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yields therefrom 5 FIELD OF THE | NVENTI ON The

invention relates to the field of cell culture. In
particular, the invention relates to the field of
culturing cells derived fromcells that have been
immortalized with El sequences from adenovirus. Mre

in particular, the invention 10 relates to culturing
such cells to obtain high |evels of products from such
cell's. BACKGROUND OF E n PER. C6(r)

cell line, exenplifi frize O }a%h—t—gg 15 the
ECASE 4htde P EnBl - DBOZX9407ed 74 Med afllfiomcpfeqasn?@ éek| subyuring
| NS ttinieS abi ORcMdde bhReaadenodidsthéede-Jat.a and El b
genes is disclosed in US patent 5,994,128. Besi des

the ability to function as packaging cells for

El - del et ed adenovi r al E3EIGt OFs THE USTyrFatTteoN 5, 994, 128;
GO/ 0Q334 90 n ﬁé].'ldatfe%r tgrggéj%l%qhdoggeﬁegp \gé%d%s £1¥\D

01/ 38362), El-imortalized cells, suc

cPIRLIRAR TR P vied tp P B dERER HasC SAbF RNt ProPEi Aglturing
sucdl as deahtveboti@s deW\Ds 00k H3403). b%(éﬁe BlimAHta(280d)with E1
h I.0 rocess . f serumiree susp si pn
cﬁ%t?%élt%%onj%g?m Iffcp rortarized d8 PartEetever | %H hg*vgy-ion
prieshrcesyitel delgbtigionsdcuséag £ Ko ebtunf |h1@hpﬁ@v;e$sesf
dised 0826 FRoh et efi@s. El -imortalized cells, can be
inproved. It is an object of the present invention to
provi de novel processes to increase the product yield
fromthis type of BEEEKEBOUIRY) BRITEE DESORITPR ON OF THE

FI%%nV\QEg()@éW' Q:%Q%gfir%gr/e';gg@?ff:pe@%%élcells deposited at

the ECACC under no. 96022940, derived from retina cells by

immortalisation with the adenovirus (AdS5) Ela and Elb genes is
disclosed in US patent 5,994,128. Besides the ability to
function as packaging cells for El-deleted adenoviral vectors
(US patent 5,994,128; WO 01/005945), and for producing other
viruses (WO 01/38362), El-immortalized cells, such as PER.C6
cells, éan be used to produce recombinant proteins, such as
antibodies (WO 00/63403).

Xie et al (2002) have disclosed a process for serum-free
suspension cultivation of El-immortalized cells. However, the
product yields obtained using the culturing processes
disclosed in the art for El-immortalized cells, can be
improved. It is an object of the present invention to provide
novel processes to increase the product yield from this type

of cells.

BRIEF DESCRIPTION OF THE FIGURES




2 Fig. 1. Gaph show ng growt h and anti body production
of a PER C6 clone (clone 1) grown in shake flask at
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1.0 x 106 M -') . Left wvertical axis: viable cell
nunber (N,). Right vertical axis: 5 antibody (Ab)
concentration. Horizontal axis: tine (hours). Fig. 2.
Graph showi ng the decrease in the cell specific
utilisation of glutamne with increasing viable cell
nunbers for an anti body-produci ng PER C6 clone (clone
1). N cell 10 nunber. Fig. 3. Profiles for a bat ch

c ture of PER C6 cI one 1. A._  Metaboljtes :
glu% L&E gl“ atengGIQhrOWtPut‘Elelnrﬁfal n%njcﬂf—%iy ﬁ%ﬂ’ﬁt&;on of a
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gl ucose, _gl utam ne, am no_aci ds phosphate cal ci um

antPrGRh 2FAEE o 2Bhe PERLE6PEIBRE & VA RAMH evasdiical axis:
nuaetedy( ) dBincantirbodyn ( Aprieeneent 4:aid:0fime (hours) .
Circles: batch. Squares: 20 fed-batch. Fig. 5. G aph

showi ng vi able cell nunbers (Nv) and anti body (Ab)
yi Blds Zof CPER G avliogeshamds e saglet drethediairh wascific

CQﬁﬁjﬂh@EYOﬁX§h&ﬂgﬁﬁmQH§ewiﬁﬂ ﬂﬁ@%e@glh@dﬁﬂﬁﬂgﬁﬁéll numbers
eri ment | one

RoBt PP EHR T G PG40 e CAPoe of SKind) 1 Vi ool
vuabﬂ@rcell nunbers (Nv). B: anti body (Ab)

concentration. Open circles: batch. C osed circles:
fed-batch. 30 Fig. 7. Result of further inproved

notig i ed F’%‘éﬁljvﬁst HordAf PRFghtclituge %dP%Pu@eéf&@ﬁ? 1. A:
feeﬁaw@dntegnsexcexmbesé piv: %) 20@4/:99889@1:1, glutamine; NHs,

%910450%%ha .TaQI bz‘%ﬂ LQr 28k Qne L, A viable

ce nunbers ant

Fig. 4. Graph showing the effect of a feed component mix
containing glucose, glutamine, amino acids, phosphate, calcium
and growth factors on PER.C6 clone 1. A: viable cell numbers
(Ny) . B: antibody (Ab) concentration. Circles: batch. Squares:
fed-batch.

Fig. 5. Graph showing viable cell numbers (Ny) and antibody
(Ab) yields of PER.C6 clones where culture medium was
completely exchanged once per day (2 independent experiments

each). A: clone 1. B: clone 2.

Fig. 6. Result of modified feed (example 4) for clone 1. A:
viable cell numbers (Nvy). B: antibody (2Ab) concentration. Open

circles: batch. Closed circles: fed-batch.

Fig. 7. Result of further improved modified feed with

different first and subsequent feed additions (example 4,



(Ab) concentration. Circles: batch. Sqguares:

fed-batch. Arrows: last feed. 5 Fig. 8. Result of
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and subsequent feed additions (exanple 4, Table 2)

for clone 2. Nv: viable cell nunber. Ab: anti body

concentration. 10 Fig. 9. Gl actosylation | evels of

| gG produced according to processes according to

invention. Fig. 10. Result of further inproved
nodified feed with different first and subsequent

feed additions (exanple 4, 15 Table 2) for clone 3.
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f edrpRsd:usken sadd.ures of cells immortalized by

adenovirus El sequences. In one enbodi nent thereof the
i nvention provides a nethod for the culturing of such
cefls, 8.s&kdutelds TapablkeimfrgreowWinngified Upensi on,
COAPF #SRg Ehes25,8i %Hﬁs@&uer@t@e@ Q!ﬁa_gtgcgné e(%§;gm§ﬂ§ €,

durlng the culturing of the cel e -concentration

of T319 édstobne hsdifunt eoifichaft ce%JePéEftb@a f PB aHe body
greaegamsit $d6nng of gl ucose, glutam ne phosphate,

| euci ne, serine, isoleucine, arginine, nethionine,
cystine, valine, |ysine, threonine and glycine, adding
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one of the conponents of which the concentration was
determined in the previous step, WO 2004/ 099396
PCHEP2004RE650/2 4L Aupheeei impgdow edonpaneitds faddesiat
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addedeateottomg to the invention, amounts and tinme of

SUMMARY OF THE INVENTION

In one aspect the invention provides feed strategies for fed-
batch or fed-perfusion cultures of cells immortalized by
adenovirus El sequences. In one embodiment thereof the
invention provides a method for the culturing of such cells,
said cells capable of growing in suspension, comprising the
steps of: determining at least once during the culturing of
the cells the concentration of at least one medium component
selected from the group consisting of glucose, glutamine
phosphate, leucine, serine, isoleucine, arginine, methionine,
cystine, valine, lysine, threonine and glycine, adding
components to the medium during the culturing of the cells at
or prior to the depletion of at least one of the components of

which the concentration was determined in the previous step,



5 addition of the conponents are provided herein
below, as well as in the clains. It is another aspect
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derived fromcells immortalized by adenovirus E
sequences, characterized in that said culture
conprises at 10 least 10 x 106 cells/m . Preferably,
said culture conprises at least 12 x 106 cells/m,
nore preferably at least 15 x 106 cells/m. In
certain preferred enbodi ments the culture according
to the invention conprises nore than 20 x 106, 25 x

6 1 I N@thods to.obtain
e 020 i Deag Lo e Ly
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s ugdr-deldns off stipe mnmaenth arac rerovi gdd Ze taid batogai 4k well

process «¢@MpLELSRS. a step of subculturing said cells
at_a seedlng concentration of between 0.8 x 106 and
P

2. 05 xS POETHPRMI TR IP§/ Fhe IHErddapl yobetaels 6. gukture of
lO@cEﬂHﬂdbrﬁvﬁdlf%bm\He&bE81ﬁﬁﬂﬂﬂhﬁﬁhedpﬁﬁfﬁﬁéﬂﬂﬁﬁruﬁhﬁl

ells, thQSﬂggggogs of %ﬂgslnvent on are e
derl% %r6n1re Iha ce nore prafe T@f?fﬁﬁpﬁbﬁ%% a
enranile kel haelMHERNL celdegershih, tmot:ezlullsudepmmre@es at

undesst BEACCI no ceaﬁgzrzﬂwnortenpgef&é\a&f@@%%@tﬁs x 10°
sai ceIIs are cells. In._certain enbodi nents,

saf ' SEMts E%nciﬁ%ﬁﬁbgr?gﬁﬁﬁﬁ}ﬁﬁﬁ?dlgﬁnﬁﬁdﬁﬁiﬁ§lture
praferabng aattibodiresptatn higipriisesdsord ncretchen x 10°, 25 x

enhpdi ggnt s, @akd Q@'i Sloeoé@flé/%f eﬁggﬂbcﬁ?rﬁo %%%QQ% L@l

vect ors having a deletion In
vi U esware 2 RS %@ZF@@@?%TGPGT/ EP2004/ 050724 5 can
berpryedueedtvar saipkceel bhsmdthdi @b yhekéi&sdmjeng 88€sities and

Proaens. 90CPR Al § LhPLYRY (8 o' NuRS.STS1LEY by
adenovirus El sequences is provided. In one embodiment hereof,
a process for culturing such cells is provided, characterized
in that said process comprises a step of subculturing said
cells at a seeding concentration of between 0.8 x 10% and 2.0 x
10® viable cells/ml, preferably between 0.9 x 10° and 1.5 x 10°
viable cells/ml.

Preferably, the cells used in the methods of the invention are
derived from retina cells, more preferably from human
embryonic retina (HER) cells, such the cells deposited under
ECACC no. 96022940. In certain embodiments, said cells are
PER.C6 cells.

In certain embodiments, said cells can produce recombinant
proteins, preferably antibodies, at high yields. In other
embodiments said cells comprise recombinant adenoviral vectors

having a deletion in the El-region, or other wviruses, which



cells are cultured at least part of the tine in a
serumfree nedium 5 DETAILED DESCRI PTI ON OF THE
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defined by three basic paraneters, the specific
productivity of the cell line, the peak viable cel
concentration that is attainable and the 10 | ength of
t he production process that is possible. Increases in

either of these variables will lead to increases in
the final product concentratidn and is dependent to a
| arge extent on the cell line. In a straight batch

ul t LI h nd SP2/0
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can be cultured up to x 106 cells/m, Whl

CH@@%%F be cultured up to 6 10 x 106 cells/ni . The
i nvention describes nethods to increase the viable

cel | density qfg6ultur BEsc?éxﬁrqf ol %g%‘%ﬁ%%@&#éﬁd by

adenovi rus El
erftiryy orcdueeivHey ofl hay ¢ollatitapnieehdidendefipgd by three

beyand Lhese-fepor ted LPed4s Phir8hudfivitRULENRREDELLT 1ine,
the nmethods according to the i.nvention, can

ihg meett giai s et og fon 18 MM O L3N BEntRIT e tne

actorgtihng £t th¢ herodZbtiovemdwss Thet pfegesibhgentinoreases

di §C19%@8 i QPVQ}’e%%E%&é&&OWlEh 1&5@5\!3 %nc%%gs&@ inﬁ ‘the
such as PER C6 cells, can advantageousl % be used

ttﬁ%ﬂ@ﬂo&ﬁ@??%ﬁ1QHHQ%nﬁﬁa9+%ﬂ(ﬁ?doﬂsnﬁﬁQﬁﬂ tgpa large extent
andrd &mdleslllilnéi dinsel gseth grtabatbese@uarldes beil lines such

cul s s%ffoy o0yl abl %e‘i‘i' gjegonceerg 'h%t LONS AN R m .
stra atc rocess i ib
celt sﬂeﬁlr)»atv@ POPHETOSE08 PUFREPEOOHIESGTRA Gell

Fudenieh e ol +d miRktatiZedikelksicsUch BSrREREbcells such

CeIISP2/0 can be cultured up to 10 x 10° cells/ml, while CHO can
be cultured up to 6-10 x 10° cells/ml. The invention describes
methods to increase the viable cell density of cultures of
cells immortalized by adenovirus El sequences, preferably
derived from embryonic retina cells, to attain cell densities
beyond those reported in the prior art. Furthermore, the
methods according to the invenfion can be used to obtain
higher product yields from cultures of cells according to the

invention.

The present invention discloses improvements in how El-
immortalized cells, such as PER.C6 cells, can advantageously
be used for the production of high yields of monoclonal
antibodies. It is disclosed that these cells be cultured to
very high viable cell concentrations in a straight batch

process (up to 14 x 10°% viable cells/ml).
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under nutrient limting 5 conditions. Methods to

i ncrease product yields fromsaid cells by a feed
strategy in cultures are provided herein. Wth the

term feed strategy' as used herein is neant the

addition of certain identified conmponents including

but not limted to nutrients, ®uch as sugars, ami no

acids, and the 10 like, to the culture medium The
identifjed conponents.are ref rab adde tain
anountgjaga rr<pce’rt%{allﬁ ?ﬁ%s eﬁekgﬁéfﬂé afegﬁéﬁgécells’
t carerpredve s pi bellicto wlébdsbivqhnnrheesel$s a csuthrasof these

pr@éﬁil@ﬁ@m@%ﬁ@é@edl dogg%éélla%%Qt%eghé’ aﬁm aﬁngl-__m%l%alns
cel|s, are als 5 well suited to a perfusion process
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ah%QMA€%¥d : Q%U%gaggrg ﬁ% L%%ﬁ%%ngfg |%ns efﬁl&ulture

medi a Yhéhpr%e§§@S‘éﬁeﬂh%t#%ﬁﬁﬁﬂﬁ 8A yeererigdeyn is meant the

| n&&&@&%nt be C@JMulctldzéh@iﬂfecf IRAbbhen€e! dr-16eRRaredt not
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i nvention, Preferably, the nedium contains onl

¢ S PRAN TP TRD G ABPBT R EERSUCRF LR & & 9B toF Cells,

ansuml a@r pgbniddlclereedlture nedia are commercially

avallaggelgﬁgggv r %yé f?grQ§§: agn ggﬁ §ﬁQ§HEHEQ£ecngO
the invention, Frure me un1f I 30 ’ ' .
Bi Wil enéesy T EU§@éFffléF°¥ rierefC@QSbaﬁchh%Y can be maintained

(f 20-)pgr hugh Of afI0C8SS . CMQeZQQéﬁc@SQé’;%lp to 50 x 10°
PCTGEP2094@99972%ma_111£ énéi least 85%) for long periods of

time and with good final product concentrations.

Culture media

The processes of the invention generally increase the
product yields from the cells compared to yields obtained with
processes described in the art for the cells according to the
invention. Preferably, serum~free culture media are used at
least part of the time in the processes according to the
invention. Preferably, the medium contains only recombinantly
produced proteins, which are not of animal origin. Such
culture media are commercially available from various sources.
In one embodiment of the invention, VPRO culture medium (JRH
Biosciences) is used for the fed-batch or (fed-)perfusion

process.



