberstonE ReesgekedaynringedpesdN. Y. (1989); Ausubel et al.,
fection, f usi i.ral..infect]
E{n%]fﬁ }erg{olc?ﬂg dn %@%%ﬁ%ﬁ%{gﬂo}g&ﬂl%e , tu\lfaldgt%%i)élcﬁlo%ﬁ e'dg '%s%ﬁl Molecular

mcroilnjectl ans ron 1
Bicddle IRLaPsfeono).Goddeclt ¢danGtme Ekprassitat ochnblvgly, Academic Press

Y550 T ARl B Ciedhency Anf B ERLRke Genes,
Bartlett Publ. (1990); Wu et al., eds., Recombinant DNA Methodology, Academic Press
(1989); Kriegler, Gene Transfer and Expression, Stockton Press (1990); McPherson et al.,
PCR: A Practical Approach, IRL Press at Oxford University Press (1991); Gait ed.,
Oligonucleotide Synthesis (1984); Miller & Calos eds., Gene Transfer Vectors for
Mammalian Cells (1987); Butler ed., Mammalian Cell Biotechnology (1991); Pollard et
al., eds., Animal Cell Culture, Humana Press (1990); Freshney et al., eds., Culture of
Animal Cells, Alan R. Liss (1987); Studzinski, ed., Cell Growth and Apoptosis, A
Practical Approach, IRL Press at Oxford University Presss (1995); Melamed et al., eds.,
Flow Cytometry and Sorting, Wiley-Liss (1990); Current Protocols in Cytometry, John
Wiley & Sons, Inc. (updated); Wirth & Hauser, Genetic Engineering of Animals Cells, in:
Biotechnology Vol. 2, Piihler ed., VCH, Weinheim 663-744; the series Methods of
Enzymology (Academic Press, Inc.), and Harlow et al., eds., Antibodies: A Laboratory
Manual (1987).
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-23-genes in the particular host cell line and type is
favored. Suitable nethods can be determ ned by routine

w@emsmelunes. For stable transfectants the consPCTEPE08/050699

are either integrated into ths/vost cell's genone or
an artificial chronosone/ m ni-chronosone or | ocated
episomally so as to be stably maintained within the
host cell. The practice of the present invention wl|l
enpl oy, unl ess otherw se indicated, conventiona
techni ques of cell biology, nolecular biology, cel
culture, inmunol ogy and the |ike which are in the
skill of one in the art. These techniques are fully
disclosed in the current literature. See e.g. Sanbrook
et al ., Mol ecular Coning: A Laboratory Manual, 2nd
Col d Spring Harbor Laboratory Press, Cold Spring

%{entl&% I%}laté%%ﬁ%élﬁt@%%g?&bﬂogﬁdnﬁaé%l} %rg%/?ﬁo%ﬂg é:glrl fi)ltng CRAScterized in
EﬂSélﬁtDHﬂFR htliveigud fanidBicDIlimgys intfdhscdr ess (1991); Goeddel

ed., Gene Expression Technol ogy, Academ c Press
(1991); Bothwell et al. eds., Methods for C oning and

ﬂi‘@ﬁ%@f’e&d@m‘%ﬁﬁﬁ&%@f'tﬁé 5R08S mv%ﬁﬁ&ﬂ ﬁfetmaﬁgcll is &h]a?a%@fl’zed in that the

et al., eds., Reconbinant DNA Mt hodol ogy, Academ c
Pﬁbbse@k@BHFRﬂKﬁbeglewatmﬁﬂéﬁﬁnqmsﬁédmand Expr essi on,
St ockton Press (1990); MPherson et al., PCR A
Practical Approach, IRL Press at Oxford University

By @ Fortick Wibodirkadit tof @kl pre&drt AAVEAELE AR HRHDYNE RABSIasterized in that the
(1984); MIller & Calos eds., CGene Transfer Vectors for

xeneneicodimgPHFR andg7yencapit Inseresid GOpmeading thoeiepired product are
SRRl Aitp Ol dpet ol ece i

umana Preéess (1990); Freshney et a
eds., Culture of Animal Cells, Alan R Liss (1987)
St udzj nski, ed. , Cell Gowh and optosis, A
In another embodiment of the present invention the method 'is characterized in that the
DHEFR expression cassette is the only mammalian expression unit which is introduced into

said cell line during this sequential introduction step.

In another specific embodiment of the present invention the method is characterized in that
selection for the gene of interest encoding the desired product is carried out in the absence

of methotrexate (MTX).

In a further embodiment of the present invention the method is characterized in that the

gene dosage of DHFR is increased.

In a further specific embodiment of the present invention the method is characterized in
that the cells of said cell line contain at least 1, preferably at least 3 copies of the DHFR

gene.
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Practical Approach, IRL Press at Oxford University
Presss (1995); Melaned et al., eds., Flow Cytonetry

w@easBerss ng, W ey-Liss (1990); Current Prot oROI/EP1008/050699

Cytonetry, John Wley & Sons,2dsc. (updated); Wrth &
Hauser, Genetic Engineering of Animals Cells, in:

Bi ot echnol ogy Vol. 2, Phler ed., VCH Wi nhei m
663-744; the series Methods of Enzynol ogy (Academi c

Press, Inc.), and Harlow et al., eds., Antibodies: A
Laboratory Manual (1987). -24-The invention relates to
a nethod of inproving cell gromh of a cell line

characterized in that the DHFR activity of said cel

I aduititerispedifiasabodiniend op tief peasht énkadomeid methotiHe characterlzed in
resent invention the nethod is characterized in th

{)h%ﬂ@e‘Fqﬂsqurﬁéldl el lipgprpntyarat dpash O, 8t leastpiient afelfa@te?cﬁ c0ples of the

E@ﬁ#{% pne. In a further enbodi nent of the present
Invention the nmethod is characterized in that the gene
encodi ng DHFR and a gene of interest (GJ) encoding

t are i ntrod [

he desired. produ equent i al | dinto . .
btg e pech B amOQ Pt Bs PENBbATERR™ D HHES Gﬁ%é@@ﬁfteﬂmd in that
{HARPlcb @oh IRl sradierl i§ sickh@iqacteri zed in that the DHFR
expression cassette is the only mamal i an expression

unit which is introduced into said ceII l'i ne during

%h%m%g t :‘i%{l?{]é gt fgﬁ%{s!ﬂ} ﬁ{}‘éﬁwﬁgg riifl et hlﬁ B:&g a terlze({: in that the

ehRERohaEvol 6HDHFR RahcrsSbeat leayd 2f01d. t he gene of
i nterest encoding the desired product is carried out

in the absence of nethotrexate (MIX).
In a further embodiment of the present invention the method is characterized in that the

expression level of DHFR is increased at least 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold,
9-fold, 10-fold, 15-fold or 20-fold.

