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MYELOVA CELL CULTURE | N TRANSFERRI N - FREE LOW | RON
MEDI UM | nt roduction The present invention relates to a
woreaohooisbor growi ng certain mamral i an cel | s i NPEI/GB2004/003273
cul ture nedi um cont ai ni ng i ron but in the absence of
transferrin or a |i h||
i tr ogetteened iy BRRRE, bf hSikAGrabr ey o, ymmpon
medi a must provide the nutrients necessary to rrai ntain
Introd@tdndrow cells in a controlled, artificial and in
ro environnment. The particul ar characteristics of
the cell culture nedia depend to a | arge extent on the
I [ e t
The pré%;e‘?]?m%rﬁtgog rblahs! tp% ﬁ@h&)%ﬁﬂ;ﬁﬁ\ﬂlﬂﬂ cgﬁ? ﬁ‘ rAq‘iﬁrﬁSIﬁan &HEH a Qlure
medluralggoﬂamlrm IrCEdQut nreihrembseme ofrteamsfewin arty ligophilic br synthatic nitrogen-
contam?’@%ﬂ in the cell culture nedium Bertheussen
te€chnol ogy 11:219-231 , 1993) has comment ed that
iron cannot be effectively supplied to mammalian cells

ding sinmple iron salts to the cell culture
Back R%j m primarily due to the availability of ironto
the cells being reduced by rapid oxidation and

el oy el BivebRelide RN HRLR tesrbseiip A FEiPY SPIp '

controlle| ahaificiairanafin ciroeniesimenstl The @)@Hicul@lldbﬁatféaeﬂﬁﬁ:b ld)'ffthetcell culture
enefit, to co

fore r ov
media {iRerd153 g 2t 0r Mt he® of Sttt lireciang. bz bspavatent on
the mepodedicui@lre. N vivo, iron is presented to the mamual i an
cells by the iron binding protein transferrin.
Transferrin works by binding iron and interacting with

Mammalidr ¢gils have am abﬁﬂﬁ@trédiuu@mdnhmrqsh | wisieH, fimgigro, Eféﬁpplled in the cell
sfe i ron nPIex is then taken into the

cutture et Bothaisesn (Faatorhnalo@ LUFT0-28hd ek eammantes hat on

cannot(b@l"ﬁﬂe@?ﬁ/el fs%ﬂé’&fd) A&ANTaNEn b&ls&@%@ldgréﬂﬂplﬁroﬁ@éﬂs to the cell

to anlrontransg,ortlng Froteln ferritin).
© ?

culture TR TGy P o4 aYGIARLY. of 19D 1a M Redi Daha Teaaer B rapid

oxidatiéh Q¢dgitipiation?f Jrod- 10 (1990) offer an excellent review
of this in vivo iron transfer nmechanism The ability

of transferrin to nediate transport of iron to cells

Iron in 188 fdiREfur@sh&e! Beh 4 Righ@xidatvd bétéﬁtlatPXNHnlE}?mﬁy muﬁ in oxidation of
addition of transferrin and an iron salt to the cell

compogel)te Gf @ calbeHItH MEEHBY df has theraferaiberaPFaVENy P ©4beRefit to
compléﬁ&ﬁé’wbﬁ‘s& 86 to fedlitd!bEclfmAAR this oRblaf/dl pBéntl.i 9i n and in

recent
In vivo, iron is presented to the mammalian cells by the iron binding protein transferrin.
Transferrin works by binding iron and interacting with a transferrin receptor on the cell
surface. The transferrin-iron complex is then taken into the cell by endocytosis. Once in the
cell, the transferrin-iron complex is broken and the released iron is then complexed to an iron
transporting protein (ferritin). The transferrin is recycled. Thorstensen and Romslo, Biochem.
J., 271:1-10 (1990) offer an excellent review of this in vivo iron transfer mechanism. The
ability of transferrin to mediate transport of iron to cells has been exploited in cell culture by
the simple addition of transferrin and an iron salt to the cell culture medium.

However, the transferrin typically used in cell culture media is of animal origin and in recent
years there has been increasing regulatory pressure to remove proteins of animal origin from

cell culture processes. Clearly the use of proteins of animal origin carries with it the risk of



10

15

20

25

30

35

years there has been increasing regulatory pressure to
renove proteins of animal origin fromcell culture
woe@sesses. Cl early the use of proteins of aniPE&l/GB2004/003273
origin carries with it the r#sk ofintroducing
contam nants and adventitious pathogens such as
introdticing ganganaingaik épd arveitieuy malnpgams s8plo ag iCreutzfeld-Jakob disease

(CJDFBPgﬁaﬂlﬁ%té%eﬁﬂ\ﬁcg)nm“ o DI taﬁée) ‘ﬁn%ﬁ{alnv&rbﬁ ﬂ'gns orters to

ransporters tot ore been so
transfayen amtﬁ thetefolettiee apyghi gnd egpliaskwiti vasyiog elsgreeihésuoppss The

type ﬁas 5 tﬁﬁgﬁ) rf"éf' aﬂémﬁw it t?érgﬁg tgﬁe{sroq{éﬁtbregﬂsf&ﬂ{dt t5'be

een und to e de ent on
depente@ntwni the typel af mesimajiapudet] being. Culﬁm‘edr and Fr anek
(Bi otechnol ogy Letters 9:259-264 ( 987)) denonstrated
that various soluble iron conpounds, such as ferric
Kovag and &ranekdBigtathbelogys kettars 912686964 ¢1 98 7) paesh anstrated that agious

soltf i BB hatd 5 501 Bl n o
culturgr efvityhriddma well inglsr iKdvarearcifranék teetreddhe abitity of ferric citrate to support
o oI ER LIRS S e on RS e gt oo to
(1228r0g/p W%u@a%wﬁaee@q&hﬁmw remn@adsmp@rnds Ihia@bedh brdpds&®in earlier
prior ip BR eitatfe i Uep e Moo ficanaer FHBEG ol ndi paricular
thosd eftHumean Iﬁultwenﬁ@ bt &sHhieRdl oﬁglhitﬂllrfb)/ar éﬁ?ﬂlﬁlfanélﬂ Ebp?ftﬁﬁﬁkf ferric citrate
erric.citra s to. s or
was foBbtrt bifteciia SeT oy S SR els e S eReRRT I, 1t 1 fegTod at

concéteition & 50010 (TEBERGLY. AKovai afll F'ﬁé?%ﬁ%lﬁribﬁﬂaﬁtﬁg/nﬂédlum containing
Kovar and Fr anek found that the nedi um cont ai ni ng

500ukbisHiA Giksate waseUitakle forkbe ciwe abatBerybrideaa call fgseanstwas also
swtal@lta'?&‘"th@é@l"tdrg VeRal m;je'ld?%?féfr‘rtg pd@s al so suitable for

he culture of severadl cell types. Eto, et
aI , (Agric. Biol. Chem 55(3):863-865 (1991)), report

Eto, &t'df] L@gjncf i ﬁ'htsg éf%\é?r%ég%dﬁf))?'ﬂ%ﬁrt %TMEG%)&%E gyar and

t est t he growt at'i rerc CI
Frane}v eTheﬁedmiK@’ﬁtfﬁPSé\Qd e gr@mtg@tlumlamng/eﬁecnt@f Bﬂﬂcngltrateoweaa

COHC%‘MHU ks e::&|5,1t034 N 60@3‘%&. hﬁ BQ{XBU%#}% ?éf)l 'Ilrie‘{)@épdﬁst’?\gt
300mglhves @gedqur rﬁurthea ﬁwﬂ@sr |GTOW®MI§FW tmlthah@imeved with transferrin
ves SRAREPL TGk By s RO EHLIBEh VSRS sBooBeen of rouv

to thd medium corttaiining 300meg/Lsfemiclcitratst udy, Toyoda & | nouye,
(Agric. Biol. Chem 55(6):1631-1633 (1991)), tested
the gromh of three hybridoma cell lines in nmedia
In a shaitdrastudynFoyatard thoayé,r(Atde. Bisr Claer 05516)11631t-1 3 (N 9@9)% tested the

or.two .of the thre
arowfiagdhrag pabsi Polibe® FE Pl OBy el g oper & Poicentration
rangEbit @ ﬂiﬁ)ONMS TI@W? érgtlﬂiaefdi’mhda g?tﬂﬂhe tﬁ'rﬁéfhybﬁtﬁ%é célRlines tested, 50uM
I ndj n 0
(12.5 mg/L faeny ic mtrate was found togoe optimal. This result is contrary to the findings of Eio
et al., and Kovar and Franek, although a concentration of 500uM was found optimal for the

third cell line.

It is, however, important to note that the work of Kovar & Franek, Toyoda & Inouye, and Eto
et al. was all carried out in static culture. WO 94/02592 reports that although 10mg/L. ferric
ammonium citrate (FAC) was able to support hybridoma growth in static culture, this was not
the case in agitated suspension culture. It is apparent, therefore, that the ability of
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et al., and Kovar and Franek, although a concentration
of 500mM was found optimal for the third cell line. t
WO gQ0shoisever, inmportant to note that the work PET/KB@A/003273
& Franek, Toyoda & Inouye, afd Eto et al. was all
carried out in static culture. WO 94/02592 reports
hybridesna cgllls komghke optimalluse of Hiedroarmhemi arawe in agitated susEpnsiersculture is
dnﬁe%'tﬁoh%ét‘m@%‘u& Cmﬁ!%l doma growth in static culture,
hi s was not € case in agitated suspension culture.
t is apparent, therefore, that the ability of hybri doma
Iy
WO 5i0D323 GodFREEs QbR oty QbW Eocrb AR e S 1  colube
iron salhandcare akalimetal mlgair@@mztb noRsglcitrdde svhichdsi iatsurtmolmardm amrce for
o r
serug‘fjf#éé bf\rﬁof;eﬁ{"g%i H,llﬂlg %e%hﬁx‘i s ¢ erggtaﬁﬁkéﬁérfalle Bhcerned
predomrle@tl)ewm|tfmewgnowtraof§uammalm calisisusivas Belkt and GHOwBIS.r Athough
fr r
exarflef A0tk t RS o BRI or i aime i s Rbiphhat he spero
cellsgisediare nffagtaromegeceating mdtse/mhe adybitidhancells CIQ0Itore! damditions are

S R R L A ST
used are in fact’non secreting nouse/ nouse hybri doma
o i 4GSO e 5 T AP oDl SHRE S Bt o

agitatéchsunapehsitn thitire boestiowmeevidericsito gupsidinisiatgiml i et al.,

v aeh NS o b L) el P ot B i Sl o (122

mg/L() &yﬁlab&nfahmwsmxcr%d%%&ar 4APPGhEkK, vbtﬁé/\ﬁm@ble fbletﬁ@ rctnture of three
di um cont ai ni ng, 500nMM (122. gg/ L) f

hybrlfgp}aé{egrileg%lnoq_%t@ﬁ RSP TFIgRFRMlpre. na-lomeg l@l e;NgI found that in order to
use & wddalh omtainidgtBesdhigh Eencehtrhitne®f héfhé bi@lﬁtm(sgepwl liti e

in agl t at ed susgena on cul tures.

necesgamdo Mean thecelisdaio fis mediun; kdbe G@ﬁec?irﬂ“&l %’4' H@e Wﬁs‘%an‘”g period

was Righly srensasd.r @t epén%dpﬁmérﬂruﬁamnaértthaéeec&n%%nhﬁme éélls%’i'e
necessary to he cells onto this medi um

t he
expeiIgBEnG ALY agrpingiang thattes W@QW%@"BB'@F'%C%% bmr@tmoyed by

subgiifudibh af trRderr@ citfite fH the FRIKERM ith B%on‘é"@#ﬁi’er{t I“PSﬁ %resentlng compound
conditiaons the cells were experiencing difficulty

suchatrindgcarhexliciagtd- t he medi um formul ation coul d be
i mproved by substitution of the ferric citrate in the
mediumwi th a nore efficient iron presenti ng conpound

In agsaementoVit fhe RrioF i¢ sasti IKevas ane Franekdi enevaverql werkershave

repoﬂébl ‘R{at @éﬁtalﬁ't)‘/&@ d?hdﬁ%élfan%@ﬂ’ hEVPEdn 1od8S10 he §l§%‘f£ﬁéﬂ$le in culture
kers have reported that certain types of nanmalian

US'"@@W”HQW?'W@BWS@UWG COBPBENAR st ai nabl e in cul ture

Ramos et al., WO 92/052486, reports that in the cultivation of epithelial cell lines and in
particular Chinese Hamster Ovary (CHO) cell lines, transferrin can be replaced with ferric
citrate at 10-100 mg/L (providing approximately 0.6 — 16 mg/L iron). However, this patent
application states clearly that the medium was found not to be suitable for the culture of
myeloma cell lines. Keen et al., US 5,633,162, report that ferric citrate, ferrous sulphate and
ferric ammonium citrate (FAC) can be used at concentrations of between 0.25 and 5 mg/L
(equivalent to 0.04 to 0.8 mg/L iron) to replace transferrin in the culture of CHO cells.
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using | ower concentrations of iron conpounds. Ranps et
al ., WD 92/05246, reports that in the cultivation of
wepiosiedspal cell lines and in particul ar Chi neB&I/GB2004/003273
Hanster Ovary (CHO cell Ilnés transferrin can be
aced wth ferric citrate at 10-100 ng/L (providing
WO gg&,sg% ﬁﬁtr@e@ rgplgcement rngdlm_murp which alianisnal proteingd.e. transferrin and

msuﬁh’ithﬁ{/‘é b&GH} e' EH O'Tra?'kgﬁtrﬁ'r?w Ac\édﬁop%rré&esfﬂﬁ%'te‘éﬂa\ﬁgd toa

found not t e sulta e cuftur
nitrogan-contpining chrlaéing eemapund aysoaceg@gthr@g basgpm trom ldbetween 0.28

and i $TAd/C, VARt T, ?‘?r?g/la%@@g%{ﬁ] H'be%gﬁmaﬁfﬁ% rﬁ{r{)é] mﬁnrﬂw\ghelatmg

citrate (FAC use oncent
compoyrsisgtated aagwlLabde@ghudel afifylenegiaminetetraadptie amgl/ EDTAJN)

ety BeBFBAHRT pRREE plib NGRSt Roro SRR gefrelciamine
meswaterrdietl'rytemlemalmnepenmacehcaa{md OTRA) amddransslt,@-?mmlhmyelohexane-
feqrin aced b errous . .
N BERDIeER R GO Drindter TR BORE T Rerefied o vg ovate was
also tisag mihd fatn efdfepsadium oitrate, baisthid vaxgs nqulred ﬁtthQhetr‘wmentratlons
b ound to be

than%%?eﬁ%ﬂg SL%L‘F??A*’F ?h%éT%gﬁ%lg%m ﬁbnghel ating conpounds

stated as suitable include: ethylenediam netetraacetic
ThlS%@h@Cra;Igﬁ-Sr%)[% tﬁtﬁﬂw? Z@E%&ﬁ&(ﬂ'e@brg%ﬁgw% (I%%%%fet %}‘/ Igrowing mammalian
cellsdp&tlwlmdgaep'lmellagmybmbmst chillet EXérBDIEballl(ﬂ‘Hd)fﬁB@@ﬂivﬁﬁ@ﬁCH@ and the

