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

WO DMENT4EN The present invention is in the fiePdr/@P2005/055637

cultivation of mamualian cells under 5 serumfree
culture conditions, in partlcular for cultivation of
celI's produci ng reconbi nant ! proteins such as e.g.
human growt h hornone (hd -1). BACKGROUND COF THE

| NVEMIE- -‘IIIQE HE?.E%L'M?E\EW }E‘Mﬁ%
seru TITe gr UW[II ce

of manmalian cells in culture. Cell culture is wi del y

usedptgma(ypﬁ-ggmhgwﬂmﬂucti on of various biologically
[ roducts, . such /i ral cci nes, nonocl onal

actl
ant i %E%lup gsen EMefion ' &y el gy 8”'?Y%§’U|°5trmr§mahan cells under
spaimyfoeptlilides gndiions, fremsribaugy fdm:nmaamﬁ of EOBYFREIcing lrEBaFnbmam

oRRAAL Ll AU BEASn o nortlifhnoduct s are produced

or mal trans orned an tlcally engi neer ed
15 cells. For culturing cells, in the past the culture

medi ammaomm@sm&tmwsmrrdm serum which serves as a
un| V. tﬁ‘ rowt h .and i nt enance of
P Bros e Eor sy Ratenym s Eo il 0 aerauth and
ﬂ@mter\aécwfdemwghan%flwmcgmmeau ns hornones, growh
f act O&IBcultR i& k/\ﬁh:lel)ptﬁééﬂ%db? fordthb %FJ&U&&% d’:mgnom &ﬁ%&ﬂy active

nut rrents trace e

ors,
erbBRS, s VoA asr gt (e ah A borkes, gtonzafitedy immuno-
regglatong, pommehh@sglﬁwtfafaclbca/|Mﬂrms"esuamz{yﬁBS,) ek Spedi gﬁ@ens

etk Ef1lse pRducE @ Flotited)by rBHhd AU FLS rgv%h\épyggnéshc%gr engmeered

as many limtations. 't contal ns
“Ff8mer ous proteins interfering wth the limted
quarfartguigrirgf cellse irdés pad ipe Lrurde Bédiurh W&y § lemented wnth

sépu@dwaﬁﬁl SBKENG & ShlyBroa HERGNACOLE BRwiCEld' fgr}%g‘cé of al

seru rated from
ma'BWﬁ 'T é’S 'B‘PB c‘gg*s |pH§'”§% ciolegicalyir adtive arrpdustsnf Serhm  contains
haumotesi, arcefth fatoes, estrier whistie, SIERPNEMING SpidABING FREHS Sudhs,

trdc@fé?e%?é@ eld @u%@ﬁed%u@ﬂr\/&ﬂfam@d E%gag %&1@% of animal serum,

on rm Ence transm §si
s“ﬁg &r %ﬂ%@\’f@? serrindF a§£ éb‘géa“ﬁd Telak qaf semit 4rG8).| ong
| at evtbgugr widelyulpatij @é?umeﬁdsorﬁanWﬁ\ﬁ:tJt@hsS qd cor"c@igﬁ lh%hQEyels of

RS BRI WhorbBhd B IS WS BF gt mretein of
mtrageS% REFWERE BVt h@r @%ﬂﬁ Jé@ﬁ@naroﬁms Perivedefiah dperesrurdfmust be
sephradiadn Y prodia dim r%ﬁdoﬁﬁs&@érﬁ'b‘ré@ksnﬁe E&Hﬁ‘ éshﬁjrlflg#igg U

I n cells du odu
préificp B WIRF IREREL Pefonnts & Patssinaomiss
PCT/M Epzqytygmtoggm (Bovme Spongiform Encephalopathy), a transmissible
neurodegenerative disease of cattle with a long latency or incubation period, has raised

reguiatory concerns about using animal-derived sera in the production of biclogically
active products.

There is therefore a great demand for the development of alternative media free
from animal serum that support cell growth and maintain cells durmg the production of
biologically active products.