In a specific embodiment of the present invention the method is characterized in that the
DHEFR activity is increased by introducing a heterologous DHFR gene, a DHFR minigene,

a DHFR mutant or a DHFR encoding sequence from another species as the cell line.

In a further embodiment of the present invention the method is characterized in that said

cell line is already transfected with a gene of interest (GOI).

In a further embodiment of the present invention the method is characterized in that said

cell line 1s a mammalian cell line such as a CHO cell line.

In a preferred embodiment of the present invention the method is characterized in that the

cell line is CHO-DG44 or CHO-DUKX-B11, preferably CHO-DG44.
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In a further enbodi nent of the present invention the
met hod i s characterized in that the gene dosage of

WORIBR09H48 ncreased. I n a further specific enmboRPCTEPL00£650699

the present invention the netim® is characterized in
that the cells of said cell line contain at |east 1,
preferably at |east 3 copies of the DHFR gene. -25-In
a further specific enbodi nent of the present invention
the nethod is characterized in that the cells of said
cell line contain at least 5, at |least 10 or at | east
25 copies of the DHFR gene. In another specific

enbodi ment of the present invention the nmethod is
characterized in that the expression |evel of DHFR IS

i ncreased. In a further enbodi nent of the present
Imatbsrormbadiment afote i nsessAb HAERE tedmrihod Hachagierized in that the

ﬁ&gﬁ & rftﬁ% ?gﬁe’e fi {erégtlgrﬁoPﬁlg thC&A3G r&fuc! £ 3tricd ofuﬁ enqhe presence

iment o prese I nvention
uﬁmhmdmﬁhmehaddQMdezéHT)muihﬂhehhﬁnﬁxﬁﬂd@ﬁion | evel
of DHFR is increased at |least 3-fold, 4-fold, 5-fold,
6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 15-fold or

ﬁpaJO%eg spéc@ﬁ@erﬁ@&ﬁﬂn%hﬁbfqﬂpﬁ@ké}ﬁ Mveffiort fh% rﬂétﬁ&?ﬁtcharacterlzed in that
invention the nethod is characterized in that the DHFR

@&FR/ ist fransedterc measlea cl linptanoa separgte aplivanidrtbamglmugene of interest
e i nigen tant or a
eogu e sqeher MrDARE ierdy DHER SEMo g @) pelection and! or
hmp@ﬁcalnan@la‘rk@rtmleﬂhegeﬂ&o&hlm%st of the present invention
the nethod is characterized in that said
In a further embodiment of the present invention the method is characterized in that the

plasmid containing DHFR is transfected sequentially or simultaneously with a plasmid

containing the gene of interest.

In a preferred embodiment of the present invention the method is characterized in that the
plasmid containing DHFR is transfected sequentially with a plasmid containing the gene of

interest.

In another preferred embodiment of the present invention the method is characterized in
that said cell line has previously been transfected with a first plasmid containing a gene of

interest functionally coupled to a selection marker other than DHFR.
In a further embodiment of the present invention the method is characterized in that said

cell line contains heterologous DHFR and at least one other amplification marker such as

glutamine synthetase (GS), adenosine deaminase (ADA) or cytosine deaminase (CDA).
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cell line is already transfected with a gene of
interest (GA). In a further enbodi nent of the present

wo psiotdia t he nethod is characteri zed i n that PERRHEP2008/050699

cell line is a mammalian cel |l 2d40ne such as a CHO cel
line. In a preferred enbodi nrent of the present
invention the nethod is characterized in that the cel
line is CHO D&4 or CHO DUKX-BI 1, preferably

CHO DA4. -26-1n anot her enbodi ment of the present
invention the nethod is characterized in that the

sel ection for the gene of interest encoding the
desired product is carried out in the presence of

hy @ dxdiir b agfiarthbbiytnd o ¢he pFEYend vl chtiod fle: mbthedde chdracterized in
I n anot her specifjic enbodi nent of the present

th%'wi rhlineeontrinsisierpoLewalPHERA LS in that DHFR is

transfected into the cell line on a separate plasmd

than the gene of interest encoding the desired product

hAnghotitee spdayfi OtRBO dlmest afabe pesant imensal thetmahodndhamcterized in that
rker for ene I nt er est

R £HLRE G ﬁ?r%?g%lﬁé%lf%geﬁ@t Rt e b ehlectiut mter such as

herofiemasdhi&eer biBohP@h the plasm d containi ng DHFR
is transfecteed sequentially or sinultaneously with a

plasm d containing the gene of interest. In a

L€ HEteF EmBRERRRI B s Bipsp SrTRafoR e HRYSH R HioterGingg jgythot stably

iR dt & dalignsd &4dcstl ©e By aRingahd Yel¥dtioR Maké@&At€bnally coupled to the
contai ning the gene of interest. In another preferred

gersodiireiest: of t he present invention the nmethod is
ﬁp 2RARLF ﬁl%g(ﬂmeﬂt of the present invention the method is characterized in that stably

transfected cells are selected for by using the selection marker functionally coupled to the

gene of interest, which is not DHFR.

In a preferred embodiment of the present invention the method is characterized in that the
cell density reached by said stably transfected cell line is at least 2-fold higher than that of

the corresponding untransfected cell line.

Furthermore, the present invention relates to a method for generating a production host
cell line characterized by the following steps
a. transfecting a host cell with at least one gene of interest encoding a desired
product on at least one first plasmid functionally coupled to a selection
and/or amplification marker other than DHFR,
b. Introducing a DHFR expression cassette located on a separate plasmid as in
step a,

c. Selecting for stably transfected cells using the selection marker of step a,

8-
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that said cell |line has previously been transfected
wth a first plasm d containing a gene of interest

wo eovwsdamal |y coupled to a sel ecti on marker ot PET/EP1vasi050699

DHFR. In a further enbodi ment2sdfo t he present invention

the nmethod is characterized in that said cell line

contai ns heterol ogous DHFR and at | east one ot her
anplification marker such as gl utam ne synt het ase

(GS), adenosi ne deam nase (ADA) or cytosine deam nase

(CDA). -27-In a further specific enbodi nent of the

present invention the nethod is characterized in that

said cell line contains heterol ogous DHFR and GS. In

an obvharebﬁ pecirbiveth enbadirvEny amf cdlhngitesachicd bvaid édhare better and
the method i s characterized in that said cell line
conbighgidh#ethepuridhe careprmding untsgnsfestediccld hae ot her

sel ecti on marker such as puromycin, neonycin or

bl eonycin. In a further enbodi nent of the present

iPnaferablyo thet prescme trivontidrsrethta tact weihae dori genttading stpabduction host cell

ransfected cells e.selected for by using the
ar & ?Pﬁﬁ“ﬁﬁﬁﬁéb #ﬁk@??%ﬂ%@iy coupl ed to the gene of

i nteresty, {rﬁhs%cftlﬂgtahﬁﬁFﬁfﬂ%@i@ieH?&t DRFRLRAuRIIGRRNE ] with at lcast one
i nvention the net is characterized in that stably

t r ansf ect egencedl mtcaes @letbdang adddsord Ipyodwst ng at Heast one first plasmid
sel ection rker funct a coupled to t ene_of

Thterese Tt Rebledig FH0aR sRdet ArbliFeffitmAket oter than
of the prepgr,i nvention the nethod is characterized

in that the cell densité reached by said stably

t r ansf edx ebntiodpeing pdAFIs cxprepsieiseasseticdpentest fha senapde plasmid as in
t hat of thgeﬁgrresponding untransfected cell 1ine.

c. Selecting for stably transfected cells using the selection marker of step a,
whereby the growth characteristics and cell density reached by said cell are better and

higher than those of the corresponding untransfected cell line.

