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WD 2006/ 108455 PCT/ EP2005/ 055637 SERUM FREE CELL
CULTURE MEDI UM FOR MAMVALI AN CELLS FI ELD OF THE

The present invention is in the fiepgrebr005/055637
w@[zﬁ’?ﬁ%

i'V4t] on of manmalian cells under 5 serumfree
culture conditions, in particular for cultivation of
cell's produci ng reconbi nant 1 proteins such as e.g. human
growt h hornone (hGH). BACKGROUND OF THE | NVENTI ON The
present |nvent| onLreI at es IEJIO la serumfrﬁe nedcl:ums:‘or t he

culture. CeII culture is widely used today for the

production _of v iologically active products,

such & M&Eﬁ&é&i@'* > nonocl onal anti bodi es,

non- ankidvesiynt invenioo- isriedud #tldred, cupiobijqpepit ind@nmgiiawbélls under
sg?;ﬁwtq_ %%EUIQJ% E%\gﬁ%{\ 5,51 ?Q/ J&?Hﬂgﬁl%t‘fb?\etﬁ'cfal'ls]cpraemckr@;ergécmbmam

Arotains SOETASE: arrwny@mé@vvteapmm@ﬁ@fﬁﬂber ed 15 cells. For
cultur| ng ceI I's, in the past the cul ture medi um was
hi.ch serves as a universal
ot to-rmai nt enance of all
namm‘lhe anes;c-mlt Im\tenh@'s rttlwas tprodacien-ito insgiveaférythacgrowth and

LRGSR of r%SHrHEhs@E&llahm&utuFéOf mones, growth factors,

carrier proteins, ‘? H@hpt and S'LP ead{Nag factors

nut r iGehegiture i T"P‘é’gé‘s% BfEh{og thegprpduction p ‘OH%B'P'QQ‘E@IXGECWE
eadlicai nedh ups tvirallyecines 0 Yoafocianal mamtibedies,mpon-anitioda simmuno-
%%rsbgf%%uaﬁrg\%ﬁ FERrs, rﬁen&@'elnsﬂnéﬁt@ho@@aefmﬁéearnugans

‘? used, serum has many
qiq. TOBFR Hpﬁ'é’;tﬁﬁ@fp‘"‘l’%\?% 8y B‘Frmahﬁfrfﬁnéft‘j‘émiﬂ Fdggnetically engineered
demd.erfering with the limted quantities of the desired

pr ot mn cGIE rm{g n&egé ef?\t thQr P?I%d C\m(xré mf‘edw ﬂ\%s s:[zg:gléﬁ}ent&d with

pr ot e serum nmus
sferusin ww\ SRS %vawga‘dbwm f@ e sy sHidngaisiepanagsof all
ndthinklisBateloMned thdte progicd @idlbogitally RoiVee Sroduslsl Gbrum contains

ho%@%s?%%@%é&&?ﬁpéﬁﬁ ot@iﬂg % Elgrﬁ %ﬁd %&ga& ﬁ? fjac D-II-S nutnents,

OVl ne orm nce
trapa glemess piceCuliier ﬁ’@d'@g’@ﬁ@‘ﬁé’?ﬂ‘i@@e@ 18 é?a@@%ﬂ 0"@@@‘ @m@amqrm

stch 8918t BbBRSYermh (FBS)) Bidb bard ﬁ’&élldéﬁi serhﬁaS(FCS sed

regul.at or cern t

t he ﬁﬂ% tW@% e%l oﬁ?oﬁlh@a ‘%‘ 358"5 3§ ?ﬁ %g'lgé qe"as of
niiverausi groteinsr @ﬁ%ﬁeén% withetie ld@fﬁ;{nwambﬁfest ble thee deslirep rpppiteino bf
llﬁlatteg{ Bajdw&j 'BS?dt'hé i€ ThddeO omswaén@armtth@tseﬁwnmét be

|nta|n ce s during fhe productio
SBPOFisG) i g HeRfRe sonh, Ssbt0% il Purtcaton of e
pREFA Ep@m@y{,o@s«e}gqomphcates tha process and increases the cost.

The advent of BSE (Bovihe Spongiform Encephalopathy), a transmissible
neurodegenerative disease of catlle with a long latency or incubation period, has raised
regulatory concerns about using animal-derived sera in the production of biclogically
active products.

There is therefore a great demand for the develapment of alternative media free
frorm animal serum that support cell growth and maintain cells during the production of
biologically aclive products, '



10

18

20

30

2 Cenerally, cell culture nmedia conprise many conponents
of different categories, such as am no acids, vitam ns,

W§240t8§084 tty acids, and further conpounds: - AaT/RP2005/055637

or Instance, US 6,048,728 (Inlow at al.)
di scl oses that the follow ng am no acids nmay be used in
a cell culture nedium Al anime, Arginine, 5 Aspartic
Acid, Cysteine, Qutamc Acid, Jutamn, G ycine,
Hi stidine, Isoleucine, Leucine, Lysine, Methionin

Pheny@anerdlihe  cefbr BiiupR, media| ,qgmpr‘ﬁeyﬁ%hgﬁmpow\tqﬁqfn@lﬁer@nt

c;g%(g%ﬂ@é [36ch é’sltléjma‘p(@bblﬂ@ vitamiviis { suits, sty a&dﬁsZﬁﬁ%Qlﬁlﬂ%%ounds
ocarone a ne

excanp! exBEocEs Fon BFieRe YR ag (FPaR A8 Pt tdate

i N a felMling drfine atite may reedisediin Bicelt FullurePaadiomhAlzatne, Arginine,

Chol ';{n]r; m'%g ARl 6§stfa;h:5’ | &16tahid Ra:l%i '\é«’lgfalnﬂpﬁlstda’le’, HIS édtge, Isoleucine,

N aci
Thi arheﬁeine,Pl!l-W'@%cﬂVI?é"°m"%aff‘§“yaf56}“ei rFsrP'é{chse‘"l!]S’ Tryptophan,

6, 399ry3t§’53ne(ﬂhﬁdﬂﬁn$é afll Vhlidh. scl oses a nmedi um conpri sing
Cadl e, i um Phos

Sodi am VEHIEP 208 Ber e Tsine R LG fa LR Remner e
ZnQa 2.) Avotrteerleesesrpbe thariha fm@w@cwmms thay dieomsadgint A eell

Iug or 8%@‘7'% fmbm éi&&i;f\tnlglﬁﬁ&{th%t%‘%hhébﬁom PHlfoeAd@@lAyéﬂhés‘-ﬁol

medi’um
con‘pr‘\“%“r“?’ﬂj“‘@%\ﬁyﬁ oxgey Riboflpy, “arﬂfgﬁm @3 %\%ﬁ?ﬁ?ﬁﬂ%t e
I\/bnohass@lts Sari ot fieo Syikh ag, 8oDBdia $Blom eOmC) diRtd28s a7 med®im