DIP am no ohexane-

o iV N el GFF od b SRS 1 hoce. EDTA i s

the nost preferred. Ferric citrate was al so used in

m of Fe odi itrate

A ra el ee e pisp eSnd Bk ebintvaitan, (ULl Rey. Biol, s1:e25-
632 (swgbh arbreoﬂg-te%@im'vwhdh eletiizeconidimifg BOPIn w8 FbraNoiFbAicRRrate at the
low @ngwtﬁage bk ggppgrrg)%%ﬁgﬁfégm ||r§H)|et Ftﬁ@ﬂigegellgrpes tested only
5 weké gaipdbiasﬂlo@ielrm gr&mmmﬁ)khllj IgW&IanﬁedJurPI h’*hegir <§3éwglhe§f/veg‘@rkat

an oni ¢ kidney ce i ne as
JItan, *&’gd%xmﬁa%@a§mpac‘a"|""? p%%é@m%mi lalggll fige) and XC (a
rat s&l@bﬁﬁmgggﬁ)@h h@fbrldorﬁé tﬁnd’ hfyél@nﬁﬁdelll Ilﬁ&/wgl% |ﬁbluded3§cm5|2§§t those

erm 0 in nmedia containing

testath, s e e 50 e SPREBr P Tl Lo eginD- | ov,

concentration of .25 ng/L (approximately 0.2 ng/L
s ok P STt Mooy aBE e n cour
medlal foEGeribf @u&wﬁ artidung tthlE’oﬂe;ﬂlfh@Im%nUMK%%@(a‘éﬁhd ongln ). Itis,

Imegéa}gle %I ma eﬁlthellal cell line) and XC (a
however £ y,g);ree i ﬁ'&@rht §,m PIgsHie %wa%b@ﬁgmg@eus in agitated
susdehél@ﬁ cuﬂi‘fr@ usmg laUARRT AP RES etilAS @ HiGPESRenMR, Wexample in the

f ound le to r0W|ntheIOW|ronmed|um
region of 122. 5 mg/L of an iron compound is required.

The prior art also teaches, however, that high concentrations of iron are not advantageous.
Bertheussen, in Cytotechnology 11:219-231(1993), states that high concentrations of iron,
such as the 500 pM ferric citrate suggested by Kovar and Franek, should not be used as
these high concentrations cause rapid precipitation of iron hydroxide in the medium. Freshly
formed iron hydroxide absorbs other metals and various organic molecules efficiently, thus
the composition and stability of media containing high iron will be seriously affected.
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As di scussed above, |ower concentrations of ferric
compounds are suitable for use in culture nedia for
weensaiaocel | types (particularly those of epip¢EGB204/003273
and human | eukaenmic origin)3 t is, however, generally
agreed in the art that, in order to cultivate
In viewndb thectiiffieuliie érmoLinterayl in aletbriag Fpe e etRit Mammaliangiehy inculture,

o orb 30 B Il 95T Rest oD RBERRF BRI oD i

compougsonasiidvelopedui red. The prior art al so teaches,
however, that high concentrations of iron are not
advant ageous. Bertheussen, in Cytotechnol ogy
Iron Chaﬂiﬂ)fQSrb(tm%W hesdratyetic t:tbrapowndg lwhichrastaeh the metad iaprby co-ordinate

ooyt % 08 RS TSl 150G RBERL A, g

numbepoloeitdriaaduich s toeiusrigin Gyhthepc ecbnplpglaaliymfodwcadrrnqa.lecules) their

mterag%dr om d@ye‘w@\? ts% agﬁe\gatgph’uy\g o%ﬁglhlé v% ﬁg phlhﬁtﬁ? tl%ﬁdétB&HuS*ﬁetrlc

interagfién Gidentdty of héxaslentate)conposi tion and stabil i ty of
nmedi a containing high iron will be seriously
affected.n view of the difficulties encountered in
Lipop##it icMélaiongariercompoandewhiah haveiwredistinet propegiesn (Huhe gerepounds

o Bt A A BSAybf FRUSSEE sBlene 0
alcohvB dublenieddogoiubility inovateh ¢2)dhe csmaolmobﬁiﬁoc adpio,ally, have a region of
el S S R LSRR bt
posﬁ’v@l? cﬁ@@baﬁrah jonandn télegulines) ithetholigistehdti sedh asinpgurads will be
a5k i B ek O BB A i on
and wsblbly&ﬁdo\agmr& Slicherabrana] taus feailithtiop |ﬂ1ﬂ0$L[ppWSOf iron to the cells (US

s oo oSy 2554 SRS AR Ponpapna o

salt. conpounds whi ch have two distinct properties: () the
conmpounds are hydrophobic and often aromatic, thus
exhibiting solubility in organic solvents (e.g

One 81 m@fé@hbesh@f)oﬂts o the disé of albpépﬁlliy: chelatuwes; by(mpck aed Stevensen

(Imn@ﬁglpégﬂgd\;?ﬁrg HSgprg%g %25 ﬁ%}qqlés%\ég%yagé)a% {s?)ﬁlpg ?%ré%’o‘?\e (PIH) in

conj kSt WitR $éré hﬁrllbtﬁhé‘étét@t IThlRg fdurfdhhalcFHHtfemelnﬁnlohmcgtamb at a ratio of
iron ions. n cel hou

2:1 apelrsureianpn Pt 6 o8 ersied bty B PRERG a6/ e cuture o

moué’@em’]‘{pﬁaﬁﬁe edll tee. cel s and will, therefore, transport
bound” “iron to and possibly through the cell

menbrane, thus facilitating the supply of iron to the

Darﬂ%P'(U§ 5(64% Isaﬂﬂ&mﬁﬁ@éu wweslou mmwtm ¢H60) abppurts @petein free

pi cal ed in excess of cq?q?
medlym wntable for the culture of hybridoma ce hne h atﬂxornfgund 81at transferrin
could be replaced by using the organo iron compound, sodium nitroprusside (SNP) together
with EDTA at concentrations of 5.7 and 5.5mg/L respectively. The author named this
medium “ABC medium”.

Bertheussen, (US 5045467/Cytotechnology 11:219-231 (1993)), reported that the transfertin
in cell culture media could be replaced by using aurin tricarboxlic acid, a lipophilic iron

chelator, and 3uM ferric ions (added in the form of FeCl;). Bertheussen developed this
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One of the earliest reports of the use of a lipophilic
chel ator was by Brock and Stevensen (I mmunol ogy
wWQed0se14300.5: 23- 25, (1987)) who used pyridoxal PCT/GB2004/003273
i soni coti noyl hydrazone (Pl in conjuction with
ferric nitrilotriacetate. They found that PIH ferric
medigin; ysingsseversd e¢lblypessandifopad it @specially suakie for the culture of fast

40 m (based on PIH) could repl ace
growtﬁlggﬁﬁﬂ%rﬁé bélplln%g

ferrin for the culture of nmouse |ynphocyte cell
lines. Darfler, (US 5,045,468/in Vitro Cell. Dev.

wo By0sgBof A uch 8Bl %Rl |1 RE Dok B i e
preseqiatiesrof iren teicellsadn agltaémﬂemenﬁon oultwte b&he epthaceamimgnts that
ropof ol 00801, 12 SEROHpn R HbATYAL oS iprcn

ferricar ferigus iprssiiring a vaiisly offiren canprands.antioFAQ e mesti preferred. A

RS R B SR B B FDRRYRer o

as 5pidkhd Glﬂnugdt eespectivalyc amilsdmlsélurrsmgialed shitablesfon theagrowth of NSO

myel¢rl;e1? r%?ﬂ:sb olgti;{gﬁ/ ageg(g%rlmﬁnt?ﬁcedonprdshfng:d{a n(afllcnh%e’treij1 { gq,r np] gﬂg grch])lone but
contaiing FAQexert hesﬂ;erbmhtm hyhrigiong am\myabma eklls. tiypes faund that FAC

cond B £ BB L e kbbb Bl APboma ot

in agitdtad sUspmeibn rmaltlbre FaEhlome at&pdxamem‘rditbnfdﬂ 0nmg@b colild not support

the ol 5480 bBelonGn UGBS, B M SanedrbRudtfidinc abRgere

investigatpd Ivmmehshwalbmahmll ad@ke@resmmqems a0thoACaROPRANhMANSO and

A R e N e
suppom séll groaftter red. A hybri doma ceII line was used to

el uci date the opti mum concentrati ons of tropol one and
FAC as 5mM and 0. 2ng/ L respectively. This nedi um was
Keena(t:gmteumhblaby e7ﬂ 93 202e1 gysgavddartefthd\mempﬁiewaf & pHdtéin free medium

o ot F o R B0L SRR S SRl o, s e
on a 1 st iktwre toh DIVEM, IRMVIBamﬂdefABﬂ ﬁiéaluﬁedié\%lopfed\b@SDacrﬂbl’mﬂhe medium
i nca

therelgfé coniaed SR 4o 2 TR ROUER) BPR ABHEDTA SR NHoa8: Containing

chela&gi &IFfdncfEBWA m\?rgmmkﬂiﬂa hﬁ1/35ﬁ€het@éc9ﬁ@nt?dtltoﬂtf%und in tl\ﬁ ABC
.conce ra on . coul no, Su or e ro

medii, SHLKREHIoH)S R RSBl o PiRdss gt an sBpoRbHcB Ry R Y B ferrc

CItrat@fn th&@edion eVWrﬁecﬂlnMG/fEetsl P Qﬂtanethr ﬂwBQzuﬁM@ﬂlm k& tholesterol

es esu e aut hors NSO and
auxob g iyRRTRGRT e N pEAIRIES SyBRHIPy S P dReichgesterol
requn@(rmmewfmre (Keéw end BeiwRa Cyabtebiffolddy 17:203-211, 1995).

A recent patent application by Epstein et al., WO 01/16294, comments that in many cases
simple iron carriers such as citrate do not provide sufficient iron availability to, or uptake by,
cultured cells. The patent also reports that a range of lipophilic iron chelating compounds
could be used for a variety of cell types with differing degrees of success. However, results
at least as good as transferrin were only obtained with sorbitol chelated to FeCl; and 2-
hydroxypyridine-N-oxide.

The use of lipophilic compounds to chelate and aid presentation of iron in transferrin free
culture of hybridoma and myeloma cell types has therefore become state of the art. There
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support cell growth. Keen (Cytotechnology 17:193-202,
1995) reports the devel opnent of a protein free nmedi um
wo orosphsocul t ure of rat myel oma and rat hybri deEEGB2004/003273

cells. This nedium called W8, was based on a : :1
m xture of DVEM RPM and the ABC nedi um devel oped by
are, yyqvesrsevaiakdisadiianiages to ik dnausiomofdipophilicSiiRiatsrsan cell culture

A j idico. f_ i it , . .
s EOR b AECUIA R rk i R BP0 o B Reges oy v
and hgsangDihie rebefcdmg’kg. i locell tnasdusied fortthe ARiGsinabproduction df

. 1 ' G ' the Lron
o SEEUHt {EPBG oLl bl B35 L et and
final priodheimIndeggl, sty e nessssns o davietopldnel Viatidate laesays to prove that the

, i ' . [ I

L L e
Additigimally optimigatior quhf: éoe fmnmﬂat{tﬂgef e(riﬁgmptic?émﬁ tpsjc:?iIIﬁII be further
comBHEERRS LiRokbuErar byctoof ety g 357 ol s

that in many cases sinple iron carriers such as

In S”?"S‘I*@I"%%ﬁ%ﬂ% %@“%Xth e sufficient iron availability

ured cells. The patent also
reports that a range of lipophilic iron chelating

d . ' f I e
tort nTE Rerr o SR, P Briind hikigve B8l wRGE rpioh ron
| eastormenyatichsy($22.6 amgl éarric citrate) ¢Kovalk % Arbhel)ned wit h
250t s RSRLebih (o 2BB MLt ciymglgpepeprectaton i
conpdameges iheciutlir@tneediund (B?quseaﬁnt ation of iron in
[ture o

3t ypel HabPaldeas sabbGra epiRle HiFng P faome s dfiknot grow
howeineagitateeiaitate atidsagblama agiesswill dot ewi ai@ll irs lodrird®f concentrations
11 bt binghEndbd SoleStan WO S/BEED, ampi e shp
4i s chdipspiilicechetetortis giyjuired tthe ndsttilin &s erdebld-BARlidomarzdid myeloma
I ) usg)d for the grqdus

f /,ka. n.cell. |i ] trjal
or oataR e riaipiesl et Brordterentians (Weoossen)
5cons keguiesrcescbnirations bambe ufs@d:tdg gravgh @D@érﬁﬁm{rﬁnﬁﬁﬁiiaﬁ kells, but
final t. | t . be necessar vel o
and 9 VBEHES ued B fons oo REEnEREY RitiLes Bl (Rl Serosose).
bi ot herapeutic product is cl ealrI of an%/_ cont ?m nat}n?h
sl iJi | at.or. Addjt . optimsation e.
witnip WBERE 1 i cEfE TR =gp S aleelsBroertinge sys bt finfansiitonal
attribitest htds notabiel thataiogdmgelema@antgbliddms Gﬂp@E@é@heﬁré{ §Igﬁﬂ|i¥:éﬁt
e |?r| or ar

. chel,ator and.iron nd, n spummary, t ]
attibigE 112t e, o aveys oRBIER b At gel Wpan derepamite aiylsries faotrophy
(Beblamgtomgealo Btexhhblegy 0: 68 28y 199211 Bife facPifat hybridomas and
myelomas react in a similar way in many respects is, to a certain extent, unsurprising since
hydridoma cell lines are produced by fusion of a myeloma cell with an antibody producing B

lymphocyte (Kohler and Milstein, Nature 256:495-497, 1975).