In a preferred embodiment of the present invention the method is characterized in that the
order of steps a and b is exchanged.
In a preferred embodiment of the present invention the method is characterized in that the

order of steps a and b is reversed.

In a preferred embodiment of the present invention the method is characterized in that
DHEFR is the only mammalian expression unit which is introduced into said cell line during

step b.

Furthermore, the present invention relates to host cell obtainable by any one of the

described methods.
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Furthernore, the present invention relates to a nethod
for generating a production host cell |ine

waebasaeties i zed by the follow ng steps a . tranBdBEP1I00£050699

a host cell with at |east onesmg®ne of interest
encodi ng a desired product on at |east one first
plasm d functionally coupled to a selection and/or
anplification marker other than DHFR, b. Introducing a
DHFR expressi on cassette | ocated on a separate plasmd
as in step a, ¢ . Selecting for stably transfected
cells using the selection marker of step a,
-28-whereby the growth characteristics and cel

density reached by said cell are better and higher
than those of the corresponding untransfected ce

I mépeoiesbedimpnt ehide presseininvemHipanbe srethed ﬁt@@ra@@ﬂaed in that the
Hﬁfﬁ%quﬁ&agﬁpﬁgﬁéipg¥ F5Q§H§Eépn host cell line
y the tol

characteri ze oW ng steps a . transfecting
a DHFR-deficient or DHFR-reduced host cell with at

east .one ene of t erest encodln a de roduct
iaha Rrefereeds lzﬂ%mfl?tri% the, Peseht dnvegi f@ﬁaﬁtﬁgﬁ ﬂﬁraé:aer%d in that the
g1 heatibanGandf opcRmRIKtjmat i on marker other than

DHFR, b. Introducing a DHFR expression cassette

| ocated on a separate plasmd as in step a, c .

Eel eeg%n:og ﬂﬁ‘%{r%%%ﬂ Xtét{oélgrre]%fce%% %(%ne oI Sf prohl?cgng a proteln in a cell line,
a mammalian cell line, characterized by the following steps:

(a) Generating a host cell with one of the described methods above containing a gene of

interest encoding a protein of interest,

(b) Cultivating the cells, under conditions which allow the proliferation of the cell,

(c) Harvesting the protein of interest e.g. by separating the cells from the supernatant and

(d) Purifying the protein of interest.

Preferably, the present invention relates to a method of producing a protein in a DHFR-
deficient or DHFR-reduced cell line, e.g. a mammalian cell line, characterized by the
following steps:

(a) Generating a host cell with one of the described methods above containing a gene of
interest encoding a protein of interest,

(b) Cultivating the cells, under conditions which allow the proliferation of the cell,

(c) Harvesting the protein of interest e.g. by separating the cells from the supernatant and

(d) Purifying the protein of interest.

In a specific embodiment of the present invention the method is characterized in that the

protein of interest is a secreted protein.
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whereby the growth characteristics and cell density
reached by said cell are better and hi gher than those

w@booslgniaor r espondi ng untransfected cell |i ne.PCTIER2008/050699

preferred enbodi nent of the psie®ent invention the
method is characterized in that the order of steps a
and b is exchanged. In a preferred enbodi nent of the
present invention the nethod is characterized in that
the order of steps a and b is reversed. In a preferred
enbodi nent of the present invention the nmethod is
characterized in that DHFR is the only mammal i an
expression unit which is introduced into said cel

line during step b. Furthernore, the present invention
rel ates to host ceII obt ai nabl e by any one of th

bea dvithss prhed e of thoprasery igyraeiph ithe BieHid lﬁachﬁraeﬁerlwem that the
Pﬂﬁﬁﬁ&ifii)hﬂﬁﬁ Boide20s ¢ %a#&‘gﬂé’%&é}r %B@J(f%gtaﬁlr it art Pf‘ta membrane
t | e ce .

e ce a manma ost C such as a
standingpet@nr ed enbodi nent of the present invention the
nmet hod is characterized in that the cell is a CHO D4
or CHO DUKX-BI 1. Furthernore, the present invention

II‘FJJ. Bte8SrddOerRbd T bR e Blre@éﬂt' Ghvedtién RicOh&thfd ﬁ@clﬁré‘c@éﬂzed in that the
line, e.g. a mamulian cell line, characterized by the

fransigow in dowtedps: th¢ aa)mﬁaelasmaltas e BHFstxpembibn wisshitone
of the described nmethods above containing a gene of
i nterest encoding a protein of interest,

In a further preferred embodiment of the present invention the method is characterized in

that the transgene encodes for an anti-apoptotic gene or a transcription factor.

In a specific preferred embodiment of the invention the methods / host cells are
characterized in that they are performed /grown in suspension culture.
In a specific preferred embodiment of the invention the methods / host cells are

characterized in that they are performed /grown in serum-free culture medium.