- Al ASh S Eadaley AGhoNIEakoRnE BRALD UHBASESddn

achi

AC| d PWQ&W"% Disisig, %Nﬁsﬁﬁ'@nﬂﬁzu%s%s ZWélzl Aa%ther example for a
?/ED; h%doc@ﬂérﬂ'dls&éﬁlh@ GRGhdérganic SAB teatGnaylds L&e@%atl é§ifdire medium is
r XLLI.N 0,

&%"Z%OBIIM 538![%%9?49 %t ?@éﬁg%c'ﬁp %: @Xé%?rg %%mgnsna%,gpgﬁ l&cl
vv| t h MgCﬁn,d§aC|arﬁPdiL§“ tmphﬁj@d‘\"ﬁ‘@bﬁﬁﬂu iepime Phpgringts iDibasic,

-t he &gl 2%@”&{@[6 medi um - Furt her corrponents in
r.ane, of SEIUMLLL ee

particu |1 5 ..

oul ureL% e 4o T KR B 8 Uyl E e gra A
Na- pyXdty hineleici i Avisli Dllgic Adie, LeutiaAct, aMyrﬁbc Aeid, s VIER =B MEtABR -
or a RIRHERHM,VSelE t@@h@s@sﬁl Hiié?ﬂlalr? E6§mumplbw ﬁ&!eﬁcthat
F68 (al so kpown as r 18 | oc

of etW?P%‘n laggpfo%lipccgejr sgngukmasggﬂ %ya@ iex with lipids
st andmrids thbassea toedisllizedipiisa He cklhmmretroectnlrra per son

ski | | edg 'r?'\ m;%m@&ﬁentsT N SGarticRibr Rl 8n aht & %P@,Lr%nfree cell

sever al di um C ngggent S nment I one above.
Exanphiye naﬁd'es @%“‘i‘i‘%’l § $HEh a5, alioqF Y 81PRD | NasRyrdyaée, Insulin
Dul bagethasolbihihef (e gdEERTY €45), M?dlpmnch(léw\?ﬁ sudiNs\PiErbRic £68.

(1: 1)P|\g'r:_>ﬁn%)‘?-‘6§h('et}|£3 ﬁ%‘wnrgsxfsc%x%nfer JrQB |5RQ %w%k Lop ?ymer of ethylene
oxide (EQ) and propylene oxide (PO).

Standard “basic media” are also known o the person skilled in the art. These
media already contain several of the medium components mentioned above. Examples
of such media that are widely applied are Dulbecco’s Modified Eagle's Medium
(DMEM), DMEM F12 (1:1), Ham’'s Nutrient mixture F-10, Roswell Park Memorial
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WD 2006/ 108455 PCT/ EP2005/ 055637 3 Institute Medi um
(RPM ), MCDB 131, or WIlliams Medium E. These

W@Qgﬂgﬁbg;ﬂsgl nedia are available e.g. from G begr/EP2005055637

Invitrogen. Metals such as Zinc (Zn) and Copper (Cu) are
Invol ved in nmetabolic reactions (Vallee and Fal ohuk,
1993, or Lindner, 1991). G Zihc is essential to the
structure and function of a |arge nunber of

IRGUERRGH BoISS (SR WA 85 Aot mects

Japd rgctura
anaeavpﬂ@qj@cgffwmm@coofnv}tmweu ns, Zn-ATP is necessary for
t he SMBfal&e&&l @J Zm@)(.‘fri %&@opéelp@% R irRoRad inf rlnél‘éb&ic repctions
nosi gl ﬁ—? g r?gé%”! two coenzynes essentia
G‘V log pEY, ﬁoﬁ"”‘a e ind nonoami ne oxi dase
met abziht s edéeniible tacthevstycioé Zndcfunetiopr of eg:tlangg number of

bi,9l U'%l Clos T UGH %fgac ?rﬁflyﬂg’hgm J’Y‘c rﬁléﬁea Céfg!ggc. ¢ —oa{nﬁ)ﬁc or

HE'S 0 Several
staycalralgple intheatrpegyfediag ﬁ%PFOWﬂScﬁnﬁfr € f%nwssaméﬁfﬁlmvaesw of

%ﬂ?m%}gﬁsmpﬁ&e apnE SRRt b@éno@mapemaa&otwfe (mmertmsl g@emymes
srrut??r as a rote lve

en hi ol's,
R0t P oEls S i ebie ot SorpA e S{bagt BRIl h 1 1 on
t o forie bewdtyreidficalirs protdetihg bivdkajidal eiruttareshiedm dabge by free

BHRAETT%0 b’ Mt 3 SllRrel BLBCHRIAIARG Othe ZuBid® BIA0 of
SRtebeRPieIE: WA PGP (R P

2hAEAVeREYBI 19 IheFGAtial ZpMeonant of
AlpsfoxicChispoass tasef profeetivéiagent ongis, Bnd inf prevenBhthiRimdi=egon

ol BPorogfOhRlch iR AOMIDRRLI T T transer i pti on

rimarily in the form of
conpl I adlditiou tarthat theeﬂr?@"a?léf Auppeants ipid peroxid@ioanding is also an

daetdr CdeﬂB@w' gﬂ%bnzﬂﬂﬁ&? Gh8 e@fs 186 Nedbaiy fIIHﬁEﬁbﬁk'rhé‘lmn and

transm s ul ati o
YR FTb R AR BRTRTBFEG 41e 2oh AN St AP SA cdlvagroteins,
vprégt isdecoriroemmoiisn a'amscsplmnqimlerab mai nt enance of

chrongtd Bn@@gsﬁﬂrﬂlm HRNE%n o ‘Erxe altﬁlpxstﬁelﬁﬁ .{,rfqavﬁr%nelc acids

eI ement | ortant for the functi

(FPetPPnSt 'efsm%%weéﬂbg{'%éfan?@&aw 8pchtagylation of
tbe(l tﬁdpl@dl@u of Igehetiolinforethitieg dstGrage 2 Byiithesis adndowiteg bh %ept.de

ﬁ'ﬁ’%{“’*{ %Cdo%n%%‘%ugatma\ﬁﬂé?%nﬁé ot & dénﬂatg\ﬁéex{crl] b‘?«{%%}ngla%g% as
f unctGapRe’ i 2o g? digpe cﬁe%’fﬁp@PDr@ﬁﬂt dars &g, KWHD@th rﬂﬁoy @dﬂa.lfar
A HI CUPDEE oD chﬂ&&optkbéﬁﬁﬁ'rélﬁﬁ&ta’tes, oxidized Cu (H? or reduced Cu
RIS E TR HAPA RS S| AR Al HHEBRE it sriabid poractor i
th@quimmhemnstrw vfoﬁnzym@ﬁetﬁs’um|m s & yroumpd nenper okidases, which
Y ABAGRRe érSﬁdgs@d'tg@gmégéveagwﬂa.g%n%' Ao, 3mine

crossli'ning. Serumfree risi nmetal” "I ons’ su
ogbdaf@q]gn%}yszldﬁ@@,s i eRpenpleo pﬁr@g\;ﬁates in mitochrondrial respiration, iron

homeostasis as a component of ceruloplasmin, free radical scavenging and elsatin
crosslining.

