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WO 2008/031873PCT/EP2007/059663 METHODS OF SELECTING
CELL CLONES BACKGROUND OF THE INVENTION 5 TECHNICAL

whlEbPeIhesinvention concerns the field of cell culture technolQgyeloe7/6s0663

concerns a method of selecting cell glones as well as producer host cell
lines selected thereby. The invention further concerns a method of

producing proteins using the cells generated by the described screening
method. 10The invention additionally regards an automated platform for

'@%ﬁ%@%ﬁe@@%ﬁ% %h@gﬁfr@%@ﬂ% hat means cell cIong
selection betore the cells are passaged the first time, of mammalian cells

producing proteins, especially therapeutic proteins, especially antibodies.
RBALAGRAHNE:THE farself g igrharmaceuticals for use in human
therapy continues to grow at a high rate with 270 new biopharmaceuticals
being evaluated in clinical studies and estimated sales of 30 billions in

2093 {\erner=RP#). Currently, an increasing 20 number of
biopharmaceuticals is produced from mammalian cells due to their ability

Bh% RGNy PRoReRSesRa IRBdifjhahel salibins | ashiaaiaarl dnepRriTYetimetnod

Mé@@ﬁ@%@ig@ﬁﬂ@é@W@@@grﬁr@@é@%@g?p%_ﬁﬂﬁ?é@”é’é%@ﬁ"%@é‘%by. The
cells is thus crucial and depends on the characteristics of the recombinant

RERBHERBhal-CEIRIn SRS TS te PIEHMAS. 1] BRHUANPeRINE RPgaaliardhe cells
Siclemmammnalingceitigsdiserpeotivging@daerapeutic protein is an

sential part of the time needed to bring any bi armaceutical to the ,
TR R LA A e et R R e Erolite-arly high
denelghpuetbodstarspredmnovebpeodugeraehdinesiastiast asipossible cells are

while maintaining the guality of the cell lines resulting from such a screen, .
BESTE TR P Bl GRS (58 PRACEhS DEERE " specialy
2008/0311873RCGIHEP 2607088683 Rw@iE@Teration of mammalian production

cells generally requires a cloning step to ensure the population of cells

grown in a bioreactor is genetically as homogeneous as possible. Limited

dilution is a simple and well established method to generate monoclonal
eglldinessHowever, when used for cloning suspension cells, its major

The market for biopharmaceuticais for use in human therapy continues o grow at
a high rate with 270 new biopharmaceuticals being evaluated in clinical studies
and estimated sales of 30 billions in 2003 (Werner 2004). Currently, an increasing
number of biopharmaceuticals is produced from mammalian cells due to their
ability to correctly process and modify human proteins. Successful and high yield
production of biopharmaceuticais from eukaryotic, especially mammalian cells is
thus crucial and depends on the characteristics of the recombinant monoclonal cell
fine used in the process. In addition, the time to generate such a mammalian cell
line producing a therapeutic protein is an essential part of the time needed to bring
any biopharmaceutical to the clinic. Taken all these aspects together, there is an
urgent need to develop methods to screen novel producer cell lines as fast as
possible while maintaining the quality of the cell lines resulting from such a screen,
particularly with regard to their productivity.
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5 caveat is the necessity to repeat the dilution step at least twice to
reliably obtain populations that truly originate from a single parental cell.

wé asisagide and reliable alternative is the use of fluorescengg gelivaledsosss

cell sorting (FAGS) to generate monoclonal mammalian cell lines
(W02005019442). 10Commonly used mammalian production cells
constitutively secrete their product into the culture medium. The most
common methods to detect and quantify the content of recombinant

t
ant{gé%?ighc h%&ﬁ@ 1%?? \%{r%igﬁeg eqe%@cﬁs}:rﬁé égnj%uant %%'t'lgnﬁep o
enproteing, RutgiiotoRbs it g goreally iam@aotwum@gweﬁfmanycmbomgenecus
Moy SIERS: TRERSPEADEHIER make s &%ﬁ%éﬁ’%@éﬂﬁ@ﬁ@itﬁ%%%% generate

automation and high-throughput screening. A number of alternative
efisiRNRarE baBasd &R BEartoveplaEeas I Adangssagaension cells, its major

egtermiRatien @d@%fg%@@b@é@tﬁie %‘Hﬂﬁ@ﬂt%%&ﬁ%ﬁ'lbmmvm‘é'% k&lkbty obtain
cultures (Baker et al., 2002). However, many of them, such as optical

B%ﬁgs@méwmﬂﬂﬁ%fr%ﬁ @aw%pﬁé%rﬁe'zm%&@rﬁ@fﬁetﬂve@nd reliable
hlq;mbmegi@pmwemngx@é@b@ﬁ&ére@me@@lt%@mﬂglxm}s ®f generate

cell lin elopment. en al tion of newly generated
FHSHB%T%%!’E@WW@ %Mjfﬂgﬁlmgf%%%s requires that samples
are taken from the supernatant to be 25 analyzed for metabolic
aramet Rro uct contrfnt and uct é/ g e.some a
& tHPOL

e ee escn[)ﬂea Godde aﬂt D §§ a%&eﬁepr oduct
siialyize d-didwireg roekivetion fof mmtajmmoelImeﬁhm%cmdem(dldm@tquamtfy the

88@!%'%%%9%168%%%% 6?’%&%%1 %ﬂi‘m?egaé % %E?h)eﬁ? Tr% OQFS for detection of

screening, that means beftore S are passage tlme
leBtkdmgeraniiiodeso) VEbithe Etdﬁ&@rd pHeceduery used sitydotdenction  and

g £R0SEBRIRG Hikdhey alei Bv Ecfshigh & t% Férl}FﬁH% LB, ming and include

maintenance and thus in cost. ere was, therefo e nee

‘é’@ééier%@%sﬂ?@é@s§6f%@1%%n@“@é@clﬁh@s@ﬁﬁi@h dRprsis Fﬁ@ﬁ attractive for
BMEHTHSHRS Pratei eiinirIgshur Yeharmese AhRIeMaSINABesite methods have

accelerate the process for thgﬁeneratlon of high producer cell lines.

MERY R e U RRBERLE LT PSRN TP ClBtainy liPBIope secombinant
gb@fﬂﬂﬁ RassRgNgtGeMfomAestdimeswberekyssad kel dlaneexpiessowever,

hi unts of protein of
gny cr)??hem SLJ%h as optical biosensors or rapid chromatography can not yet be
implemented for high-throughput screening of cell culture supernatants at early

stages of cell line development.

Generally, characterization of newly generated monoclonal cell lines producing
therapeutic proteins requires that samples are taken from the supernatant to be
analyzed for metabolic parameters, product content and product quality. While
some approaches have been described to increase amount and throughput of
samples to be analyzed during cultivation of mammalian cells, these concept did
not enable such measurement at the immediate-early stages of clone screening,
that means before the cells are passaged the first time. (Litkemyer et al., 2000).

The standard procedures used are not only time consuming but they also invoive a

high effort in cell cuiture maintenance and thus in cost.
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io interest. Furthermore, we describe a novel automated set-up for rapid
high-throughput screening of cells such as Chinese hamster ovary (CHO)
cells producing proteins such as therapeutic antibodies in serum-free
and/or chemically defined media. Thé set-up consists of FAGS-based
single-cell cloning linked to a robotic station or automated platform
performing an assay such as a homogenous 15 time resolved
fluorescence (HTRF(r)) assay to detect the protein (antibody) content in
monoclonal (CHO) cultures as they grow up from a single cell preferably

[ thGFéV\\ﬁleallﬁplﬁ]te{sé Asa H%e r]to gjffg:ient y?i%of sué:,h an automated
screening platform we RIS R L ASS TR e FabiofsG5 L reelgstieaie! clones
tetdchievprhighhatgnimgeffierigiestirchéintealiytdefined serum-free
i |S.C resents the 20 first automated platform for

e s e R T, e e B B dngraton of
Step werhicseasibithesughput in cell line development in the near future.
Homogeneous time-resolved fluorescent (HTRF(r)) assays have the
advantage 25that they are homogeneous, sensitive, versatile,

Potfutible, safe, and robust. We have employed this assay format to

FeRIAGRARIaNEIBEd L | ' | .
aniocics. e TR o0 B Bl E TR LR S M them
sSi

/5 ERfng U TERK, SRiFerIbEIRioPR doRE BT odabtiemoudell dinesotein of
forifesit recombinaitRIoiRH BEedHstyviy -Fﬁi\fé‘leaﬁ?i%éiﬁ@@’égﬁtgﬁt?or rapid high-
?H?demonsttrate how this ﬁonce%)t can expand the capacity of such a

IR 35T oR BidkeBh fiHRIg StoRSatioh &S dlamipiecoRY@ry (CHO) cells
puidntially sotsnstisaosansthet shenak inrkbagisays srlishtebthis/or chemically

rvation.the.novel fast-track gualit essment for monoclonal cell
ﬁggﬁper%%}‘ﬁ%ﬁ\'ﬁﬁe@&e%%ﬁ%%ocﬂﬁ?g?ﬁi|PZ|?¢%6%§%§&%H‘|§F&JG%' cloning linked to a
Wensloptadiontiones.thataies meettedipestablisty refiabisyrecedusesfBbmogenous

i r ti dines. The earliest possible screenin
sl e g T oo RORE RSN conen
iBufiieaCiomelés 69 singlaresl sy iviay gsarain telinimesheftwr etiieyraferably in 96-
R f ustdimes in.als ' 1at rly screening,
SR o 5 L Sl S S o

YBSisEesHiRfasier cenaik avioppasshéeprataseiodr fechiedactigh cioning
efithenanaiiic praleiteamCHsiaLRrergapisitol %&%S?msdﬁi‘%g{ﬁéyggents the

fcontinued sterili'%/ during the whole screening procedure. This Is

URLIRAGE AR R AP thr i gRpuesirlersaliricassrisansatformeiLstiwrefore,

fenather puensesiststpIdaro et RRNMAIOMALMEELIPIAL I88SLRRIHR At in the
rgglasr%(%end' A specific laminar flow hood construction was implemented to

guaranygg'sterility during the automated detection and selection steps,
meaning less than 100 particles per m3 air (see definition sterile

' t). The present disclosure is nof i from the prior art. In a
e e TR R censaihet T aflantage
toRbtacterired imhgdokowngssteps v, Depssiting isinaie ashtexpmessing robust.

j j inJndividual tainers in a culture medium, b. .
e At s A B IS S G cosyring ELisA
feemaLirire elgpEniating frotheaghtimttisnel e fureaiesgltedrepaseagashcept to

hEJESIHEMarliest possible screening of newly generated monoclonal production

cell lines for their recombinant protein productivity. At the same {ime, the data

demonstrate how this concept can expand the capacity of such a immediate garly



d. Measuring the amount of the protein of interest in each aliquot, e.
Selecting clones according to the amount of protein measured in the
respective aliquot. 4a In a second asépect, there is provided a method of
increasing throughput in cell line development by using a method
according to the first aspect. In a third aspect, there is provided a method

obpreducingagh aietd AN KaNQHEIES!ng- %o%lﬁ‘%f@ﬁ“%ﬁgggré’éw Fhousands of
seium-free@lfgénn%condmons characterized by the following steps: a.

Gc%%tilﬁ'g KYStic cell which contains a gene of interest encoding a

pioteghobinteicesbdbraliivating Hae qethsDEsr Sy eR CORIRIONSIor monaclonal
w%ﬁ_h[ﬁllowré%e Egjgera%on ofbgg cell, c. Deposition of_,sm le cellsina
miulti-well Eontainer- SRS A088 WETF It o frasisR b sastueasyrevelopment

ctifisesptivmiatiyanrbedue senes phaivtolegiousdanderaelssiSCIGENRSHAS for new
ggﬁab%%y)%%%?ﬁgg%% to any one of the methods of the first aspect, f.
ult op

ivating the %, preferably the top 20% and most preferably the
top 10% of selected cells measured to express high amounts of the

i i ' rotein pf interest e.g. by.separating .
e e o eSS s WL ntg A Bror 7 et tif £nalysis o
felirEas peebarienslsqalbidéd esmettockef sklentig eefisodiviey hisst gelk cell fine
li i t the fi t. . Ihe cancept of ..
Inseueig sny S L8 MRl Lt LI SOREER e cory
STERRIM HAS hesseie dee divea Bl respelcitityoettdnithes dhimwitifultimately
yepharseacs Wicalriaducar Bastceliiie seleation, (i %pts(?&v,li(olf'&t%roducﬁon of
ly such selection before passa mg H1e cells, sihce the unpassage _

- R PE R Pt THAT LRI B B R BLRSREG SSIFRHER o fle continued
greallicanuting theatieswbenigRiiBeciieh aiyeS W 189100 which high

QRFS”&%' %?ntaminations as no back-up culture exists at this stage. It'was

pretely TERBECELT N ICA ashelalim e s ol prbaucsmessm such as

compleét
dhhgtirestesiting pattech redevancet 10 MORBISE BSRIRNISRE SXAPRIGR) laminar flow

isi ount of protein,produced WO s ,
?g%%%%%@g@%%ﬁdwm%@do go guarantee sterility during the automated
detection and selection steps, meaning less than 100 particles per m3 air {see

- definition sterile environment).

The present disclosure is not obvious from the prior art.

In a first aspect, there is provided a method of selecting cell clones characterized
by the following steps '
a. Depositing single cells expressing a protein of interest in individual
containers in a culture medium,
b. Culturing the cells for 1-30 days,
c. Removing a 0.2ul - 5pl aliquot of the cell culture supernatant from
each container before the cells are-passaged the first time,
d. ‘Meaéuring the amount of the protein of interest in each aliquot,

e. Selecting clones according to the amount of protein measured in the
respective aliguot.