The invention generally described above will be more readily understood by reference to
the following examples, which are hereby included merely for the purpose of illustration of
certain embodiments of the present invention and are not intended to limit the invention in

any way.
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(b) Cultivating the cells, under conditions which
allow the proliferation of the cell, (c) Harvesting

wo bmspeasei n of interest e.g. by separating theCTEP1088/050699

fromthe supernatant and (d) Puifying the protein of
interest. Preferably, the present invention relates to
a nethod of producing a protein in a DHFRdeficient or
DHFR-reduced cell line, e.g. a manmalian cell |ine,
characterized by the follow ng steps: (a) Generating a
host cell with one of the described nmethods above
containing a gene of interest encoding a protein of
interest, (b) Cultivating the cells, under conditions
BXIAVIPRIESOw t he proliferation of the cell, (c)

Harvesting the protein of interest e.g. by separating
5%%T%%VﬂégﬁPgh¥&ﬂgﬂ§Q§ernatant and (d) Purifying the

BPLRLSKOf interest. In a specific enbodi ment of the
present invention the nmethod is characterized in that
Allecefirlotegiusedodt produeties tind deaelgeome sede preanhantained30-skmal seedstock

a further enbodi t,o0 e esent i.nvention e
ARt e Ffrf}ae%_s e Een o e euBears é‘ﬂﬁ%m,ﬁeﬂmny) or
GRRE 308 AunbaDSHRREK) Whh tnSasaResr BRCl MHdriacal dilbgsheR! containing

a menbrane standing protein. In a preferred enbodi nent
dto €Be present invention the nmethod is characterized

Ln that the transgene .i ocat ed .on the.sanme plasm d.
e R et B SR Had SERb a2 o R g Efufties of 2385
BeIRMEL I Bkt edThesticeRidtionfis ldbRriRMmes emtalll AMERE ibMusidiea hemocytometer.
met hod is characterized in ) )
Viability is assessed by the trypan blue exclusion method. All CHO production cells are

cultured in Bl-proprictary media and their composition may not be revealed.

Fed-batch cultivation

Cells are seeded at 3E05 cells/ml into 125 ml shake flasks in 30 ml of Bl-proprictary
production medium without antibiotics or MTX (Sigma-Aldrich, Germany). The cultures
are agitated at 120 rpm in 37°C and 5% CO; which is reduced to 2% following day 3.
Culture parameteres including pH, pO,, pCO,, glucose, lactate and glutamine
concentrations are determined daily and pH is adjusted to pH 7.0 using NaCOs as needed.
Bl-proprictary feed solution is added every 24 hrs at 30 ml/L*d. Cell densities and viability
are determined by trypan-blue exclusion using an automated CEDEX cell quantification

system (Innovatis).

Single Cell Sorting
A FACS Vantage (Becton Dickinson) flow cytometer equipped with pulse processing, sort
enhancement module, and automatic cell deposition unit is used for analysis and cell

sorting. On a dot plot of forward and side scatter (FSC/SSC) a gate is set around single
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that the transgene encodes for an anti-apoptotic gene
or a transcription factor. In a specific preferred

wenhsdsemeht of the invention the nethods / hosPCTEP1088/050699

are characterized in that thes/sre perfornmed /grown in
suspension culture. In a specific preferred enbodi nent
of the invention the nethods / host cells are
characterized in that they are performed /grown in
serumfree culture nmedium The invention generally

descri bed above will be nore readily understood by
reference to the foll ow ng exanpl es, which are hereby
i ncluded nerely for the purpose of illustration of

Heing ajehs.eStradi dotivtase dépdshed pite Pk cll Mmiemtited plasd catsining 200 pL
not intended to limt the invention in (@ﬁ way.. . ) )
gprtexpadniE gt ong ERl Acs WeNDVNE thiopsomstie ccll] deppstion pnit. For sterile
| I
gﬂlh%eﬁﬁgngggﬁ}eﬁgg E?l?%lqg ble et Sdtaagllg SHEY 1?%(8?@[}1&111%02% sficath fluid for 1
Bucdchcef dler dvkbalvingf scdsthems( MU, NE@HI;TBG kY% TaitonAXulidt 61086 cthanol.

MR I TN A M (N,

CO2. Seedstock cultures are subcultivated every 2-3
days with seeding densities of 2-3E5 cells/nL. The
BalA iscloticemd RTRGR i s deternined inall cultures by

NS e R RPN oo R TR pe—
@écdrding to the rnanufacturer S 1nstruct10ns followed by treatment with DNase I for 30
minutes at 37°C. First strand cDNA synthesis is carried out using the Cloned AMV First-
Strand ¢cDNA Synthesis Kit (Invitrogen, Germany) starting with 3ug of total RNA and
oligo(dT) oligonucleotides. Quantitative differences in dhfr transcript levels are determined
by real-time PCR usinge the Absolute™ QPCR SYBR® Green Fluorescein Mix (ABgene,
Surrey, UK) and a thermal cycler controlled by the MyIQ Real Time Detection software
(BioRad, Germany). All experiments are performed in triplicates. DHFR-specific
amplificates are generated and quantified relative to tubulin expression levels using the
following oligonucleotides: dhfr (sense) SEQ ID NO.1 5-ATGGTTCGACCGCTGAAC-
TGC-3’; dhfr (anti-sense) SEQ ID NO.2 5’-CCACTGAGGAGGTGGTGGTCATT-3’;
tubulin (sense) SEQ ID NO.3 5’-CTCAACGCCGACCTGCGCAAG-3’ and tubulin (anti-
sense) SEQ ID NO.4 5’-ACTCGCTGGTGTACCAGTGC-3".

EXAMPLE 1:

Heterologous DHFR expression enhances cell growth

DHFR-deficient CHO-DG44 (Urlaub & Chasin, Cell 33, 405-412; 1983) and CHO
DUKX-B11 (ATCC CRL-9010) are stably transfected with DNA constructs harbouring the

selection markers for puromycin and neomycin, respectively, or and expression plasmid

-33-



10

15

20

25

cultured in Bl-proprietary nedia and their conposition
may not be reveal ed. Fed-batch cultivation Cells are

weemdoobias 3E05 cells/m into 125 m shake f| aBKEEPZ00S8W50699

m of Bl-proprietary productiswmwomredi um wi t hout
antibiotics or MIX (Sigma-Aldrich, Germany). The
cultures are agitated at 120 rpmin 37C and 5% CO
which is reduced to 2% following day 3. Culture
parameteres including pH pq 2, pCOQ2, glucose, lactate
and gl utam ne concentrations are determned daily and
pH is adjusted to pH 7.0 using NaCO as needed.

Bl -proprietary feed solution is added every 24 hrs at

B0 thd DHFR g&rl Theleslsd drcaslcated i indddiunh tyntainengdidt eedpeatdrd antibiotic
by trypan-blue excl usion using an autonated CEDEX cel |
UETRY IR OREFISHCIBY 8% Briclertivionad ey witkgwidlle Cel | Sorti ng

P& ’gl%%ftg(%ﬂ&gﬁt@rigtﬁg Qo ik BepR)ced 'thYMSCaXé ﬁﬁ'ﬁtc%ﬁlpared in seedstock
equpped Wi th pul'se processtng, sort enhancenent
odtiudseandaduatia fadrtet¢he cwd gl dtiosieiposhiake dlasksnwhich sepressht faorestablished

nal ysis and cell sorting. a dot plot _of for d .
doran-S54E maada) ?Oérfle’(rﬁ%@t@%)m%%’%é’r?“ses%eét[L&’r Sufil BppgLs Biochem.
Sl 'p()ioljlg7;qgi_|1§5]-80rted cells are deposited into
96-well mcrotiter plates containing 200 nL growth

medi um at one cell per well with the automatic cell

SERPSL T AL G 855 516, 3R DBt Gyl Mo
e b ang ot el ko os aaid sy g v
sithsesgh davey maxisplepsl] dontigest (FICAMRE viath, PBSH & in agreement with
Pe%ﬂge%cgtrgxqftht At %ea&‘ﬁjeli dﬁl%é §edstock cultivation (FIGURE 1¢).