2 Cenerally, cell culture nedia conprise many

conponents of different categories, such as am no
wW@ei0d308493 t ami ns, salts, fatty acids, and furtP€r/EP2005/055637

compounds: - Amino acids: For instance, US 6, 048, 728

(Infow et al.) discloses that the follow ng an no

acids may be used in a cell %Tulture nedium Al anine,

Arginine, 5 Aspartic Acid, Cysteine, dutam c Acid,

G ut %Enﬂlivefh%‘éﬂ NGt Shbdl n@omﬁrﬁgl gré‘t“lb/n%t)mb%eﬂs of ditferent

oni ne, Phenyal ani ne,
W@E‘ﬂ‘%ﬁp Rugh as aryngasivhe! V'tal"ﬁ'f‘%@ﬁﬁfn &ty asids\audifagher compounds:

\5/ tszilm NSmino W3id80RsY iRaBRckl g Gioas ﬂ@'@lﬁlo@t etaéll))%é?:fosHssihal the

299 (Renner _ a or esc
5, L B e s Bh e o SRS LS Mswhe. Aranine,
cul t dspartiedeidnCysBii, iGlytaiiznidd, @utanie, GHopk] Hi@udme, Isoleucine,

Chl Ogbgﬁne Fﬁhélrg}o%bﬂiuionh%o #ﬁkﬁ?&lﬁ@ﬁ P%ﬁg ! rl:‘:"e me ’Tryptophan,

oxi ne l"avi n
Putrgg@ﬁ'ﬁ% ‘Threasiie; @79 ¥ainej nst ance, US 6, 399, 381 (Bl um

et al.)vidhsel DS%OBJOUW’MI‘(CI&%H& bsalr)g;r%%rn&&memer et

MyC12, odi u at nob sic, Sodium
PhosBHa{\la eﬁrﬂgy eoe g’odﬁ"ﬁ'ﬁﬁ? °g?1w' %Ea@watha@ed in a cell
Anot hnakuraamawpvlneBrpm, Fantthedetzy @bwiine(ﬂhBIEIHeS?dlig AtieMyo-Inositol,

i nor Q%Bfnﬁmﬁ@ Pﬁld%ﬁﬁé m@afhbﬁ \Vl{%‘?rqn B‘i‘z arg%% il rl”ﬁtr%ﬂ\'eum

i s g éblss
medi umS@ i ”@%O § }@@9381 I\@@im eﬂ\%l@l dlsmﬁum medium
Phosmrm@unmwﬂsmj, MgBogi MDPImphaPeo@hb@smsnobas,C Sodium

QU0 endliRlle BRLIZ soanfifldterfi! disofalidy. a6hgs, LIal 2,

known used in nedia aré
Li nofestgtepiyigplosadpe inargagic se&%m@ﬂﬂcwusewm ASvitwe Aidthm is

gs Owas Izggsfotﬁohglmdnena@t Ly, GloasHRiyr 4 medi%ﬁ\ec&npgzsmb’%amz, Kal,
r
4]&%6 N%QF‘ g&ﬁur% Pljxc{!spﬁ?t\]ta M%Pgn§éslc, bﬁlu%grpﬁ@ate Dibasic,

ycl odeXtrin
ab| I‘P‘t’%?'dec’f%ﬁ‘% a conplex with lipids and is thus

used t Gathohdids; Fbtlgﬁadida‘lhﬁﬁarb mn&ﬁ}ﬁ‘to@ lllse@% idbig arr"@fq}aléﬂqdonic

- Fu 0 arti I n

of ' S RPRRREETTAE pe G S et A ocuahssretav et
suchCyslpdgritizoses @utlifivi :eg5,498- arliernt &, showdd|den no@H that
et hagebadreis (6t i @Eer%@ bAARs ’theoébllgy B f??rr?gtch%&ﬁaglﬁﬁ ipids

