WO 2008/090148PCT/EP2008/050699 1/50 IMPROVEMENT OF CELL
GROWTH BACKGROUND OF THE INVENTION TECHNICAL FIELD The
invention concerns. the field of cell culture technology. it concerns a
W ethetef4enproving cell growth as well as a method for genéeKing2an8/650699

production host cell line. The invention fufther concerns a method of
producing proteins using the cells generated by the described method. 10
BACKGROUND The market for biopharmaceuticals for use in human
therapy continues to grow at a ugh rate with 270 new biopharmaceuticals
being evaluated in clinical studies and estimated 15 sales of 30 billions in
2003 (Werner 2004). Currently, an increasing number of
biopharmaceuticals is produced from mammalian cells due to their ability
tEVvEPR e pronasSandiha iR Wi proteins. Successful and high yield
production of blopharmaceutlcals from mammalian cells is thus crucial
and depends on the characteristics of the recombinant monoclonal cell
line UBEHDNE P OEEEBRENN BioPHaimaceutical production processes,
yield is determined by two factors: the specific productivity (Fispee) of the
host cell and the IVC, the integral of viable cells over time which produce

5 the(ddsifed-brotEIA? This correlation is expressed by the following formula:
¥ RSPARIGIVEonSIARAA ARRrBRCASA PR BIBACt MR NEE Rrcthod of
can be to increase 25either the production capacity of the host cell or
vapiedey edheivadhrinaaigien e addar wroerating a production host cell line. The

QB0 EABREIIRRRA0BHR699 1 producing proteins using the cells generated by the

described method.

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
15 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 monocional cell line used in the process.
20
In biopharmaceutical production processes, yicld is determined by two factors: the specific
productivity (Pe:) of the host cell and the TVC, the integral of viable cells over time which
produce the desired protein. This correlation is expressed by the following formuia: Y =
Pgeo * IVC. Standard approaches to improve product yield therefore can be to increase

25 either the production capacity of the host cell or viable cell densities in the bioreactor, One



2/50 method to obtain higher IVCs is to improve the growth characteristics
of cells, that means to generate cells which grow faster and to higher
maximal cell densities. Enhanced cell growth has a profound impact on

WihdttproHdpects of the biopharmaceutical 5production proce&€T/BRYIERP50699

generation times of cells, which results #prolonged time lines in cell line
development; Higher efficiency after single-cell cloning and slower growth
thereatfter; Shorter timcframes during scale-up, especially in the case
of inocculurn for a largeioscale bioreactor; 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. 15The enzyme dihydrofolate reductase (DHFR) is one
ofithekey @rzimbéshof RuCleotide synthesis. #reathlyzes theiseductios lof that means
W nxrelplatio (e NXteTalel HINEISEL LansIeL el G punits In the
synthesis of purin bui Ing Jlocks and of other metabolic pé]t%ways. 20In
biopharmaceutical industry and in academic research DHFR is widely

ysedRsAsalertionand Qg}elﬂi&ﬁ@&i%ﬂz@r&%@&a@g@ 5 sg&voegg@wmgmmm

stable transfected cell lines. Thereby, the expression of DHFR is
fUiREHGHRINYIRTKEY to the expression of a gene of interest (GOI), e.g. the

ex%ﬁ%%&”é&%%?ﬁ%fgﬁQsomdé&fsg%ﬂﬁcg%ﬁxl@%!'ﬁﬁHB% NG RIS AE 1, coll Line

enriched for indirectly via the resistance conferred to by DHFR under
seléiiFEPBEBHditions. This functional coupling is usually

me@lia%]ﬁalggﬁ@msfegf@y ihe RLEFERIG SXRIESSION- OfRoth GEngRAr at

least their co-location on the same plasmid. -2-

— Shorter timeframes during scale-up, especially in the case of inocculum for a large-
scale bioreactor;

— Higher product yield per fermentation time due to the proportional comrelation 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
synthests. 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
mierest (GOI), e.g. the expression cassette for a product gene. Thus, GOI-expressing cells
arc 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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WO 2008/090148PCT/EP2008/050699 3/50 Since DRFR is a
non-dominant marker, this system is mostly used in cells which lack
endogenous DEIFR activity. Hence, when in the 1980's (Mr-negative

wehigisdeiaister ovary (CHO) cells, CHO-DG44 and CHO-DRXEBAE))S0699

became available, they rapidly advancedo the host cell system of choice
and are today the worldwide most frequently used mammalian production
platform in the biopharmaceutical industry. The DHFR enzyme is one of
the key enzymes in the biosynthesis pathway of purines. Celts which lack
DHFR are therefore not viable unless DHFR-deficiency is compensated
by the ioaddition of the nucleotide precursors hypoxanthine and thymidine
(HT) into the culture medium. Surprisingly it is shown in the present
invention that even in HT supplemented medium, dhfr-deficient CHO cells

oW 1 dly slower,and markedly less dense if compayed to parental .
o o R £ T At DA Aty A which Ik
shdvgrinuh® prigsenttimipntidanfor, dhffcmegativel 8805 (Suithnagative: chinese hamster
- cells) @kdmC ) : s.dhfr-level, has.a .
R0t baal B e AL i ek i S hCal aHtaEogey rardly
pfoessy! Prilohgedog nerationotirles of vullsravtidyrésuieihlprotomged frequently
tima linesdnics!line20ds yelanment owesefficiency aftarsingle cell

cloning and slower growth thereafter - Longer timeframes during scale up,
especially in the case of inocculum for a production fermenter at large

seRle HEpwRE RFRAVGKYIBIGREEHRENBMEE 1Mt Biosynihesis pathway of purines. Cells
which lack DHFR are therefore not viable unless DHFR-deficiency is compensated by the
addition of the nucleotide precursors hypoxanthine and thymidine (HT) into the culture
medium.

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
parcntal 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 fine
development

- Lower efficiency after single cell cioning 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.



WO 2008/090148PCT/EP2008/050699 4/50 These disadvantages are
directly connected to the .growth characteristics of the production cell (e.g.
CHO-DG44 or DUKX (BIl)). They occur for example, when these cells arc
W@gheppeaanection with the following selection and amplificatiern ssi@R8:059¢
glutamine synthetase (GS) system, neo#ycin, puromycin, bleomycin and
others. To compensate for growth deficiencies in cells, especially
biopharmaceutical production cell lines, most efforts have been directed to
improving the culture medium by adding growth supplements such as
carbohydrates, nucleosides, trace elements, protein hydrolysates, plant
extracts etc... It is possible, for example, to slightly increase the growth of
10dhfr-negative cells by the addition of protein hydrolysate into the culture

Mediufivabubithey danaikeashchearewt level-atwildiyne celis.c of the production
need to improve the growth

Therefor, xist tron )
“%5%&&%%?6@%5&8639@%0@Icléﬂrs? BEHECTAITY IhEEEWIR ohebilisse cells are used
iprgogeriousvDHER éxfisedsionsich @srdRpRAA4i AbAGAIoNMimine synthetase
(@g}as%ge cgg Ogrr]o%vl%h gnr% é@\ys hilgher WC's dcgring fermentation are
clearly advantageous Wherevarhigh BioHaEaes BrErequired, e.g. in order

*  to get high product yield in short-term fermentations, to harvest high cell

fgj%gr{g{ isglati rification .or characterision of intracellular or. )
cell-bound ggrf%%t‘é’r?é%@%éét%%ﬁ%t%n ‘the timeli é%l?%y(r:%eiﬁ”ﬁﬁdéqﬁé‘r?éﬁté‘ffgrﬁmducuon
S digsce ey dnd etttires upliseatin o 20nSOMMARY Theaveraligaaby adding

Lhihe digglesHrgds §Q@J@Q@ﬂ§gﬁ§@}££§%{h@[@ Wi duing. o ts. nrotein hydro-
biopharmaceutical production processes in order to increase cé dérPSﬁ’y

}%ﬁ’?(%ﬂﬂé?%aﬁwdﬁéﬁﬁ%ld. 15/503%:&;1@0&1@@@11&%@» inlitte iglisolosurethy growth of
o dine-ingeductions ofaRHER @XPEESHIARI SR ?&59%&919{(9%0&9%9@6!4%51@& but they

disclosur tpus surprisingly shows that enhance
do not reach t

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,

15 Additionally, enhanced cell growth and thus higher IVC’s during fermentation are clearly
advantageous wherever high biomasses are required, e.g. in order to get high product yicld
in short-term fermentations, to harvest high cell numbers for isolation, purification or
characterision of intracellular or cell-bound components or to shorfen the timelines for cell
line generation, single-cell cloning and culture up-scaling.

20

SUMMARY
The overali goal of the disclosure is the improvement of cell growth during
biopharmaceutical production processes in order to increése cell density and thus product

25 yield,



cell growth is obtained by heterologous expression of the enzyme
dihydrofolate reductase (DETER). In a first aspect, there is provided a
method of improving cell growth of a%éﬁ(ﬁne wherein the dihydrofolate
reductase ((DI-1FR) activity of said cell line is increased, whereby DHFR

s,ngt serve as selectiop and/or amplication marker for a gene of
R R LTS B iR DEAIGhob o R Seesin casete imo
gefre wHirdiby dsppiPR Heficionastelyfihevs aceti#inesavhich does not

deinglionaly expessithe Ll Al wherepy a DHFR-reduced cell
(Igﬁég)a cell line with Ioﬁw er%%gendt%g%%gﬁofje\?ggl A hEH [l reductase
gene does not serve the usual purpose as selection marker for
another gene, a gene of interest (GOI), but it exerts an independent
Eﬁfiﬁhiﬁmmfcfiii ﬁﬁ;;gm;whndm%iseﬁmg@hﬂ [RHEFR gere:ds NAt wherein the
indtichally finkedie fe@neyassayeral sion cassefies. It
T L
a separate vector. If both genes are on' SeparifedeBrLonémisbssaitecsl! line is a
%ﬁé@ﬁﬁ%g%ﬁﬁ BerddHrBristesedo- o tinsy wandde seguentiallyi BIoUgEING o cell line.
thecalleimtheuiscliapuesithas,supsingly.h forthe first time,
that gﬁﬁ@vﬁﬂ@%ﬁ%ﬁé&%ﬂ? to %efdu?ed ceblél g%gvﬁ\}dtﬁt}%%%%ﬁi%% ermors bl fine is
shown, that reintroduction of[ FR'€an solve this problem. The
re-introduction of a DHFR-transgene does not only lead to a reduction in
Ithe doubling time, but also the IVC is increased to wild type levels or even
BESHEf s EHT Rigsiee grsnmntsevaticineg effecpcanseteotitn be
mehserietimtive differentdnoed selklines;but alsoapplies for CHO DUKX
iﬁ!&ﬁﬁﬂ%&ﬁ?rﬁ%f\‘i%e% ith aﬁfunctioan ’%gﬁe. Transaftg_é]t%“\?vl} §ot function of
expression constructs RArbsUHHg BaroySreersieawiytincrastdiansed coupled 1o
ORagseneshoheverde ot deadtoschRIBESIH GRINAKGIOMID iasmid o the GO o
it Gharaetedstics. ;TAis indicates, t@attthe i{sﬁwh enhancement i6 not ofiue to
selection and/or cultivatior Of Stabie Trari Sttt AT Bk Rcsnsetcoyether constructs,
hrgnlsstaisitshmbntcof fandiond MHRER expressiorimsnimregaive CHOq.
cells. WO 20118/090148PCT/EP2008/050699 6/50 Furthermore, -
heterologous expression of DHFR displays a gene-dosage effect,

I%ﬁﬂfﬁ@%‘i‘fﬁﬁ‘th@ growsnehadectenisticoofitherstable gellgubolones
deificikemse ma@pomiogaﬂm&g{]ec@(péﬁ;&i@n cti R protein (FIGURE
is effect seems not to ép%flé ?gycge%ﬂgté%ﬁﬂrﬁ/t%h T, that re-

. 2a.b). Notably, .
m'l%% 1%%8&%@?%@@% LAVSIHEIBYITX treatment (Gu eral. 1992, Pendse

et al, 1992). This might either point to a threshold in the levels of active

Th@!:y_:R ve which rther ggowth enhancement is obtained, or to a
mt%%gt" 't ?‘"‘@gf’g S 'THANSTEBF ISR, Aietniy hirgR somcedtkations the doubling

compensatory errec

timsxdudibg the Fridlesitarcnadentratlion.gfDHER &néb’éﬂ%%(!]ﬂé;&é%@gﬁ% ). This

ding to a net reduction |

ordh lification-of the dhfi- gene, lea , .
& %WM&%E%? re Cane%pt{.:gf%é’% ST R (& A ES44 thab Tines, but also

~_activity and thus reduc

Wi S5 ‘ i gty - : -

" these cells, the growth chal}a(}cl%lélﬁ§tiéjsu]é%ﬁyﬁéllin‘?br@@%’&%?@?ni%’@é]ﬁi?n@? thassettes,