The prior art, as outlined above, has shown that the ability of hybridoma and myeloma cells
to use iron present in the medium with a simple iron carrier, such as a citrate, and in the
absence of transferrin or a lipophilic or nitrogen-containing chelator is different from the
corresponding ability of, for example, CHO cells. The overall teaching of the prior art is that
hybridoma and myeloma cells are the same in their ability to use iron in a transferrin-free
culture medium.
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concentrations (122.5 ng/L ferric citrate) (Kovar &
Franek). 2. high iron concentrations (e.g. 122.5 ng/L

WO e00si0cesel t r at e) cause precipgtation whi ch danegeeBRive/003273
cul ture nmedi um (Bertheussen)? 3. in the absence of
transferrin or a |ipophilic chelator, hybridoma cells

will not growin agitated culture and nmyel oma cells

. i i i i
is diphlord Boncr SRl s U LI SORTAR LS Moy g
dedicptechiol th@dgvﬁlmpmemimétramr%errinéresmﬂia todl thengrowih ofdybridernacell types,

. . Aa] € 3 . i i .ed
parti G I X ChATET AT BMGLARM ERLDio G sl 2iP
demongivater iba semecenuireneénthias bymidomainsiislinftbis rgsmeot, anafquivalent effort
has i bbah hadB Idnﬂ.gorﬁglch%_ abut only with the use of a

nitrogen-containing c tor such as EDTA (WD
98/08934). Wthin the art of cell culture it is

: . - ]
oo 553 e 58 SR8 3o Bl e g v
awayglfitem hycbusgedefritonde khe foyp oka sblable irohgoirfpoundhas atrepladmm?s for

i b t cell .
vans 1, 0k B8 SRS ) 5l R AU o, H9PSnceRlions
lipopBilie pediragerogyntaiong Ghelatod musbbe ncludihe irf aculturb atedium. Of course
e BB LNTRRASY (PHEURTRS 8 B s RrShd et it LAl
enginegtizd idqredusel hlsb inpesssiates fhad theqwddimt i fusthentrexftecito ensure there is

o NP 4 T HEGBEPIUE Al B

thus peti anly extendsatbe dintel takarttoatemonstrétashathioevpradoet is phes, but also

: (s ri . I to.u i ron
ncreBsbs e bxensich SRR poBeS e Bl Vo SushSuity Bpki R sspape o
proveathaha Clokicaire) clatator dodashwt atriemiratethetpuaspfoguct n or a

| i pophilic or nitrogen-containing chelator is

different fromthe corresponding ability of, for

It is agparept, eher€ldte,dbatl ssneetieill @xistsab Ipravédecirorig acdimpledorpn tootertain cells
ol o S O RSP L 5P B Ot o
but whidhtwill ectmediltiim the peecaqiipt_iueedumégecc:ciﬁmhteedhgba;mgtgi#ethemvantage

d . [, -
woulhS B PO R b BldfRinT Sl Bl e BB Peaipng peetcrs
The dimrwatlic be toatHiewef edupatant oefbcutiatd intaytpersferfanhd dpdphilicor nitrogen-
contog B8 i S 3 BLI SRR ok oo

as hybridoma cells in this respect, an equival ent

Sum(ra’r{afr\c/)%%thhearc'nvré%iork))een made wi th nyel oma cel | s.

In order to satisfy the need to provide a transferrin free medium which supports the growth of
certain cells, the present invention provides inter alia a method for culturing myeloma cells
under agitated suspension culture in a medium containing iron but lacking transferrin or a
lipophilic or synthetic nitrogen-containing chelator. The present invention shows that,
surprisingly and contrary to the indications in the prior art, the iron requirements of a
myeloma cell are different from those of a hybridoma cell, with the unexpected result that
myeloma cells show continuous growth in concentrations of iron in the medium up to 100
times lower than that required for hybridoma cells. A further advantage of the method of the
present invention is demonstrated by the improved titre of myeloma cell product obtained
when cells are cultured in medium with low iron concentrations.
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Over the years, it is apparent that the art of
hybridonma and nyel oma cell culture has noved away from

W b@sossoof iron in the formof a sol ubl e ironPCDGBRWALI03273
as a replacenent for transfefrin, and instead has
determned that to reap the beneflts of low iron
concentrations, a lipophilic or nitrogen-containing

———§33k§L3¥QgE§i€E§ included in a culture medium O
De €8f such chelators in nedia used to grow
cells for the product they have been engi neered to
necessitates that the product is further
F'gu'?ar%artg Igiret’a '@%@Fﬁ@ the gpility; of apyelesng sel InettP GFown varvingt

conceheAtdhe bf feTﬁteam%hW élﬂat@funaé'lc lt@téalﬁ}sﬁél%od Suliu condltlons and
cul ture mediumthus not only e etine ta

figure dRHREEPSifaies hgtanoint of anilpetly P@dlé@ﬁdsby ®myenapcell llne grown in
varyih§ ebSné t
T T et PRl ckhrom a
dUp"F‘t"‘Sr‘i’fE}'}%?’ﬁ%eﬂmeﬂbes not contaninate the pure product. t
| s apparent, therefore, that a need still exists to
rovide iron in a sinple formto certain cells in
F'QU'E?L?I tliguge 3a ilggirpten thegrpwisofaHnyaioma (cell fineoinivaeying concentrations of
ferrl§éﬂﬁ'5té %h@éﬁadlté@ﬂ SuSp &R &Jltﬁférﬁdnaft'ibﬂgaﬁc? ur@ gB‘%BWQWie cell count
w || “not result In the precipitati
and @ﬁ't'@@%w&joﬂbﬁ‘@@" lin® $Qgromer advant age woul d be to have
a medium free of transferrin and |ipophilic or
ni trogen-contai ning chel ators. The ai mwould be to
Figurgch i fighee 3 ilipstsates thecaspwvtheaflashybddema gelt ingnis veryingncaneantrations of
[
ferrldairﬂagﬁblln &téé?% utﬂgclsr; eé%k‘é{légnoégg' %r%%ﬁgn%ugtg% %)tnal'tloﬁé &Rd A 4B shows
the cell et apd figure Seraaivg agnathpmatically detivas qonmamlepn pbgrowth of the cell
line AJrbwhy the need to provide a transferrin free medium
whi ch supports the growth of certain cells, the
present invention provides inter alia a nethod for
Figu@%'tft?ru\'éwﬂa WY& REB bRt S hydGhh %Igﬂ]esl msée%}n free,
in a medium<ontaining Iron
transferdrriee Madivinp in varying epigeniratians of Jertie: gmmpnlum CItrate under agitated
susp@ﬁélérpgﬁﬁrémloﬂbng chelator. The present invention
shows t surprisingly and contrary to the
indications in the prior art, the iron requirenents of

, V. L .are.different.fro ose of hybri dona
Figufh g7 YA o i Bt e BRIl EledB g e A lle RO or
growthhaf\at rapeioina welll ingyundr Bigitated saspansioa feraresitaibnigr@mthiconditions.

the mediumup to O tines |lower than that required for
hybri doma cells. A further advantage of the nethod of

Figureles ilustratmstthe alitytof ¢arric an’d&immmbltrateetd peyvide&ll liem;lfréd/m for
itre of el cel | uct btal dvvhen cellsg

grow ftaurpg%lor?l% ﬁ@ﬁﬁ%%w@ ln Wm an in a serum free medium under

agitatearsuepérisidn fenﬁerﬁ)&m‘rd:@kiitﬁhs.Of the Figures

Figure 7: illustrates that the ability of a myeloma cell line to grow with ferric ammonium
citrate as the sole iron source is not due to transfection with the GS selection system.

Figure 8A: illustrates the growth of an alternative myeloma cell line in a protein free medium
supplemented with ferric ammonium citrate in a bench scale fermentation.
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Figure : Figure illustrates the ability of a nyel oma
cell line to grow in varying concentrations of ferric
W@povsi14800 ci trate under agitafed suspensi on cubPCTGB2004/003273
conditions and figure denonst® at es the amount of
anti body produced by a nyeloma cell |line grown in
Figutea8hyi iysteatercibatarewth @hg rayteloraa celtlinerimarireigindrae medium
. fr _ . ) .
suprlorEiB Wi Rl A HOAYIR iAo o R0 BB RelcBh Bafth Elhcntation
of a nmyeloma cell line in varying concentrations of
: . | r :
Figuk Sl IfstEhes Bt Srolh et e oS BT R 2 pHOEH g medum
suprigrnented yith ferrieammaniwn cigkie iniazensb sealeigtmeRiajane 3:
figure 3a illustrates the growh of a hybridoma cell
line in varying concentrations of ferric amoni um
Figued 1Q:aillestiatascthe gpvitatobd futhsy eneloor calllinairea poateintfiegrnsedium
: : 1 .C t.. it :
supedEtietup Ui 1t RORIRY BB in LT Bt el B RtcA o HHHEon.
cell line so grown. Figure 4: figure 4a illustrates
In Fiénl%s%"A?%,rb Qlfld o r%é% %antflg} Hégdrégl.‘ﬁﬂé Yafls 'Eibﬁﬁés the time in days and
erumfree, transterrin-Tree nediumin varylng
the yaric defineatheyvigblofcell Bumber (xri®dpellsfmidi t r at e under
agi tated suspension culture conditions. Figure 5:
illustrates the ability of ferric ammoniumcitrate to
DetaiteaviDdscription rod diue treckntiopnn f or growth of a nyel oma cel |
i ne under agitated suspension fernmentation growth
conditions. Figure 6: illustrates the ability of
In adcofdante MEAEHY alibve| thegireésdn® invemiondeowdiés indigdirst@dpédtommethod for
for growth of a el%fﬁ ceL.I line in a protein free
the /o HWQOfiar{méelé%?ﬁ N Wi GPMRNSATder  agi t at ed
(grs PEnGdUEling @rdittieah ediomositith inyelda dell §b,&aill medium being capable
[

lustrates that the ahiljt f a nyelomp cell. |linet
or ow iSRG e Lol srIdeTyalerme cgtine Rt isingron &t
solur C‘({b_nbéntmtibrt@lm&h% _metdnmmng ﬁ@hia?ﬁut}ld.(b?nfgh_tetﬁ%out %chmg/L, wherein
sel ection system Figure 8A: ustrate ro of.
o a5 Ra AR cob el tansteran AP gP itk Aduntnat
medi Uir§deprdoptemilag Bhalbtohoff £ ipdphilis BYMABLLMiGberREsntaiAing chelator;
bench scale fernmentation.Figure 8B: illustrates the
grovvtaﬁ"dof a nyeloma cell line in a protein free nmedi um

®YPP! GERiH & thaNinbbul4tel IcuRura M@ tingér dpptdbriate €orbitdhs and using
pilot scale fed-batch fernentation. Figure 9:

i 11 usSHEedSUBPRYSINGMH™®f a further nyel oma cell line
in a protein free nmedi um supplenented with ferric

ammpniumcitrate in a bench scale fernentatiaon. L
In an embodiment of this aspect, the present invention provides a method for the in vitro

culture of a myeloma cell line which comprises:

(a) inoculating a culture medium with a myeloma cell line, said medium being capable
of supporting the growth of said myeloma cell line and comprising ferric
ammonium citrate at a concentration in the medium of from about 0.2 mg/L to
about 20 mg/L, wherein said medium does not contain transferrin, a lipophilic
chelator, a synthetic nitrogen-containing chelator or a lipophilic synthetic nitrogen-
containing chelator; and

(b) growth of the inoculated culture medium under appropriate conditions and using
agitated suspension culture.