The nethods of the invention are preferably used to
produce products in cells of the invention. The
wpe@ensses of the present invention can be uskCI/EP2004/050724
the i nproved production 5 of antibodies, as well as
ot her proteins (WO 00/63403). For the production of
proteins, the cells of the invention suitably
conprise nucleic acid encoding said proteins, in
operabl e association with elenents capable of driving
expression of said proteins. Futthernore, the
processes can be 10 used for inprovenment of the
productd on, of .reconbi nant adenoviral vectors having a
del etion in the El -region, in which case the cells .
are uséﬂma§eébﬁ§$éﬂéﬁﬁﬁngnﬁémt%Pn\ﬂﬁﬁchreferahiNEMEedsto
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er yhdu 0010 afstsﬂclﬁﬂd)d hethi KBemas sWwebbaBSe 20¢ driving
LoSANRLNaN, BELOM KRl R O R e EnB ! Sld PRob85LS can be
10 ac’é-‘éﬁ‘%llﬁ‘?g tl@prﬁ%em%ﬁemfl bhe arpaitiont hfit rdrandindht

be@&bﬂm&ﬁabé@%éﬂﬂﬂaﬁl% Seqauenees froman: - -region, in
ad%Q i rus, mglch cells are also referred to herein as

E1¥ rctaﬁleu B 5 Are SRt &R ICSTRXPrRRsingt credst wpich in
f ubttalgnals paprvn ofo tthe ERALledgieroof aatomaiienovbr 8Stablished
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15 Mﬁf?l?é%OE’fB 'pFbe eﬁ’lfP%eén?FC%ﬂgoFPcth%lc%ﬁ‘&ﬁnttlléé caebe used
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d Zﬂg @gé%ﬁg 'dHeX ceIIs Vg) .
6 ce roducts accordin
2004‘%8%5’3% Eﬁt#/clﬁeg%ﬁo 5 g P 9
to the invention can be recombinant proteins, such as
antibodies, erythropoietin, and the like, as well as
20 recombinant adenoviral vectors with a deletion in the E1

region, or other viruses.

Cells
The cells according to the invention are cells that have
25 been immortalized with El sequences from an adenovirus, which
cells are also referred to herein as El-immortalized cells.
Such cells express at least a functional part of the EI1A
region of an adenovirus, and preferably also at least a
functional part of the E1B region. ElA protein has
30 transforming activity, while E1B protein has anti-apoptotic
activities. The cells according to the invention may be

derived from any cell, including lung cells, kidney cells,



ami ocytes, but preferably are derived fromretina
cells. They nay be derived fromenbryonic retina

W@ e004m9938% ef erably the cells according to thePCI/EP2004/050724

10

15

20

25

30

i nvention are human cells. A nethod for

imortalization of enbryonic retina cells has been
described 5 in the art (US patent 5,994, 128).

Accordingly, a retina cell that has been imortali zed

with El sequences from adenovirus can be obtained by

that nethod. In certain preferfed enbodinents, the

cells of the i nvention are derived from El -

i mor.tali HER ¢ uch as PER cells.
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{ GBSt PRE Gt b B0 BPT TP 6% FELE oot (i Ber parfpinant
anhmdeacid51@rmaszmywadldUIadqyewheecultmwmpn}spngcess to

rQQl %Q ﬁ“&é@%é%% d%h8£e§¥3&§ﬁié/99§§§§ encoding a protein of
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interest is operably linked to sequences capable of driving

expression thereof, such as a promoter and polyA signal,
wherein preferably said cells are from a stable clone that can
be selected according to standard procedures known to the
person skilled in the art. A culture of such a clone is
capable of producing a protein encoded by said recombinant

nucleic acid.

Components for feed strategies

In one aspect, the invention provides processes for
culturing cells according to the invention, wherein by feed
strategies according to the invention certain amino acids are

added during the culturing process to replenish amino acids of



9 which the concentration has becone or will becone
limting for an optinmal process and product yields.
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al pha am no acids in both their D and L

stereoi soneric fornms, and their derivatives. A5

derivative is defined as an am no acid that has

anot her nolecule or atomattached to it. Derivatives

woul d include, for exanple, acetylation of an am no

group, amination of a carboxyl® group, or oxidation of

the sul fur residues of two cysteines to forn1cystine
e SRS Sar B e L I ERAFobr BHH BREOTE: RN s for
m&ﬁd-qm§lhy@rE¢Q§esﬂ tendi prodetulydel g5 008l bynitheapid sion
Skirlﬂe%@ehnaif enﬂ&ralﬁk}aévcc\!mﬁ:rﬁlga a§Bﬁ§| érh oa'yc[_l]_es aﬁll qaoth

nmenti oned herein, a derivative na be used
an"d“%% RedRt Tt 9FeOi ALTRichsd RATAY N2k etls%épé‘eé%v%Wé’eS
i ndeafitvia@ive A hede fime@OAP HIE RIE NBUE B ASLISAIJAES, afbedh

farr?otloercS ﬂ.evbgaﬂym at%achn?yto al SO be adigiGVde ! ooluggrlnceiude,
t he processes according to the |nven 1 on. E
stfat egpeslen TREvdspéer,of ve iRvent §orumpr evitdatien of a

WE&J):Q}@XE/Qr g28up) QHUCKAGa 81 4 QFUGHel Butald $esidues of two
i nmmortalized by adenovirus El sequences, in a culture

medh i "fheF2i 1%y Sﬁi‘%%luc?ur%eéhofé‘,%hm A fRE Gouss ™Y
consilsdengsboéra, redonbi smartt g3 ocheébnjideas visuwlphatand @nd the

r e_ffl_cﬂgbl an&reﬁgw\fﬂyﬁgét&t rkta wqgllefsé O&hdé}:sttlanglj_)y the person

region, characterized in that said nmethod conprilses
st J\iﬁ@r &PntkR %, ER3t TharS ResPeeifife, amll§‘8I 8ertd nies
Arrgdrmlﬂﬁedl\lbéféﬂnl e dandvailyst mBg arso asidedcboahdieis meant

re ne_aspect th nvent | royi,des
a met'ﬂ)hoémf2 <-‘lﬁ%‘%rllercncug ur| n r ot cell Efle Thort af)lgzee{d kber
adErPPrenss EFu@EWeﬁ§§§¥Ssa§r@W@él Fsceapablvé tefins, etc may

JrOMNGel Ad8LS PENSHGRovE MY i3bbEst8e si@R%1ab to the

determ ning at 30 | east once during the culturing of
t HEVEB 8%t he concentration of at |east one nedium

corrponéﬁedsetleajt@iefsr om t he group

In one aspect, the invention provides a method for
.producing a product in cells immortalized by adenovirus E1
seguences, in a culture medium, wherein said product is chosen
from the group consisting of a recombinant protein, a wvirus,
and a recombinant adenovirus with a deletion in the El1 region,
characterized in that said method comprises a step wherein at
least Leucine, Serine, Isoleucine, Arginine, Methionine and
Cystine are added to the culture medium. In one aspect the
invention provides a method for the culturing of cells
immortalized by adenovirus El sequences, said cells capable of
growing in suspension, comprising the steps of: determining at
least once during the culturing of the cells the concentration
of at least one medium component selected from the group

consisting of glucose, glutamine, phosphate, leucine, serine,



consi sting of glucose, glutam ne, phosphate, | eucine,
serine, WD 2004/ 099396 PCT/ EP2004/ 050724 10
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| ysine, threonine and glycine, adding conmponents to

the mediumduring the culturing of the cells at or

prior to the depletion of at |east one of the

conmponents of which the concentration was 5 determ ned

in the previous step, wherein the conponents added at

| east conprise glucose, glutanthe, phosphate, |eucine,

serine i sol euci ne, arginine, nethionine and cystine
Dgg)%h_oge agruse%‘here n, u§ %@flned as tg§

CONPORERt “Chas™ G E8R e elit FAt oot CEo54'sF 78S 5t }¥ﬁ§ne’

stdmdongnéOagd rwemtingt | addiny tdeeponkh s ecaredieunedivm during

tfhﬁﬁ@ RIRECE Sy SH&ndBL el M fatdo r%rté@ &%naggiéﬁiaxp%f at

0 | east onhe medi um conponent selected fromt
gr'oifF ' ORSi 8t Ty &ngPa%%% °of ghafhnthe, cPIEEpRALED Was

| edetidr@ningar i ieshd $eketlichfNesteqs,JiwAkACin Lt RicapbRentd added

OG5 oBRELAIS SLONEL, I ISLELT DRI 12.00y
conponents selec f'rom t he group EonsiSting’ o
vatemiee, Lgsieesinehr esaimnandeghjenihes and @enstcaw-

emangiieAbs £$]Glse@ﬂ@§@iﬂi a_ltd' QR rOhedtal 83t e HetinyBnent
ding t he i.nvention is determ ned

onents accor
(PG FPPSESETUE oM RECHIT i L SABE RS haS
conpurentstidatimndecaddedufamtedénme onpritsese2@spaet o the

ntﬁé%éﬂhlﬁékk8§aoé)ﬁﬂ n@on&éﬁé?legﬁ oglgglfg%st one medium
asparagi ne, tyrosine, histidine, phenylalanine,

tr%&ﬁﬁﬂ&ﬁ&ﬁese%ﬁﬁﬁﬁduﬁfomLEF&N%?OPQFCTHS{EﬁﬂfQEeﬁ ghgcose,
i NElldaminkn SpegHate, emtmmhﬂﬁan@srlnéhelgamamaﬂaatSafgxhlne,

n ntra mml es/.1
A ORISR BT, BLelh Bl on o0
gl AUEles @OmEO%m‘rﬁw qu@Cfiﬁ@ strdmed@cagyour 7B risd ssibs eqfuemline,

feﬁ_mnef OEhgééﬂiﬁ{E %%d Qly@lafeor Iaheépb@i&,en&oﬁﬁmé@ﬁs, the
| euci n and 55 in

su%%lé:&a%ﬁ?tf%%o%f Pr %@?*fnfewo 256517 SPRGIEc PREOT NG to
0.6 fioreatfpmiire de@e2Bidat unetheoﬁlnet srg. 0n28&efigrin

Cyértlﬂo'@mel'lgsf ui!ﬁé"%romsgpgﬁi&mta%’ at:geaécggcl %\Mr@ger comprise

one or more of valine, lysine, threonine, glycine, asparagine,
tyrosine, histidine, phenylalanine, tryptophane, calcium,
LongR3 IGF-1, Long EGF and insulin. In specific embodiments,
the components are added in an end concentration in mmoles/1l
of freshly added component per 10 x 10° cells/ml of 6.0 for
glucose, 2.60 in the first feed and 1.75 in subsequent feeds
for glutamine, 0.70 for phosphate, 0.66 for leucine, 1.10 in
the first feed and 0.55 in subsequent feeds for serine, 0.50
for isoleucine, 0.46 for arginine, 0.23 for methionine, and
0.25 for cystine. In further embodiments, the following
components are further added to an end concentration in
mmoles/1 of freshly added component per 10 x 10° cells/ml of

0.45 for valine, 0.44 for lysine, and 0.30 for threonine. In



30 conponents are further added to an end
concentration in mmoles/1 of freshly added conponent

w@er4m3%6 106 cel ls/m of 0.45 for valine, 0.BdI/£P1004/050724

| ysine, and 0.30 for threonine. In W 2004/ 099396

PCT/ EP2004/ 050724 11 further enbodi nents, the
foll ow ng conponents are further added to an end
concentration in mmles/| of freshly added conponent
per 10 x 106 cells/m of 0.10 for asparagine, 0.13
for tyrosine, 0.10 for histidiné 0.02 for
phenyl al anine, and 5 0.06 for tryptophan. Furthernore,

cakgj : in_a d. concentration in
i e T
cefPeFI-ORrOSD. cTMIat-det ok medhsdd OEreEGEy added

i nsoitpdhedit bhei 10 derigfatd Ve IRy rabs P St f %f%lpgr? ine, 0.13
or e
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O e h&Son JMEE - PL &S e Al 11094 Al | v re
pr((%efer akl)nley 50607 | ess. The Zl/rro{fntfgﬁégpégp%g%éég;tcganpﬁg?nt per

101% 08 et cfaRdO%r Enovikbafpyterpavebnes oFEhEGF, and
nuoierliof orceht st Merikatplred eidyed186bedi RS HeSBLEsent in
co a added,. 15 _at between 48 hours, and _t he
rm%éri{berg)%&ae% &tion 6 3?‘%%%%%%ﬁléeo?g‘?h%l%ﬁfuﬁ?mponents
coRPUfe ey BAES coyhcamperathodinfrewhicohrwasnt det 8BAI medless,

inpﬁéﬁéﬂmbgyigﬂ$ éﬁfméssan§§%t§¥é1e§Q999i{%%“é% léggg_even more
addi tiaon. i i me between 24 hours and just prior

s a at p 6
t PrHsHred P’o% Th &Pt al BC AJRELS, 2ERePTIRANHCoReE 10 x 10
prerdldesla sedhod 20ngecby diergnidentheni tiventindByr of
Wh@gf¥§7m§a|gncﬁ%éf%r%éar@ﬁﬁoé&m%?%%?npég r]éom onents are added

i munogl obulin that is secreted into the culture

medi (R6°8 fR\RAUTSH 288 Feadtorses Rf Perldticer of at least

praefercdblk e ated i@t siontOfeny |themebachhefar:all Yrafhich was

| easte 830894 . ,qven nore refecably at, |east 1000

er ‘the %r vio 4% . & g i §ﬁ% i

nol 1, s.tlf%f{grmre preferabiy at ‘| edst S SgeRgrfents, said

st3d tipPel praf ar 4y hetwerrs241500rapidd Jstsitl brigmre

pr&ggméabby.ainldaﬁﬂai$7§£béﬁﬂék apd §ﬁ$$$tﬂgy'§rovides a method

pret%&%?h tgttufa%gegggglngé}' Ln gqurahl the

aéﬁftion t SediSum ’ erein Said cells express a
recombinant immunoglobulin that is secreted into the culture
medium to a level of at least 500 mg per liter, preferably at
least 700 mg/l, more preferably at least 850 mg/l, even more
preferably at least 1000 mg/l, still more preferably at least
1250 mg/1l, still more preferably at least 1500 mg/l, still
more preferably at least 1750 mg/l and still more preferably
at least 2000 mg/l. In general, the addition of medium
components according to the invention, i.e. in for instance a
fed-batch process, results in an increase in the yield of
produced product of at least 1.5x%, preferably at least 2x,

more preferably at least 2.5x and still more preferably about



conmponents according to the invention, i.e. in for
instance a fed-batch process, results in an increase
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preferably at |east 2x, nore preferably at |east 2.5x
and still nore preferably about WO 2004/ 099396

PCT/ EP2004/ 050724 12 3x or even higher, conpared to
the process wherein no conponents are added, i.e. the
bat ch process. In addition to use in a fed-batch
process, the feed strategies & the invention can

al so be beneficially used in 5 an optim zed batch

process, as set out jn_exam Per f usi
?eﬁﬁb?ﬁVelyl¢?ﬁ”angpﬁ%Fe peggeoPrPﬁ%S?ﬁ%ﬁﬁ?ﬁBnn?he
en¢mmsxmmﬁ$uaeeneﬂ$mmwnay beheexeltahgedocdds.i s shown

that  1Q laaewg&ﬁ &g l;ysghlyl@bﬂe%-%%lttzhdspéaégses 58N D&
attained when this is agp ied to cells derived from

r e iR SPErPs Ot i Mhforityrr éﬂ“b?”hd@ﬁ&vpﬁu%eﬁﬁf%ﬁé&ééﬁc%éﬁd in
Exahangiing zedl baeh predess) ney dee patf of ety cany

nmeans known to the person skilled in the art,

including but not limted to collection of 15 the

cel | s Bpréeatenfugation, filtration, and the Ilike,

f0||0“@&t@¥n5€1@&§peﬁ§jQﬂoﬁﬁeﬂIH%p%%kl§fifﬁé31n&%§elon the
cul t ternativel per.fusi on %%gggn%ggg

e tag, RGP ER Moot es Mo ARmreodt (Feris

c omtaxapEgtshyhibgh ivitaérlm téehtdensiedebangedoasitngiacdeltien

semlrsatllsoep EYLE 65 UL 1 8Sad- LR T LRCRe2hh £RALRLT uge
passage through a hollow fibre cartridge, and the