5 under such conditions was sufficient to be detected as early as few days
(for example 15 days) post single cell cloning. This is an essential fact
enabling clone screening before the ceﬁ@are passaged the first time. The

containers used for single cell deposit, e.g. 96-well plates,.do not di .
% SR AIRBERH e HoPE e CBAer obVerany el g ™ ©2!

iceltsing ndarrsaeingthe-ceibbefotethegneaseréirseaspéthe amount

of the protein of interest. The protein expression profile of unpassaged
cells surprisingly and unexpectedly resembled the profile of cells in batch
|gUBUERiraltheyeb thieal ultgrevidsdneterstareinol comparilte 2ATHIOISIBf IN &

particular adyantage as the most common fornaats emplayed t9nditions
&y %l?cg%;g .erl&erﬁpg‘ﬁf? W%ﬁ%?nsc %gatc%n%éﬁ%ste?%%batch-derive§
desmateritds dertbeathyiagiegdsttmat the quality of any clone selection

highly depends an how representative the gulture f sed ng.f irterest
selec%n%se%?ﬁténﬁnazf p%j g i%ﬁcfo?reéatydig%%{sp%(g[g j/% séjurgri Ing Is the

fact, that prow@iinexpnessigin pfafilesagisembling batch cultures can be

achieyed in the small containers, especially in multi- taipRESISUChL the
as QGmeﬁgwgﬁ%W}%gﬁte sﬁgﬂin%n(g?rer[gt%%% &%u%%%gﬁ%q%m%fﬁs or oW
stirring therotiftereetiorediutnsinsitle. 201t could further be shown (see

example 3) that the titer curyes measured with ihed immediate o5 el
early &ton es%?gélr%:}ﬁgocg’ﬁn Ygt%%%i& éuiz% %ltevﬁlgaﬁl %%?F%a\ge%vé/ﬂgenerated
monoclonakprpduction cell lines for high production rates and yield of
therapeutic proteins such as antibodies of- ﬁﬂ?'gﬁpt) Thﬁ| anking of = ¢
clonegeac rd}lr?g!?g thggdesgécr?bg’éqﬁ%wedglg%e e rTy clonie s[(r:]reenémgr;}!)Sl ©
method datdoREoicefzedertatés with the productivity data after

"classical” cell expansion, e.g. seed-stock cultures in MAT6 format.

Therefere Streenirg(fihare'onak potsRaROMRGHE HEY BRfesibssirelods of
with the deggrpedigparadiate early clone screening concept predict the
potential of the newly generated monoclonal production cell lines for high

produdtiorCrdtsating Jisiden BRvaperaiemblkiHesinm 42 anBodrest weferably
200810318 (3RC TP 20071000063 61C OREERIF40r AUIPAYON Bgh amounts of
sampling and sample management during cultivation of mammalian cells

“have beeriftebenisad i thtel®sfature (LOtkemeyer et al., 2002). However,

non of heﬁﬁ]ﬁ%ﬁﬁ%@@%’%i@%ﬁﬂéﬁﬂﬁ%@&.%V@Qéé‘?@ﬁ lenakegl from the
cultures for their productivity of a recombinant protein. Monoclonal 5 cells
generally Gegtieahati@fifed in small volumes before the first passage

(€.9- SQO0p3RRARL LIREGIRSRAl 2ORRd)eas they need to condition their own
culture medium to survive. To obtain solid data on these new monoclonal
cultures the specific concentration of the product in the culture medium
meedscieripe-gpastilithat leastatidete disttheldtinfesedatind-ar producer host cell
mammalian cell culture t%hese ttlrgn%ﬂ;:og{ s 10 peed to be at least 24h

AP&PVTS BRI ESSiVE BRdER SphE! it LIRUFEEH5E sample volume

per time point should not exceed 2.5% (v/v) of the initial culture volume.
erelose @ striciregulisgment iiremaal %éwl%%&@agwhtﬁéﬁur%t means

is the limitation to small amounts (< 20p1, <10p1, <5p1, preferably in the .
RGBS A Y SHBED B3t aB el eI BgRIemRitRARAR!lY not in the
delpesianceiie hibraseducitt ieast dengititar den andoseiypeoantibiedyd: Abvious to
preferable range of detection is between 1-20mg/liter or between
BRI GHE SEHIRATREPE? SRS SHIEN JOR A (o IRV HEvastag cels are
agayraeyftiiva igh-crmdity selection: pritessgeguifedibenuse of e ebloatie has to be
ipett ng.platform..20. HTRE(r) assays have been known in.ith . :
o ao e ol e BT S R L PR S e s e o
Henekbee rcgimngeptyialaitytivsretegeydarsas osoaumelshapplivipred that such
t f ithin ield of ing r
aqq%%%m%%fﬁgsﬁ%%% JsdifdPhituascirening IMellar flievance to
clone screening {see example 2). Surprisingly, the amount of protein produced
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25However, none of the prior art documents concerning HTRF(r) assays
give a hint towards application in screening host cell lines for production of

Wiy 98NS §:9. recombinant proteins or in a method of selectiwﬂ&%@%%“

WO 2008/031873PCT/EP2007/059663 7 DESCRIPTION OF THE
FIGURES FIGURE 1:  A) Schematic of a standard method for selecting
cell clones.  B) Schematic of integration of FAGS and a robotic unit for
mediate-early clone 5screening in cell line development: The earliest
posi%kr)le screen f rt.grr,toductivi%f nove![ mBnog{I%qna{ cell lines is conducte

while siﬁ%?e cé rgciépossit\'gﬁsby A(Efé]%rgw ﬁp g&IF oﬁ‘mﬁ% sy dgYy Gays (for
vegksn kg Sahpeptresuiieglthedhtelgratign Dhiansaatopwsed @6 facllenabling clone
[ | ter it.performi omated fit easurements in
SR e LSS T EIR, uees
rAegYe e sl asitastihot§-vehceiptetictvingbNeslbarid S 84mell dksayn profile as
for ; l i ' n i

R R ST o S 5 0 S AT oo
Hip srramirIraiotdNeciaHné ehécopisdatfaBibinisrantibdby iprdiein expression
e o A T A0 P BB e o

sly by
ISy FoRRRN THA R ﬁmﬁaﬁ%mhq%@mmﬁ@tﬁw@ fofpeRgnparable.
Weke fsopn thetisame sounegd 4d GléRRodt Sehemat GrensePt@hails employed to
automated pla% orm for HTRF -based titer measurements: . )
produce e.g. therapeutic proteins batch formats or batch-derived formats. i is
generally agreed, that the quality of any clone selection highly depends on how
representative the culture format used during selection is for the final production

format.

Especiaily surprising is the fact, that protein expression profiles resembling batch
cultures can be achieved in the small containers, especially in multi-well
containers such as 96-well even without shaking or rotating the multi-well

containers or stirring the culture medium inside.

it could further be shown (see example 3) that the titer curves measured with the
described immediate early clone screening concept predict the potential of the
newly generated monocional production cell lines for high production rates and
yield of therapeutic proteins such as antibodies (proof-of-concept). The ranking of
clones according to the described immediate early clone screening method data
nicely correlates with the productivity data after “classical” cell expansion, eg.
seed-stock cultures in MAT6E format. Therefore, the data (figure 5) demonstrate,
that the titer curves measured with the described immediate early clone screening
concept predict the potential of the newly generated monocional production cell

lines for high production rates and yield of therapeutic proteins such as antibodies.
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96-well plates containing single cells are transferred from a FACS unit to
an 25 automated incubator. The software schedules transfer of single

whlalesdspmsthe incubator via an airlock into a sterile environgRels Mvoo7/050663
sample representing less than 2.5%g(v/v) of the culture volume is removed

from every supernatant and diluted by a pipetting unit while the cells are
transferred back to the incubator. The pipetting unit then mixes sample
and HIRE(r) reagents in 384-well plates and transfers them 30to the

otel for.i io ours, t es.are maved.tq th C L
R SR S RB e SRR AR OLNER 908g cuttivation
i rArRd 6 20iam c8ken plevtrabkity iseensbest oy erddderiplatésldhemeyer et al,

de:r F t ibl [ ing..of ri .
g o T R T E Ao P primary
irr'ﬂmh@@iﬁféaééﬁ@ @@ﬂéé@ﬁrf@rdﬁ@ilﬂlef QAU vife & StepreoMTBER SR Monocional

BXREeSSNG AN I9& by ReetheRpeytis SRIMICYIWRLR SiRRiRs 8%d ARRosigd e (o.g.

into 96-wells by FAGS. Cells were transferred to the automated lo

rletiBatsPaRl erdaibraRbediter ingastitem &Reprdgrarn WS inithaisdoye culture

peaipasteinaice!l saripgiAniiRdv Hers weredaeaskresbaveiyiaregitures the
days for each well. FIGURE 5 15Screening of clones by automated HTRF

FRGFiReanta e ) SO SRRy ahl BRERER SPRABHNCEGRY SR dHantified
umreadiaie ibasly slonesoreeniophand-seeathsiaekigultarsinmMAST thiganahe points

A) 19G producing CHO clone re deppsited into 96-well plates an

AR R FobHT it AR08y LP oD S PAE AT it e, cutures the
StaéeCli@ieel| paolsrexprEssingand g6 itypedeth&r ape iit/antibody imese culture
%lel%éc.eﬁ'\deer@%)ir%eg 's«;%%tgfé Lﬁlrlgrrk?é/n'%%(%srercnce)u%l% rgat%a? gse Fg%tgdgﬁ cultures
automated Incubator and the automated titer measurement program was
initlageiimitataystpostsihgls@stitsdrtiPrintbody s weaterablysirdbe range of
@er"@?ﬁ,eﬁﬁ%% t‘%?e‘i%rabiy 0.5 — 2 ul) and a high sensitivity for detection of the
product (at least Tmg/liter for an 1gG type antibody). A preferable range of
detection is between 1-20mg/liter or between 1-10mg/liter. The handling of such
small volumes to achieve the required accuracy for a high-gquality selection

process requires the use of a robotic pipetting piatform.

HTRF® assays have been known in the art. They are homogeneous, sensitive,
versatile, reproducible, safe, and robust and have been gaining popularity in
recent years. Most current applications of the HTRF® assay format are within the
field of drug screening (Meilor et al 1998). (www.htrf-assays.com).

However, none of the prior art documents concerning HTRF® assays give a hint
towards application in screening host cell lines for production of proteins, e.g.
recombinant proteins or in a method of selecting cell clones.
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25 three days for each well by the described HTRF(r) screening platform.
Each individual line (different shades of grey) represents the titer curve for

w@ single; 96 well each representing a monoclonal cell line.  pBY/Renking 9663

of clones by titer 30Subsequently, ctones were picked at day 17 after
single-cell deposition, expanded into 6-well plates and subjected to titer
determination during three passages. The WO
2008/031873PCT/EP2007/059663 9 titers of the clones selected by

i ey %@ﬁgg ECS) were compared to the titers

y gg@scaﬁé. Clones with high titers in IECS showed also high
i€y MEMIATS scale. Specifically, four out of the five clones identified by
&%ﬁéﬁ%&%ét‘é’ﬁ&%ﬂ&'%{% 35/10pI£la therubsequent

ATG6 scale screening as well. Dark/grey filled cells in the table

Rprssaineiie ol eleaetimer AICES e erp i BHerEmediate-early clone

INMEENIREON 481 TiRe aenersheaodiments "comprising” or "comprised”
encompass the more specitic embodiment "consisting of. Furthermore

JihgurarieRt plaraRi e R LAaHElYiliRG URKP' TarRs dead i dlleines is
epumeeidhisnsesapldnartipsbaiedhs, fellavéng-oveaping 8 Tuptéstions in 96-

e S e £ B LD SO 08 AR L) o o

angldras pott heeivpasspgetyeticthieisythessimnglepts éntaigeeddldnevbis
been placed into a vial, where it has divided several times and has turned
into a monoclonal cell population without having been split yet. The period
oit&RvEich 20 is termed as been "immediate-early” and where the cells
X K from 0560 davsh RI&IerAL FP B ncentration

%ﬁﬁj@,%ﬁ?@rﬁgrgﬁb%ﬁﬁ 1%%§ays o?grorm 5-60 days or froﬁn 5-30
taps-ovdioan s 3B dugs arseyPIDaI5: days, and most preferably from

: %ﬁtlgéﬁﬁt ! ﬂ?)ecilﬁ{ilm RAITAEY BWIHIRIHRERN B8 PEIBLEWIHRESERR cultured in

Irectly post single ce
ChBﬂ‘li%Bﬁly defi%ed serum-free media in 96-well plates. Supernatants were

collected and the concentration of antibody in the culture media was determined
by a sandwich-type anti igG ELISA in a 96-well format and simultaneously by
HTRE in an 96-well and an 384-well assay format. The two antibodies used in the

ELISA and HTRE® formats were from the same source.

FIGURE 3

Schematic concept of an automated platform  for HTRF®-based titer
measurements:

96-weli plaies containing single cells are transferred from a FACS unit to an
automated incubator. The software schedules transfer of single plates from the
incubator via an airlock into a sterile environment. A sample representing less than
2.5% (viv) of the culture volume is removed from every supernatant and diluted by
a pipetting unit while the cells are transferred back to the incubator. The pipetting
unit then mixes sample and HTRF® reagents in 384-well plates and transfers them

to the storage hotel for incubation. After 2 hours the piates are moved fo the
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deposition e.g. by FAGS or by limited dilution. A "monoclonal cell line"
means a cell line were all cells derive from a single parental cell. A

woonraenak production cell line means a cell line producing B CT/EPI0071059663

30recombinant protein were all cellsgderive from a single parental cell.
WO 2008/031873PCT/EP2007/059663 10 "Automated” means that at
least one step is performed without manual handling. The sequential
operations are scheduled by a computer program. "Automated platform”

means a platform consisting | gifferent instruments wer tBe process that
e SR R0 R P e AT A i RUaHE ipeeored by
aesatbcgitupbatsy medcomsistiag eddenderal equivalent culture vials, typically
6, 12, 24, 96 or 384 wells. 10"Sterile" or "sterile environment" is defined by

a class A particle load of less than 100 particles per m1 The sterile
erl{atdnimdnt is preferentially generated by a laminar flow hood. Incubator

'ﬁ%@é&%@p&%@?@i@%c@eﬁﬁ%ﬁ%@ﬁﬁﬂcﬁ:%@ﬁﬁ@wﬂ@%ﬁ jan cells at

15 a temperature of 37C content o %, preferably

SHer ourTeR aRiainedrhy sernaiRdah Baforasadnbubadistnabliygabeening of
sequential-pyacheduled presentation or transfer of cell culture vials to an
automated i:5Iatform. "Fluorescence resonance energy transfer" ("FRET")

MmN &R GSRIRIEH YRR S R TGSt SpRBrédhaTapRalaaatgpdy were single-

aegeptgicbinsitatian obthetongr PXEB eosigy pRuECe 48 s fRsh R THE Ok Ltomated
fjuo&%r?neter lEier) trég&ers an energy transfer towards the acceptor if the

DERRAN AV EIPoRORRMIE Y dith BIRRF It St RIRBFaM YA iilaight 15 days

atoits givgle watlelenyih, Because atdhisvanergydsanster sVeieeHiae days for each
int {actions between biomolecules can 25 be assessed by coupling each

paeF ner with a fluorescent label and detecting the level of energy transfer.