Serum-free media comprising metal ions such as zinc or copper ions are known
in the art, e.g. from US 6,048,728 (Inlow et al.), US 4,767,704 (Cleveland et al.)or WO
01/16294 (Life Technologies Inc.). However, these documents do not describe a



inthe art, e.g. fromUS 6,048,728 (Inlow at al.), US

4,767,704 (Cleveland et al.) or WO 01/16294 (Life

Tec ies Inc.). However, these docunents pler/@pPin0s/055637
W%Z‘E’Eﬁ%gga WD 2006/ 108455 PCT/ EP2005/ 055637 4

productivity-enhancing effect of these ions if added at

specific concentrations to a $tandard production

medi um For the devel opnent and supply of biologically

active pr cts, her: £ ] ,
e e BhPiyEing MEE, 8° these S PRAUL St BRI BcBhtcatiops to =
t hetendead grogiudisinymefiwd f or producti on of pol ypeptides are
Chi nese Hanster Ovary (CHO cells. CHO cells were first
cultured by Puyck (J.Exp.Med. 108, 945, 1958) froma
bi opsy A ﬁﬁ g%‘%‘ ”Telnbprﬂn senply &f @fﬂ"?gé@éy s arcmug\;smﬁuch as
5 t hpsRpeliigpedinscal Vascises) larbe amourits suist be pesiuvet. Suitable cells that
repar, Wit h. , .
e P oLy Bopsiin B BiebfitdsSh Efinecd Rarfliel B35 () coe
di pl oi dCHEr callnevetp Hiyelr diteiedt by PueluttREMebHER) 94§eh@d8) from a
'3‘”{?&&@/ oflt ainréﬁgﬁﬁﬁclbn?( querf]él@ fﬁg}i_rlgsé hﬁlﬁbtgg |Fiidiﬁ? tHFe)Se @ri%ﬁlﬁenss% number
eficien ce in )
4 90 URAPEF e PERATed vx'ﬁ*a§aéevaff?¥aﬁe%ﬁjff0%v 2 §bdds oRBZgeN tines,
10 f uplEbLIKON laspralineenswiinge Boe o Mipkididrahe aihvdroigaie eEFRagpe (RHER)
ANGLrENAnBIBR RS LHvol 42 R ochfife A B BlHARCASIGiAPCRY ddldhe (co
cells at _are frequent used for ,the Egor oduct i ?n of
prio¥Ei BN (RNARJEd 13%9» 423%14?%%%'&'? oI ERARY g loss of DHFR
huRstiosedd a bbmesuaite of asnithigonhit maa DHAR o= ey avinbe cebdequent loss

line | Q. or the human enbryoni c kidney cell line
Zgé}iherﬁ%'e'ﬁg%ehe C127 cell line is also highly suitable

16 f or pr oorther esflsdhatieer BegiantinuseddpioiheiPrsupiisr AT groteins fitended for
198fhiniSkaicne nmBRs ﬁ"@gﬁ%n céPiBeuthey Tﬂﬁ‘hﬁinlaﬁ fiﬂﬁ@ér?&;}r?;\_b adll line
int t .S ornone. wt or none :
aﬁgvg{q%ﬁo%hea@g@%ﬁtn‘%?? %ﬂ"%p' T%%%Hﬁ'ﬁb %{)S?rat otropin, is a
pr ot ei nMrompBitRCHEDERICEE is glsa hightr Bitable iy arpduction of recombinant
S OprBlefMsl @BHEr &8l.| fosdf okanArlgY, hodoypi tui tary. Human
growm h hornmone plays a key role in somatic growh in

20 chi | dhood and in metabolismin adul thood through 25 its

ef f ect SOnm ithelapentit pioBin siintefespieatraith hiorreeneb bhyen atavgh andhone

i pids. ! Lo | .

o AFS I R IR g et e

di S SoEReH B e SOBRIPtR ARl P R amierioh R Fimgn oyt frigrone

a playsge key Bpinisomiahiegroptieiowhihoahdnd nendeirdismiie towinod through
25 Wi?s'é'ﬁ%%ts%?‘ﬂth%%?é‘b%ﬁsm £O5 B, GursdRbilatdsRR ipRgar t he

C-term nus. e sequence t hat Qi?nfl rmed the am no
aci d s dUHBRALERENTTPNeRBceR PRYPIRETR FaIn Al 9hpminegpidy (Bewly et
Pugi 1d7eq hbiy twi disumtieti@nasTong betuer OVElBS ahd1Cid-$65, forming a large
| y|8 ph{nl t'hé %jolecule, and the other between Cys-182 and Cys-189, forming a small loop
near the C4erminus. The PNA sequence that confirmed the amino acid sequence was
30 reported by Martial et al (1979). Purified hGH is a white amorphous powder i its lyophilized
form. It is readily soluble (concentrations >10 mg/L) in aqueous buffers at pH in a range of

6.51c 8.5.
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form It is readily soluble (concentrations >10 ng/l_)
i n aqueous buffers at pHin a range of 6.5 to 8.5. WO

W&Q g/lgg‘géfSS PCT/ EP2005/ 055637 5 I n sol uti on, poGHPeots®ss37

omnantly as a nononmer, with a small fraction as
d| mers and hi gher nol ecul ar wei ght oligoners, Under
certain conditions, hGH can #e induced to formlarger
amounts of dimers, trimers and hi gher ol i goners. Sever al

derivatives of hGH are known, i ncl uding
nat ulnegdlifion EGlt eistPreRoMiRARY CEX) mon@“%wﬁfaﬁ srgalifragtion as dimers

aﬂ@h%hgd Hn@e&ﬂe@ Bal RBFsA0AGAraRHER RERGIchs PHHTBEN bé/ ifliced to
bi osynt het i ¢ derivatives of hGH

%Wdﬂf@@&ﬁ”"b‘wg@é BEfSe tr‘%?ﬁgag‘gﬁ% YUV pl e of a naturally-
occusevdrg dkeivatives io 6GHIf arkCGitoive, Beluling aateaty-anturioly derieativis,