O‘ﬁ%‘ééggﬁiggﬁg '¥ mggmHiﬂvggﬂésihmlrolgmﬁﬁ-@mﬁﬁ@ﬂ;ﬁfﬁ&'ﬁé’?ﬁhm the

groi bl ittraeticn GRS NG ional advantages of resulting in a ‘

cau€ r;q)cetilétimeﬁframe during the expansi%ar?aénca%ﬁ%%éod] %?Bl:eeg?tﬁ’f%cmm& but is
FErmertsiBHCTH M RtV e e gD oductio pactsesanddanso el
in a higher product yield.
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The host cells and methods of the disclosure are furthermore applicable in
the biophaimaceutical production, especially when using the host cell
systems based on CHOD044 or CHO-DUKX-B11. Moreover, they can be

WsE#simereer high yields of recombinant protein are desiredp8ri9has/azn600

purification/structural analysis in researchizor when large cell biomasses

are required, e.g. for isolation/investigation of cellular components such as

nucleic acids or proteins. WO 2008/090148PCT/EP2008/050699 7/50 In

a preferred embodiment of the disclosure the host cells and methods of

the disclosure may be combined with selection system(s) such as the

glutamine synthetase- (GS-) system, adenosine cleaminase (ADA),

cytosine deaminase (CDA), puromycin, neomycin, bleomycin etc... This
Eanthesultrin highelgrawib-aiesian® highgre Qﬂ"gﬁi‘]"%ltﬁeé&g[mg&e %ffcct_, meaning

Eggm%g(%triontgrc cess T.hre disclosure is not obvious from the prior-art.
10CHO cells were' astabiisie f&’%ﬁ‘@%&i}%ﬁ@%& deirgendtiesdnionally to the
$OBPRUOK 95 7PHIRmutage ek fithe esiginal KJ cell line, Urlaub
sRd.Ghagiyl deyeloped DHER-deficient "CHO DG44" cells (Urlaub and
Ch§$|\5|); 1980) Wth‘peh%g(%{Bﬁeta g@%%ofyﬁ%hglﬁé@ﬁdﬁh&i}ﬁge DHFR gene has been
ERRSHEs Snal 8z firous (Uaub @t 86919B3)dThe: growth-propeiesof cither point

this ey established celk li@ﬁ‘v%’ %Eﬁﬁ%%as%%%%ggﬁ%gégg@ (;LH% ancement is

CHO DG44 cells quickly became the me
genediagathenwith,an exnsssion, cassells, for the gene of interest (GOT).
DHFR js a non-dominant selection marker an en%glllz léé)tdg‘%m Cclg ification

¢ ?rfé)’:fbﬁﬁﬁz YRR B 2if Hes Bessins HoWH T beralise 201abplieablesiine] growth,
host cells containing endogenous DHFR activity, e.g. by selecting with a

% cond dominant marker (Kaufman et at, 1986), or mutant or bacterial
Eﬁ-dﬁék?égﬁ(s‘#ﬁ%ﬁ%%ﬁa%ﬂw oDeBamsselvergsvand Withiner,

39981y production cell lines with low ot no endogenous DHFR expression. In these
cells, the growth characteristics can be improved significanty by the heterologous

expression of DHER.

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 inoccuium
process of fermentation, in an increased IVC, ¢.g. In production processes, and thus in a

higher product yield.

The host cells and methods of the disclosure are furthermore applicable in the

biopharmaceutical production, especially when using the host cell systems based on CHO-
DG44 or CHO-DUKX-BI1. Moreover, they can be used wherever high yields of
recombinant protein are desired, e.g. for purification/structural analysis in rescarch, or
when large cell biomasses are required, e.g. for 1solation/investigation of cellular

components such as nucleic acids or proteins.

-6-
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Under selective conditions, hetcrologous DHFR expression enables
transfected cells to 25survive and proliferate. It has not been shown,
however, that DHFR confers a growth WO

W - .
mm&%8PCT/E_P2008/050699 8/50 advantage mdepend_%%%og 1050699
function as a selection marker and under/non-selective conditions. The

Ali- gene belongs to the amplification markers, allowing the
co-amplification of foreign genes after treatment with the folat analog
methothrexat (MTX) (Schimke et al, 1978; Alt et al., 1978; Pallavicini et
alL, 1990). There is conclusive evidence, that co-amplification of a GOI
together with dhir is not dependent on whether both genes are contained
on the same plasmid (Kaufman and Sharp, 1982). Consequently,
expression strategies for recombinant antibody production have been
reportec where either both antibody chains are located on the same DNA
plaS i We it the dbmiisinertRhgeds art Sydlentmm, 99)diRiosure may be
whitinehlyibreahainsisiunecrionriy eeupliad:with a di/0- expression

cansetie.(Fouser et al., 1992) or where a'kfi- is encoded on a separate,
i%—ﬁinteg.ﬁatig(ggplgé’ %ft &Hz%“gﬁaﬁ 1180 3) \ Prere afesiepodteminase (CDA),

TR thestruoturablinkage of. the 61 1an geng:anhiPe-COTOR 1he: und hivher
sameRNA plasmid.is %@Bpre-}r}e@uisétq for co-amplification since ~
ted 1 C

different co-transfec constriicts tend to co-integrate into
adjacent chromosomal loci (Wurm,F.M. and Jordan,M. 2003. Gene

ITHca:ﬁiséﬁrsalaqg@@%M@#ﬁmﬁg@r;&.l}ﬂ@mmaﬁm Cells. In: Gene Transfer
and Expression in Mammalian Cells, ed. S.C.Makrides Elsevier Science

By., 309-335). It is important to note, that also in this setting, DFIER
Seatveslaswacaelegtinnandior anplifi ip\ ker f rﬁthe foreign GO1
A %ﬁ%c C?ﬁje{:ﬁ’%@ééﬁa{‘r%%bﬁl’ HEK, 1957).

E¥vhich!tavcoc;ngti.putes a functional linkage 20despite s

CONPAEE MR i s e Rab Bdetr b the Wtisevatibfiheh etelo}egaUSIER -deficient
“DHBMGeésidesiitswellrknawa fingstion %{g&tiggﬁl lification marker
o C%I%OTJO%%(&?% a ?omgle&ely indeper%ﬁent funcﬁoﬁ%}?%%%vrﬁgz Yps deletion of
growth. 25 7t difr-locus (Urlaub er al., 1983). The growth properties of this newly

established cell line were not mvestigated by the authors.

CHO DG44 cells quickly became the method of choice for transfections which emploved
the use of expression vectors carrying a functional difi- gene together with an expé&ssion
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
sccond dominant marker (Kaufman er al,, 1986), or mutant or bacterial dhfr genes

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

Under selective conditions, heterologous DHFR expression enables transfected cells to

survive and proliferate. It bas not been shown, however, that DHFR confers a growth

-7
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9/50 Interestingly, there are numerous reports linking high DI-IFR
expression with reduced cell growth, thereby opposing the desirable effect
of heterotogous gene amplification. Previous studies with Escherichia coll

WaHASBUERAronzyces cerevisiae demonstrated that amplified et fizaeng oso600

copy numbers were accompanied by a deérease in the specific growth

rate. (Bailey et al, 1986). Cu et al. showed reduced growth rates in
beta-galactosidase expressing CHO-DG44 cells after clhfr-gene

amplification by IVITX treatment (Cu et al, 1992). Similar data were

presented by Pendse et al. using a viral transgene coupled to DHFR

(Pendse et al, 1992). Notably, both studies did not include cells

expressing DHFR alone which prevents to conclude about the individual
eoriwibetionohtrelmultiplétransgonesusede 1L0pORtant:th ey Ol er non-selective
&9{99@;&@ the growth characteristics of dhfrexpressing amplified and

un-amplified cells. Untransfected CHO-D044 were not included. Snapka et
Bedémonstateed e peduction impéligrowt hiwithcncreasingoCnfi- 42606 fication of

Jmbers:in NIF -derived cells (Snapka et al, 1997). Interesting|

o to e S K AR 18 185 SN aroaRe o .
Hilerétt EeftindXihickegrewito kighkr teleMBities iaftemWITXreediated tha co-
S amphfication: i thiseffect to reduced contact inhibition -

wrllic,h is noﬁ?glg\rgg?%}?i%gﬁ?;&r%%vir%?fiﬁtéu%geée gﬁ.% Akén 6gcékfﬁ1e??(f§“ gENES are
RSO ELIESt feae RbEtAtEHMs TR finst tirapthEtfstarologgumtly, expression
S@XpIEssianr of JokdiRnlaadsnt impravement. of grow haracteristics in

_CHO cells, .especially CHOE%gHMMrg%gg y(‘:&I-EPC? éﬂ%(%@ég%hls%ggﬁ%%mﬂ%m sither both
TS o BHER 1RigHa080 b eEd RO AnhkpE MR athey rotHrat@iinzene (Page
aothe8adfitmegetive onidhfticedeaed 6l e 10 258600 ASPEFINGn o anp
e|ij;;)erqc%\llcl}(]‘fi}eglagt ngi%tl'{?d for generating_a production host cell line :
characterizea by t eo?gﬁﬁ\ﬁfn@[stég 2 14y TreE e étlii A DEIRRAdeficientiorate, co-
npfERaenlaseidhoEtoel wdthvetdeaxb@ne gene of interest encoding a
ir t.on.at least one first plasmid functionally coupled to a

o e P e D R (o Thr BBy GOT on
SPHMARExplessidnscassette ucatsit divracseparatecpasid @SSR §8)ransiccted

plehSelasting for.stably trapstected. cells using the selection marker of ste
(a), Whereb@/ the growth charﬁ’cterilsl%lgs%agﬁ%‘aéeﬁl deRs q?gﬁat[nh%ff b@%‘&iﬁlﬁ'm- and
TS pltter SHanigRarstimant dsmef Amerddiresporidingauntransfacted. m: Gene
Teelblinesrand wheraby & DitfR-deficiens cellling is g,cell line which does
; &otiunc:[ig’onal_ly express the DHER enzyme an v@gjﬁé rf/égs Fedulaye B-V-
cetf fine 14 & COIPTREWITR BN ety gelious DHFRetdvelSDIFR thitdaspeet, selection
artheredspirovidec amethobokRFogHRg OTIGININ ARHER deficlent o 1
p [s)Fiy-:q Tr_eﬂ(;i_luu_cqzq‘creII line comprising the following steps: (a) Generating a =
“HBEE I TIRE A8 8&T1E% above containing a gene of interest encoding a
protein of interest, (b) Cultivating the cells, under conditions which allow
the %(S)tm;%r%tlls%qoof the cells, (c) Harvesting the protein of interest and (d)

SR g the Protein HPITE SRS R ERRPE B ErerlaraenPEERine is a

uri
begslpsing, whithdoes hotdumctionadiyceipresstha dAhR-QAZYMBARAGOT, exerts 2

2rehy; : d cell line is a cell line with low endogenous
Co%@ﬁ%%?ﬁﬁ@%%&% BB S a9 10150
DESCRIPTION OF THE FIGURES FIGURE 1: IMPROVED GROWTH BY
HETEROLOGOUS DHFR (a) Cell growth curve in fed-batch processes.
Cells were grown in shake-flasks for 5 days
-8-



and feeded every 24 hours from day 3 on. Viable cell counts were
determined daily using 5 the CEDEX gystem. Thdeh];O"OWIn? ce[I;st;(/eéil
- VM T).CHO cells (-9-; n--4); dhfr-negative DUX-E
%ﬂ%ﬁ q%“%%%%é%%é’ﬁiﬁe it ‘%‘fﬁéré}&}“s%}é@seecwﬁﬁwwmwuwd cell
eI Bocesiabiprerisitredonitib eefirs DRROUITSLOSORICIHNTAR. previous
i puromycin £n=6, data. not shown) resistance -
égﬁlr%g}%%zg%@:%%}%é%éeg%%mtaﬁfﬁ/%%?8%‘[66&?%6H%f‘?ﬁi@qw&f%dbﬁt amplified

EpSFiftie REETS TSRO W(@)&Reiatimﬂmﬁ;f;é t@&tﬁ?%lﬂt‘ﬂ%{?oi@ve@?)ﬁgg%wﬂl rate.
miaeral -at day 5 c ated a otted refative 1o WT I lactosidas

ity oo
T8dstfifed INdepetidertt xpltaméfite o) @mwmma@mstm@ufm%%@u et al,
tRsg-termi cultivation- Cells, weLe W'ﬁ%'{ﬂs%de%taﬁe g%%%ség\ggg%%g%‘ﬂ%oéuplcd 1o

lls/ml and splitted every 2-3 days over , . _
%&Eﬁg%gﬁfga%aé%&%%um@b%éf(@ha@écrbdrg)nnemcmwamcm@ssmg DHFR
ajlottedhfon witd-type GHQLRGEA4 and dhiftransiegied %{%‘é’ﬁhﬁ@ (g)t‘ the multiple

: - ROWTH ENHA
+EIGURE 2.%0 AGE(DFPENDENTG O

Enhanced cell S%W%ﬁdﬂ% DITER-tPARSréeteRRshdloheso Bik stabterteristics of dhfr-

<DHFRsransfbtethi20ueelhpomis svenes gengraled. oy Qﬁlﬁﬁ%?@?y%eﬁe not includsd,
QyFB xpressian cassette into CHO DG44 cells. From

e Goval Ol DRSSt 89 FACS haser ol zene cop

g BRdEGG ectedvtal femba(mge;rmrm@timﬂh@df\ﬁ@%%hg %@Fﬁ contrast to
O

thElPRESALARYLWAS £AlC ]ziacteg,lgg] gf(ﬁ%:%fa{%%\{eaé%créﬁ cell line which grew to

parental DG44 cell line w was se

hishBEIobdtasPETIER2008/050698d 245A:h) Relative ﬁi&&%@gﬁﬁ%@em i0
il BAwas.snieled fam, e aboye menionaf cells and quantiae

real-time PCR was performed to determine HF
transcripts. Beta-tubulin was used for normalization. DETAILED

TedE SCRIBTHON: Qe ibHE: IxNxV@H%LQMtQ%&'NLTAQN%e that

heterologous expression of DHFR leads 1o an improvement of growth characteristics in
CHO cells, especially CHO DG44 and CHO DUXX-(B11) cells. This function of DEFR
might also be used to enhance cellular growth rates in other dhfr-negative or dhfi-reduced

cell hines.