More importantly acceptor emissions, as a measure of energy transfer,
IQa}&Lt}%ge,gected without the need to separate bound from unbound

complexes. "Fluorescence resonance energy transfer" ("FRET") is a

SoEssE sy MiITmasBOfluanipheted bITGR 7l e esdiisumdietenag tiansfeening and

LS FXRRIIPRLRRSBYARY data from immediate early clone screening and seed-

stock cultures in MATS format.,

A) lgG producing CHO ciones were deposited into 96-well plates and measured by
HTRF® assay at day 10, 13, 15 and 17 after cloning.

Stable CHO cell pools expressing an IgG type 1 therapeutic antibody were single-
cell deposited into 96-wells by FACS. Cells were transferred to the automated
incubator and the automated titer measurement program was initiated 10 days
post single cell sorting. Antibody titers were measured four times every two to
three days for each well by the described HTRE® screening platform.

Each individual line (different shades of grey) represents the titer curve for a single
96 well each representing a monoclonal cell line.

B} Ranking of clones by titer ‘
Subsequently, clones were picked at day 17 after single-cell deposition, expanded
into 6-well plates and subjected to titer determination during three passages. The
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neighbouring chromophore acceptor non-radioactively through
dipole-dipole WO 2008/031873PCT/EP2007/059663 interactions. In

wbrieinlessone has a donor molecule whose fluorescence emissi@nae7/039663

spectrum overlaps the absorbance spectrum of a fluorescent acceptor
molecule, they can exchange energy between one another through a
non-radioactive dipole-dipole interaction. This energy transfer manifests
itself 5 by both quenching of donor fluorescence in the presence of

EEEPGY AN Igreased eission oL Gesplol IUQIPSIENCe, EREION (1) were

transfer e ICIency varies most | pc[)rtan Yy as the mverse o
pewseotths distafiter sepdedtied the 'dénér andactipteschvidniophdress in 1ECS

Lhgwatcaldl ezi@slé"?iﬂsﬂﬁ&‘?gegc%%.st:‘%E}giﬁ%%‘ﬁ%é@ﬁ@ﬁp%%ﬂ%nﬁve clones

10-1 00 Angstrom). The phenomenon can 10 be det y exciting the
lslseTeipspaitrérmvath ghtienasvaeste iigiht teleap dpRlink e ThHey ifaxiadisequent

apRyEPiendaxciaion attheidonor and detecting light emitted at the
wavelengths correspondin% to the maximal emission of the acceptor, or by

mMes<armg ekl st it irdlirre BrasR 48 IaR Hesigsence and

absence of the acceptor. The dependence of the energy transfer

efficiency 15 on the donor- acceptor separation provides the basis for the

utility of this phenomenon in the study of cell component interactions. The

EHFTAIRED HBE 8 C8 RO EXiS 16T FRE TNwEIdTUDBre: (1) the donor must be
orescent arnd of sufficiently, long lifetime; (2) the transfer does not

iNVGIVEthe Acttial %%@%%%%ioﬁ%‘fqﬁéﬁf’b‘i/t % alOOMERSha QB eHaPass the more

distaiize deboegndhe toneiskid@ud’ acEeptos choomaphmues reedsitodieforms are

ively closg ithin 10-50 Angstrom) (Herman, 1998,

Eéﬁ)@é%(cyéﬁ%eﬁlgﬁ%ﬁg@%a /, Bios scientific publishers, Springer, 2nd edition,

paged 2pedfirtiier possibitfyineeaseatory sinfiet kayiedhanithawengoneaning.

called 25 "bioluminescence energy transfer" (BRET) system. This system

is described in Arai et al., 2001, Anal, Biochem. 289 (1), 77-81. Said BRET

dygelpreaniglsiepEtieseatyr epnesanbiiveritioiraaddtsisendiviggearation of a

hoaushigha thar R RE TmdhsRAMRIGIINE IR Y 8FRhary culture and

comprises Renilla luciferase, (Rluc) and enhanced yellow fluorescent

PRSP (DPER) PREPERECINtPAm o8t dher gy iar RRLTS HagaleeiRne has been

shawe hetween/Benilladusiferase (RlgransAerHOeRWVd has turned into a
2008/0318(3PCT/EP20,07/05 663 12 "green fluorescent ?rotein" (GEE)
I

(FERG 808 SRR TeR D BRGNS ZeersP Teish). 1namsTindsehiime which
of therleditesaseesulisinadeiateleatsrazinewhefhemission sasltbb®een passaged

measured at the length of 508.nm, withput UV excitation. Thus

Rl S RGP 2 i 1S MRl A SN GPE e EBRep g Tom 1-0

fraasardobrRUrtherohmre aidren deGEpthynter dations-Ebthe gy stefratichlly25 days,
ified.lan [ < | 1)-0s(11) have been described (Hurley

%"%‘i*?%&%ﬁ@?ﬁiﬁ%%ﬂ% 2(44), 1323-1 3241). Analyzes

showed a Forster dipole-dipole energy transfer mechanism. 10 "FAGS"

MRS HHoEeReERCEARINARMLCRL Sfﬂ@"ﬂﬂt@?%dﬂﬁ%e%%r%’r@bt%%%%gie cell

Herzenberg LA. Fluorescence-activated cell sorting. Sci Am 197
98ROEHHN £79. Pid-ErpleyrRkbied Wotddence activated cell sorting”
("FAGS") allows a significant cut in process development times as only a
single cloning step is required due to its accuracy. The conc%described

ferBlNRERIgIoPE s df WRFENESI6REAfe WEiEeRb AR Ve from a single
produetiviy at sherenidieshpossitir stegecEligure LRescriPeeSUsR aroducing a
immediate-early screen were the product titer of culture supernatants of

R RO SRS SlCela DR 15 RRES S48 SRR Etfepostion

is measured. Furthermore the titer measurements occur in a fully

automated manner in a 384-well format to allow high-throughput primary
screening
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20 for high-producer clones. Figure 1A in comparison shows a schematic
of the standard method for selecting cell clones. HTRF(r) assays are

wahamngeggous time-resolved fluorescence assays” that genggaig g3

by FRET between donor and accepter molecules. 25 HTRF(r)
(homogeneous time resolved fluorescence) is a technology based on
TRFRET, a combination of FRET chemistry and the use of fluorophores
with Iong emission half-lives. While HTRF(r) is based on TR-FRET

GRE eﬁ]hﬂ%g}@“a e!@%‘?&$'ﬁé%?@ r%t &%‘?Me‘%}%&%fﬁ ua! handling.

pro ucts ese Inclu e use of a Iant ani e with an extremely [o

W@&lﬁ@%@ﬁb@u@ﬁﬁr@magﬁwbe@usd Ry 30ceypRater Aaenary.- Whlch
confers increased assay stability and the use of a ratiometric
measurement that allows correction for quenching and sample WO

Shyieraies siatanmb soer® sooeE enintemsisire LotiErentRrstruments were
techhlesysfeaitiesirindedemede prawsAssay fprrablaus bagkaraynd,

simplified assay miniaturization, tolerance of additives such as DMSO &
EDTA, few false positive/false negatives, cell-based functional assay. 5In

tie HiITRE (T rassaY, m@ip@gmﬁ@ @ekac!:ega@"ﬂ@%m@gp@%m@ Arypigialdi- culture

or is fied allophycocyanin protein. Laser
%3?@% @r H é?‘f Q&A{P%@Jﬁs in the transfer of energy to the
acceptor at 620 nm when they are in close prOX|m|ty (690 A ), leading to
eml,ssmn ht at.665 nm PYera.nro eriod, of m illise

e R g Ry  TOVAOTI ol QBT B P By Ao G P i oss than

669- padid26-par endissidhs mianl‘razes\mmm:nﬁg iHuprefscentelfyogetieeated by a

mﬁ%ﬁﬂ&#ﬂ%wed fluorophores. In a specific embodiment the HIRE

assay may serve to detect the content of IgG type antibodies in culture
medium. In this case the Eu-cryptate is conjugated to 15 anti human IgG

%M%%@@ﬂg%'%WIW&%WS&J%EQFPB S BFEF@'QE% H%‘Pﬁ‘mall n cells at

binding of the antibody to the IgG product, while anti human fgG antibo

gpeameambaing the kappa AgRtE R eoRiBalEd 3s )2 dodeisierasly 5 ~10 %.
teRniRieshR canplere e fermitgabedture mnesne mwie #fllSequential or

cultivated in one container under conditions suitable for the growth of the
ggfjgeduied presentation or transfer of cell culture vials to an attomated platform.

“Fluorescence resonance energy transfer” (“FRET”) means a process which uses
two fluorophores, a donor and an acceptor. Excitation of the donor by an energy
source (e.g. fiash lamp or flucrometer laser) triggers an energy transfer towards
the acceptor if they are within a given proximity to each other. The acceptor in
turn emits light at its given wavelength.

Because of this energy transfer, molecular interactions between biomolecules can
be assessed by coupling each pariner with a fluorescent label and detecting the
level of energy transfer. More importantly acceptor emissions, as a measure of
energy transfer, can be detected without the need to separate bound from
unbound complexes.

“Fluorescence resonance energy transfer” ("FRET”) is a process by which a
fluorophore donor in an excited state may transfer its excitation energy to a

neighbouring chromophore acceptor non-radicactively through dipole-dipole
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"Suspension” culture means a suspension of cultured cells that have the
potential to grow in liquid medium and do not attach to supportive surfaces

wof Riea] eall 25 culture vessels. Some of these cells may havebeen, - nssess
adapted to gain such properties ovey;a period of time. The term

“cloning” in the context of cell culture technology means a process
whereby single cells are selected or isolated out of large cell populations.
All 30daughter cells of such a single parental cell are identical / genetically

identical. WO ,2008/031873RCT/ER2007/059663 14 The term "high
e L IR, 0ot dmachs loleht Eon vy orescence
withiss khhayrscpreferaiviyr508 méasusmeritsvathirspadiaurs, ofore  fluorescent

preferatblty 20?0 mea urements within 12 hours, most preferably 40&0

R RIS ST Hesl G ORI e a6 through @

muttiradlbéctilatediiseid-gigo R inelttdten mUtiplieddny ther ausibendnifests itself
lates fitting into the automated incubator relatjve to the performance

o e o el R R Sh rESE Ri peptor and

inzwbatord enttggienindubetersidhdltivaigapwecanieedpcreasder efficiency varies

o A A AR e BBt LR sooaon

itreredgsedrbyrusingomorsr intubaiopbapacity te atdeast 208Q0ice is the so- called
rﬁeasure 1ents within 3 days. "Host cells" in the meani&a of the present
i

QLMRE LT BERs USUR RS REMEGBP cdts! fiBréiaBRIeAk21 NBHIbgROMenoN can
GHQi it 1 RQBHE e HRuRIdE XB i cidkeand HQPE44 Rllg8lelength

the derivatives/progenies of any of such cell line. Particularly preferred are .
CRIETRORE NS 0 (R R XERRb ARSI B 2T B HETBVRH Ao HOBRErR detecting
GHR-Detsnnd GEHQDMISK gells ctir dpaheirmbogimens ahihe rassRin of the

invention host cells also mean murine myeloma cells, preferably NSO and

8F59PIREIITPXHESRINANGSEP ByRinasttdiigtinsuehtbe dipror g the presence
BranaplesRieBiing anadmpistehealispriigbran dramsethirdharmesaingticiency

of this invention are also summarized in Table 1. However,

G&riVRRYESRREyENeRRPTHE R REIRO R IRER YidPRn TR 8siRs, Tl thnyily of this

pellipfeshishhirmae, m&%@td@@rﬂ‘&%ﬁ\%f@qﬁ@f‘é@wﬂgs’me conditions that

eukaryotic cells, including but not limite east, insect, avian and plant

eard darpxish e GSealinneGHenaivy &)tﬁé%@mrom%p%%ﬂumﬁcf@m and of
theredustion e bigrsarmaceuticgldratginsieF ABLESL: HAMSGHRRA the actual
murine production cell lines

reabsorption of light by the acceptor; and (3) the distance between the donor
and acceptor chromophores needs to be relatively close (usually within 10-50
Angstrom) (Herman, 1998, Fluorescence Microscopy, Bios scientific

publishers, Springer, 2nd edition, page 12)

A further possibility to generate a signal is given with the so called
,,bioluminescence energy transfer” (BRET) system. This system is described in
Arai et al., 2001, Anal, Biochem. 289 (1), 77-81. Said BRET system can also be
used for the present invention and its sensitivity can be even higher than that of
FRET. The example given in Arai et al. comprises Renilla luciferase, (Riuc) and
enhanced yeliow fluorescent protein (EYFP). Further, intramolecular energy
fransfer has been shown between Renilla luciferase (Riuc) and Aequorea



10

15

20

25

30

CELL LINE ORDER NUMBER NSO ECACC No. 85110503 Sp2/0-Ag 14
ATCC CRL-1581 BHK21 ATCC CCL-10 WO

wa00R034873PCT/EP2007/059663 15 BHK TIC ECACC No. 850%h 42305063

HaK ATCC CCL-15 2254-62.2 (BHK3221 derivative) ATCC CRL-8544 CHO

“green fluorescent protein” (GFP) (Wang et al. 2002, Mol. Genet. Genomics
268(2), 160-8). In the presence of the luciferase substrate coelenterazine a
GFP emission could be measured at the wave length of 508 nm, without UV
excitation. Thus & "double emission” at 475 nm (luciferase) and 508 nm (GFP)
could be measured. Furthermore, donor acceptor interactions in the
systematically modified lanthanides such as Ru(ll)-Os{ll) have been described
(Hurtey & Tor, 2002, J. Am. Chem. SOC. 124(44), 1323-1 3241). Analyzes

showed a Forster dipole-dipole energy transfer mechanism.

