WD 2004/ 099396 PCT/ EP2004/ 050724 1 TITLE OF THE | NVENTI ON Cul tures of

El -imortalized cells and processes for culturing the sane to increase
product yields therefrom 5 FIELD OF THE | NVENTI ON The invention relates to
the field qf,ogﬁh,bgggw ture. In particular, the inventiopcigladosssota t he
field of culturing cells derived from cell's that have been i mortalized
with EIl sequences from adenovirus. Mre in particular, the invention 10
relates to culturing such cells to obtain high levels of products from such
cells. BACKGROUND OF THE | NVENTI ON A human PER C6(r) cell line, exenplified
by cells deposited at 15 the ECACC under no. 96022940, derived fromretina
cells by inmmortalisation with the adenovirus (Ad5) Eta and Elb genes is

di sclosed in US patent 5,994, 128. Besides the ability to function as
packaging cells for El-deleted aggﬂgé/idﬁagﬂgelq\-};v%hog US patent 5,994,128, WO
01/005945), and for producing other 20 viruses (VWO 01/38362),

El -i mort al i zeGee1mes, °§LFC1H15‘§‘°¥’ER1168°1 chYSs 2L RF 5558 of 0 OB b

reconbi nant proieisase socincasasardrdododi esiclWd O 3I468). Xie et al (2002)
have di scl osed a process for serumfree suspension cultivation of
El-immortalized cells. However, the 25 pr oduct vyi el ds obtained using the
cul turing p?ocesses di scl osed i nM;—“EIE—NE—%rtaI i zed cells, can be

i nproved. |t i|i%hannekphetsén ofelbhes proesbat fidlvent i @llt ouptwmd.dén novel

processes to G__agzaa&@atchec&r Qushe ddneldh fEQMb ik, tYRes & K8khSing30 BRI EF
DESCRI PTI ON

cells derived from cells that have been immortalized with E1l1
sequences from adenovirus. More in particular, the invention
10 relates to culturing such cells to obtain high levels of

products from such cells.

BACKGROUND OF THE INVENTION

A human PER.C6® cell line, exemplified by cells deposited at
15 the ECACC under no. 96022940, derived from retina cells by
immortalisation with the adenovirus (Ad5) 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
20 viruses (WO 01/38362), El-immortalized cells, such as PER.C6
cells, can 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
25 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.
30

BRIEF DESCRIPTION OF THE FIGURES




WO 2004/ 099396 PCTI EP2004/ 050724 2 Fig. 1. G aph show ng growth and
anti body production of a PER C6 clone (clone 1) grown in shake flask at two
different starting cell concentrations (0.3 and 1.0 x 106 m -t). Left

vertical axiywg00haeh& cel |l number (Na). Right vertical aypcgmpdoddobody (AD)
concentration. Horizontal axis: tinme (hours). Fig. 2. Gaph show ng the

decrease in the cell specific wutilisation of glutam ne with increasing
viabl e cell nunmbers for an antibody-producing PER C6 clone (clone 1). N
cell 10 nunber. Fig. 3. Profiles for a batch culture of PER C6 clone 1. A
Met abolites. A c, glucose; Lac, lactate; G n, glutam ne; NH3, anmonia; P,
phosphate. B-E: Amino acids (AA). 15 Fig. 4 G aph showing the effect of a
feed conmponent m x contai ni ng gI ucose, glutam ne, am no acids, phosphate,

cal cium and gr h fac Lo gl.ene 1o AN ers L(Nv).
B: anti body (Ab?vgcon%:enF’rgé |oﬁho ngcl%l'pw(ggaté]ﬁ1 aéhtulgfjg p%%u? g,’;f;g% Fi g.
S. Graph show nEER+C&bIcécre| Kciithern's IERYY &R dSkalts b‘d@y‘ik PAb):Wm@jr%fserGf‘t

PER. C6 cl ones waeleiayl tcuue et efit 1@ S on€ 0Pl Bt eh«y exch&ng@d RNTe . palesday (2

i ndependent expgriments e@g cfl‘il %quéLr . ﬁg o5 &(a%\/) gult of

nodi fied feed (exarrp e 33‘1 one vi abl e ce unber
anti body (Ab} coMe@?Eration COE‘B%‘FItrathPEI doripgrenl acreseting rlbpess) -
fed-batch. 30 Fig. 7. Result of further inproved nodified feed with

different first,and dgi L) L., 4, . \WD.2004/ 099396
PICT/ EEEB 04/ 62375%”. SuBsgquent,f 884:ad4LLIQNR (SXAPl 81 ¢ 503290

utilisation of glutamine with increasing viable cell numbers
for an antibody-producing PER.C6 clone (clone 1). N: cell
10 number.

Fig. 3. Profiles for a batch culture of PER.C6 clone 1. A:
Metabolites. Glc, glucose; Lac, lactate; Gln, glutamine; NHj,
ammonia; P, phosphate. B-E: Amino acids (A3a).
15
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:
20 fed-batch.

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

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

Fig. 6. Result of modified feed (example 4) for clone 1. A:
viable cell numbers (Ny). B: antibody (Ab) concentration. Open
circles: batch. Closed circles: fed-batch.

30
Fig. 7. Result of further improved modified feed with

different first and subsequent feed additions (example 4,



3 Table 2) for clone 1. A viable cell nunbers (N'). B: antibody (Ab)
concentration. Crcles: batch. Squares: fed-batch. Arrows: last feed. 5
Fig. S. Result of further inproved nodified feed with different first and
subsequent f@g%@%%‘g& ons (exanple 4, Table 2) for clonedyeisosdiadl e cel l
nunber. Ab: antibody concentration. 10 Fig. 9. Gal 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. Nv: viable cell nunbers. Ab:
anti body concentration. SUWARY OFTHE INVENTICN 20 I n one aspect the

i nvention provides feed strategies for fed-3batch or fed-perfusion cultures
of cells immortalized by adenovirus El sequences. In one enbodi nent thereof

the invention F}E‘Bl’é dgs f@r”‘éiél%d 1f OF; TAgLeUl dn Hgmlg%rssu(fqh C%' ! §m];1b%%'yd

cells capable o row ng I n suspension, conprisin

det erm ni ng at étc%’ﬁ@étﬁﬁﬂ%’g Eheclan:t BrFly éﬂua’f?ﬁe (,féfil"éa*"ccf’i’e
concentration ofArabwsl. eaaktofedredi um conponent selected fromthe group
consi sting of glucose, glutam ne phosphate, |eucine, serine, isoleucine,
argi ni ne, methi oni ne cystine, valine, lysine, threonine and glycine,

addi ng 30 corfporafit 8¢ c?‘eFHétrﬁ%lﬁh‘ﬁFH%’? iAgreYRd @ediiieh s YHe cel Is at  or
prior to the depliefémsmtofiast |aastusseyuehtt hee aapotitss (ekampti @ah t he

concentration tgr g pe hegjr Punf@,2004(
PCTI EP2004/ 050\;\%}05_@ é\?/nglr gl %1%:%65(:0%0%%?}5&361%? %Q ealcé?{)l %%%%rglg%e gl ucose,

concentration.

10 Fig. 9. Galactosylation levels of IgG produced according to

processes according to invention.

Fig. 10. Result of further improved modified feed with
different first and subsequent feed additions (example 4,
15 Table 2) for clone 3. Ny: viable cell numbers. Ab: antibody

concentration.

SUMMARY OF THE INVENTION

20 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

25 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, wvaline, lysine, threonine and glycine, adding

30 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,



gl utam ne, phosphate, |eucine, serine, isoleucine, arginine, nethionine and
cystine. O her conponents that beneficially may be added according to the
i nvention, anmounts and tine of 5 addition of the conponents are provided

herein below, as well as in the clains. It is another asff‘%‘ﬁ%‘ tsQ&

i nvention toVXBWHE%S culture of cells derived from cel {PYH zed by
adenovirus El sequences, characterized in that said culture conprises at 10
| east 10 x 106 cells/m . Preferably, said culture conprises at |east 12 x
106 cells/m, nore preferably at least 15 x 106 cells/m. In certain
preferred enbodi nents the culture according to the invention conprises nore
than 20 x 106, 25 x 106, 30 x 106 or 40 x 406 cells/m. Methods to obtain

such 15 cultures are also provided herein. In yet another aspect, a nethod

to increase cell densities and product yields froma culture of cells
i mortalized by "PRIBHETUSORPOREGGeR RS PPIAA GeEPrise ghecetodi nent
hereof, a procefstioinagulphbspiares utbuciglel, ssésingy,ovsdedcitlear acdiarinaed 20 in

that said procesy.GoURIlsesadepbae0f oSO ULIMANG S Hefbroofhng Agpdi Ng

concentration of between 0.8 X 106 and 2.0 x =~ 106 vi _

preferably betwd®na8der ,2cLO594RE tP. Bhg TS t{Rth ABOBRES I Lil? ¥fer abl y, the
cells used it heldieidwds ahet figndonesnd iage arevidio derémedello@masewiena
cells, nore prefgrapl y.drQmhuman enbryonic retina (HER) cells, such the
cell's deposited under ~ECACC no. 96022940. In certain enbodi ments, said
cells are PER C& d&#CHHeR 28t RfelbodififeRton £8i Breetdes acant prddate
reconbi nant 30 dqenotedssivepr et alelly s aninoadl £55d aly Adglowirakdsi | n ot her

embodi nent s sai dse%ﬁlahéeaqoraagifé@tgm@abmac@sta%@ 12k Y 8Bt esedaNi Ng @
deletion in, the El-region, .or other viruses, I ch
10 least 10 x 10° cells/ml. Preferably, said culture comprises at

least 12 x 10°® cells/ml, more preferably at least 15 x 10°
cells/ml. In certain preferred embodiments the culture
according to the invention comprises more than 20 x 10°%, 25 x
105, 30 x 10° or 40 x 10° cells/ml. Methods to obtain such
15 cultures are also provided herein.
In yet another aspect, a method to increase cell densities and
product yields from a culture of cells immortalized by
adenovirus El sequences is provided. In one embodiment hereof,
a process for culturing such cells is provided, characterized
20 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
25 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
30 proteins, preferably antibodies, at high yields. In other
embodiments said cells comprise recombinant adenoviral vectors

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



WD 2004/ 099396 PCT/ EP2004/ 050724 5 can be produced on said cells in high
yi el ds using the process according to the invention. In preferred
enbodi ments, the <cells are cultured at |east part of the tine in a

serumfree i DETAI LED DESCRI PTI ON OF THE | NVENTI ctivity
of any cell ﬁ&ﬂ%&ggm%ginly defined by three basic parane?@bé?ﬁ?ﬁggggecific

productivity of the cell line, the peak viable cell concentration that is
attainable and the 10 I ength of the production process that is possible.
Increases in either of these variables will lead to increases in the final
product concentration and is dependent to a |large extent on the cell Iline.
In a straight batch culture, cell lines such as CHO and 5P2/0 can achi eve
cell densities up to 4 x 106/m . 15 In fed-batch or perfusion processes the
viable cell concentration is increased, and typically hybridoma cells such

as SP2/0 can be &8I PuRE¢Upet P G2%d 1558 L8 efp I ,ym¥%uepm0% PHRCRIA t ur ed
up to 6-10 x l1l0Gceeetdisignito Hire inmestdronIdescifichesd emiodadents ither ease t he

viable cell densiiy; ol oulbues ot 20.debhs: igprantaliged by adapovicys ®

sequences, preferably derived fromenbryonic retina cells, to attain cel
densities beyofi§it¥Hbse reported in the prior art. Furthernore, the nmethods
according tosthe invention can be used to obtain higher product yields from

cultures of cells accordingptot:he Dg&ﬂx@ﬁ‘%iﬁ;ﬂ?é hﬁw@m‘-ﬁéﬁ@ﬁt i nvention
di scl oses i nprovenents in h - ; s PER C6 cells,
can advant ageoush§ PIREUGEEHItB L RRY Hddutitdrsofakibh dpféred Rt thetdcel onal
30 anti bodi es. Ibhsis gliragkoses, tthat spdreséccetdduichevity) tafr @det@ll line,
the peak viable cell concentration that is attainable and the
10 length of the production process that is possible. Increases
in either of these variables will lead to increases in the
final product concentration and is dependent to a large extent
on the cell line. In a straight batch culture, cell lines such
as CHO and SP2/0 can achieve cell densities up to 4 x 10%/ml.
15 In fed-batch or perfusion processes the viable cell
concentration is increased, and typically hybridoma cells such
as SP2/0 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
20 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

25 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

30 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).



very high viable cell concentrations in a straight batch process (up to 14
x 106 viable cells/m). W 2004/099396 PCT/ EP2004/ 050724 6 Furthernore,
El-immortalized cells, such as PER C6 cells, are well suited to a fed-batch

process as av%‘k({ok’/ﬁﬁsé%f these cells unexpectedly consums;,clr eiddl o?ﬂd
amoni a and nmai ntarns  viability for | ong periods of tinme under nutrient

limting 5 conditions. Methods to increase 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
conponents including but not limted to nutrients, such as sugars, am no
acids, and the 10 like, to the culture nedi &m The identified conponents are
preferably added in certain anobunts and at certain tines, when they are
required to inprove roductoégelds,fron1the cells, such as Erovided her ei n.

El-imortalized cel | §2T 158" PER BT Eedaret M s §uCh B WEFR - Ritedst o a
per fusi on processreagel hesuicad be ardiedtaatrdd pratesseray hi gillturabb£ thelsk

concentrati Ohs (é@.lrsoué&ﬁ%clggly C@stﬁﬁ& lﬂcttgté é’ﬂ@-gh&ngﬁ:}{a (andaﬁlairpa%§§1585%
for long periods of _tinme_an i nal product concentrations. 20

wth goqd f al p rat |
Cul ture media ThEROEEESEE gf’n? RS ﬁg\%n‘ffi SHGeHESE FYE T e ds®t ¢ product
yields fromtHe celdisiconpettiods bd éhdseagist arodd-twiviikldprigoessasd geddsi bed

inthe art for the cebls AGGRE, NG tQ1th&s LR¥etdAReaPhefamably, serumfree
culture nedia are used at 25 | east part, of e tine in the processes

h
according to the i nwgﬁ?itcﬁ‘?. EBFRf 156 ?/?rattﬁléyfre%‘? d‘rﬁe(?oh?’é‘?"ﬁglfsn‘f‘?/i‘nt the
reconbi nantly pxastirded Pf ceetasy identhfagde cnoporgintaninaludmgghbwt oSdch
culture nedia argiGRERBLSIRlY VAl saBh e d AFLVES I RHB SO LEESand the
10 like, to the culture medium. The identified components are
preferably added in certain amounts and at certain times, when
they are required to improve product yields from the cells,
such as provided herein.
El~immortalized cells, such as PER.C6 cells, are also
15 well suited to a perfusion process as they can be maintained
at very high viable cell concentrations (up to 50 x 10°
cells/ml with a viability of at least 85%) for long periods of

time and with good final product concentrations.