2ot BT PSR 6 sOblireg Rt o ehin medwgt cne. o de
(EO- afidthsr opyipenents xin dear{de@)r. usBtl aindiae drantasf GeRfdirds ceu
o ok k) o BOLER R Y i el i
o omPE AR A b g e 24598 OER ARG 2geM! suttmaldionc o5,
t haltphamcmr-'de l(3lscalrmhnine:s M@caaélig@z({@i §I0B{9Hgérgggﬁ-%r tOfr etg ene
Elagt&‘dé (%g%%°@$%‘ﬁar nor i al ) "

Standard “basic media® are also known to 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 mixiure 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
weewiaesasal nedia are avail able e.g. from G bROCI/EP2005/055637

I nvitrogen. Metals such as Zinc (Zn) and Copper (Cu)

are involved in netabolic regctions (Vallee and

Fal chuic, 1993, or Lindner, I991). 5 Zinc is essenti al

to the structure and function of a | arge nunber of

mﬁm@nmcﬁ@ﬂl RPM@”WCEBHSW@WW#I@:&VW%HQM@&M@%@Hﬁ'nmfertcml media
%)r ays lag) cat 6“?/ Gf? Ogo catalytic or structural ro I n
REVAIRBISS S BRgO PV NSSei ns, Zn- ATP i's necessary
for tMeakysuchesi&nwofZn) pyd Cdupeal(©Ey pbosphetien athbbiicabtions
(f@gﬁe&% %IQ{JRUEQ%OEHL%nEF@ﬂ two coenzynes essential
or

I ogeni c am sI s ‘and nonoam ne oxi dase
net alFng dfn e%“ﬂ%et"aé'ﬁ \ﬁt’%@u'@f el ndunclierpraft eclaigeg number  of

rﬁé&brﬂ@l‘eﬁ@bs shd thﬁr@%nﬁyrﬁéﬂcd@m% by piby£8 cafaiwlé Bl Stalytic or

Al 88 b8 PP Rl Biizs. ook SioPedbdap Bhtnegyminesis of
Hyridexat-aihosihatec andnfeiins ,adasosime efsieleniide (EADp omento&izymes

e%HQﬁFaP?&% gfs @h,égwn@%wh%& %%H.@V&&%S%{b%nm

z pr event i ng. the I nteract
gr ouﬂ ev\?‘it'ﬁ'm PBE' dN iREPLRTNE deiolpeiam! csitusturessrom mgﬁ'lfmnfree

rédicdldratnayt be ponesencevadil Fatigrs.e\rediidiningPitcs adequate level of

RESOEIAENL Wio a1l BAGcBon B! AL ofeotatlillcolhponent of

i zatlon an Vitro on
Wrﬁ;ﬁfj? dismaiase. a3 aerth\éa ?Qﬂﬂl foy thirds jagd i Reventipo fpdniersction

o&ﬁhdnht%@rmsmlmgeh tmtmfre@fad% bi ndi ng proteins,
|1 C ranscr.i tlon roteins,
Zi ncP"l %«:ﬁdétxo X s qce °F% N PirEeT ‘?ﬁi BFmg'gﬁttﬂ“e%é% is also an
effpetor pt @tb@flmyob{mrrmk@n eand aat$ @s vitreOoramdtirp it fbﬁh@lidnnand

siblizatReehs iPhisd Btcﬁfn nﬁBMh@Qﬁﬁhﬁﬂbéﬁﬂétlftor BNﬁrngds g protems

n ul ati on ression of gene
Wﬁﬁ‘?é ﬁg?mgﬁ” ngqigwéla’gscngg,q{?mg@ng and action of pepti de
hor nBie dorarediss priro@thuindhe fvan nf emagioes ofith @Fdl@ﬁﬁéridh@lbﬂ: acids

ar@dl Barﬂaﬂﬁé%ﬂgﬁasp@@lﬁ Fb?fnténﬁetﬂérg&éi’aﬁoﬂéﬁet a\%lsﬁ Bk gﬂ(}gﬁ%@txon of

mpor t ant ? uncti on

‘“éoﬁis%*PS%'%so c%meﬁadw’f)maﬂﬂgm ﬁ@faaﬂemthgwm@@ agtiondofz pdptide
hdnofibs pnd e[ruq’:lﬂdmmdte@meeBﬁcf(rd:mahradlddmm-ﬁ@nib%eget al to