VQ,%E@%%C&%B&.C' oduBe, Eég%%ﬂ& mdﬁa@sﬁmgﬂﬁm?ﬁ.ésﬁ{heﬁ&ﬁew and

us are descri

ea@mar@d deratyps ohl pwoﬁ*&eeényrganfe{@rm%}%qqsv éﬁe&é%maﬁ eﬁe pgjunsdy-
ob& gl @siLatvg of AGHNE GbPdYa varRRt ﬂ’agrbw{adlofrﬁdin@t foend lih tR placenta.
it o et F BT RO ot SeSbef M Ben 809 el ohChdERe of
hisH; $tcluBipg rded¥atives-Hasignee (ke dangdebting inothg Hods casntlienvsat foNAe
pH%}%&M@M&eﬂhhﬁe&W%é iSreffifetad hilodiod s&mwfmﬁ of

d d
N o Pt kD e Pt B o 47 B Sl P Broetinprigha
tacandlagyt Tioé cdi@duodﬂslaehjaleénmm fiysH baving epaerdditehat oethionine

E:%Hrat’ter te},ﬁ,n[,pggoghgépbttajlqm@s wel|l as In the bl oodstream
% ws at at, ];%”Lfé’i This conpound,

uhi of TeikEal-op g AR FTad Peler 207 P AR epRATgS ot I
e fiuddy ssrwdless frbenbiodstebtre( patsi ateal STEH7BC Lawds @f ak Heso). This

c%ﬁpzu%gg\gﬁlcﬁ EQI%I}H& |1 5 'aﬁ‘»ih%celc% r{eQ?ul\&‘tfPJn? @Pluﬁ'%lz to JGQ# .}é an;l:eﬁ fforn an

ajigroasiue eplisvd 6f tha GEISS%W“’H@@IQ'%E%@?@NPW Ak 1%%) uﬂﬂ'f"aﬁcyﬂ%ﬁ'ﬂd
sh@6d R biiHoDalt di thelridpital gropamidses hep, about 20 5% of

0% of h
ﬂg?‘ﬁ%ﬁ }émoﬁ['gqi?ad%% Bt tﬁ C?r)?gr%l %é%hﬁ&[‘ﬂ oaLRQ 'ﬂoog 5/ "g\}ff% V%out
B @fnﬁmwwgh%{@?ﬂ@/ Pt'S?U’fa@f Pty Frgr Bah 2076 rcrﬁﬁﬁ@'\ffh dtmadngsoutput of
chRRi, IERes etale drave pRsititing ta@tnﬁtfl a§ rzea&:egrow;enama&mbn@fhas

o BRp e ket At SRl gt iy iPlytianil Ao P .

blos tr @i WW@C@W@ with ggus péintees Wet22dd grovibgemiane, and
PSR Bfth ks |b¢t!5@)mhbn@@.eﬁﬂ iNéb)t afoeaﬁvnws 2B FHANER) Binlike 22 KD,

e 20-k-hGH has weak anti-insulin

Un
ﬂ’ﬁép"éﬂf‘ y%aSAW%r?Bi "5@1‘" 81 vat i ves of hGH arise from
pr ot Aokunbercof derdiafives af el srigs frani proteolyde mbeificatidiser thieinmdacyle.

T@%Em‘i@¥ pEEPMag e lﬁ@i%@i@@&hbr%"ﬂf ‘RESIHQ%I\EQ égﬁé/og%lspﬁ% ‘f‘-%’drléﬁséf‘chGH

region o around resl dues
aegyad %tdf}ﬁ? ésot‘g’%? BrtegIeysusceriiile isrrptepiugs: dad seugra G‘%’é’a’f@‘ﬁs of
hbGahiay hioks erideleionsin thie refiindrase berrt desgibee gihemediav i sheenar).

Tﬂi@?‘&{ic&rﬁggﬂ hd RYd 185 H9EHE ShdBeavha8 6l o peptide bond there results in the
generation of two chains that are connected through the disulfide bond at Cys-53 and Cys-
165. Many of these two-chain forms are reporied to have increased biclogical activity
(Singh et al, 1974). Many derivatives of human growth hormone have been generated
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30 This region is in the large I oop of hGH and cl eavage
of a peptide bond there results in the generation of

Lhs that are connected through the di spif/Epmobosses7

Wé%éémé% and Cys- 165. Many of these two-chain forns

are reported to have increased biological activity

(Singh et al, 1974). Many desrivatives of human grow h

hor none have been generated WO 2006/ 108455

PCT/ EP2005/ 055637 8 artificially through the use of

gt S1oUth e Hog, Fe® 3PSt THe ZHRISSHDPPT T, Sk ieile Fp el o5

i Have beonasBEBMAtHTE HGHG Nardié Vmﬂi‘t@ﬂhralghmatrth@h!ﬁleme (Levis et

t Pﬁ)%% rgbﬁ : hgago éﬁcg.éﬁ (:@%\er o8 egltv? gweﬂng Zr?abﬂlg: ;%otem?QCAP)

\esaibmhdddhipnait thé portiRliedAR)teclysisens hEbirusing toRse (Rvkettat al, 1989). 2-
&Wwfg 8% lQ rh%@ QibM&baﬁ p@épeﬂ@ﬁ'v&'@'dﬂn&trw tHosé %?Q@;ﬁta@d hGH

ol i1 4 KPR S B e drrob i e eend egtof the
4MBLE GH kbarbohyaratdvastatidien gemubblishednot i ng activity of hGH

ﬁfb£§%ﬁg¥e o %}IWL‘I@'}]& clT8§ tn %Fﬂté&ﬁ arcE bl s%gﬁlﬁ:‘)l@o{b - deamidation

rghaipaminder arpsiptale sondiops. d?'*é'ltﬁ"f‘é hGF gag H%Eﬁ@wa lttéurtd@rgo this type
A eRislatdsQiing heollersnsor WBAe52 BRRHAT had endalss]itd b (RSer extent,

Pi 10 ,of
B P FHETThadofrlisf TSP Repiatdad REy i3 f¥en
showd taimave @h stgred susgertibily & preteolysin WIﬂ’t:fbﬁ pozyEieo btdism(}umg%ﬁg

ﬁ&f c@aHﬁc@\%rF m§§ 'the( &%@gt@éi sﬂ;imﬂcén%glr) dlr@ﬂﬁsj"'lbgufgoﬁlﬂc Rfehvdge of

been susgce
o BRI T RN S speaier e Ao s ey St
dieaitada atondifferynteapaagiey ¢isotidg) Clls s itgnprimasy piteofi deamidation,
ik Bhhien BE ALLRYL Liko SRAUARE- A, 10631 DEASHRh BEbInGIh Gk
ovvn t0Q er certain storage conditlons,
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25 Fig. 5 shows the effect of different concentrations of coppar combined with zinc and
Terric citrate (Zn 0.5 pM, Fe Ciirate 4.8 pM) on rhGH productivity in the DMEM;
Fig. 8 shows the effect of different concenirations of zinc combined with copper and
ferric citrate (Cu 0.02 uM, Fe Citrate 4.8 1M) on rhGH productivity in the DMEM:;
and