In a second aspect, there is provided a method for generating a production host cell line
characterized by the following steps: (a) Transfecting a DHFR-deficient or DHFR-reduced host
cell with at jeast one gene of interest encoding a desired product on at least one first plasmid
functionally coupled to a selection and/or ampiification marker other than DHFR, (b) Introducing
a DHFR expression cassette located on a separate plasmid as in step (a), (c) Selecting for stably
ransfected 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, and whereby a DHFR-deficient cell fine is a cell line, which does not
functionally express the DHFR enzyme and whereby a DHFR-reduced cell line is a cell line with

low endogenous DHFR levels.

In a third aspect, there is provided a method of producing a protein in a DHFR-deficient or DHFR
reduced cell line comprising the following steps: (a) Generating a host cell line as defined above
containing a gene of interest encoding a protein of interest, ( b} Cultivating the cells, under
conditions which aliow the proliferation of the cells, (¢) Harvesting the protein of interes: and {d)
Purifying the protein of interest, whereby a DHFR-deficient cell line is a cell line, which does not
functionally express the DHFR enzyme and whereby a DHFR-reduced cell line is 2 cell line with

low endogenous DHFR levels.
-9,
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The general embodiments "comprising” or "comprised" encompass the
more specific embodiment "consisting of'. Furthermore, singular and plural
forms are not used in a iolimiting way. Terms used in the course of this

WerddisPiivé&ntion have the following meaning. The term  PCI/EP2008/650699

"DHFR-dcficient" means the same as "DHMER-negative". This describes
cells not 15fimctionally 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" (WC) means the area below the growth curve of
a cell plotted over time and is a commonly used parameter to describe the
dréwthRgéridiniatide O el € /g 1B production processes which run over

Pt MO BRI 2

The term "¢ 2" means multiple In"0One container
uhderdanditibrissuitabledrbritiengromtis ofihidscelis: tiost celisin-theks for 5 days

MEARING.STih M@%@EM&W@%%“BIEGUFdﬁtéc&ﬁ‘%&ﬁ{{}s&%r&%'é%ermined daily using
preferably BHK21, BHK TK CHO, CHO-K1, CHO-DUKX, CHO-DUKX B I,
ApRI(CHID B crcse|Bherthe devetiverpr sgenies &f Wil ofsuch tellfifecells (€
RaficUlay, QIR IECA A, CHODGAS CHORUS, CHRIKL ARG B L, urces
gndjéven more preferred CF O-Dél44)ar%o CHo- Uﬁ&%&%ﬁﬁ% ljj{rltlﬁgelrC it sources
énfhodiménti i tHecphesents inwbhtionrsost et lisidlsermeamituingg neomycin (n=6,
yetoma cells, preferably NSO and,Sp2/0 cells or the. R -
R s el B B S eacs st g e eeme
afhstergells whickvatweeuset ivthe meahing ofdhisidentigrrareralsis shown.
rized-in-Table 1. However, derivatives/progenies of those cells, ’
T T R TR ARy s cateutred
monieyicdndlzodene 6B [neds ortokarystiestd 8 indludinabutapotdimitéd standard

yaashsaseriandinlantcells,fan alsghg-uqed in the meaning of this

invention, particularly for the 15production of biopharmaceutical proteins.
TABPR Y shistereantdch dinedioagdatn ecaliiinsrciialy NEORDERNCd at cell

bAMEBEFoetween 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 plotied for

wild type CHO, DG44 and dhfi-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 celis. 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.

-10-
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NSO ECACC No. 85110503 Sp2/0-Ag1l4 ATCC CRL-1581 HI-11C1 ATCC
CCL-10 BHK TIC ECACC No. 850423 HaK ATCC CCL-15 2254-62.2
(BHK-21 derivative) ATCC CRL-8544 CHO ECACC No. 8505302 WO

Wo0081H90#48PCT/EP2008/050699 PCT/EP2008/050699

11450

{b) Relative DHFR. expression. Total RNA was isolated from the above mentioned cells
and quantitative real-time PCR was performed to determine DHFR-specific mRNA

transcripts. Beta-tubulin was used for normalization.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

The general embodiments “comprising” or “comprised” encompass the more specific
embodiment “consisting of”. Furthermore, singular and plural forms are not used in a

limiting way.

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, c.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 1s a commonly used parameter to describe the
growth performance of cells, e.g. in production processes which run over several days to

weeks.



13/50 CHO-K1 ATCC CCL-61 CHO-DUKX (= CHO duk-, CHO/dh fr)
ATCC CRL-9096 CHO-DUKX B11 ATCC CRL-9010 CF10-DG44 Urlaub
et al., Cell 33[2], 405-412, 1983 CHO Pro-5 ATCC CRL-1781

WO 2008/090148 PCT/EPZBOB/050699

12/50

The term “cell culture” means multiple cells cultivated in one container under conditions

suitable for the growth of the cells.

“Host cells” in the meaning of the present invention are cells such as hamster cells,
preferably BHK21, BHK TK., CHO, CHC-K1, CHO-DUKX, CHO-DUKX B1, and CHO-
DG44 cells or the derivatives/progenies of any of such cell line. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1 and BHK?21, and even more preferred CHO-DG44
and CHO-DUKX cells. In a further embodiment of the 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, Examplés of murine and bamster 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 hwman, mice, rat,
monkey, and rodent cell lines, or cukaryotic cells, including but not limited to yeast, insect
and plant celis, 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
NS0 ECACC No. 85110503
Sp2/0-Agl4d ATCC CRL-1581
BHK2! ATCC CCL-10

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

-12-



V79 ATCC CCC-93 B14AE28-G3 ATCC CCL-14 CHL ECACC No. 8711

1906 Host cells are most preferred, when being established, adapted,

and completely cultivated under serum free conditions, and optionally in
WihadRIWhith are free of any protein/peptide of animal origin. EEOWARRSGIaHY62S
available media such as Ham's F12 (Sigifi&, Deisenhofen, 5 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 io
€GiipaLnds examples of which are hormo mgamzmomer growth factors

(eiieh as meorthintr <forrl nide. AF h factor..inciil

T ) urniT, LIC\IIOICIIIII CpluUllllul U'U mrr III\L' 3|\vau|
Eﬁd' glgs su as sodlum chlorlde calci mg%hg%% phosphate),
N ;- ' 13 L Jaas cH ClCl as adelqos”]e th! !m|d|ne)
&HQrP §>g|’ééése or other equrvalent ene @y%@tﬁg@s‘ggmibiotics, trace
elgmantsiAny other necessary supplementsaay &lsp, beinclpgied @ 412, 1983

annronriate
approprate

CHO Pro-5 ATCC CRL-1781

V79 ATCC CCC-93
BI4AF28-G3 ATCC CCL-14

CHL ECACC No. 87111906

Host cefls are most preferred, when being established, adapted, and completely cultivated
under serum 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), scrum-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), ghutamine, glicose or other equivalent energy sources, antibiotics,
trace elements. 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 sclection of

-13-
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15 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
woultivgtien48f host cells. For the growth and selection of WO PCT/EP2008/050699

2008/090148PCT/EP2008/050699 14/5G/genetically modified cells

expressing the selectable gene a suitable selection agent is added to the

culture medium. The term "protein’ is used interchangeably with amino

acid residue sequences or polypeptidc and refers to polymers of amino

acids of any length. These terms also include proteins that are

post-translationally modified through reactions that include, but are not

limited to, glycosylation, acetylation, phosphotylation or protein

proeessihgmtbdifications«andohanges) JonBkagople:filsiank: telotheh agent is added

Q(r)()tiileeiré_smauminl%da&ig sequence substitutions, deletions or insertions, can

be made in the strutture of a polypeptide while the molecule 10 maintains

its biological functional activity. For example certain amino acid sequence

spstitutions can be m%%dm%&%meggc or i underlying nucleic acid  nces or
coding sequence and a protein can 1)% o) tyalne with Tike properties.
Thbespréssivhivestor iavines s génerobintede stfempddingha Proteirois also include

interast %@yg@g&%&%@%éﬂ%&%ﬂ%ﬁ%@'%mﬁ&gr @ENGINE bt are not

term selective conditions” refers to conditions which do not allow for the =~
JiBURR B sLikATElbPEe s WHER TG HIPBENtHIiea eotrespoimgsalechibrifications
AR k@RnpSlesy R LORAIKIGNS ANY P B HENBFEIEd LY. MSHORIMEMNUMce substitutions,

containing additives such as antibiotics or 20lacking essential growth

SR M SRR AL A BRAB e PRk S USRS R "&i@?\lﬁfﬁﬁ?kég?"@d%he molecule
fanmankenss wiichrRUOW e growib suivivalobcallplunderselestiNe acid sequence
copditions. In the example of the selectable marker puromycin N-acetyl
R aﬂﬁxg‘i OB RERPERIIG the P AR GEHBA TS N €IS Scquence
selectivershedia tootaining theh anibietiepisromycin.

The expression vector having a gene of interest encoding a protein of interest may also

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

survive in selective media containing the antibiotic puromycisn.

-14-
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WO 2008/090148PCT/EP2008/050699 15/50 The term "amplifiable
marker" or "amplification marker is used for genes, which are amplified
(e.g. doublicated, triplicated, multiplied) in the presence of a selective

WEIEA BtdFon treatment with a selective agent (e.g. methotrdEt/ ERATIL))S0699

leading to an increase in the gene copy!ftfnber of the marker (e.g. DHFR)

and the surrounding DNA regions. The "selectable amplifiable marker

gene" usually encodes an enzyme which is required for growth of

eukaryotic cells under those conditions. For example, the selectable

amplifiable marker gene may encode DHFR which gene is amplified when

a host cell transfected therewith is grown in the presence of the selective

agent, methotrexate (MTX). The non-limited exemplary selectable genes

iﬁhﬁamm‘arawﬁﬂédammammmémlgm;lmiﬂhecémbmuse”drt(gmywhich are
t r ntlo Forare iew ele able amplifiable

R B S T v eaont o

1'851‘58’%5"6@1(191@@))1 RetwtporT atel e @fm@h@&@%d@ﬂ Hyhyichbsg celks increase in

geosticallymodified aearding te any ﬂk@ﬁ?@%ﬁ@%ﬁé‘gﬁ%ﬁaﬁ&% BISA regions.

encompassed by this invention, wherein the selectable 15 amplifiabl

marker gene encodes for a polypeptide having the function of

dihydefalain s adyaiase {RHRR) hdaming s¥atheiass, GARAdeNesiDequired for

deaminase, adenylate deaminase, UMP synthetase, IMP

SURIEHY B GHLHRISES EaHthine G iR S PHEG o sB syFiFaTR drasdlcctable amplifiable

H@E&&Tg@@ mm&m&mtmmm synihgtase) RgHCOPRIeR transfected
70 rib nucleotlde rﬁductase as é{% esynthetase arginosuccinate

DR, ]Slé' Bthite SonEERED LY ?ﬁ\%@"%%&f’%dﬂ% Qgexate (MTX). The non-
amty@lumﬁlﬂmwbwmfer@s&sthﬂimbtﬁuﬁ sysathetpseMdNadfer genes, which

Ca;{%asuechhgreferreds ectable 2mp Ilflable arker enegs the? ne. lifiable
encod mg GPOROIRYS Tsabicess ](’ﬁlgllffﬁflwh(?éﬁllém Sle8sd ple ampliha

Ex'n@ﬁymrmm dfsmdlmteéribézll§lamqn§ahﬁrﬁ5 Dﬁlﬁﬁb@me \E/ﬂtmbgn@w 0R5:537-566
I’ng 5]1%1 rf)nerscf hl?()? FA 09(? in Qi ucsnee ca mo"]hﬁed according

ant S ect ar er fo se ect an gen S In‘'sucnh cel
grrcamh@wm@@mm@ﬁbmmmwmmdém@gsmmtmemmkhmgsclccwmc

%Hgﬂig%g}g%ﬁ@@%‘% ageniusgd i 8&%&@%&%“}%'%1&9“&%9%‘ 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

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

as a dominant sclectable marker to select and amplify genes in such cells growing in

-15-



The telin "DHFR gene" or "dhir means any nucleic acid encoding an active

dihydrofolate 5 reductase protein. This includes genomic DITIFR

sequences containing one or more introns, cONA sequences or so called
Wohiitigees, comprising DHFR regulatory sequences and colfifEr2008/050699

sequences together with or without intré#8? TABLE 3:Selectable

amplifiable marker genes SelectableAmplifiable Marker Gene Accession

Number Selection Agent Dihydrofolate reductase M19869 (hamster)

E00236 (mouse) Methotrexatc (MTX) Metallothionein D10551 (hamster)

MI3003 (human) M11794 (rat) Cadmium CAD(Carbamoyl-phosphate

synthetase:Aspartate transcarbamylase: Dihydroorotase) M23652

(hamster) D78586 (human)

medium lacking purines. The selection agent used in conjunction with a DHIR gene is

methotrexate (MTX).