Interestingly, complementation of DG44 dhfr-/- cells by heterologous DHFR (SEQ ID
NOs.5+6) expression completely rescues this phenotype. Re-introduction of a DHFR-
transgene does not only lead to a reduction in the doubling time, but also the IVC is
increased to wild type levels or even beyond. This growth enhancing effect can not only be
observed in two different DG44 cell lines, but also applies for CHO DUKX B11 cells
transfected with a functional DHFR gene. Transfection with expression constructs
harbouring puromycin or necomycin restistance cassettes, however, do not lead to changes
in cellular growth characteristics. This indicates, that the growth enhancement is not due to

selection and/or cultivation of stable transfectants, but is caused by the re-establishment of

functional DHFR expression in dhfr-negative CHO cells.

EXAMPLE 2:

DHEFR enhances cell growth in a dose-dependent manner

In order to investigate whether the growth effect mediated by re-introduction of DHFR is
dosis dependent, stably DHFR (SEQ ID NOs.5+6) expressing subclones were generated
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RNA i solation and RT-PCR RNA fromgrowing cells is
i sol ated using TRl zol (r) reagent (Invitrogen, Gernmany)

waewmsndiimg to the nmanufacturer's instructions POI/EPWeg050699

by treatment with DNase | for320 m nutes at 37C. First

strand cDNA synthesis is carried out using the C oned

AW First- Strand cDNA Synthesis Kit (Invitrogen,

Germany) starting with 3ng of total RNA and ol igo(dT)

ol i gonucl eoti des. Quantitative differences in dhfr

transcript |levels are determ ned by real-tine PCR

usi nge the Absolute(tn) QPCR SYBR(r) G een Fluorescein

M x (ABgene, Surrey, UK) and a thernmal cycler

sahtsupjetted toy FARS-Bdst D digdd-cdll natordet a6t bistains olohi@pepulations with
E‘BI oRad, Cermany). All experinments are perfornmed in

QINPEINOHY éigiFlbWXRreéﬁ%. f$l¢bsaw|nrly,| thet g9V ah @reRadtsapbdhese DHFR
a@gesq%t@ﬂtghil%ﬁ%q 1'hei}e&tb'a ch feﬁnérfﬂg)&gn Xp%ﬁ?ﬁdvﬁ{] n{ EY 2a, DHFR

usi ng I'owi ng ol 1 gonucl eot sense Q"
trihsiNordd @WMTWEWG@ leSr'e];s crzhlmﬁp’are(dam CHeeDEEY cells, the

ID NO. 2 5! CT GaGT CATT-S' ; tubulin
E’Efg FRUSS rasgre f@rﬁ%%w?@m GCGCAAG S and
’TH bl b oS8 AUt WReMNE dievated TVC levels correlated with enhanced
- ACTCCCTGGTGTACCAGIGC- S'. EXAMPLE 1: Het er ol ogous

DHEIR pcepicoels.cntih RS waellziol@mb\fvom DEAFHBR fsubélemts as well as the
405-412:. 19

CHO- ub & Chasi,n an

B8 Bk RSP PRl ool E PGS Ory P nERE b fanse DHFR
E‘iﬁr&bs@ﬂp(fq@}m}fﬁll weYh.s Mabhausindoft iR SIBh&Chh DR itkehfeasured TVCs
for puronycin and neonycin, respectively, or and

earprleted pisplypy it thegtrength of DHFR expression, that means that the clones with the
highest DHFR transcript levels exhibited the highest IVCs in the fermentation process.
These data suggest that expression of heterologous DHFR in CHO-DG44 cells increases

cell growth in a dose-dependent manner.
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-33-for the DHFR gene. The cells are selected in
medi um cont ai ni ng the respective antibiotic (puronycin

w@eoog@eyass ci n) or in selective nediumw t hout POT/EF{0e8/050699

growm h characteristics of theseani sing stable cell
pool s are than conpared in seedstock cultures and
during fed-batch cultivation in shake flasks which
represent an established down-scal e nodel for
fermentati on/ production processes [Liu C and Hong L;
Bi ochem Eng. J . (2001) 7:121-125]. Surprisingly,
CHO deficient DA4 cells show strongly inpaired growh
conpared to parental CHOw |l d type (w) cells (FI GURE
RYferdnde L.64d- bat ch cul tures, they grow sl ower and reach
| ower maximal cell densities (FIGURE | a,b), which is
in agreement with reduced growmh rates neasured during
ivat I t gk [ o at
A MarS I B A Sphiflee it 1 GOFRE SURK e muliplicaton of
DHFR ({iSofdlathi@edietfsy gexgsrie sisitotraxatepkastentyvar@sts wésultured murine

does Fi9b DRIDL FBSE 15437 BHE on i n the doubl ing.
time, but also the IVCis increased to wild type

A@%%&%Q.A(?%ﬁdﬂ VORMRRAR. (T19Yi5S. GEcoNt the GRBRMHhRIcA EB6Mosomal DHFR
can not only be observed in tw different D&A4 cell

| i nesgensus seleetipnappikie manmaHd EURM. Biotechpel. |48, 133-138.
transfected with a functi onal DHFR gene. Transfection

| PHESSH on c har, [ | r - )
P X PIACSHANGETBUEHEL Sy COML, I8 BHERTY SN s of b
t o chplagakl interagiohs li@icogibiant efiadagheisinst Aas. NTH. SAcad. Sci. 469,
i ndicates, that the growh enhancenent is not due to

sel ect9bAlhind/ or cultivation of stable transfectant S,

but is caused by the re-establishnment of

Fouser,L.A., Swanberg,S.L., Lin,B.Y., Benedict,M., Kelleher,K., Cumming,D.A., and
Riedel,G.E. (1992). High level expression on a chimeric anti-ganglioside GD2

antibody: genomic kappa sequences improve expression in COS and CHO cells.

Biotechnology (N. Y. ) /0, 1121-1127.

GuM.B., Kern,J.A., Todd,P., and Kompala,D.S. (1992). Effect of amplification of dhfr
and lac Z genes on growth and beta-galactosidase expression in suspension cultures

of recombinant CHO cells. Cytotechnology 9, 237-245.

Kaufman,R.J. (1990). Selection and coamplification of heterologous genes in mammalian

cells. Methods Enzymol. /85, 537-566.

Kaufman,R.J. and Sharp,P.A. (1982). Amplification and expression of sequences
cotransfected with a modular dihydrofolate reductase complementary dna gene. J.