30 Fig. 7 shows the summary of the effect of the rhGH productivity increase obtained
when adding copper, zinc and ferric citrate (Zn: 1.5 and 0.5 pM, Cu: 0.02 uM
and ferric citrate: 4.8 pM) as DMEM supplements from differsnt experiments
with rhGH-producing C127 cells,
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Preferably, zinc is comprised at about 0.5 pM or about 1.5 uM. i is also

25  preferred that zinc is comprised as zine sulfate.
- Copper at about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, or 75 nM.
Preferably, copper is comprised at about 25 nM. it is also preferred that Copper
is comprised as capper sulfate.
- Ferric lons are comprised at about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 4.8, 5, 5.5, 5,
30 6.5,7,7.5 8,85,9,950r 10 pM.
Preferably, ferric jons are comprised at about 5 or 8 puM. Ferric jons may
preferably be comprised as ferric citrate and/or fettic nitrate, and it is further preferred
that ferrle citrate accountis for most of the ferric ions comprised in the cell culiure
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mammalian cells that can be cultured in the process according to the present invention
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hybri domi2 tcﬁ ure Focess acco
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cel |l s,
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t he p@ianbhinfest, aNthohages SapsMbeplideder WhickhprbdactiRn a8@ded, sither
the esli abl i sl ed t{gcthnol ogi cal platforns for industrial

pr odue PEF° Q5P 5Fe s (see, e.g., Bohak at at 1987:

Patti at Tiaﬁqulm;!de Thistegash ey e .o tanetyralhesacraied protein, a normaily

pr efsﬂ&ﬁ?érﬁlcﬁﬁ&bﬂﬁsatr%rrﬁéw%éﬁt%m@mﬁﬁﬁn& RRGEhIEr Bfhumbn or a humanized
i nt erest the in t hus used f
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b e Stinc VB Bo Bt T T Aol AHGHSA RS o natural
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pol ypepti d | nt er est .g. a naturally secre
proﬁ’éfsﬁe"lﬁa‘"hg‘?%‘mt)?f‘tcyt opI asm c prot ein, a normally
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2%m Inkt)e[rgyt aééhgp hﬁ.:n%np&? rﬁ : gna()fmdrgtﬁ'éfgﬁa%ls), $hé préa)ttell‘r'l[saofl Yrterest are
therapeuﬂc protems
Preferably, the protein of interest is selected from a hormone, a cytokine-binding
protein, an interferon, a soluble receptor, or an antibody.
Therapautic proteins that may be produced according to a method of the
30 present invention include, e.g., chorionic gonadotropin, follicle-stimulating hormone,
lutropin-chorioganadotrapic hormone, thyroid stimulating hormone, growth hormone, in
particular human growth hormone, interferons (e.g., interferon beta-1a, interferon beta-
1b), interferon receptors (e.g., interferon gamma receptor), TNF receptors p55 and p75,



transnmenbrane protein, the protein has preferably been

engi neered in order to becone soluble and secreted, Le,
W(?%qg}l <09 a signal peptide in front of it orPer/mzoos/ossew

sol'uble or extracellular) fragnment of it. The
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pol ypepti des of 25 interest ar & of human ori gin, and

nore preferably, the proteins of interest are
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' ut R&B{ﬂbcg@%\ﬁfﬂ%éﬁmdugpéfeﬁ Il?n@fd'éﬂx% nédwt[gymé i%&tbmllnﬁwbggmdu!m

hor hesie fibfoRlasth gemeih daqter; dnsulin, rﬁ@#qrevlanswe@t&zm orte. mvrphogenetlc
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kerflt i n(’}%’e%kﬁré) \Mi'lper @ﬁém@b ngcl tll klncglngmlgl ?eldr%: Veg élinterleukmu‘lfi

neu act or
grobmﬂung amntﬁn), ianggin1a ﬁat@péles,vami mufginat frapmantsbealyble forms,
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sol Wbl iabRHiBR combb&ifdd. onal derivatives, fusion proteins
thereo

'The definition of "pharmaceutically acceptable” is meant to encompass any
carrier, which does not interfere with the effectiveness of the biological activity of the
active ingredient and that is not toxic to the host to which it is adminigiered, For

example, for parenteral administration, the active protein(s) may be formulated in a unit



Further preferred polypeptides of interest include,
e.g., erythropoietin, 20 granulocyte colony stinmulating
ct ranul ocyt e- macr ophage col ony- sti mul ap&tygp2005/055637
W({’g 0?@ 845% tuitary peptide hornones, menopausal
gonadotropin, insulin-like growh factors (e.qg.,
somat onedi n-C), keratinocyte grtdw h factor, glial cell
| i ne-derived neurotrophic factor, thronbonodulin basi c
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reconbi rl ﬁe ?pHaFﬁagéhﬁ&ﬂoﬁwHéélt% f&frrRﬁﬁédWaccordmg to the mﬁnﬁon may then

gl ucoce rosi dase, and felns,

f or ke adfinidtere da anaBAivigyel Ped Va'ﬁ?}?‘;l%?f’aﬁ%%@? ﬁ@‘??sh@fr ggpinistration
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15 nviiet peiye nifpleiri®n cerh deafimtipede AR P (SOTVARM:| ﬁtﬁp@nsumm erpysion or
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| nc %ltglt rs)%g% n?é trodd %BFJH&’[) (agdlg\nas' Hza?l a%tsrng &5 gr%c!ty (e.g.

for anuscu ra errtonea
i nt mamewt)u@ chaniesh t il e Qopéﬁsewiaﬁ\t%a%mhﬁuféqm dipe diatreiation is

t opiealzed bR EdrAmonly a8t eaiHiqRasal routes. Any ot her

t herapeutically efficacious route of adm nistration can
*be used, for exanple absorption through epithelial or

endot helIheaccpﬁdeewewtbrth@wrwé fn\f@h’fer“apy S\/\R@hlei prefgrr@ac use the
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the lo patient

i ve B8 RRY sopater )8 Balilin Pobuwnfd & FRIESOME g to ve
addprotiored it biehuraot wiging SncaGtbisdi guijblen sedreted muaeit i DR relemsed into
%. . dngepp 'c?lfu‘?é etherh QAR iflr W Fnlaaag Bﬁfs ARG Selie, or by means

0gl ca act|ve a ents such g@ ceu tcally
acoBit ABFEIORT SINSRPiRn e B SHPL PERte, Jedver ot et seoroted
andpiotdin whiels majroe mues e‘ﬁd:nemtam the@agxcuﬁanemwrwwsstem used.
subcut angoUgmy, "‘%ﬁﬂ%ﬁ%@rlr W%Thé}bfﬁtsry%ﬁmuql%/ mht"gﬁ" This term

active proteln(s) can
suspedesoraturahen Etvn bl reqopbpRY BrRguGss\fd as wel 25 the GH vararts

3@S S OgiAtddan détall ih e PRRKGRORIILI thalrventat apkadire' GH", as used herein,
par ﬁlﬂ%grr ?Aclu\éggl r(r:'aLlLecms, functional derivatives, active fractions, fused proteins,
circularly permutated proteins and salts of GH. GH is preferably human, but may also

be derived from other spacies, in particutar mammals.