‘FACS” means fluorescence activated cell sorting (see Herzenberg LA, Sweet RG,
Herzenberg LA. Fluorescence-activated cell sorting. Sci Am 1976;234:108-117).
The employment of “fiuorescence activated cell sorting” (“FACS") allows a
significant cut in process development times as only a single cloning step is
required due to its accuracy. The concept described here, consists of a setup were
ciones are screened for their productivity at the earliest possible stage. Figure 1B
describes such an immediate-early screen were the product titer of culture
supernatants of cells growing in 96-wells subsequent to FACS-based single cell
deposition is measured. Furthermore the titer measurements occur in a fully
automated manner in a 384-well format to allow high-throughput primary screening
for high-producer clones. Figure 1A in comparison shows a schematic of the

standard method for seleciing cell clones.

“HTRF® assays are “homogenecus time-resolved fluorescence assays” that
generate a signal by FRET between donor and acceptor molecules.

HTRF® (homogeneous time resolved flucrescence) is a technology based on TR-
FRET, a combination of FRET chemistry and the use of fluorophores with long
emission half-lives. While HTRF® is based on TR-FRET chemistry it has many
properties that separate it from other TR-FRET products. These include the use of
a lanthanide with an extremely fong half-life (Europiumj), conjugation of Eu3+ to
cryptate, an entity which confers increased assay stability and the use of a

ratiometric measurement that allows correction for gquenching and sample
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ECACC No. 8505302 CHO-K1 ATCC CCL-61 CHO-DUKX (= CHO duk-,
CHO/dhf() ATCC CRL-9096 CHO-DUKX B1 ATCC CRL-9010 CHO-DG44

whHaetsal, Cell 33[2], 405-412, 1983 CHO Pro-5 ATCC CRE-4Z8%M7 Q0663

ATCC CCC-93 B14AF28-G3 ATCCyCL-14 CHL ECACC No. 87111906

interferences. Other HTRF® technology features include homogeneous assay
format, Jow background, simplified assay miniaturization, tolerance of additives
such as DMSO & EDTA, few false positive/faise negatives, celi-based functional
assay.

In the HTRF® assay, the donor is a Eud+ caged in a polycyclic cryptate (Eu-
cryptate), white the acceptor is a modified allophycocyanin protein. Laser
excitation of the donor at 337 nm results in the transfer of energy fo the acceptor
at 620 nm when they are in close proximity (690 A ° ), leading to the emission of
light at 665 nm over a prolonged period of milliseconds. A 50-s time delay in
recording emissions, and analyzing the ratio of the 665- and 620-nm emissions

minimizes interfering fluorescence from the media and unpaired fluorophores.

in a specific embodiment the HTRF assay may serve to detect the content of IgG
type antibodies in culture medium. In this case the Eu-cryptate is conjugated to
anti human IgG antibody specifically binding to the Fc region and is presented
upon binding of the antibody to the 1gG product, while anti human IgG antibody
specifically binding the kappa light chain is labelled as D2 acceptor to complete

the complex.

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

conditions suitable for the growth of the cells,

“Suspension” culture means a suspension of cultured cells that have the potential
to grow in liguid medium and do not attach to supportive surfaces of typical cell
culture vessels. Some of these cells may have been adapted to gain such

properties over a period of time.

The term “cloning” in the context of cell culture technology means a process
whereby single cells are selected or isolated out of large cell populations. Al

daughter cells of such a single parental cell are identical / genetically identical.
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Host cells are most preferred, when being established, adapted, and
completely cultivated under serum free conditions, and optionally in media

whish,arefree of any protein/peptide of animal origin. Commg(ﬁi@é%%ms%m

available media such as Ham's 5 Fig (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),
-S-Invticpgen) -free CHO Mediu igma), and protein-free .

gﬁg ﬁ?erlﬁilurrﬁ |grtn@§a epe@?em%p%gr)gSap‘%rO%E"!"riéaSt e Adtrient & ‘drfleorﬂgﬁﬁn)? f protein

clioogieliakciia wityrbd 2ubplementetbmbhe s anewditiravanistywfin 12 hours,

f whi ] t th fact
e e e R R T A

eSBF),Sane SUCHIiS dadiaw ehibhiteisceatiuiniendyntsienpphibspfide) multi-well
bisiters (acheag. HiBRESH JeleasideRdgush %aﬂgmpeofﬂyﬂ%%ﬁ?i’ng into the

glutamine, glucose or other 15 equivalent energy sources, ant

Al erBre RIS RaIpTOiRBEIMe (e dbsrP eUppIRAERIS PREY AEEBeagsed platform
ahapRIARgate soreanirationsthakwaulgibe waitndhese sikilad IRdDBators ihe

rt. In the iresent invention the use of serum-free medium is preferred,

TR SHRBIN ERtERARRA 3 TRTABIE KO GHOSH SKramv CAReAI o Wikhin 2 day or

use for thnguliiiatienf-hesticelisasintne growthanehseteetian ofhe throughput
2§%F eticallx modified cells ex ressin%‘[t]he selectable 8en,e a suitable

& tio%eadeﬁﬁg% ed'to thb'QuIthiré (—E‘?ﬁﬁ?‘@' gy rapacity to at least 24000
20080848 EBRCHIIRR 2007Y859663 16 The term "protein” is used

interchangeably with amino acid residue sequences or polypeptide and

refers to polymers of amino acids of any length. These terms also include
pristelneeilsat iaréhso stermstptid ndity pneskfiditirenigin reeetionis thath as hamster

L SR S N S PR o

tnatheHeyabebas, amsiiRo acidhsequenceissbstitiianssdeletons ef such cell line.
ipsertions, can be made in tructure tide while the
R TR 1610 el SR Pof Sl e s B!, and

aminoaeid segiserant ShiistD@ibhsodnGieGnBdE aglislypeptitietoettembodiment
lyi lei ' i uence and a protein can be 10abtained

UPRE PO a0 AU B BT NS0 Sty

Bisdddany apeatlincstimtereshendledistiventaingesitecwbleramefifigbid cell line.

%Kﬁﬁl@?'@ﬁ-rﬁﬂﬁd@%ﬁatﬂ@ﬁ&@p@ﬁ@l@%@@%@eﬁéﬁy |¥heé1?r9%:’3‘§gg of this

an enzyme which is 15 required for growth of eukaryotic cells under
tvisitisRS e Gl e aripraativeddieceife hrhisianes rdarkatiyenmiaggnies of those

earodeREFRuhich geneisigmplifiedinhena hest pelkiangferisfan. mice, rat,

therewith is grown in the presence of the selective a?ent, methotrexate

RANSESHHRNAGRIRMLSE ElRAR R Y rpiin S sndadiydinniauy aes lkibed to yeast,
mxpdfiablemanengenessNehicArcanberdsedda GaryeodBRIRGESEMis invention,

particularly for the production of biopharmaceutical proteins.

TABLE 1: Hamster and murine production cell lines

CELL LINE ORDER NUMBER
NSO ECACC No. 85110503
Sp2/0-Ag14 ATCC CRL-1581
BHK21 ATCC CCL-10




10

20

20 invention. For a review of the selectable amplifiable marker genes
listed in Table 3, see Kaufman, Methods in Enzymology, 185:537-566

w8k neerporated by reference. Accordingly, host cells gepgtigalhior/os9663

modified according to any method dgscribed herein are encompassed by
this invention, wherein the selectable amplifiable marker gene encodes for
a polypeptide having the function of 25 dihydrofolate reductase (DHFR),
glutamine synthetase CAD, adenosine deaminase, adenylate deaminase,

LIMNMDP S\ thao IMNMP-E'.da nthin TaYatl

0 AP0 Sl 10 iy TR T

J
ﬁ/ﬁiﬁmmca P I\mnnmfmn 170. ribonucle Tfm;qugﬁhtw aqnaramnp

& ‘iﬂsc@gé(%‘rﬂ 1681 W9H§#W%anfhptaqp atAitiife GE i lase HMG

(ér}f@?nrpdl mmcp nr‘m\/lnlurneamln\/l Tranq@%@f%(ﬁﬁ@$ﬁm

SHEPH  se or NatIC- ATPase. WO 2008/031682BE6FEP2007/059663 17

%ﬁ‘@@@électable amplifiable marker gerf%g%élgahtﬁ@ﬁ%phflable
FatkdPslie Ataddivh/Number Selection Agent Dihydrofolate reductase

A8 3EYinsSter) E00236 (mouse) Methatfebate QRO tallothionein

B1t891GA4mster) M13003 (human) M11794 et Sarlmived 33[2], 405-412, 1983

CHO Pro-5 ATCC CRL-1781

V79 ATCC CCC-83
B14AF28-G3 ATCC CCL-14

CHL ECACC No. 87111908

Host cells 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
Fagle’s Medium (DMEM; Sigma), Minimal Essential Medium (MEM; Sigma),
Iscove’'s Modified Dulbecco’s Medium (IMDM; Sigma), CD-CHO (Invitrogen,
Carlsbad, CA), CHO-S-Invtirogen), serum-free CHO Medium (Sigma), and protein-
free CHO Medium (Sigma) are exemplary appropriate nutrient solutions. Any of
the media may be supplemented as necessary with a variety of compounds
examples of which are hormones and/or other growth factors (such as insulin,
transferrin, epidermal growth factor, insulin like growth factor), salts (such as
sodium chloride, calcium, magnesium, phosphate), buffers (such as HEPES),
nucleosides (such as adenosine, thymidine), glutamine, glucose or other
equivalent energy sources, antibiotics, trace 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 selection of
genetically modified cells expressing the selectable gene a suitable selection
agent is added tc the culture medium.
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CAD(Carbamoyl- phosphate synthetase:Aspartate transcarbamylase:
Dihydroorotase) M23652 (hamster) D78586 (human)

wb-Bhosnbeacetyl-Laspartate Adenosine deaminase KO2567 §Rgmadil7os9663

M10319 (mouse) Xyl-A-oradenosingg2"deoxycoformycin AMP(adenylate)
deaminase D12775 (human) J02811 (rat) J03626 (human)
Adenine,azaserine, coformycin 6-Azauridine, pyrazofuran UMP synthase

The term “protein” is used interchangeably with amino acid residue sequences or
polypeptide 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, phosphoryiation or protein
processing. Modifications and changes, for example fusions to other proteins,
aminc acid sequence substitutions, deletions or insertions, can be made in the
structure of a polypeptide while the molecule maintaing its biological functional
activity. For example certain amin¢ acid sequence substitutions can be made in a
polypeptide or its underiying nucleic acid coding sequence and a protein can be

obtained with like properties.

The expression vector having a gene of interest encoding a protein of interest may
also contain a selectable amplifiable marker gene.

The “selectable amplifiable marker gene” usually encodes an enzyme which is
required for growth of eukaryotic cells under those conditions. For exampie, 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 in Table
3 are also amplifiable marker genes, which can be used to carry out the present
invention. For a review of the selectable amplifiable marker genes listed in Table
3, see Kaufman, Methods in Enzymology, 185:537-566 (1990), incorporated by
reference. Accordingly, host celis genetically modified according to any method
described hergin are encompassed by this invention, wherein the selectable
amplifiable marker gene encodes for a polypeptide having the function of
dihydrofolate reductase (DHFR), glutamine synthetase, CAD, adenosine
deaminase, adenylate deaminase, UMP synthetase, IMP 5'-dehydrogenase,
xanthine guanine phosphoribosyl transferase, HGPRTase, thymidine kinase,
thymidylate synthetase, P glycoprotein 170, ribonuclectide reductase, asparagine
synthetase, arginosuccinate synthetase, ornithine decarboxylase, HMG CoA
reductase, acetylglucosaminyl transferase, threonyl-tRNA synthetase or Na'K'-
ATPase.



IMP 5"clehydrogenase J04209 (hamster) J04208 (human) M33934
(mouse) Mycophenolic acid Xanthine-guanine phosphoribosyltransferase
w0044ds {E;coli) Mycophenolicacidwith limiting xanthine
MutantHGPRTaseor mutant thymidigge kinase JOO060 (hamster) M135
K02581 (human) J00423, M68489(mouse) M63983 (rat) M36160
(herpesvirus) Hypoxanthine, aminopterin, and thymidine (HAT)
Thymidylate synthetase D00596 (human) M13019 (mouse) L12138 (rat)
5-Fluorodeoxyuridine P-glycoprotein 170 (MDR1)

TABLE 2:

Seiectable amplifiable marker genes

PCT}'EP?;GG”]’ 439663

Selectable
Marker Gene

Amplifiable

Accession Number

Selection Agent

Dihydrofolate reductase

M19869 (hamster}
F£00236 (mouse)

Methotrexate (MTX)

Metallothionegin

D10551 (hamster)
M13003 (human)

Cadmium

(
M11794 (rat)
(

CAD (Carbamoyi- | M23652 (hamster) N-Phosphoacetyl-L-

phosphate D78586 (human) aspartate

synthetase:Aspartate

transcarbamylase:

Dihydroorotase)

Adenocsine deaminase KO2567 (human) Xyl-A-  or  adenosine,
M10319 (mouse) 2 deoxycoformycin

AMP (adenylate) | D12775 (human} Adenine, azaserine,

deaminase J02811 (rat) coformycein

UMP synthase

B-Azauridine, pyrazofuran

IMP 5'dehydrogenase

404209 (hamster)
J04208 (human})
M33934 (mouse)

(
J03626 (human)

(

(

Mycophenolic acid

Xanthine-guanine
phosphoribosyltransferase

X00227 (E. coli)

Mycophenolic acid  with

limiting xanthine

Mutant HGPRTase or
mutant thymidine kinase

JO0060 (hamster)
M13542, K02581 (human)
J00423, M68489(mouse)
M63983 (rat)

M36160 (herpesvirus)

Hypoxanthine, aminopterin,
and thymidine (HAT)

Thymidylate synthetase

D00596 (human)
M13018 (mouse)
L12138 (rat)

5-Fluorodeoxyuridine

M27396 (human)
U38940 (mouse)
UQg7202 (rat)

P-glycoprotein 170 (MDR1) | AF016535 (human) Multiple drugs, e.g.