The term “DHFR gene” or “dhfi”” means any nucleic acid encoding an active dihydrofolate
reductase protein. This includes genomic DHER sequences containing one or more introns,
cDNA sequences or so called “minigenes”, comprising DHER regulatory sequences and

coding sequences together with or without introns.

TABLE 3:  Selectablc amplifiable marker genes

Selectable Amplifiable | Accession Number Selection Agent
Marker Gene
Dihydrofolate reductase M19869 (hamster) Methotrexate (MTX)
E00236 (mouse)
Metallothionein D10551 (hamster) Cadmium
' MI3003 (human)
M11794 (rat)
CAD  (Carbamoyl-phosphate | M23652 (hamster) N-Phosphoacetyl-L-aspartate
synthetase: Aspartate DB78586 (human)
transcarbamylase:
Dihydroorotase)
Adenosine deaminase K02567 (human) Xyl-A- or adenosine,
MI10319 (mouse) 2 deoxycoformycin
AMP (adenylate} deaminase | D12775 (human} Adenine, azaserine, coformycin
JO2811 (rat)
UMP synthase J03626 (human) 6-Azauridine, pyrazofuran
IMP 5°dchydrogenase 304209 (hamster) Mycophenolic acid
J04208 (human)
M33934 (mouse)
Xanthine-guanine X00221 (E. coh) Mycophenolic acid with limiting
phosphoribosyltransferase xanthine
Mutant HGPRTase or mutant | JOO060 (hamster) Hypoxanthine, aminopterin, and

16~



N-Phosphoacetyl-L-aspartate Adenosine dcaminase K02567 (human)

M10319 (mouse) Xyl-A- or adenosine, 2'cleoxycoformycin AMP

(adenylate) deaminasc D12775 (human) J02811 (rat) Adenine, azascrine,
Webttiy it URIP synthase J03626 (human) 6-Azauridine, pyraZ6fiizitdddms6699

5rdehydrogenase J04209 (hamster) JO4268 (human) M33934 (mouse)

Mycophenol ¢ acid Xanthine-guanine phosphoribosyltransferase X00221

(E. coil)

thymidine kinase

M13542, K02581
(human)

100423,
M6848%(mouse)

MG63983 (rat)
M36160 (herpesvirus)

thymidine (HAT)

Thymidylate synthetase

DOG5%96 (human}
M13019 (mouse)
LI2138 {rat)

5-Fluorodeoxyuridine

P-glycoprotein 170 (MDR1)}

AF016535 (human)
J03398 (mouse)

Multiple drugs, e.g. adriamyein,
vincristing, colchicine

Ribonucleotide reductase

M124223, K02927
(mouse)

Aphidicolin

Glutamine synthetase

AF150961 (hamster)
09114, M60803
(mousc)

MZ29579 (rat)

Methionine sulfoximine (MSX)

Asparagine synthetase

M27838 (hamster)
M27396 (human)
U38%940 (mouse)
V07202 (rat)

B-Aspartyl hydroxamate,
Albizziin, 5" Azacytidine

Argininosuccinate synthetase

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

Canavanine

Omithine decarboxylase

M34158 (human)
JO3733 (mouse)

a-Difluoromethylomithine

M14511 (rat)

M16982 (rat)
HMG-CoA reductase LOO183, M12705 | Compactin
{hamster)
M11058 (human)
N-Acetyiglucosaminyl M55621 (human) Tunicamycin
transferase
Threonyl-{RNA synthetase M63180 (human) Borrelidin
Na K'-ATPase J05096 (human) Quabain

-17-
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Mycophenolic acid with limiting xanthine Mutant HGPRTasc or mutant
JO0060 (hamster) Hypoxanthine, aminopterin, and WO
2008/090148PCT/EP2008/050699 17/50 thymichne kinase

WRIBBA20K82581 (human) J00423, M68489(mouse) M63983 Rfat)wiB61/601699

(herpesvus) thy'cl.(HAT) Thymidylate syhfiictase D00596 (human)
M13019 (mouse) L12138 (rat) 5-Fluorodeoxyuridine

Suitable host cells for using a DHFR encoding gene as a selectable amplifiable marker arc
mammalian cells, preferably murine myeloma or hamster cells. More preferred are CHO-
DUKX (ATCC CRL-9096) and CHO-DG44 (Urlaub et al., Cell 33{2], 405 — 412, 1983)
cells which are deficient in DHFR activity. To extend the DHFR amplification method to
other cell types, a mutant DHFR gene that encodes a protein with reduced sensitivity to
methotrexate may be used in conjunction with host cells that contain normal numbers of an
endogenous wild type DHFR gene (Simonsonet al., 1983; Wigler et al., 1980; Haberet al.,
1982).

The present mvention is suitable to generate host cells for the production of
biopharmaceutical polypeptides/proteins. 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), “sclected 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.c. naturally occurring form(s), or can be mutated or otherwise modified as
desired. These medifications 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, ail of

which can be expressed in the selected host cell. Desired proteins can be for example

o
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P-glycoprotein 170 (MDR1) AF016535 (human) J03398 (mouse) Multiple
drugs, e.g. adriamycin, vincristine, colchicine Ribonucteotide reductase
M124223,K02927 (mouse) Aphidicolin Glutamine synthetasc AF150961

Wh#HEHERE4809114,M60803 (mouse) M29579 (rat) Methioning® SLIERZiHH#HE0699

(MSX) Asparaginc synthetase M27838 {fiainster) M27396 (human)
U38940 (mouse) U07202 (rat) P-Aspartyl hydroxamate, Albizziin,
5lAzacytidine Argininosuccinate synthetase

antibodies, enzymes, cytokines, lymphokines, adhesion molecules, receptors and
derivatives or fragments thereof, and any other polypeptides that can serve as agonists or
antagonists and/or have therapeutic or diagnostic usc. Examples for a desired
protein/polypeptide are also given below,

In the case of more complex molecules such as monoclonal antibodies the GO!I encodes

one or both of the two antibody chains.
The “product of interest” may also be an antisense RNA.

Proteins of mterest or desired proteins are those mentioned above. Especially, desired
proteins/polypeptides or proteins of interest are for example, but not limited to insulin,
msulin-like growth factor, hGH, tPA, cytokines, such as interleukines (IL), e.g. IL-1, IL-2,
IL-3, IL-4, IL-5, 1L-6, 1L-7, IL-8, 1L-9, 1L-10, IL-11, TL-12, 1L-13, 1L-14, 1L-15, 1L-16,
EL-17, IL-18, mterferon (IFN) alpha, IFN beta, IFN gamma, IFN omega or IFN tau, tumor
necrosisfactor (TNF}, such as TNF alpha and TNF bétaa 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 thereof. 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, c¢.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.
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X01630 (human) M31690 (mouse) M26198 (bovine) Canavanine
Omithine decarboxylase M34158 (human) J03733 (mouse) M16982 (rat)
oc-D fluoromethylohine HMG-CoA rcductase L00183,M12705 (hamster)

WNEHEB®¢h¥man) Cotnpactin N-Acetylglucosaminyl transfcral€IMBEBR150699

(human) Tunicaycin Threonyl-tRNA syrh&tase M63180 (human)
Borrelichn

The protein of interest is preferably recovered from the culture medium as a secreted
poiypeptide, or it can be recovered from host cell lysates if expressed without a secretory
signal. It is necessary to purify the protein of interest from other recombinant proteins and
host cell protemns in a way that substantially homogenous preparations of the protein of
interest are obtained. As a first step, cells and/or particulate cell debris are removed from
the culture medium or lysate. The product of intercst thercafter is purified from
contaminant soluble proteins, polypeptides and nucleic acids, for example, by fractionation
on immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
Sephadex chromatography, chromatography on silica or on a cation exchange resin such as
DEAE. In general, methods teaching a skilled person how to purify & protein heterologous
expressed by host cells, are well known in the art. Such methods are for example described
by Harris and Angal, Protein Purification Methods, in Rickwood and Hames eds., The
Practical Approach Series, IRL Press (1995) or Robert Scopes, Protein 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).
Thesc 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 V1, 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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Na K -ATPase J05096 (human) M14511 (rat) Ouaha n WO

2008/090148PCT/EP2008/050699 1 8/5 0 Suitable host cells for using a

DHFR encoding gene as a selectable amplifiable marker are mammalian
Weagspatd¥ably murinc myeloma or hamster cells. More prefR§HEBPANES/050699

CHODUICX (ATCC CRL-9096) and CH®HG44 CUrfaub et al., Cell 33[2],

405 - 412, 1983) cells which are deficient in DHFR activity. To extend the

DHFR amplification method to other cell types, a mutant DHFR gene that

encodes a protein with reduced sensitivity to methotrexate may be used in

conjunction with host cells that contain normal numbers of an endogenous

wild type DI-IFR gene (Simonsonet al., 1983; Wigler et al., 1980; Haberet

al., 1982). 10 The present invention is suitable to generate host cells for

therprodyction oftbiopharmaredtical ipely geptidesipioteinpaihesiireationnultimeric

apaiirlanly siablador MeIONVIGIRISSIIan o AR AIRELAN: improved

different genes of interest by cells showing an enhanced ce Ppro uctivity
Phrrgeask okimaresbigdorhvdelartet ssguencd! o miptoductegean diagavidity. In
iasanemeaninaiNgeR.A0d (T8l10.8 PAVRUCRRLIAR SSAHENGE 88 AW eins with
length that encodes a product of interest or "protein of interest”, also
FBHREBFER R HE B R s radBretariomimsans sy baquents Edmesion of an
fullenath; o a-trngated-9eneia fusion-an t@x&@@@s%i@@%ﬁﬁ%@%ﬁ 20 However,
eDNA, aégenornic DNA, or a DNA fragment, preferab(a; a cDNA. it can be

fhernativd s qliatieirsi @ Whthally SUCTHTHAT BN et IRS!niGeitay of the scFv
atbewiseomoedified s desiied. (Theseumedifigatiopstinelide cadanabody the skilled

optimizations to opfimize codon usage in.the selected host cell, , .
AN DS oF Al TR BBt SLG RO AN OB B n on

RuntaniZ&tono
syfoplasizucientcleal fmermibrangl boudd ar tell fuifatenpofyipeptidie.2b Thevhich an

“protejn of i t" includes proteins, polype tiqg'ai;s.fra ments thereof, .
t o . " et o - . N .
ylaleg‘tlc éaslf}‘a I'of Which can Oél%%ﬁéiléigbeaﬂ% héB <6 e%’fiesd%aés? Ctéaé _05%@"38 stabilised
broteinscandyetfor eXahwplphid8-bridges. Examples of diabody-antibody proteins from

the prior art can be found in Perisic 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 1gGl as the dimerisation region which is connected to the scFv via a
Hinge region (e.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-

D ]