I ,qut@ &S hRy éd(ﬁnévéﬁﬁfh'“é]r apecredt ff’ﬁ%lalnﬁf&éﬁt Fhrure

t amedpinayv md@ Be mm&eﬁ%y CaHyt utcdang BRbLWS ﬂierth\éeﬁefsmxm

eng{:qu%ldc :Ln ﬂé na%: Cel nééu gﬂi]g:lttl %%g Pymﬁd%%VI £ 8§lectlon of

ences aractérlze culture ned
@ﬁhﬁﬁéésabyaC?QﬁnéfGﬂatQ%n{Lﬁ}kiraﬁﬁeﬁeﬁﬁﬁiWh@.%lB?r

cufalqroe,emobynsé-spﬁpe@ayoﬁ%f howr $k11s QUhidIres sabtai ek
u3| tm thqg referab“{ have vi able ce % 4, wh
dehsi GHEFEIRAN 7 20 RETTE 08 PEFRFT Tpr & used, wherein

prq#kgugb|yed1um is either continuously or 1nterm1ttently
exchanged using a cell separation device such as a centritech
centrifuge or passage through a hollow fibre cartridge, and
the like. It is therefore another aspect of the invention to
provide a process for culturing cells derived from embryonic
retina cells immortalized by adenovirus El sequences,
characterized in that culture medium is exchanged at a rate of
0.2-3, preferably 0.5-3, culture volumes per day (24 hours).
Cultures obtained using this method preferably have viable
cell densities higher than 20 x 10° cells/ml, more preferably
higher than 30 x 10° cells/ml. In certain aspects, such
cultures have cell densities higher than 40 x 10° cells/ml. In
certain aspects such cultures are used to produce recombinant
antibodies with a yield of at least 150 mg/l/day, preferably
at least 200 mg/l/day, more preferably at least 300, 400, or



hi gher than 30 x 106 cells/m. In certain aspects,
such cultures have cell densities higher than 40 x

waod4oed3be/ M. 1 n 30 certain aspects such cul t BCEEPRNE050724
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used to produce reconbi nant antibodies with a yield
of at least 150 ny/l/day, preferably at |east 200
nmg/ |/ day, nore preferably at |east 300, 400, or WO
2004/ 099396 PCT/ EP2004/ 050724 13 500 ng/l/day. O
course, also other products according to the
i nvention can be produced by s&th nethods. It is shown
in here that one conplete volune exchange of culture
da ports st 30 x 106 viabl e

cert e e ek figeyaftn B%r RopdidtRatsgntng to the
rrgirLVedva:yO@upaltl Cos7 3FoagLed day )sudE gethbyds O icorpbet ein here
ne@kawo%caa&gfewwo%xecwﬁmn% Eglgllﬁeo%eldﬁgﬂugach day

perfusion rate of vol une day, neanin
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atof easie 1b0n 2000 myyhlBday (ufOe thﬁ@/lﬂidﬁdu@egt h5>s One
?S%Lygj%glﬁgafI@Q%%%mnseléFEQﬁ%ﬁ%?%rggtéb 8ya contlnuous
seRFEtiedPri 5210 Suppivedenes tiwr ﬁﬁgshmeémlnﬂ'éhaﬁedl@nntlnuous

Wﬁ&ﬂd&&oﬁ3§§§lit_érﬁlco%@&p9§@fﬁ SR BS1y at least 150-200
fed fUSIOH%éT These co onents for

aig?YprB HG B FPnhwtian i2éd Reffusiodychtgsand thus
PE:R;c@&a@el bntthaheyiandsi d@ntna‘dhlednbeﬂeé nvisee exanplah the

15,210 therelqnedt 1gst9rgq;p@%mé§969ﬁe of . %ﬁeculture

present Tnvention to provi de Such a - perfusion

SYRREM™ WAER eFhf 1R opEédt %ﬂqﬂﬂﬁ§ﬁFés<%Eﬁﬂﬂwﬁsn§eﬁop?#ﬁ931°n)
prEseant cbmyeﬂémﬂﬂ1ﬁmreaﬁﬁﬂ$dﬁ&y$roéucﬂﬁ@nﬁm¥1ﬁMEWBa$kzéH cell,
fe erfu n.pr SS i s the bui to

né%é O|IC§EQ CQ é%gfsgigﬁ% EOlR ac?g gggg&E“Eln ?S?e example
2o2>\/\mrx<:ﬂhtbaﬁef@5€ulﬂtt iA dovilsd laspeabi ¢f tiles pgrdent invention

predystovy gl seh anf%aepé§fLQJitoep s@stEAUI eRNL ahe hEgy
cell congentrations for hl% erfusion rate to

2O 88 S ESPT B D s PR CAG 0Nt RERR L GEnBRet PER keSS - A
fCHOMEonidn@wbaﬂh.z&dfeekberﬁnﬂﬂmnaerE§é£§h(mﬁ fthe tionesip of

act_cayl@ RY:LQ-1he ay%%&a@& Iéutcnagstbgytaage 5arabhé&nafy,

25 util |S|ng | act ate_and ammoni a such
cdﬁEéWtFﬁPlEﬁEP%ﬁ)lﬁoﬁow cell v1ab111t1es and product yields.

There is often a requirement at high cell concentrations for a
high perfusion rate to remove these by-products. One advantage
demonstrated for El-immortalized cell, such as PER.C6 cell,
clones according to the invention is that they are capable of
utilising lactate and ammonia such that concentrations do not
become problematical (see Fig. 3A). It is therefore possible
to obtain an antibody yield of at least 500 mg/l/day by
changing the culture medium once or twice a day. Alternatively
this can be achieved by using a continuous perfusion rate of
for instance 1 volume per day in combination with

supplementation of the medium with a feed concentrate (fed-



become problematical (see Fig. 3A). It is therefore
possible to obtain an anti body yield of at |east 500

worguokbesye by changi ng the cul ture medi um oncePCI/EPAD0@50724

10

15

20

25

30

a day. Alternatively this can be achieved by using a
conti nuous perfusion rate of 30 for instance 1 vol une
per day in conbination with supplenentation of the
mediumwith a feed concentrate (fed WD 2004/ 099396
PCT/ EP2004/ 050724 14 perfusion). This can

advant ageously be conmbined witt a cell bleed
(rennving a certain percentage of the cells

ulatlonL Cultures with hi h cell densities
"538BUs Tor® SHParAY HY ARG ﬂJVo‘a%c‘Eo‘%Hlé‘FﬁlsW”f}i‘ "’} gell
th@metbﬂeemnmimmﬁaa@pEein remfnthee i oWentd erlis population) .

provi d%uﬁtﬁ}:‘éiwﬁc oﬁugﬁl s derived; fram, %%,Iv ﬁta eous for

immortalized enovi rus El sequences, sSsal ture
co?ﬁfﬁlélrlﬁg Ja%gh SEO0UEY YLGWE -cafF| $F nFLerFHOLE] ab?m%ry aspect
I Nod Ree (iﬂ{rérhhfﬁ:ri Soabrbeasd BQULtRrefer alddiys Bbeived from

viahilit t. | east 0% .nore_preferabl at as
95% J'1she cu %%%%ﬁ?da% or%%??v Lo BE Rl ?%ﬂﬁ?%floﬁlar%?lt te
prefmerdlbligg sas peesiton 0 cul U esll%@m ipet MagabitiHe in the

celdisurl §§'ék‘ﬁééé%f§§°afﬁkéﬂ&f&ﬁ§pen§ﬂé”%ﬂd%lhB€y is at least
culture nedium such as in shake flasks, ro

bot4Y/e 8076 BY RETEONY, 2t HAUdi*hg - s???r%ﬂfﬁﬂ&ﬁﬁsac%ﬁ?dlng to
Ilﬁﬁe rHesehofsy ardptrhéetalker sTheensismt@gitesed| scdasied) that

et{l‘reé Q:e%ﬁ F}? %{ cﬂh%gré@ aH:%eqnf Q{lﬁﬂ'gré&l nt lﬂl?%hgfcublyture

s in i ber reactors, suc escri bed
Téﬁﬁ%ém@tsth(Q§%¥m shakel FsigdnEpehtr dnttdeds, diRrapctors,
aSlndleddh_&gOthﬁcD@:ahkb £r&ir N raneeesbol Ment, tﬁ@.l_'dlke The

culture co t east 12 106_cel s/
o e ita P A ehap Tt o At S P vt &
obtwlityedsbgt acgltlﬁallghho;izooma‘il@l@rcnewt@rsll tsuichs Mrd%eﬁrrlbed

da&gp&%&agegttmtm@sb N0k HIHMRREFHSE Qh1tu@¥EN such as
her cell densities can be achjeved, up tqQ 50 x 106

AP BFhE (AGCEF T Hoddn6PRprET e afy < cufture
i rrdm@a;tlsea dhateassuch wnexpeel s/ ghitcekl dilensidddederein

aré%é%bhﬁigébiiﬁx'ﬂ%ﬁoééﬁﬁé/ml can be obtained by a straight
batch culture.

It is further demonstrated that, using medium perfusion,
even higher cell densities can be achieved, up to 50 x 10°8
cells/ml. The prior art does not provide any indication that
such unexpected high cell densities are obtainable. In other
preferred embodiments therefore, the invention provides a
culture of cells derived from El-immortalized cells,
preferébly derived from retina cells, said culture comprising
at least 15 x 10° cells/ml, preferably at least 20 x 10°
cells/ml, more preferably at least 25 x 10° cells/ml. In
specific embodiments, said culture comprises at least 30 x 10°
cells/ml, or even at least 40 x 10° cells/ml. Cultures with at

least 15 x 10°® cells/ml according to the invention appear
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provides a culture of cells derived from
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cells, said culture conprising at least 15 x 106
cells/m, preferably at least 20 x 106 cells/m, nore
preferably at least 25 x 106 cells/m. In 30 specific
enbodi ments, said culture conprises at |east 30 x 106
cells/m, or even at least 40 x 106 cells/m . Cultures
with at least 15 x 106 cells/ A% according to the

i nvention appear WO 2004/099396 PCT/ EP2004/050724 15
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ng%ﬂdﬁﬁﬂﬁ.tﬂhem@ﬁhhﬁanesaﬁﬁhgéﬁﬂébQEQ psef elmablyierein more
prﬁ%ﬁ?%oa% # el&g/gg £Q§&E€gécgll/q9¥mov1ge recombinant
processes o t he i nventon, espec faf? those for
re%ﬂﬁﬁﬁoﬁanvipiéﬁeﬁﬁwaﬁrééﬂ%tliﬁﬂ m@éﬁ/é¢$C)ﬂh§ ceolbs ned said

W &t 22 c0bRBEe FBASH RS 088 CAd hedsicn1b ey aldotkhal céM /day .
some cases inprove product yields. Therefore, in

certain enbodi nents of the invention the culture
medi umThe pubfesied ofothe t engertdbur eessdrifal lyetboge ofor

dUEéJH%bHQSnQrﬁ%%%éﬂnQBrQﬁéééﬁoA% ganb¥lgéngglg%mbined with
other measures described in the art that in some cases improve
product yields. Therefore, in certain embodiments of the
invention the culture medium is subjected to a temperature
shift before or during the production phase, e.g. by running
the process at a lower temperature, e.g. between 30°C and
35°C, in the production phase (see e.g. US patent 6,506,598,
and literature cited therein, which describes effects of
lowering the cell culture temperature on several parameters
for recombinant protein production), or by the addition of
cold culture medium to the culture (wherein cold is meant to
be lower than the temperature the cells are cultured in,
preferably the cold culture medium having a temperature

between 2°C and 8°C) when the cells are subcultured or later



the process at a | ower tenperature, e.g. between 30C
and 25 35C, in the production phase (see e.g. US

W@ 2108109938 506, 598, and literature cited ther ePCT/ERO0Q050724
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describes effects of lowering the cell culture
tenperature on several paraneters for reconbi nant
protein production), or by the addition of cold
culture nediumto the culture (wherein cold is neant
to 30 be lower than the tenperature the cells are
cultured in, preferably the céfd culture nmedium
havi ng a tenperature between 2C and 8C3 when t he

cells are_subcul tured or |at 2 099396

o R SR OSh It PEoRRFT ng 1t REREG! Sl e g s SPTG T

ot hervwténifedrnentry speedfled tqriomrhveathons oregsbe according
added 0 ; hIRLE VS, tmhp&gsgéé% g&eaﬁpﬁ nlgleltnd% t990¥ t other

invention with regard to produc
enBRATHERPSST 87~ tHe Froductisn off pﬁPB‘F’e‘F“’ns trgngrocesses
pr@ﬂ:&ﬁﬁﬁﬁg5taCﬂOeE dirR@nt Ooi hsay mee ﬂtnpeaveﬁaamybezhbnpdi@av&d:

diti Ika 0l C |ds r salt
J#Lglso @g 0 ft'u?gng bu]{ sragt e, Qh Qnér sdur 08 %ﬁu\ﬂ?n gllgyrate ’
cu%%RHQ§ ﬁﬁae%go?hqnﬂh@léu¢v¥anq1@hapﬁoq{mﬂnkxwdphaSQ the

( S@&@}oglousp@aéé&,sé@e anayd ef,anences, AJ@&%Eeremsch
i hes e%f ects of .addition of butgrate on

pr% (?tllnc&n P r BTSSP =Tt 9t Ot @ ‘éﬁthrh Of‘ef’ua’%"?‘e on
enbodiurgabs fOrptdteipsoductd on cofitpret ei s yefthether

Cuéntﬂgdelmgﬁgb URY - |1§1es %nglg&%%r; %fapg:gg@ﬁ{sat Uhe gﬁl@tﬂe tmedn_um

shift (Wi demann et al 4, Sauer et al 2000).

wi 4 jgreat £ @ H’@mﬁéF%B‘fF%lﬂq PEJSPATE hfé’qe&ﬁ?mﬁh%tet al
seveErdgl saspecéss andivoo) enbodi nents according to the

i nvention can be conbined to provide a process for
culturing cells which |leads to particularly good

pr oductltyiél Hshe Aglegrnba- tharineragn ekaksce in thesafprthat

I N&danee BQ§§&E&(%ﬂd7o§98ﬂbéﬁﬁﬁgnkﬁrgc@ér&ing?Qo the invention
immortalized, cells at ab .8 x 10

cefts P COMBHFY e FepfliF @ rpgesgﬁs ‘Ei?ocru%éc%fﬁﬁ?ig%e]tlr?e which
gri;eds mredrantichiEmy tbed uidducicngipidceds ronpomplioviing

trg%éﬂpﬂ@L @£O$BK¥or instance possible to seed a culture of El-
immortalized cells at about 0.8 x 10% to 2.0 x 10° cells/ml,
and use a feed strategy and/or exchange the growth medium
during the culturing process to improve the final product
yields.
The invention will now be illustrated with some examples, not

intended to limit the scope of the invention.

‘Experimental

Methods and vectors for genetically engineering cells and/or
cell lines to express a protein of interest are well known to
those of skill in the art; for example, various technigues are
illustrated in Current Protocols in Molecular Biology, Ausubel

et al., eds. (Wiley & Sons, New York, 1988, and quarterly



yields. The invention will now be illustrated wth
sone exanples, not 25 intended tolimt the scope of

wao b@4fospsent i on. Experinmental Methods and vectPCHEPN4/050724
genetically engineering cells and/or cell lines to
express a protein of interest are well known to 30-
those of skill in the art; for exanple, various
techniques are illustrated in Current Protocols in
Mol ecul ar Bi ol ogy, Ausubel et al., eds. (Wley &
Sons, New York, 1988, and quartérly WD 2004/ 099396
PCT/ EP2004/ 050724 17 updates) and Sanbrook et al.