JO3398 (mouse) acriamycin, vincristine,
colchicine

Ribonucleotide reductase  |M124223, K02927 (mouse) | Aphidicolin

Glutamine synthetase AF150961 (hamster) Methionine sulfoximine
U09114, M60803 (mouse) |(MSX)
M29579 {rat)

Asparagine syntheiase M27838 (hamster) B-Asparty!  hydroxamate,

Albizziin, 5"Azacytidine

Argininosuccinate

X01630 (human)

Canavanine
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AF016535 (human) J03398 (mouse) Multipledrugs,e.g.
adriamycin,vincristine, colchicine Ribonucleotide reductase M124223,

w048/ (mguse) Aphidicolin Glutamine synthetase AF15096] (b %@35%53
X

U09114, M60803 (mouse) M29579 gkat) Methioninesulfoximine (MS
Asparagine synthetase M27838 (hamster) M27396 (human) U38940
(mouse) U07202 (rat) p-Aspartylhnydroxamate, Albizziin, 5-Azacytidine
Argininosuccinate X01630 (human) Canavanine

synthetase M31690 (mouse)
M26198 (bovine)
Omithine decarboxylase M34158 (human) a-Difluoremethylomithine

JO3733 (mouse)
M16982 (rat)

HMG-CoA reductase [.00183, M12705 (hamster) | Compactin
M11058 (human)

N-Acetylglucosaminyl M&5621 (human) Tunicamycin

fransferase

Threonyl-tRNA synthetase | M63180 (human) Borrelidin

Na"™K"-ATPase J05096 (human) Cuabain

M14511 (rat)

The present invention is suitable o generate host cells for the production of
biopharmaceutical polypeptides/proteins. The invention is particularly suitable for
the high-vield expression of a large number of different genes of interest by celis
showing an enhanced cell productivity.

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

The “protein of interest” includes proteins, polypeptides, fragments thereof,
peptides, all of which can be expressed in the selected host cell. Desired proteins
can be for example 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 use. Examples for a desired protein/polypeptide are also given below.
The “product of interest” may aisc be an antisense RNA.
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WO 2008/031873PCT/EP2007/059663 18 synthetase M31690 (mouse)
M26198 (bovine) Ornithine decarboxylase M34158 (human) 303733

wingHsE) 16982 (rat) a-Difluoromethylornithine H MG-CoA r@@’r’%@ﬁﬁwes%és

L00183, M12705 (hamster) M11058;ghuman) Compactin
N-Acetylglucosaminyl transferase M55621 (human) Tunicamycin
Threonyl-tRNA synthetase M63180 (human)

“Proteins of interest” or desired proteins are those mentioned above. Espscially,
desired proteins/polypeptides 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, -2, IL-3, IL-4, L5, IL-6, IL-7, IL-8, 1L-9, 1L-10, IL-11,
L-12, IL-13, IL-14, IL-15, IL-16, iL-17, 1L-18, interferon (IFN) alpha, IFN beta, IFN
gamma, IFN omega or IFN tau, tumor necrosisfacior (TNF), such as TNF alpha
and TNF beta, TNF gamma, TRAIL; G-CSF, GM-CSF, M-CSF, MCP-1 and VEGF.
Also included is the production of erythropoietin or any other hormone growth
factors. The method according to the invention can also be advantageously used
for production of antibodies or fragments 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 adjaéent constant region.
These may be formed by protease digestion, e.g. with papain, from conventional
antibodies, but similar Fab fragments may also be produced in the mean time by
genetic engineering. Further antibody fragments include F(ab)2 fragments, which

may be prepared by proteclytic cleaving with pepsin.

Using genetic engineering methods it is possible to produce shortened antibody
fragments which consist only of the variable regions of the heavy (VH) and of the
light chain (VL). These are referred to as Fv fragments (Fragment variable =
fragment of the variable part). Since these Fv-fragments lack the covalent bonding
of the two chains by the cysteines of the constant chains, the Fv fragments are
oiten stabilised. It is advantageous to link the variable regions of the heavy and of
the light chain by a short peptide fragment, e.g. of 10 to 30 amino acids, preferably
15 amino acids. In this way a single peptide strand is obtained consisting of VH
and VL, linked by a peptide linker. An antibody protein of this kind is known as a
single-chain-Fv (scFv). Examples of scFv-antibody proteins of this kind known
from the prior art are described in Huston et al. (1988, PNAS 16: 5879-5883).
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Borrelidin Na K -ATPase J05096 (human) M14511 (rat) Ouabain The
present invention is suitable to generate host cells for the production of

whiephannaseutical polypeptides/proteins. The invention is pagtiguady,rnsosss
suitable for 5the high-yield expressign of a large number of different genes

of interest by cells showing an enhanced cell productivity. "Gene of
interest”, "selected sequence", or "product gene" have the same meaning
herein and refer to a polynucleotide sequence of any length that encodes

of interest.or "protein of interest”, also.mentioned by the term
o s et vt hee i BOARG By 10 scrv as @
truirtmedgeteafusion bistaggédeyelw] dnd Emdbera pmﬁi@uiargénom&icombina nt
B%@%&WFW&E 5?5@9&%«1 ?Q'gﬁd IB%%R%m%ﬁ%@@ﬁrties as well as
seqguence, i.e. naturally occurring form sS, or can be mutated or otherwise

wobifleer aasgssipbithiTacedindificatigns incRridessdonEptiatizationsab the scFv,

Qefipizgcadondisagy inthesglected hestcelliumanizatinlfon domains. The

15tagging. The selected sequence can encode a secreted, cytoplasmic,

. : . P . .
ﬁﬂfél@ﬁﬁrfﬁ@?ﬁﬂrm%dT&ﬁyC@lf’Slﬂﬁc@ﬁOngbﬁG@loﬂh@f"ﬁfbt@@df”' coiled coil
ileresteinelbiles preieins polypeptides, Hagmeasis MisreohcPemidesedll there are

of which can be expressed in the selected host cell. Desired proteins can
FEfFERGApR BntibsiidacdnE R EerIcEs DmyhEKhasoiiiselidhe scFv are

used for the muitimerisation {e.g. dia-, tri- and pentabodies). By diabody the skilled
person means a bivalent homodimeric sckv derivative. The shortening of the
Linker in an scFv molecule to 5- 10 amino acids leads to the formation of
homodimers in which an inter-chain VH/VL-superimposition takes place. Diabodies
may additionally be stabilised by the incorporation of disulphide 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 IgG1 as the dimerisation region which is
connected to the scFv via a Hinge region (e.g. also from IgG1) and a Linker
region. Exampies 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: frivalent homotrimeric scFv derivative
{(Kortt et al. 1987 Protein Engineering 10: 423-433). ScFyv 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-calied miniantibodies which have a
bi-, tri- or tetravalent structure and are derived from scFv. The multimerisation is

carried out by di-, tri- or tetrameric coiled coil structures (Pack et al., 1993
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20molecules, receptors and derivatives or fragments thereof, and any
other polypeptides that can serve as agonists or antagonists and/or have

wihejapeytie;or diagnostic use. Examples for a desired proteirileg}ig;9%)_,@%%%63

are also given below. The "product ef interest” may also be an antisense

RNA. WO 2008/031873PCT/EP2007/059663 19 "Proteins of interest" or

desired proteins are those mentioned above. Especially, desired

proteins/polypeptides or proteins of interest are for example, but not

limited to insulin,, insuli -Iii(g ‘owth factor, FLG , cytokines, s a .

R e T SV ] Al SRR 25 X b s pac

[+ 20, M8993 JLMS, Bied 3746:128-484 15, IL-16, IL-17, IL-18, interferon (IFN)

alpha, IFN beta, IFN gamma, IEN omega or IEN tau, tumor necrosisfactor

(TNF), such as TNF alpha and TNF beta, TNF gamma, TRAIL; G-CSF,

GM-CSF, M-CSF, MCP-1 and VEGF. Also included is the production of

SENAPOIRIM OF M RENST MBIMANG, TR AATIGHS BRthAorizd by the

according to the invention can also be advantageously used for production

SFIVBERERST fragments thereof. Such fragments include e.g. Fab

fragmentséfr%@%ﬁﬁ@t@ﬁ@r@'eg!@g@m%iﬁ@%fﬁamﬁnﬁ%?mtoérmﬁdividum
e

variable regions of both chains which are held together by the adjacent

constant regidi? FHE&EHAT Bl fermB& By Protease digestion, e.g. with

papain, fram convenined tairnibedirsdui-siiar Fab fragments may

also be pr'%?ur%ed in the mean time bg enetic engineering. Further,

antibody fHgERSYHGUAR BIAHSS RhdieRtiiUmilRARER Froains hpfore the
proteolytic clegalingvatbsepgid teirfggeinedic engineering methods it is

possible to,produce shortened anti (cc)g 20 fragments which consist onl

of the variélj le r%%? e fbt%?eahn%%wt? ?_(Bea%o& the HB%E‘?E&H ?\9@ gfpﬂ'fgé%t

are referreg) t&akBingag overt s (Eraig me it iasadnteow ftagfrpesteof theasured in the
variable part)..Si . Fy-fragments lack the covalent bonding of the

two chains byr%%g %%@é%@g%?{fhe constant chains, the Fv fragments are

often stabilised. It is advantageous to link the variable regions of the

PEAGFARAOL e G HGRE SNAIN YA oY BERIIEIG HBRMEN: ?@o@%ﬂ[ggﬁois at least

30 amino acids, preferably 15 amino acids. In this way a single peptide
$tantPRESHEEMER SoRIsBREDNVEPRRNVELIMReWBYIA PeptigeTnkereiarably 500

ﬁfé&&%rﬂ@tﬁénv@fﬁfﬂ?1'9'nﬂd7§%ﬁ%@?ﬁé&?@@f@@m%%&%mems within 12
Examples of scFv-antibody proteins of this kind known from the prior art

JRFeSBABRR FiRIRR A dPaR! (1988 MatAY ¢RIty 9IsHiseR IS 2 hours.
2008/031873PCT/EP2007/059663 20 In recent years, various strategies

ave been develgped for preparing scFv as a multimeric derivative. This is .
R B SRR oot BB S WA Mp oitpd. wneren
plegr mipcokeresicrand hiodistricutoninioperties aswelh asivhoagreased than 100
bgnrggqgsavéQit 3In order to achieve multimerisation of the scFv, 5 scFv

ere preBare as fusion proteins with multimerisation domains. The
multimerisation domains may be, e.g. the CH3 region of an IgG or coiled

oil Stk li S L.eucin-zi ins, However
e g R, RS YRR st ome
pégfioissnST theTsirnar lised fop eiesnasitivelireadom edgddidetainaaid east step d)

REPEARPAIES) i Py dighody thaskilled, 4D nersanmeans IVAIRRL muti-well plates

homodimeric scFv derivative. The shortening of the Linker in an sckv
AiBI8EuNCtbRiates amdd-AliPlatas Rafrsaehnaditrel ibaiRdimers in
which an inter-chain VHNL-superimposition takes place. Diabodies may
additionally be stabilised by the incorporation of disulphide bridges.

ERAIBIY BiRaTaD R RARIBIY SRItEIRS £OR RERFBMA &R BERahipiRerformed
Ressiwet plald9%hd step d) is performed in 384-well plates.
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15Structure 2:1217-1226). By minibody the skilled person means a
bivalent, homodimeric scFv derivative. It consists of a fusion protein which

weORRNS fe CH3 region of an immunoglobulin, preferably 19, fAaSho7/639663

preferably IgG1 as the dimerisation gggion which is 20 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 25(Kortt et al.

1997 Protein Engineering 10: 423-433). ScFv derivatives wherein VH- VL
#dioben dinaletisewithobbd iimelr setuenvedeaohtosthen fomeation ohethod wherein
qﬂ@%ﬂ%{ﬁl%l&h%‘?&k%ﬁFégnayg.lIn?{')%‘?t@r%éa&)g?ravﬂg}i%%’%?qﬁg@ that is sufficient to
miniantibodies which have a bi-, tri- or tetravalent’structure and are
derigedreoeh-SEBVITER S UrBSmerariam 8Bt A rieeliodt ®yditptdaps with sampies
t@t;(@mg(jgrgoil_ ik structures (Pack et al., 1993 WO
2008/031873PCT/EP2007/059663 21 Biotechnology 11:, 1271-1277,

Lovejoy et al. 1993 Science 259: 1288-1293; Pack et al., 1995 J. Mol.

Bigh 24Ric?8034)-lABRYRNEON FR@ards a methadhghiselgctingLalhglones ciones
characterized by the following steps a) Depositing single cells expressing

ShrGistR ERRYSSE falRINRR S eHtainers in a culture medium, b)
Culturing the eeliponiraj lsasioneidayxbisi femeavingtan anmesithe multi-well

cultre from &g A e LR SliRe medium,

b. passaging the derived cell culiures up o 10 times,

c. transferring said multi-well containers to an automated incubator,

d. sequentially transferring said multi-well containers from the incubator
via an airlock into a sterile environment having class A particle load
of less than 100 particles per m3,

€. removing an aliguot of the culture from each container,

f.  dituting the samples by a pipetting unit while the cells are transferred
back o the incubator,

g. Mixing the diluted samples and the assay reagents into another
multi-well container,

h. transferring the multi-well containers of step g) o the storage hotel
for incubation,

i. Moving the multi-well plates of step h) tc a reader,

j. measuring the amount of the protein of interest in each container ,

whereby the throughput is at least 250 measurements within 12 hours,

preferably 500 measurements within 12 hours, more preferably 2000

measurements within 12 hours, most preferably at least 4000

measurements or aliquots in 12 hours.

A preferred embodiment of the inventive method is a method wherein sample

fracking is ensured by barcoded plates and barcode readers.
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cells are passaged the first time, d) Measuring the amount of the protein
of interest in each aliquot, e) Selecting clones according to the amount of

wrelginsmeasured in the respective aliquot. 15 A preferred e@%?ﬁi@%‘%%%ﬁs

an inventive method wherein the thrgughput is at least 250 measurements

(of protein concentration) within 12 hours, preferably 500 measurements

within 12 hours, more preferably 2000 measurements within 12 hours,

most preferably at least 4000 measurements or aliquots in 12 hours. 20

Another preferred embodiment of the invention is an inventive method

wherein step c) is performed in a sterile environment class A particle load
dimeﬁs@hmiMHmM@emas%mmbnﬁim@mmimennon‘rﬂ)af of passages in

B YRR AT PO e 0 SR SRR e

in multi-well plates as well as a method wherein the multi-well plates are

W el HlagesorBanslnates 1RreTerably Sik: -

SO g B0 b 0Res 33 A Mk %)égf&r Tulhiel plates are 6

tHElinpERes s %%W@%tﬂ)@tﬁﬁetr%ﬁfﬁfﬁékél@%V&’(Hn@?l@@rﬁi ovftlires @ method

HRRARitergskoNena Reried ohime thal is sofficient fp.ebiainRalehilike) 1 |) are

titer curves, preferablz over a period of 5-15 days with samples taken

QI BI8 Ry ST HEBIh DS N furthermore concerns a method of selecting

cell clones characterized by the following steps: a. depositing

Z’\Qf?‘ﬁfens ex%ressm%gi% rotein of nte es in multi-well 10containers in a
NIRRT ment i B JEXEItY HOHERTHRIF ELMHEMNGY fpntainers

i6rtiroksring the mcmdr:&dﬁszﬁemfmg saisl maltiveelieontaiaerstoaibr for a maximum

utomated |n ator ntlal transferrlqﬁ s?éj rr};u,é ti-well container
rlg}% eé"s%%u min wer i step e) the id of the mulii-well container is

removed for no ionger than 1 minute, preferably 30 seconds.