WO 2008/090148PCT/EP2008/050699 19/50 antibodies, enzymes,

cytokincs, lympholtines, adhesion molecules, receptors and derivatives or

fragments thereof, and any other polypeptides that can serve as agonists

Woridmagorists and/or have therapeutic or diagnostic use. Exanplerz§os/@&0699

desired protein/polypeptide are also giv&rthelow. In the case of more

complex molecules such as monoclonal antibodies the GOI encodes one

or both of the two antibody chains. The "product of interest" may also be

an antiscnse RNA. ioProteins of interest or desired proteins are those

mentioned above. Especially, desired proteinstolypeptides or proteins of

interest are for example, but not limited to insulin, insulin-like growth

factor, hGH, tPA, cytokines, such as interleukines (IL), e.g. IL-1, 1L-2,

1163, Hr-AikinGidled] di-0oil kB ethed; (B30 oFLEL, 1RO Bidtedi®hclbed¥4,1:, 1271-1277;

IL-15 1L—1qF, 48 interferon, ( ) a, IFN beta !i:N m ,.%IF o s

s T s B e Tt RS o on R Hise s 39

TNF beta, INF gamma, TRAIL; G-CSE, GM-CSF, M-CSF, MCP-1 and

%@%Eﬁﬁ!ﬁ%'gﬁ Qc%%égJ&e&r%g%gtﬂﬁo%{u%re\g%?& %'ﬁ%@t %reﬁn:%eoégﬁéd “heterologous

hormone growth factors. The method according to the invention can also _

5 edaavetstage ol elsedufoeproduetioneosgmEbodids orsragriefits thereotl, cven if
Such iragmentsinalude e.g, Fabdragments (REagment, antaenineing =i, e host
Fab). Fab fragments consist of the 20 variable regions of both chains
lch are held together by the adjacent constant region. These may be

formed by protease digestion, e.g. with papain, from conventional

antibO(iIies, but similar Fab fragments may also be produced in the mean )

Gy R RE S Y LR BYRAH BT Pag HEFS SFiE i@ sEragn 2 expression
o fragorenisewhich naydepiepared dy-rioterticeleaving with-peRsing 28«pression

WO 208%3/%98148PCT/EP2008/050699 20/5 o

vector. Methods used to construct vectors are well known to a person skilled in the art and

described in various publications. In particular techniques for constructing suitable vectors,

including a description of the functional components such as promoters, enhancers,

termination and polyadenylation signals, sclection markers, origins of replication, and
s 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
20 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 mto 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; Invifrogen, Carlsbad, CA; Promega, Madison,

25 Wl or BD Biosciences Clontech, Palo Alto, CA.
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The protein of interest is preferably recovered from the culture medium as
a secreted polypcptide, or it can be recovered from host cell lysates if
expressed without a secretory signal. It is necessary to purify the protein

Wofittepast9rom other recombinant proteins and host cell protB{i¥$ER2808/8§p699

that substantially homogenous preparait#ls of the protein of interest are

obtained. As a first step, cells and/or particulate cell debris are removed

from the culture medium or lysate. The product of interest thereafter is

purified from contaminant soluble proteins, polypeptides and nucleic

acids, for example, by fractionation on immunoaffinity or ion-exchange

columns, ethanol precipitation, reverse phase HPLC, Sephadex

chromatography, chromatography on silica or on a cation exchange resin

such as:fer @Emmbnﬁgmmemmod@oueammg ecskilledpersoashawdaiscleic acid
B e L B R BT Pnsacion of

Pr@iéﬁxﬁtwﬁ@an@ﬁ Meithoesld ﬁ@mkvm@a/mhrmaw@évwsm vﬁe@ra@tucal

Approach Series, 1RL Press (1995) or Robert Scopes, Protein

Purification, Sprlnger Verlag (1988), both incorporated by reference.

U5 m@e@@neﬁ@%}ﬁ’éerﬁﬁgl’rﬁ‘é‘th‘%ﬂ@ﬁ i BBSsibIdre wrativee sHEpefagslation of a

aptibedydragmants which reasistomly: afithe variable regionsafthehgaws desired
(VH) and of the light chain VL These are referred to as Fv fragments

FEPAY R RSt ém"h%?@r’ﬁeﬁt t?ﬁfh@k#dﬁ%léepgﬁff@iﬁb% fieths basis of either the

lémiagmﬁmtaglsﬁm:@m}em and ﬁﬂc@éﬁh%t\ﬂ‘ﬁ chains bythesystein@s desired
Oth%éznstant ch |ns the Fv fra gﬁrgu nts L? tabilised. It is

5’8 DO RS IOt AR b BT figHp the present
ehmab@s §Sh@ﬁhﬁ¢jﬁildﬁﬁl‘a@ﬁ‘mﬁﬁc1&b@d difo}:ﬁ) atcsa@:aaaﬂ neaeidscr %ﬁeqabiyltaied by
SRgn Rz e sl papude suand s oblansdconiting, v
WWWaém Eﬁ@léﬁ@ha‘ﬁmﬁm CstFm) AExafistes ofidef\eantibdéy protéansi pf Proteins

is kind. 25| t d .
B S o S e e I B A PpEL 4. by
NYesisty daesvariau sashiaagiesdisiie bdeh develspee-foitprepalingseping for the
@ﬁoﬁ)m&ﬂ'mfmf%@vﬁ%vwﬁs IRintendedio, ??géjolptﬂgrﬂﬁf@ﬁ filowed by FACS

recombinant antibodies Wlth improved pharmacokinetic and biodistribution

propettidscasiweiraskvith theldaSed Bivdigavldity ot srfiesiad senisveomogencous

mﬁglg@e(glg,@g%@gg@g@glmﬁgﬁvag\ggﬁ prepared as fusion proteins with 5
multimerisation domains. The multimerisation domains may be, e.g. the

CHS3 region of an IgG or coiled coil structure (helix structures) such as
Leuginraipper domainsysiaweyer, dhierevare alsgstialegigsin whishibgion vector,
interactian betwee the HNL regions of the scFy are sed f the

R TTEnIS AT o0y GBS S0 CABOTEG C2l ciAboy ThE SRy a0y metiod
m@ﬁs&namanslﬁe Iawaiehﬁmmm,rreegj,c:scﬂimﬁﬂfmm/& g sboreringlak al., 1987

scFv cule,to 0 .amino S to
R A SRR as A YRR i se- medioea
takescptace. Siabodigdmplusdditgmadipibeistabilisgcbyrthieincprorsion (such  as
| I X I |ab ody protein m )

D o e oo P o o oo d s and
misibodsL tive. slan@‘lqr@@bsoﬁlmé@ﬁsfacbwmma hesplhédifrrricestpy. The transfection
HRAYAH B LEANIIS!S OF AL BIANRQISINARIER GPRAINS IR &3 SR A1 & rologous
an immunoglobulin, preferably IgG, most preferably IgG1 as the
dimerisation region which is connected-t#the scFv via a Hinge region
(e.g. also from 1gG1) and a Linker region. Examples of minibody-antibody
proteins from the prior art can be found in Hu eta]. (1996, Cancer Res. 56:
3055-61). 20 By tr abody the skilled person means a: trivalent
homotrimeric scFv derivative ICont 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. 25The skilled person will
also be familiar with so-called miniantibodies which have a bi-, tri-
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or tetravalent structure and are derived from scFv. The multimerisation is
carried out by di- -21- WO 2008/090148PCT/EP20081050699 22/50 , tri-
or tetrameric coiled coil structures (Pack et al., 1993 Biotechnology 11:,

WOZPSARARE | ovejoy et al. 1993 Science 259: 1288-1293; PaBk BEH201G98%699

J. Mol. Biol, 246: 28-34). By definition aff{?$equences or genes introduced

into a host cell are called "heterologous sequences” or "heterologous

genes" or "transgenes" with respect to the host cell, even if the introduced
sequence or gene is identical to an endogenous sequence or gene in the

host cell. Heterologous gene sequences can be introduced into a target

cell by using an expression 10 vector”, preferably an eukaryotic, and even

more preferably a mammalian expression vector. Methods used to

eonstruet Vectorsiarbuvbiisknmlnlivea grerspneskilldavimtie Svitabld methods can be
dencrhedn.yarigus PyRlcaians. Ippatigiarieahiones (L CNRIMENg.. citrer

suitable vectors, including a description of the functional components suc
Y promoters, erhariéad] regmnatioaraid Poledcsilativraigrals;-chromosome or
selectionmarkars.Lrgins ofdeplicatipniaadisishlising.siangls, are

reviewed in considerable details in Sambrook et al., 1989 and references
cited therein. Vectors may include but are not limited to plasmid vectors,

nhagemids cosmjgssdartiaifigiadminiHchrmosemes, QrMHaty el SUehnventional
as baculovirus, retrovirus, adenovirus, adeno-associated virus, herpes

p : :

SRRl TL oS0 l5aLler e 5 it RtikatyBtiR elisreauiohe like which
vectorsiwilkkypiodlyneontainaiso prakaryatieoseauenass thaldacilitatehe current
he propagation of the vector in bagteria such.as an origin of replication
R SR e ST Tl for Ll o Gitorn LA ARy gYmeal, 2 Ed.,
St ryaticee Karbssibnbuegtors PoontdikikigSacteninglsite MP wWhidlsa Ausubel et al.,

lynucleotide can eratively linked,are well knawn in the grt and o
S B R TS TR A GE T 8 yrooute
Follw se AR bvitroged Y€ bl shaglidElns Préivreg &xMadisanT &9 logB Bicademic Press

RIS Eal IS o dpsis A O
Bepessfoml&EI9P boMprises atdsadtene hineri At Msgusisdeawhiords aic Press
[eoMBIary SaqUense MRaaIsAM Ot IFANSRIPUOR- ARG, %lﬂi@ﬁbﬁfl\dd’herﬁon et al,,
nucleotide sequences that encode for a peptide/potypeptide/protein of

fi&redt Practicai 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, cds., Animal Cell Culture, Humana Press (1990); Freshney et al., eds,, Culture of
Animal Celis, 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, Pihler ed., VCH, Weinheim 663-744; the series Methods of
Enzymology (Academic Press, Inc.), and Harlow et al., eds., Antibodies: A Laboratory

Manuai (1987).
4.
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The term "expression” as used herein refers to transcription and/or
translation of a heterologous nucleic acid sequence within a host cell. The
level of expression of a desired product/ protein of interest in a host cell

WP Heotiefermined on the basis of either the amount of corr@§[iBERA/050699

mRNA that is present in the cell, or the &fbunt of the desired polypeptide/
protein of interest encoded by the selected sequence as in the present to
examples. For example, thnRNA transcribed from a selected sequence can
be quantitated by Northern blot hybridization, ribonuclease RNA
protection, in situ hybridization to cellular RNA or by PCR (see Sambrook
et at., 1989; Ausubet et al., 1987 updated). Proteins encoded by a
selected sequence can be quantitated by various methods, e.g. by
EL1SA, by Western blotting, by radioimmunoassays, by
immunoprecipitation, by assaying for the 15 biological activity of the
protein, by immunostaining of the protein followed by FACS analysis (see
Shamisrookien #la989;aAnslbeldtiatne987 uptisted)lorby hdnogersougerized in
timeresolyed fluprescengs (HTRE) @5sayssed ransfection” of cukaryotm
host cells with a polynucleotidc or expression vector, 20 resulting in
genetically modified cells or transgenic cells, can be performed by any

methpetimel knowniindthe art@pe:6esGHEEH i Ghe I SARAOIORK. E18L1 2389 that the

or Ausubhel et al., 1987 (updated). Transfection methods inlcude but are

5t lmﬁt‘éd‘ﬂa}ﬁﬁgﬁﬁ@%@bﬁﬁt@ fr8nedsrerttdisiim phosphate
co-precipitation, electroporation, pots/cation (such as

PEA -%ﬁxtra -E‘ed’iate té]zr:\%rlwfeg:_tion, protoplast fusion, viral infections .

ah e STRISEHBI P RATE¥ABIy S thE TREAUREIDH IRk e tiAsILtrshin that the

thetranstestioDifithadithagprovidaseptimaltansiection: fraguenty¥dngoduct are

%ﬁﬁ%@&gﬁ@?ﬁ%ﬁc&%ﬁgﬁ%ﬂ% genes in the particular host cell

line and type is favored. Suitable methods can be determined by routine

Riogesh iﬁ%nﬁ)%ﬁﬁg%gleoﬁr%ﬂég%%&%%s%%@%ﬁ)@,Sﬁl%%%e%ﬁsﬂe%tsh% integrated. | ihat the

Into t ost cell's genoine or an artificial chromosome/mini-chromosome
biHEBatatrepsisomaiip o iaghoddysrtynrintainedsivithimithethdstcelir@luced into
Ihe pragticeipfilamiesgntinyerioryleraploy, unless otherwise |
indicated, conventional techniques of cell biology, molecular biology, cell

culture, immunology and the like which are in the skill of one in the art.