I nLn A .Labor at or. ual .(Col d Spr
La%fg e%l)y aﬁrgeéslgbﬁ%)Q fgner% leacﬁlgars?é ge*‘ poratory
cuM@rm@ t@ohdi gresnarlabknabmry Frdws,péP8dh. @qelrlaédancm
thgtéﬁéarda@@lﬁrgufﬂﬂré Q%Eﬁﬂﬁ@ng§§&%|QﬁgwﬁrEJQﬂhe Eerson

Fr e]ﬁ{)l}[n lture of anim A manua asi c
b 15 5P P BT Vi1 ey S 68OF niEC 008, 1p BN -
5 O Eﬂelshr&%Sgu@}curéucm astinatac«l Tec ANngHeSs] W&t ®asic
fo nl L. se 10 _Cel | |t
Prlc:)%ocoqll o %8%61: gwﬁgréﬁ%%fﬁggé Qrﬁ the20§>§)é EFEN 0-471-
CePt%33wer e ééﬁbt%%ﬁnqarréniaﬁfm@ﬁs vgke uf@blqwdDwEWss
coptidmiing 20%ERS (Invitrogen) to serum free nmedi um
by direct transfer. Briefly, sub- confluent,
| ogarithm c cel I s were trypsinised, washed once 15
10w jam and i nocul ated directly into

25§EﬂﬂC6 %@ﬁhgnﬂgyé”cdﬂt§§g§ ﬂﬂtdhéaegagglééltdails were adapted
(Corning), containing 25 525 serumfree

et UmeErRECRF o%‘t‘:}rtéﬂfc?és}n At Srapirhge ]y FBS (Invitrogen)
cone extnuat ifoae Ofiediudr ByS5dxrdd6 tHankfeudn| BEiS=F161, h eul Se

no& ldgﬂktu5$§a¥§¥ﬁ%1@ak ﬁ%r%?le trggggﬂlgéHn w&s ed once

growh i n Ehrlenneyer f ge ‘ever
15 dayisth IsleéélR‘sfr?\%r"éec%lhlﬁlkéﬁd W%qﬁ@ﬁét ﬁerWeFLntO 250 ml
p|EﬁﬁI§ﬂﬁb&beﬁI§§k§ﬂW1lQOar¢UQu|ﬁ11@eBUm¢§&ﬁidﬁd, containing 25

iQﬁP xCeEngggegg%ugglree mé%i tuQSingiggciences) at a

starting cell concentration of 0.3-0.5 x 10°® ml1™, unless

otherwise noted. Cultures were maintained in logarithmic

20 growth in Ehrlenmeyer flasks by passage every 2-3 days. Flasks
were shaken on a magnetic shaker platform (Infors) at 100 rpm
in a humidified incubator at 37°C and 5% CO,. Cultures were
passaged by centrifugation at 1000 rpm for 5 minutes. The
supernatant was removed and the pellet re-suspended in the

25 remaining medium. Fresh, cold medium (4°C) was added and new
flasks inoculated at the appropriate cell concentration. After
transfer to serum-free medium, cultures were passaged for 2-4
weeks to allow for complete adaptation, after which a serum-
free cell bank was created. All experiments were started using

30 cells from this cell bank.



passaged by centrifugation at 1000 rpmfor 5 m nutes.
The supernatant was renoved and the pell et

wo esogigpended in the 25 remai ni ng medi um  Fr esPCT/EP004/050724
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medi um (4C) was added and new flasks inocul ated at

the appropriate cell concentration. After transfer to
serumfree nedium cultures were passaged for 2-4

weeks to allow for conplete adaptati on, after which a
serum free cell bank was created. Al experinents

were started using 30 cells ftomthis cell bank. WO
2004/ 099396 PCT/ EP2004/ 050724 18 Bioreactors

Bi oreactor cultures were perforned in 3L reactors with

a DAOLSRGERERG vol ume (Appl i kon). Tenperature was

mel idraaped ratu BACe shyeae heatiawgnell anket . rdacssekvetth a 2L
OXV A8 GORE L a{plp%giicgg?) 2a¢Q0L "0l %i@iﬁ:a?%%& Ae 37°c

air satdration by adjusting inlet gas conpositi

t PO Fghephértdatidete BABSIHISS prygent camangragion (dOz2) was

t hesrighv 1achl £ O QS aSPasHalratSbar by N Ridtliuge: PpHas s
controll.ed at, 7.3 y%:()z addi tion_through th .
m ST opor gus spar (lglr.t ?’hee‘_ilcgs P tur® Jﬁ‘ﬁti%ﬁlnf Wy 9+nd
sethrzpiugh, 2 nictdrairouiesp@rass t Wterpkhgwestldurewet tos

dridde dawanes ds; (4 By h@%@doﬂiit%h WoSoudtOtnk 6ALNR Do ous
Cultures were agitated by two marine inpellers _at

75
r pTRET9EGC eS8e dH R wWas ARt e d 1By Tt 1iR® B gERbeft 7 SO that the
sofuMaire pEARPPS | KaRWwedlbo Anal ft idoahwrad oaoles 16@EE 1imit was
c | abi | far '
o T e o b T I I Ao F B Ty MR
A 3fc 0'se FPU| aR¥MAIES AFBNYES ARFUpE68phutigre BioExpert software
congntikahh ons were determ ned wusing an Ektachem ||
anal yser (Kodak) with cell-free culture 20
supernatants. Am no acid concentrations were

detrerlyitied L uBreigpcad snodi fi ed AccuTag HPLC net hod

(adiar $buass deseriiRed: byy iadh s u\eRdel enyand JeRREAned using a
(1997). Aliquots (200 pl) of centrifuged culture

sUpErn&PARTEWeT £ StoPBEN BT - SHEAHS 15hF EEH) ov PhrgOse-

lactate, ammonia and phosphate concentrations were determined
using an Ektachem II analyser (Kodak) with cell-free culture
supernatants. Amino acid concentrations were determined ﬁsing
a modified AccuTag HPILC method {Waters) as described by wvan
Wandelen and Cohen (1997). Aligquots (200 ul) of centrifuged
culture supernatant were stored at -20°C in 1 ml cryovials
(Nalgene) until required. Samples from each experiment were
analyzed at the same time to avoid experimental variation.
Osmolality was measured by a freezing point depression
osmometer (Osmomat 030-d, Gonotec). Antibody concentration was
determined by a sandwich-type ELISA. Biefly, plates were
coated with 2 pg ml™ mouse anti-human IgG against the kappa
light chain (Pharmingen) and incubated overnight at 4 °C. An
HRP-conjugated mouse anti-human IgG against the heavy chain

(Pharmingen; 1:500) was used as detection antibody for 1 hr at



(Nal gene) until required. Sanples from each experinent
were 25 anal yzed at the sane tine to avoid

wexpaenasent al variation. Gsnolality was neasuPEUER00#050724
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freezing point depression osnoneter (Gsnomat 030-d,
Gonotec). Antibody concentration was determ ned by a
sandwi ch-type ELISA. Biefly, plates were coated wth

2 jig m-1 nmouse anti-human |1 gG agai nst the kappa 30

l'i ght chain (Pharm ngen) and i ncubated overnight at 4
C. An  HRP-conjugated nouse anti-human |1gG agai nst the
heavy chain (Pharm ngen; 1:500) was used as detection
9H3b0d for 1 hr_at xg 200%55369396 PCT/ EP2004/ 050724

1 WEEhOBPD P GheTS s UFEEPat B2 SRS PREHER ween
[ nmcbatart@nn3$’eqsxss was performed wiithh0o 00953 %weween0 2(n iBBS.

plégngggg a%%#%éy EHt£§Eﬂ£th%%@EQg £ﬁggﬁgﬁented with 0.1 %

sgé)%t enent e % BSA. "Quantification was

y @éaﬂélﬁwqu‘@ Maf eFelite Vst 4Rdar B lugiehgrance standard
callsnbfgatal ealiﬁm&ﬂc rdfgé 400 rg Abe lng Attt bagyivody

ang;rpm %,S pg%k:{ J_ed t?:éz E; IoCe:i’ n wvéﬁ;freef;ﬁ%% eCt t oug_l[I %}F Q/naly81s

SIS soel ocusi ng defia
pd%ya@toyllantdsec @musehectJﬂiﬁih@aﬂésd@ﬂé’@@@-@@)tyatﬁwlamlde

'\%%a%lé%kéfﬁﬂléﬂeéﬁ's' '(@B@dPAcﬂi)yC%Ba? 29@&861{ ea'ﬁ%‘igng)’ N-linked
treatment of the npl es

so‘ij‘rylﬁﬁnﬁhiﬁﬁﬁa‘feé“o("ﬁﬁ ]?YZSN%Frﬁ? EnéFﬁi‘E‘ﬂe% tH VREDFIRSamples
[ nlxt e mef bediwn predehete apHAPPR) edndi DsyIStzeds wi/tly agerDI ~-Ms
r
> B ey SREEs GRAC Mo an ABaTRN bXedPens, yaysgey DB Pro
ad%%sc?mSPPPFé?IV\%‘t%?/ {TRRf PRl ioaces é- 5a‘é+ktydr8§é(8€?é°3v€eraé=ld
obta a@dmm)t he posid/iove ae@tmla@dwiéeg}wm&omaeetlc

det ec as, sod um a uct cul ation of
?ﬁl Ee tra p051tlve lon_mode agnd
Ce pe pecitic ra 250

med lats@inist Uemalcilerwnednaantb@wd@dﬂpghs, i Miatldch and
fed-batch culture were cal cul ated using the log 20
nmean of the ceII ncentrat| on as shown in the

- O /spknif32 raﬁé@ of metabolite utilisation and production

in batch and fed-batch culture were calculated using the log

mean of the cell concentration as shown in the following
equation:

gs = {(Cz = C1) / (tz — t1) x [(¥2 - X1) / In(X2 — X1) 1.

In this equation, C is the metabolite concentration
(pmoles/1), t is time (days) and X is the viable cell
concentration. A rate constant accounting for the spontaneous
decomposition of glutamine was not included as decomposition
was not significant at the time points at which the rates were
calculated (data not shown). The yield coefficients of lactate
produced per glucose (Yiacsgic), ammonia produced per glutamine
(Yamm/q1n) and alanine produced per glutamine (Yaia/gin) were
calculated from the equations below and are expressed in

mole/mole:



In this equation, Cis the netabolite concentration
(proles/1), t is tinme (days) and X is the viable cel

wWQ200s093e0t rati on. A rate constant accounti ng PCI/EP1964/050724
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spont aneous deconposition of glutam ne was not
i ncl uded as -deconposition was not significant at the
time points at which the rates were calculated (data
not shown). The yield coefficients of |actate
produced per glucose (Y.iac/gic) , ammonia produced
per glutamne 30 (Yami g.i.n) &hd al ani ne produced per
glutamne (Yaia/gin) were calculated fromthe
ations belgw and are expressed in nole/nole: WO
avfelggég%laP%T%EpzoOM 050724 20 Yiac/glc = glac /
ghauMaWﬁﬁghn/—qganin / gqgin Yala/gln = gala / ggln

TEXQMP Q% gpl.e 1: Increasing maxi mum final cel
ylef i n batch culture of PER C6 cells The sinplest
production process is a batch culture. 10 However,
this is restricted in the viable cell concentration

and therefore the product y&&&@@ngtalnable due

largely to nutrient limta nmet hod i s presented
t Etarpdeade Prereavdronumriwalficel| cebhogtldat ionbafcta

bat.gh G4l beres®fcPER1E6 or PER C6 derived sub-cl ones
by cal cul atin the cell specific 15 rate of

Ui | saPPOR B Sy PRAPRP RIS PRPCARFF 67 enibAsah) culture.
cohwerverat tohs andestattteay irhehbat tdbuldelnecabcantration

c%Ad HRREeHEL a&i gr\e’a&‘é@ Jhere i &99&&55% &a]glg' b zatdQn o

of nutrients respect” to cell grow
erfediRg tt Faémla?ﬁ*%ﬂ@@n Bi ARIFIRY AegPsaSeRtath t20 1&ﬁf?%%ﬁi)f~he
I eenghiual BneDiddial icahcert tatmadhesicon wadec wet(Ep@MeER. C6

\(Na|_?SrI fﬁE[RSE6I éejlr:g;eedj st;gonlones’sc 'f;‘ﬁ; %hi‘g gil_is g! al:¥1e| Icgl[frglpecific
rate of utilisation of key nutrients at different cell
concentrations and starting the batch culture at a cell
concentration where there is optimal utilization of nutrients
with respect to cell growth.

The DNA encoding the antigen-binding region of an
antibody recognizing epithelial cell adhesion molecule (EpCAM)
was first isolated from a scFv phage display library (Huls et
al, 1299). DNA encoding the antigen-binding region of an
antibody recognizing CD46 was isolated as .disclosed in WO
02/018948. A leader sequence and constant regions of IgGl type
were added essentially as described in Boel et al, 2000. The
DNA encoding the light and heavy chains were then cloned into
expression .vector pcDNA3002 (Neo). The expression vector
PcDNA3002 (Neo), which has been described in international
patent application PCT/NL02/00841, was deposited on December
13, 2001 at the European Collection of Cell Cultures (ECACC)
under number 01121318. The resulting expression vectors,

encoding an IgGl that recognizes EpCAM or CD46, respectively,



al, 1999). DNA encodi ng the antigen-binding region of
an anti body recogni zing CD46 was i sol ated asdi scl osed

WO pooW»9302/ 018948. A | eader sequence and constBCI/EP2004/050724

10

15

20

25

30

regions of 1g@ type 25 were added essentially as
described in Boel et al, 2000. The DNA encoding the

i ght and heavy chains were then cloned into

expression. vector pcDNA3002(Neo). The expression

vector pcDNA3002(Neo), which has been described in

i nternational patent applicatébn PCT/NLO2/ 00841, was
deposited on Decenber 30 13, 2001 at the European

Col l ection of Cell Cultures &?ﬁ under numnber

01 EESTRE 74T PRGBS dAtvedieRs in é’ﬁ@oﬁ? rfftls

amndg@Ebitlator gcoghirdese BpeM or CD46, respectively,
0 2004093390 elER00080 000ad, 2dnLeaulaled BYof .

CW pronoter, was intfoduce
acR¥rditag pePe iRy @fnﬁlﬁ%o%‘f?\ C& Fetbnbitfantvas used in these

ar&xﬂ&cmeaw? eﬂﬁé Qg_o@boﬁﬁpré%&flln\éeanf:i%@M %@r @ﬁtsﬂﬂxer
po atiaon _of the PER ce ine, .was used in th
5 ’gxgpeeﬁe%en SPeHHE asoﬁgoexpr edEEng aht | SEFCARM S Enti-cp46

f uks Hiarrtbeﬁferwé@rne@i lrer k¢reigs asl oend 2t he cl one

expessiRgant i M8 q 5 firdiner JLf %aggmt gﬂ%%ec@énces
clone 2. Cells were maintajned in ExCe 25 medi um

(Jﬁ%ﬁl@t&&erléﬁc%%)the( R AT etrarfcR-of mt‘fﬂ%ure:e %J@mﬁh & astso
medb kN @ESkdgha)cidipt cahiseidds V\Barﬂé) candi batah ﬂhOdﬁCélﬂﬁSVPRO

Vvenqagdﬁl@nr r(J%H %&sd;{%g%é%ié%%%w 4%6" urEe(l‘l

Bi osci ence S Were “transTerred
d.?J&qafyrﬁeéwres@etﬂﬂﬁr@zsﬂ%%@%@@TWW%r {BR® for the
batotrrppeducétons. Fig. 1 shows that the maxi mum final

vi abl e _cel | concentrati on of cultures Started.at 1
x 106 cEgI e sln’?5h rgﬂg‘é%e‘gh © AR 4% 06 iogﬁ §ht -1
aftarceB tgdapsor approomtitratc el gtad-tedl dt highHéY® tebrs bdtfthreached

cul tdyLs 1QfxCi'l§3 é@ﬂ1§91?—1/ @aft“e@‘ﬂ%aﬁ%’st Mx&k&%@ély 3-fold
started at 0.3 x_106_nm -1, which reach eof)

R bR e FUARyECE ol ed) hgery (Qpt FaToarea to

di dflereecestartde ofti naB x 10° m1™, which reached 10 x 10° cells
ml™ after 9 days. There is very little difference in the final
antibody titres of both cultures. However, in the culture
started at 1 x 10° m17%, approximately 600 mg L™! was reached
after 6 days, compared to 9 days for the cultures started at
0.3 x 10° m17t,

The higher cell concentrations observed in cultures
started at 1 x 10° cells ml™" compared to 0.3 x 10° m17' is due
to the lower cell specific rate of nutrient utilisation at the
higher cell concentration. The respiration rate of hybridoma
cells has been shown to decrease with increasing cell density
(Wohlpart et al 1990). Similarly, the cell specific rate of
utilisation of a nutrient has also been shown to decrease with
increasing cell concentration (Portner et al 1994, Yallop and

Svendsen 2001). We have now used this information in a novel



20 antibody titres of both cultures. However, in the
culture started at 1 x 106 nml -1, approximtely 600 ny

wo 24028896 eached after 6 days, conpared to 9 PEEP1004/050724
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the cultures started at 0.3 x 106 m -1. The higher
cell concentrations observed in cultures 25 started at
1 x 106 cells m-1 conpared to 0.3 x 106 m -1 is due
to the lower cell specific rate of nutrient
utilisation at the higher cell concentration. The
respiration rate of hybridoma 2Zells has been shown to
decrease wth increasing ceII density (Wohl part et al

1990 Siml arl t he cell ecific rate of 30
ut 717 sjé}veélﬁlg? %/lé%l,ﬁorl t8HT ‘?1a Oi®S FeEn LHATiNg attainable

decekhasenaiithesi hrreasilngreel | concentrati on (Portner

et al ; 1 ; .