Mol. Biol. /59, 601-621.
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functi onal DHFR expression in dhfr-negative CHO cells.
EXAMPLE 2 : DHFR enhances cell growth in a

waleme/eilapendent manner I n order to investigat ePGIEPINES/050699

the grom h effect nediated by3w®-introduction of DHFR
is dosis dependent, stably DHFR (SEQ I D NGs. 5+6)
expressi ng subcl ones were generated -34-and subjected
to FACS-based single-cell cloning to obtain clona
popul ati ons wi th honogenous DHFR expressi on.
Subsequently, the growth properties of these DHFR

cl ones was anal ysed in fed-batch fernentation runs. As
shown in FI GURE 2a, DHFR transfected subcl ones reached

Katifniingfo @ Mufhd ey &lgplie OPanatng €. CHanD®dIceslR 8, (1988). Sclection
di fference rangln from2.5 to 6-fold within six days.
To beaihlanpBicaet eafs hetseologrust geneswisasaiéte adsyesingg deaminase in
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ceI | gromh and hepatitis B surface antigen synthesis
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U S. A 80, 2495-2499.

<140> EP07101070.6
<141> 2007-01-24

<160> 6

<170> Patentln version 3.3
<210> 1

211> 21

<212> DNA

<213> Artificial

<220>
<223> dhfr (sense)

<400> 1
atggttcgac cgctgaactg ¢ 21
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nmutants deficient in dihydrofolate reductase activity.
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(1983). Deletion of the diploid dihydrofolate
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Bi ot echnol . 113, 171-182. Wirm F. M and Jordan, M
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ygggabgan Cells, ed. S. C Mkrides Elsevier Science
B. V., 309-335. -38-SEQUENCE LI STING < 110> Boehri nger
o NAn Pharma GrbH & Co. KG <120> | MPROVEMENT OF
C§t$> 'H <130> P01-2177 <140> EP07101070.6 <141>
2007- 04UB92160> 6 <170> Patentln version 3.3

<220>
<223> dhfr (anti-sense)

<400> 2
ccactgagga ggtggtogtc att 23

<210> 3

211> 21
<212> DNA
<213> Artificial

<220>

<223> tubulin (sense)
<400> 3

ctcaacgcecg acctgegeaa g 21

<210> 4
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<210> 1 <21 1> 2 1 <212> DNA <213> Artificial <220>
<223> dhfr (sense) <400> 1 atggttcgac cgctgaactg c 2 1
WO 3@80al@s> 2 <21 1> 23 <212> DNA <213> Artifi cPei/EERDRY050699
<223> dhfr (anti-sense) <400>41250ccact gagga ggtggtggtc
att 23 <210> 3 <21 1> 2 1 <212> DNA

<211> 20
<212> DNA
<213> Artificial

<220>

<223> tubulin (anti-sense)
<400> 4

actcgetggt gtaccagtge 20

<210> 5
<211> 798
<212> DNA

<213> Cricetulus sp.

<400> 5
aatttcgegce caaacttggg ggaagcacag cgtacaggct gectaggtga tecgetgetge 60

tgtcatggtt cgaccgetga actgeatcgt cgecgtgtee cagaatatgg geatcggeaa 120

gaacggagac cttccetgge caatgetcag gaacgaattc aagtacttcc aaagaatgac 180

caccacctcc tcagtggaag gtaaacagaa cttggtgatt atgggecgga aaacctggtt 240

ctccattcct gagaagaatc gacctttaaa ggacagaatt aatatagttc tcagtagaga 300
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<213> Artificial <220> <223> tubulin (sense) <400> 3
ct caacgccg acctgcgcaa g 2 1 <210> 4 -40-<21 1> 20

W28 <213> Artificial <220> <223> tubul i PCT/EP2008/050699

(anti-sense) <400> 4 actcgct ggtsogt accagt gc 20 <210> 5
<21 1> 798 <212> DNA <213> Cricetulus sp. <400> 5
aatttcgcgc caaacttggg ggaagcacag cgtacaggct gcctaggtga
tcgctgctge 60

gctcaaggaa ccaccacaag gagctcattt tcttgecaaa agtetggacg atgecttaaa 360

acttattgaa caaccagagt tagcagataa agtggacatg gtttggatag ttggaggcag 420

ttccgtttac aaggaageca tgaatcagee aggcecatcte agactctttg tgacaaggat 480

catgcaggaa tttgaaagtg acacgttctt cccagaaatt gatttggaga aatataaact 540

tctcccagag tacccagggg tectttctga agtccaggag gaaaaaggea tcaagtataa 600

atttgaagtc tatgagaaga aaggctaaca gaaagatact tgetgattga cttcaagttc 660

tactgctttc ctcctaaaat tatgcatttt tacaagacca tgggacttgt gttggcttta 720

gatctatgag ttattctttc tttagagagg gatagttagg aagatgtatt tgttttgtgg 780

taccagagat ggaacctg 798

<210> 6

<211> 1047

<212> DNA

<213> Mus musculus

<400> 6
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tgtcatggtt cgaccgctga actgcatcgt cgccgtgtcc cagaat atgg
gcat cggcaa 120 gaacggagac cttccctggc caatgctcag

wW@2amsyaals c aagt acttcc aaagaat gac 180 caccacctPBCI/EP2008/050699

t cagt ggaag gt aaacagaa cttggtgati atgggccgga aaacctggtt
240 ctccattcct gagaagaatc gacctttaaa ggacagaatt
aatatagttc tcagtagaga 300 -41-gctcaaggaa ccaccacaag
gagctcattt tcttgccaaa agtctggacg atgccttaaa 360
acttattgaa caaccagagt tagcagataa agtggacatg gtttggatag
ttggaggcag 420 ttccgtttac aaggaagcca tgaat cagcc
aggccatctc agactctttg tgacaaggat 480 cat gcaggaa
tttgaaagtg acacgttctt cccagaaatt gatttggaga aat at aaact

pédicheieatagagcd angeangaadentt befgstagtacaggag 60
gaaaaaggca tcaagtataa 600 atttgaagtc tatgagaaga

aaggct aaca gaaagatact tgctgattga cttcaagttc 660

t actt gt
S S E GRR R SR R b PR  BEP
gatagttagg aagatgtatt tgttttgtgg 780 taccagagat
aacctg 798 <210> 6 <21 1> 1047 <212> DNA <213> Mis
gﬁ%ﬁaagg%‘:f@&fg GBS AR SRR AL S8 E 4287 AP8R82C8agt Yyt ac