Thasaischniaues R fulhy diselesad o the CUpant HHetalued R8& &-Gterized in that
Sambroaok et al., Molecular Cloning; A Laboratory Manual, 2" Ed., 10 Cold

PTG HEMOOF EABORIBHTBTesacsHIg Sy MAmBRUN ¥, Qaagd)out in the absence
Ausubeleikale Qumant Protocols in Molecular Biology (1987, updated);

Brown ed., Essential Molecular Biology, 1RL Press (1991); Goeddel ed.,

Gene Expression Technology, Academic Press (1991); Bothwell ct al.

bds. fiMiéthodstiofi Gloniog dagAnaly sis oft bukaey aticlcene shRactiettRubl. that the
1_99%95\W(L}| cftﬁk F%s.,mF(QEC()SQQibinant DNA Methodology, Academic Press

(gl(fl §§§ igricg er, Gene fFansfer and Expression, Stockton Press

(1990); McPherson et al., PCR: A Practical Approach, 1RL Press at
Qxioﬁgrt&f@y‘éﬁé%ﬁtﬁ'cpéﬁ%ﬁﬂgcgrﬁ)09@1@ﬁ sRHgEleol e-r%é’tﬂﬂ?ie?s%ié?@cterized in

(1984); Miller & Cabs eds., Gene Transter Vectors for Mammalian
1n8hy; e cdid vahimaliant@elkBlietschnplefyetl 0ot JeRbfardpetsad{ the DHFR
, Animal Cell Culture, Humana Press (1990); Freshncy et al., eds.,
ulture of
28
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20 Animal Cells, Alan R. Liss (1987); Studzinski, ed., Celt Growth and
Apoptosis, A Practical Approach, IRL Press at Oxford University Presss
(1995); Melamed et al., eds., Flow Cytomctry and Sorting, Wiley-Liss

WL98) 9 Cudfrent Protocols in Cytometry, John Wiley & Sons, B{EI/EP2008/050699

(updated); Wirth & Hauser, Genetic Engidering of Animals Cells, in:
Biotechnology Vol. 2, Piihler ed., VCH, Weinheim 663-744; the series

Methods of 25Enzymology (Academic Press, Inc.), and Harlow et al., eds.,
Antibodies: A Laboratory Manual (1987). WO

2008/090148PCT/EP2008/050699 25/50 The invention relates to a

method of improving cell growth of a cell fine characterized in that the

DHFR activity of said cell line is increased. 5 In a prefered embodiment of
theapfesient inventomtheimethioo iﬁl@l]ﬂt&@t&ﬂ&ﬁﬂhﬁiﬂ%ﬁh&tﬁhmﬂdmé; isl‘aiac,’terized mn

lIFB:defigient or:a DirfrR-reduced £ iLline; further empodiment of ¢ the

the present invention the method Is ¢ aractehze that%e iogene
&HebRiagnPHFR and a gene of interest (GOI) encodlng the desired
product are sequentially introduced into said cell line. In another
embodiment of the present invention the method is characterized in that

e mirRsespfssiBrreissete ideiacomy waniralian expressiohanitcrized in that

whiek s iatreduced e thsaig celldine 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
desiregipiodutidsiermied metak@ta@s@ﬂe@noﬁam@{%tr@&@t&@v&%};z%e {8 that the
a further e ??dlgé) f.the pr ent | ve egagn dﬂe method is characterized
Arharthe Gene SIBETE fg F\ﬁ‘ﬁt ¥4 In a further specific

embodiment of the present invention the method is characterized in that

Ehe Ck_ll'l Olf g%ll 2o %Illaflzln & ? Q(t:alg?e%tar{te?g\ge}u1ogfle£grab|(¥t at eas érgg c!?zscg fin that the
expression level of DHFR is mcreased at least 3~fold, 4-fold, 5-foid, 6-fold, 7-fold, 8-fold,

9-foid, 10-fold, 15-fold or 20-fold.

In a specific embodiment of the present invention the method is characterized in that the
DHFR 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 18 a mammalian cell hine such as a CHO cell line.

In a preferred embodiment of the present invention the method is characterized in that the
cell fine 18 CHO-DG44 or CHO-DUKX-B11, preferably CHO-DG44.

26~
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WO 20081090148PCT/EP20081050699 26/50 In a further specific
embodiment of the present invention the method is characterized in that
the cells of said cell line contain at least 5, at least 10 or at least 25 copies

WEREBHER gene. In another specific embodiment of the pr&§EREP2008/050699

invention the method is characterized iR’that the expression level of DHFR
is increased. In a further embodiment of the present invention the method
is characterized in that the expression level of DHFR is increased at least
2-fold. 10 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, b-fold or 20-fold.
In a specific embodiment of the present invention the method is
characterized in that the DHFR activity is increased by introducing a

rl]l?t%%f?gogl%&)ﬁliﬁ% enend Dzléz!‘;e:ﬁt r{}{%ﬂ%@% 1(—'::) H%LFOW lzjst acrll]{[a?at ?exp z!_clg %}. that the
enco .|ng sequence ro‘m another spemes as .t e cell line. na urt'her
eptisbdinfentlsf ghecpreseenchveemibng e method isodhel scterizationt thehe presence

saidl 20cellline is, aligadyiransfested with.a,gene.of infgrest (GOO. In a

further embodiment of the present invention the method is characterized
in that said cell line is a mammalian cell line such as a CHO cell line. 25In

mhreferred.embodiment ot therRreseRlNVENIgRNe. MAIQSHIS; characterized in that
characterized in that the cell line is CHO-DG44 or CHO-DUKX-B11,

brefetalsiy eetse 4o 3 9t beosigoiABBETAIHD8NE089gEmgsRl nterest
b anptierhe nboediment @fdhenaregept ifvEMIoR eMetheers as sclection and/ or
characterized in tha thtz selectioftn for the gene of interest encoding the

8%%’.1# 1&%%6@‘”@% ied BN Ilfgeﬁ?étsence of hypoxanthine and
thymidine (HT) and in the absence of MIX.

In a further embodiment of the present invention the method is characterized in that the
plasmid containing DHFR 1s {ransfected 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

interast,

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

glutamime synthetase (GS), adenosine deaminase (ADA) or cytosine deaminase (CDA).

27
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In another specific embodiment of the present Invention the method is
characterized in that DEIFR is transfccted into the cell line on a separate
plastnid than the gene of interest encoding the desired product and

WHEeebPBEIFR does not serve as selection and/ or amplificatitmapzuearsosys

for the gene of interest. 10 In a further émBbdiment 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. 15In 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
dhardoterizeghdni R0thabsdic celldinetas previouslyidedn: transfected withrierized in
first plasmid containing a gene of i t functionally coupled to a
glé%ééﬁ%'nc?ngﬁ ero q%ﬁ%%%eﬁ%ﬁ{b Bﬁ%ﬁ‘ﬁﬁ#@% émbodiment of the
present invention the method is characterized in that said cell Line

seninR heterHlognHs BHER @f‘lﬂ(eé&%%%ﬁé 8%:%9&%1%”&?&@8%“&%‘“ %gt‘.rcerﬁzed in that

such as 25glutamine synthetase (GS), adenosine deaminase
Sito it dsasminage (cowioyno POGEI000148PETIEP 2008650609 28/150r such as

Inasfuther specific.enbrdiment of the present invention the method is
characterized in'that said cell line contains heterologous DHFR and GS. In

another specific embodiment of the present invention the method is

charagtepzed indhatnald selhinetonian® helRraiaasdsREER-ARAAt that stably
least one othTr selefgt{‘i?cérg3 mﬁ%(_rgker such as puromycin, neomycin or

BIEEIGEA Sl 1R A RRECEHBOiMERE SRHe! prusBAb v HBR e Hietrygled to the
iscabataaterized in that stably transfected cells are selected for by using

e selection marker functjonally coupled to the iogene, of interest..In a,
TS R 6 ONAL Bt SRt VSO tHE FSINGHH T BN Achem ot sably

rther embodf
mthétcsteblyl samsfedtett E étls lareiseledteddet ynusingdhaisatieation coupled to the
rré%kgf .f![{nctggnallll%ic&)gu é%“i')??p e gene of interest, which is not DFIFR.

5 & 61reefré:rré3/em odiment of the present invention the method is

characterized in that the
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 sclection
and/or amplification marker other than DHFR,
b. Introducing a DHFR expression casseite located on a separate plasmid as in
step a,
. Selecting for stably transfected cells using the selection marker of step a,
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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

Wrgtiti®tidi+host 20cell line characterized by the following step§ BEF2008/050699

transfecting a host cell with at least one’ghe 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 25step a, c. Selecting for stably transfected cells using the selection
marker of step a, -28- WO 2008/090148PCT/EP2008/050699 29/50
whereby the growth characteristics and cell density reached by said cell
are bettertandhighetithanr thoseofthedcaniespording untidnsiectedicett better and
ine. Brslerabbmilc prosenhinvenian relales o admetad for generating a
production host cell line charac erlzedgbyt e following steps a.
transfccting a DHFR-deficient or DHFR-reduced host cell with at least one

gene.obinterestenceding a;desiadProdust.on atleast.one first g&s&m'&%n host cell

functionally coupled to a selection and/or amplification marker other than
DRERROB R SdUBIE DR 8Xpression cassette located on a

separate plasmigkasin steparr -eaerlacting forsiably: tensfectad ellS 1cast one
using the selection marker of step a, whereby the growth characteristics

and cell dens#§T e &EHBE By sefencaredsatied AFRARIGIEY tharrthese irst plasmid

the corresponglifngisiiranstested eelh lipRcinba preferrasiembadimantelr other than
the present in jon the method is characterized in that the order of steps

aand b is ex d.
b. Introducing a DHFR expression cassette located on a separate plasmid as in

step a,
¢. 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
DHFR 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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In a preferred embodiment of the present invention the method is
characterized in that the order of steps a and b is reversed. 20 In a
preferred embodiment of the present invention the method is

WEHAPEAEYiFEd in that DFIFR is the only mammalian expressiét Tl ARHiEHR0699

is introduced into said cell line during st&p'b. 25Furthermore, the present
invention relates to host cell obtainable by any one of the described
methods. WO 20081090148PCT/EP2008/050699 30/50 In a specific
embodiment of the present invention the method is characterized in that
the cell is a mammalian host cell such as a CHO cell. In a preferred
embodiment of the present invention the method is characterized in that
the cell is a CI-10-DG44 or CHO-DUKX-B I I. Furthermore, the present
invention relates to a method of producing a protein in a cell line,

%19a%@&£mp%ﬂ%%%ﬁﬁl&%’&Pﬁ@%&%@éﬁd@é‘éﬂ%@l'%i Ggﬁ?&sisl%ﬁ)mteﬁzcd n that the

Generating a host cell with one of the described methods above
cohainimgrangdiie beshtstbstehesdirgHprsibinofinterest, (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
%‘Pjﬁéﬁ’?ﬁgﬁfﬂ sHpodiment of the present invention the method is characterized in that the

cell 1s a CHO-DG44 or CHO-DUKX-BI1.

Furthermore, the present invention relates to a method of producing s protein in a 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 aliow 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 intcrest.

Preferably, the present invention relates to 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 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 ¢.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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(d) Purifying the protein of interest. 15 Preferably, the present invention
relates to a method of producing a protein in a DHFRdeficient or
DIIFR-reduced cell line, e.g. a mammalian cell line, characterized by the

WibROWIHY S¥eps:  (a) Generating a host cell with one of thePdE¥ERHEE 050659

methods above containing a gene of 2Girtérest 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. 25In a specific embodiment of the present invention the
method is characterized in that the protein of interest is a secreted protein.
WO 2008/090148PCT/EP2008/050699 31 /50 In a further embodiment of
the present invention the method is characterized in that the cell

W@t@ﬁﬁg}/ rgr%%%'%cﬁttroﬁg%&@m'?A?Vgﬂ%)g%ea;ﬁc' htéa(;i%"&?l]%[ag{c?‘;zeclt in that the

membrane standing protein. 5 In a preferred embodiment of the presen

ipRlerigr e e thoth ivschaiastesze dihithat thedgarisg enesis:|bdatedt on membrane
gﬁgngﬁgggngléﬁmid as the DH FR expression cassette.  In a further

preferred embodiment of the present invention the method is

characterized in 10that the transgene encodes for an anti-apoptotic gene

Of @ HansesPHAMIaGtRnt of the present invention the method is characterized in that the

transgene is located on the same plasmid as the DHFR expression cassette.

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

any way.,
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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

WPRO etId%are 15characterized in that they are performed /gF&WiERF008/050699

serum-free culture medium. The inventiBft§enerally 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 20any way. WO 2008/090148PCT/EP2008/050699 32/50
EXAMPLES MATERIALS AND METHODS Cell Culture All cell lines used
at production and development scale are maintained in serial seedstock
¢uttrdd’ infsurface-aerated T-flasks (Nunc, Denmark) in incubators

@p‘qrmﬁggrmﬁywﬁgék%ﬂasks (Nunc, Denmark) at a temperature of

37C and in an atmosphere containing 5% CO2. Seedstock cultures are
§ublcultivated every 2-3 days with seeding densities of 2-3E5 cells/mL.