20 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

25 Jleast 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

30 Biosciences) is used for the fed-batch or (fed-)perfusion

process.



I n one enbodi nent of the invention, VPRO culture nedium (JRE 30 Bi osci ences)
is used for the fed-batch or (fed-)perfusion process. WO 2004/ 099396

PCT/ EP2004/ 050724 7 Products The net hods of the invention are preferably
used to produce Prodycts in cells of the invention. The Seseef the

present inve DK RERC be used for the i nproved production of ant| odi es,

as well as other proteins (WO 00/63403). For the production of proteins,
the cells of the invention suitably conprise nucleic acid encoding said
proteins, in operable association with el enents capable of driving
expression of said proteins. Furthernore, the processes can be 10 used for
i nprovenent of the production of reconbi nan? adenoviral vectors having a
deletion in the El-region, in which case the cells are used as
conplenmenting cells, which in itself is know to the skilled person
according to establi BREHtfet hodol ogy (e.g. US patent 5,994, 128; WO
01/005945). 15 Mor eoVes nethedpraft ebsebnwntordi e roefénbliyvened dre can be

used to Inprovepr@daé@cgel%aufceg :m%@ggtapmheflm&%&oﬁn%eaggeeé@getésbf

viruses in the c 01/ 3 luc accor g
ot on can baPLBES AR BT o o K o CA R o Yo B DTS aPB i n,
and the |ike,s as:fwehtlkasil@@,re@mﬁjllnaﬂtota@enpmtr@nsvém g0y 632 6B a Fdel eti on

inthe El  regi de Bro@idi8bnVif enC@I lise dber Ll %@%%Qw&to the
invention are cells that have been i mortal jzed wth sequences from

an adenovi rus, vﬁ’ﬁlﬁﬁb{:‘éﬂ"é“péf%e d}“'f&ei“éfae%dean?%dlﬁ‘@r &fhe é’§°l§lal??1'rrdf‘t alized
cells. Such celdperekpr essoatatsastvigh falvotnonatappaie of ddieiEd A

expression of said proteins. Furthermore, the processes can be

10 used for improvement of the production of recombinant
adenoviral vectors having a deletion in the El-region, in
which case the cells are used as complementing cells, which in
itself is known to the skilled person according to established
methodology (e.g. US patent 5,994,128; WO 01/005945).

15 Moreover, the processes according to the invention can be used
to improve a process for propagation of other (non-adenovirus)
viruses in the cells (WO 01/38362). Hence, products according
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 El

region, or other viruses.

Cells
The cells according to the invention are cells that have
25 been immortalized with E1l 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 ElA
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,



regi on of an adenovirus, and preferably also at |least a functional part of
the E1B region. E1lA protein has 30 transformng activity, while EI B protein
has anti-apoptotic activities. The cells according to the invention may be

derived frompamnofsieebos | NCl udi ng lung cells, kidney cell spc¥@&r20H650299396
PCT( EP2004/ 050724 8 ammi ocytes, but preferably are derived fromretina
cells. They nay be derived fromenbryonic retina cells. Preferably the
cells according to the invention are human cells. A nethod for
immortalization of enbryonic retina cells has been described 5 in the art
(US patent 5,994,128). Accordingly, a retina cell that has been
immortalized with El sequences from adenovi Bus can be obtained by that
method. In certain preferred enbodinments, the cells of the invention are

derived from & orhabnpid) | 260 HERSb S $ U6k 3 PER (B GiGhLSco RER ERopel | 5

for 10 the pur pose pr esent Ication s mean ce
upst ream or domﬂ?ﬁ’r%%lrﬁedf&§§ég%f%‘l’ e a&*e@na%mnaopeéﬁs l}’ﬁ%etfﬁé%%ﬁbrthﬂomstream
passage of cell SceaSSdﬁ'ﬂIlﬁddt‘Lﬁd thdeke ifmtAECoNOard GRA2N46:11sn Adehdhoanfoal so

the EOA region Wik, u, £:5123, "W Ali0oMRY ey B GRTAL {SEBeEntaodiSaghiont

6, 395,519) 15 in sal roma can
PER. C6 cel | inf et éﬂevﬁ’%‘h ‘Péc%?ﬁﬁ’ﬁaﬁtg%fﬂéﬁé?n rAifcosAipgher 2 YRFRE <8R4 can
al so be a PER C&h&el had MHe@nWhintdy Hae @ OsdiWiant E1 NeeuehEedtirdnhaseearus

i ntroduced, e.g.. g?réz%éaggeanby XREERSRT, Cﬁ?%%trttgawtr%feef'e%é‘&'c' eic acid

encodi ng a proteln interest is operably |1Inke sequences capabl e of
driving expressTBAHTRIEef the RH 18508 PreorBt ¥ttierd2pdI S FRPYnETo™ Edfier ei n
preferably sai d ig@blksanirzd BBR GeldisabseChoneer ftat ceans. bErseb estlad for

according to, st %@a%gr&{s%c‘ég%ﬁé JH0UA: Lo D, RGN SR SKidahedad L Egnart. A
cul ture of such a clfone i1s
an upstream or downstream passage or a descendent of an

upstream or downstream passage of cells as deposited under
ECACC no. 96022940. In addition, also the E2A region with a
ts125 mutation may be present (see e.g. US patent 6,395,519)

15 in said cell. A cell derived from a PER.C6 cell can be a
PER.C6 cell infected with recombinant adenovirus or other
virus, and can also be a PER.C6 cell into which recombinant
nucleic acid has been introduced, e.g. comprising an
expression cassette wherein nucleic acid encoding a protein of

20 interest is operably linked to segquences 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

25 capable of producing a protein encoded by said recombinant

nucleic acid.

Components for feed strategies
In one aspect, the invention provides processes for
30 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



25 capabl e of producing a protein encoded by said reconbinant nucleic acid.
Conmponents for feed strategies In one aspect, the invention provides
processes for 30 culturing cells according to the invention, wherein by feed

strategi es agePsfi@sds0 the invention certain am no aci dspafgpedsleashsduri ng
the culturing process to replenish amno acids of WO 2004/ 099396

PCT/ EP2004/ 050724 9 which the concentration has becone or wll becone
limting for an optimal process and product yields. By anmino acid is
intended all naturally occurring alpha amino acids in both their D and L
stereoi soneric fornms, and their derivatives. A5 derivative is defined as an
am no acid that has another nolecule or atdm attached to it. Derivatives
woul d include, for exanple, acetylation of an am no group, am nation of a

carboxyl group, or. oxjdation of the sulfur residues.of two sfeines to
Form oyst e T FUPERE S AeRG=trr e FegREe ) o2 midhee LRI S0 6L
such as chl ori des, ogtilpHatasceapdncherodyckeyiekdswPBly amidyydcadess It will be

undgr_st ood by t m&ézaﬁawrhllsKlial:hﬁglﬂynp&&lﬂ:rahb,allipk}ﬂat awhes gadald%pgﬁiﬁdt@x am no o
acCl IS menti o .herein, .a_derivatlve, SO . be _use na__ | S..nean to be
"G uded w thi n TR B GHR 37 sPREQB0RIR DRy dr el sHEEE AR SRR
sugars, growh fagstgrkive/jisapphtnecete Fmpninp sarise thdddeha @nPiprOVe t he

processes accor diclgche tdie atbVaIYdc88d tread. Shéahrghess lwbuwaeissnert,, the

i nvention provides a_nethod fo .producing a product in cells imortalized
by adenovi rus E%%rsgﬁﬁ@%%ﬁs?C?%yégfgpFﬁ?@nngﬁf?é%gﬁﬂﬁgfé?ﬁmfaﬁanﬁ?OEUct is
chosen from t hecagbotp! canesipst Prpxdfabiqre @dnbhd vl fpr oredifues of ruye,

cysteines to form cystine. Further, amino acid derivatives may

10 include esters, salts, such as chlorides, sulphates, and the
like, as well as hydrates. It will be understood by the person
skilled in the art, that where a specific amino acid is
mentioned herein, a derivative may also be used and is meant
to be included within the scope of the invention. Other

15 components such as sugars, growth factors, vitamins, etc may
also be added to improve the processes according to the
invention.

Feed strategies
In one aspect, the invention provides a method for

20 producing a product in cells immortalized by adenovirus El
sequences, in a culture medium, wherein said product is chosen
from the group consisting of a recombinant protein, a virus,
and a recombinant adenovirus with a deletion in the El region,
characterized in that said method comprises a step wherein at

25 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

30 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,



and a reconbi nant adenovirus with a deletion in the El region,
characterized in that said nethod conprises a step wherein at 25 | east
Leuci ne, Serine, Isoleucine, Arginine, Methionine and Cystine are added to

t he cul ture Ruslhodimookds ONe aspect the invention providesparipidfesofar the
culturing of cells immortalized by adenovirus El sequences, said cells

capable of growi ng in suspension, conprising the steps of: determ ning at
30 | east once during the culturing of the cells the concentration of at

| east one medi um conmponent selected fromthe group consisting of glucose,
gl utam ne, phosphate, |eucine, serine, W 2004/099396 PCT/ EP2004/ 050724 10
i sol euci ne, arginine, nethionine, cystine, ¥Yaline, |ysine, threonine and
gl yci ne, addi ng conponents to the nediumduring the culturing of the cells

at or prior to ti@%gggelr?é,i qn gxfxir?é, Leastaq8e 9§s€iﬁ3,\?\ﬁ£@i@z@eni s Qfe Wi ch the
concentration was etermnéd In'the previols step, wherein the cénponents
added at |east ¥ERpPRIRR AFdugdreingyl afdihEompPRERate, thegefhen dusdpdne,

i sol euci ne, ar githenenl t®timgoBF NEhaArRA1Ty sS4t Be. pridepbeth®epastiaedrhetein i s

defi ned the ty t t. %._ 0t f th
erined as the ie@%taoﬁé)rg?fp@ﬁtghcéontcbgaﬁe&sc%'}cﬁﬂiéﬁ élh%nfzﬁilcgi'\Q:@aQonjx S ﬁe €

starting 10 concentration in ture nedium 1 ese aspects, t

det er mi nat i or® ofdstigemERRt dift £BE | RFiPVAPUaLSHRPasTPHiRd "nEBP LTATPEBAPEH éfded
selected fromtha geasp capsiséidig:cobegldlemsanine glghbaphaes, pbasphat e,

| eucine, seri ”ezsérS_LBL,eUlCAfﬁ% c%ﬁ?} @rg‘ininé‘feﬁngkf?ﬂ%&%eoém?yéﬂt@ﬁe'. s preferred
over the determ nation o 5Ty ¢ mponents selected fromthe group

consi sting of valieRéctieq/sidfeusedhesntne-safatyrstiate the ntiger pafeponent
enbodi ments, theascaneeiddndiraenomfofatod eastiet woofratieustLiimanent s accor di ng

to the invepfion g, 0l gﬁdtﬂé“ ulCutd hhi §h€Pn LReLETdRBe s £HdI ment s,
t he conponents that are a_d) ed further conprise _

determination of the concentration of at least one medium
component selected from the group'consisting of glucose,
glutamine, phosphate, leucine, serine, isoleucine, arginine,
methionine or cystine is preferred over the determination of

15 only components selected from the group consisting of wvaline,
lysine, threonine and glycine. In certain embodiments, the
concentration of at least two medium components according to
the invention is determined in the first step. In certain
embodiments, the components that are added further comprise

20 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/1
of freshly added component per 10 x 10° cells/ml of 6.0 for

25 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

30 components are further added to an end concentration in
mmoles/l 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



20 one or nore of valine, lysine, threonine, glycine, asparagine, tyrosine,
hi sti di ne, phenyl al ani ne, tryptophane, calcium LongR3 IG--1, Long EG- and
insulin. In specific enbodi nents, the conponents are added in an end

concentrati o odli¥8degs/ | of freshly added conponent perpdfepoddBore! | s/ m
of 6.0 for g ucose, 2.60 in the first feed and 1.75 in subsequent feeds
for glutanlne 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 nethionine, and 0.25 for cystine. In further

enbodi nents, the follow ng 30 conponents are further added to an end
concentration in mmoles/1 of freshly added*conponent per 10 x 106 cell s/ n
of 0.45 for valine, 0.44 for IyS|ne and 0.30 for threonine. In WO

20041 099396 PCT) L2009/ QA fendd, it Bonihodlapienct had obloing

conponents are furt an end concentr
added conponentaqﬂ%d 19 30 FO6 ERANIILAPEEN GR1ONPIRS/dsphrEfsheyY TR for
tyrosine, 0.10 fasmpbhsht dele;LOOx%Gf@éllmhﬁmyéﬂhaﬂlonﬁpr axhaba®idy foors

{Typt ophan. Furt%eg ULEs 168! 61N ARy noec ARY § ATk Ml ANGERIAAtion I

mol es/ 1 of fres mponent_ per 10 x 106 ce 0Z. Go
factors such &s q fEG:trYé’Frélph?fhs lﬂuirﬁh%‘”rm‘%‘ﬁel Falfy BRY RS 2A8§4 dls 6
sui t abl e be preseant cbﬂcertihﬁtgbﬂwtrh medésun oFhéresriyntedédrecmpenatidideiron of

conponents 10 aboyg HBY L3YE/@AD o%r 60%2 m?srr%»?h p@arct%gp%masoic@?’%w 168,

preferably 20% or |ess, nore prefera or less, even nore preferably
5% or | ess. The ’df?b‘&h?sO%rtéleﬁFeg%‘?h"éalﬁ%? mf@ glapeuitabie/ia Praftftare
| i nearly dependetie giiotrtie madiiber mfe asblsdsnifor| thepraghiet fed «Enbothdrentts, sai d

conponents agg aa%%‘l mé§ Pl VBER, AR AR %eéngor&d%%eHP”@f‘tssgf pgeﬂs%t' on of
at |l east one of the di um conponents the concentration of which
preferably 20% or less, more preferably 10% or less, even more

preferably 5% or less. The amounts are presented per 10 x 10°
cells/ml, and are linearly dependen£ on the number of
cells/ml. In preferred embodiments, said components are added
15 at between 48 hours and the moment of depletion of at least
one of the medium components the concentration of which was
determined in the previous step. In certain embodiments, said
addition is at a time between 24 hours and just prior to
depletion. In certain aspects, the invention provides a method
20 according to the invention, wherein 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
25 1250 mg/l, 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
30 produced product of at least 1.5x, preferably at least 2x,

more preferably at least 2.5x and still more preferably about



determned in the previous step. In certain enbodinents, said addition is
at a tinme between 24 hours and just prior to depletion. In certain aspects,
the invention provides a nmethod 20 according to the invention, wherein said
cel | s expr essyguood/@opgbi nant i mmunogl obulin that is secrepetepiabposone
culture mediumto a level of at |least 500 ng per liter, preferably at

| east 700 ng/l, nore preferably at |east 850 ng/l, even nore preferably at
| east 1000 ny/l, still nore preferably at |east 25 1250 ng/ 1, still nore

preferably at |east 1500 ng/l, still nore preferably at least 1750 ng/l and
still nore preferably at least 2000 ng/i. In general, the addition of
medi um conponents according to the inventith, i.e. in for instance a

fed-batch process, results in an increase in t he yield of 30 produced

product of at legst, 1.9 ggra&jm%c als li8asg rafepgbly at |east
2.5x and still nor erp?e er a%ﬁy about VO 20045‘8%3 cgggé%EP 004?050724 12 3x
or even hi gher, SORPAPREE t3Fet Re§t-odeds FePRFFR MFO88Fponent s are added,
i.e. the batch process.additaddi te aiset tn uUs&etnbatdiegrbatedy phecessy the feed

strategies of thg LRventd F ¢ad ﬁlv%%t?@n Q%'Ple%h% ad )éeHéPPcia'lly uddly QRL I M zed

bat ch process, as set out in exanple S. usion Alternatively, 1n another
aspect of the i rPeRPFHRL19%e PAEFR |H5@CRET 1 e SREATUmifa§*HP 8 Shanged. It is
shown that 10 unexpected high viable cell densities can be attai ned when
this is applied to cgllg, derived fromretina cells inmortalized by

adenovi rus El sequences. Exchanging culture nediummay be perfornmed by any
means known to the pBtEGTRRtERPEYed™ ARPHETARFPEFHAT BPﬁg”B’l?PthB’t‘ Herited to
col l ection of 35rdtheecetltsideymeenin mbydget iexdhahgdd.r ati by, shamwd thet | i ke,