10

15

20

25

30

35

Figure 10: illustrates the growh of a further nyel oma
cell line in a protein free nedi um suppl enented wth
WO eoosiocssermoni um citrate in a 100L pil ot scal ePCT/GB2004/003273
fed-batch fernentation. n Fiﬂures 8A, 8B, 9 and 10, as
in the other figures, the x axis defines the tine in
In a grppad aspeqtiibe pr eBRNEINVRITtIOR PEovides a/prabess foe@btalnwlgtzema(mnahan cell

prod@ct &8k angg)cult@ﬁutgaﬂn%‘ HESel 'cﬁ;géb%‘o@; {ilﬁb‘ﬁﬁ/ Id%lt iR a culture

accor OVG
medigrosapable qf suppasting ﬁhgtgf%tb@ésaldanymm@delf e, sme cuiture medium

comﬁ/rlsﬁr{d%rﬁ%ttc%@erﬁrfan@nﬂ%@H‘Edﬁ@ b ¢k drﬂ?%%'o% '%gma abp Pf 3.2 mg/L,

I nocul at
whefﬁlnrﬁéild @sﬁ@rrhd&ﬂsum peintaig treapizbire adlposhjkﬂmi‘reﬂatmg atsfyethetic nitrogen-

n
condfiyshoRly 52 Sp AL ST by by PTG Bl 48ern s
mammglian cell pioduet. 3. 2 ng/ L, wherein sai d medi um does not
contain transferrin, a |lipophilic chelator, a

synthetic nitrogen-containing chelator or a lipophilic
In a g} figrkter mspedt,tthe grasenidnveritinn pepvides|ibd ose ofamcul(ube) mgoliom for
: [ r i ate
suppgf_’glﬂgl’fﬁe @ﬂ@ﬁ%ﬁ@hﬁgoﬁé%gglo a'?éﬂ IlH%,nS eﬁglp 8'?1&) g pgdlulq"l %q{nprlses
iron argoodént@tionsin thé mdmﬁpefdrqm heutfi. @smgtL torabeot 3.81mg/L, wherein

Iture f.a.
said Wegﬁwgées%c{f@f)ﬁ]tgﬁ# t \ﬂ%&feﬁlm n‘% wélféés &%%?r 2 r?é’Eﬁ‘leH? ngggn-
contammg ghelaioe di alipagihilic synthgtid nitrageretdnthining chelatcd. medi um
bei ng capabl e of supporting the growh of said nyel oma
cell line and conprising ferric ammobniumcitrate at a
In ancasnleastimerdtaf these mspénds okttie imaeafior, tioermabiomt cdhta’inm@a/rrlic &mmonium

v 364l b, REE R o A TR 2850, Rk Mok

ni trogen-containing chelator or a |ipophilic synthetic

Il and rowth of th

In th'boSBRTARGE b P leBhMLins2Pols o sffebiind Bosishiin she
myelamad ceb limgy Byfsupparting gopain's isaneart Ithmcmtmu@ssgfowndoffthe cells over

; i nt i on es.a.proce r
o5 BEE S RLETER: 2 BUBHY P TEBAER B) PO er at e
passags, i.ar frorg oae Bybctulmm oahé neﬂpahbenuafbepbfosimumgw Riribt essential to

r et N a ture nedi um capahl supportin

the pflsBt et Bnf Bebeich A R ReFRRE Medare 3t PBF e atiing
performed, or the product being produced. In the present invention, it is generally preferred
that the cells show continuous growth over at least 2 subcultures, and preferably over at
least 3 subcultures.

A myeloma cell, otherwise known as a lymphoid cell, is a cancerous lymphocyte which is
typically immortal under normal growth conditions. Myeloma cell types are useful as they are
excellent fusion partners for the production of monoclonal antibody producing hybridomas.

In recent years, the importance of myeloma cell types as host cells in recombinant gene
technology has become highly significant. This is particularly so with the use of the
glutamine synthetase selectable marker, which is used with an NSO myeloma host to
produce stable high producing recombinant cell lines (Barnes et al. Cytotechnology 32: 109-
123, 2000).

In the present invention, it is anticipated that any myeloma cell line can be used in the culture
medium. It is generally preferred that the myeloma cell line is of mouse origin and, when so,
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conprising iron at concentrations in the nmedi um of
fromabout 0.03 ng/L to about 3.2 ng/L, wherein said
wore@s/msdoes not contain transferrin, a |ipophPdT/GB2004/003273
chel ator, a synthetic ni trog@ncont ai ning chel ator or a
_. lipophilic synthetic nitrogen containing chelator; and
itis pa iniefead thardhenmyelamadean NSO seliéne ona R3peties cell line, most
f 0
prefck iy 9 RS D8Fine (lih X EEADE o 681 DURE W S mblintd foluce
MOR§ setiesyMP&ivkl1 , cJSEBL, | KGiis/Bawand &i6r6. TGé. 7¢ diheunathoek di theninvention may

. . . > :
oo ETRES BABALEOPy S ARG AR U T AR o0 e
appraiste fastuse dmthai methechpkthe invientioraintluge YRiand Y, @hdlappopriata human
t Y ' IR} r or a lipophilic
Yo R s L P e e 7 T
enbodi ment of these aspects of the invention, the

. ¢ ai oL ; i o
nefSAL USRS N STt Bl P g o
transfdnded ustifg thyy dlutaminehsynphetaserexprassientsystam. t he cul ture

medi umi s capabl e of supporting the growh of a

nmyel oma cell line. By "supporting growh", is nmeant
The ¢dllecuiiuret adiomsofdheprelerdfinventiort dbéssnal wentaimeithieptransferrin, a

Iipopﬁwlp gﬁéIétlé‘;,.eass%rﬁ?ic%hrrgggﬁ%g?@in eil:ﬂgr oq'réqip%ﬁgﬁig %ﬁgtﬁgﬁgﬁgrogen-

ing 'in each passage, '|
containibg ghelatoe. Lipophitic cretatorsThay eidéfareddér thalpardose oéthid iavention as

ia) . es [,nvent i nd n
cnef BRIt B 377l AL SR R GR0R e o
insolpiele frowated or arcell hdtyoe owdivim éved oftprpare duaredtic and @ethey have a region
resent, | [ KWt ois.generally preferred that.the.
ot el HrAl VBB e R Al ba B et Do
posityelyahatgeddmn iamsl  Exaahpdesadi lipophilr claatbsase trdpolone and sodium
. t A I cell,.otherw s nown as a. . ..

rivofifaite; HORRe ptREE 57 IR sifrebn LPb i si o Sty Braining
cheldtysi caalbeydefimaw s &bn bindiag comporahdyecanidihing euittinttheinstructure at least

el y re useful as ey _are, excel lent
one HEHATRRAT S e T b ERBhORY of bl iR S syntnete n
this raspedd adyepamtdbatdhe gitrogén-coldaming chelaere ate yaaaturaltyhescurring, i.e.

j rtanc f el opa. cel | t s as host cells in . ..
e R BE PR R BB Bbg' KBSPB oo Bl ' Brvainin
chelaogwHicrcanet madensythedicallyrdre aot iaclged within titis tibknitichearef are not
t | utam n nt het ase sel ect abl e rker ., which i

ool e i R TarFRBd A Br vRERBSerd ol o Sl irogen-
contginiad ghela®rs b manre oatllimited teToPaundssieh aal ethylenediamine-
tetra%létigta%%h(%gﬂgy etﬁ;%énelgﬁ)y%bl-lg‘lg(?&’-ar%iggg%yl ether)-N,N,N’,N’-tetraacetic acid
(EGTA); desferoxamine mesylate; diethylenetriaminepentaacetic acid (DTPA) and trans-1,2-
diaminocyclohexane-N,N,N’,N'-tetraacetic acid (CDTA). Also excluded from the methods
and uses of the present invention are compounds which may be both lipophilic and synthetic
nitrogen-containing chelators.

The exact composition of the medium is not important to the present invention, so long as the
medium contains no transfertin, lipophilic chelator, synthetic nitrogen-containing chelator or
lipophilic synthetic nitrogen-containing chelator, but does contain iron at the concentrations
outlined above, and so long as the medium is capable of supporting the growth of a myeloma
cell line, as previously defined.
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n the present invention, it is anticipated that any
myel oma cell line can be used in the culture nedium t
wo soogenso@l |y preferred that the nyeloma cell PETIEB2®4/003273
of nmouse origin and, when sddit is particularly
preferred that the rTyeI oma is an NSO cell line or a P3
Typieadly ithescallauitune mediumositl ingluge spusesy obamiNg@cisisl Yitaning organic and

rordE S B S Ol P P IR ot AR e SRt ploments

for grwah A ¢RrIMonly aneilable/ant theih ingapokation inje maskaifor gell growth is within
I nmyel oma
e S o e BT RSN bl i ™
|nvent| on include YGCand Y, and appropriate hunman

Itis %%?QI?EN&S r Ha‘?ﬁfé Hﬁ{ufﬁﬂ@ nhetfum B%s%dgﬁﬁ ’azklrﬂgw@ggﬁjmedium or

Ine 1s an
derivgtiveethateof WblefwaH Blembdrifﬂae comfimuoes growitmef mamimadias teltst éliich basal

ook et B LSS B AU e
supptasrerd¢chtogprovide the maditiar ofitig prasmtmwhtmm ncride [Ratleceo’ a.Modlﬁed
Eagléé’ Meﬁﬁli'rl QDI\WI'EI(/I Q%s B9 dmnp %q@b?g ﬂo%rfle(&degf%%cBi%@ﬁé&iﬁrﬁ and

n|t ‘ogenconfaining ¢ at or

ROSWHPa”kMeInQTnyrtSBMI@tFRI?MBI for the purpose of this

i nvention as chelators having two distinct properties:

(1) they are hydrophobic, being poorly soluble or
The medivhudi] tbe presaat ieverdionanayddd setuhtfigeeprobzin éree ek offdomponents of

: | y have a region of negative

amm%[fg?rg'éﬁéﬁ%’%%egﬂ%&?eﬁbﬁd| ng' of iron through

el ectrostatic interactions WI th positively charged

i ar] S8 Sng BER UL 52 o BRORL ok RSB PR S: Biciee by,

one” an he pur ose
comlbihaiqmrcé$rm1speafmemmumnenisyeqwred far contimueyergrowtht ai ni ng
chel ators can be defined as iron bindi ng conpounds
containing within their structure at |east one
Wheniprepzgieg asted multlﬁedlemmnmwijecmaycelb’@phm celplire) abasal medium will

typlc?Fydi{)eo E'gfﬂlﬁﬁ Pr 8%13&3%§r§]t?§5%§erpéiln Rely h? glg,(iusugﬁﬁetn}]sio?f e 8Q|Iﬁcular cell
typeﬁhade uTlae thoiceciusupplements ie withinahe skikkgf iharpeotonrio theadit gndbdoes not

formﬁe\%t %S%tﬁﬂlg igh h{%’?réé%eﬂ g%%lﬁ %V\me'ﬁg@r ucﬂg&gplements may include

lipidss ferd. Imbbllesiakdl ymdrfatyrmi]ds) Hipidugteclrsars Ife.g. éthasold@frieh gtawdim promoters
and, are nat of the
or e, o0 T SHEE Slrtie ™ (e PR PR lrani-02) ana
glutapiied mtthe sasencl glaemireudependentatll typest ed t o, conpounds
such as et hyl enedi am netetraacetic acid (EDTA);
et hyl enegl ycol - bi s( b-am noet hyl
Oneet(hmpl)a dilaMnédiuny te tuilahesanciedn souedel cin(beGiled in order to provide iron to

the rﬂ%ﬁ I %géorﬁgﬁlge St[%g%tggqm%cli glgor%ltg rr]eer&:lrer q swtaeb[fe otr%%g |er¥ fhe present
investioans aeel clinhne xaukmiNpbsed orN)DSStdeaaﬂﬁUIby Qiadt @l. (CO¥Bjechnology
21:95198 (F58) IR e RSt 128 S fied CDSS, is based on DMEM/F12 (1:1)
(Gibco BRL. 1x liquid cat. no. 21331) with the following additions: GS supplement (JRH cat.
no. 58672) 40ml/L; Clevelands trace elements | (Cellgro 99-175) 0.5ml/L; Clevelands trace
elements Il (Celigro 99-176) 1ml/L; Zinc Sulphate 2 pM; Sodium Selenite 50nM;
Ethanolamine 20uM; Pluronic F68 1g/L; Sodium bicarbonate 1.3g/L and 2M hydrochloric acid
3.6ml/L. The medium also contains 6mM glutamine for cell lines not capable of glutamine
independent growth and 2ml/L cholesterol lipid concentrate (Gibco cat. no. 00-0061) for NSO
cell lines.
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and uses of the present invention are conpounds which

may be both |ipophilic and synthetic
wWoREsOg8M cont ai ni ng chel ators. The exact conpPST/GBRIV4/003273

of the mediumis not inport¥#ht to the present

i nvention, so long as the medi um contai ns no

transferrin |'i pophilic chelator, synthetic

The cr%ll ‘gggﬁ’e%&% § Frpgesaqan@%rﬂ{on%r n-{plngé)solmrl 2 M@Hﬁéﬁo@\ in the

es contaln 1ron
medndirh ©f fromcbotr @08 eyl tiabdun82 ra@by én a arefersed emhgdirent i Ige iron

sourcﬁ)}ré h%mrpéilltﬁr&crﬁg? }t}nlﬁxgs gggﬁlg)i)egeorngé&s yhag f %}g uﬂf oféﬁofuble IF]OH
comp@@hdi usad shoukl eeghatisaffidiént to ptdvndderoscanthaégomer&'mlmto the medium

i tamnm anl C
and, gqjtfgg ng wﬁdyg |e éﬁecﬁﬂﬁ %g&) {h%t f«ﬁlgs ésl“zcgugdelra]t {us}
suffideR@td §L@ﬁﬁnbﬁovﬂh fof ﬂ'l’emdllh. ﬁh@exanmmdemraucm dfsolublesinen compound in

the nw%ﬂqﬁ Wla?/;\:(g p%tpmgg o'pﬁlio gfg%oluﬁ et o“?\l éé)r ; c%%%gir% used and the
cell hh?fen;usrémrigmtﬁ ﬁ&}ealnﬁeﬁhjre lc?mpbdlm\tsapnesent Ti;e gepwpskieyconcentration can

erre a
ve R EHRAL S LA g S Pl o B B rERcec) Sfpcal
expeﬁM@ﬁlle fifk a%db@dm@twmtwnsergroowtma@kemma aagiosegebpanssie the

basal nedi a are com vai l.abl f
Solutp B ATOREH & HE A TR H Ay 2His oD S8 Bt ed o
%LlO\t/)I de t herngdl um of the present invention include

ecco
R R b b o B Yl g vty
solutﬁ@ﬁ%bémﬁ@\lﬂﬂ ¥iFEmi Bbutl 0063 intyltte abBIANA.2 mdTlheprefiectilynirarh about

resent Invention
0.03 il KaAbeSb gt bk PRTHIARY B dtout 8 sRUL il i man. and
moststEieR@Al frémaboal 0.66 RAYLL eabouhe.3eedd/L.cul ture medi um may
be produced fromfirst principles by conbination of
the specific conponents required for continuous
Ina Etreféﬁe'al eniftRAmBYites &vd pﬂ@s@t@ﬂﬂehtlw hhmcmmsmoﬁ irom ifi dive @aedium is a

solul@l9 gg% fg{)q%pgtglﬁ ,%egprgaae a?luéla Rsi gﬂgﬁi} ba SoaéB gﬁ@:b}é% Wal’t%r or the cell
cultur& ﬁ\‘éblfuﬂ’f'&ﬁte%hibft lifrited Balubilityuh argamel sJoIvbmse/Suche;om'ﬁoends are
choi ce of ﬁ%enen

compeniyaiabia e perogn st B et by nd . teBiphdfon of solubity i

stra@ﬁt&ﬁﬁbrd(’f the present invention. Typically such
Suppl enents may include lipids (e.g. cholesterol and
fatty acids), lipid precursors (e.g. ethanol am ne)
The gréé%hnﬂfrﬁiﬁﬁfa%serﬁrsag@gtﬂe&ts@ Io$ afyalgerativelonrspurder ag bong as the

NI D R YN R ——

the S5dchcd ¥Bshsferrin or a lipophilic or synthetic nitrogen-containing chelator.