acagctcagg gctgcgattt cgcgccaaac 60

accctggect ccgetcagga acgagttcaa gtacttccaa agaatgacca caacctcttc 240
agtggaaggt aaacagaatc tggtgattat gggtaggaaa acctggttct ccattcctga 300
gaagaatcga cctttaaagg acagaattaa tatagttctc agtagagaac tcaaagaacc 360
accacgagga gctcattttc ttgccaaaag tttggatgat gecttaagac ttattgaaca 420
accggaattg gcaagtaaag tagacatggt ttggatagtc ggaggeagtt ctgtttacca 480
ggaagccatg aatcaaccag geccacctcag actctttgtg acaaggatca tgcaggaatt 540
tgaaagtgac acgtttttcc cagaaattga tttgggpaaa tataaacttc tcccagaata 600
cccaggegte ctetctgagg tccaggaggea aaaaggcatc aagtataagt ttgaagtcta 660
cgagaagaaa gactaacagg aagatgcttt caagttctet getceectee taaagetatg 720

catttttata agaccatggg acttttgctg getttagatc tatgagtaat tatttcttta 780
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ttcacggcaa tcctagcgtg aaggctggta ggattttatc cccgctgcca
tcatggttcg 120 accattgaac tgcatcgtcg ccgtgtccca
w@amsargegyyg att ggcaaga acggagaccg 180 accct ggCPCT/EP2008/050699

ccgctcagga acgagttcaa gtacttcew@d agaatgacca caacctcttc
240 agtggaaggt aaacagaatc tggtgattat gggtaggaaa
acctggttct ccattcctga 300 gaagaatcga cctttaaagqg
acagaattaa tatagttctc agtagagaac tcaaagaacc 360
accacgagga gctcattttc ttgccaaaag tttggatgat gccttaagac
ttattgaaca 420 accggaattg gcaagtaaag tagacat ggt
ttggat agt ¢ ggaggcagtt ctgtttacca 480 ggaagccatg

aat caaccag gccacctcag actctttgtg acaaggatca tgcaggaatt
bédiob gaagptgagaaegtitbitboatcaagaaabiaa ctdabggegasal
tataaacttc tcccagaata 600 cccaggcgtc ctctctgagg

t ccaggagga aaaaggcat c aagtataagt ttgaagtcta 660

e R L

gctttagatc tatgagtaat tatttcttta 780 -43-gggaggggt a

aa trgttt ttt tgtgatctt at ggaac agaccca
Rar 00 ER gl boengtiaietoiPed Gt e fa cybontio
ccctagcccc tatataattc 900 taaacaatat gttgtcattt
cccagtaatc taacaaggta tagtaaaagt gccttaagaa 960
algtpactsrtthigaagghtisagigeic atoecagegawtcaggtc ccacgage at@dcaagt ¢
cccecececccecce 1020 ccccecccececc ccecccecececccc cccceecc 1047
-44-CLAIMS 1. A nethod of inproving cell gromh of a

eRkbcckth@cedtreacdceddceed in that the DR
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activity of said cell line is increased. 2. A nethod
according to claim1l whereby said cell line is a

worieRooafs ci ent or a DHFRreduced cell |ine. 3.prP&I/RPL0bgES0699

according to claim1 or 2 whesoy the gene encodi ng

DHFR and a gene of interest (GO) encoding the desired
product are sequentially introduced into said cel

line. 4. A nethod according to claim3 whereby the

DHFR expression cassette is the only mammali an
expression unit which is introduced into said cel

line during this sequential DHFR introduction step. 5.
A net hod according to clains 1 to 4 whereby sel ection
CwAIM® gene of interest encoding the desired product

is carried out in the absence of nethotrexate (MIX).

6. A nethod according to clains 1 to 5 whereby the

en

e RRaer B BERERL g IR0 jn that the DHFR
cel hctivutycefsmdtcalil hnafs iheasedl, pr ef erably at |east 3
copi es of the DHFR gene. 8. A nethod according to
claims 1 to 7 whereby the expression |level of DHFR is
NCAGASREY accBRtify to 1R f'%el%ﬁ(} i icBiY 1ihQist BHFR&cficient or a DHFR-
wher eby the expression |level of DHFR i s increased at

| easducsdfaslldine10. A nmet hod according to clains 1 to 9
whereby the DHFR activity is increased by

3. A method according to claim 1 or 2 whereby the gene encoding DHFR and a gene of
interest (GOI) encoding the desired product are sequentially introduced into said cell

line.

4. A method according to claim 3 whereby the DHFR expression cassette is the only
mammalian expression unit which is introduced into said cell line during this

sequential DHFR introduction step.

5. A method according to claims 1 to 4 whereby selection for the gene of interest

encoding the desired product is carried out in the absence of methotrexate (MTX).
6. A method according to claims 1 to 5 whereby the gene dosage of DHFR is increased.

7. A method according to claim 1 to 6 whereby the cells of said cell line contain at least

1, preferably at least 3 copies of the DHFR gene.

8. A method according to claims 1 to 7 whereby the expression level of DHFR is

increased.
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i ntroduci ng a heterol ogous DHFR gene, a DHFR m ni gene,

a DHFR nutant or a DHFR encodi ng sequence from anot her
waepmsiogd4as the cell line. 11. A nmethod accor dPEEPIN0S/050699

claims 1 to 10 whereby said c&do line is already

transfected with a gene of interest (GJ). 12. A

nmet hod according to clains 1 to 11 whereby said cel

line is a manmalian cell line such as a CHO cell |ine.

13. A nethod according to claim12 whereby said cel

line is CHO D&X4 or CHODUKX- Bl 1, preferably

CHO- D44, 14. A nethod according to clains 2 to 13

whereby the selection for a gene of interest encoding

the desired product is carried out in t he presence of

hypoxanthlne and thymd in the absence of

9 XA meshodhagegtdipgitoLdipy %lwh@rebb tktq ea&m%m% &veholREFRYY increased at

DHFBaégzﬁ%‘nsfected into the cell line on a separate

pl asm an a gene of interest encoding the desired

product and mhereby DHFR does not serve as selection

d/ or_ anmpli cati r for, t e i nt erest
s Isasset h%@%rﬂd%g @cfﬁ%}rra"ﬁ 59 PPy fﬂ? ?ﬂ%aﬁé‘w 1§ figreased by
pl aﬁl%gu&ﬁ’é"ﬁﬂbt@fd'l% ﬁmé g2 et G ERUS THA 'niﬁté}ﬁ ora

simul taneously with a plasm d containing t he gene of
i nt PHER encmc'hng Acqrenpofiomapothdi spycics agthaicall lisewher eby
the plasm d containing DHFR is transfected
sequentially with a plasm d contai ning the gene of

i1t &réthed according to claims 1 to 10 whereby said cell line is already transfected
10 with a gene of interest (GOI).

12. A method according to claims 1 to 11 whereby said cell line is a mammalian cell line

such as a CHO cell line.