10 unexpected high viable cell densities can be attained when
this is applied to cells derived from retina cells
immortalized by adenovirus El sequences. Exchanging culture
medium may be performed by any means known to the person
skilled in the art, including but not limited to collection of

15 the cells by centrifugation, filtration, and the like,
followed by re-suspension of the cells into fresh culture
medium. Alternatively, a perfusion system may be used, wherein
culture medium is either continuously or intermittently
exchanged using a cell separation device such as a centritech

20 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

25 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

30 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



foll owed by re-suspension of the cells into fresh culture nedium
Alternatively, a perfusion systemmay be used, wherein culture nediumis
either continuously or intermttently exchanged using a cell separation

devi ce such @% RoHR9leki tech 20 centrifuge or passage thr opgfepeobysbRyw fi bre
cartridge, and the like. It is therefore another aspect of the invention to

provide a process for culturing cells derived fromenbryonic retina cells
imortalized by adenovirus El sequences, characterized in that culture
mediumis exchanged at a rate of 25 0.2-3, preferably 0.5-3, culture

vol unes per day (24 hours). Cultures obtained using this method preferably
have viable cell densities higher than 20 % 106 cells/m, nore preferably
hi gher than 30 x 106 cells/m . In certain aspects, such cultures have cel

densi ti es higher.,han X 1 |l.s/ .. ln.30 rt.ai S ch | tures
are used to pro _t?t((:]elqFll {e%%dr?’gi' nggtcco‘%arﬁgf tn);ol |°e8tl\?\ne]i ﬁ’%é’d‘ﬁg }%ggé?n$%§s%zﬁ€50
mg/ | / day, preferi@septicr degake DOGUART (IYdEYCh mst@oge ef By disl yhawn |i@alers00,

40g, or V\é) 2004/4339396e %%EEEQ%19597%ha$3eMdﬁgéh£Q&)é§ign @amwhaey al 30
ot her products agcgcar t Qv a r , t hods.
It is shown in %’%Pgog%%gatt gﬁgeggo?’d e gﬁ\l‘;g%%e%ggg gnﬁPgH% Ea:q%tb?ré %%r%%m

each day supporafsmare |t@wst 580 ng/iddayi &l &°ctiq sl /dptdh Eaet body Opfel ds 5

of nore than S0Qoaghéislaydiuf &:00nénbe NBHd Ld@Y¢oxdeisgonds . tdae cotimpboas e
e XCRANGE e, SALEESPODUn U SRR RET 1Ry
appr oxi mat el y atPeréastori 50s260 cHGALY AR 2BRECHEEREAY 1 ¥ redat el 1hi280
perfusion rate amdivbag. Hoel neteas eocardddeedyhyd ele@Fuébyn reducamy thle vol ume
in which the, antibody. i.5:386591 AL abS (5,0 SHPPILTRAL OGS e5Naf! UEE
medi um wi th the essenti al conponent s (f(ﬁ'gwn as lﬁ;&- erfusi on?.
antibody is secreted) is to supplement the fresh culture
medium with the essential components {known as fed-perfusion).
These components for antibody-producing El-immortalized cell,
such as PER.C6 cell, clones are identified herein (see example
15 2) and therefore it is another aspect of the present invention
to provide such a fed-perfusion system, wherein the feed
strategies according to the present invention are employed. A
common drawback of fed-perfusion processes is the build-up of
toxic metabolic by-products {such as lactate and ammonia),
20 which can result in low cell wviabilities 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
25 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
30 for instance 1 volume per day in combination with

supplementation of the medium with a feed concentrate (fed-



These conponents for antibody-producing El-immortalized cell, such as
PER. C6 cell, clones are identified herein (see exanple is 2) and therefore
it is another aspect of the present invention to provide such a

f ed- per f usi oowgyabessoenherein the feed strategi es accor dipag/eproootbs7ar esent
invention are enployed. A comon drawback of fed-perfusion processes is the
buil d-up of toxic netabolic by-products (such as |actate and ammoni a), 20
which can result in low cell viabilities and product yields. There is often
a requirement at high cell concentrations for a high perfusion rate to
remove these by-products. One advantage denpnstrated for El-immortalized
cell, such as PER C6 cell, clones accordinﬁ to the invention is that they
are capable of 25 utilising lactate and ammoni a such that concentrations do

not becore probgmga&a)l (1398 Earg adséﬁtagetouﬁyt&e BhBLRePUIEhPL el Obtain
an anti body yield of east I ng the cul ture nedium

once or twce a R¥&Fd Af?%ﬁﬁ%&ﬁl9e$%Ftaﬂﬂ|%?%é§H¥E@?zﬁ?hlé@eﬁ?%ﬂf BSPWMftdon) -

conti nuous perfusi onCnateresf w36th florghi nstlanieesitiad wre pévardageowns ciorbi nati on
with suppl ementghi.qn; % [%% B?Q'd&!ﬂ? Yibiyd heegds C@J&%@@Ef@ta%o(:ﬁéfi e ct

2004/ 099396 PCT/EP2004/ 50724 perfusion). This can_advantageously be
conbi ned with® a teltfe b?‘éeé‘&l(:’fle‘h’b\ﬁrﬁﬁldde FeCEAFHESD e 6AE LY ST ‘Fuefr(?é‘l l's
popul ation). Cutdulsesmwertirliizgh neladedensiusi B sraeadvantsegeoasl fur

obtai ni ng high péé?%'é%la{c_!; eétd§eaé£ ﬂosxtb@/‘r%LPIse/né”O&Hanaa%RQE{y & Qhethe
invention to provide a culture of Il's derived from cells immortalized by

adenovirus El setféicgsts & deast teﬁ’r e P’E%ﬁ‘?ﬁ?f’%?hgth&t vighktityoix Aogeast
cells/m. The vi¥s, | mbye iprefeeablylatuieasts 986 . | Bastcu8@WrePragterdbriy tot he

vi abil i ty i Si4t {r%a-g.hvegpz.@n ggée‘pﬁﬁg‘gﬁﬁplSYJSBEnéﬁﬁIStcu@%L{BeSThgleQHiﬁdthﬁﬁt

according to 10 t he i nvention_ are preferably suspension cul'tures meani ng
t hat he cells in said cultures are in suspension in the cultur

medium, such as in shake flasks, roller bottles, bioreactors,
including stirred tanks, air 1ift reactors, and the like. The
strategies disclosed herein may however also be used for

15 cultures of cells in hollow fiber reactors, such as described
by Tanase et al (1997), and for adherent cultures, such as
cells on microcarriers. In one embodiment, said culture
comprises at least 12 x 10° cells/ml. It is disclosed herein
that up to 14 x 10°% cells/ml can be obtained by a straight

20 batch culture.

It is further demonstrated that, using medium perfusion,
even higher cell densities can be achieved, up to 50 x 10°
cells/ml. The prior art does not provide any indication that
such unexpected high cell densities are obtainable. In other

25 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

30 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



the cells in said cultures are in suspension in the culture nedium such as
in shake flasks, roller bottles, bioreactors, including stirred tanks, air
lift reactors, and the like. The strategies disclosed herein may however

al so be used W®rood/b99sasl t ures of cells in hollow fiber reaeComEs200800MR4aS
described by Tanase et al (1997), and for adherent cultures, such as cells
on mcrocarriers. In one enbodinent, said culture conprises at |least 12 x
106 cells/m. It is disclosed herein that up to 14 x 106 cells/m can be
obtained by a straight 20 batch culture. It is further denonstrated that,
usi ng nmedi um perfusion, even higher cell densities can be achieved, up to
50 x 106 <cells/m. The prior art does not b?ovide any indication that such
unexpected high cell densities are obtainable. In other 25 preferred

enmbodi nent s ther@étcarﬁabw%y %vsskfmoar széd?é%% ameéi&intg%ﬁam@fcu%hl:é efiped
fromEI-lrrrmrtallzed derlve fromretina_cells, said

e
cul ture conprisithy® %‘a?%%%t uf%ni "ﬂ% g&‘f’%‘ﬂ% Protet®er aﬁ‘f‘f“&ttuf:%%st 20 x 106
cells/m, nore pa@i@dabbyt@ttlﬂeeasver@@on HHB eevigdilityl of 30 dpeet f80%,

enbodi ments, saigh SAdLHI G HOMRELEE . mi,@%;tre@r%bﬂ;p@t @@Aslts/gme, &ieven at
| east 40 x 106 cells/ni, |tures. with g%:r east ells/nj according
to the invent? o ¥ SpEAFE NG IG02F 0B 5%6° lsl?ﬁfoﬁlﬁ%‘td*ér@‘?zﬁre s’;’i‘%ﬁf’?ﬂ%bl e by a

perfusion processyliveani népichatltuidsufervedi wompissexcharigewtdduni gpidhe

culturing pr OceS§rowmemgyi&wp@§femq; ok ngb L -hee | %@ngém havena viability
of at |east 80% pr ef er abl | east 85% nore pref era at | east 90%

still 5 nore prefEraBry™ay ‘%/°é“§§tls‘§5rf? S‘gjr‘banéulnt‘ﬁ cé‘Fé RISERE PN
cultures. Said cenrdafies fmminpelokbwhimsi,ser gvrammhonectjiiniwﬁtSmtﬁ thgrewk.h imedi um

preferably isosesippdsesic Thamae!l | $u@f ctDEs are capable of producing
immunoglobulins in high yields. In particular, it is shown
herein that a culture of cells according to the invention,
wherein the medium is exchanged every day, and wherein more
than 30 x 10° cells/ml are present, can provide recombinant
15 antibody yields of at least 500 mg/l/day. The cells in said
culture preferably produce at least 10 pg protein/cell/day.

The processes of the invention, especially those for

recombinant protein production, can also be combined with

20 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

25 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

30 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



culture may conprise reconbi nant nucl eic acid nol ecul es encoding

i mmunogl obulins, or parts or derivatives thereof, in 10 expressible formt.
Such cells are capable of producing inmmunoglobulins in high yields. In
particul ar, iwore®4939n herein that a culture of cells a®CaERRGIg050G24 he
invention, wherein the nmediumis exchanged every day, and wherein nore
than 30 x 106 cells/m are present, can provide reconbi nant 15 anti body
yields of at |least 500 ng/l/day. The cells in said culture preferably
produce at |east 10 pg protein/cell/day. The processes of the invention,
especi al Iy those for reconbinant protein production, can also be combined
with 20 ot her nmeasures described in the art that in sone cases inprove
product yields. Therefore, in certain enbodinents of the invention the
cul ture nmediumi auﬁmzyi eabeshitara pesgeekat id @tnshi édbderimenes Orspduifig t he

production phase [ unni_ng roc | 0 et e.g
bet ween 30C and %%O fgxw% grl?)%luc |§n9%ﬁ%n§rg athe W% ‘%i%s %%{Cﬁn

6,506,598, and F¢ t’fé’reafLBV%n@lotneHlFlheﬁe@iaﬁd Wipéﬁdﬂ‘é%dfﬂieéé§ efs é’@f:so"éﬁer

| owering the cel émwlhubestwﬁ)ehatwcﬁiuem&e\ber @Eoﬂ&l’mtﬁé Sprdcekség£conbi nant
protein produgtlongci bgo d|t|on col,

e a t d|
culture (wherein co neé%i fovﬁﬁnﬁn %ﬂéﬁ fﬁ% Gﬁy%ﬁeﬁ%%ragﬁ%e %he cells
are cultured in, al]fﬁ'@ﬂér aplde e sebid t8aretUir-e SHEHI AP PRPUEYERRPer at ur e
bet ween 2C and 8Qtw1eaukbzeg Gﬂxle| Ghale calbetl touaed & dnaeau’ig?2@hd/ 099396

PCT/ EP2004/ 050724 uct%r hr%ga %gl t ur eUQreoqlqgsM%] Qther - enbadi ment s,

specific growh ?actors ded %o i nmgrové’ t he processes accordlng to
the invention wi F‘Pﬁl’r%@ardh-‘t@” ﬁ’teéﬂﬁ%:‘?e%/reélfﬂ%ts of peditdioRert RIYSALEE s for
t he producti an oOprfieitebASef tdietpinganseslb aatard) Ngn get hexHemventi on may

be |rnoroved by tQﬁbéH*%Ekkgrkég the production of proteins, the culture medium
is subjected to a temperature or pH shift (Weidemann et al
1994, Sauer et al 2000).