| a vot o |_ S t1c
go Z\(é?%ﬂrérllﬁ g e re Qe rr@BP( ﬁ.@ ronl? maXy cellular

SHZYRISS; GRARPST iPNg ‘@F&S*BP d*Sf'B@p'B@?x %&"P@lé@@é’lﬁdm @h or reduced Cu

(1), mtidwide tey tnetahtooptay & piistetl ﬁﬁtfm 5834 Wl?élﬂ@@yeas a calalytlc c?factor in
0 a oxi dases and

R R AP P SEXRERTR n BB P TRIPE Beteo rdtisdge, which

mﬁlééfpl P)éf’¢"t5¢f“el Fondemnetvslsmsss aspamlnmﬁpmjmaiygeﬁasc amme

o6 %ﬁh EI‘)%W &ldd‘sﬁ e@oﬁp@ﬂé@@gaﬁﬁ@é{t@g% l%ﬁo@?%d?%l re?pérﬁgon Iron

ree nedia conprisin

crossl |
h%%oﬁ’taé;? ?T’ %’cc?f’r’pt’é‘gﬁtp%fr CerYARlagmiR, Q%W'CE scavenging and elsatin
crosslining.
Serum-free media comprising metal ions such as zinc or copper jons 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 Ine.). However, these documents do not describe a
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descri be a WD 2006/ 108455 PCT/ EP2005/ 055637 4

productivity-enhancing effect gf these ions if added

at specific concentrations to a standard production

medi um For the devel opnment and supply of biologically

aqirodd.e:upnt;emhahsmg sffedt efsthese idgerlﬁa&%éd Qtdﬁgs&tﬁel éb‘?lcé’r'itratuons to a

.ﬂ@gh}fﬂs must be produce Sui t abl

aﬁ‘f{n{d%ﬁgrodﬁét?@ y used for production of

pol ypepti des are Chi nese Hanster Ovary (CHO cells.

CHO celdgp ﬂ%@r@ev%lobﬁlﬁnﬁ%ﬁ L?z‘aglyb&(f E‘H%rc%ﬂ&l EétR/eNE%dHS«fQS such as

i ops an ovar
Cﬁﬁ"?f@@%“kl‘?a%ﬁﬁe@ﬁ or l‘—"f"fﬁ’ﬁelshéé@ @P‘P@%'&‘F‘Sw preducedy fuitable cells that
ofar@wirlelly mes fovenred Uoti@palioetypuptides War CittkSe Namster Ovary (CHO) cells.

((:;Eg ?ft(ﬂ-'fd) Sctehé:%zere(e)ﬂ%é %thﬁr@c?sn? r@f‘? (geajép Megr 38?'09&19 hi958) from a

d|blf$3¢é)/(‘5‘9c an &t/%'y rf@mfeayée @DFF%) haﬂ@é@TeFFOWemngmaheens a number

dey bulﬁiﬂnésf QB dsrbﬁara@wlthwan&s &aaac,@i%%sd@f lacdfg‘ﬂa% Qg—'(rb cell lines,
A216- %3

w?*L% H1 %Ff# 8%{®@Hl”£'803 y'(:'t ?i%'O'Pofgg ”@f d'%ﬁf#ﬁol% ﬁ%‘%'-icgﬂfie (DHFR)

agege.chmskerUinacierivid formitiacéibling in 20DIEFPIdERigR TH@BE Iine (CHO
t %I@BW P 77 00, @é@i‘;@o?%rng%ﬁ&ac&z d“@ !(f}e logs of PHFR

S that are frequently use e produ
p?%’t"%‘?’h?s PriCERYEE o 2 %I'Fﬁ“ﬁ“  ng PERR ggne aptihe subsequent loss

huhthe otledrigehe.nes such as the hunman fi brosarcoma cell

[ , k

b5 harioe tefl inkdiss WaREhG Rk PRV atbolifiy Borornine dfjprsiod for
f Bimipisiatien fodhimans pecia e finessiuch s ﬁ@ fu@antiibrosetcoma cell line
aHT108989%e Buaaia aelbiRopip kidh&PERI!.indBogne t her apeutic