Ancther preferred embodiment is any of the inventive method wherein the cells of
step a) have been transfected with an expression vector containing a gene of

interest in order to express a protein of interest.

A specific embodiment is any of the inventive methods wherein the single cells
have been generated by using fluorescence activated cell sorting (FACS) or by
limited dilution.

Another specific embodiment is any of the methods wherein the culturing time in
step b) of the first method and the time between one passage and another in step
b) of the second method is between 1-60 days or 1-30 days or 5-80 days or 5-30
days or 10-60 days or 10-30 days or 5-30 days or 5-25 days or preferably 14-25
days.

A preferred embodiment is any of the inventive methods wherein the aliquot in
step c¢j of the first method and the aliquot of step e} of the second method is from
the ceil culiure supernatant.
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via an airlock into a sterile environment having class A particle load 150f
less than 100 particles per m3, e. removing an aliquot of the culture from

wearhgentainer, f. diluting the samples by a pipetting unit whilg thecells - q.q;

are transferred back to the incubatos, g. Mixing the diluted

samples and the assay reagents into another 20multi-well container, h.
transferring the multi-well containers of step g) to the storage hotel for

incubation, i. Moving the multi-well plates of step h) to a reader, j.

measuring the amount of the protein of interest in each container, 25

whereby the throughput is at least 250 measurements within 12 hours,
preferalps08me asubenients Witlinyl2f ioarsverdiespreddnably @08k in the aliquot
REBSUIRIERIS yihing hotss, mash PrEIrably Al 1oAY A% of 0.2 - 5 i, most
measurements or aliquots in T2"hours.

TO081eBMIIPCT LEP20071059663 23 Another preferred embodiment is

a method wherein the number of passages in step b) is 0 and step e) is

performed before the cells are passaged the first time. 5A further ' _
prefehirsReBEmRIAPRIAIRBIHE @ Wheféie tiy eativevedtprde viergie-the aliquot

well plates Qi384rwell platesipreemblSShyvalhelaies:as WalkasA sensitivity of

method wherein steps a) to e) are performed in 96-well plates and steps

GNP AEE SRRRPHIET R B Al BIPBIal e/ 0A further specific embodiment

I8, afuimen pressneihogerriAMUit-well eentanars Incltwningdbe wherein the
monoclonal cgﬁ&re removed from the incubator for a maximum time

FEABE SR 5 Aindhd¥ AR WereSHh StEH"E) R e G & BRITIVEIPaRE R detection

i lesnowed foromighigeothastdgvinate oprghaably 30 seconds. 15Another
preferred embodiment is any of the inventive method wherein the cells of

step a) have been transfected with an expression vector containing a
depecttirteresttindnienitdsexpyess h@roteintofdntertsids wherein the cell culture

medium in step a) has a volume of 500ul, 300ul or preferably 200ul.

Another preferred embodiment is any of the inventive methods wherein the
measurement step is performed by an enzyme linked immuno-sorbent assay
(ELISA) or preferably by an homogeneous time-resolved fluorescence assay
(HTRF), preferably by HTRF and especially preferred is a method wherein the
HTRF assay comprises detection antibodies directed to

a. the Fc part of IgG type antibodies and to

b. alight chain of igG type antibodies.

A specifically preferred embodiment is any of the inventive methods wherein the
detection antibodies are anti h IgG (Fc) conjugated to Europium cryptate donor

and anti h kappa light chain conjugated to a D2 acceptor.

Another preferred embodiment is any of the inventive methods wherein the culture
medium is serum-free and /or animal component-free and / or protein free and /or
chemically defined.
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A specific embodiment is any of the inventive methods wherein the single
cells 20have been generated by using fluorescence activated cell sorting

wiFAGRs abY limited dilution. Another specific embodiment i%@’f‘)ﬁ:?ﬁ&@ﬁ%%és

methods wherein the culturing time # step b) of the first method and the
time between one passage and another in step 25 b) of the second

method is between 1-60 days or 1-30 days or 5-60 days or 5-30 days or
10-60 days or 10-30 days or 5-30 days or 5-25 days or preferably 14-25

eferred embodiment,is any of the inventive methods wherein .
e S FE RS E ATl S5 0 it wherein
sbearsd srethgcbisfronstiseeellouituteistpernatant. WO
2008/031873PCT/EP2007/059663 24 Another preferred embodiment is
any of the inventive methods wherein the aliquot has a volume of < 20p1,

L4 0piherspac pfetergbiyediseaedinent i2 25 phibst ipreferiably®tiogs wherein
Rhe> £10ERSY RiBfRstedeemiediment is anyoef the inventive methodsne, ang most

wherein the aliquot Is < 2.5% (v/v) of the cell culture volume and wherein
e sty dhesms it iy Bragits preRivipd 48 epresh [t RiastniRgyl thepprotein of
furthekpreferred embodiment is any of the inventive methods wherein the
10aliquot is < 2.5% (v/v) of the cell culture volume and wherein the range
of detection is between 1-20mg/liter or between 1-10mg/liter. A preferred

embodimentisianeofdhdiuedieonatiods waersin heCceleulititetne method is
medium in step a) ha ak,volume of 500p1 30%:)1 or preferabl?/ 200pl. | |
performed withott shaking or rotating the niulti-well contalners or stirring the

culture medium inside.

Another preferred embodiment is any of the inventive methods wherein the
method is further characterized by the use of autclogous feeder cells. Preferably
this is a method wherein the feeder cells used are hamster celis when the
deposited cells are CHO- or BHK- cells and wherein maus-myeloma cells are used
as feeder cells when the depesited cells are NSO cells. More preferably, this is a
method wherein the deposited cells are grown in the presence of 100 to 200.000
feeder-cells per mL medium.

Another preferred embodiment is any of the inventive methods wherein the protein
of interest is a therapeutic protein, preferably wherein the protein is an antibody,
especially a therapeutic antibody.

Another specific embodiment is any of the inventive methods wherein the
deposited cell is a hamster cell, e.g. CHO or BHK cell or wherein the deposited
cell is a mouse myeloma cell, e.g. NSO cell.

The invention further concerns a method of increasing throughput in cell line

development by using any of the previous methods of selecting cell clones.
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15 Another preferred embodiment is any of the inventive methods wherein
the measurement step is performed by an enzyme linked immuno-sorbent

‘assaydhkiSA) or preferably by an homogeneous time-resolvgs xpau07/039663

fluorescence assay (HTRF), preferafgly by HIRE and especially preferred
is a method wherein the 20HTRF assay comprises detection antibodies
directed to a. the Fc part of IgG type antibodies and to b. a light chain of
IgG type antibodies. A specifically preferred embodiment is any of the

[ i in.th ti i [ tihlgG (Fe) . .
e RS S, dnht T HRGbg B¥tein i o
curfaiyatét ©eh, 02 acceptarmmatiethergrefercded embodifrentdsianyngf conditions

the inventive fﬂqg%\(}/&g[ﬁs@ Lulture medium is serum-free and for
)

animal component-free and /or protein free and /or 30chemically defined.
WO 2008/631878PEHIEP 2015668 28 Anstheh cepalsiaity prejefredol interest

embodiment ig amupidhepyenive imeraeds wherein the cells are grown
in suspension culture. A further specific preferred embodiment is any of

the inventife rEtRGISFhEIRIFS!HE deleSRWBITHRS ritédentinadgh allow the

30%, preferablytivetemAQ¥iaadanost preferably the top 10% of cells
measured to gggress,high amounts of the protein of interest. In anoth

er
preferred EmUSaRREHPEIAR S thEaIR S B HIBEALHMaREMhsYE &s a 96-well

10performed witheyt shaking or rotating the multi-well containers or
medium jnside, Another erred embhodiment is an

fl‘tllerr:gsetzt? %u#;ugﬁ% B nSlemdi e & frtt?@'@ﬁ‘é‘?%(cté?izé b ﬁé?é”‘:e of
use of autolognusifegder feelierRrferably
e. Screening the clonal cells according to any one of the inventive
methods previously described, |
f.  Cultivating the top 30%, preferably the top 20% and most preferably
the top 10% of selected cells measured to express high amounts of
the protein of interest,
g. Harvesting the protein of interest e.g. by separating the cells from the
supernatant and

h. Purifying the protein of interest.

A preferred embodiment is a method wherein the protein of interest is a

recombinant protein, preferably a therapeutic protein, more preferably an antibody.

The invention additionally concerns a protein product produced by any one of the
methods described.

The invention furthermore concerns a method of selecting a producer host cell line

by using any one of the methods described.

The invention further concerns a producer host cell line selected by any of the
methods described.
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15 this is a method wherein the feeder cells used are hamster cells when
the deposited cells are CHO- or BHK- cells and wherein maus-myeloma

weellmareiksed as feeder cells when the deposited cells are NQQ gelgs 71059663

More preferably, this is a method wherein the deposited cells are grown in

the presence of 100 to 200.000 feeder-cells per mL medium. 20 Another
preferred embodiment is any of the inventive methods wherein the protein

of interest is a therapeutic protein, preferably wherein the protein is an

antibody, especially a therapeutic antibody. 25Another specific

embodiment is any of the inventive methods wherein the deposited cell is
ai\haﬂm@ﬁc%ﬂh@gifmﬂm iSr BHIKCCEE O Whetainlthindepbsiteth célkishast cell is a

@i&e&m%%é%c%g%%%%aﬁgpceﬂ refera ully wherein the host cell is a

2008/ 31873PCT/EP2007/059663 26 The invention hermore concerns
A ARRHRIPE BRI RSNG ¥l ttainsh a@aiayotie eEl0e . BHifapahalianNSO cell.

ceII under serum-free culturing conditions characterized by the following
Generating a eukaryotic cell which contains ag@ne of

.Ef@rea\f@@ﬁead.%ta%m% GPhAeraSt 'he cuttvating thecskipandigst cell line as
srisiTifEeErcoPRiiRaRwhich edlowdhenradiferaidanetthe cell, c.

Deposition of single cells in a multi-well container, such as a 96-well plate
, 10d. Cultivation of said single cells optionally in the presence of

Mdlﬁ@mg/feﬁ@eﬂmﬂilﬁ,i@u Sorerning sheiclonal dells peearding:inany eseablish a
|nvent|ve methods previo

I
Ao FUISET) s T o8t B ATaFa 19 L SENE 0y b4 g Paricies / m3
ﬁiéat\dfdcrkeihs sudadleetbtonexpréssibigh atatonts périorming any of the inventive

methods as described.

The invention furthermore concerns a method of immediate-early high throughput
screening of cells characterized by the following steps:
a} Performing single-cell cloning of transfected cells genetically modified to
express a protein of interest and
b) Performing a protein detection assay suitable to detect said protein of
interest in a primary cell culture of monoclonal cells growing in a muiti-well
plate format using an automated platform while

¢} maintaining a sterile environment of the primary cell culture culture.

In a specific embodiment the invention further concerms a method of immediate-
early high throughput screening of cells using an automated platform wherein the
following sleps are performed:
a. 96-well plates containing single cells are transferred from a FACS
unit to an automated incubator,
b. The software sequentially schedules transfer of single plates from
the incubator via an airlock into a sterile environment,
c. Supematants are removed and diluted by a pipetting unit while the
cells are transferred back to the incubator,
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the protein of interest, g. Harvesting the protein of interest e.g. by
separating the cells from the supernatant and h. Purifying the protein of

winenest18 A preferred embodiment is a method wherein thepoiela®lysosss

interest is a recombinant protein, prgferably a therapeutic protein, more
preferably an antibody.  The invention additionally concerns a protein
product produced by any one of the 25methods described. The invention
furthermore concerns a method of selecting a producer host cell line by

using any ft i
2008/0318 3?@?@%8@ q&i eé@%ﬁﬁ"fp%!%%ﬁb%*” ASSEY fpagents in mult
producer hostvel filaéowlaerbirathefaiadhestl is heukargaticoddl] EspecidiBtion,

a mammalian cell, Erﬁfﬁf%bﬁ{é/v@%@yé&?rHS%BS%'ﬁﬁ@ amster | rr?easrﬁrement at

mouse-myeloma cell, especially a CHO- or BHK-cell or a NSO cell
invention furthBenfoessitameirngie of a producer host cell line as

described for BiophrMacRIICAl BHeLPEHHIBAACHERD AR readers.

invention concerns a laminar flow hood suitable to establish a io sterile
environment supplying class A particle load of less than 100 particles / m3

anchwhighisguialedpramn aﬂt@mﬁmtﬁ@wghﬂ@éfcm@mg@mf Hgount of data
|nvent|v methods as ggﬁcrlb The inventio furthermore concerns a
o

ﬁr%tt?]Ba HiriHeia fil%g@ Briffy 9flLgiRtion of typical titer
chalitetevtzeddry thedollowitigrptepsender the above described cuiture conditions.

These profiles could than be used o reduce the number of measurements needed
for clone selection as they could enable extrapolations. This again would increase
the possible maximum throughput of any such set up.

in case it is desired to limit the number of samples taken and/or the time frame for
the selection procedure, the described setup would enable the generation of
typical titer profiles that could be used to estimated the titer potential of such
clones (mathematical modelling approach). Titer potential means the final protein
concentration that the culture would reach before the first passaging.