15 It will be clear to the person skilled in the art that
several aspects and/or embodiments according to the invention
can be combined to provide a process for culturing cells which
leads to particularly good product yields. As a non-limiting
example, it is for instance possible to seed a culture of El-

20 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

25 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
30+ 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 gquarterly



al kanoi c acids or salts thereof, such as sodiumbutyrate, either during the
whol e culture phase or only during the production phase (see e.g. US
6,413,746, and references therein, which describes effects of addition of
butyrate on MO pW4AWE on of proteins in cell culture). | RCTEP2EHA24

enbodi nents for the production of proteins, the culture nedium is subjected
to a tenperature or pH shift (Widemann et al 1994, Sauer et al 2000). 15
It will be clear to the person skilled in the art that several aspects
and/ or enbodi nents according to the invention can be conbined to provide a
process for culturing cells which |eads toiparticularly good product

yields. As a non-limting exanple, it is for instance possible to seed a
culture of El 20 inmortalized cells at about 0.8 x 106 to 2.0 x 106
cells/m, and usedatefsgedndtTamoegok fdror - dddiesnder tHeONgrgwm Iabdrafarydur i ng
the culturing preeess t@olaigt babdramatly pFreduct 1984)el dsnedle anavent i on

wi Il now be illug,t:raéaq% wnif Sqpe._exa not 5 intt%n dtolimt the

| es
scope of the i nven‘jﬁ on. _E?(perl rent al - Vet ROt s_aé:ﬁd Ve ors %rpéécgﬁlélti cally
engi neering cel | SkBHEER g 121t nedd pgeekdr éastanes stesichiedd iint Brést are

wel | known t 0s530rrédrone,ofuskidd ofnadikalacésid.on examl ef wagicous techni ques

are illustrated,] rrent Pr.ot ls i ecul_ar . Bi ol bel ,..et al.,
cds. (Wiey & Sofcchigdiefore it o aaet Sl et ateR 105 3 0 bogrsos 072

PCT/ EP2004/ 0507244889 A pdaees )standashisebolkaues gpre fvdilerad anleesni ng: A
Laboratory Manuatnd:&alsd Sptidag.Laboratory Press, 1989). CGeneral and
standard cell culture techniques are known to the person skilled in the

art, and are for instance described in R 1I.
10 Cell Culture Protocols

PER.C6 cells were cultured in the examples. Cells were adapted
from adherent cultures in DMEM containing 10% FBS (Invitrogen)
to serum free medium by direct transfer. Briefly, sub-
confluent, logarithmic cells were trypsinised, washed once

15 with serum free medium and inoculated directly into 250 ml
Ehrlenmeyer flasks with a 0.2p filter (Corning), containing 25
ml of ExCell-525 serum-free medium (JRH Biosciences) at a
starting cell concentration of 0.3-0.5 x 10° m1™%, 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.



5 Freshney, Culture of aninmal cells: A manual of basic technique, fourth
edition (Wley-Liss Inc., 2000, |SBN 0-471- 34889-9). Such standard

t echni ques were foll owed unl ess ot herwise noticed. 10 Cell Cultu

Protocol s PER'@B"IPY were cultured in the exanples. Cel F@WE@F@“’&%&’&& ed
from adherent cultures in DMEM containing 10% FBS (Il nvitrogen) to serum
free mediumby direct transfer. Briefly, sub- confluent, logarithmc cells
were trypsini sed, washed once 15 with serum free nmedi um and i nocul at ed
directly into 250 ml  Ehrlennmeyer flasks with a 0.2p filter (Corning),
containing 25 m of ExCell-525 serumfree pedium (JRH Bi osci ences) at a
starting cell concentration of 0.3-0.5 x 106 m -1, unless otherw se noted.
Cultures were maintained in logarithmc 20 growh in Ehrlennmeyer flasks by
passage every 2-Biakgpstor$ asks were shaken on a magnetic shaker platform
(Infors) at 100 g{¥BeakcBo éﬂi@héééiv&d:ei Bsamnx@a ah 3’17§eaaaoé%w@92 @11 tures
were passaged b‘%/ errlltrlf#gnatl 80 g m_nut est g Enat ant
was renoved and YHe Bpdl et i%-EERpENGEd 'ilée rEFal At G Redi T Fr esh,
col d medi um (4C)bxnes haéée@! éﬁénh%w Dfllsagk‘seq nazgﬁrat@acantatareoapm@pr Wase
cell concentrati @uhtx/ésﬁtxea at rs@@sésraltrosaamrﬁtﬁe@y LB ng Uhh Ut egadrer e
passaged for 2-4 wee ?—.1&9 t%roFé\% 8{& ?\g Iete ad pt tion, after_which a

COoI] Sl ace an intermittent sSpargin
serum free cel | “DETR wald" crea erlnen s Were T start 88*tSh r?g 30

cells fromthis twefdugbapkniosOr2oody WQBWP@‘F,&EPQIGDMSQJV?@H ¥8s Bioreactors
Bi oreactor cul t usgsreRlEd Ras fFoBMBE dop &idlrtaaﬁtﬂ{r%u%t Bhé b rop®Fdidsng vol une

(Appl i kon). Terrper a':?ure yas | nal nt ai rled at ?ilmltbvyas se%at{n(g 7bI an\lfhat the
Di ssol ved oxygen°% CEnt TAT i 0N f
10 culture pH was allowed to drlft downwards (the lower limit was

not reached). Cultures were agitated by two marine impellers
at 75 rpm. Process data was acquired by the BioExpert software

(Applikon) .

15 Analytical Protocols

Cell counts and viability measurements were performed using a
CASY automatic cell counter (Schérfe Systems). Glucose,
lactate, ammonia and phosphate concentrations were determined
using an Ektachem II analyser (Kodak) with cell-free culture
20 supernatants. Amino acid concentrations were determined asing
a modified AccuTag HPLC method {(Waters) as described by wvan
Wandelen and Cohen (1997). Aliquots (200 pl) of centrifuged
culture supernatant were stored at -20°C in 1 ml cryovials
(Nalgene) until required. Samples from each experiment were
25 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
30 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



5 controlled at 50% of air saturation by adjusting inlet gas conposition

t hrough the headspace and intermttent sparging through a m croporous
sparger. Starti n{();] culture pHwas controlled at 7.3 by C02 addition through
t he ni cropor o¥Q200409%%3%r . The lower culture pH linmt was $EI/ERR00G05072% t hat
the 10 culture pH was allowed to drift downwards (the lower Iimt was not
reached). Cultures were agitated by two narine inpellers at 75 rpm Process
data was acquired by the Bi oExpert software (Applikon). 15 Anal yti cal
Protocols Cell counts and viability measurenments were perfornmed using a
CASY automatic cell counter (Scharfe Systenmgy. G ucose, |actate, ammonia
and phosphate concentrati ons were determ ned using an Ektachem Il anal yser
(Kodak) with cell-free culture 20 supernatants. Am no acid concentrations
wer e determ ned ¥8ivgwiahnrfl f(Sédmadic asTagodiRla€e netdmdd ng\Vid¢tresn as descri bed
by van  Véndel en; angha00Ben {d90)s AUl w(l%QOOPdQ °0&w&<§:{‘t2ro' Lugass. cul ture

supernatant were stqred at -20C i m ovi al_s %‘é until required.
Sanpl es from eacﬁa%g‘ﬁér?’ﬁ’é‘?ltd’\%?aﬁdz’gl gﬁ%*l‘ Fustet hsé’pgé e’ﬁeﬁewllBh Rrdi &
experinental varBst.i @uant{Eimpltdbhtwasvaslaeasurtedabylosll refaiengepotaridard

depression osmOgBRLALYS al @mttlgﬁorﬁwge@ﬁoﬂ(ﬁ% a69tipady cpreasation was
determ ned by a sandw ch-type ELI SA. Bief] | ates were coated with 2 pg

m -1 nouse anti - TSI B Hygohy If”r?éekﬁplbd’%ﬁ PRt h8i AR P r ARHGEH)P and
i ncubat ed over ni Jghtlﬂtelécfxlqb\rfochmg:dm}m)gaatr@ddﬁmmtsacmgtpelmmltngﬁeagal nst

the heavy chain S{PhatrlAget-ebi20psWBsciASeedoas LChhon ant i Rodyndr 1 hr
at WO 2004/ 009305 eI EFoO0LT Ca03 A %ﬂﬁ'{ Ly ).'as substrate.

Vashi ng. bet veen HFEEalToh RORet s PB%??%FnEHeWT%tOg’SS‘%@%af@Eeﬁ%ﬁ 5 PBS.

in 20 mM sodium phosphate (pH 7.2) and analyzed with MALDI-MS
in the reflector mode on an Applied Biosystems Voyager DE Pro
mass spectrometer. The matrix was 2,5-dihydroxybenzoic acid
(10 mg ml17Y) in 50/50/0.1 acetonitrile/water/trifluorocacetic
acid. Spectra were obtained in the positive ion mode and

15 glycans were detected as sodium adducts, [M+Nal+.

Calculation of Cell Specific Metabolic Rates

Cell specific rates of metabolite utilisation and production
in batch and fed-batch culture were calculated using the log
20 mean of the cell concentration as shown in the following
equation:
gs = {(Cz2 ~ C1) / (k2 - t1) x [(X2 — X1) / 1In(X2 — X1)].
In this equation, C is the metabolite concentration
(pmoles/1), t is time (days) and X is the viable cell
25 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 (Yiscsqic), ammonia produced per glutamine
30 (Yamm/gin) and alanine produced per glutamine (Yarasqin) were
calculated from the equations below and are expressed in

mole/mole:



Sanpl es were diluted in washing buffer supplenmented with 0.1 % BSA.
Quantification was relative to an Ig@ reference standard 5 using a
calibration range of 10 to 400 ng nl-1. Antibody sanples Eurified b

Protein A wer¥ 294P¥é% to quality analysis by isoel ectri ETEEHL R EF)
and denaturing pol yacrylam de gel electrophoresis (SDS-PAGE). For glycan
anal ysis, N-linked glycans were renoved by PNGase F treatnent of the 1gG
sanples 10 in 20 mM sodi um phosphate (pH 7.2) and anal yzed with MALD -M5 in
the refl ector node on an Applied Bi osystens Voyager DE Pro nass
spectrometer. The matri x was 2, 5-di hydroxybgnzoic acid (10 ng m-") in
50/50/0.1 acetonitrile/water/trifluoroacetic acid. Spectra were obtained in
the positive ion node and 15 gl ycans were detected as sodi um adducts,

[ MNa) +.  Cal culaedon Dfdigel [9s8peci fic Metabolic Rates Cell specific rates
of netabolite utyljsatd i..angQroduction in batch and fed-batch culture
were cal cul ated ‘}JSi ng the I9g 20 mean of the cell concentration as shown in
the followi ng eGiEtTon® s/ =2 - CO/ (t2 - t1) x [ (X2 - X1) / In (X2 -
Xi) ) In this equation, Cis the netabolite concentration (pnoles/1), t is
time (days) apd X is the viable cell 25 concentration. A rate constant

accounting for the spontaneous deconposi % : gg Qé gl utam ne was not included
as deconposition was not significant at points at which the rates
were cal cul at eExageila hotInsEearing Treigyefdnebetdlilcvéntds din Paksmt e

produced per gl uspseréYbao/my.ts admmeni a produced per glutam ne 30 (Yami . ~.)

and al ani ne produced_per_gl ytam ne {Yai,a/ginl _were_ aJa ul ated fromthe
equations bel ow and are exﬁ)r essed 1n. 1o ol e 0 266 %ﬁélgglé
PCT/ EP2004/ 0507 Xpweygr, this is restricted in the viable cell concentration
and therefore the product yields attainable, due largely to
nutrient limitation. A method is presented to increase the
maximum final cell concentration of a batch culture of PER.C6
or PER.C6 derived sub-clones by calculating the cell specific
15 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
20 antibody recognizing epithelial cell adhesion molecule (EpCAM)
was first isolated from a scFv phage display library (Huls et
al, 1999). DNA encoding the antigen-binding region of an
antibody recognizing CD46 was isolated as .disclosed in WO
02/0189248. A leader segquence and constant regions of IgGl type
25 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
pPcDNA3002 (Neo), which has been described in international
patent application PCT/NL02/00841, was deposited on December
30 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,



Ylac/gic = glac / gglc Yaomigln = gamin / ggin Yala/gln =gala/ ggin 5
EXAMPLES Exanple 1: Increasing maxinumfinal cell yields in batch culture

of PER C6 cells The sinplest production process is a batch culture.
However, thi VQ004%88%6j cted in the viable cell concentrat PEREP %{’H‘H"q’ﬁ’ér efore

the pr oduct yields attainable, due largely to nutrient

l[imtation. A nethod

is presented to increase the maxinmumfinal cell concentration of a batch
culture of PER C6 or PER C6 derived sub-clones by calculating the cell
specific 15 rate of utilisation of key nutrients at different cell

concentrations and starting the batch cultuge at a cell

concentrati on where

there is optimal utilization of nutrients wth respect to cell growh. The
DNA encodi ng the antigen-binding region of an 20 anti body recogni zi ng
epithelial cell =divdsted hywlaeCUV eprolEpGiN) warasniradsiced sl HERICH raahla scFv

phage display |ityai;bbWs sehnadle mndP9Ms. DNA encoding the anti gen-bi nding
region of an antibody recogni zing CD46 was iso] ated as, disclosed in WO

02/ 018948. A Iea%é:tecgﬂﬁ’cféar?c,teaﬁhbb"é’é’nﬂ‘%’?ﬁssrl@&l oSt PEEYeY yBE™ B were added
essentially as desentbtdropwlBoedn etf ghe EHRO06 Jdild 1DNA ermsodisag irhéhksght

and heavy chaj ns,yenenthen %h@”@ﬁod&%%r@é&&h@séﬂ&mgpﬁﬁﬁtﬂ FRCONA3002( Neo) .
The expression vector pCDNA3002( Neez|r7> whi ch been described in

i nt ernati onal p’fﬁfé’ﬁfe‘épb? PEEEI O

& 02/ (5584‘11°I\ﬁa§x8’é9p?fsllnﬁeﬁmb‘n Bééenber

30 13, 2001 at tiwe furbpearrf€oréddio barafn Gel £1dad 2ures ( ECACC) under
nunber 01121318..hRQ {E5UItal: A8 EXRY €5 Sk /L 1M BCEQE Smeq i &RC Q9N G138 ch 8oy hat

recogni zes EpCAM or CD46, respectively,

(maintenance of the cells in GTM-3 medium (Sigma) did also

10 work) and batch productions were carried out in ExCell™ VPRO

medium (JRH Biosciences, Cat. No. 14560). Cells were
transferred directly from ExCell™ 525 to ExCell™ VPRO for the

batch productions.