(e.g. water, saline, dextrose solution) and additives

that maintain isotonic(ty (e.g. mannitol) or chem ca

é&@ﬁhb§ky (e.g. preservatives and buffers). Tiper/EP2005/055637
ormulation is sterilized by comonly used techniques.

20 In accordance with the present invention, it is

highly preferred to use the meti umof the invention for
production of growh hornone. GH nay be native, i.e.

nat ural | x. 9&%%@#"’? %e%l'm Prﬁ@tg'ﬁ%"’\%@'rs &S—Fgasl,%;} % %nu@vl in which one or

produced 1s of nce
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" Gl e S e BN S i, R et o oM, wheh encodea o

10 unsHt ivadal stitgenhvandites, D&t ieneodinga@HizomsnovrLia ¢tk prior art. The term
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f r Shossr Her @ﬁﬁ:é&k"bl@ fﬁ/er 31 prIVENtionRly refRs iAvas 'Stringent’. See Ausubel et al.,
20068 RioddfeTin MR Q@ﬁﬁﬁkupﬂd‘} lrhGrstisedd, Nef eﬁﬁ;ﬁ 3 Eﬁd G 4 (1987,

t er{&QZN% oﬂf hmiliadlcg résxa‘;ng) C?sr z?ls@gger& gggltlg%g ‘P?J‘r‘%‘? Wés_‘ng? gondmons
15r epl2adB6 bslovdine taledated M pidhe byhiid yrest sfudsin, eg., &SSC and 0.5%

elﬁ@@br SQ'ﬁant'éS Dk s@@r@aam%r@fod 16heE8 D, Pk 8ROINGHAL 59, sps
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L DgNTal oo SEINSRSCHS] 130, S YSERouty Fl BbSMG ¢ o s0.00
conpiavied. Thash of loedinery dkil ypthisGatt uiidesendriitat istimgenoy conditions aiso
pr %&gaﬁ@' omhmﬂmof%bnﬁsgeau@&@é oasngtaxu&éotuse g,wb%gt@?ch as 1040

mut agenesi s, tec ues, or an known echni

205u.ttaaﬁ?)@ft%%?'&onumﬂé? Eckhep: E@E’Eﬁddﬂ'ﬁE%s fiet Yeeflnd |s preferable to
pr ese Iﬂétrﬂnﬁl@ﬁhmmﬂnlhm@hwﬁee PIVAE) ingeahof@RE Sey AdisulbalGupsC

aci d, Q
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DWO@M@U& r@lyml%ﬁt'ée IEREBYFNCPH Glelt%mmeidchy gpmpariny dhe segHences. In

Stde'n@ﬂaﬁ menﬁ@"?@l’efs‘ 10126 exs@inaEisotide b yhsibstide ak bﬂ;hoaé’éﬂb to amino acid
of ord

b t
288 KPP S e PR s P B bES BayePloft dfireotvel
Se evALhe rerigthesf thit sequer@igs beng cPMpargdol s i n Mol ecul ar
Bi ol ogy,,— oﬁH&:{x@ncés%ﬁ?é&'e%“i@ Piot dh Seact éar?esﬁémieﬁcé’f e(’%’%@mtuty" may

(1: gﬁé @qt%’,rvﬁgrbq%u&] a%'gr%{géwﬁﬁwa sggﬁ?ﬁﬂn.%{zsi? g:nge cgrtnrrJéreg are aligned to give a
maximum correlation between the sequences. This may include inseriing "gaps" in

30 elther one or both sequences, to enhance the degree of alignment. A % identity may he
determined over the whole length of each of the sequences being compared (so-catled
global alignment), that is particularly suitable for sequences of the same or very similar



15 12-20C beI ow the cal cul ated Tm of the hybrid under
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1% SDS for 15 mnutes; 0.1 X SSG anplcBEPIS03S637
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SDS at 68C for 3060 m nutes. Those of ordi nary skill in

this art understand that stringéhcy conditions also

depend on the length of the DNA sequences,

ol i cI eotide pro such as 10-40 20 bases) or m xed

ol | cPre@ter a'éorféf &%@%ﬂd( IpRoihy Redainddered alignmep et is orgsuitable
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| oca nore
Rotivips t ESW&SGH d?%?%&ﬁﬁ%gﬂ e bF—‘cFé’ﬂ%‘f’?r?d to have
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W scoinsi n uenc vers
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§ accessl bl e home page of the
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199@hat are known as "conservative” substitutions. Conservative amino acid substitutions
30 of GH polypeptides, may. include synonymous amino acids within a group which have
sufficiently similar physicochemical properties that substitution between members of the
group Wil preserve the biclogical function of the molecule (Grantham, 1974), ttis clear

that insertions and deletions of aminc acids may aiso be made in the above-defined



Any such nutein preferably has a sequence of am no acids
sufficiently 15 duplicative of that of an GH, such as
ubstantially simlar activity to GH p&€P2005/055637
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2. Materials and Methods
REAGENTS AND SOLUTIONS

All chemical reagents were obtained form Merck® Zine sulfate (ZnS0, 7H,0),

5 Copper Sulfate (CuS04-5H:0),

Barium Chloride (BaCly2H20), Cobalt Chloride

(CoClyBH,0), Chromium Potassium Sulfate (K[Cr(SOgH4)2(H20)]-6H,0), Nicke! Nitrate
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Met hods
CELL CULTURES

Genetically modified C127 murine cells (ATCC CRL 1616) were used for the
expression of the recombinant human growth hormone (rhGH). The vector is based on
15 BPVBIT comprising the pBR322 muitiple cloning site and comprising 1.6 kb of the
rhGH minigene under the control of mouse melaliothionein-1 {MT-1) promoter. Cultures
derived from one Working Cell Bank obtained from different rhGH production batches
were used in the experiments.
Cell culiures were kept incubated at 36 °C + 0.5 °C and 0.4 rpm in 2125 cm?
20 roller bottles containing 375 mL+15 mL of culture medium or in 1700 cm om? roller
boitles contairting 300 mL of culture medium.

CULTURE MEDIUM
Culture medium used for the rhGH production phase was DMEM with 4.5 g/l
25 glucose buffered with sodium bisarbonate (3.7 9/L).