Used s T ot teE o e novel” 200 Coasg Tohkion of 2
PCIPEPPUE4LO50922" Y 4Rd2| PR e thay 2% IRIofiang these
COﬁﬁBﬂk;%@ﬁlhBﬁr@ﬁSiﬁ@n&bhﬁf&@%ﬁﬁ aC@k&pﬂeﬂﬁi%be§b££hﬁbd as
culture calgulati the ce spec

ut %]ig?wsnatm i %% ef%‘t frient ge chgdayOV% t%’%é?iﬁtlonsmp
culPﬁPreeenaﬁé}epP@H impctifiéserdtey alfued uagaimstutdélikation (gein)

COQIQ@erlaJ L8AceR: HERR . Cﬂﬁozpeckﬁl}.t @rgﬁﬁi aéfil %@Q%ﬂ:&artlng
e relatl ons

?we]éfor Iutamne Fig shows t p
be CORETEET P ¥pery P% ?%(’teeth?Fi GRafAnttheptimal use of the
ut a¥ad Slatbilenn@ gt ¢t s .amdr cekdmciancantnath.on. stlarr@ﬁmig hats 0.3 x

gr@(f-mceﬂ?ﬂs C}P_]!‘*l Wﬁlstr% Ehngpprcogljfna%gﬁgegtg %I I E] :pne 24h

sel ected based on optinal Uuse aval
nut FTERES. PRBRL@Sdafpdeubaing | tifee @f%?t?iﬁg"-ha{s G.lsm?( is 32h).
lOﬁleCeiGLnSvﬁ'h_ué zWi |d. sr each® appnexhnet ek yakhxind061y12 %

in 2 ave elpo ul ati on doubling tinme (pdt) of
th’i“%olgﬁ oﬂé |%e h) 2ngThe Bl UEemdne SerRyEegefinsthis

rrizzﬂh lvﬁlapphé)i(éﬂﬁ_teelb)é Zpéroimda%%liroﬁ ,@§|;hr§>1e52f&h-1 (0.5 x
fé % %Iutamne consuned in this 151 1-1

t herdf ol 8 b&SRppt SHREf 81 5L P8 9nBEel il F?? Lo owill

2 E%aCH—I@wevemmazedm flubex ster il figiat 24h X TE6 geRl vSlue at

The ngI l {éﬁrgg%t%ggr XI {rsataep!ﬁéo%;'irsna%(e}g% .rgS_ %Jﬂ!)feszﬂrlrbs cells™
24n7 . The total glutamine consumed will therefore be
approximately 1.125 pmoles ml™*. The two cultures will
therefore use approximately the same amount of glutamine in
the first 24h.

It is therefore another object of the invention to
provide a method of culturing cells, comprising starting a
culture at a cell concentration where the specific nutrient
utilization level is close to a minimum plateau level. This
equates with around 0.8 to 2.0 x 10° cells/ml, preferably 0.9 -
1.5 x 10° cells/ml, for El-immortalized retina cells,
particularly PER.C6-derived cells. It is therefore an
embodiment of the invention to subculture the cells at a

seeding concentration of 0.8-2.0 x 10° cells/ml, preferably



this cell concentration is approximately 0.75 nol es
106 cells-1 24h-1. The total glutam ne consuned wl|

W b@nedsre be 20 approximately 1.125 nol es ml -RCT/EPm®04/050724
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two cultures will therefore use approximtely the
same anmount of glutamne in the first 24h. It is

t heref ore another object of the invention to provide
a method of culturing cells, conprising starting a 25
culture at a cell concentration where the specific
nutrient utilization level is éose to a m nimum

pl at eau Ievel Thi s equates mﬁth around 0.8 to 2.0 x

10 I f x. 106 cells/m, for

10, Gt 3 1D Tde Rl TRTS Pregareb bl sy 1 20 % '10°
PERECosaer-i ved cells. It is therefore an 30 enbodi nent

f th t e
of the ﬂ!ﬂéV%@bhHBa%é) osfu%!eg Ltags é;l%fcme Sidile amﬁbﬁg ke the

concentration of era

20@%7‘%“9%‘%"@@‘?}%%@&/ GBe#z%an% gbbain xlsmegher at this
cehigdad se@ﬂﬁﬁgpﬂ@fﬁt@m ¥n8. lgﬁg}ﬂerzau?ﬁbégé of®hskntye

Th f th t t hat
e fAD g ol BRRPE oes R Becmined meahe

h|g¢ﬁﬁnﬁﬂ©ntﬁh§re€b#ﬁ diserespeds aipldénsi bytclarmhlitugher but can

nughes so@fbegeﬂgl@m, negaghed fastph HULL ML AdRe or (fed-)
proce Thi s_aspect of the invention therefore is

VRSSO CRbF bR ciTChl For B ShoE PR PEISE thenvention.

beneficially used in fed-batch cultures or (fed-)
peF*anglon 2guFeed e¥iragggheasfehdgprovithenprigseyt yields in

|nM@ﬁQupQbrlgegygugﬂdqogesFeed Strategies for inproving
antlbol%ﬁyle ds in PER C6 derived sub-clones.

Fed- bat' o BPECRSRERCOSSAT a1 T ity d&STRES HRDdFAdugEerields by
bylnaﬂuasmmslﬁget¢maBMeabbe1c&ﬂdcen&maembmeﬂﬁ(yioabnglng the

éHHHHﬁ%ntB§r1&§ gggﬁiﬁ rhd¥ywegg bgn ?q]rat%s to

nu rient concentrateés to re Ienl thOSG at ar
PR S PN PP &SGR REPeConfgd., e present hore a fesd

strategy for improving the antibody yields of PER.C6 derived
sub-clones. The feed strategy can be combined with a higher
starting cell density to obtain a higher final cell density at
the onset of the nutrient feed and a shorter overall
production process.

A basic nutrient feed concentrate consisting of glucose,
phosphate, glutamine and the 15 other amino acids was prepared
based on the nutrient utilisation profile of six duplicate
batch cultures of clone 1 in shake-flask (see e.g. Fig. 3).
Similar utilization profiles were observed for clone 2, and
hence it is expected that the feed strategy described below
for clone 1 will also improve yields from other clones,
thereby providing a more generic strategy for fed-batch or
fed-perfusion cultures of El-immortalized cells, preferably
retina cells, preferably cells derived from PER.C6 cells. The

concentrate is listed in Table 1. Optionally, calcium and



strategy for inproving the antibody yields of PER C6
derived sub-clones. The feed strategy can be conbi ned
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hi gher final cell density at 20 the onset of the

nutrient feed and a shorter overall production

process. A basic nutrient feed concentrate consisting

of glucose, phosphate, glutanine and the 15 other

am no acids was prepared based on the nutrient
utilisation profile of six dupPftcate 25 batch cul tures

of clone 1 in shake-flask (see e. g fFig I3) 2Simldar

ut ation profi observe or_cl one an
nereis einBl S ol T T kedoRPFa Uiy debenpbiF and
beinJ@oWeGEO@bSQL agidel b stthe Mipredv eAyi @l ids pbiiom other

cl m:mtnh@ffe@¥lﬁ19ﬂv 'aglingh@ d.g?:rw%hg@gg'E&fs %:Ldahgggy for
fed-batch or. 30 fed-perfusion cul tures of

E1 STHHOr EARF 1 RN E o pF 4 Greasipe PlA eprsepbsained.
preferiall yrpeitsd dertl wededtiom PR €6e Cedds. afRewas no longer

t | i.st iLn Table 1. tionall a
o 38057 bR ST B RE DO ohs Hpaed Fien igna,
r EeBIERCN&RE - §rand HoracEeF svercopyRehAGH I romofgo RaF. axid
I NEildd 26REE B8O p@‘i@ﬁgsédp A8 E@@Iqa Aind *%'1%11318' Ma

th addltlo alciu nd the growmth factors did

not s gnrff? can{q{}loﬁf ?g]e%te tre ig‘é%‘ﬁﬁrtt_srattﬁét wigrearied. The
obtigiened. the Fimineddppear ecthsnatsessent i@l if andt hedays prior
faﬁdmu@@@eﬂ@-%ﬁ%ds@.@gﬁr Gﬁ%%% EHdlﬁg_l%‘ﬁng%)&QGEéggqg d as

I nsul.in was purchased fromS
Loy EaEC MR r &0 p U eh S58Ht f‘?for‘ﬁhé' 5PEP: zmqerlsrn A6 RIS
V\&I‘CEilFEU,DOBaQ@dB frracign Srepgp. twbh@ab b M gsaanén A8 PENRG-ted

f t 0 oncentrate s, varied. The
0L Lo, ol LoEH ORI YO8 MRS e s, e
d&psosrertiens mit Wh@n@d%m@ppomt@aﬁc@%saﬂmd in Table 1

phﬁSﬂbﬁtEaM@hﬁﬁﬁS%@caﬁnt|ﬂH@ Q@ﬁgiﬁlﬁéﬂcdﬂﬁgnéﬁﬁfin(Hhe spent
f.. bol us addltlons wer e nmade every

t d serles
t}“% élgsbeg%rsee g A HredilePedtNYi GG EERFIon of a
C(ﬂ%@ﬁpﬁatlmemdahtyon 6 rfteetdbe wew ket ypreowiededn WiE be
higher than that provided in the Table, because before the

addition the culture medium will still contain some of this
component, as additions according to the invention are done
before the component is completely used up by the cells).

Fig. 4 shows the effect of feeding the concentrate mix to
a sub-clone of PER.C6 expressing a recombinant antibody (clone
1) . Starting the feed at day 3 (two days prior to nutrient
exhaustion and continuing every two days after this) resulted
in a final antibody yield of approximately 800 mg L™, an
increase of approximately 1.6-fold over the batch process,
which gave 500 mg L7, Starting the feed at day 5 and
continuing every two days after this) resulted in a similar

increase in final antibody concentration.



15 concentrations of the added conponents as presented
in Table 1 do not take into account the remaining
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(i.e. the concentration of a conponent after addition
into the culture mediumw Il be higher than that
provided in the Table, because before the 20 addition
the culture nediumw Il still contain sone of this
conmponent, as additions according to the invention are
done before the conponent is édnpletely used up by
the cells). Fig. 4 shows the effect of feeding the
concent b- clon of PER C6 expressing a
reconbldr%‘ﬁ g]ﬁlz'(Y bjtf]d)?%ﬁc Bhe* 95 ti‘)resSt(‘%ffacri‘l?flge tlﬁ ‘Si?‘ég%ased
at faay ZB0( two2 4y spr Kof', t ghnue rirentheexhadstilomrand it
COMYd AUL G, eg%a/t&amydml@éttea Jolal ﬁiofﬁo%%& tges, 1N a
final antibody yield of approximte 800 L-"', an
i ncrease of approximately 1.6-fold over the bat ch
prm@s,e 3whbehigave; 500b1d delll, nSBets Nghdke 3beediadt cells
% ?r&n%_néoarqgﬂ)oc{]u' nglggearélove\l\%ogP¥s aféer'lt hi s)

t Inasim i ncrease in nal QY i body
concentFrealrfbéhGh\M%@&P@M@@@IﬁEP@O@M@S@FM ofbtoxic
Osfﬁ@aaeﬁdltzxetsns&m atchr et AL B 2APL.81 b d8ereased

280 to 240 1, while_in_the feed cultures
| (SR Bahar HunthAl VST o L S06: S5 HOBR RGe1
5 @m‘q@itea?uloﬂcdtncewhnglun@m e ftahe puobess a—hwelﬁ@aactlng on
106 sl ds yle@as A %@sé‘ﬂié b@ﬂyerwa% 198 @@Oabefeéogggcﬂr Process

day' Fed-Dbatch processes result 1n a
t oxf & RFECHBOPT tRISEEEN ‘a%elreaétlaﬁlecaha cacrﬁ?@mtéa*ah%m%\rf:an be
| NedeasAnieA biredi dontasonl atiddum wbﬁan@é/ea}wa k¥1limided

t h re\{tlloexlfgl ? geéertla%ncoggg&g{gtel % Fd l epr<]3 ¢ Eagf I%he
cess, thu n yle ds. p035| I e
aI Efé?r%?@tluevér%baaﬂf efdf-baﬁ@ckh oF @@@@@sm s & pelbtisiehy low

PreRsst WasEEntHgh oselihe CONGARL NALEONS LAR DS £ medium that
mai nt ai ned bé a .cont i nual um eigha eJt and a cel |
{

bl ¥&d “SFEREY NS r@éFFhY%l%glr et HéYeafFen

po@qﬂqﬂﬂt@m}d dnd the relatively high level of complexity to
operate such a system. It is therefore only advantageous to
operate perfusion processes if very high viable cell
concentrations and/or specific productivities can be
maintained.
We present here the attainment of a wviable cell concentration
above 30 x 10° m1™' and antibody yields of above 600 mg L' 24h™
in shake flask cultures with one medium volume exchange per
day.
Logarithmic cultures of antibody producing PER.C6 cells,
cultured in shake flask with ExCell™ 525 were transferred into
shake flasks containing ExCell™ VPRO at a starting cell number
1 x 10° cells/ml (other starting cell concentrations gave
similar results). Medium replacement by centrifugation (one

volume per day) was started at day 3-5. No cell bleed was



15 possi bl e drawback with such a process is a
relatively low product concentration due to the |arge
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low cell viability often encountered and the

relatively high |level of conplexity to operate such a
system It is therefore only advantageous to 20

operat e perfusion processes if very high viable cel
concentrations and/or specific productivities can be

mai nt ai ned. We present here the& attai nment of a viable
cell concentration above 30 x 106 m -1 and anti body

yi el ds of above 60Q ng L-1 24h-1 25 in shake flask

c UTRIPES Tni PHURIRE ARG Iﬂ‘ﬁ’?i‘}iﬂ%}ﬁ@ areh%tige ferity
LO@gunﬂuhmbetimﬂtamdeSemi ewunﬂwoﬁyrprtmkmnruyeEERwﬁﬁ and stored
celd spge€ul tured in shake flask with ExCell TM 525 were
trans erred into shake flasks containing ExCel 1TM ;
VPRO affig- s? afhqwsg thak| a itihdie 3011 umee €&l PR/ 50 x 10
(atiherarst ant kRgikely) yGeneestrsdd-ome gave’ siwmil @4s

results di um repl ac nt b entrifugat o
i 3bare o) Ml SePhr T G THAYoR 5 NOTcBITod e o
\MﬂpdﬁDezgeﬂt09939@d9Cﬁ¢@¢@@@4r©§®IZdlodH$ .Ofépli bty of the

SarmleS whor o FRLADALLE By ANAlALY 814 gANL PORnsities fixe
guantification and _cell counts were taken _ever

iPROHBaAt B TF0ES B gIoh KRWACL RIS W aBrE Cenle with
nur e efeluplir@asﬁalx«elﬁﬁo dndrisp? /andaran h&ﬂbebeeltylr;a eled1s

Oftlé:lq:o az 011J %-ll%ég e%lvm:gé rEI_d %1% Q(t;ee e%si}ch as

days wit or two |ndepe
arﬁﬁ%&&ycra%bﬂu@rr@gveéyl Slé:jrrcﬁJ@@ TOF albe T Fusyt opf Prﬁeesses R
ce&éla_ meearmmd l&9r808/o txﬂwe%elgtahg&f celd pdenskt) emdare

oxrnatel f.ol.d er than is er al
ac |ee\‘/eafBFe Wi t(ﬂ‘)tfﬁllé? ceﬁ“} F¥nes® ?TCE% XJ‘énr(tﬂore cell
Sp/e@d aherhence retlna cells that are imortalized

Wi th agdgneyigdis Eloemq%n%ee mBUCH @S 2 PER-{H: 1GelJrS around
are very suitable for usi on processes. A
80-90%, could be malnt ined for at least 5 days with one

complete medium change every two days. With this strategy,
many of the nutrients became depleted on the second day. The
medium is therefore preferably changed daily. In a perfusion
process, this could translate into a change of about 1-3
volumes/day. This is near the typical range in a standard
perfusion system, where the medium is changed at about 0.5 to
2 volumes/day. The somewhat higher values for the cells
according to the invention are due to the very high cell
concentrations with the cells of the invention in a perfusion
system. When cell concentrations of more than 30 x 10° cells/ml
according to the invention are preferred, the medium exchange
should at least be 0.5 culture volumes/day, preferably at
least 1 culture volume/day. Failure to supply the nutrients
(here via the culture medium) in sufficient concentration

leads to cell death. The daily medium change results in higher



cell bleed will inprove the length of the process, and
therefore an optim zed system may i nclude one or nore
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with a viability of around 80-90% could be

mai ntai ned for at |least 5 days with one conplete

medi um change every two days. Wth this strategy,

many of the nutrients becane depleted on the second

day. The 20 nediumis therefore preferably changed

daily. In a perfusion process?’this could translate
into a change of about 1-3 volunes/day. This is near
the typical range in a standard erfusion system_ .
WHERP o G PR T AR 210 bt TI3S(BIHFIER daily
vohathtesy dayngd hes.satewhat® kieghermvakitgeutotai he eelius

25 rdi e L.pventi r to..th . i gh
ol TR0 P g W (1 (R BT et PHE dan] gretam
i rPEChFErPustoh idtemivaneinidaln pesfeehtHelidgndnopne day as
My & ithan 30 X dlencgkbsésd orascasdingsto the

invention are preferred, the nmedi umexchange should

at least be 0.5 culture volunes/day, preferably at 30

| exrmplecdl t Beed \Edlratreddey . fFaiflugtbet olmnyoplipgt Aetibody

NUd €l §n EREI® Wedilbe Sulidig.medium) in sufficient
concentration leads to cell death. The daily nedi um

change TP&sBF P& F 4P hPgh ro MO o4 P83 feed extends to
PCIdnp2004505024 s Z1tuhald e woelce deasedtiLan@upipodd0

X I i daj di n 0 06
ceC??QIs/e?ﬁ%r\%\A%gobl}M%gﬁ sblﬁ%d?% w%%%gg,gggé%fﬁésv%&and
4)ViIERTEDRer RPEIA0RCt A2 At Hai 18R dre Gl EREN e IFaRgED faetors,
Ceijlgﬁic@ij\éﬁdsﬂﬂ%ﬂ@&waﬁ:@ﬂyﬁtéé ?Je@_l& bﬁaamﬁecd&yoasf@

achi eved in a_ batc rocess of 8-13 days. .Ex e 4:

R PRy, WL PORoRL AR Tt BUi S AT Boag oo P pptrate
i n(fEERsCeadei i ethdsglhovtlones:tobise peoviidiegh iof egample 2. The

bat,anaedvBHbr t&Men28de £XIENAS duRa 10 £QPANERLS: such
as vitamns, trace elLenments and lipids. Concentrates

( 1BREPEEe% OBt ‘wérked) of ExCell VPRO

Fig. 6 shows the results of this modified feed on the growth
(Fig. 6A) and antibody yields (Fig. 6B) of clone 1 in shake-
flask versus a batch control. The results were obtained by
starting the feed at day 3 (48h prior to nutrient depletion).
Starting the feed at day 5 (day of nutrient depletion) gave
similar results. The viable cell number was maintained for
significantly longer than the batch control and antibody
yields increased 2.0-fold from 0.5 g L™ in the batch to 1.0 g

L' in the fed-batch process.