Fig. 1 shows that the maximum final viable cell

15 concentration of cultures started at 1 x 10° cells ml™! reached

almost 14 x 10° cells ml™! after 6 days (approximately 3-fold

higher than batch cultures of CHO and Sp2/0), compared to
cultures started at 0.3 x 10® ml™!, which reached 10 x 10° cells

ml™! after 9 days. There is very little difference in the final

20 antibody titres of both cultures. However, in the culture

started at 1 x 10° ml™!, 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

25 started at 1 x 10° cells ml™' compared to 0.3 x 10° ml1™' is due

30

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



WO 2004/ 099396 PCT/ EP2004/ 050724 21 regul ated by a CW pronoter, was
introduced in PER C6 cells according to standard net hods. A reconbi nant

ant i body- expressing clone, derived froma parental population of the PER C6
cell line, w0 uW&99% t hese 5 experinments. The clone exBFEFEMYONAY - EpCAM
is further referred to herein as clone 1, the clone expressing anti-CD46 1is
further referred to herein as clone 2. Cells were maintained in ExCell h 525
medi um (JRH Bi osci ences) (maintenance of the cells in GITM 3 nedi um ( Si gna)
did al so 10 work) and batch productions were carried out in ExCellTM VPRO
medi um (JRH Bi osciences, Cat. No. 14560). Cglls were transferred directly
fromExCellTM 525 to ExCell TM VPRO for the batch productions. Fig. 1 shows
that the maxi mum final viable cell 15 concentration of cultures started at 1
x 106 cells n - laticackhedtied Mast tddfoermlA6caricps Bbr lindktesiy da@y&inable

(approxi mately 3- e han cul tures of CHO and Sp2/0),
conpared to cul%%%e;ﬁegg%?%es{j l%t g0 @%&%06 m -1, which reached 10 x 106

cells ml-1 after 9 @é(y§alq1h’@fténﬁstliﬁe|°?1]r|§RelcéféiFf1faetreeﬁéeu“rJriltsﬁél‘?¢r%ﬁ a20
anti body titres wnéy hnithient tddcds daflomedebatdi cieutdildndr plotsdiabt eRlesd 1 X

106 i -1, appEOXLQB}e‘%‘ X?QQQS@Qekl %’}g:%nfc%%@%d Ta&ﬁ%’ %agaﬁfe ’ob%gﬁ}?éé ed to 9

days for the cultures started at her
concentrations oBR¥fvéd T cd FOF sl WUBmERYr tFdd - ok ih%sl%e celpgippship
conpared to 0.3 Kethenmthe d&llddpecifict betd e yleedninepacifisatiahe (@)

L et gt )1 SALREAL ROfcdthaDEL, OSkbn CANGCOLLAY A oT0GeSPLEALOD Tale

of hybri doma een shown to decrease asi ng ce
(Wohl part et al &9]970)°°HSPWH%FH°9 camecaplexisechreed 10t eppfmal use of the

10 available nutrients. For example, a culture starting at 0.3 x
10® cells ml™ will reach approximately 0.5 x 10% m1™ in 24h
(average population doubling time (pdt) of this clone is 32h).
The Qein value at 0.5 x 10° cells ml™' is approximately 2.5
pmoles 10¢ cells™ 24h™. The total glutamine consumed in this

15 24h will therefore be approximately 1.25 pmoles ml™ (0.5 x
2.5). However, a culture starting at 1 x 10% cells ml™! will
reach approximately 1.5 x 105 m1™! in 24h. The gein value at
this cell concentration is approximately 0.75 pmoles 10® cells™
24h™. The total glutamine consumed will therefore be

20 approximately 1.125 umoles 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

25 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 1068 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

30 embodiment of the invention to subculture the cells at a

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



30 utilisation of a nutrient has al so been shown to decrease with
i ncreasing cell concentration (Portner et al 1994, Yallop and Svendsen
2001). We have now used this information in a novel W) 2004/099396
PCTI EP2004/ 058920040939, nd i nventive way to form a concept HCOERRHEPYIY ng
attainable cell densities in a culture. By calculating the cell specific
rate of utilisation of a key nutrient each day in a batch culture and
plotting these 5 val ues agai nst cell concentration, a graph can be obtai ned
as shown in Fig. 2 for glutamne. Fig. 2 shows the relationship between
the cell specific rate of glutamne utilisatikon (g&.) and cel
concentration. Fromthis graph, an optinmumstarting cell concentration can
be sel ected based on optinal use of the 10 avail able nutrients. For exanple,
a culture startiAg2at.Dx31R° ck06s el sont -drefekhbledclisapprox dafely 0.5 x
106 mM -1 in 24h cg@ygﬁ@@e popul ati on doubl i ng tlne (pdt) of this clone i's
32h) . The gG.n val ue_at 5 x 106 cells nm-1 FIﬁ)%)roxura tely 2.5 nol es
i

106 cells-' 24h-1. The§ 8?31"‘“‘@"}9’& 8fi TietS 8ﬁ8%|‘?ﬁaél’f HivepEion i, thpt E
t heref ore be approxbemte yidb]xd cedllesthdt- taf (o optandy) is hbghrert ghiosul ture

starting at 1x %Qéh&]?ls!e%d%gldéﬂsﬂty, rRCH1 GRDF QBB LIE LeP1X 2436 m -1 in
24h. The gcln value at this cell .concentration is approximately 0.75 nol es

106 cells-1 24hT$3°R%d fFSPﬁF YrdPantife PEBRRHred Mif | $5RI5Er 8F or' be 20
approxi mately 1. iRbemiplces thkrdforBhéstworycubéfnlefon batcH lvgl ehioyss bse can

approxi mately the;sank. axpeeicof19l viamine kil pdthe éﬁiéﬂre%49r Ifedl §
t heref ore another object of the invention to provide a nethod of culturl ng

cells, conprisi n§e§f‘é?3t‘inn§“ét“’?§ rcOrtturE spose é’él Fhe FREEREFat TS AR e t he

speci fic nutrioent utilization level is close to a m ni mm pl at eau | evel.
Thi s Example 2: Feed Strategies for improving antibody yields in

PER.C6 derived sub-clones.

Fed-batch processes aim at increasing product yields by

increasing the wviable cell concentration or prolonging the

15 production period by feeding nutrient concentrates to
replenish those that are consumed. We present here a feed
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

20 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

25 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

300 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



equates with around 0.8 to 2.0 x 106 cells/m, preferably 0.9 - 1.5 x 106
cells/m, for El-immortalized retina cells, particularly PER C6-derived
cells. It is therefore an 30 enbodi ment of the invention to subculture the
cells at a N@YOHPBBncentration of 0.8-2.0 x 106 cel | s/ RETERPRYENES y wo
2004/ 099396 PCT/ EP2004/ 050724 23 0.9-1.5 x 106 cells/m, nore preferably
0.95-1.25 x 106 cells/mM . The advantage of this aspect of the invention is
that the nunber of viable cells that can be obtained is higher at this 5
hi gher seeding density, and hi gher nunbers of cells are reached faster
during the process. This aspect of the invention therefore is very useful
for batch cultures, but can also be beneficially used in fed-batch cultures
or (fed-) perfusion cultures, such as those of the present invention. 10
Exanpl e 2: Feed Sireat egeesoimanti gprwihi Higcetanyisi, bbohygRA EGHES1 monBERKGnder | ved

sub-cl ones. Fed- Pf?stuqﬁnp&é’fee%%%% Q&&E@Eo'%%@éhn%@ﬁ:ﬁgy o:)Ht3| gse by
increasing the viable cell caongentration or prolongingt 5 production

period by feedi n@dc}ﬁhlf’f‘e?ﬁ FOREERL TSt EBS 1T WEPI BRI St ﬂb‘%é‘otthat are
consuned. W presamtiflienetly fieétluerster ahegesfudtsi thptoweng ddtaiaati body vyi el ds

of PER'C5 dery vegh, Ul 66 156 Jsgel. B 2beokngadhe GAMRaem. W dfea

hi gher starting ceI density to obtain a final cell density at 20
the onset of the*dfif ﬁénjfa'feé‘eﬁxﬁﬁ’al“ﬁ%ﬁoﬂ”egru b’(}e‘f%ﬁ PUrEhRRTCEFOR PrdRess. A
basi c nutrient feedRSONECER raaideleonEcstvearg ehrghass&ron phagekat 811 gl ut am ne

and the 15 ot herax@fHo”Qc@&é 4R Y085 RiHRRRE e orP 88 6fh OrrleNes MM 1,6RT uti lisation

profile of six dUJP|IC8.
equency of addition of the feed concentrates was varied. The

10 time of the first addition was tested at 0, 1 and 2 days prior
to nutrient exhaustion. Glucose and phosphate were used as
indicators for the start of the feed. A series of bolus
additions were made every two days, based on the predicted
viable cell concentration. Usually, 6 feeds were provided. The

15 concentrations of the added components as presented in Table 1
do not take into account the remaining component in the spent
medium before the addition (i.e. the concentration of a
component after addition into the culture medium will be
higher than that provided in the Table, because before the

20 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

25 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 1l.6-fold over the batch process,
which gave 500 mg L™'. Starting the feed at day 5 and

30 continuing every two days after this) resulted in a similar

increase in final antibody concentration.



25 batch cultures of clone 1 in shake-flask (see e.g. Fig. 3). Simlar
utilization profiles were observed for clone 2, and hence it is expected
that the feed strategy described below for clone 1 will also inprove vyields
from ot her clWAG49B/&r eby provi ding a nore generic straﬂEH?“PgBmﬁﬁaibatch
or 30 fed-perfusion cultures of El-imortalized cells, preferably retina
cells, preferably cells derived fromPER C6 cells. The concentrate is
listed in Table 1. Optionally, calciumand WO 2004/ 099396 PCT/ EP2004/ 050724
24 three reconbi nant growmh factors, LongR3 I1G~1, Long EGF and insulin
were al so added to the feed. At this point, ;§he addition of calciumand the
gromh factors did not significantly influence the results that were
obtained. 5 dycine appeared not essential for the feed, and was no | onger
added in | ater experi®ewilslitnsul iche iegcpucrehased fexmpSeghh,dedreng&Rs | G- |

and Long EGF wer ¢ gy £41as602§¢ s @Pep Ak 1 2MHa0 raCh d5,1WaLEs Purichased
from Sigma. The tim ng and fr%%ilienc addition_of the feed concentrates

of ad
was varied. The 1BCI$Hesf YRR F%tg/’zf’d&igtF%rP%él?é%qsé‘Uth ‘0, 1 and 2 days
prior to nutrient exhaustion. d ucose and phosphate were used as
indi cators for tBgastEd t3.0hch & ihgee:atAeSEEL £SRbe PO dbbveadsli L il@nasc-a@rie nade
every two days, based on the predicted viable cell_ gonceptration. Usually,
6 feeds were proVfielt *fHe325RGHcENT TN ABRES o°°PHe" add®d conponents as
presented in Tabl e | Feobabth tradoges s magcoesiltt he & dndildi-ng cmpehent in

the spent nedi up.bebori& kheuaddist L 98 dde Gna MmN CERY LAl k QB Qfselin

conponent after addition into the culture nediumw || be higher than that
provided in the FEBIE FECAREE Wel bt (HE DWPA HIU TN e Ve IUCE e di um
will still contaichnsemeragfiotmrsl tbenponreht of asheagddpteons thoe cindiagy it drhe

invention are doB@oduct yvields. A possible alternative to a fed-batch process

is a perfusion process, where high cell concentrations can be
maintained by a continual medium exchange and a cell bleed
(removing a certain percentage of the cells population). A

15 possible drawback with such a process is a relatively low
product concentration due to the large volumes of medium that
are required, the relatively low cell viability often
encountered and the relatively high level of complexity to
operate such a system. It is therefore only advantageous to

20 operate perfusion processes if very high viable cell
concentrations and/or specific productivities can be
maintained.
We present here the attainment of a viable cell concentration
above 30 x 10® ml1™! and antibody yields of above 600 mg L™' 24h™!

25 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

30 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



before the conmponent is conpletely used up by the cells). Fig. 4 shows the
effect of feeding the concentrate mx to a sub-clone of PER C6 expressing a
reconbi nant anti bOdi gcl one 25 1). Starting the feed at d%é_ 3 4t)/vo days
prior to nutrVeAMHEHMsti on and continuing every two dayd CaftteroiOMa
resulted in a final antibody yield of approximately BOO ng L'', an

i ncrease of approximately 1.6-fold over the batch process, which gave' 500
ng L-1. Starting the feed at day 5 and 30 continuing every two days after
this) resulted in a simlar increase in final antibody concentration. WO
2004/ 099396 PCT/ EP2004/ 050724 25 Osnolalitygin the batch cultures (exanple
1) decreased from 280 to 240 nOsmKg-', while in the feed cultures, it

i ncreased, eventually rising to 300-310 nOsm Kg-'. 5 Exanple 3: Achieving
vi abl e cel |l nunbeperadiedves8B®ples10®r ewelthbolijer anhlygic,apttBody yi el ds above

500ng L-1 day' FggllatehaifACandesei¥oli®8d erk Nt AUk e ¢R129f 2h@Xdtored

met abolites such as | gctate and anmmonia and an increase in nedium

osnol arity, whi cht eviéntual | y limt the viable cell 10 concentration and the
| ength of the proces&igt htisshowpathdthg whablsr cdbittnyibeirdst W osEP bt €0°

alternative tg ami@damtaﬁhaMMES%iéﬁ 3 £PSHd-UsioORg E-0cegst wakere high cell
n
PE

concentrations can, be, naintaine onti nual nediu change and a cell
bl eed (renovi ng"&TEPEF it Pere ?aa%“e%o a‘fshé‘”('?gﬂﬁs Bpgﬁg#:? G .%ﬁr 157

possi bl e dr awbacknddrendsut rngippdy agodiusing roeflat ¢lelep . | Yiwbigrigsuet the

concentration dug.iq tBs 188 ¥eliges rRésdmdigindhaieni€idedubred, the
relatively low cell wviabilij t§ often . encountere
-

d andal&he relatively ,hlhgh
| evel of conpl exPRRFEGRbPer 2 &°5UCH R°Ey B S| Fe1¥ ﬁ%r%‘fkblreé’aB% Yt
advant ageous 10 0 2theoperal elipesl UskoCHOr aud s3pEg 01 fandehenhe giehinabtel el |

that are immortalized with adenovirus El sequences, such as
PER.C6 cells, are very suitable for perfusion processes. A
cell bleed will improve the length of the process, and
therefore an optimized system may include one or more cell

15 bleed steps.

Up to 50 x 10° cells per ml, with a viability of around

80-90%, could be maintained 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

20 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

25 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

30 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



concentrations and/or specific productivities can be nmaintained. W present
here the attainnment of a viable cell concentration above 30 x 106 nml-' and
anti body yields of above 600 ng L ' 24h-'" 25 in shake flask cultures with
one medi um voV@EM4EOBAGNge per day. Logarithnic cul tures FST/ERRH9SNTHA
producing PER. C6 cells, cultured in shake flask with ExCell TM 525 were
transferred into shake flasks containing ExCell TM VPRO at a starting cell
nunber 30 1 x 106 cells/m (other starting cell concentrations gave simlar
results).. Mediumreplacenent by centrifugation (one volune per day) was
started at day 3-5. No cell bleed was WO 20Q4/ 099396 PCT/ EP2004/ 050724 26
operated. Sanples for netabolite anal ysis, antibody quantification and cell
counts were taken every day and stored at -20C. Fig. 5 shows that a viable
cel |l nunber of upidwicb@exl lfmsibias - Lipand 3 xandf kedysynelvwdtof a&0G 750 ny

L-1 24h-1 was npiatal Red.5OT At 1h6asls céiﬁ%%wvm%%tad&ﬁ;) nBl&H, for two

i ndependent anti body producing cell clones. Viability of th cell s was

around 80-90% TARR| §RecBITS defRT t4 esFﬁY@erﬁ‘ﬁﬁ?OM% 8l ‘i’/a’f:.’l-yf grai gher
than i s general | gxatdnigevabhe asliih ¢ilrenishetilaelprobumesyikille THOnandappd/ 0,

and hence retina, 81]‘? ld g tha b%rtghlg;gyetsgl LZ6H W Ll adenovirus El sequences,
e

such as PER C6 c are very suitable for perfusion processes. A cell
bl eed will inprove the | ength of the process, and therefore an optim zed
system may incl uBeample @r PE¥E Stebtegilts bbeethrshepsimpdpving Hhtdbd@6 cells

per m, with a viabjdd ty pfr &0URd; PP % 14Ul d be naintained for at |east

5 days with one
The provision of a balanced nutrient feed extends to

10 components such as vitamins, trace elements and lipids.
Concentrates (10x or 50x, both worked) of ExCell VPRO
vitamins, inorganic salts, trace elements, growth factors,
lipids and plant hydrolysates were obtained from JRH
Biosciences and added together with the basic feed concentrate

15 {minus calcium and growth factors) described in example 2. The
ExCell VPRO concentrates were added to give a final
concentration of 0.25X.