Thecalkcrucepiraf %&Q%Efmwg&mo%%%ﬂFgégé chl'fﬁmgtﬁncd_m serial scedstock

hemocytometer. ioViability is assessed by the trypan blue exclusion

Reirsa ,"%H@%“ﬁ%%if/oﬂaégl@&%%%ﬁﬁﬁlﬁéﬂf B pFEBetary ks rfgnany) or
HhRIF-COMRPOSHIAN: Nwh Rk berayealpd:gd-batch CUlYaHOR armosphere containing
5% CO,.

Seedstock cultures are subcultivated every 2-3 days with seeding densities of 2-3E5
ceils/mL. The celi concentration is determined in all cuftures by using a hemocytometer.

Viability 1s assessed by the trypan blue exclusion method. All CHO production cells are

cuitured in Bl-proprietary media and their composition may not be revealed.

Fed-batch cultivation

Cells are sceded at 3EOQS 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 daity and pH is adjusted to pH 7.0 using NaCO; as needed.
Bl-proprietary feed solution is added cvery 24 hrs at 30 mi/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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Cells arc seeded at 3E05 cells/nil into 125 ml shake flasks in 30 nil of
Bl-proprietary 15 production medium without antibiotics or MTX
(Sigma-Aldrich, Germany). The cultures are agitated at 120 rpom in 37C

WA E52 which is reduced to 2% following day 3. Culturd FafrAetepsess9

including p1-1, p02, pCO2, glucose, lactdtd and glutamine concentrations

are determined daily and pH is adjusted to pH 7.0 using NaCO3 as

needed. RI-proprietary feed solution is added every 24 hrs at 30 ml/L*d.

Cell densities and viability 20are determined by trypan-blue exclusion

using an automated CEDEX cell quantification system (Innovat is). Single

Cell Sorting A FACS Vantage (Becton Dickinson) flow cytometer

equipped with pulse processing, sort 25enhancement module, and

antomatidscélbdeposilionranitisusedifor &vatydisrandotel soatngc@mming 200 pL
Ipt a d canar (F a ' staroundS| gl

R o L3 sl LR S For st
e@n@a@@é&a@a@é e ObsorElr iniekestst fﬂété@d@mébﬁn"gr@@@gt@b growttluid for 1

medium gt ane ealbRerwell withytheatomatin.cell depegiion unibf=0kge. oihanol.

sterile sortlng the tublng of the cell sorter is cleaned and sterilized by

RIS s R FEP 1Rk aEh BBthE sty deIteors: BTN NaOH:;

0.1% Triton-X-100; 70% ethanol. 5Subsequently, a sterile sheath tank

with PBS is connected to the cell sorter. RNA isolation and RT-PCR RNA

o GG eand'is I<ofated using TRIzolt reagent (Invitrogen, Germany)
ac;mrdi@gmtwtbafn@meﬂa@twe;wm&rugﬂ@@smuw RYELAtMeRt-WItY, Germany)

&Dclélggcgng © ﬂ%c manufacturer’s instructions 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 3pg of total RNA and
oligo(dT) oligonucleotides. Quantitative differences in difr transcript levels are determined
by real-time PCR usinge the Absolute™ QPCR SYBR® Green Fluorescein Mix (ABgene,
Surrcy, UK) and a thermal cycler controlled by the MylIQ Real Time Detection softwarce
(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-37; dhir (anti-sense) SEQ ID NG.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 IDHFR expression enhances ceil 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
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io minutes at 37C. 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

WHiffiEPR94%in dhfr transcript levels are determined by real-tinf€ PER(08/050699

usinge the AbsoluteTM QPCR SYBRERY@reen Fluorescein Mix (ABgene,
Surrey, UK) and a thermal cycler controlled by the MylQ Real Time

Detection software 15 (BioRad Germany). All experiments are performed

in triplicates. DHFR-specific amplificates are generated and quantified

relative to tubulin expression levels using the following oligonucleotides:

dlifr (sense) SEQ ID NO.1 5-ATGGTTCGACCGCTGAACTGC-3'; dhfr
(anti-sense) SEQ ID NO.2 5'-CCACTGAGGAGGTGGTGGTCATT-3;

tialin PehBeySEJ 1D N: 315 -CECANCGCUGACCTERGECIRAGHB @ivd antibiotic

o (Bt 20,9605 SEQURNO 4, SAGTRETBEIGTACCAGTGC 3.

: Heterologous DHER expression enhances cell growth
BRERoteGBHECHO DGUA {0 Aasib s BHEsM el 8314 0814 10r988) andeedstock

<ol %%@%&9}%&%@9&% Argiaby ran %Jﬁﬁtl‘? QCWIngsCQ‘[]\I& established

constructs harbouring the selection markers for puromycin and neomycin,
%ﬁ%&ﬁ@@lﬁ%@%ﬁﬂrem&g%wlﬁlg§ﬁﬁﬁt@3-PIW@‘S@S [Liu C and Hong L; Biochemn.
20081000A8PCGTEP2D08/050699 34/50 for the DHFR gene. The cells

are selected in medium containing the respective antibiotic (puromycin or
geneticin) or in selective medium without HT. The growth characteristics

sﬁ?ﬁmggmg(?mgamﬁl?pmh@aqe thgn Qi)f:l.ﬁp@fﬁﬂ ﬁ%ﬁﬁﬁ%ﬁ%@k SIS ompared to
an ul -batch cultivati ‘I SKS ch repre ent_an
8%%%@1%%%@%%% %@8@%@”@3@5@%&%&&%86 tBtssdbey W slower

@ranaddorig¢Bioehieml Eaf.dn(2081) MGRRE25], ISurphisingly in agreement with
HO-deficient DG44 cells show strongly impaired gro pared to
T o e e e A IR, ey
brovegiower endreaciniotiver afakindd delt densifie PG UREdayb) DMERN(SEQ D
isdn ed: growih rate: ed dyring, seedstock . -
et At TS e TR
E‘én%yqqé@@ﬁowd@]‘g)[)}qﬁR{QSEQ:ql@Cfion in the doubling time, but also the IVC is

increased to wild type levels or cven 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 neomycin restistance cassettes, however, do not lead to changes
in ceilular growth characteristics. This indicates, that the growth enhancement is not due to
sclection and/or cultivation of stable transfectants, but is caused by the re-establishment of

functional DHFR expression in dhfr-negative CHO cells,

EXAMPLE 2:
DHFR 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 gencrated
234



NOs.56) expression completely rescues this phenotype. Re-introduction of
a DITFR- transgene does not only lead to a reduction in the doubling time,
but also the IVC is 15 increased to wild type levels or even beyond. This

WErgWi ¥ntancing effect can not only be observed in two diff@EHEPIEBAH50699

cell lines, but also applies for CHO DURXB11 cells transfected with a

functional DHFR gene. Transfection with expression constructs

harbouring puromycin or neomycin restistancc cassettes, however, do not

lead to changes in cellular growth characteristics. This indicates, that the

growth enhancement is not due to 20selection and/or cultivation of stable

transfectants, but is caused by the re-establishment of functional DHFR

expression in clhfr-negative CHO cells. EXAMPLE 2: DHFR enhances cell

growshlifeeidode -degendentdnsnger @8I ncbrdiegtddnvéstigatéowdiethgntiigons with
C ja re-intrductj DHER is desis dependent,, .

e O ) e S R e gese DIFR

e erdi090 148PE TR 08050699 85750/ sheubjcotédGd/RE 2a, DHFR

RasRbasedringle-celleloning 1Q.0btainElonal PORWARS WO DG4 cells, the

homogenous DITFR expression. Subsequently, the growth properties of

HESE PR RCEIS e vas ShaflRida B dih&RSF fermentation runs. As

shownain AR GBS an PhlERidranstested sublines repched RrdMahet ith enhanced
1VC levels compared to CHO-DG44 cells, the difference ranging from 2.5

S EFOIERIRR SR tiay <0 o B gt Atk SO th e GuUEHSh Wbdttigs as well as the
elevatddtMO-lorels colralatednyithuentancedPR ERJranserptdenelsaalyse DHFR
total RNA was.isolated from the DHER subglones as well as the parental ,

&’iﬁ@ﬁ%ﬂﬁvﬁc%ﬁ%% 2?1’21 q?%n?i‘fzﬁi\'}}leo %C%b \i}}fs BEPS RS S fgsiicasured IVCs
BhieRtekpredsiontiRl@ lstREgﬁla)a_ﬂDﬁﬁgrﬁ@%mf@he@nms&nﬁiyﬂadclﬂi%s with the
H??ﬁc%%‘ rB%%%%%ﬂ%ﬂ%ﬁ%”F@é sdc%qlgl%c\fv M‘e tﬂ%%:%%'}Q}Esogﬂggamemaﬁ?n Process.

expression, that means that the clones with ighest ranscrip
[Evasis dnthibitast thth i ghestshikdsah tbrerfdoment atidRfpriocEBK) -THese ddlta increases

sHEgesLANA! SxRtessiom.athsierglogous DHFR in CHO-DGA44 cells

increases cell growth’in a dose-dependent manner.
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<120> IMPROVEMENT OF CELL GROWTH
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<160> 6

<]170> Patentin version 3.3
<210> 1

<211> 21

<212> DNA

<213> Artificial

<220>

<223> dhfr (sense)

<400> 1
atgpttegac cgetgaactg © 21
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WO 2008/090148PCT/EP2008/050699 40/50 <210> 2 <211> 23 <212>
DNA <213> Artificial <220> <223> dhfr (antisense o0 <400> 2 ccactgagga
gotggtggtc att23 <210> 3 15<211> 21 <212> DNA <213> Atrtificial <220>

WO 2008/690148

210> 2
<Z11> 23
<212> DNA

<213> Artificial

<220>

<223> dhir (anti-sense)

<400> 2
ceactgagga gotggtgetc att

<210> 3

<211=> 21
<212> DNA
<213> Artificial

<220>

<223> tubulin (sense)

<400> 3

cicaacgecg acctgegeaa g

<210> 4
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20<223> tubulin (sense) <400> 3 ctcaacgccg acc gcgcaa g21 25 <210> 4
WO 2008/090148PCT/EP2008/050699 41/50 <211> 20 <212> DNA
<213> Artificial <270> <223> tubulin (anti-sense) <400> 4 actcgctggt

WEEEAgt3és10 PCT/EP2008/050699
41/50

<2il> 20
<212> DNA
<213> Artificial

<220>

<2723

[y

W

tubulin {anti-sense)

<400> 4
actcgetggt gtaccagtgc 20

10

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

15 <213> Cricetulus sp.

<400> 5
aatttcgege caaacttgge ggaageacag cgtacagget gectaggtga tegetgetge 60

20 tgtcatgglt cgaccgetga actpeategt cgecgtgtee cagaatatgg geatcggeaa 120
gaacggagac cticcetgge caatgetcag gaacgaatic aagtacttce aaagaatgac 180
caccacctce tcagiggaag gtaaacagaa cttggtgatt atgggecgga aaacctggtt 240

3

ctccaticct gagaagaate gacctitaaa pgacagaatt aatatagtte tcagtagaga 300
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25

<210> 5 <211> 798 <212> DNA 15<213> Cricctulus sp. <400> 5
aatttcgcgc caaacttggg ggaagcacag cgtacaggct gcctaggtga tcgcetgetge 60
20tgtcatggtt cgaccgctga actgcatcgt cgecgtgtce cagaatatgg gcatcggcaa

WP2GI§&AEHgagac cttccetgge caatgetcag gaacgaattc aagtacttCRCAZERPAORHEEE9Y

180 caccacctcc tcagtggaag gtaaacagad®ttygtgatt atgggccgga aaacctggtt
240 25 ctccattcct gagaagaatc gacctttaaa ggacagaatt aatatagttc
tcagtagaga 300 WO 2008/090148PCDEP2008/050699 42/50
gctcaaggaa ccaccacaag gagetcattt tcttgccaaa agtctggacg atgccttaaa 360
acttattgaa ca.accagagt tagca.gataa agtggacatg, gtttggatag ttggaggcag
420 ttccgtttac aaggaagcca tgaatcagcc aggccatctc agactcatg tgacaaggat
480 catgcaggaa tttgaaagtg acacgttctt cccagaaatt gatttggaga aatataaact
540 iotctcccagag tacccagggg tcctttctga agtccaggag gaaaaaggca

tg&@ﬂig&%@ c@ggcacaag gagcteattt tettgecaaa agtetpgpacg atgecttaaa 360
acttattpaa caaccagagt tagcagataa agtggacaty gtttgeatag ttggagecag 420
ttcegtitac aaggaageca tgaatcagee aggecatcte agactetttg tgacaaggat 480
catgcaggaa tttgaanagty acacgttctt cecagaaatt gatttggaga aatataaact 540
teteccagag tacccaggeg toctttctga agiccaggag gaaaaaggca tcaagtataa 600
atttgaagtc tatpagaaga aaggc.taaca gaaagatact fgctgattga ctteaagttc 660
tactgetite cteetaaaat tatgeatttt tacaagacea tgggacttgt gttggcttta 720
gatctatgag ttattcittc tttagagagg gatagttagg aagatgtatt tgtttigtge 780
taccagagat ggaacctg 798