Appropriate soluble iron compounds for provision of iron and hence for use in the present
invention include ferric and ferrous salts or simple chelates thereof. It is to be noted that
“simple chelates” as used herein does not include the lipophilic or synthetic nitrogen-
containing chelators discussed hereinabove. The term “simple chelates” is used herein in a
comparable fashion to the use of the term “simple iron carriers” in various pieces of the prior

art.

Examples of ferric or ferrous salts or simple chelates thereof, which can be the iron source in
the culture medium for the methods and uses of the invention, include ferrous sulphate,
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One exanple of a mediumto which an iron source can be
added in order to provide iron to the nedium at the
w@onsensp@t i ons outlined above to render it suPCEGB2004/003273

for use in the present invention is a cell culture

medi um based on CDSS described by Q et al. in
ferrouy eiyate; Faibt eiljgtepandBrrimammpobg) compaundae Brafemred faswae isthe

| e .

pres%%ﬁégﬁ%%%mc r%n@%ﬁgrg 16)%91 olffrd. E%cg‘%lf%%ﬂc%@rh&ﬁuﬁ%mpounds
appreRiifte fashge inghe ppseahiBvRntion ¢lusiet ferfic@mB@BID )Citdded feiric ammonium

oxalage,%ﬁ cad?ﬁéoﬁiﬁlﬂqanﬁ%a?éﬁé}rrié ah%(rl&grfu &garagé ééé le;@cj' gﬁ#o}mlum succinate.

evel and race el ements
Mostargierredfghigedn theravesesd tiventiceas éerric emb@niim Bitriatenol ami ne
20mM Piuronic F68 1g/L; Sodi um bi carbonate 1.3g/L and
2M hydrochloric acid 3.6m /L The nmedi um al so contains
Althogigivities mredivimnef thepresent|inyenties maytcootairaibbee than ghesawicaer iron, for

; . . ol.lini
cr S SURRIRT RS G DILERI ) gty o v
wher thatisorms@iresisia sallbieiiren eerdpeundotherénis qniyesrerguch cospblindin the
mediﬁf?{rp” ses iron at a concentration in the nedi um of
ro

m about 0.03 ng/L to about 3.2 ng/L. n a preferred
enbodi nent, the iron source in the culture nediumis a

i 0 i . .
n 2 SIS AER oo BTl U8 ot s e
ammppigm citrateh diypicallye irthisanlmadirhenttand imedieuto @odde fon tothg medium
: j mhon | i ' pthin th . )
o ek RRT o5 Ayl 25 A g M Wt o et
at coneentradibhssof fiing abod ©t2 mgficteraboat 20mg/bf prefeiralily &romraiout 0.2 mg/L to
ng,. | ' v dependi an th
abouf PRI tnd 8 ol BT s LB LA e PR L R B A mogipteraby
from aboigt 1 moliste abnal/2mglt her nmedi um conponent s present.
The appropriate concentration can be determned in a

strai ghtforward manner, for exanple by perfornmance of
In a prateired soadodinesap ef thewmésent mvactiom; tenotuss mhbdium contains a ferric

ammERMAEOSH IR}, ROSFIARE RS hoh PR SR RBR Rkl ot e
ferricrpamrnomiuiasompelihdd, imgarticulathierrioresmaniuimroitents, 2re usedi enore efficiently
oy oS BREERLE T Skl il R 4B B 00k i s
presdht @B 10rtimnks the cincentradiod afrg;‘féeric prrehariab lcymbgll(mid i?bm}équivalent
. e/ 2.4 noJ e efera rom..

cutulg BEG . el s B8 bherfar Y Flourdiyf Endh Bt s esdant iBhtgn from
whiclf it énapplacert it 16 cogiinuous calbgrowti® 0@ aripakt 3 passagesfferricastrate
s SBREATB P igRe 57 ke DR e 5L it
providepthe sametieves of grolvth atrcaincentralions di50.2 mey/5.0ltidklgo inBteworthy that

. ter ar the cell .
antlbg\@y fitte i best At ISiver iron concentrations.

The cell culture medium of the present invention may be prepared by appropriate mixture of
the individual components using standard practice. The media may also be prepared in
different forms such as a liquid form or as a dry powdered medium for reconstitution before
use. Culture media of the present invention are stable when stored under appropriate

conditions.

Accordingly, the present invention also provides a method for the preparation of a cell culture
medium capable of supporting the in vitro growth of a myeloma cell line, said medium
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cul ture nmedium but exhibit limted solubility in
organi ¢ sol vents. Such conpounds are commonly
w@rashasshe to the person skilled in the art, fPCT/GBRIWMM03273
det ernination of solubility s straightforward. The
present invention al so envi sages the use of any
compyisingr i atweneenbiatiensuin dke mediumoeidrans abowg 0.G3omghdarmbeut 32 mg/L,
wherRRBR et MiAR APuIoHE Fbniif Obibdr sPRNE fifagdh gontaining
chelader ¢ lippphilishsyinthstio niteoganisentaining chetademn woishtcainprises admixture of the
indivﬁUQ'q%Wone RLQRL{ ate sol uble iron conpounds for
provision of iron and hence for use in the present
invention include ferric and ferrous salts or sinple
LS b t " S| ,
The R EmEAERER e hrebht oo 5By dRfla o™ 4iEh S varity of cuture
conditipp® phihug, theomediymt daotsustain the gnewibafanydlorga célbliret ionsonolayer

s 5051435 LB BI85 IR BB PR 855 Sy

be dafisechas sielipllture iromhicka s homogénéqus\saspensiorpifeetsindhe thiture medium

: ' . of i . | t

s asfiteby Midags of ATaRRrEl50ro8!, Men ot it R 8Bheie Bses ave wer
knowinrin thesart ehd inclidexfdi exanipde, a inechetidatipl stireettimpeésr afd/drisparging of
o YLD P 08 OSBRI £ AL g
platfd?mef'lé'terreddiﬂmracberelirigrto theeinperd®arid paniowaty suited te tHeeaultue of cells

. ' S.. ific ferric a ni_um,c unds
in agRAII RLAHB SBMRONIE 0. WS fRER S0l By & TS alfReR EREHE Yessel, or
examfple a stirredrtankiou eirlifi femadrder, tising kaovanouihire techriglies.e,

ferric ammonium fumarate, ferric amoni um nal ate and

ferric anmmoni um succi nate. Mdst preferred for use in
Accotdirggly rties preisentrimemtion alsb révidesi accuditmomiediinCédpadlesof supporting the

o 1A S0 e 5o G5 B b
concentrationg incthe apgliunp of fadre abowird. DAL 1o akgut8amayhosherein the

J I ref.erred .t hat. when at .lron sour.ce i
medl%rﬁsc%ﬁ%gr[sgﬁ %‘%rﬁsf%rgwlgaﬁlaﬁc @}%qtcér, isgnth%’cwl QQens ining cﬁelator or
lipoplilimgpatiredicinitrddea-cortdining chelatopr ef erred enbodi nent of

the present invention, the soluble iron conpound is

ferric ammoniumcitrate. Typically, in this enbodi nent

The miod aithae taleght that myeloimdeanidrgdrilemé leell typds Have thetsame requirements
fram about

. 0. 03np/ b .3 2 /L,.th .
wheryiERetes IR 8 e matom; oo Ferif iincae Waktoitie gt soriaure 3
iIlustrfafesftheJ g‘rcm\?lm gt 3 ﬁylﬁ}dﬁsgidcdlgna?wblljlﬂﬁﬁmddiunﬁ) b@?t&ir\mglfyrric

: . abgut .. mor
ammp g G5t A8 il o dreRE Bik i the pia of PgrPides el

corresponds with the expectations of the art, i.e. there is good growth of the cells at high

concentrations of ferric ammonium citrate (50 mg/L. and 100 mg/L), but not at lower
concentrations of this soluble iron compound (less than 10 mg/L). When this is compared
with Figure 1, illustrating the growth of myeloma cells in media with equivalent concentrations
of a soluble iron compound, it becomes apparent that hybridoma cells require approximately
100 times more iron in the medium than do myeloma cells for comparable growth.

A further advantage of the methods of the present invention is the improved titre of a
myeloma cell product when the myeloma cell is cultured in a low iron-containing medium, i.e.
when the cell line is cultured according to the method of the invention. The examples
following demonstrate that the titre of the myeloma cell product is unexpectedly higher when
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fromabout 1 ng/L to about 2 ng/L. n a preferred
enbodi nent of the present invention, the culture
wore@s/omseont ains a ferric annnnlun1conpound TPET/GB2004/003273
results of the present i nverfi on have denonstr at ed
that such ferric amoni um conpounds, in particular
the cpeganiratiamaidranimties mediu is save forsxample keetwben 6i08rg/ abgl 3.2 mg/L,

prefe?%kﬁyf G&vesn oM@ /fLOe[ndQJX h Pﬁ.t ef erric citrate. n

rcular, 1f errlc Cl is used, this nust be
present at times the concentration of a ferric

Coll NS HAIGHARALE oty g]egacgﬁ&hg% Rl b 1R B il Pestugts which
are profusad by sultyred maMmcllanlqellif sTmmpmﬁiucishmludea for example,
polyp%éﬁ&é%oféﬂg idt'e ?%Elecfﬁ‘\ﬁ{unaéﬂo L?ﬁ’ﬁtsuaw Q?ﬁgc}%&%nal and_,

rric citrate concen 1 ONsS
recompingmt ar?@qules\hed tragmenis rthe(re@frﬂnmmqnns such a8 erypropdiatimsand growth

hormhg%_ég?‘.tr%lréeﬁl\’&owm h(?rh%\% h}{ﬁb?zﬁ{éﬂéb St SR %E J&Qﬁer% |9}e§1eglglg§ such as

SO hot ewort ntibo tre
interlggkin 84y and 6iand mmaﬂsaamd)hherapﬁhmadiye ubefolérizymes wach astissue

b .
sl dh 88 ol R B EADUEA e oy g
recorpbinantdechniguestsodeat théyeamredpablenl/prakdsdng saidrce arogidcis mre widely
used(yn&&%ﬁﬁnﬁy RL%J&?EM Li'rﬂheaasl‘t a I|qU| d formor as a dry

reconstitution before use. Culture
madl a of the present i nvention are stable when stored

In ortlﬂisﬁscz %Pﬁﬂpée‘ﬁ%rrb&}c? Pon]ie{ SR Cﬁ@%ﬁ? Sﬂgl?)ﬁléé‘ ?9 %€c§§9$%cﬁs are grown
in theofediugedfithe uﬂveuucm rfﬁftdzl amrldltla}[mfol' growfth wmlmehd g, foh example the
Y T R ———
knowtefdge ravailadtointth€aft3 ng/ L to about 3.2 ng/L, wherein

said nmedi um contains no transferrin, |ipophilic

chel ator, synthetic nitrogen-containing chelator or
To thisi gruipttiel present imvieatiorcalso provigies theoudesofra aftgﬁu:dﬁmbammcompnsmg iron

ot oSG AT Bl g Db b S Lo BB IR i
medium\dees inohicarsaiapransierrinaa dpbahilicehelatar, asymhet&i nitréden-containing
chelaéc#f'lo\tx%ﬂgﬁﬁﬁcg mhegwlt-r&%ﬁ cppﬁg\iqra:c I Eg‘féupztﬁ%ratlonhc% a

mamsiatigrecali modugiarti cul arly agitated suspen3| on, culture.