Fig. 6 shows the results of this modified feed on the growth
(Fig. 6A) and antibody yields (Fig. 6B) of clone 1 in shake-

20 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

25 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
30 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



conpl ete medi um change every two days. Wth this strategy, nany of the
nutrients becane depleted on the second day. The 20 nmediumis theref ore
preferably changed daily. In a perfusion process, this could translate
a change of aW@@P04099%% vo| unes/ day. This is near the typi ¢4l ’]?&de@‘q"ﬁ“ a
standard perfusion system where the nediumis changed at about 0.5 to
vol unes/ day. The sonmewhat hi gher values for the cells 25 according to th

into

2
e

invention are due to the very high cell concentrations with the cells of

the invention in a perfusion system Wen cell concentrations of nore t
30 x 106 cells/m according to the inventiog are preferred, the nmedi um
exchange should at |east be 0.5 culture volunes/day, preferably at 30 |
1 culture volune/day. Failure to supply the nutrients (here via the cul
medi unm) i n suffi cieenstzoirceAh atiion t¢ gadsient cepleteent RndTheéddaidng wek
change resul Us. | Ruloabipdr 0,2004/0983901 FCTEERRAM, 050 124 1dds Vi ls, oo!

densities (up to 50 x 10' cells/m wth nmedi um chan%e VS.

cel I's/m without W& POPREGFaROTh&hgERe ?—Ll YEPPRSARS AS P
a daily nedium &rbhandre notheakelintogiemuginiiarreproding cpmpbment dnohkee d

as 5 achieved g n @eggtmﬁ;ﬂogg%eofthg Aidays. Exanple 4: Feed Strategie
for further inpravi ng}éantl bod%?ﬁé/l elds . in PER C6 derived sub-clones. The

provision of a b&i%4n v in Fggﬂt’e% e ABST 4352 BORTTHIGAENTY® Sfch as
vitam ns, trace ¢letenis: and $epingswerdomednds atogpafd@xtcorthsOxybdzatknor

of ExCell VPRO Vcleall fsse TBOIHNI CPﬁ@éﬁk&tetéﬁ&(’gl%gB@m&e groytdy factor
i pids and pl ant

rolysates were optaine om sci ences and ad
onbt e i Lot h@ b EEr e o bE e LR AT ¢hiuRes Tt CICRT ARG (e
factors) descyi begrenueschripl ehPs €kperiment.

Experiments were carried out in shake-flask and bioreactor.
Shake flask experiments were carried out as described.
Bioreactor experiments were initiated by inoculating a 3L
bioreactor (Applikon, 2L working volume) with cells from a

15 logarithmic pre-culture grown in shake flask. The pre-culture
and bioreactor experiments were performed in ExCell VPRO (JRH
Biosciences). The split ratio for inoculation into the
bioreactor was at least 1:6, and the seeding cell
concentration was about 0.3 x 10° cells/ml.

20
Results
Fig. 7 shows the results of the modified feed on clone 1 in
bioreactor versus a batch control. The maximum viable cell
number reached 10-12x10° ml™! and viable cell numbers were

25 maintained between 8 and 10x10° cells ml1~' 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'1 and 16 mmoles L™

30 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
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ExCel | 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- 20 flask versus a batch
control. The VWO20M408933kre obtai ned by starting the feed atPCEP2840IER pri or
to nutrient depletion). Starting the feed at day 5 (day of nutrient
depletion) gave simlar results. The viable cell nunber was naintained for
significantly | onger than the batch control and antibody 25 yields increased
2.0-fold from0.5 gL " inthe batch to 1.0 g L-1in the fed-batch process.
Spent nedi um anal ysis of these feed experinggts identified a change in the
cell specific rates of utilization of sonme of 30 the am no acids, which
appeared to be de to the addition of the VPRO concentrates. The am no acid
concentrate |istedable detanpimbe?swalssdrdveret ofrdzndhé iad as shwwirocasdabl e 2.

The feed WO 2004/ gggg@6 gCIéESP@Q%éQLSQ?t%Eh@s% nggtg{_grted 48h prior to

nutrient depletion and tions were e every two days. Usuall y 6 feeds
were provi ded. A§afn,8 sbREsScHitEREPHES Gfsthe ﬁcel'ﬁfé1 S HERP WO RP OIS 23 2
presented in thebidaddeode. NGdiximakeviaiile aernuRinbehe feamiaemng-laosrpmfent in

the 5 spent medi ymibelare o ey g i 00, Bt Lhedd Gatsf asd adi4d Qb

i ncreased concentrations of tam ne an Serine were used as conpared to
the subsequent FBEHE Y $éelTAvs - 23ntiRdEphirEsakar Yl iRcEse stk ris frdedf zrm
mar kers to determaegtméts:tars ®f."the feed. Cones 1 and 2 10 were used in

this experiment. ;Exper] meghs é’i@p'r%sggrﬁgf |Gl Ut des%??gq%?fef %@ég and ;BLgy eact or.

Shake flask experinents were carried out as | or eact or
experi ments wer evpfi $yRICEEeBytT FBEUPMNY Rgteh Frocess and the fed-batch

10 process with the same feed strateqgy. Fig. 10 shows the results
of the feed strategy on this clone 3 in shake flask. Maximum
viable cell numbers reached 14 x 10° ml1™ and 10-12 x 10° ml1™*
were maintained until the end of the culture on day 17.
Antibody yields were increased 3-fold from 0.7 g L to 2.1 g

15 L7,

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

20 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

25 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

30 antibody/cell/day. In some instances the gaw 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



bi oreactor (Applikon, 2L working volune) with cells froma 15 logarithmc
pre-culture grown in shake flask. The pre-culture and bioreactor
experinments were perforned in ExCell VPRO (JRH Biosci ences The SP| it
ratio for ino¥QR#MO% nto the bioreactor was at |east 1PSVERR4ONZ24%eeding
cel| concentration was about 0.3 x 106 cells/ni. 20 Results Fi g. 7 shows
the results of the nodified feed on clone 1 in bioreactor versus a batch
control. The maximum vi able cell nunber reached 10-12x106 m -1 and vi abl e
cell nunmbers were 25 mmintai ned between 8 and 10x106 cells m-' until the
end of the culture at day 19 (Fig. 7A). Antjbody yields increased 3-fold
from0.4 g L-1in the batch to 1.3 g L-1 in the fed-batch process (Fig.
7B). GCsnolality and ammoni a reached 430 nOsm Kg-1 and 16 mmoles L-1 30
respectively in hbeseis e€dticallpgresest ingeetsord.hah tiaweadherncurepest edias
havi ng negati ve 0 I f r,0 y. it may
t herefore be that‘cni E%ﬁ&é%gcgé%eé:dﬁﬁv%ﬁ%gé OC%%ﬁg%CQI%%P%%%%E%%% 29

vi abl e cel | nunb&RICRSTseFOERFIRAr Wath KEPLRELWBF Of NRUEFHGRESs WRigE WaR at

| east in part toapbesdrbaelpratteli J.daysshensrdaeinefud-batof ddigukeedthis

strategy on cl Ongpgciﬂczbro&&&%@%%a% k&&%'é@%!&aﬂv%lcﬁhhlméﬂ%eﬁ sreached
10-11 x 106 5 nl were mai ntained until the endyof t he

culture at 19 dapétendtrpdast iesfarddidian: ferHeRsBrwtsorg F79HMe 6°5Y L-1 to
1.5 g L-1. A thindyel creced{xiess agpmnreshest tagainventiehat ed, anti body was
subj ected to the sane batch process and the fed-batch 10 process with the

sane feed strat egy dFltg.Q 19 shows the results
roduc uality

10 In the experiments described above, product quality was
checked by various methods, including iso-electric focusing,
SDS-PAGE, MALDI-TOF mass spectrometry and HPAEC-PAD. In all
cases the produced antibody basically showed a human-type
glycosylation and the structural integrity of the produced

15 antibodies was very good, irrespective of the process used,
and very similar to that reported in (Jones et al, 2003),
where both 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

20 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

25 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
(GO:G1:G2) from all the batch cultures tested was 29, 54 and
17 % respectively. This can be compared to CHO and hybridoma

30 produced antibody, which is often predominantly in the GO
form. For example, Hills et al (1999) reported a



of the feed strategy on this clone 3 in shake flask. Maxinum viable cell
nunbers reached 14 x 106 m -1 and 10-12 x 106 m -1 were nmintai ned until

the end of the culture on day 17. Antibody yields were i oI d
fromO0.7 g L-WOgYH999y 15 L-1. The feed strategy theref 3’&&%2???@%@% t he

yield for different clones that each express a different anti body,
indicating that the process according to the invention is generically 20
applicable. It is therefore an aspect of the invention to provide a process
conprising the feed strategy according to the invention, wherein the yield
of a produced protein is increased at |east;;1.5 x, preferably at |east 2 x,
nore 25 preferably at least 2.5 x, still nore preferably at | east 3x over
the yield in the batch process. The specific productivity (qAb) of the cells
used in the pregehaciopsention pyasispptadxshatdl Yobeimeenibfdd Sypglu8éd in

anti body/ cel | / dayggl s $® Lastances the gAb was around 10 pg

anti body/ cel | / da and in other_ instances val ues up to about %
ant i body/ cel | / da il ulio pEaAYRR! Wit HE HEdskpTR Qﬁﬂcfﬁﬁ 25(5‘62(?69"93@64“ ed

PCT/ EP2004/ 050724 ev80 afeiohddstafylehioproegeated ropebhe drmtchn (Fhe. [#at.clhe

cultures thisg d @9@@&%&59%6 nggeska/mt;eagegearg%l @ych@l ltony@erwmw@re
reached, coinci d| n etion of nutrients, ppr oxi mat el y

after 7 days, vvhé?“gagl i3 88 PAChOET t95FE82 2% §r8ms?)4e%0|a'lnflcl~b‘r dRuéeFVItY was
kept at this | evék uedpdct2v8lylaydhisaddmreashein gstlatestlladdbt iy pahbahly

anounts to aroung,l6:J8,08Y5n @GC 6 H d1Gnb OafnddiQCESS Mt rhBEANENLLON.

Product Quality 10 In_the exper] nent s. descri bed above, product quality was
end of the fed-batch cultures. However, the level of

10 galactosylation in the antibody produced by the fed-batch
process in PER.C6 cells was still higher than typically seen
in batch-produced antibodies from CHO for example (Hills et al
1999). Iscelectric focusing (IEF) and SDS-PAGE revealed no
significant differences between the material produced by batch

15 or fed-batch cultures (data not shown) and in all cases,
aggregation was below 3%.

Despite relatively low Yam/gqin values, the high viable cell
concentrations resulted in a supply of glutamine in the feed
such that the ammonia accumulated up to 16 mmoles L!. Whilst

20 this did not result in a drop in the wviable cell
concentration, batch cultures initiated in the presence of
NH;Cl showed that concentrations above 9 mmole L™ negatively
affected growth rates and maximum cell concentrations.
Furthermore, glycosylation was also somewhat affected (see

25 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
30 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



checked by various nethods, including iso-electric focusing, SDS-PACE,
MALDI - TOF mass spectronetry and HPAEC-PAD. In all cases the produced

anti body basically showed a human-type glycosylation and the structura
integrity of WRAMRP¥Rced 15 anti bodi es was very good, ir FEIFEEIGID7HY the
process used, and very simlar to that reported in (Jones et al, 2003),
where both cell nunbers and product yields were | ower. Therefore, t he

i ncreased yi el ds obtainabl e by processes of the invention were not obtained
at the cost of a significant 20 decrease in product quality. Protein A
purified I gG produced from batch and fed-bat,gh cultures was anal ysed by
MALDI - MS. Material produced by PER C6 cells frombatch cultures showed a
gal actosylation profile simlar to that shown by 1gG purified from human
serum and no 25 hybtandne, hiagle eBenosss,Stnocianiessaliss gdewth fiaetorsn eit her

batch or fed-bat QQcPraQ%U‘iﬁgoé’@atn‘%r ké"cuﬂﬁ‘éeaﬁleﬁ’:rf%%ax%‘é %%Qt 29fovd fthQL cans

termnating in 0, 1 a al act ose resi dues fromall the batch
cultures tested ARt RFe Bt Hpporaniy r’%’%ﬁeﬁlf‘i’"vléll 9“‘?‘?1‘1% tEﬁnp’Hé:e(,sénﬁ%ﬁ ed to
CHO and hybri domanB9 4y educetharhe bedyylantg ot shef fad puedamaant|ly in the

GO f F o N ted. A, 0. 2004 96
PCT/ EP2004] 058728 31 Sa K LREy Tt oY praf L Te e0 A Por amant | body

produced in NSOaéh%I“GQIOtE%I‘P%thﬁi‘HfBU?fp?%tfé@B ‘P’ﬁ tthl‘i"emf’%ﬂ Wpechapt ocess
showed a reducedcohpmaintefl palwaiesylst resucorpar esstt @£t e bdesh (Fig. 9).

The 5 percent aggeQfc«# 3.0k ¥ COf-nTE éélﬁﬁn%@ﬁ@ﬁorf g‘@@ 481492 Whide.the G

and & gl ycoforns decreased from54% and 17%1t0 Yoand 9% réespectivel y.
This decrease i nS§atEctYoSYPEET I " RaS Yre80anI 3A4iGHen t FtikeAt It (9pSto 16 m\W)

amoni a concent r absehomthéheelculations of the specific consumption and cell

numbers as described supra. This can be achieved by
continuously pumping in glutamine at an appropriate rate,
matched to the wviable cell concentration and the cell specific
rate of utilization, so that residual glutamine concentrations

15 in the medium are maintained at a constant low level, such as
between 0.2 and 1.5 mM, preferably between 0.5 and 1.0 mM.
Another approach that may be possible for the cells according
to the invention is the removal of glutamine from the feed
when the ammonia concentration reaches a certain point =-e.g.