<210> 6

<211> 1047

<212> DNA

<213> Mus musculus

<400> 6
g



atttgaagtc tatgagaaga aaggctaaca gaaagatact tgctgattga cttcaagttc 660
tactgctttc ctectaaaat tatgcatttt tacaagacca tgggacttgt gttggettta 720 15
gatctatgag ttattctttc tttagagagg gatagttagg aagatgtatt tgttttgtgg 780
WihetigHetggaacctg798 20 <210> 6 <211> 1047 <212> DNACIEEZSORMIE69Y
musculus 25 <400> 6 WO 2008/09014BPET/EP2008/050699 43/50
ggggcggggc cttagectgeg caagtggtac acagctcagg gcetgcgattt cgcgccaaac 60

gggecgpooe citagetgeg caagtgotac acagetcagg getgegattt cgegecaaac 60
ttcacggeaa tectagegtg aaggetggta ggatittaic ceccgetgeea teatggtteg 120
accattgaac tgeatcgteg cegtgiecea aaatatgggge attgocaags acggagaceg 180
accetggect cegetcagga acgagttcaa glacttccas agaatgacea caacctettc 240
agtggaaget aaacagaatc tggtgattat geptaggaaa acctggtict ccatteetga 300
gaagaatcga cotttaaagg acagaatiaa tatagttctc agtagagaac tcaaagaace 360
accacgagga getcatttte ttgecaaaag tttgpatgat pecttaagac ttattgaaca 420
accggaallg geaagtaaag tagacalggt figgatagic ggaggcagtt ctgtitacca 480
ggaagcecatg aatcaaccag gecacctcag actettigiy acaapggatea tgeaggaatt 540
fgaaagtgac acgttttice cagaaattga tttggopaaa tataaacttc tcccagaata 600
cccaggegte ctetetgagg tecaggagga aaaaggeate aagtataagt ttgaagteta 660
cgagaagaaa gactaacagg aagatgcttt caagtictct getcecctee taaagetatg 720
cattittata agaccatggg acttttgetg getttagate tatgagtaat tatttettta 780
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ttcacggcaa tcctagegtg aaggcetggta ggattttatc ccecgetgeca tcatggtteg 120
Saccattgaac tgcatcgtcg ccgtgtccca aaatatgggg attggcaa a acggagaccg
180 accctggcct ccgetcagga acgagttcaa gtacttccaa agaatgacca caacctctic
W40 EEHydHaggt aaacagaatc tggtgattat gggtaggaaa acctgglicPEGAERIM 30699
300 gaagaatcga cctttaaagg acagaattaa'fatfigttctc agtagagaac tcaaagaacc
360 accacgagga gctcattttc ttgccaaaag tttggatgat gccttaagac ttattgaaca
420 15aceggaattg gcaagtaaag tagacaiggt ttggatagtc ggaggcagtt ctgtttacca
480 ggaagccatg aatcaaccag gccacctcag actc ttgtg acaaggatca tgcaggaatt
540 tgaaagtgac acgtttttcc cagaaattga tttggggaaa tataaacttc tcccagaata
600 cccaggcgtc ctetctgagg tccaggagga aaaaggceatc aagtataagt ttgaagtcta
660 cgagaagaaa gactaacagg aagatgcttt caagttctct gctcccctee taaagctatg
E20425eatttataagaccalygy deltilgoty gottagaac tatgegteat tettiettta 780
WO 2008/090148PCT/EP2008/050699 44/50 gggaggggta gaggaagaa
ttgtttgat tgtgatcttg gggatguaac ctaagaccca 840 gtgcgtgctg agcaaatgct
StaesirttmagespcoHactdEgEee et aatie SO0-Sretacaatab ltgtcattt
cccagtaatc taacaaggta tagtaaaag,t gccttaagaa 960 atgtcacttg ctataaaggt

ctcagtgccc ctcccatgag acctcaagtc ccccccecece 1020
taaacaatat gitgtcattt cocagtaate taacaaggta tagtaaaagt gccttaagaa 960

atgtcacttg ctataaaggt ctcagtgeee cteccatgag acctcaagtc ceceecccee 1020

CCCCCCCCe CCCLCoCehe Cooeeee 1047
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CCCCCCCCCC Ccccceececeece ceceeeeec1o47 45/50 CLAIMS 1. A
method of improving cell growth of a cell line wherein the dihydrofolate
reductase (DHFR) activity of said éelldihe is increased, whereby DHFR
does not serve as selectioi and/or amplification marker for a gene of
interest, whereby said cell line is a DHFRdeficient or a DHFR-reduced cell

CLid@&}svhereby a DHFR-deficient cell line is a cell line, which does not

BRI

functionally express the DHFR enzyme and whereby a DHFR-reduced cell
line is a cell line with low endogenous DHFR levels. The method

- ateBriAg 6 BB Pavier B the 'gert! BReBamg DRFR a8 genapiase

ineFast (&0 L) entading thede sireck pro diet arelsetR entiallytintraducetkction
'%S’d?%'%gﬁlh'ég‘&n%ﬂ%%h?JF? e Ph&ﬁ&@%&%@%ﬁ%@ﬁ%@ COMRISINg

ene iIs pre erab yt e onl Yy mamma lan expressmn unit which is
wfii‘égﬁ@ébﬁf it S&d Cenaiheblirhg s sey et BER msttdaaétivrestbps

arg/er Mﬂ&@(ﬁb%ﬁ&h@ﬁﬁﬂ@ﬂeﬁ@fr&h&ﬂgﬁ}nﬁm iterasthencodiog the Herieduced
pro %t '154 g%gg 1% eo‘% the seplge l@lﬁtﬂpor?xate (MTX). 3. The
dcaccor iNngtoc aim 1'0r2 whereby the ceélls of said cell line contain

at Ieast 1 copy of the DHFR gene. 46/50 4 The method according to

. C*ﬁ&@%ﬂ%&%&ﬁ%@% Q@%%@Wih\ﬂ{é‘?%‘j aell ing i&;@&@vg@l{m and a gene of

heterologous expression of a DHFR gene, a DHFR ene or.a DI-TE

eﬁ%%athP %a UBHEE o a%%ﬂ%ér%sag%%éis&%ﬁ%w H%f%d“rﬁ% PiGdgG ot
atcerding tehelaimstiii toXdiherebyssaid celldime dsrapreauly thansfBctedeene is
%ﬁ@f@r&@p%fa&t{erﬁa&gﬁ% 8.pI0eimnathed ACE NG IR GRS 140 Relt line

whereby said cell line is a mammalian cell line such as a CHO cell line,
pfﬂ@féraw SERF S IRETR e S EaMsE CEIDLIREB I s o g (et ©f
aceerdingdedalaimsd2sie:6 preke by the-gelectiandfosange nempitinterast (MTX).
encoding the desired product is carried out in the presence of

hypoxanthine and thymidine (HT) and in the absence of MTX. 8. The

. methBgthecareingdtelaifis 1o’ htiebsbye DHIFRL ik Ao bhikeeP e tHdcast 1

ceding o BiseRakate plasmid than a gene of interest encoding the
desired product.
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47/50 9. The method according to claim 8 whereby the plasmid containing
DHFR is introduced sequentially or simultaneously with a plasmid
containing the gene of interest. 10 4dieimethod according to claim 9
whereby the plasmid containing DHFR is introduced sequentially with a
plasmid containing the gene of interest and whereby said cell line has
previously been transfected with a first plasmid containing a gene of
thanli[PHFR

r
ard celi e is'im roved
method according to claims 1 to 10 where Sall &elne contains at feast

oRE RiER s ATifER ST Pk S He Beas gl@féﬁ%ﬁélgwefas}élws§ncodlng
adenesinre-deaminase Al esieytasine deaminase (CDA), preferably
GS, and/or whereby said cell line contains at least one other selection
marker such as puromycin, neomycin or bleomycin. 48/50 12 A method

- folifeneifating arprotivctiomnhbst éetbeetiaratterizdt:bip theddil owingstépsih

(8 ransfeting asBHFR-deficient or DHFR-reduced 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

. othrer it OldéRiib idntrodu CingtavbDdtFRs eXprésisionscassettelocatédion

agepatate plasmid.asinsien(@iq co(R)Selegting fornsiablydransfected

cells using the selection marker of step (a), whereby the growth
characteristics and cell density reached by said cell are better and higher

. thte thasedofthedogrrespanding unitansfectesteelldiner angnyberabya

DeERdelsleataell ings %s%e" RS IED SOCH oL HAGIoNRIN xfress

he DH enzyme an ere uce ne IS a ce ine
W%W@ﬁ%@é%%@ﬂ@ﬂ%\%l@’f@é The method according to claim 12

whereby the order of steps (a) and (b) is exchanged and/or whereby

J(_I,ilFR |% nie n%mamnl]alla re Si r%&: hich is |ntr duced int sald
G R B 4 Rt o BB AT StsiFF I g on
Dﬂ-FFWé@ﬂéFem@ﬂ@Hﬁﬁnreﬁumwﬁ@IMmﬂenedmphsmg thalfiotlowing steps:

(a) Generating a host cell line according to any one of claims 12 to 13
containing a gene of interest encoding a protein of interest,
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(b) Cultivating the cells, under conditions which allow the proliferation of
the cells, (c) Harvesting the protein of interest and (d) Purifying the protein
of interest, whereby a DHFR-defici#nfgell line is a cell line, which does
not functionally express the DI-1FR enzyme and whereby a
DHFR-reduced cell line is a cell line with low endogenous WIER levels.
15. The method according to claim 14, whereby said DHER-deficient or

. Dhlllé %éﬁ]gy %@g)ﬁﬁ”% l{(l)ecfﬁxﬂ m@ﬁ@%@'&% ﬁﬁglﬂﬁiecaqi@mﬂ?f@ﬁiﬁ Q9 introduced

according to claim 14 or 15 whereby the cell line additionally contains a
IS i BHP IR AT hit AUETRItAF B AR MBRSHE StAIIY protein

preferably an anti-apoptotic gene or a transcription factor and whereby the

10 tr?ﬁ'es %%ﬂ%ésagé%‘:%{% l?!y 0119&9 @91‘9@9@%@&%}%%@%1% I@%Q{g%ﬁgﬂﬂﬁ{%!{'ﬁ Rmtroduced

expression cassette.
sequentially with a plasmid containing the gene of interest and whereby said cell iine has

previousty been transfected with a first plasmid containing a gene of interest functionally

coupled to a selection marker other than DHIR.

The method according to claims 1 to 10 whereby said cell line contains at least one other
amplification marker such as glutamine synthetase (GS), adenosine deaminase (ADA) or
cvtosine deaminase (CDA), preferably GS, and/or whereby said cell line contains at

least one other selection marker such as puromycin, neomycin or bleomycin.
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48/50

12. A method for generating a production host cell ine characterized by the foliowing steps:
(a} Transfecting a DHFR-deficient or DHFR-reduced 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),

(¢} 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, and whereby a DHFR-
deficient cell line is a cell line, which does not functionally express the DHFR enzyme

and whereby a DHFR-reduced cell line is a cell line with low endogenous DHER levels.
13. The method according to claim 12 whereby the order of steps (a) and (b} is exchanged

and/or whereby DHFR is the only mammalian expression unit which is introduced into

said cell line during step (b).
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14. A method of producing a protein in a DHFR-deficient or DHER reduced cell line

comprising the following steps:

(a) Generating a bost cell line according to any one of ¢laims 12 1o 13 containing
a gene of interest encoding a protein of interest,
{b) Cultivating the cells, under conditions which allow the proliferation of the
cells,
{¢) Harvesting the protein of interest and
(d}y Purifving the protein of interest,
whereby a DHFR-deficient cell line is a cell line, which does not functionally express the
DHER enzyme and whereby a DHIR-reduced cell line is a cell line with low endogenous

DHFR levels.

15, The method accoréing to claim 14, whereby said DHFR-deficient or DHFR reduced cell

line is a mammalian cell line.

16. The method according to claim 14 or 15 whereby the cell line additionally contains a
transgene which encodes an intracellular or a membrane standing protein preferably an
anti-apoptotic gene or a transcription factor and whereby the transgene is preferably

located on the same plasmic as the DHFR expression cassette,
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