Spent medium analysis of these feed experiments identified a
change in the cell specific rates of utilization of some of
the amino acids, which appeared to be de to the addition of
the VPRO concentrates. The amino acid concentrate listed in

Example 2 was therefore modified as shown in Table 2. The feed



vitam ns, inorganic salts, trace elenments, growth
factors, lipids and plant hydrol ysates were obtai ned
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basi c feed concentrate 15 (m nus cal cium and grow h
factors) described in exanple 2. The ExCell VPRO
concentrates were added to give a final concentration
of 0.25X. Fig. 6 shows the results of this nodified
feed on the growh (Fig. 6A) and anti body yields
(Fig. 6B) of clone 1 in shake- 220 flask versus a batch
control The results were obtained by starting the

f eed d 48h prior to nutrient depletio

st he e bR ady B Rt o EoReE Fen b pR gt Famys vere
gamede sermrlyartwr:e@wst-s Usﬁhély; ab| eecel b«eﬂelrmervmsl Again,
Mk AL 8L ARL Qb ¢ 1 Sh IV ikGANLAYe 4 QGGL, %%ﬁlé?gﬁped in the

control and anti body 25 yields |ncrease
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prepeﬁsxmﬁnamtbﬂﬁﬂﬁunm@nahystﬁxof t hese feed
ex [ epti chan e in the cell s eC|f|c
ra?gé %%yutl ?zg f%n Sf-Ca8He BT o35 FhE R HS *4dPhg, ©
whEtrtapreared $orie drerteousm axddbtbancdftd HaeVPRSequent

coa@@an; r@te@s:paf,rh@ A @aoaghgt@%@eg&ﬁégge ldicLdstl as
therefore ified as shown in Table 2.

P i Soba bt Be peas Epsto dPec9on  Dghagss and 2

steetedsA&8hipr tiofs taxprutinéent depl eti on and additions
meﬁﬁbeﬂﬁﬂ&%tgvﬁéfété%%f@@ﬁsou$sﬁﬁg%¥ke ; §%§n%@%§areactor.

pr OVI ded. Agal n, the concentrations o
conpdffe SCIRYSARNEE VAT? A TEEBI eub R hetescakkednt o
acBLhirHa dthe éﬁﬁ@tﬂdé’mg:sC@QE@rtﬁfﬂtllalﬁeBhBy SisRenttaBRgi AML

be t For the first.feed additi

i n%?%tgesée gg%é% P ont BT PaRTE AR qjs&??ﬁ% et =
usé‘bgad”sltél@ﬂfﬁalia%%“cﬂ@tﬁlﬁé subgedueshake eblbls.s@beTabd eculture
2) andPhaspbateoand @ueeses V‘#‘éx% BeedoASed NBY kaksi OVPRO (JRH

m h rt of th nes 1 and 2
a:%%%%ﬁﬁgﬁcgﬁ?tﬁﬁg %&{&ﬁf gr fgé%uggtlog'lnto the

bioreactor was at least 1: 6, and the seeding cell

concentration was about 0.3 x 10° cells/ml.

Results

Fig. 7 shows the results of the modified feed on clone 1 in
bioreacter versus a batch control. The maximum viable cell
number reached 10-12x10° m1™' and viable cell numbers were
maintained between 8 and 10x10° cells ml™' until the end of the
culture at day 19 (Fig. 7A). Antibody yields increased 3-fold
from 0.4 g L™ in the batch to 1.3 g L™ in the fed-batch
process (Fig. 7B).

Osmolality and ammonia reached 430 mOsm Kg™' and 16 mmoles Lt
respectively in these feed cultures, levels that have been
reported as having negative effects on culture performance and

product quality. It may therefore be that the decrease in



Experiments were carried out in shake-flask and
bi oreactor. Shake flask experinents were carried out
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by inoculating a 3L bioreactor (Applikon, 2L working
volune) with cells froma 15 logarithm c pre-culture
grown in shake flask. The pre-culture and bioreactor
experiments were perforned in ExCell VPRO (JRH
Bi osci ences). The split ratio for inoculation into the
bi oreactor was at |east 1:6, ahA¥l the seeding cel
concentration was about 0.3 x 106 cells/m . 20 Results
7 shows the results of the nodified feed on clone
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product quality may t her ef or e ge that the decrease
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ant i body

The feed strategy therefore improves the yield for different
clones that each express a different antibody, indicating that
the process according to the invention is generically
applicable.

It is therefore an aspect of the invention to provide a
process comprising the feed strategy according to the
invention, wherein the yield of a produced protein is
increased at least 1.5 x, preferably at least 2 x, more
preferably at least 2.5 x, still more preferably at least 3x

over the yield in the batch process.

The specific productivity (ga) of the cells used in the
present invention was approximately between 12-18 pg
antibody/cell/day. In some instances the ga was around 10 pg
antibody/cell/day, and in other instances values up to about

25 pg antibody/cell/day were observed with the cells and



was subjected to the sanme batch process and the _
fed-batch 10 process with the sane feed strategy. Fig.

waooglmmass t he results of the feed strategy onPCTIER2004/050724

10

15

20

25

30

clone 3 in shake flask. Maxi mum viable cell nunbers
reached 14 x 106 m -1 and 10-12 x 106 m -1 were

mai ntai ned until the end of the culture on day 17.
Anti body yields were increased 3-fold from0.7 g L'
to 2.1 g 15 L-1 . The feed strategy therefore

i mproves the yield for differedt clones that each
express a different antibody, indicating that the
process. according to the invention is generical
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In sonme instances the gAb was around 10 pg
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Clgﬂéggyboth cell numbers and product yields were lower.
Therefore, the increased yields obtainable by processes of the
invention were not obtained at the cost of a significant
decrease in product quality.
Protein A purified IgG produced from batch and fed-batch
cultures was analysed by MALDI-MS. Material produced by PER.C6
cells from batch cultures showed a galactosylation profile
similar to that shown by IgG purified from human serum and no
hybrid or high mannose structures were identified in either
batch or fed-batch produced material. The average percentage
of glycans terminating in 0, 1 and 2 galactose residues
(G0:G1:62) from all the batch cultures tested was 29, 54 and
17 % respectively. This can be compared to CHO and hybridoma
produced antibody, which is often predominantly in the GO
form. For example, Hills et al (1999) reported a



10 In the experinents descri bed above, product quality
was checked by various nethods, including
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spectrometry and HPAEC-PAD. In all cases the produced

anti body basically showed a human-type gl ycosyl ation

and the structural integrity of the produced 15

anti bodi es was very good, irrespective of the process

used, and very simlar to that reported in (Jones et

al, 2003), where both cell numsbers and product yields

were |lower. Therefore, the increased yields

obt ai nabl e by processes of the invention were not

obP&T AP L A hER AT dr 4687 GhiFa)cdRE 2B uEROsgeprpduced in
prUEUc@xﬂ&mblbyll§Woteln A purified 1gG produced from

ba It anal sed

DALETAY FRtDaLen, bl Ui 0 BIBLIEE hr 5 xecicon
bate¥ek ik @@égcgmmlangap@mwltat Ebe I@Wﬂq |<@1g 9) . The
Si ﬁéf@énﬁ:ﬂ_}et hatcs Wo@rﬁgQMéJsle%de&Q@dﬂ%aﬁ oReriiM 1o
angh %_%y%gld onﬁb %, nnose s%ructu&es wer .

i d6RTi T &4 ReeP 1R B 5t ERS 02550 Tharch Fﬁﬁh&éa to 42% and
na?%r#qﬂpedfheeayeﬂ@g@ pepcem$agexgeﬂagtgmymutlon was probably
te&@@r%H|HHE thQ iﬁk Q%dlg &Eﬁ %&E%%ﬁarg§ﬁ&gﬁ¥% tions at the

romall” the batch cultures tested was

(G0
4e%1%of f%ﬂe%?%s%%fm FELyurahi dwgnebe dmpaved ©6 CHO
andatydirdsgorai 30 i atieC adt apddp edpauvbil Oby ithe0fbaAbatch

| f =
21 S50 e B "B 90047 U9ga84 BT Ep0Gur6EsTHY oo
31%&?8&@@0@%5&1@% Jetdbpides GHGL CER) foorexampant (Botys et al

pr osleaed Ilsﬁelals\lﬁg}:@ﬁcfon@LE@ kﬁF)AﬁEHbLE)gy—ﬂdﬁd%%@gai@d no
t he, fe an%h g£€cess showed a reduced | evel

gal Bt osyPALT Ot COTPEr8d e o He et BASPE Y p@f’du?ﬁ% by batch
pereefcadpetoh GO tginpsof(idabe natcrséagell dndmn28100c4986,

whide-dae 16h qnd (32 gl yeof ornms decreased from 54% and
17%1to 42% and, 9% respectively. This decrease in

gl SSRGS FEL PR SHas 18P obabiele VahBet o it PAFRHVIakL g gell

16coreramabhoas cofeantdat h N SW@plyhef glutamine in the feed

such that the ammonia accumulated up to 16 mmoles L7'. Whilst

this did not result in a drop in the viable cell
concentration, batch cultures initiated in the presence of
NH,Cl showed that concentrations above 9 mmole L1 negatively
affected growth rates and maximum cell concentrations.
Furthermore, glycosylation was also somewhat affected (see
Fig. 9). It may therefore be beneficial to reduce ammonia

accumulation, e.g. according to a method described below.

Two areas for attention in the process described so far are
the high levels of ammonia and osmolality. A large contributor
to the increase in osmolality came from the VPRO (medium)
concentrates. An approach to reduce this osmolality is

therefore to identify which of the medium component groups



end of the fed-batch cultures. However, the |evel of
10 gal actosylation in the anti body produced by the

wo ea4osuzer  process in PER C6 cells was still PCTRR2004/050724
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than typically seen in batch-produced antibodies from
CHO for exanple (Hlls et al 1999). Isoelectric
focusing (I EF) and SDS- PACE reveal ed no significant

di fferences between the material produced by batch 15
or fed-batch cultures (data not shown) and in all

cases, aggregation was below 3% Despite relatively

| ow Yam /gl n val ues, the high viable cell

concentrations resulted in a supply of glutamne in

t &7 eBY "Ss ut R2Eh AL FRB L S nmbhf 2 eddeu it Bt e r@y thofastors
metes drel impphirtsit 20 bh&ﬁufbdeﬂﬁbrﬁ&ﬁ&étaﬂd1ﬁ%mdﬁ@pthdbe

th@h ﬂ6§%$ n%glképé¥¥y%%nt&§tloqkpﬁ%hgeﬁe e Process not

inftrate presence of
coprtbhtatrrensinpdihe 9shabibity Pfnéhat fw )butafaﬂeetleml

gr oy inat esyals&iterm&lalimgn 8681+ £ANRENESALd S s and by
Fur er rmrghe cosy tion was gl so sonewhat affect ed

(see LS4 SR Ry PNt ST5TG 1R Bhriid Erat fgeortant
I eglkeroe remmrg A i at woddnelad i oeduee gheaceor difnghiofaed.

neﬁé&ﬂtﬁ$%§cﬁhb§%héﬁy Oﬂhcuﬂﬂﬁééi %aﬁa%o£%?g%$% %Egnbbg?ore

t he process descri bed so far are evel
antioni S dngoBs vt dmict gluperipgedddhter bu’%fers 3ent bet frene
Iﬁ@iiﬁﬂS@nlﬂhéSﬁEﬂdﬂMa&ioﬁanﬁffﬂHBﬂsbBBlﬁgﬁxadﬂgﬁﬁbﬂﬂ}n and cell

congant rates, %en?d%% gv\%r ch reduce kt)hl S0 asrml aLr ty is

therefore to i tﬁe nedi T corrpon nt
gr‘%ﬁfﬁsl%uéémwl@%@% lPCE’llEP@GM/ ©5072 L pB2privatantaiss,

trﬁ&%bﬂﬁdﬁﬂentﬁe ﬁﬂ%ﬂi@aeéﬁlS@&ﬁéént959¥$$‘Jﬁﬁ”ﬁgﬁscefﬂcape01flc
d %rtgn_tL to .culture erforrrance and renove those
aré ot 't

tha are Rt HHportant® T $odlal bEHEAT ehgoncentrations
privceds metlivmrdne bz ineducedigrtt lae cossam@l iltow abvehe such as

f agd el 8ls0.y 15 s gD ﬁf@f&%l 0&8’&%&1 I03’5 and 1.0 mM.

del et eri ous conponents and | owm ng t
ot HHiieat FBRT O ctaddrti BaY d?e Pr‘Pésﬁ‘Bs? f‘h‘pd’rhﬁaﬁ?lls according
conpomentisvehtioulsdthé Sped@diice ft feucosiheofrrbherheetbed

when the ammonia concentration reaches a certain point -e.g.
in one or more of the feeds subsequent to the first feed- so
that the cells are forced to switch to glutamine synthesis
using ammonia and glutamate and the glutamine synthetase
pathway. This approach is not generally possible for cell
types such as BHK and CHO as glutamine depletion often results
in rapid and widespread cell death and transfer to glutamine-
free conditions often requires a period of adaptation.
However, in batch cultures of the cells according to the
present invention, the viable cell concentration continued to
increase for two days after the depletion of glutamine and
culture viability was not significantly affected, suggesting
that there may be sufficient flux through the glutamine

synthetase pathway at least to maintain the culture.