RHGH TITRATION
Measurement of rhGH in the culture medium was carried out daijly by reverse-
phase HPLC titration:
30 Materials
Synchropak RP4 ,100 x 4.6 mm i.d., 300 A Cat# C4R103-10 (Eichrom).
Resource RPG 1 mL, 30 mm x 6.4 mm id., 15 pm, art 17-1181-01, Amersham

Bioscietices.
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production phase was DMEMwith 4.5 g/L 25 gl ucose
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Chromatography conditions are:
- Elution by gradient: starting with a mixture phase A/phase B 60/40
ending at phase A/phase B 20/80. Gradient complete in 5 minutes
(slightly variable depending on instrumentation in use)
. Injection volume 50 pliters
- Detection; UV absorbance at 215 nm.
- Calibration cutve: rhGH standard at 10, 50, 100, 120 and 150 pg/ml
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, 186000287 (Waters). Reagents Trifluoroacetlo
acid (TFA) (Pierce, Cat-#28904 or equivalent).
Acetonitril (AGN) (Merck 1.000%0 or equivalent). 5
Purified water, PW(e.g. MIIiQ water, or equivalent).

Hel i um oI ut| S S T,

Measure' T GS*P C%J\/Bgézflo I aQ% ? %'ﬁbl\e}olgﬁﬂnege %EMW\X;?D%&W%A with
adstaidshd atGot abinpgpietions10 the following table. Agitate

and | abel VO_UIVE PHASE A VOLUME M LLI Q Water VOLUME TFA
1L1L L OO5L0,49n 0,25L 0,25 L 0,2 nL
Mbbi | e EH:%@@JCWVEYO 08%in acetonitrile (v/v) Measure

sin a vobwaBtvi isf dpsksdchas Wyl oimhGHfpePWWinabettle aRaw aidth FIEANGH

accordi .ta I | t

Vbt BRRaE B R R D) 9 o forfRf of BRE bottes
0, Batvegied Typially avolierGotis duriny IEBvest phase ppntaios ppwad J9r By
conditions are: Elution by gradient: starting with a

m xture phase Al phase B 60/40 ending at phase A/ phase B
20/ 80. &Rt conplete in 5 minutes 20 (slightly

vari abl @ #lépesdicspf @rpéringnts, theneffdet ohhign coisw) cdnepeicttibo 20 pM

o u O~P| i
sEE. g?lfoﬁluh&? n?erPﬁtEﬁ@_é&{ég nté’!fg%@uﬁ@é’igﬂ@gg%ﬁ%%éséi}% Addition
anmyawerrpg/ 9t duing devroBRYIMPEiRnEESy ok Biglastep (rinse and P
production medium, ie. 0 point of the harvest phase) and in the intermediate step

(harvests 6 and 7) of the production phase of one baich. The results (hot shown)
suggested that the promoter is active and can be modulated.

The elevated productivity was further confirmed with other melallic elements.
Assays with 10 uM concentrations of barium (BaCl2H20), Cobalt (CoCly8H,0),
Chromium (K[Cr(S0sH)a(H0)o1-6H,0) and Nicket (Ni (NOg)z6 H.0), continuously
added to the medium, raspectively, were carried out, The results of this experiment are
depicted in Figs. 1 and 2, "

Fig. 1 shows the amount of hGHM secreted by hGH expressing G127 cells when
cullured in medium containing the assayed elements over the time of the expefimen’c
(14 days), Fig. 2 shows the average productivity values reached for each assayed
element. Average productivity increase percentages obtlained compared to control
value, without trace elements, ranged between 1.1% for Barium and 32.4 % for Cobailt.
it was also noted that the rhGH productivity raised from 9% to 32.5% compared o
control values when assayed at continued versus intermittent induction with cabalt,
Neither Barium nor Chromium showed productivity increase at the assayed
concentrations in DMEM. |
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belEy arpjkld o1 GEeRI® WeNbavadenams Celbind®li vi dual trace
el ement s DMVEM was supplenented with trace el enents of
Zn, Sc and Co at the concentrations reported bel ow

in t’HSF%‘rEmE’PHBE’é‘t%?FC%ﬁ'Fé‘P’F%@e@é? respond to the
Based on the effects of Copper and Zinc on the productivity of hGH production,

factorial design expetiments were carried out to assay the possible combined effect of
the metals.

The statistical analysis of the results is shown in {able 3. A strong synergic effect
on the productivity (p < 0.0001) using Cu and Zn together was observed.
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concentrations of the nmetal elenments in growth nedi um
The Increase in rhGH 5 productivity achi eved by

W‘?%‘R’%ﬁ%’g“ ng DMEM with the trace el enments i spitydpmet/etoes7

e 2. Table 2: rhGH productivity percentage
i ncrease when assaying the netallic ions in DVWM at the
i ndi cated NM concentrations, 21 on CONCENTRATION (M %
| NCREASE OF PRODUCTIVITY Zn 1.50300 12.10% Cu 0. 02560
37.50% Se 0.11400 - 3. 10&% Co 0.00840 -3.20% 10 It
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sdvece pl asti c sub8twr af &vaf=q he Pl | Er2bHFT%es. Pt Yome "
td8es this.peeling-ledto.a-l0ss-ofut-he-—culturesin-the-
tast harvesting steps, (usually between vest -14).
gﬁgggﬁéel i ng-off 15 phé‘%sd?r’iejjnon can be 6%%%% ed %}‘/’lﬁ‘a ng
equat e cell cul tures4@8%el s, such a84EHE rol [78F0°
gg;@%ﬁ es..avai | abl e fromfen ng(r) undersishe tradg, name
bbbi nd9. Measurement_ of interactions. het ween metal s
d on the effects & "&bper and zi At 61 t he **-?7
groductivity of hGH prodowtion,» 20 factessi al desisgn
ApET i nents were carry gdoQut to assay, tfepossi Bl g
caebi ned effect of the netals. The st atﬂ)i stical analysis
ot et resul ts_i s..shodhr Y table 3. ALSf{¥ng . synergic ___
effect on the productivity (p s 0,0001) using Cu and Zn
togtrer-Was observed®*28*\WWD 2806/ 108455
RGLHFEPR200N. 0556272027 Tabl e 3: Statistical analysis of
Frguged dedigptofador orfal « d8sigh assHy, Analysis of
Variance for Produot9.vi,ty $pnYCC Y -, ......... S13M of
Squanezelio§-oifhras Sdpsaved F alRatlivesPreated Withl Ziee at a cencentration of

A: coppiseavset Taptprigh degis exparimes ygre caried out in order to study the
effect of addition of both Zinc and Copper when the Zinc concentration was decreased
(zn 0.5 pM} and adding other trace eiements fo the growth medium, such as
Manganese, Selenium ot Ferric Citrate, which could improve the productivity and the
adhesion of the cuitures to the substrate.