Agi tated suspension culture nay be defined as cell

culture in which a honbgeneous suspension of cells in
Methbdhefoe thet isolatioredi thencelspradisdt being pyduted fisnpiheanyeloma cells and/or

cun bl LB Ko SRR BRRARR et 209 e,
mechanically stirred inpeller and/or sparging of
All references mentioned herein are expressly incorporated by reference in their entirety. It
is to be understood that while the invention has been described in conjunction with the above
embodiments, that the foregoing description and the following examples are intended to
ilustrate and not limit the scope of the invention. Other aspects, advantages and
modifications within the scope of the invention will be apparent to those skilled in the art to
which the invention pertains.
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gas for bioreactor cultures, and mai ntenance of cel
cul ture flasks on a reciprocal shaking platform The
woredsomseccording to the invention is particul BET/gB2004/003273
suited to the culture of cell& in agitated suspension
culture, i.e. in suspension using a suitable agitated
EXAMPLESe vessel, for exanple a stirred tank or airlift
fermenter, using known culture techniques.
Accordingly, the present invention also provides a
Exa é 47 FoiRslbHimembADE IRt 10.0mg/It a6 R ipbBrt continuous
itate suspen3|on culture of a nyeloma ce
Cwo of RSN eelinessi ng iron at concentrations in t he
medi um of from about 0.03 ng/L to about 3.2 ny/L,
wherein the nmedium contains no transferrin, |ipophilic
Methgddle| at or, synthetic nitrogen-containing chel ator or
|'i pophilic synthetic nitrogen-containing chelator. The
prior art has taught that nyel oma and hybri doma cel
A recomlisarii && NSheneuseamyalerua celhinet (Selllien A) exressisg & umanigG

antilofly Bl i AeRTSE e (60 k=t PR a0y L bl

Spediidaliion Noe2560580 prievionsly seluhultunedonnaaxrmprm@hgrf/ e]ccel_'um:free medium (GSF
modBATPEN T 3 £ B RuE o B RS e bRk A0S s RBo e Enetator
free evepiziot. aCellsresudpentied arthis medium wees ?e?:;rsrg?gdglgm%ﬁfeum%pénmental
ﬂaS'JS%?aﬁ oc?lg@én E&ir%*}g%gag@gt %% ?nsbgt not at | ower

concentrations of this soluble iron conpound (I ess

red WI h, Fi.gur e
The bR s o 1B o g, SaGRIT RN Biky et I4& Wil ksivolryg between 20
and Gﬂmik))with ephted@aps hicubzhted ms?] ﬁag:lrﬂ%c%l) bhdﬂdeie Iat 88.8°C an® a2 ebm with an
ec ent t o oma cells require
atmojBB?rg)a g&‘t ng/gggé@"i? {"rﬁ‘ﬁ@"i'tyon in the medi um than
do nyeloma cells for conparable growmh. A further
.advant age of . t he h f ot present invention is
inaiETeR SodhninermaTes GBS Senetin bisre SprReET S RotSiRek
solumlo@moqelgivelf&szsibémanamhgmcaatlfmm ¢dn@8nt€eﬁfd>h§loﬂ0'2904 1 2,10, 50
ine is cultured accord

and {5 gl chissieckronindS of GaR1asR PremREscLR AALF S CPoraTgARs of 0.5

(for {ERR® BGHitaIAIG cti_nﬂi ZmQAE FtAc)rae.dcz‘sn@@ 6D/iRIsREBoraInin rqpf(pl@l#@bmg/L
I ron

s_unexpect ed e concentration o
FACHnSioRES ‘ﬁ%‘?ﬂ?ﬁﬁ’ rgq"t%wterﬂlﬁﬁg Bﬁ{érﬁﬁ@'mtﬁééﬁ k9. 03 ny/ L
and 3.2 ng/L preferably between 0.16 ng/L and 0. 32

A e oA B T SHRCHEPSE Ereiym BHRRRTE e SSHtBr e Pamah daasforrn and

0.1 yLPAC wa@whcnamb laapbsﬁl@é kéntroly Riflgak ccﬂ{té’iﬂlh@trﬁodlf‘éa OP€S medium
for exa t| des and gr oteins, for e

without 3N\ gap Brrqnlorq plemenis Was ﬁl&pe(&ﬁa a negative corr[;E[)rlol All flasks

were supplemented with 2ml/L cholesterol lipid concentrate (Gibco) as a source of

cholesterol. Cholesterol lipid concentrate is an emulsion of cholesterol and fatty acids
complexed with cyclodextrin.

Flasks were subcultured three times in order to minimise any effects of carry over of
chelated/stored iron from the inoculum. Flasks were subcultured by dilution with fresh
medium back to 2 x 10° cells/ml at 3 day intervals. On the third subculture flasks were
allowed to follow the full growth cycle until low viability was reached (this is often referred to
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reconbi nant anti bodi es and fragnents thereof, hornones
such as erythropoietin and growth hornone, e.g. hunman
wW@e@dnshior none, | ynphoki nes, such as interf er oPCT/GB2004/003273
i nterleukins such as inter Blkin 2, 4,5 and 6 and
industrially and therapeutically useful enzynes such
as an aseigragu Ealilcaunts veaye nedemegdtsid anvisnavalis Geglex ik counter.

Antibqr@ghr%%aastaquﬁﬁ%ﬁﬁénggaﬁﬂibﬁ Ei?lég]gé;g’é\?sit 8 HoRfoRERLB 3t gtandard.

ni-ques so t tthey are capa f produci'ng sai
cell products are widely used and conmonly avail abl e

Ih the art. n order to obtain cell product I
Resulld ( p s, nyel oma
—-@——Lel |'s capabl e of producing such products are grown in

t he medi um of the invention. The conditions for growh

. 11, d .| ine:hei
ot PR IOl S5, gt v
rangedsftFaQconebhteations teptéch diisdityes cloaniyl Stiohe that the segative cpgtrol
culturt&t\]nlla% UE%EFJ‘? g%&g%%%%@&g%ff’l%%ét%ﬂballlﬁpe. PFIRYEdiRRe E&ﬁaiHﬁlg 0.2mg/L

[ rising rron at concentration
FAC Wwas tible torpdiiferate Biftér thenfisdi diivisi@n, 08t wag thensinablede gpvefurther. The

/L, wherein sai ' NI e
et e SRR VPl R BN P FGCURIR s propavly et
cell sfordgensi@on eientréduiies glepleih@by celbdivisiohi pophi i c synt hetic
ni trogen-containing chelator for the preparation of a
manmal i an cell product. Methods for the isolation of

Figurt 8 iRl diesply @Hows tae icogcaptratiorceqlial tocand ihexogssl ofided melll was able

and/ or culture nmedjum are [ 1, known L.
o supSt e e it PRSP B8 A e Y BB cuture
Figur8Me sh¥Rs 8&8 Irya tiislieatewt aitis dxhutintezl,exr BAC eoncertfagom of 0.2mg/L. was
ist nderstood that while the

bl entlret%. I be
able foryBRe GANIASUDBE Or@¥%% ri bed in conjunction with the
taEOer Ielrr‘oodl ments, that the foregoing description and
_ e foll owi ng exanpl es are intended, to.illustr
Figudh owp 04 ¢ LB PR PRYGHEPGR o Hig Sl gl Efthos from
the fiﬂ,@uﬁm%wsﬁca@ﬁj Tlg@dibﬁie:@idmnﬁat\lgjrdb\hﬂhrequivaleﬂttDneansfertim] eontaining
i nvention wl, e . arent to thagse skil]l [ e
conirplo MR oL HEXTHIEYRTB A= VTR A et s es el freorBlvn curve,
was é;&ﬁé\legtmmm!{@ béAcehtratidng of ﬁﬁQf@L aid §redtery/ This sndidstes that after a
support conti nuou romh .o - NSO cel.l |ines
SRR GRS IHARY > AR SFBIILYS IR RAUKERT 91k 8 e e 6 FaC
conchhtfiofs. B¥RERSSAHIFACIRB¢Ntlag@én of 10mg/L, a small amount of rust
coloured precipitate was observed. At 50 and 100mg/L this precipitate was observed in
much larger quantities. This precipitate is presumably iron hydroxide as warned against by
Bertheussen (Cytotechnology 11: 219-231, 1993).

Figure 1b also shows the antibody titre as determined by sandwich ELISA. This shows that
when compared to the transferrin containing control, the cultures containing FAC produced at
least as much, and in the majority of the cases significantly more antibody. The antibody titre
obtained in the FAC containing cultures also showed an inversely proportional relationship
with FAC concentration, for example the culture containing 0.4mg/L FAC produced over 30%
more antibody than the culture containing 100mg/L. FAC.
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anti body using the glutam ne synthetase (GS)
expressi on system (European Patent Specification No.
WQ2®H8H568Y0 previ ously subcultured in a propri et BEYGB2004/003273
free medi um (GSF nedi um cort®i ni ng a chel ated source
of iron was centrifuged and resuspended in
€ ar meli@eitratei(nG) Isgelguired & asgomegattation bhie ordedofumagnitude
Hlat?_EXoerlnent%I

-

vvas carried out using 250m Erlenneyer flasks (vvork| ng

vol ume between 20 and 50m ) with vented caps incubated
Methogs 5 1 eci procal shaker at 36.5°C and 125 rpmwi th an

at mosphere of 5% C /95% air and 75% hum dity.

I ndi vidual flasks containing nodified CDSS nmedi um were
The mighpdeleay pbexamplag wasddgotisal ta thad @éexﬁmmacu the agiyvexception being

the st)h@%kos cﬁaafeaé@hn% df?@%ﬂhﬂé _?_ﬁjrlc% % QRS d PIQ&%@‘ FAC.

i ons 0
vvere prepared in water at concentratlons of 0.5 (for

e %E&%ﬁ%?d‘%'oégﬁﬁféat‘n&é’#@erefore

neceg$dry ¢o dissalve FCerWaweﬁIalrﬂaladdi at 3we, wuh hgamm foAup tt@2 kours. Stock

sou B3Rl 1 T L YRR SRR o721 an

10mga{t (for faskistdontainimgt0 wl 100Ad/L &AK).cont ai ni ng nodi fi ed
CDSS medi um wi t hout any transferrl n or FAC suppl ements
was i ncluded as a negative control. Al flasks were
Resultappl emented with 2m /L chol esterol 1ipid concentrate
(G bco) as a source of cholesterol. Cholesterol lipid
concentrate is an enul sion of cholesterol and fatty
Figuracdadshowss e eedbrrbnmbmtl'atlopl clurinig #er subculttriag kad WiRal®vergrow for the

ur e ti n or to mnim n
rang BPEQ obiteralidt<iEabis Tils St Gilune Qebie Sehfal s anputne
cultuiemttdlmn% OEIm‘gikECW%re uﬁalbl?gd% bt&l@ﬂatb)beﬂcbrhdylﬂgeglﬂstwhbdfulture. The
nmedi ac ce t a
cutuies SBRAATES U5 PRRE 2l f FCtgRuTBbledo praiirat s ind nepeand
subctilturé oh‘hwyfdsrhﬁe f:uhdengamotshewal rC w\bqulrddA&IaVctoaabeﬂnrétwn of 10mg/L
% t gé&:} s”ofte referre% ﬁ%ﬁ an o&g
OF Oresie °&5‘8R?f V‘E%Se?? cﬂ’% UEr AYVesH SURAYEES @
overgrewvlcut@ent er. Anti body titre was determ ned using a

sandwi ch ELI SA agai nst a honol ogous 1gG st andard.
Results Figure shows the cell concentration during the

Fugurewbcsmbmrtmewgeuamnfaﬁwdmtmmey glfo@amfdhfddtélﬁ)rltf@%r@%w%@ures This
ratlostes g Th|§ %ure clearlgshovvsthat

flgure( ﬁp bg\‘tgrg\g n to transferrin Tontaining contrdl, in terms of maximum

viable cell number and the area underneath the growth curve, was achieved with FC

concentrations of 10mg/L. and greater. As with FAC, a rust coloured precipitate was

observed in cultures containing 10mg/L FC and greater.

Figure 2b also shows the antibody titre as determined by sandwich ELISA. This shows that
when compared to the transferrin containing control, the cultures containing FC produced at
least as much, and in the caée of 10mg/L. FC significantly more antibody. As observed with
FAC the lowest concentration of FC gave the highest titre.

This result shows that in order to support celi growth equivalent to that observed with
transferrin, FC is required at a concentration 10x higher than FAC.
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culture was unable to proliferate beyond the first

subcul ture. The culture containing 0.2ng/L FAC was
w@bdos/ot4sopr ol i ferate after the first division, POIGBN#S/003273

then unable to grow further 21The fact that these

cultures were able to grow after the initial

i nocul ation is probably a result of cell storage of

Al SO cl earty OW 3 oncehnt rartot—e DYTFEPR
ordeexobsmgoftude higret thave & SSNISE dall IFERABIdbt&IAHINNHAYSs 68l browth in

. growt h over several subcultures and during the
ggmﬁﬁiégﬁ@ﬁﬂa@ﬂﬁaméﬁ Figure 1c shows that in a duplicate
of this experiment, a FAC concentration of 0.2ng/L was
able to support continuous cell growth. Figure shows
Methede cel| count and anti body production data for the
overgrow cultures fromthe first of the duplicates.
This figure shows that growth equivalent to
The methedelegy phexestias magddendiealte that phexampie 1ofitntei foliowing
exceptighe! € cell nunber and the area underneath the growth
curve, was achieved with FAC concentrations of 1ng/L
and greater. This indicates that after a threshold

' ' I qui.val ,
A o€ Bl T o 15 570" 80 50N S RS TR hura
moditied-ARSERMpRleMeatddomtrofm@bdumanaranstertin andémi Gfutariae was used
. ; i\ BL 1At . Ong/ L
oindl 8D AR AR o DR Herky 130 AtaO™
guantities. This precipitate is presunably iron

. O0X| ' sen .
Tho SYSNARNERac Bl K9S 05) ERIRBEIANBUEE I arae sanigoubted
in a re¢iprogaltshakelyattdot5°€ sl 1@6trpmiFfesits yers gastad efitaly h&d\at 2 day
. i S:.:S t when conpared to the transferrin
mterv;g%n\tﬁlgl} ﬁ‘%’ﬁ%o?é%%%f&rr , the cultures containing FAC
produced at |east as nuch, and in the mgjority of the

ras G Bl AR e B P e Wk kbbb co
line doey do siet ieqpir@pladlédterdl rel ati onship with FAC

concentration, for exanple the culture containing
0. 4ngy/ L FAC produced over 30% nore anti body than the

Flaske }\h{d‘l’@l teabc;(mgtea!i byl dwgtidrpmﬂgfréstrﬁﬁ@diﬁwmaatkeo ?_xi 105@EId/®I %t 3 day
, r C) is re red a concentrati on_one order
ntervgls: (3 et b sifep iR Tl BialoR SR Kteraiove igrounts were
perfomned Usihtie tgypantolueadxclaSioNpiethed.! | i nes Met hods The
nmet hodol ogy of exanple 2 was identical to that of
exanple , the only exception being the source of

Resultdrel ated iron. n this exanple, ferric citrate (FC) was
used in place of FAC

Figure 3a shows the cell concentration during the subculturing and final overgrow for the
range of FAC concentrations tested. This shows that the negative control culture and the
cultures containing 0.2 and 0.4 mg/L FAC were unable to proliferate beyond the first
subculture. The cultures containing 1, 2 and 10 mg/L FAC were unable to proliferate beyond
the second subculture. Thus, for the concentrations tested, FAC is required at a

concentration of 50mg/L or greater to support growth.