20 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

25 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

30 culture viability was not significantly affected, suggesting
that there may be sufficient flux through the glutamine

synthetase pathway at least to maintain the culture.



end of the fed-batch cultures. However, the | evel of 10 gal actosylation in
the anti body produced by the fed-batch process in PER C6 cells was still

hi gher than t‘igi cally seen in batch-produced antibodies from CHO f or

exanpl e (Hi | Y60 @404/8993961999) . | soel ectric focusing (I EF) afGTEBLEREE
revealed no significant differences between the material produced by batch
15 or fed-batch cultures (data not shown) and in all cases, aggregation was
bel ow 3% Despite relatively |low Y,o0"oigin values, the high viable cell
concentrations resulted in a supply of glutamne in the feed such that the
ammoni a accunul ated up to 16 mmoles L'. Wilkst 20 this did not result in a
drop in the viable cell concentration, batch cultures initiated in the
presence of NH4Cl showed that concentrations above 9 mmole L-1 negatively
af fected growt h sp¢ms reddunmesdaivriceal tbonusrtt patinmed fEdribdtehnontture
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be beneficial to reduce ammoni'a accunulation, e.g. accaording to a nethod
descri bed bel ow. U5iRF &F‘@a%rcfctﬁssat%eﬁﬁritfi‘ﬁri’?Pdl"ﬁécfﬁltﬂf’eéf HRS @ B8RS f ar
are the high | efeéd agfcoadivonita &he osmpkadn tis thetefige eoninddeaserild0 to

the increase in ARl @lthihY &HBRNtEOMIhee VPRQ( FBELAME:s nkOICENt LAt £Fen AN
approach to reduce this osnol al |t t herefore,to |d2‘£{|fy whi ch of the

| al
medi um conponent “Br tuds 6@%4/%%@%%6"*5&”5?’2664/%&7 " 32 (vitamns,

trace elenents, inorganic salts, gromh factors etc) are inportant to

cul ture performaggengand st efmue vER0sEa-1) BatciRe oL s ] Nportant. This should
benefit the process not . onl i osmpl al ity of the feed but

by reducing the os b
al so by 5 renoving arﬁ?eﬁo‘f%‘f'l%/ﬁni#‘ﬁeﬂeqeé’feg?ﬁ’eochscﬁ(‘foﬁ%%_rﬁ’&jffg BHEHY° altowi ng
t he opti m zatiponabd$o aediusedncofsubhenmmygt chhiporet aptlia for use in an

improved batch process. Supplementing a culture medium with at
least one of the feed additions from a fed-batch process has
been shown by others to improve batch yields. A similar
approach of supplementing culture media with feed concentrates
15 may also be used to reduce the number of feed additions during
a fed-batch process, thereby simplifying the process, as also
shown by others.
The present invention discloses feed strategies for cells
that have been immortalized by adenovirus 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 improved
25 Dbatch 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



conponents. It would al so reduce the cost of the feed. Reduction in amonia
accunul ati on may be achieved by nore strictly controlling glutam ne

addition. This can be done 10 based on the cal cul ati ons of the specifi
consunpt i on WA RYPPhunbers as described supra. This carf Ger3L 0%‘\7é4d by

continuously punping in glutamne 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 mediumare nmaintained at a
constant | ow |l evel, such as between 0.2 and 1.5 nM preferably between 0.5
and 1.0 MM Anot her approach that may be pggsible for the cells according
to the invention is the renoval of glutam'ne fromthe feed when the amoni a
concentration reaches a certain point -e.g. 20 in one or nore of the feeds
subsequent to theill retoheetbplsbed tiwtert eriggl ke arw thoecezhd deswetidte t 0

gl utam ne synthegis qdi$hNg HMBNhEARL gk %@EBSe@%ohﬁét%wﬁ%Hsared
synt hetase pathway. This approach is not general % possi bl e for cell types

such as BHK and ERIGRSs SﬁFﬁthd"fﬁ Ratde R7eCrdh CHfStcéﬁs? Shever 29°95F P8pid and
wi despread cel | dédithioandate amsketo ttheghutiamensedfumee Toenchridoorstofdaan

requires a peti oge ofyRA2RE ALd+AY- to l@}@e%@imwm’ea&m actulahyrgéaggf pthe-cgl I's
accord|ng to the resent |nven |0n t he vi abl e cel concentrat|on conti nued

to increase for9f etd&?soﬁf’f"&ﬁfl?ﬁfes déprethiomest lﬂ“&maﬁ% REFEFS36°tUI ture
viability was notddedymirfiptatrt Ispaatf fatitbd, csiiypgesse nghatt hat othrer eddialddyes

sufficient flux thvoughpthe & Hhéﬂé‘echésr%!%&%fsa S 6m Wala 8dn |p€:%%&s§)0
mai ntain the culture. WO 2004/ 099396 P EP2004/0 0724 33 Spent rredl um

anal ysi s of the HBSE" SBEFRH A0 PFREETACERY U PdPe OFf SCARPFesti? BRY.PY, 8)
showed t hat onl ycoysinedewivgts eckeph eddt tidas i 9y ceheapr eoepsnet s Urther

modi fi cation of Bﬁgﬁﬁgﬁtﬁg ﬁggdiss (fed-batch process), in which case less

additions have to be made to make the process than in the fed-
batch process disclosed above, thereby providing a simpler
fed-batch process. It is therefore another embodiment of the
15 invention to provide a method for producing a product in cells
immortalized by adenovirus El1l sequences, wherein said cells
are cultured in a culture medium, characterized in that the
following components are added to the culture medium in the
following amounts: glucose (3.6 - 21.6 mmoles/l, preferably
20 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), isoleucine (0.3 -
1.8 mmoles/1l, preferably 0.6 — 1.2 mmoles/l), arginine (0.28 -
25 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/l, preferably 0.54 - 1.08
mmoles/l), lysine (0.26 - 1.58 mmoles/l, preferably 0.53- 1.06
300 mmoles/l), 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/1l), tyrosine (0.078 — 0.47 mmoles/l,



feed according to the invention is therefore an increase in 5 the cystine
concentration, e.g. to 0.3-0.35 mmoles/1 or even up to 0.6 nnDIes/I for
every 10 x 106 cells/m . Exanple 5: inproved (fed-)batch process

concent rat es W@FEMHIPBEI f or fed- batch processes may 10 al§ﬁjﬂg“ﬂ§@ﬂ”?b
suppl ement culture nedia for use in an inproved batch process. '
Suppl enenting a culture mediumwth at |east one of the feed additions from
a fed-batch process has been shown by others to inprove batch yields. A
simlar approach of supplenenting culture nedia with feed concentrates 15
may al so be used to reduce the nunber of fegd additions during a fed-batch
process, thereby sinplifying the process, as also shown by others. The
present invention discloses feed strategies for cells that have been
imortalized by adeﬂaukﬂNSOEisseQu@hma@;esﬂmh h26ta%ireEROCB6 celd.86 It i s

shown herein whi mof@gmonspééex%@gn@ 13 01 61910 i1 8/ A9 BALE Prdsgss, and

the amounts of as well as the ra }) bet ween t he conponents_that can
added to inprove (Oy?H ds Or i7a TeISHat c RTFFOREY 8r & Uisfr BERd™edre .- Th| S
information i s usegptaphiahi $0 H3HNpl .22 mppdestle anefegmidved.2B2 batOch4 pr ocess.

It is assumedgt hgh,such a, &"éﬂ&%?h)é‘ﬁé' (0c@Btaiz1 7 ahotds 40 éréP&a%QU §/dqr_ as
this is around t he number of t hat has been observed in the batch and

fed-batch cul t ur és® g} nvidRtL PBIR SN PEHEE e BERSERT 8XPet (Fetits, 6 feeds
were added, w tbredtmceiyr 20%-0103, 0df tihe eooporentséasthen fdads est Table 30 2.

The addition of 10280%n¢f (N& QL Ald neBiud Q%ntceﬁéz!at%f @bk, 4., eeds

toget her) feed, preferably 20% 40% of the total feed, results in an
i mproved bat ch pPBE"e’éssulﬁéEh%é’é’nFﬁ%tlfﬁfteFl &Mt §°G\ABS?‘6)OAF/509‘§§9‘6 to an end
PCT/ EP2004/ 0507240on3&ntwialtiolnecoveteepn! @t edx |-attepxdusiatigrahey Cedtiwges, 0 28xd

hence the - 0.6x. Preferably the culture medium in these embodiments is

ExCell VPRO medium. An amount of 0.5, 1, 1.5, 2, 2.5, 3, 3.5
or 4 single feeds (a single feed being an amount as disclosed
in Table 1 or 2) is added to culture medium, and simple batch

15 processes for culturing the cells at around 10 x 10° cells/ml
and producing product (e.g. antibody) according to the
invention are performed with the thus fortified media, to
determine the optimum amount of component additions. Improved
batch processes giving the highest product yields are expected

20 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

25 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

30 the art.



yields wll go up because of prolonged productivity conpared to the

strai ght batch process disclosed above, where no additions are nade to the
cul ture nmedium_ The conponents can 5 be added directly to th culzure medi um
at any stage BP2Z8H®YE depl etion of nutrients fromthe rreopqﬁﬁpz?)(ﬂos‘g?“e
preferably added prior to start of the culture so that no other additions
have to be made during the process (inproved batch process), which nmakes
the process very sinple. O course, this nay be to conbined with extra
additions of certain conponents |later during the process (fed-batch
process), in which case |l ess additions haveest o be nade to nmake the process
than in the fed- batch process discl osed above, thereby providing a sinpler
fed-batch process. It is therefore another enbodi ment of the 15 invention to
provi de a nethod for producing a product in cells imortalized by
adenovirus El seaqughnees, wherein said cells are cultured in a culture

medi um characterized in that the follomjng conponents are added to the
culture nediumin the follow ng anDunt Iucose 3.6 - 21 6 mol es/
preferably 20 7. FomPIeHSol es/ 1) , ‘qg@rat’ff‘ 'Trﬁﬁ eas‘?q“tm“)
preferably 13°% - 27.2 moles/ 1), Ieuc ij p 4110 pref erably
0.79 - 1.6 mvl eg/ 1), sserine (2.31 - es/ |, preferably 4.62 - 9.24
mrol es/ 1), isol eggi,Ren{fL 3 - 1.8 nnDIes/I pr erably 0.6 - 1.2 nmoles/1),
arginine (0.28 2&%u¢i®® Mol es/ 1, preferably_a355 - 1.10 mol es/ 1),

met hi oni ne (0. 14erife 83 mol es/ |, preferabbys®.28 - 0.55 mmol es/ 1),
cystine (0.15 - (s9lempires/|, preferably 0.8.450.6 mmoles/ 1), valine (0.27
- 1.62 mol es/ |, Eéﬁemﬁbly 0.54 - 1.08 nnﬁiﬁ%/l) lysine (0.26 - 1.58
mol es/ | prefer 21?P3§? 1.06 30 nmmol es/ 1 hreonine (0.18 - 1.08

mol es/ |, @ 36 - 0.72 mmol es/1), a aragine (0.06 - 0.36
nmol es/ |, pre er yneo 12 - 0.24 nnnles/l)o yrosine (0.078 - 0.47
nmol es/ |, Threonine 0.33
Glycine 0.33
Asparagine 0.15
20 Tyrosine 0.14
Histidine 0.11
Penylalanine 0.10
Tryptophan 0.02
Phosphate c.70
25 Calcium 0.02"
LongR3 IGF-1 50 ug/L"
Long EGF 50 ug/L”
Insulin 20 ug/L"

30 *optionally present



WD 2004/ 099396 PCT/ EP2004/ 050724 35 preferably 0.16 - 0.31 mmol es/ 1),
histidine (0.06 - 0.36 nmoles/|, preferably 0.12 - 0.24 mmol es/ 1),

phenyl al anine (0.012 - 0.072 mmoles/I, preferably 0.024 - 0.048 mmol es/ 1),
trypt ophan (OWO38M409992 ol es/ 1, preferably 0.072 - 0. 1FPGERBNML3Y and
phosphate (0.45 - 2.7 mvoles/1, preferably 0.9 - 1.8 mmles/1). The anmounts
bet ween brackets are 109-60% preferably 20% 40% of the anmpbunts of 6x the
feeds of Table 2. Preferably, also culture nmediumconcentrate (10x, 50x, or
ot her suitable concentrates can be used) is added to an end 10 concentration
of between 0.15x - 0.9x, preferably between {.3x - 0.6x. Preferably the
culture nediumin these enbodinents is ExCell VPRO nedium An anmount of
0.5, 1, 1.5, 2, 2.5, 3, 3.5 or 4 single feeds (a single feed being an
amount as discl odeélei Table 1 or 2) is added to culture nmedium and sinple
batch 15 processes for culturing the cells_at around, 10 x 6 cells/m_  and
produci ng pr oductC%f"B?'ée.ntasnti body) accor} ﬁ&lg%mf‘jﬂé:rafﬂs Qf;ﬁ%ﬁra? &PPbr ned
with the thus fortified nmedia, to detenggoagstfre optimum anount of conponent
additions. Inproved batch processes gipidag L—-g@d%i ghest pupddghedt edgs are
expected 20 when caheute 20% 40% of the total ¢feed of a fed-bateghogprocess
according to the dineentnen are provided to theoculture nediunm.psior to
culturing, i.e. Sewewhere between 1 to 2.5 sihgle feeds. O @o&sse, nore
fine-tuning of° t ferampdunt is possible oncelalbeneficial rangé-®»§ added
components i s est@BLPSFHERF by 25 these experPmehits. OF course, Owh&n the cell

nunbers are di ffﬁpglg BELsthe conponent addi tgo Scan again be a ed. For
instance, if the g [soare cultured at a dee%iy of only 5 x ;] cells/m,
addi ti on of ayy arRRuAheOof only half the anpbugtssabove woul d begrgguired, as
is clear to the paksaa skilled in 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 0.75 0.75

10X VPRO Concentrate 0.25X% 0.25X%

25



30 the art. WD 2004/099396 PCT/ EP2004/050724 36 Table 1 Conponents Fi nal
Concentration (after addition) 5 (per 10 x 106 cells/m) (mmoles L-1)

d ucose 6. 00

Autamine 1.75 Leucine 0.60 10 Serine 0.55 |Isoleucine 0.45

Argi ni ne 0. 42 WQBOHPYAne 0.23 Cystine 0.14 15 Valine 0. 4BCTiEpPSionasod2440
Threonine 0.33 dycine 0.33 Asparagine 0.15 20 Tyrosine 0.14 Histidine
0.11 Penylalanine 0.10 Tryptophan 0.02 Phosphate 0.70 25 Cal ci um 0. 02*
LongR3 IGF-1 50 ug/L” Long EGF 50 ug/L* insulin 20 ug/L* 30 *optionally
present WO 2004/ 099396 PCT/ EP2004/ 050724
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lysine, threonine and glycine,

b) 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 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,
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Ef fects of cell density and glucose and glutanm ne | evels on the respiration
rates of hybrizdgaaeghles. tBrokaaknohisBiaeng, StenpBit&Hdtne Yall op CA and
Svendsen | (2001). The effects of (418 on the growmh and netabol ism of

r econbi nant tophaga| PhpspBate. 152Gt ¥lec %‘g?%yl%%':l'ld-lqrﬂéﬁGF4O CLAI M5
1. A nmethod fqnd heseulituring of cells imortalized by adenovirus E
sequences, said cells capable of growing in suspension, conprising the
steps of: a) determning at |east once during the culturing of the cells

the concenty ati,0n ol Leash.aRe oAby MncOSPORENln ol EF! Sthdsa the ar oup

consi sting of "glucose, glutam ne phosphate, [eucine, serine, 1soleucine,
ar gi ni ne, net hhEnicomponesitisnen sakpnb) argsadéedtimemmiered and gl yci ne, b)

ddi ts to the mediumduring t | $ur] f the cells at
o or 1o the GBS ET 4t MERE=0Re0bt CERE" hrBBREn SBOWACh Che

concentrati on pss 1detenmfnedl i 8/61 epf Hetwdd! 6 v tdhel Goparent s added at
| east conprise gl ucose, | ut am ne, phos?hate, | euci ne, serine, isoleucine,
argi ni ne rmntﬂ%HﬁQﬁ§laﬁd4 §pﬁn@:88 for leucine, 0.37 and 1.47 for

serine, 0.33 and 0.67 for isoleucine, 0.31 and 0.61
for arginine, 0.15 and 0.31 for methionine, and 0.1

and 0.6 for cystine.