15 13. A method according to claim 12 whereby said cell line is CHO-DG44 or CHO-
DUKX-B11, preferably CHO-DG44.

14. A method according to claims 2 to 13 whereby the selection for a gene of interest
encoding the desired product is carried out in the presence of hypoxanthine and

20 thymidine (HT) and in the absence of MTX.

15. A method according to claims 1 to 14 whereby DHFR is transfected into the cell line
on a separate plasmid than a gene of interest encoding the desired product and
whereby DHFR does not serve as selection and/ or amplification marker for the gene

25 of interest.
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18. A nmethod according to claim217 whereby said cel
line has previously been transfected with a first

w@b@snovd4gont ai ni ng a gene of interest functi oped/ER2008/050699

coupled to a sel ection marker4moher than DHFR 19. A

met hod according to clainms 1 to 18 whereby said cel

i ne contains heterol ogous DHFR and at | east one ot her
anplification marker such as gl utam ne synt het ase

(GS), adenosi ne deam nase (ADA) or cytosine deam nase

(CDA). 20. A nethod according to claim219 whereby said

cell line contains heterol ogous DHFR and GS. 21. A

nmet hod according to clains 1 to 20 whereby said cel

lT6ona mahddhnrsrdist & QhiggDishEkbRiRlasatid ceasining@HBRAS fransfected
sel ection narker such as puronycin, neonycin or

bl esyeitilly 2y simulizaeaisly witk s plismi sentainiae ihe genef mtqrest.
whereby stably transfected cells are selected for by

using the selection marker functionally coupled to the

dé&na roéthod h@bﬁﬁmg to-dain2 whem’ejz thedlaadd contagitgdDHF Riisrtransfected
22 whereb cel | anSI ached P%¢sald stably

t r abfSPet V@ 4 s qqgt n$ AN 0% BEFCHi gher t han

that of the corresponding untransfected cell line. 24.

A nethod for generating a production host cell Iine
dRarauttbed aedrdiyg tohdaifrol T wheémby stiépell [ieg hasrmaeradwsty bemy transfected

oot P Sl {R4F

marker other than DHFR.

ngcerestsftunccuonally couplea(li to a selection

19. A method according to claims 1 to 18 whereby said cell line contains heterologous
DHFR and at least one other amplification marker such as glutamine synthetase (GS),

adenosine deaminase (ADA) or cytosine deaminase (CDA).

20. A method according to claim 19 whereby said cell line contains heterologous DHFR
and GS.

21. A method according to claims 1 to 20 whereby said cell line contains heterologous
DHFR and at least one other selection marker such as puromycin, neomycin or

bleomycin.

22. A method according to claims 3 to 21 whereby stably transfected cells are selected for

by using the selection marker functionally coupled to the gene of interest.
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gene of interest encoding a desired product on at
| east one first plasmd functionally coupled to a

waedogoediash and/ or anplification marker ot her tPEIEEEIBSR)S0699

(b) Introducing a DHFR express&yon cassette | ocated on
a separate plasmd as in step a, (c) Selecting for
stably transfected cells using the selection marker of
step a, whereby the growth characteristics and cel
density reached by said cell are better and higher
than those of the correspondi ng untransfected cel

line. 25. A nethod according to claim24 whereby the
order of steps a and b is exchanged. 26. A nethod
agcarméthed heotdigd B Adin0l2 wherabe thelyyll RedRyirsadhbé bo iy stably
manmmal i an expression uniit which is introduced into,

sai Hansioted GeHding iy #trlgass £dpldphighey thanghst of g1q costssRandims e
by ﬁ&%ﬂ@ﬂfﬁﬂ%eﬂhﬁe”EthOds of clainms 1to 26. 28. Host
cel '

according to claim 27 whereby the cell is a
manmal i an host cell such as a CHO cell. -48-29. Host
Il according to.claimz?28. whereby the cell is, a )
%ﬁu&@e&fﬁos{)gor@%@rmwroriu?tloggiosw%lét%&a@fteﬁz%%ﬁhﬁ ollpwing
progep in a DHFR-deficient or DHFR reduced cell [ine,
e.g. a manmalian cell line, characterized by the

f ol | owi g Bamspsting a)DIEERalchicienyoaDHb Rt rededdd hmstoalldiviily at least one
to any onegeonfe § Flniter{gstzezlcg(ﬁngz % &%I%(? ip?oi(ﬂlgt Sn at least one first plasmid
functionally coupled to a selection and/or amplification marker other than
DHFR,
(b) Introducing a DHFR expression cassette located on a separate plasmid as in
step a,
(c) Selecting for stably transfected cells using the selection marker of step a,

whereby the growth characteristics and cell density reached by said cell are better and

higher than those of the corresponding untransfected cell line.
25. A method according to claim 24 whereby the order of steps a and b is exchanged.

26. A method according to claim 24 or 25 whereby DHFR is the only mammalian

expression unit which is introduced into said cell line during step b.
27. Host cell obtainable by any one of the methods of claims 1 to 26.

28. Host cell according to claim 27 whereby the cell is a mammalian host cell such as a

CHO cell.
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gene of interest encoding a protein of interest, (b)
Cultivating the cells, under conditions which allow

wo baspeahs f erati on of the cell, (c) Harvesti ngPCTEP2008/050699

protein of interest e.g. by separating the cells from
t he supernatant and (d) Purifying the protein of
interest. 31. A nethod according to claim30 whereby
the protein of interest is a secreted protein. 32. A
met hod according to clainms 30 or 3 1 whereby the cel
additionally contains a transgene which encodes an
intracel lular or a nenbrane standing protein. 33. A
nmet hod according to claim32 whereby the transgene is
ROCcHb& A ctincédiging adrelajph a8 Mihdrody thde: ] IDke R B3 E$4 6100HO-DUK X-
cassette. 34. A nethod according to claim32 or 33
mheBéby the transgene encodes for an antiapoptotic
gene or a transcription factor. -49-

30. A method of producing a protein in a DHFR-deficient or DHFR reduced cell line, ¢.g.

a mammalian cell line, characterized by the following steps:

(a) Generating a host cell according to any one of claims 27 to 29 containing a
gene of interest encoding a protein of interest,

(b) Cultivating the cells, under conditions which allow the proliferation of the
cell,

(c) Harvesting the protein of interest e.g. by separating the cells from the
supernatant and

(d) Purifying the protein of interest.
31. A method according to claim 30 whereby the protein of interest is a secreted protein.

32. A method according to claims 30 or 31 whereby the cell additionally contains a

transgene which encodes an intracellular or a membrane standing protein.

33. A method according to claim 32 whereby the transgene is located on the same plasmid

as the DHFR expression cassette.

34. A method according to claim 32 or 33 whereby the transgene encodes for an anti-

apoptotic gene or a transcription factor.
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