Figure 3b shows the cell count of overgrow cultures. This figure shows that to obtain growth
equivalent to transferrin containing control, in terms of maximum viable cell number, 100mg/L
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FCis only slowy soluble in cold water. To prepare

stock solutions of FCit was therefore necessary to
waele®solaseo FC in water maintained at 80 C, w t hPCT/GB2004/003273

agitation, for up to 2 hour 22 St ock sol utions were

prepared at concentrations of 0.5 (for flasks
FACHstranvirady Hpveevies ibgrgiih isaay)sidaied noeyns of therintegrabédshe area
F
SRR SOOIl IS M S i 0 ron
anglqe FrﬁBGPZ"dm)e of eWWiptye Wﬂé]oluéﬁn@&l'@f ewaiem@wmao itransferrin containing
contlto?ﬁto%gervga L sGRGFAS Fhik %e%ﬂgﬂacﬁ{a\ﬁg &‘\: el %rg Isﬁ u\{/lgg maximum

he culturecontainin Were
CCHJFigure 8¢)aths ahspoied ptfemothiyr strus@blouretdpreCIpTdte vas|sean @scultures
SRR @nd 2 ng/L FC were unable to
eon prloP?Pe@rngggggégbﬁ the second subcul ture. Thus, for
the concentrati ons tested, FCis required at a
: ' t or t ,
Tris SRR RAbEE el orYor iR oo bro 8 HERF Ry hybridoma
cell lives renyire frd Coatex gwrrmntratlmum exceSs gfil @02 highbpiantdie NSl dells.
count and anti body production data for the overgrow
cultures. This figure shows that growth equivalent to
Exampkndf EAG is aroeffectivenspurce bf ivbn whent @satsinaichmsdilicapable of

viable cell nunber and the area underneath the growth
J@J&%—iﬁ%ﬁiﬂ@%@i@ﬁwu ngce i —@—@jﬂ%ﬂﬁl‘%ﬁt i ons of Ony/L

and greater. As with FAC, a rust coloured precipitate
gbserved in cultures containing Ong/L FC and

Exaf’\é\ﬁﬁé Ad'wiher shgys theilify of AShasa seuree ahirerb oldyihisiexamples~AC is used
as th@%b%@%%%f%nﬁ@ﬁ%%;ﬁféta@kéﬁm gt Hediim oﬁtlaf?'ﬁr}d’%ﬁ]e serum

are he transferrin cont al ni ng on ro

a'bUfE&Gngﬁé\ls%S tbsrﬂnéw memgefined sponoen), krowe as GSEs yalngh seged,
antlbbﬂ'y bl‘&@u&ﬁé GeSdmBiRERY GSR@O%eQ Mhd (G&ininkyg)mor € anti body.

observed with FAC the | owest concentratl on of FC
gave the highest titre. This result shows that in
Methegsler to support cell growth equivalent to that
observed with transferrin, FCis required at a
concentration 10x hi gher than FAC Exarrpl e 3 :

Cellsgg\ﬁ&% Itﬁ?éd |n|aI d&sgrléﬁﬁ%ﬁﬁr r e de é&ﬂ%ﬁnt r@lﬁl@&ioglone (a

lipopkilig iron chMont [csee W@Q#O%ﬁaj |an1dcm4;mg/¢.I FFAGgasmmromsource were

cn Ak 580 RRISH R N o B ML, Dot

resugpehdiediinripis medium were then used to inoculate experimental flasks at an

inoculation density of 2x10° cells/ml.

The experiment was carried out using 250ml Erlenmeyer flasks (working volume 50ml) with
sealed caps incubated in a reciprocal shaker at 36.5°C and 125 rpm. Flasks were gassed
initially and at 2 day intervals with 5% CO,/95% Air.

Individual flasks containing GSF (tropolone and iron free) medium were supplemented using
a 1mg/ml stock solution of FAC to give flasks containing FAC at final concentrations of 0.2,
0.4, 0.8 1.2, 1.6 and 2 mg/L. The stock solution was filter sterilised before addition to flasks.
A flask containing medium supplemented with 5uM tropolone and 0.4mg/L FAC (previously

shown to be equivalent to transferrin) was included as a positive control.
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exceptions: A nouse hybridoma cell |ine (9E10),
produci ng anti-M/c anti body, previously subcultured in
wore@sN14800 CDSS suppl enented with 1ng/ L human PCT/GB2004/003273
transferrin and 6nM G ut anmi 8 was used to inocul ate
experimental flasks at an inoculation density of 1
All flgakssvere alsg/ampplemet@mth Tminof avtB00xaoncerirated chelésigol and fatty
acnd%ﬁﬂmem er flasks with seal ed caps incubated in
reci proca haker at 36.5 C and 125 rpm Fl asks were
gassed initally and at 2 day intervals with 5% C /95%

s e S BRB O SUSBSTS B ELP 5Pl s co

interdals.nOn theesrbdond suhculieisd Baisids; w;Fé alideedvie bee@tdw,tt? §awr%1¢iorb.y0ell
1 0
o I8 53 R BEL b et o U vs

perfeimedwesitgtanalytieal graiein Adeplt againsttashomeslegduersiaridaed usi ng
the trypan bl ue exclusion nethod. Results Figure 3a
shows the cell concentration during the subcul turing

Resulisd final overgrow for the range of FAC concentrations
tested. This shows that the negative control culture
and the cultures containing 0.2 and 0.4 ng/L FAC were

Figurertaghicavsttbe pelbtorfoentriaitonbring thd Sibclituring hdlimal éwr@row'ﬁbﬁthe
unab

o8 EAE SRR M, e e b
concehtmtmoa OEOIBIT@VLL am.‘l;ab@&tcmdlld dupoit gronel @qme&ieﬁﬂtodhat observed in the

positﬁtg%‘érﬁg&g@ft@rﬁg\ﬁg g Lﬁh%&vg%qu%f f t@qcégg @mo{ r@?ggtgw cultures.
This mwss nhaglam asb@mgllt bad gteatamaal dap@usléwf &mr@érﬂubbd;ﬁ Production
maxi mim

[ri.n c Qntr
at g BT <Ry {f%eﬁf?dw epfhocygiod & Gtien et AR Y G t
those ée@nn\ﬂthp&scloamzder ed in terns of the integral of
the area underneath the growm h curve (cal cul ated by
sunmmati on of the areas approximated to a right angle

This tesafpeadowsiihat BACGS! awéawe Whefi @kéd MQithnécﬁi@h')capﬁl%é'oY@u ting cell
I S opserve

nsf rin containing control
grow&t 'ﬁﬁﬁﬁ%ﬁd* St‘i’ @ng IS&hown clearly in the bar chart
showi ng nmaxi num CCH (Figure 3c). As observed

I a rust colo red preC|p|tate was seen in
RCONIAIRINISAG @$ amiren sowige is phiesta suppart growth and

antlbﬂdggtﬁodlﬁlﬁbn lﬂrlgl §&ﬂéd %I thvl %gfoln 4" oﬁﬁldub{'or?g&ét%ed
Methods

Fermentations of cell line B were carried out using GSF serum free medium containing 5uM
tropolone and 0.4mg/L FAC (control), or 1.0mg/L FAC. Fermentations were carried out in 7L
(4.5L working volume) Applikon fermenters fitted with a hemispherical bottom and stirred at
150rpm using a marine impeller. Fermentations were operated at 36.5°C, pH 7.1 and

sparged with air/oxygen to maintain a dissolved oxygen tension of 15%.

Innoculum for these fermentations was provided by subculture of the cells in media

homologous to that used in the fermentations.

Results
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cell lines require FAC at a concentration in excess of

100x higher than GS5-NSO cells. Exanple 4 : FACis an
w@bdosn148v@ source of iron when used in rich neRPCTIGB2004/003273

capabl e of supporting cell gfbwth and antibody titres

to high | evels Exanple 4 further shows the utility of

FAC as a source of iron. n this exanple FAC is used as

el SRR BPUTE O LR AR T BB L BT B v
using megliuno supptdmerded widhedimeTBu)M trépuowe/@8mGEH AC $comdrod or 1mg/L FAC

in s B Fpa et G REORO0L ol T pr evi ously cul tur ec

in a proprietary serumfree nedi um containing m

his s rheb OB A< R8a 5% o S Sl o gt of e
prodoetitnrsysieged and resuspended in tropol one and iron free

GSF serumfree nmedium Cells resuspended in this
medi um were then used to inocul ate experinmental flasks

Examiplei8: FAGtsHdreéusporigrsith o tigh?dil ersiidsand prddiestion to high

titre€ ¥PEFotEIR TreoM@dRhy | €d out using 250m Erlenneyer
fTasks (working volume 50m ) with seal ed caps

i ncubated in a reciprocal shaker at 36.5°C and 125
Methods, Fl asks were gassed initially and at 2 day
intervals with 5% C /95% Air. |Individual flasks
cont ai ning GSF (tropolone and iron free) nedi um were
A cogpppseneiE i serimiteen(pretgintBS4] earitaisivglandoprotsin € QSH medium

oo K SOR,o8  S ke, SREE. B horsns

of celldise # (se@exampleil).i Bedeindfeofermemtiitions weteosuppéankentedwith 2ml/L

oSS YASEIASRE 8 B BTGNP o o
suppéeroented with 1mi/Ltof thesGle@Cisupplament (se¢ axwuplad).aFposérttation

- I l=s e | :
condiRE i & tescrBed  PELE 57 u RN PEF Bl ihiatins s provided
by sghaupitrernd the ¢ells MOnedial the ksmesas éhad wisedi Int the datmisptadiohsit i on

with fresh nediumback to 2 x 105 cells/m at 5 day

intervals. On the second subculture flasks were
Resullsl owed to overgrow to saturation. Cell counts were

perforned using the trypan bl ue exclusion nethod.

Anti body titre analysis was performed using anal yti cal
Figupr ®sledws growjhl anchaydibngy peoduchiom ip dueutwoseametaatibns Radid figeire clearly

shows that FAC is able to support good growth and antibody production in both media.

This result demonstrates the ability of FAC to support growth to high cell densities and
production to high titres in both protein containing (i.e. serum free) and protein free medium.

Example 7: FAC in protein free medium can support growth to high cell densities

and production to high titres

The following example illustrates that FAC can be used as the sole source of iron in the
protein free medium of Example 6 and that this FAC supplemented medium can support
growth to high cell densities and to high titres for a range of GS-NSO cell lines and at

manufacturing scale.
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Figure 4 shows the cell concentration during the
subcul turing and final overgrow for the range of FAC
weonsenso@at i ons tested. This él gure shows t hatPeEGBROBH/003273
cont ai ni ng FAC at concentr at dns of 0. 8ng/| and above
coul d support growm h equivalent to that observed in
Met positive control culture. Figure 4 also shows
anti body production in the overgrow cultures. This
shows that FAC at 0.8ng/L and greater was capabl e of
Threg (ppHISQ el lngs |ezs@r@981 tgeant gntltmdlelsd@gtl LingsiCy 8 anet E) were
0
revn)“e@'??crnﬁ’llqunér HI?K‘O%&I’? 'grblr@&'i |Hf2)qéx EF&%H?%? ﬁAQ’%@ﬁtaﬂLﬁ‘@medlum of

sim see
Examelelﬂ tTmﬂerelswmre SNCCUlﬁJl‘efﬂ ﬁwtpia/memerthe pedein frepiFAC containing

medra%ﬂamh%e@g Lﬁeﬁower%%%aéxmagwaféée%g%g @rgoq'ugééuaué%ﬁybamh

tres to evel s al nin
fermppigtiors. afhe mediumcﬁnddeeqi QSQﬁdhéhQS@ fsdrppt@htrermezmatimnams optimised

topr@@iﬁélﬂ n%g ;éson in a scal ed down version of a
production system Methods Fernentations of cell |ine

B vvere carri ed out using GSF serum free nedi um
t n .

ol GBS lupt B YLt RS R 08 Coe, GBI tnd B5s T Yy dna €81 Line e
at1QOJI-S§>EleNork| ng vol une) Applikon fernenters fitted with

a hem spherical bottomand stirred at 150rpmusing a

marine inpeller. Fernentations were operated at
Res@ds. 5°C, pH 7.1 and sparged with air/oxygen to maintain

a di ssol ved oxygen tension of 15% I nnoculumfor these

fernmentati ons was provi ded by subculture of the cells
Figurerﬁﬁwemvws drowih angbardibody prosiuicticeaf Gt LirteeC fired Sk fi¢ratantations.

I T
Flgureedﬂ and sugpivegrentieandwantibody phoeiuchor\bftCelijdheoDdn . SM@HLCeII Line E

in 10516%%&?1?%&6%%3 _L FAC in stirred, sparged

0N vessel’8: This result denonstrates the
utility of FAC as an iron source in a scale down

hestEH Al A R A R S Al . o
antibody hiaghictivity ires wide mrrgee)f el liress, ard aumaniWaettivagiscale.

These results demonstrate the ability of FAC to support the growth and antibody production
of a wide range of cell lines in a chemically-defined protein and animal component free
medium. This has importance in the use of antibody for human therapeutic use as it will
eliminate the risk of introducing adventitious infectious agents from animal derived

compounds.

Example 8: The ability of NSO to grow using FAC as the sole iron source is not due

to transfection with the GS selection system.