Reduction in amoni a accunul ati on may be achi eved by
nmore strictly controlling glutam ne addition. This
w@ a0v4oe93gone 10 based on the cal cul ati ons of tPEI/EP2004/050724

speci fic consunption and cell nunbers as descri bed
supra. This can be achieved by continuously punping
in glutam ne at an appropriate rate, matched to the
viabl e cell concentration and the cell specific rate
of utilization, so that residual glutam ne
concentrations 15 in the nediudtare maintained at a
constant | ow | evel, such as between 0.2 and 1.5 mM

pref erabl y between 5 and 1.0 nM  Anot her dpgroach
th%&’e%yﬂ uBo@%?loWSele Of the 1Y SPALRGFRE fFdPateheculture
i Nvexdnresi $nt hegr enpval sbbwed uinai pelfroydire &eeddepleted
wh ' nge hes.a ce ol nt

A R e s o T e SR
fi F%?dfaé?é@rdéég thdihet Aevertien drse thoretere ensvwihrehase in

5 gl Hﬁ@rﬂjﬁlﬁ_}énﬁ&e&lrﬁ:raﬂ&bﬁg @FGTD&loaO?_EdO giytn&tmbﬁ/ﬁn@lr even
the gl uta ase i s _approach is
not™ g%nerg yog%sm %t :Pq ’ytlf?pe%ejgﬁtf as BHK and

CHO as gl utam ne depletlon often results 25 in rapid

anghegsias B 08 £8)da deahb, and. Lanster to gl utani ne-

free conditions often requires aéPerlod of adaptati on.
FbmeveﬁéeﬁncB%f%ﬂ”%ﬁPFuﬁége%ﬁp%qw cEefPd RS BrAgeteLs may
10 t helspresestdi maﬁppaemehhecamahleemeei£ £aneeRrt Lat 4on

f ft th
Coﬂ&:&ﬂ%%.gg 3%&%%%% Q%p%%q% 3?2 V?;BnV% medlum with at

depletion o tam ne an
e&F g 9inei eﬁn?fr%/ fePreafdlt Loy Jeoni ﬁgfeimtwher@cm has

bebééff féneivanby fddhe dshkeughotha gJatatcanyﬂ@ldssy@t behaser

at hwa Least to i.ntain the culture.
go?)pzﬁr(fé’é%‘g&f Pﬁaﬁpéﬁ%ggfﬁgo%‘ght“?sm%ﬁ%twﬂmfﬁﬁ? concentrates
15 aready silsoobet ieedrost repteei Zed nusbdebat € hfegdl tidrgtions during
(eé(aﬁgﬂ—%%tbﬂ LEﬁcg:esL §he§&9y\e§im‘jpﬁ§k¥9% ytl”f‘eyiagrbggsgvasas also

gleted durlng t he process. A further nodification
e & Ab°Yefd feed according to the invention is
therefcm@ anesa0r dasentoh ditelogski feed GtGaRbEaés Ofbr cells

e'1§hatt Qlagesbgen?":imltgilig'ec? ye\é%enovn_rus El sequences, such

20 as PER.C6 cells. It is shown herein which components become
limiting in a fed-batch process, and the amounts of as well as
the ratio between the components that can be added to improve
yields in a fed-batch process are disclosed herein. This
information is used in this example to provide an improﬁed

25 batch process. It is assumed that such a culture will contain
about 10 x 10° cells/ml, as this is around the number of cells
that has been observed in the batch and fed-batch cultures of
the invention. In the fed-batch experiments, 6 feeds were
added, with concentrations of the components as in Tables 1 or

30 2. The addition of 10%-60% of the total (i.e. the total of all
6 feeds together) feed, preferably 20%-40% of the total feed,

results in an improved batch process, because the nutrients



up to 0.6 mmol es/| for every 10 x 106 cel |l s/ nil.
Exanpl e 5: inproved (fed-)batch process. Feed

w@eemgemsv@t es devel oped for fed-batch processeBCTER2004050724
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al so be used to supplenment culture nmedia for use in an
i nproved batch process. Supplenenting a culture nmedi um
with at |east one of the feed additions froma

f ed-batch process has been shown by others to inprove
batch yields. A simlar approach of supplenenting
culture nmedia with feed concentfates 15 may al so be
used to reduce the nunber of feed additions during a

f ed- batch process, thereby S|an|fX|ng t he process,
al &0t ORERIC bYPRIEFs 12 £of nvEtYsn 8P c]P%%Fees the
f eeick 13tsr at eyi @5 dobecelss oit hﬁ’blbazged beeucrroit al dagthred

bytcsidc% ogkzgﬁ RRUHEDESS essSLAﬁQCtléQ S ER Cocell s,

1S S conponents ecorre im ?I ng In
a #%H-Ue@eeham dtaé@sthhlaet%taweum@@lm Fheneprperents can

t hes ratdea bef_%mry &Be}:ﬁ@r%mrteﬁbsmghﬂﬁmw ablg aéisjeéi Bfor to
\Y elds .in a, fed-bat cess are discl osed
nerarirtioh € TiipdeRue: BT <t BHSET A EXENBT e TeFoLY
pradidede pamor npr Gited t26£ betc lrylitacesse itat soasthiethdditions
thalysuehpa fitd %%1%' tn& %'cgs Qg%gov%% %a‘l‘l:gﬁ }tDrocess) ’

cells/m, as this is around the nunmber of cells
ha® ke A2EHS erife PR FR e Hat CHURAR - f &8 -193ER / cHM TRy be
of contdi@einy £l icdtral adahelcfrfsdokfabehtei«pefotn@seﬁwts Glater

qug%'gﬁEﬁqug%%Bfab% Q&ﬁp%%%kégnﬁhOf { 1 h case less

ogP ts as in 'on 0
BEHPEE Rdee ttor BP ’(‘?d% tq Fekeoths R)‘fOC@ISIS tBaf eigsthe fed-

t agaidrepyotesd, dl@vc%sé@bé%v%q()/%ﬂ@z@@; g itohal a fe8thier

re u In an inpro tch process, because th
R BRSPS 086 5b8 PeHFEPSB ORI SRTT FTE G of the
b@eowetdeplEmenrdvaﬁeracmﬁthqy.Ehe puddumrieg andrbduncte in cells

trﬁmdﬂtghg§ea\”ﬂ§} aglganl.p@é:%S%eafJenqé@A O%%geln said cells
roductlwt%ilw_lé1 npared to the straight batch process

di%¥q §8é8u AWRBIEUTR Tesddy | sharafteEage {9 faE the
c uldlleing diéatnonEhe s ConP onRIddS téathe culture medium in the

following amounts: glucose (3.6 - 21.6 mmoles/l, preferably
7.2 - 14.4 mmoles/l), glutamine (6.8 ~ 40.9 mmoles/1,
preferably 13.6 - 27.2 mmoles/l), leucine (0.40 - 2.4
mmoles/l, preferably 0.79 — 1.6 mmoles/l), serine (2.31 - 13.9
mmoles/l, preferably 4.62 — 9.24 mmoles/l), isocleucine (0.3 -
1.8 mmoles/1l, preferably 0.6 — 1.2 mmoles/l), arginine (0.28 -
1.66 mmoles/l, preferably 0.55 — 1.10 mmoles/1l), methionine
(0.14 - 0.83 mmoles/l, preferably 0.28 - 0.55 mmoles/1),
cystine (0.15 - 0.9 mmoles/l, preferably 0.3 - 0.6 mmoles/1),
valine (0.27 - 1.62 mmoles/1, preferably 0.54 - 1.08
mmoles/l), lysine (0.26 - 1.58 mmoles/l, preferably 0.53- 1.06
mmoles/1l), threonine (0.18 - 1.08 mmoles/l, preferably 0.36 -
0.72 mmoles/l), asparagine (0.06 — 0.36 mmoles/l, preferably
0.12 - 0.24 mmoles/1), tyrosine (0.078 — 0.47 mmoles/1,



5 be added directly to the culture nmedium at any stage
prior to depletion of nutrients fromthe nedium but

wae@4psder ably added prior to start of the ceCT/EP®OLE50724
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that no other additions have to be made during the
process (inproved batch process), which nmakes the
process very sinple. O course, this may be 10

conmbined with extra additions of certain conponents

| ater during the process (fed-batch process), in

whi ch case |l ess additions havésto be nade to make the
process than in the fed- batch process disclosed

above, thereby providing a sinpler fed-batch process.

| t PFEE SRt 8rjegan(9t Fér "BRbSH HentistitiRe 19 -0fvent i oh

t onprina/de aragdtead of Or 1pr-oducingmal ps oUCtpHehytel dsine

[ r i_zgd, VI c TN Y]

cel 's(hajare%cu?%lurr%gogﬂ%%/h ugr%eurfagﬁﬁeglﬁ% yf?arggt@lp?iz%sc(l)’
i nt¥¥RiAoPRE (P di3wi Ng28 ofpotratls arefedely 0o 0fRe- 0.14
Cu&uﬁdﬂ@/rmdiaum pHbdphatefl @b | ON-NG ampustss /19! yeaserdSiP 0.9 -

- |, f - 14. [1

gl ut am nee(szig Tt%(r)%@g%‘ng e%?ztlween P’é?é’i‘%ttﬁ )?rfs%é"%o
2eefameibds/ 2)%5-4@uciofiet(d. afm)mnt.% 4f fxolles/feeds of Table 2.
pr@fc—@lﬂ—ﬁ:@bﬂy, zﬂso clul@umgﬂtﬂ-r) ’coﬁgéfl{]]_ea'&; (%:bx, g@x, or

mol es/ |, preferably 4.6 . mol es/ 1), isol euct ne
(0°%er PUStRRLE e%%nfenﬁrért%? a%}“ybﬁ gsedy P msledsre)an end
al‘cgcbrmenﬁ:r@@laﬁ oi?fbeﬂ:w@@nﬁtm}lfﬁs/-l 0. Bkef@fé:ﬂﬁryﬁb@y55etween 0.3x

n 8
or e?%{@lgl 3§%&%§aﬂw QE% EQ%{, élum 1 %:hes T&odllﬁeréts is
mMBFEs/Y VERP erediaisl -y 20. smourot @fm%ﬁes¥,1)1 5. 2,72.5, 3, 3.5

Vajoi ne s(lgﬂgiez feédsﬁ&gnﬁﬂhgﬁé lseder %E@ﬁ@?&llry aQno@ﬁht‘ aé 88sclosed
Sl es referab
0. B T 5ot ol 6P Ao 1 i GOHERBS (BT $ngpeimiie paten
mmltcezﬁ’SISGSpﬁet erwEliluy i0g3Bhe dR122 mhohesird) 10aspaﬁ%lgqerlés/ml
(OarQ@ proguéﬁnmcﬁi%élt (Qrﬁf e.—:frﬁq_lb}ﬂdyp ggcordq_n to the

nmpl es/ 1) r osi ne 47 mmol es/
zowetmgésa PO ﬁﬁo@bﬁ?fhesﬁhbﬁe?%?%lfdom%m' to
0. 3t anmihestig , ogtiisimndemeur().d¥6 comPoiZnt mwaliesbhs. Improved

prk?ett%rhagercQs;@s -giinaé gﬂglheisg[h&’t ngcﬁllyétalﬁ%ilgg are expected

when about 20%-40% of the total feed of a fed-batch process

according to the invention are provided to the culture medium
prior to culturing, i.e. somewhere between 1 to 2.5 single
feeds. Of course, more fine-tuning of the amount is possible
once a beneficial range of added components is established by
these experiments. Of course, when the cell numbers are
different, the component addition can again be adapted. For
instance, if the cells are cultured at a density of only 5 x
10° cells/ml, addition of an amount of only half the amount
above would be required, as is clear to the person skilled in
the art.



(0.012 - 0.072 mmol es/|, preferably 0.024 - 0.048
mol es/ 1), tryptophan (0.036 - 0.22 mmol es/|,
w@e@hesshé y 0.072 - 0.14 5 mmol es/ 1) and phospPEL/EP2004/050724
(0.45 - 2.7 mmoles/I, preferably 0.9 - 1.8 mmvl es/1).
The anmounts between brackets are 10% 60% preferably
20% 40% of the amounts of 6x the feeds of Table 2.
Preferably, also culture medium concentrate (10x, 50x,
or other suitable concentrates can be used) is added
to an end 10 concentration of Bétween 0.15x - 0. 9x,
preferably between 0.3x - 0.6x. Preferably the
culture mediumin these enbodinents is ExCell VPRO
medi um An anmount of 0.5, 1, 1.5, 2, 2.5, 3, 3.5 or 4
si Bgbke fleeds (a single feed being an anount as
disclosed in Table 1 or 2) is added to culture
e d sinple batch 15 ogcesse [_cujturin
th%’?@%’?es&at around 10 x be’éf ci“sclergkra he {f{ %ﬁdltm“)
product (e.g. antibody) a ? o tHe |nv ntlon
argipesdormed with the thus fogt |ed media, to
detesrddiend he opti num anount of gpnponent additi ons-
| mpeawatk batch processes givigigd he hi ghest product
1oyi eédsnaar e expected 20 when abouas 20% 40% of the tota
f eédobducineed- bat ch process accedding to the
i nfregttin® ar e prow ded to the @A ure medium prior to
cuM?EF%Qﬂ}n% .e. somewhere betvieé® 1 to 2.5 single
Jfe 8 Cins course more fine-tuhilfg of the anount is
po }ﬂ%e once a beneficial r of added conponents
|ST§§ | ished by 25 these exp rjJrents. O course,
Cel | numbers are dif ent, the conponent
adﬁ éfgbfagn agai n be adapted.; Rar instance, if the
20 Ceb{Sodi cultured at a density iaf only 5 x 106
ceklstidineaddi ti on of an amoung.iaf only half the
anbenytlalalbove woul d be required,ioas is clear to the
pefsyrtoghiahl ed in 30 the art.o.\® 2004/ 099396
PCI*EEIG04/ 050724 36 Table ©.COmponent s Fi nal
25(bﬁ%%ﬁ¥?ht|on (after addltlon)O 02"

LongR3 IGF ug/L*
Long EGF 50 ug/L"
Insulin 20 ug/L"

30 *optionally present



5 (per 10 x 106 cells/m) (mmmoles L-'") ducose 6.00
GQutamne 1.75 Leucine 0.60 10 Serine 0.55

wo sokeusicie 0.45 Arginine 0.42 Methionine 0.PGI/EP2004/050724
Cystine 0.14 15 Valine 0.45 Lysine 0.40 Threonine
0.33 dycine 0.33 Asparagine 0.15 20 Tyrosine 0. 14
Hi stidine 0.11 Penylalanine 0.10 Tryptophan 0.02
Phosphate 0.70 25 Cal cium 0.02* LongR3 IG--1 50 ug/L*
Long EGF 50 ug/L* Insulin 20 ug/L* 30 *optionally
present WD 2004/ 099396 PCT/ EP2G04/ 050724 37 Table 2
Conponents Final Concentration (after addition) (per
10 éb].le%z cells/m) 5 (moles-L-"") First Feed
Subsequent Feeds

Components Final Concentration (after addition)
(per 10 x 10° cells/ml)
5 (mmoles I1.”%)
First Feed Subsequent Feeds
Glucose 6.00 6.00
Glutamine 2.60 1.75
Leucine 0.66 0.66
10 Serine 1.10 0.55
Isoleucine 0.50 0.50
Arginine 0.46 0.46
Methionine 0.23 0.23
Cystine 0.25 0.23
15 Valine 0.45 0.45
Lysine 0.44 0.44
Threonine 0.30 0.30
Asparagine 0.10 0.10
Tyrosine 0.13 0.13
20 Histidine 0.10 0.10
Penylalanine 0.02 0.02
Tryptophan 0.06 0.06
Phosphate .75 0.75
10X VPRO Concentrate 0.25X 0.25X

25



d ucose 6.00 6.00 dutamne 2.60 1.75 Leucine 0.66
0.66 10 Serine 1.10 0.55 Isoleucine 0.50 0.50

woe@u993es 0. 46 0.46 Met hionine 0.23 0.23 CyseCTEPDNLE50724
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0.23 15 Valine 0.45 0.45 Lysine 0.44 0.44 Threonine

0.30 0.30 Asparagine 0.10 0.10 Tyrosine 0.13 0.13 20

Hi stidine 0.10 0.10 Penylal anine 0.02 0.02

Trypt ophan 0.06 0.06 Phosphate 0.75 0.75 10X VPRO

Concentrate 0.25X 0.25X 25 WD 2004/ 099396
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CLAIMS 1. A nethod for the culturing of cells
imortalized by adenovirus El sequences, said cells
capabl e of growing in 5 suspef&ion, conprising the
steps of: a) determning at | east once during the
culturing of the <cells the concentration of at |east
one medi um conponent sel ect ed 8% Pt he group

consi sting of glucose, glutam ne phosphate, [eucine,
Serine: A SRRUG! Bse ANy 1) JPLLY Dino YALIAG: by
val i ne, Tysine, reoni ne an ci ne,
conpone?ﬁ%nctvértlﬁeEhe%ﬁ%n@ﬁﬁr n@a%%é?eét}lst aerpPaRLe @rf PRewing in

cells aéus:ﬁen@ﬁbar &&@ﬂl&d@pkﬁél%p&f oat: | east one of

the co ts of mhl h .the concenfratio ,

ot er m Rodah LT o e iedrs Trh e dASoNRR & 48T apE the
| east comiolrs §éegbg@QEn§ratgbuteﬁnaua1eph@spha1medlum component

| eUC'nesefééﬂeﬁefrbﬁCﬂﬁa“ar%%p LY JHiRG, oFBLDE AHJNe g30Hamine
cysti ne. 2. A nethod according to claiml, mhereln

t he at H’%%’%tha&ﬁe Loefiifm S6RpBRentSYRURAPEN TFEINIne,
concenthetti@ning, defefimenedalife St iay, atBradtosen and
fron1th?€g[ QuUP consisting of glucose, glutan ne,
phospha J1eu0|ne serine, isoleucine, arginine,
nethlon@%m?49%§909§@9?ﬂ$ntf5tS the madied éééb?@l?ﬂ? tcglturing
claim lopring, cwheseid dn psrtlep 89 tliel"leieﬁﬁleﬁﬁcﬁﬁ red 12@N1k8st one
determ Qfdch%f c%}npcljr?gggs to glch ache concentration was
determined in step a), wherein
the components added at least comprise glucose,
glutamine, phosphate, leucine, serine, isoleucine,

arginine, methionine and cystine.

2. A method according to claim 1, wherein the at least one
medium component of which the concentration is determined
in step a) are chosen from the group consisting of
glucose, glutamine, phosphate, leucine, serine,

isoleucine, arginine, methionine and cystine.