Continuous growth was reached from a common productivity starting point,
around 20 mg rhGH per bottle, with end values close to 70 mg of rhGH/RB compared
to 30 mg of rhGH of the controt culture with standard DMEM (not shown). The average
values for increase in GH productivity (i.e. the productivity measured in mg/RB at day
14) as compared to the control are shown in Fig. 3.

In this series of expseriments, the peeling-off phenomenon was diminished.

Amino acid addition

An amino acid analysis was carried out in order to determine whether the
increase in hGH productivity was limited by the availability of any amino acid. Table 4
shows the percentage of amino acids in harvests after two days in culture, in medium
with and without addition of Zinc and Coppet,
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was limted by the availability of any am no acid. Table
4 45 shows the percentage of ami no acids in harvests
af t erNo \Rosites sfieq Qyprodyaivity wagepemed for any of the tested amino

acids, neither separalely nor combined.

When the metals were added together with the amino acids, only minor effects
on productivity were observed: a slight positive effect of glutamine (from 78.2% to
81.1%) and a negative effect of cystine (from 78.2% to 69.9 %). Such differences were
not considered significant.

The productivity cleatly differs between cultures treated with a mixture of metals
in DMEM (mean value of about 50 mg rhGH/RB per harvest) from those not comprising
the metals (about 30 mg of thGH/RB per harvest). In view of these results, it was nat
considered necessary to modify the original amino acid composition of the production
medium.

Titration of the effect of copper and zinc
In order to measure the optimal concentration of copper, an expetiment was
performed, keeping the Ferric Cilrate conceniration (4.8 uM) and Zine concentration

(0.5 uM) constant, and varying the Gopper concentrations (Fig. 5).
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In view of these data, the following mixture is optimal as an additive to the
DMEM medium:

. Copper as copper sulfate (CuS0O,5H,0) at 25 nM.

. Zinc as zinc sulfate (ZnS0,-7H.0), between 50 nM and 1500 nM, with
preferred concentrations ranging from 200 to 500 nM.

. Ferric Cilrate, at a concentration of 4.8 uM o a final concentration of
about 6 M of the lon, given that Ferric Nitrate is already present in DMEM.

The use of Copper, Zinc and Ferric ions in trace amounts as supplements to
DMEM medium increased rhGH productivity by more than 50% as compared to
standard DMEM,
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5.anrgh 'E)@oéersg @béoralaﬁl@clﬁﬁms& ald @, RAEEASEe ARERINAESBprses Zinc at

cl ai s erein the medi um conprises Zinc at
O.@ZN‘FM15 4. The process according to any of the
precedi ng cl ains, wherein the nedium conprises Zinc at

. h ! '
By e S RGeS 7S 6 ek, I gh o i

um conprises Zinc as
sulcpmpirses Zine at 0.5 uM.

5, The process according to any of the preceding claims, wherein the medium
comprises Zinc as Zinc sulfate.

6. The process according to any of the preceding claims, wherein the medium
comprises Copper at 25 nM.

7. The process according to any of the preceding claims, wherein the mediurn
comptises Gopper as copper sulfate,

8. The process according to any of the preceding claims, wherein the medium
comprises Ferric ions at § or at 6 pM.

9, The process according to any of the preceding claims, wherein the medium
comprises the Ferric ions as Ferric oitrate and/or Ferric nitrate.,
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20 6, The process according to any of the preceding
cl ai ms, wherein the nmedium conprises Copper at 25 nM
00bNFs4RE OCcess according to any of the precedipQ@EPh@snEs637
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sul fate. 8. The process according to any of the

precedi ng cl ai nms, wherein the&smedi um conprises Ferric
ions at 5 or at 6 pM 30 9. The process according to any
of the preceding clains, wherein the nmedium conprises
tife The PrecesHBRAITHEY K2 APY EN% Pt Mg RIesasidoriaimer Wherehy g gpedium
VO 2R06/c:0846% (RETHHERRAE/ D aDB8i¢ med@ind 0. The process
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the nmedium further conprises the conponents of a basic
rréd Then prddess Ewsoldingcos slaitie 38r ahatpin dhee bagien maliurtie Maillbecco’s
th ' ' ium (BMdapeco’'s 5 Modified Eagle's
mg}ﬂgﬁﬁﬁﬁhﬁ%%@&éhe F%?ocess according to any of the
precedi ng clains, wherein the growh hornone is

@ZPTRS SAccdss dadcotdiryy doranyobf Ofe arcoediad |ciirs,owdein( ME) growth
pr [ Al ) s '

hdFErEhs e pEss PSSR BEE BeOfch BT Sodetery
pronoter. 14. The process according to any of the
RECGREiphibesd abeBding U Chen 120WRElE Mo hielidhierin @fomoter is the
col | ecti the qurovvth hornmone fromthe cell culture. 15
15.MH5E& '\/Epl'%?)géog’% Secording to any of the preteding

clainms, further conprising purifying the growth

ROr FRE Brocdés actBRIRY RARTDf ARCHEIMY dAmBMMirtdr doPprising the step

preced| ng clains, further conprisi 20 formul ating the
puﬂfFP‘l&ﬁg’@r%ﬁﬁﬁo"ﬁBrhmeﬁ%m CBi‘é‘p’grEceut ically
acceptable carrier to obtain a pharmaceuti cal

?ﬁ.g?f?é bl O acl:ZTdinH‘t% éﬂ\f//\%? BeSrledhyRIARS AtHR go%ﬁ%ﬁf@é ofiying

precedi ng cl ai s, erein the growh or no
hudBhIGMEWRHETREPoNe. 25 18. Use of a nedium as defi ned
in any of clains 1 to 11 for the production of growth

T e ng-ﬁﬁ) W, %é dgf ny .of clai ns
18 P8 prockss Srd o Ty U8 BRG] olelind Wothlr Sl Eing
formulating the purified growth hormone with a pharmaceutically acceptable carrier

lo obtain a pharmaceutical composition.

17. The process or use according o eny of the preceding claims, wherein the growth
hotmone is human growth hormone.

18. Use of a medium as defined in any of claims 1 to 11 for the production of growth

hotrnone.

19. Use of a medium as defined in any of claims 1 1o 11 for the maintenance of cells in
culture during production phase of growth hormene.

20. Use according to claim 18, or 12, wherein the growth hormone is human growth

hormone.



30 culture during production phase of growth hornone.
20. Use according to claim18, or 19, wherein the growh
hornmone is human growth hornmone. WO 2006/ 10$4¢9mp2005/055637
WEBPHES3T05/ 055637 34 21. Use according to any of clains
18 to 19 wherein the cells are nouse C127 cells.
34

24. Use according to any of claims 18 to 19 wherein the cells are mouse C127 cells,