A recombinant NSO mouse myeloma cell line expressing human antibodies and selected
using a G418 selection system was used to assess the ability of FAC to support the growth
of NSO cells transfected with an alternative to the GS selection system.
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A conparison of GSF serumfree (protein [BSA]
containing) and protein free GSF nedi um each
w@omsal4sdng 1ng/ L FAC was carrjed out using stPCT/6#2004/003273
sparged, fed batch fernent atd®%ns of cell line A (see
exanple 1). Protein free fermentati ons were
Methodspl emented with 2m /L chol esterol |ipid concentrate
(see exanple 1), and serumfree fernentati ons were
plemented with 1m /L of the CLOC suppl enment (see
CeIISecwturﬂdan HSF seypmerecanedvmeontiining hrghdranstesrin dstng/bddC and
{
6mM t’éﬁ‘gﬁv @JNEre ublé{ﬂ SAby R |8{:|ﬁ>e I(%“ﬁfb %éh‘{?ﬁlze\ég@rrpe free

t ure o s I'n
medlam edvdaining @dhern1 mgile FAEs nteﬁna:ﬂ-itmferlﬂlesnd Pgm/igbAe. @fter 5 days,
ﬂask$ g}réﬁ%ﬁ ac?:ﬁ%%gaa'ﬁ%lﬁésﬂ élB&%ﬁ é&’ fﬁq’lg\gﬁﬁé RN r&%{lﬁcl@"ﬁﬂ&e@eriment was
carriedbbet in tshskqofﬂnaks witb sdalgd oapdwlnamhhtedm dediprgrabshaier ah36.5°C and

r2srpc R e e T g R B AR i SREC R A

production to high titres in both protein containing
i.e. serumfree) and protein free nedium Exanple 7:
Cin protein free nedium can support growth to high
cell densities and producti on to high titres The
ow ng. exa | e rat S .t hat C be used as .
Equiy iR PRIER Slregecih B e dholfaing i RialfaifycB fupporing
growiix ahip$e céllsarehstdesdd uslmgsaerl@rsaipplseImMreéjslmdj um can
support growmh to high cell densities and to high
titres for a range of GS5-NSO cell lines and at
This mesultfceeiansirags siea liree Aty ofINST e geowGBIMGSEAC elslthe ssledron source is
ssing.differe tibodies (Cell Lines C, D and
hot @fqﬂgﬁgsﬁgk'ﬁW‘@% {th# F‘f‘r]ﬁffﬂoasﬁf tleFTbgen storage directly
into the protei n free, FAC containing nmedi um of
_cultured mul tiple
2t e ‘ ai ni ng medi um and
these cultures mere used to |noculate bench (4.5L) or
pilot scale fed-batch fernmentations. The medi um and
MOdF'@@@QJ%%Wa*? RrepResskas felpwsat ch fernent ati ons was
opt| m sed to provide high antibody titres. Cell Line C

rown at both 4.5 and 0OL scale, Cell Line D at
To 1h osD Fd24id) (Gaibgo Bﬁhehﬁl%ltd ceino. 2433 Y, agikaier wsing a magnetic

stirrer, the components below were added in the following order, taking care to ensure each

Res

was fully dissolved before addition of the next:

o 1g Pluronic F-68 (Sigma P-1300)
o 50nM Sodium selenite anhydrous (Sigma S$-5261) (from a 25uM stock solution)
o 2uM Zinc Sulphate heptahydrate (Sigma Z-0251) (from a 2mM stock solution)
o 0.5ml Clevelands trace elements | (Cellgro 99-175)
o 1ml Clevelands trace elements Il (Cellgro 99-176)
o 20uM Ethanolamine (Sigma E-0135)
o 40ml GS supplement (JRHBiosciences 58672)
o 1.3g Sodium hydrogen carbonate (BDH 102475W)
o 3.6ml 2M Hydrochloric acid (BDH 190675T)
For glutamine dependant cell lines only:
o 0.88g Glutamine (Sigma G-5763)



Fi gure 8A shows growth and anti body production of Cel
Line Cin 4.5L fernentations. Figure 8B shows growth
wanasansibody production of Cell Line Cin O0LPCT/GB2004/003273
fernentations. Figures 9 and/show growth and anti body
production of Cell Line Din 4.5L and Cell Line Ein
For q@otrolfraediemt contaimisg trasgberdnionlyl y. These fi gures show

Ll g3t t suppo rts
o S bR Gl ing sl BOrhe R Trom B gy 8P g
oof1m9IHumamthfeanmi (Sarolnginalé Rcotains 88-FOpl e. These
results denonstrate the ability of FAC to support the
growt h and anti body production of a wi de range of cell
The Miediesvasnaliawet éorimbaind/thee filtered upingtacd. pura mikraliviaf@
conmponent free nmedium This has inportance in the use
of anti body for human therapeutic use as it wll

A solebiemohatom;iohﬁd suak?s)femdﬁmmd?ﬁogﬂgtrﬂd\@addédl 0 Wse above medium
us_ agents from anj.mal derive
om sk sl SHE i PSRt fiste B taaD I Re it ingsedients, o

onceghé eddiuomha®bsareprieparedl due to transfection with the
GS sel ection system. A reconbi nant NSO nouse nyel ona
cell line expressing human anti bodi es and sel ected
using a 418 sel ection systemwas used to assess the
ability of FAC to support the growh of NSO cells
transfected with an alternative to the GS sel ection
system Methods Cells cultured in GSF serum free nedi um
containing 1ng/L transferrin, 0.1ng/L FAC and 6niM
gl utam ne were subcultured by dilution back to 2 x 5
into fresh GSF serum free nmedi um containing either
1mg/L FAC, or 1ng/L transferrin and O.1ng/L FAC. After
5 days, flasks were subcultured and then allowed to
follow the full growmh cycle. The experinment was
carried out in shake flasks with seal ed caps incubated
in a reciprocal shaker at 36.5°C and 125rpm Fl asks
were gassed initially and at 2 day intervals with 5%CO
/95% Air. Results Equivalent growth was observed in
both nedia, indicating that FAC i s capabl e of
supporting growh of NSO cells transfected using an
alternative selection system This result denonstrates
that the ability of NSO o grow using FAC as the sole
iron source is not due to transfection with the GS
sel ection system



Exanpl e 9: Preparation of Mdified CDSS nedia Mdified
CDSS was prepared as follows: To of DVEM F12 (1:1)

W@ GobooisBRL 1x |iquid cat. no. 21331), agitateRCUECBRY4/003273
magnetic stirrer, the conpor?@nts bel ow were added in
the foll ow ng order taking care to ensure each was

CLAIMBI y di ssol ved before addition of the next: o 1g
Pluronic F-68 (Sigma P-1300) o 50nM Sodi um sel enite
anhydrous (Sigma S-5261) (froma 25mM stock sol ution)

1. © Rmﬁ\ét%mrﬁt&m%ﬁoecdnawﬁm e%rﬂa(c&l B@wHich 46mprig¢dst om

%I 2mM st ck sol ution) Cl evel apnds trace

erré'?ﬂcg '@%F‘ICQ'FWGQ'Qedl%)W' myelemagel g?ﬁﬁatdr"ﬁ%%“m being capable

el en%'ﬂb@ppidrtl b'g%vﬂh D9 sdid lyeorDEdv link B @ompriBiflg iron at
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dependant cel |l |ines on g ut am ne 9
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003;5'? big &RPUERAMEL: A nethod for the in vitro culture of
a nyel oma cell |ine which conprises: (a) inoculating a
culture nmediumwi th a myelonma cell line, said nmedium
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I um of from about 0.03 ng/L to about 3.2 ng/L,

vv_her ei n _sal d nmedi um does not cont ain transferrin, a
4. |1 PRPRetH SRelimtherdinidtdREhation of iron in the medium is from about

0.16 mg/L to about 0.32 mg/L.
5. The method of claim 1 wherein the source of iron is a soluble iron compound.

6. The method of claim 5 wherein the soluble iron compound is selected from the group

consisting of ferrous or ferric salts or simple chelates thereof.

7. The method of claim 6 wherein the soluble iron compound is selected from the group
consisting of ferrous sulphate, ferrous citrate, ferric citrate and ferric ammonium compounds.

8. The method of claim 7 wherein the ferric ammonium compound is selected from the
group consisting of ferric ammonium citrate, ferric ammonium oxalate, ferric ammonium

fumarate, ferric ammonium malate and ferric ammonium succinate.

9. The method of claim 7 wherein the ferric ammonium compound is ferric ammonium

citrate.

10. A method for the in vitro culture of a myeloma cell line which comprises:



ni trogen-containing chelator or a lipophilic synthetic
ni trogen-contai ning chelator; and (b) gromh of the
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and using agitated suspensi o culture. 2. The nethod
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ferric ammoni um oxal ate, ferric amoni um fumar at e,

ferric ammonium nmal ate and ferric amoni um succi nat e.
12. 9. Thégetmdafdlaih 16 whaerein thérierie aminbeiufrecitrate impresantuinthe medium
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15.  The method of claim 1 or 10 wherein the myeloma cell line is selected from the group
consisting of an NSO series, a P3 series, MOPC series, MPC-11, J558L, K6H6/B5,
45.6.TG1.7, YO, Y3 HTK, RPMI 8226 and U266B1.

16.  The method of claim 1 or 10 wherein the myeloma cell line is an NSO cell line.

17. The use of a culture medium for supporting the in vitro growth of a myeloma cell line
under agitated suspension culture conditions, wherein the culture medium comprises iron at
concentrations in the medium of from about 0.03 mg/L. to about 3.2 mg/L, wherein said
medium does not comprise transferrin, a lipophilic chelator, a synthetic nitrogen-containing
chelator or a lipophilic synthetic nitrogen-containing chelator.

18. The use of claim 17 wherein the concentration of iron in the medium is from about
0.03 mg/L to about 2.4 mg/L.



agi tated suspension culture. . The nmethod of claim
wherein the ferric ammoniumcitrate is present in the

wore@s/omsad a concentration of _from about 0.2 negT/GBR004/003273
about ng/L. 12. The met hod of0 cl ai m wherein the ferric
angpniumcitrate is present in the nediumat a
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free, ee of conponents of aninmal "derivat
0.16gn@/kite abeyt % ngld. 15. The method of claim1 or
wherein the nyeloma cell line is selected fromthe

group consisting of an NSO series, a P3 series, MOPC
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RPM 8226 and U266Bl1. 16. The nethod of claim1l or

wherein the nmyeloma cell line is an NSO cell line. 17.
22. Théheyee ef claimc2il wheteinmibeisolubledionseppornd isgselduted from the group
cons@tiﬁ%%f 0k By rgrri@sé]%edrgm?plésﬂélatg Rferugpder agitated

suspensi on culture condit'lons, erefin"the culture
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chelator or a lipophilic synthetic nitrogen-containing

chel ator. 18. The use of claim 17 wherein the
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wherein the concentration of iron in the nediumis

fromabout 0.16 ng/L to about 0.32 ng/L. 2 . The use
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I'ton conpound is selected fromthe group consisting of

ferrous or ferric salts or sinple chelates thereof.
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under agitated suspension culture conditions, wherein the culture medium comprises ferric

ammonium citrate at a concentration in the medium of from about 0.2 mg/L to about 20 mg/L,
wherein said medium does not comprise transferrin, a lipophilic chelator, a synthetic
nitrogen-containing chelator or a lipophilic synthetic nitrogen-containing chelator.

27.  The use of claim 26 wherein the ferric ammonium citrate is present in the medium at
a concentration of from about 0.2 mg/L to about 15 mg/L.

28.  The use of claim 26 wherein the ferric ammonium citrate is present in the medium at
a concentration of from about 0.4 mg/L to about 10 mg/L.

29.  The use of claim 26 wherein the ferric ammonium citrate is present in the medium at
a concentration of from about 1 mg/L to about 2 mg/L.
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37.  The process of claim 33 wherein the source of iron is a soluble iron compound.

38.  The process of claim 37 wherein the soluble iron compound is selected from the

group consisting of ferrous or ferric salts or simple chelates thereof.

39. The process of claim 37 wherein the soluble iron compound is selected from the
group consisting of ferrous sulphate, ferrous citrate, ferric citrate and ferric ammonium
compounds.
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chel ator; and recovering said mammal i an cell product.
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wherein the ferric ammoniumcitrate is present in the
45. gggﬂuétjﬁpﬁgéﬁ_séof%%ﬂﬁ %fgt\ﬁh%'i*éit? the’ err?craonﬁnm%rt\)i?xpnt cit(r)étg isngr/eléegnt?n the

medium at a concentration of from about 1 mg/L to about 2 mg/L.

46.  The process of claim 33 or 42 wherein the medium is serum free, protein free, free of

components of animal derivation or is chemically defined.

47.  The process of claim 33 or 42 wherein the myeloma cell line is selected from the
group consisting of an NSO series, a P3 series, MOPC series, MPC-11, J558L, K6H6/B5,
45.6.TG1.7, YO, Y3 HTK, RPMI 8226 and U266B1.

48.  The process of claim 33 or 42 wherein the myeloma cell line is an NSO cell line.
49, The process of claim 33 or 42 wherein the cell product is selected from the group

consisting of polypeptides, proteins, hormones, lymphokines, interleukins and industrially and
therapeutically useful enzymes.
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44. The process of claim42 wherein the ferric
ammoniumcitrate is present in the nediumat a
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45. The process of cl ai m 428%herein the ferric
amoniumcitrate is present in the nmediumat a
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46. The process of claim33 or 42 wherein the medi um
is serumfree, protein free, free of conponents of

ani mal derivation or is chemcally defined. 47. The
process of claim 33 or 42 wherein the nyel oma cel
line is selected fromthe group consisting of an NSO
series, a P3 series, MOPC series, MPC-1 , J558L,

K6H6/ B5, 45.6. TGL. 7, YO Y3 HTK, RPM 8226 and U266B1
48. The process of claim33 or 42 wherein the nyel oma
cell line is an NSO cell line. 49. The process of
claim 33 or 42 wherein the cell product is selected
fromthe group consisting of polypeptides, proteins,
hor nones, | ynphoki nes, interleukins and industrially
and therapeutically useful enzynes.50. The process of
clai m49 wherein the cell product is an antibody or
fragment thereof.