3. A method according to claim 1 or 2, wherein in step a)
the concentration is determined of at least two of said

medium components.

4. A method according to any one of claims 1-3, wherein the
components added in step b) further comprise one or more

of valine, lysine, threonine, glycine, asparagine,



medi um conponents. 30 4. A nethod according to any one
of clains 1-3, wherein the conponents added in step

whooteBher conpri se one or nore of valine, |BGI/AR2004/050724

10

15

20

25

30

t hreoni ne, gl ycine, asparagi ne, WO 2004/ 099396

PCT/ EP2004/ 050724 41 tyrosine, histidine,

phenyl al ani ne, tryptophan, phosphate, cal cium LongR3
|GF-1, Long EGF and insulin. 5. A nethod according to
any one of clainms 1-4, wherein the 5 conponents in

step b) are added in an end coficentration in mmoles/|

of freshly added conponent per 10 x 106 cells/m of
betmeen 4.0 and 8,0 for glucose 44 and 0.88 for

| euci net y??%??eanﬂlﬁF¥anForpg%?Y}ﬁgaq§9§3 EREPEPRRRN f or

i sol eucphesph@td]l @atcilmGlLbogRArIEmMilne Lofg IEGARchd) i8dulin.
10 for nethionine, and 0.1 and 0.6 for cystine. 6. A

met hod according to claim5, wherein in step b)

gl ut am rfe Medbpdr 2PRITHAGe 4Ot BPRPRN @ Ec 6hR&T rlatd-onbeEein the
1.17 angbnpohéniBOlesédie0h)f beshhynaddadagl std@MoReperation

10 15 x 106 .cell s/ h d accor dj cl ai
6, wherelﬂmPﬁSSé%nﬁghgﬁ?hanngé? p B °ar Ld%ﬁég'nnrggt
t han onesllisfel bﬂrwettefeenchaﬁa@m@ra ZLedornglhedsaas 0a44 and

result ofsd he.fhestiaddigtkena29 1he ead QQP&@Qt&ﬂ%bOQnd 0.67
of freshly added glutan1ne is higher than as a resu

of a subi¥ediertuatefiti®%r?! Sndﬁprﬁ&lﬁﬂf aEeortisg %-d° and 0.31
cl ai m Sfomierai ongha)l &NdNG . L Sand W thebraddeine .

essentially continuously such that the 25 residua
concentration of glutamne in the nediumis

mai nf ai fedhérderfcrPngndo1cbaiiv S preperabl in FeeRebh

0.5 andyth:tQmalvk Qs ﬂf@ie'iogda§@olfdjld’1hgeha @cﬁk)/c&ﬂ:@:a@ﬁon of

clainms 5-8, a\/\g edg pfr%sr}lgﬁafdgl L owi mins per 10

conponent’s are
in molesyq® 9¢113@QMIy added conponent

7. A method according to claim 6, wherein the components in
step b) are added more than one time, further
characterized in that as a result of the first addition
the end concentration of freshly added glutamine is

higher than as a result of a subsequent addition.

8. A method according to claim 5, wherein glutamine is
further added essentially continuously such that the
residual concentration of glutamine in the medium is
maintained between 0.2 and 1.5 mM, preferably between 0.5
and 1.0 mM.

8. A method according to any one of claims 5-8, wherein in
step b) the following components are further added to an
end concentration in mmoles/l of freshly added component

per 10 x 10° cells/ml of between 0.3 and 0.6 for valine,



per 10 x 106 cells/mM of between 0.3 and 0.6 for
val i ne, WD 2004/ 099396 PCT/ EP2004/ 050724 42 0.29 and

wW@289/09096 | ysi ne, 0.2 and 0.4 for threonine. BROI/ERR2004/050724
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met hod according to claim9, wherein in step b) the
foll owi ng conponents are further added to an end 5
concentration in mmol es/| of freshly added conponent
per 10 x 106 cells/m of between 0.067 and 0.13 for
asparagi ne, 0.087 and 0.17 for tyrosine, 0.067 and
0.13 for histidine, 0.013 and4®.027 for
phenyl al ani ne, and 0.04 and 0.08 for tryptophan 10
11. A nethod ac or?in to any one of clainms 1-

wher ei no‘%ghéméldﬁi'? onP o %8S ofporfEitt § - |nf§fe‘bhrk§)°”11§e

performed at between 48 hours and just prior to

dep'?b'@ﬁr&&ﬂ@k.LSg?E%H&P%o 1101 gredium.¢onpo the

t he concentrati on Ich was determ ned in

previ ou§°%3t%F9129mWW%@rﬁcé‘é¥‘H}% adgedniyo e eé’ld

cl ai s écrﬂcﬂant%&i&h Ni.n S@icd.e%V@Dch afre shepeatiedd adond@asht per
once. 2 13 A t ording t of clalnB

1-12, whereil! ég% 4%% pE £ 'W%%r$v§g¥f?n far

cells. dgkaragieehod- Qﬁixanﬂ ﬁQIVonﬁzmmmp$3nemh@rQﬁW1and 0.13

sai d cefds 18:@1q08E ] Vet amshengyy enhr yaphe1 L 8I4:i0R, ana
cells as represented 25 by the cells deposited under

ECACC n0: 060928488 4% ?&YﬁﬁPﬁBﬂnaccordlng to any one
of clainms 1-14, wherein the cells are grown to a cel

densﬂ}’ @fme%thodegééor_gd:;&glqg aR?r rg% of‘?’%lg{gmspﬁ. Fﬁ} hgrgxereln

according to any one
cells p??ﬁhﬁﬂglélﬁﬁoﬁﬁuﬁhqI?@FPP%e¢ﬁﬁ\H§sF§GP WV)lS performed at

2004/ 099396 RCIBER2004/HR07434+ ddior to depletion of at least

one of the medium components the concentration of which

was determined in the previous step.

12. A method according to any one of claims 1-11, wherein

said steps are repeated at least once.

13. A method according to any one of claims 1-12, wherein

said cells are derived from retina cells.

14. A method according to claim 13, wherein said cells are
derived from human embryonic retina cells as represented

by the cells deposited under ECACC no. 96022940.

15. A method according to any one of claims 1-14, wherein
the cells are grown to a cell density of at least 9 x 10°

per ml.

16. A method according to any one of claims 1-15, wherein

the cells produce a product that is harvested.



17. A nmethod according to claim16, wherein said
product is a reconbinant protein. 5 18. A nethod

wW@ewaengli3ng to claim 17, wherein said reconbi naPCT/EP2004/050724
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protein is an i munoglobulin that is secreted into the
culture nediumto a |level of at |east 500 ng per

liter. 19. A nethod according to claim 18, wherein

said reconmbinant 10 protein is an imunogl obulin that

is secreted into the culture nediumto a |evel of at

| east 1000 ng per liter. 20. A%jret hod according to

anyone of the preceding clains, wherein the cells are

in suspension during culturing. 15 21. A culture of

cells inmmortalized by adenovirus El sequences,

char att ex inggthodnatbatdisg docdld it € 6COMPELSES saald lpbeadtict is

10 x 1Q§J%%k$£%HLngqm§ﬁe'A culture of cells according

to claim Char acterized in that said culture
conprises at least 12 x 106 <cells/m. 23. A culture

of ced] s aceOkd B8cd Q1iGlAkR 2aik har,a¢hekbZ€0 22D reBombinant
that said culture co riseisat | east 15 x 106

cel | s/ MEC%4R AScHtt PeEleRMH Y a¢ESr dPnECT T @it Re the
23, chardctveri rediun ntd rafesal dotwHt Leest O irgepeat 1iter.

| east 20 x 106 30 cells/m . W 2004/ 099396

PCT/ EP2004/ 050724 44 25. A culture of cells according

to ctdi f 2¥PeRaPEETEHiIFede TS saParein tiaig recomdinant
conpri sesow@tinl @asin Amanb@bobeeld SthEt. 15 26crdALUlihtybethe

of cell rdi cl.ai m 25, characteri in_that.

sai d culgﬁ%%%c%ﬁ%?$ég§)§th %%gfniélxq%SEE %@ SPaf>" Liter.
27. A culture of cells according to any one of clains

21-280. A method according to anyone of the preceding claims,

wherein the cells are in suspension during culturing.

21. A culture of cells immortalized by adenovirus El1
sequences, characterized in that said culture comprises

at least 10 x 10° cells/ml.

22. A culture of cells according to claim 21, characterized
in that said culture comprises at least 12 x 10°

cells/ml.

23. A culture of cells according to claim 22, characterized
in that said culture comprises at least 15 x 10°

cells/ml.

24. A culture of cells according to claim 23, characterized
in that said culture comprises at least 20 x 10°

cells/ml.



10 wherein at |east 80%of the cells are viable. 28. A
culture of cells according to any one of clains 21-27,

wabereasdcul ture medi umi s exchanged at a rat ePCI/ERI9041050724
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0.2-3 culture volunes/day. 15 29. A culture of cells
according to any one of clainms 21-28, wherein cells

in said culture express a reconbinant protein. 20 30.
A culture of cells according to claim 29, wherein said
cells produce at least 10 pg protein/cell/day. 31. A
culture of cells according to4laim?2l, wherein said
culture is a batch culture and wherein cells in said

25 culture express a reconbi nant imunogl obulin with a
yi elZ®- Bf cattpen st 506lfptcorssnoate (Fidie 24 eopyacterized
accor diiagth&t Cdaidncalrunbei®@idrisabdat yielst 39 at 16%ast
700 ng/l ﬁgggS A culture of cells according to claim
29 or &FAlH wherein said culture is a perfusion

or fed-perfusion WO 2004/ 099396 PCT/ EP2004/ 050724 45

cul tay e napd; Whes @i ceah d L&LHMigant PIOLLINE, i Snahacterized
|nnunoglobulln that i.s expressed with a.%%ﬁ 4@ oflgg
I

| east T567G/ F9 0y 15982 CRERISESr 8% of

accor diceglsgmany one of clainms 21-33, wherein said

cells are derived fromhuman enbryonic retina cells

as represented by the cells deposited under ECACC n
96027948, <1835 K calttiracwirder soareortinhgtt 61%‘95 21-26,

one of wekakhs 21-134st Bberef nrsAicd 10l 444 erilabia.

suspension culture. 36. A nmethod for producing a

product in cells imortalized by adenovirus E

sequdhcés cushitke ¢ Icelbei aerdndiagchbt pe one of claims 21-27,

wherein culture medium is exchanged at a rate of about

0.2-3 culture volumes/day.

29. A culture of cells according to any one of claims 21-28,
wherein cells in said culture express a recombinant

protein.

30. A culture of cells according to claim 29, wherein said

cells produce at least 10 pg protein/cell/day.

31. A culture of cells according to claim 21, wherein said
culture is a batch culture and wherein cells in said
culture express a recombinant immunoglobulin with a yield

of at least 500 mg/l.

32. A culture of cells according to claim 30, wherein said

yield is at least 700 mg/l.

33. A culture of cells according to claim 29 or claim 30,

wherein said culture is a perfusion or fed-perfusion



15 nedium wherein said product is chosen fromthe
group consisting of a reconbinant protein, a virus,

wa@pa4m993peconbi nant adenovirus with a del eti onPCTEPIva4/050724
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El region, characterized in that at |east G utam ne,

G ucose, Phosphate, Leucine, Serine, 20 Isoleucine,
Argi ni ne, Methionine and Cystine are added to the

culture nmedium 37. A nmethod according to clai m 36,

further characterized in that said cells reach a cel
concentration of at least 20 425 x 106, preferably at

| east 30 x 106 viable cells/m at |east part of the

time in said process. 38. A nethod for producing, a
producFuﬂEuﬁ%lﬁ%g|Wﬁﬁ6?f%l%%%erﬁ§m5ﬁ%W@%ﬁFﬁ§eEP is an
sequencesynadissieilins ahat ced lekpares30 widi wr gdelad @f at least
cultureg Heg gharacterized inthat the follow ng
conponents re added to the culture nmediumper liter
3.6-21.6 mmol es gl ucose, 6.8-40.9 mmoles WO
2004M09338@lﬁﬁ&£EE2QQ4495Q%2ﬁdlﬁ§ gbu&ﬁyndﬁé 08. 4028 21-33,
nnoles euci ne, %i311% | es rlnq1 3- %bS

mol es “PEOFBUCTHE G128-37% erlvIees 2P JiHieRe ST Yonic

0. 14- 0 r88inmnt €kl smeishirepr ees nt3d1 5y 0t Be nerll les depystfare under
0.27-1:62:6Mp) es53bbhRe, 0.26-1.58 nmoles 5 |ysine,
0.18-1.08 mml es threonine, 0.06-0.36 nmol es

aspar agi ne, 0.078-0.47 nmmol es tyrosi ne, 0.06-0.36

mMolass ahbsitdhidief @el2-Hedbidingotesaphemd alfaniaiys 21-34,
0. 036- £ s oph es
phosph%?égei%n%§u§ﬁLl¥Q% Ei%%%?%?%6§?ggé?ggﬁg

wherein the anounts of the conponents added to t he

cul tag e anpEi b P b&h&ﬁciﬁéEa pZoau&ﬂ #n @188 immortalized

gl ucos 13.6-27. ol es ut am_ne 0.79-1..6 nuol es

Perior ng? 13856755 Morstdititio 200 6et D BRigpety & cutture
i sol eugeAgumP. FHre 100 s mrdicyi ABnehokr Erom58hg Syroup
nmol es c%tshé@ﬂ'xgp%f g §é9@1§oimmllte§r8¥§iﬂ1,nea v@rﬁé; 1,08 2

recombinant adenovirus with a deletion in the El1l region,

characterized in that
at least Glutamine, Glucose, Phosphate, Leucine, Serine,
Isoleucine, Arginine, Methionine and Cystine are added to

the culture medium.

37. A method according to claim 36, further characterized in
that said cells reach a cell concentration of at least 20
x 105, preferably at least 30 x 10° viable cells/ml at

least part of the time in said process.

38. A method for producing a product in cells immortalized
by adenovirus El sequences, wherein said cells are
cultured in a culture medium, characterized in that the
following components are added to the culture medium per

liter: 3.6-21.6 mmoles glucose, 6.8-40.9 mmoles



mol es valine, 0.53-1.06 mmoles |ysine, 0.36-0.72
mol es threonine, 0.12-0.24 mmol es aspar agi ne,

WQO208/0M3%L nmmol es tyrosine, 0.12-0.24 muol es PCT/EP2004/050724
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hi sti di ne, 0.024-0.048 mmol es phenyl al ani ne,
0.072-0.14 mmol es tryptophan and 0.9-1.8 20 mml es
phosphate. 40. A nmethod according to claim38 or claim
39, wherein further culture nediumconcentrate is
added to an end concentration of between 0.15x -

0.9x, preferably between 25 0.3% - 0.6x. 41. A nethod
according to any one of clains 38-40, wherein said

conponepf s, ar.e adﬁegoto the culture nediumprior to

cul turifg (e Eal P 5703 ¢ mroles leucine, 2.31-13.9 mmoles
serine, 0.3-1.8 mmoles isoleucine, 0.28-1.66 mmoles

arginine, 0.14-0.83 mmoles methionine, 0.15-0.9 mmoles
cystine, 0.27~1.62 mmoles valine, 0.26-1.58 mmoles
lysine, 0.18-1.08 mmoles threonine, 0.06-0.36 mmoles
asparagine, 0.078-0.47 mmoles tyrosine, 0.06~0.36 mmoles
histidine, 0.012-0.072 mmoles phenylalanine, 0.036~0.22
mmoles tryptophan and 0.45-2.7 mmoles phosphate.

39. A method according to claim 38, wherein the amounts of
the components added to the culture medium per liter are:
7.2-14.4 mmoles glucose, 13.6-27.2 mmoles glutamine,
0.79-1.6 mmoles leucine, 4.62-9.24 mmoles serine, 0.6-1.2
mmoles isoleucine, 0.55-1.10 mmoles arginine, 0.28-0.55
mmoles methionine, 0.3-0.6 mmoles cystine, 0.54-1.08
mmoles valine, 0.53-1.06 mmoles lysine, 0.36-0.72 mmoles
threonine, 0.12-0.24 mmoles asparagine, 0.16-0.31 mmoles
tyrosine, 0.12-0.24 mmoles histidine, 0.024-0.048 mmoles
phenylalanine, 0.072-0.14 mmoles tryptophan and 0.9-1.8

mmoles phosphate.

40. A method according to claim 38 or claim 39, wherein
further culture medium concentrate is added to an end
concentration of between 0.15x - 0.9x, preferably between

0.3x - 0.6x.

41. A method according to any one of claims 38-40, wherein
said components are added to the culture medium prior to

culturing the cells.