The practice of the present invention will employ, 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. These techniques
are fully disclosed in the current literature. See e.g. Sambrook et al., Molecular
Cloring: A Laboratory Manual, 2™ Ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1989); Ausubel et al., Current Protocols in Molecular Biology
(1987, updated); Brown ed., Essential Molecular Biology, IRL Press (1991);
Goeddel ed., Gene Expression Technoiogy, Academic Press (1991); Bothwell et
al. eds., Methods for Cloning and Analysis of Eukaryotic Genes, Bartlett Publ,
(1990); Wu et al., eds., Recombinant DNA Methedology, Academic Press (1989);
Kriegler, Gene Transfer and Expression, Stockion Press (1990); McPherson et al.,
PCR: A Practical Approach, IRL Press at Oxford University Press (1991); Gait ed.,
Oligonucieotide Synthesis (1984); Miller & Calos eds., Gene Transfer Veciors for
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a) Performing single-cell cloning of transfected cells genetically modified
to express a protein of interest and b) Performing a protein detection

‘assayeuitable to detect said protein of interest in a primary Getherbse Moses

monoclonal cells growing in a multi-wyell 20plate format using an
automated platform while ¢) maintaining a sterile environment of the
primary cell culture culture. In a specific embodiment the invention
further concerns a method of immediate-early high throughput screening

' d herel lloyying : .
gl A e Sl s ek Ry oo

EAGSLAR B afGutdhéte ellbatoivis, Thewatavaresedientallyreshney et al,
seheddlas ransienfligingigplales omdbe iagyhaion via.ap; alllock Iesa i and

sterile environment, 30c. Supernatants are remdved and diluted by a

SpeRiAg et Whis!ifel cinerarcialistelteapbark W tREindiatsity Wigsss (1995);
2008028 73P 6T /ER2007(8R9683:A%:0- ThRPIBeHiRg UNIBRN BIXeS50); Current

sample and assay reagents in multi- well plates and transfers them to the

h
SHRRERotBI forPiglatiof P RNARGY HEurSHfe Pifted Wraaitsled Y iihe® Hauser,
eadetior ngassiementatitheiexpsisied wavadenatho§f. Sampletiagiing) | voH,

IR oS of e g Bt R RIGEY O B RGPS 1)

asiddianautenshtestiset At ivodileke Aslbid dhetggnieration of dggigal titer

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

intended to limit the invention in any way.

EXAMPLES

MATERIALS AND METHODS

Cell Culture

Alt cell lines used at production and development scale were maintained in serial
seedstock cultures in surface-aerated T-flasks (Nunc, Denmark) in incubators
(Thermo, Germany) or spinner flasks sparged with a mixture of air and 5% CO»

(Wheaton, USA) in specially designed incubator rooms at a temperature of 37°C.

Seedstock cultures were subcultivated every 2-3 days with seeding densities of
2E5- 3E5 cells/mL. The cell concentration was determined in all cultures by using
a hemocytometer. Viability was assessed by the trypan blue exciusion method.
The cultures originated from master, working or safety cell banks and were
thoroughly tested for at least sterility, mycoplasma and the presence of
adventitious viruses. All operations took place in air-filtered laboratories and under

strict procedures complying to ‘current Good Manufacturing Practices (cGMPY. All
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profiles of each specific cell type under the above described culture
conditions. to These profiles could than be used to reduce the number of

wingasumments needed for clone selection as they could enaper/eprae7/059663

extrapolations. This again would increase the possible maximum
throughput of any such set up. In case it is desired to limit the number of
samples taken and/or the time frame for the selection procedure, the
described setup would enable the generation of 15 typical titer profiles

'@ﬁi@%@BStflé%nggﬁ%QF%%%%F&J“#?rr&’é’é?é’té‘?a'c"&%#:%:ﬁ;g(?l tion proprietary (o

(mathematical modelling approach). Titer potential means nal protein
corftEiteRiondalitake culture would reach before the first passaging. The
practice of the present invention will employ, unless otherwise indicated,

20 conventional techniques of cell biology, molecular biology, cell culture,

IS R AT e TReOMAER AR igiRSsKirBedneirniasast) wreagenerated by

inehniqressacetigyorisaiose don thn s eNkiteiabdagS8e B@tSaMoKO cells.
et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Sprin

0 | pring .
REABG CaboRstely MesSieril SEhinP PRGN, Vet sty AaiepePét aPPYing @
@@I@em@rﬁ’mt%%ﬁa'ﬁﬁ M@.li&@é&ﬁ@i@lﬁ@‘ﬁeéér@@&?m lmddmel ﬁfrﬁi%@ﬁbi: Selection
Essential Molecular.Bialogy, IRL .Pre 991); Goeddel ed., Gene
B DO il Rl HRRCP AL RS Rl v Saguced enzyme
kldthibd 8 foeChoningieerthABalSisief EdkasyGROGenes, Bartlett Publ.
(1990); Wu et al., eds., Recombinant DNA Methodology, Academic Press

(1989); Kriegler, Gene Transfer and Expression, Stockton Press (1990);
RicRetseihseréhg30PCR: A Practical Approach, IRL Press at Oxford

e Ciitag Ol : ; 2% Mil
R
20087084 87 8P O/ 200779565 3520 MAhANagEETekadge?)aBltiedstic cell

MasBEadan e BRI AP OnEEL) s R ared %ﬂhg?%ﬁ\%@i@%%"(f)oherent),

Culture, Humana Press (1990); Freshney et al., eds.; Culture of Anima

eard AR s yEDgspdthasiskiubdl BRNSoRtAM MPopliae gells were

Esactical Arpingah gt Reessiah Qufendldnivarsiivdiemss (4998t plot of forward
Melame&%@l., eds., Flow Cytometrg and Sorting, Wiley-Liss (1990);

. (1990); .
EHEht 8% iRES SRR, GoRWiEYIRISERES IHETfupaRRaictviRi 96-well
&idaiiser, (kessticobrgmegrirapofiAmiovals Seltsuin: RisleshnraloweValeR with the
Publer ed., VCH, Weinheim 663-744; the series Methods of Enzymolog
O T o8 PR P S o o . S A b OARLY A ot rer was
Memued (288 73td0iddn bventiomgenersiiyathstibetbablove svtitbembee following

Hy un t refer the following examples, which are

%%@E%#ﬁ'c???&%ﬁ%ﬁé'y %rﬂ%ﬁ ﬁutgfpose of illustration of certain
embodiments of the present invention and are not intended to limit the

i,qyg@tiggg’g)ﬁny way. 15 EXAMPLES

‘HMTRF” assays are “homogeneous fime-resolved fluorescence assays” that
generate a signal by FRET between donor and acceptor molecules.

The donor is a Eu3+ caged in a polycyclic cryptate (Eu-cryptate), while the
acceptor is a modified allophycocyanin protein. Laser excitation of the donor af
337 nm results in the itransfer of energy to the acceptor at 620 nm when they are
in close proximity (690 A ° ), leading to the emission of light at 665 nm over a
prolonged period of milliseconds. A 50-is time delay in recording emissions, and

analyzing the ratio of the 665- and 620-nm emissions minimizes interfering
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MATERIALS AND METHODS Cell Culture 20All cell lines used at
production and development scale were maintained in serial seedstock

woulhdras igysurface-aerated T-flasks (Nunc, Denmark) in inCupgt©Es»007/059663

(Thermo, Germany) or spinner flasks;sparged with a mixture of air and 5%
CO2 (Wheaton, USA) in specially designed incubator rooms at a
temperature of 37C. 25Seedstock cultures were subcultivated every 2-3
days with seeding densities of 2E5- 3E5 cells/mL. The cell concentration

YT hHME BRI MRS coren o

figfm astanibodkizg Br sefetiecelEBiriks fwl Wer@ Thbrsughly testgduigied fo anti
# Jenst ”E}ﬁ’zzﬁaf&y@,@ém%i}f Qﬂ?dm%%snﬁ?eﬂf@%gwtéw%\:ﬂr‘é%%ﬁted Lpon

All operations took place in air-filtered laboratories and under stric

PrOEEMIreS CofhRDIRPEY cerrétt debd Marufactuiig Rralktibes @GNy . antibody
AP VR AR081R3H8 18B GA (B IRM /05966330 SR Bradusion e8I WR @omplete

cultured in media and their compositionf%?prietary to Boehringer
NGeRRETH & ell NfeRSSRGIRIMG redamiBiRh Este Rine @brsteilvpeatibsgies in the
welrerganetate @w&m&%tr@%f@@u%@ﬁ@sﬂﬁﬂg mlhméainlin@f DN|A |
codi rotein.into CHO cells. Stable cell pools (polyclonal ce
O 10y BERE b RePSTLR B A g o PR SR Bacplatiorm under
thtecoifee desdiiioed iroSauttetatd £ nenkehiSeletiign afdighgrodussigred from a
HQ.cells,using NPT selection marker with reduced enzym :
s o o ST e e S el P eslarg snale
AlFAS Irdfantage i(Cobiter ERPICSrABTREAKHyRErS stsBistemy ) ioment. A sample
PSSR SO IRe g WS RGP I R B DBARE R RSN rom every
and automatic cell
supernatant and diluted by a pipetting unit while the cells are transferred back to
the incubator. The pipetting unit then mixes sample and HTRF® reagents in 384-
well plates and transfers them to the storage hotel for incubation. After 2 hours the
plates are moved to the reader for measurement at 665 nm and 620 nm. Sample

tracking is ensured by barcoded plates and barcode readers.

Anti h 1gG (F¢) conjugation to Europium cryptate donor

The antibody was first dyalised in phosphate buffer 50mM pH8 and concentrated
to 1mg/mL using Biomax tips (cut off 30 000 M.W) from Millipore. The antibody
was then reactea with N-Hydroxy-succinimide activated cryptate for 30 minutes at
room temperature in a molar ratio of 15 cryptate / antibody. The antibody cryptate

conjugate was finally purified from the unreacted fluorophore on a G25 superfine

gel.

Anti h Kappa iight chain conjugation to D2 acceptor

The antibody was first dyalised in phosphate buffer 50mM pH8.5 and concentrated
fo Tmg/mL using Biomax tips {cut off 30 000 M.W) from Millipore. The antibody
was then reacted with N-Hydroxy-succinimide activated D2 for 1 hour at room
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deposition unit was used for analysis and cell sorting. A Argon Laser
(Coherent), 15 tuned to 488 nm was used. Laser Output power was 220

winmbbs\iakle cells were sorted by setting a gate including all siagleealSzo63

according to a dot plot of forward scatter (FSC) vs. side scatter (SSC).
Sorted cells were deposited into 96-well microtiter plates containing 200 pl
growth medium at two cells per well with the automatic cell deposition unit.
For sterile sorting the tubing of the cell sorter was 20cleaned and sterilized
' e luid for 1 h OW| 100Si40% ..
T e o B B A niute wes
firrllyaydgified figorescenceasia SuthapRsenerate Asignal HyerRET
between donor and acceptor molecules. The donor is a Eu3+ caged in a
polycyclic cryptate (Eu-cryptate), while the acceptor is a modified
allophycocyanin protein. Laser excitation of the donor at 337 nm results in
the Arapsheriof energy to the acceptor at 620 nm when they are in close
proximity (690 A ), leading to the emission of light at 665 nm overa
B0pPERITg APHENH RE TRAINBEoRTS! N BosRimERRIEMRTECSHailig antibodies in
emigsionsy @nckinadya THTeds 0o ktBe:AtHe aneheAR=AM emissions
minimizes interfering WO 2008/031873PCT/EP2007/059663 31
fluorescence from the media and unpaired fluorophores. To detect the
Eanientidf $8GMypbastbediesdmnéuliaremediisie-tie sanpiateiwasused. The
njygated to_anti human IgG antibod ecifically bindin the Fc
L N S B R B0 e Trosageauent o
whlleapdsadmamiys astibatbp@jmecifivally bindimmgthd kdppaheghtarkaithe  fiter
t 0 . Thi f
e o LU 8 AR S acihiiel ffRRk o o
bieHcEiesaoRs WMo RCIeATy 1dilts. Tak-ProRIger £izagsSs performed on
a fully automated pipetting platform under strerile conditions. 96-well
Elates containing single cells are transferred from a 10 FAGS unit to an

Bréivalerith i aiRR S THEYs Sfviele S dhed dieeciRRsfdr BREinge ilatastead of the
Hiessibednmibates wiaaparoriciiimg stefte eayinanmefioAsSABRICanalyzed for
rep,resgntmgée{ss, than 2.5% (v/v) of the culture volume is removed from =
BURRPSUpURAHEIP R iIRRE B SPYREliRg DR ARIIE Bd et dieaddition it was
trensdesethback tshthefipeubatocuiraaipiseitisy Wwhihthes Miges sanpiermat would
and HIRE(Q reagents in 384- , .
arfect the “d@ssay” periormance. Figure 2 shows a good correlation between the
three assay formats for all cell populations over a wide range of absolute antibody
concentrations from 0.025 to 10mg/t. Overall, any productivity-based ranking of the
CHO ceill populations based on the 384-well HTRF format gave the same result as

employing the original ELISA format.

The 384-weli HTRF format was automated and linked to a source incubator
holding 42 96-weli plates containing cell clones. A layout of the immediate-early
cione screening piatform is depicted in Figure 3 The platform consists of a
Freedom EVO 200 basic medule {Tecan, Switzerland), a pipetting unit consisting
of Te-MQO-96 3/5, Te-MO WRC and Te-MO Refill stations (Tecan Switzerland, an
Ultra Evolution Reader (Tecan), a LPR240 Karussell (Liconics), a Cytomat 2C

Incubator (Thermo) and a computing unit (Dell). The incubator seguentially
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15 well plates and transfers them to the storage hotel for incubation. After
2 hours the plates are moved to the reader for measurement at 665 nm

wande@depm. Sample tracking is ensured by barcoded platesgigpalicotess:

readers. 20Anti h 1gG (Fc) conjugatin to Europium cryptate donor The
antibody was first dyalised in phosphate buffer 50mM pH8 and
concentrated to 1mg/mL using Biomax tips (cut off 30 000 MW) from
Millipore. The antibody was then reacted with N-Hydroxy-succinimide

ﬁgggrﬁgocsjpﬁé%e@wggwg}?ﬁaﬁi‘i&em tﬁf@;&gc@%ﬁegiaee%mgqﬁﬁ, U’y&)epé a sample

cryptate / antibody. antibody cryptate ugate was finall
ghrifie e anbliAredeasdataoiophv e sina Bitsrsapeiie géktiantistep all further

Kappr Hehtshain ceaiugation io b accepiges TRe ANYRAMYNAS I8h donor and
dyalised in phosphate buffer 50mM pH8.5 and concentrated 30to Img/mL
GEFRPEIDRANIRS (Eucer SebdiVins B RIpeie Inuyb alissiedywayrs prior to

iheadeasiachwithM-hlydeery waseipipidgeagivalrd B2 RILANHPBERBOM Using the
WO 2008/031873PCT/EP2007/059663 32 temperature in a molar ratio_of

52 IRntB0HG & he §REBody 5 G itdate MasSHRER IAifRiPHER tHd RF-based
unteaeieddiuoropkoksrone2psuperinegel. SobXAMPAESLIA sebeligimately 12

EhiRe Lo e fhlante 6T I8 BT TH L SR FOHE Tignoclona cel

$hewddhesthethatie afdtmimmediatgleatiy scfeencsetanp teedghbetlavould also

t titer of .culture supernatants of cells growing.in 96-well N
e B L B iSRS, Assuming ter
Figdsensiomn thestitey idasdegymicetsiesctped inadulbial smmesthongatferm couid

' -yvel |l igh- h j i :
B B e S B W onglogen s
BITRItS4BlHstead of the

EXAMPLE 2

Automated immediate early screening of monoclonal CHO celis producing an IgG-
4 type antibody

Genes encoding an IgG4 type antibody were fransfected into CHO DG44 cells
growing in chemically defined serum-free media and siable cell pools were
generated by selection with neomycin. Celis were subjected to FACS-based single
cell cloning including the use of autoiogous feeder cells as described above. After
a period of time of 15 days post single cell cloning, 42 plates were transferred into
an automated incubator and the immediate early clone screening program was
initiated. Supernatants of all clonal cultures were taken every 3 days and the
antibody concentration was measured by the described HTRF assay.