6. A method according to claim 5, wherein in step b)
glutamine is further added to an end concentration of
1.17 and 3.47 mmoles/l of freshly added glutamine per
10 x 10° cells/ml.

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.



2. A method according to claim1, wherein the at | east one nedi um conponent
of which the concentration is determned in step a) are chosen fromthe
group consisting of glucose, glutam ne, phosphate, |eucine, serine,

i sol euci ne, arginine, methionine and cystine. 3. A nethod according to claim
1 or 2, wherein in step a) the conceq%ration is determned of at |east two
of said nedium conponents. 4. A nethod according to any one of clains 1-3,
wherein the conponents added in step b) further conprise one or nore of

val i ne, |y®i.nepA tmkcbodi aecogliyugney iy asparfagileemst r-@si mierkiist i di ne,

Pneulin. 5. AoCHER BCooii POLTRValy BB the Lo e OOR the

conponents intst ap Bhdatenaddedat o€ miholeyderds dtriedhliyn addedes/ | of
freshly added conponent per 10 x J106 cell|s/m_ of between_4.0 and B.0 for
gl ucose, 0.44CRABODBEBE P8F FRu¥ihe, ¢13d7/Bhdof. Betrgrn Sefi AR B:83 and 0. 67

for isoleuci ngor0+,31:88d 0.84 ah@ro & gifbheydnkd and Qnl of.Qr fagt hi oni ne,
and 0.1 and 0.6 for cystine. 6. A nethod according to claim5, wherein in

step b) gl ut &fireenisefurt her added to an end concentration of 1.17 and
3.47 mmol es/| of freshly added glutam ne per 10 x 106 cells/m . 7. A nethod
according to claim®6, wherein the conponents in step b) are added nore than
one tine, hWLtmeme;hbaracterﬁing to ¢hadm o, awheasailnt iof st fo)r $he addi ti on
the end COnce%%ﬁﬁ%bgggogo&ggggggsagggdfurther added to an end

concentration in mmoles/l of freshly added component

per 10 x 10° cells/ml of between 0.067 and 0.13 for

asparagine, 0.087 and 0.17 for tyrosine, 0.067 and

0.13 for histidine, 0.013 and 0.027 for phenylalanine,

and 0.04 and 0.08 for tryptophan.

11. A method according to any one of claims 1-10, wherein
the addition of the components in step b) is performed
at between 48 hours and just prior 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.



glutamne is higher than as a result of a subsequent addition. 8. A nethod
according to claim5, wherein glutamne is further added essentially
continuously such that the residual concentration of glutamine in the
mediumis nmaintai ned between 0.2 and 1.5 nM preferably between 0.5 and
1.0 MM 42 9. A nethod according to ggy one of clainms 5-8, wherein in step
b) the follow ng conponents are further added to an end concentration in
mol es/| of freshly added conponent per 10 x 106 cells/m of between 0.3
and 0.6 f&F-val naehod. 20canding 5o fanry o e, cdaimgnd -044 Whereihr eoni ne.

10. A net hod oL di claim 9 iin 4 ) _the __f.al oy ng
conponent s argﬁgu%gagg %g%eégégaé%agag&ggbﬁkgﬁ%% tf%na%ngﬁﬁgﬁeél%ﬁof freshly
added conponemp® mer w. 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 and 0.027 for phenyl al anine, and 0.04 and 0.08 for tryptophan. 11. A

met hod accekdi AJmE@haAyae86r@ing! b nenyl - othesleiims tihe sgdéinkireanof the
conponents in step bi is perforned at between 48 hours and just prior to
depl eti on of &he Fehit BReJ¥FethPFRMNUMEHpdfetrsvieséefoncentration of

whi ch was determined in the previous step. 12. A nethod according to any one
of clainms 1-11, wherein said steps are repeated at | east once. 13. A nethod
accor di ng f6.aAymenkodf actardsnd-dQ, clsier gien whaingt icelslag dapgodiecitved from

retina cells. .14, A ne%god accordiqglto claim 13, wherein said cells
1S a recombinant protern.

18. A method according to claim 17, wherein said
recombinant protein is an immunoglobulin that is
secreted into the culture medium to a level of at

least 500 mg per liter.

19. A method according to claim 18, wherein said
recombinant protein is an immunoglobulin that is
secreted into the culture medium to a level of at

least 1000 mg per liter.

20. A method according to anyone of the preceding claims,

wherein the cells are in suspension during culturing.

21. A method for producing a product in cells
immortalized by adenovirus El1 sequences, said cells
being in a culture medium, wherein said product is
chosen from the group consisting of a recombinant
protein, a virus, and a recombinant adenovirus with a
deletion in the E1 region,
characterized in that
the culture medium is supplemented by addition of at

least Glutamine, Glucose, Phosphate, Leucine, Serine,



are derived from human enbryonic retina cells as represented by the cells
deposi ted under ECACC no. 96022940. 43 15. A nethod according to any one
of clainms 1-14, wherein the cells are grown to a cell density of at l|least 9
x 106 per m. 16. A nethod according to any one of clains 1-15, wherein
the cells produce a product that is hggvested. 17. A nmethod according to
claim 16, wherein said product is a reconbinant protein. 18. A nethod
according to claim17, wherein said reconbinant protein is an

i mmunogl obul | Asphgucige, sprgehddei Miothirning @ Gredilne 6 &heevel of at

| east 500 my pgh¢|iibeheadidn. A Method according to claim18, wherein said
reconbi nant protern is an 1 munoglobulin that is secreted into the culture
mediumto a level of at |least 1000 ng per liter. 20. A nmethod according to

anyone of e preceding_cl ai wherein the |1.s are.in_suspensi.on during
cuIturing.EB21. ﬂeﬁg?ﬁoac?SFg%?%dﬁ%i?é%%? rckﬁﬁ§r€ﬁ$Euﬁqagﬁcnﬁg%gggized by
adenovirus El igpegHencesidsaellgetréschheidwll rechaantnatd oredifusx wherein said
product is chosen fromthe group consisting of a reconpinant. protein, a

virus, and a ﬁéééﬁb?ﬁaﬁtlgaeﬁ&ﬁ qE?h&ﬂﬂ@taleééFeﬁpoﬁ LA tYk?QQeregion,
characteri zed R 15hah tabelEHEEuggrEregf Whd Stlwmrﬁrﬁl@g:r%e%@d' tion of at

| east d ut am ne, ucose, Phosphate, Leucine, Serine, 4
23. A method for producing a product in cells

immortalized by adenovirus El1 sequences, wherein said
cells are cultured in a culture medium, characterized
in that the culture medium is supplemented by adding
the following components to the culture medium per
liter: 3.6-21.6 mmoles glucose, 6.8-40.9 mmoles
glutamine, 0.40-2.4 mmoles 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.

24. A method according to claim 23, 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



| sol euci ne, Arginine, Methionine and Cystine to the culture nedium 22. A
nmet hod according to claim?2l, further characterized in that said cells
reach a cell concentration of at |least 20 x 106, preferably at |east 30 x
106 viable <cells/m at least part of the tinme in said process. 23. A nethod
for producing a product in cells impgtalized by adenovirus El sequences,
wherein said cells are cultured in a culture nedium characterized in that
the culture nediumi.s su n add the f n conponents to
the cul ture rMERIAADE I|t %ﬁ lgsnhﬁg8§16?00§s%9m% %4 mol es

gl ut am ne, ()MHbLéslﬂﬂﬁﬁﬁﬂideQUQIMQA B.. BielamaleﬁbbnényselamfneD 3-1.8 mmol es

i sol eucine, 0.28-1.66 nmoles arginine, 83 mmol es_ net hi oni ne,
0.15-0.9 mml%sowcfé*t]ﬁné“mq}eﬁ tfy@ﬁoﬁﬁﬁpeéngaprﬂel B.®8°488 mmol es | ysi ne,
0.18-1.08 éﬁg &oni ne, 0.06-0.36 mmol es asparagi ne, 0.078-0.47 mol es

tyrosine, 0.06-0.36 nmoles histidine, 0.012-0.072 mmol es phenyl al ani ne,
0.036-0.22 mvl es tryptophan and 0.45-2.7 mvol es phosphate. 24. A nethod

accor di ng 59 QA d Q@ngafﬁggag_%gggat§3 8L E 51809P0n§H%§3§9ded to the

culture nedlunlper 19 %" are: nTol es ucose 2 mol es
gl utam ne, O. ﬁﬁkﬂhéirﬁum&ﬁrd<mﬁalmm,cénﬁénﬁraﬂenmnleddedetonan énd- 1. 2 Mol es
i sol eucine, 0.55-1.10 nnol es %ﬁ? ni ne, 0 28-0. 55 mol hi onine, 0.3-0.6

mol es  cyst | FFICHEAU B FBISELYSeR Pné>*0753: 1*06P ?E@ iszine,

0. 36-0. 72 muob&syddr eprine, P.ek2-0.24 mmol es 45 asparagi ne, 0.16-0.31
mol es tyrosine, 0.12-0.24

26. A method according to any one of claims 23-25,
wherein said components are added to the culture

medium prior to culturing the cells.

27. A culture of cells immortalized by adenovirus E1l
sequences, characterized in that said culture

comprises at least 10 x 10% cells/ml.

28. A culture of cells according to claim 27,
characterized in that said culture comprises at least

12 x 10° cells/ml.

29. A culture of cells according to claim 28,
characterized in that said culture comprises at least

15 x 10° cells/ml.

30. A culture of cells according to claim 29,
characterized in that said culture comprises at least

20 x 10° cells/ml.

31. A culture of cells according to claim 30,

characterized in that said culture comprises at least



mol es hi stidine, 0.024-0.048 mvol es phenyl al ani ne, 0.072-0.14 nmol es
tryptophan and 0.9-1.8 nmol es phosphate. 25. A nethod according to claim?23
or claim24, wherein further culture nmediumconcentrate is added to an end
concentration of between 0.15x - 0.9x, preferably between 0.3x - 0.6x. 26.
A met hod according to any one of claijgs 23-25, wherein said conponents are
added to the culture nediumprior to culturing the cells. 27. A culture of
cells innnrta#ézed gy agzn virus El sequences, characterized in that said
culture conptfsestht Geas? ™o x 106 cells/m. 28. A culture of cells
according to claim?27, characterized in that said culture conprises at

|l east 12 x 106 cells/m . 29. A culture of cells according to claim 28,
characteri22d » Fthatre H4 @A AU BPPPsES StalBadt 15 x 106 cells/nl.

30. A Culturecﬂérgéééfizaé&wie}% a0l 2lre eBARASLEEI 28d1b8st hat said
culture conprises at least 20 x 106 cells/m . 31."A culture of cells

according to €0akm ®0celdlsdmact eri zed in that said culture conprises at

| east 46 30 x 106 cells/m . 32. A culture of cells according to claim 31,
characterized in that said culture conprises at least 40 x 106 cells/nl.
33. A cultape nfcerthse ast aredi g dar iy naneocobingl anesoc27e132mswWher ei n at

| east 80% of the cells are viable.
0 2, wherein at least 80% of the cells are viable.

34. A culture of cells according to any one of claims 27-
33, wherein culture medium is exchanged at a rate of

about 0.2-3 culture volumes/day.

35. A culture of cells according to any one of claims 27-
34, wherein cells in said culture express a

recombinant protein.

36. A culture of cells according to claim 35, wherein

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

37. A culture of cells according to claim 27, 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.

38. A culture of cells according to claim 37, wherein

said yield is at least 700 mg/l.

39. A culture of cells according to claim 35 or claim 36,
wherein said culture is a perfusion or fed-perfusion
culture and wherein said recombinant protein is an

immunoglobulin that is expressed with a yield of at



34. A culture of cells according to any one of clainms 27- 33, wherein
culture nediumis exchanged at a rate of about 0.2-3 culture vol unes/day.
35. A culture of cells according to any one of clains 27- 34, wherein cells
in said culture express a reconbinant protein. 36. A culture of cells
according to claim35, wherein said gells produce at |east 10 pg
protein/cell/day. 37. A culture of cells according to claim 27, wherein
said culture is a batch culture and wherein cells in said culture express a
recombi nant i¥aRftodidbwa/AAGah a yield of at least 500 ng/l. 38. A culture
of cells according to claim37, wherein said yield is at least 700 ng/l.

39. Aculture of cells according to claim35 or claim36, wherein said

cul ture ist@ perduldiore arf faed-lpericgsirdangctbt ang and eherkbaimsai

r econbi nant tein is an _. | gbul i.n_that Ls expressed with a yield of
at 47 Ieastp%%k)Vﬁﬁﬁ%%ﬁnﬁa%ﬂ;gglﬁ%uﬁfﬁrQGS%VEéI%Eogcﬁg?%?ng to any one of
clains 27- 3%mhesreid sjihaceldis sane depreednteanpiiutle cenbs yoni c reti na
cells as represented by the cells deposited under ECACC no. 96022940. 41. A
culture of cel9ROSIESS dsET AT GRe 8PO0CRAfRs 27- 40, wherein said culture
is a suspension culture.

41. A culture of cells according to any one of claims 27-

40, wherein said culture is a suspension culture.