Figure 4 shows the results for 16 representative clonal CHO cultures (panel 1 — 16
as indicated) as they grow up from single cells in 96-wells. For most cultures, titer
curves indicate that they enter exponential growth phase at around day 15 post
single cell deposition (such as clones depicted in panel 4, 11 and 14). However,

some cullures demonstrate faster growth kinetics as the antibody concentration
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classic ELISA several IgG producing CHO cell populations were analyzed
for antibody production with both assays side by side (Figure 2). In

waddiidani¢wyas assessed how a shift from the current 96-wellfptmabigrasesss

384-well format would affect the assay performance. Figure 2 shows a
good correlation between the 20 three assay formats for all cell
populations over a wide range of absolute antibody concentrations from
0.025 to 10mg/I. Overall, any productivity-based ranking of the CHO cell

O R It Bl BTS2 e e NP e e e o clones

sletoiriatet M dinkemeo’d@ source incubator holding 42 96-well plates
eQmtaining rell ¢anss 4 lanauier @?IW@%%@@YMQ ﬁﬁé%eﬁﬁr}:ﬂe last point

platform is depicted in Figure 3 The platform consists of a Freedom EV

@é@ﬁé%%@@ﬁé%maﬁ ARGREHRIPEIER HiFRbALLACdRBIsting of
T dE: 63 HssTiedMe WRG-andu MR SalienseT868r the time frame for

Switzerland, an 30Ultra Evolution Reader (Tecan), a LPR240 Karussell

DRoMRESIACHGITR S 1iREh IR REESS dnd @ HlmBRERG e (Benpration of
Tyfmdaﬁcuta&tq;r?ﬁwm@du:ow&) 8@?%8@1&7%%%&8@@@/@@6@6@33@; of such
esent ates throu n air loc centr tting unit, were a
AR G Seae o ALIRG S e ROLAPiAs LeRoON b IA e oroten
stmnaﬂthattherﬁnaaduemm plagke e384 vedlise Sanipie paeregincubated
with donor and acceptor solutions in four serial dilutions. Plates were

incubated for 2 hours prior to 5 measurement. The platform was optimized
fonehe mmamnmwpumnghme FxcaPeftwarty (Becedning concept can

§}éfﬂﬁ§geﬂ guWé%ﬁ%gﬂUBH @8&1&3&&%&@%&?&@%@@ 390“ include

ture source p ates in approximately his wou
R AROLS ARE S BfliBjoeScre Binivie aRaRAe80-monoclonal cell lines for
antibody secretion in a single run. The current throughput would also 10
allow another incubator unit to be screened within the same day.
Assuming titer measurements every third day, the described automated
go(mm%matform could be further extended to screen 24000
upernatants of monoclonal cell lines simultaneously. 15 EXAMPLE 2

Sma{%ﬁ IFFEdiate &any SEreehing S mnRTRal efe cllk Rt an 1aG-
antigie4dypecrticody Gemes @mﬂnmmrm&gw ype@nipgdyamereomparison of

t ftdtCH DG44 I h d d

CERHEREY amETaRr & ATEOCEI s WERL Behe A By cB Bt with

Georey cemcOaite waeTelgGhjayteel mmg hasedisingfectet clanigHO DG44 cells
é?%%ﬂ{%g chH%ﬁ%ajfj 41099% sfeederc ”zr?l?}g iagnbe{ij s? P 'g‘ftﬁ pools were

eriod ys pos smg e-ceil'cl pla es were
fransfatesdoinechrchomonititate moubator el Wrerdnsoipdiaeel éafMA8Rkased single

é&TP&B!ﬂH%OE. QAR YR ARIAEG pypeIOtants ol gl clonal.culiire abot\)/e After

were t every 3days and the antibody concentration was measured
m@@@tﬁﬁgmﬂpﬁﬂ:@a@,gw_post single c:eli cloning, plates were transferred into an

automated incubator and the immediate early clone screening program was
initiated. Supernatants of all clonal cultures were taken four times every two to
three days and the antibody concentration was measured by the described HTRF
assay.

Clones were picked at day 17 after single-cell deposition, expanded into 6-welf
plates and subjected to titer determination during three passages. Clones with
high titers in IECS showed also high titers in MATS scale with four of the five top
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Figure 4 shows the results for 16 representative clonal CHO cultures
(panel 1 - 16 as indicated) as they grow up from single cells in 96-wells.

wHonigestseultures, titer curves indicate that they enter exponeptial RwiResss

phase at around day 15 post 30singie cell deposition (such as clones
depicted in panel 4, 11 and 14). However, some cultures demonstrate
faster growth kinetics as the antibody concentration WO
2008/031873PCT/EP2007/059663 34 has already reached a plateau level

g@%’eese%ﬁﬁréé ic?}e%@é?% %%tt@s‘%ﬁje?g r%s‘?'?ﬂ%%da‘%ﬁi%ﬁ?&ifﬂ F?:‘?"?gu@ea%dd]e@mnstrate,

ome cu ave just entere y exponential growth phase at the

Bt poentish hets i EnsasU(SAC iHS It tes delpistenhingshriel 9ealydcit8)e screening
Bhease fiisiAesiFed temiting: nUmbeK af SaRRIesJakeR AdMihe- MG tion cell

frame for the selection procedure, the described setup would enable the

eRR RN GYOsT RYBtETIRB  BiotIRRANR eI nBERseditEdfnsIBdah atitertibodies.

potential of such clones (mathematical modelling approach).Titer potential

means the final protein concentration that the culture would reach before
s"Saging. 10 These data demonstrate how this immediate early

sereeningcenerptiisanchstingtisbheiveendriobans IRBPRAYGRLEINES an 1gG-

éaEidl% ar‘g%éaables to include many thousands of clones in this primary

creEnh 1 AMPLE 3 Automated immediate early screening of
Benes|enab@H® aellg Prodysing dibdgG kriypesastiandy and fuitbereils growing in

BB T8 il 0 somesioen o v SR e

aatigdioy weterteamsiecteal ttoLCHO DG 44 tels g miegteddodmiCBhpased single

98!1' %‘F&wﬁ%ﬁ@’gg&%&ﬁ?@a%ﬂ%@ %%lﬂi %Qﬁééﬁgp%gé%ﬁat ﬁek?ya ericﬁd of time

selection neomycin. were subjecte ased single ce
elonigaysiudiag sirdiseef alndiogods fekdes culs tiengdéetabdo tabaveautomated
MEHaBENgHL! fitae phAlkdrys Pashingls !l SIoanan RIS WES is initiated.
transferred into an

Supernatants of all clonal cultures are taken every 3 days and the antibody
concentration is measured by the described HTRF assay. Clones are ranked
according o these data and subsequently a selection of clones is picked,
expanded into 6-well plates and subjected to titer determination during three

passages to verify the previously obtained data.
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25 automated incubator and the immediate early clone screening program
was initiated. Supernatants of all clonal caiures were taken four times
every two to three days and the antibody concentration was measured by
the described HIRE assay. Clones were picked at day 17 after
single-cell deposition, expanded into 6-well 30plates and subjected to titer
determination during three passages. Clones with high titers in IECS
showed also high titers in MAT6 scale with four of the five top WO
8/(82873PCT/EP2007/059663 35 clones being identical in both
formats. The data shown in figure 5 demonstrate, that the titer curves
measured with the described immediate early clone screening conce

{ . pt
predict thésdisistial 8¢t inevis e RarRcRiBREEIERA PriBERYIREP steps
lines for high pregieiony aliegrndarield g ibesaretie preleinsg serltas in individual

antibodies. 5 EXAMPLE 4 Automated immediate early screening of

monoclonal NSBRINS 5 dAGHEILF 158 e antibody Genes encoding

an 1901 type antinosypreciensiested sutezO cells growing in 10
chemically defined serum-free media and stable cell pools are generated

by selectiof-wilEREMNCR Srerbarotl&lifeligladResGplbstdlifs superatant from
FACS-based single ssilisipaingeasdaperiha inmaiesials andiaethodse,

section. After a period of time of 15 days post single cell cloning, 42 plates

are transfeftedBRSHAMLIBMABEHIE B RS BrRiaReahiniettstd e aAG ERR IO
screening rogsaradapiiaieds Lacsuraraaiantlabalena pritdigs¥asured in the
taken every 3 days and the antibody concentration is measured by the

described HTRESRESAY S@bfARStare ranked according to these data and
subsequently a selection of clones is picked, expanded into 6-well plates

and subjected to titer determination during three passages to verify the

previously obtained data. 20 CLAIMS 1 A method of selecting cell clones
characterized by the following steps
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a. Depositing single cells expressing a protein of interest in individual
5containers in a culture medium, 3b. Culturing the cells for 1-30
days, c. Removing a 0.2111 - 5111 aliquot of the cell culture supernatant
from each container before the cells are passaged the first time, d.
Measuring the amount of the protein of interest in each aliquot, loe.
Selecting clones according to the amount of protein measured in the
respective aliquot. 37 2. A method according to claim 1 wherein the

cult#ng RIS REIBIENEIAPIRIR DehesR adlE0 ey 4TBR 5186 daydas: b) of claim
5-25 daysOpdfedalars3o days of snethos acsosdinddayelairm 4 osciain.

2 wherein the aliquot of step cg has 5a volume of <5p1 or in the range of

0.5 - 2 pl. 4. A method according to claim 1 wherein the aliquot is <2.5%

(VIV)0f the el sylligs-vaivae ansiwhergin e detestinn sensitivin of thetep ¢) has

protein measurement is at [east Img/l. 10 5. Method according to claims 1
to 4 whérd4fee @@t mBuRNges’ Y @ nasH volume of 500p1,
300plor preferably 200p1. 38 6. A method according to claims 1 to 5
wherein the measurement step is performed by an enzyme linke

d
immfinc sBIBIRcEasa) dHgS AR BrreraBIF MR AkGENdE s 2-5% (v/v) of the cell
time-resqlygeflugsrarenca assanérEliRRhSprriesatin by ENERRiY. Af the protein

method according to claim 1-6 wherein the culture medium is serum-free

and for BIfAR!ESHG e At-IRes i P/br protein free and for chemically
defined. 10

5. Method according 1o claims 1 to 4 wherein the cell culture medium in step

a) has a volume of 500p1, 300ul or preferably 200ul.
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8. A method according to claim 1 to 7 wherein the cell is grown in

suspension culture. 9. A method accordgzg to claim 1 to 8 wherein the

selected clones represent 15the top 30%, preferably the top 20% and .

most preferably the top 10% of cells measured to express high amounts of

the protein of interest. 39 10.A method of claims 1-9 wherein the protein

of interest is a therapeutic protein, preferably an antibody. 5 11 Method of
increasing throughput in cell line development by using a method

according to claims 1-10. 12.A method Of producing a protein in a
eukagyolC el 6.0 R MBAMMAALEGHs 1 to WINSSHMHL UMD ent step is
conditions characterized by the following steps: 10a. Generating a
eukaryoferéaMmehiciomains I yeite dnifterednensodingragitbtalfssty (ELISA) or
interest,he fplliypting the celbundensenmiiresooditanseabishalotsay (HTRF),
the proliferation of the cell, c. Deposition of single cells in a
multi-wdlleGaehhelysudings a 96-well 15plate, d. Cultivation of said single

cells optionally in the presence of autologous feeder cells, 40 e.

Screening the clonal cells according to any one of the methods of claims

1-107- AfreiipdaBRgrE8 SO Mreferabraie ibp sodhia@ism is serum-free
preferably ptng: aRiAie alsplsniad.-cells Beasundeepressdigd /or chemically

amounts of
defined.

8. A method according to claim 1 té 7 wherein the cell is grown in suspension

culture.

9. A method according to claim 1 to 8 wherein the selected clones represent
the top 30%, preferably the top 20% and most preferably the top 10% of

cells measured to express high amounts of the protein of interest.



the protein of interest, g. Harvesting the protein of interest e.g. by
separating the cells from the supernatansand h. Purifying the protein of
interest. 10 13.A method of selecting a producer host cell line by using
any one of the methods of claims 1-10.

10.A method of claims 1-9 wherein the protein of interest is a therapeutic

protein, preferably an antibody.

5 11.Method of increasing throughput in cell line development'by using a method

according to claims 1-10.

12.A method of producing a protein in a eukaryotic cell, e.g. a mammalian cell,
under serum-free culturing conditions characterized by the following steps:
10 a. Generating a eukaryotic cell which contains a gene of interest
encoding a protein of interest,
b. Cultivating the cell under serum-free conditions, which allow the
proliferation of the cell,
c. Deposition of single cells in a multi-well container, such as a 96-well
15 plate,
d. Cultivation of said single cells optionally in the presence of

autologous feeder cells,



40

e. Screening the clonal cells according to any one of the methods of
claims 1-10,
f.  Cultivating the top 30%, preferably the top 20% and most preferably
5 the top 10% of selected cells measured to express high amounts of
the protein of interest,
g. Harvesting the protein of interest e.g. by separating the cells from the
supernatant and
h. Purifying the protein of interest.
10
13.A method of selecting a producer host cell line by using any one of the

methods of claims 1-10.