ﬁ{) ?t ei ?hé)Erhd&EI% %“l%ftcel‘ Ene% a\f\'to h@ggf I’ﬁTLI])IF $Ie fH EprPPN%&J%gf pecombinant

sB'"ﬁﬁ'd'b‘?t?Qﬂﬁ'iehefﬁls"‘%?gppb@éwﬁhm#ﬁ?@ produced and
secreted by the somatotropic cells of the anterior

pituit wt h, hor e | ays a key role in
somat i @F‘éﬁheﬁ%p%gr BT GBIk PR oS Femepigrowth hormono
ath@Hhhalsel knawroarstema@®pint(BN of swbatotoupirt, sea pretebifdringha Saduced
pérﬂiéﬂdﬂc& d 6REHRQVRHGEEE Rl
qr ik e 19 R%ge %gyoﬁfﬁ@bﬂ%orﬁﬂg%ﬂlig@%\g‘nl’bnmwth hormone
R %’éW ‘i/'”e ° o7 \ehiieeR gnd (Rgneipiaqlismiin edWiaer through
oli?ﬁeefb@ﬁmﬂ‘ie@Wat@ﬂsmnﬂprﬁgesmlﬁﬁboﬁydmmsmdaipubiar ge |oop
I Nt heimAEeeH® h 182 an
% IL’:’) @’HJN ogﬂtg)rc;:a %‘? F\gllagrﬁ!yﬁ% C%ﬁg alinmor?algs (Bewly et
e! 95%% EE S"l' fisle tbopem foneg ﬁeweemgy%% aed Qes-tB5, forming a large
Sespiante nmﬂt&u[&OarlicE‘m@ roiied bbiwedaCyd-ed2 Ay @}s-{sé%ﬁ%mg a small loop
Prlréral- EHﬁe @-t@rgﬁldssTﬁe AL SqfidRE RAQ coant%V\éj ?ne A acu:i sequerice was
reporled by Martial et al (1979). Purified hGH is a white amorphous powder In 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 6.6 to 8.5. WD
WQR®6104538:155 PCT/ EP2005/ 055637 I n sol ution, hEEI/BR108%/655637

predom nantly as a nononer, with a small fraction as

di mers and hi gher nol ecul ar wei ght oligoners, Under

certain conditions, hGH can%ie induced to formlarger

anounts of dimers, trirners and hi gher oligoners.

e i, bR B s MBIy, PR 78 Blgion as dimers

nat ur occu eriv
anre bighes| mqieqyleo @v@xgﬁts igereegyB.aldrrtel ceriahr oehditibss, hGHWEERI Heyindfoed to

foth Ry aRBLAS of ifhkraNiinerS BGH m@%r%ﬁgo%"r& vatives of hGH

prodgced boy %netlrc t hods. One ex | e of
nat uPaerd) FepyRs, ¢ &'y B‘P‘?”?/ e'”ﬁ‘f'd' tv@ﬂs@wr ing, derivatives,
varanisaamt! rodtatgptio wtodudie rdegmﬁatfompmblum ﬂrhﬁm@hﬂ%ﬁ;@?rﬂh&ﬂc hGH and

%Jé% edrﬂ%ggag(fec’s ﬁﬁ%| ced |3</gé+é? ﬁ'lrﬁ@gﬁsesﬁ bed ofa napurally-

ORPEFING &ﬁ%&e afefzc,ﬁ?l@ HedH Ve alyarians mf) oroadh h@rgwh@n fqune irbtheplacenta.
ogan rrl%{:?]bldl%&ﬂi tHeOgereherus |a‘§:‘Je @éb{cmqn Uneh Ltb@ aPﬁ §§Q§ nltAny derivative of
.0N asS | reta e 1 O
gy OGS B RS HeRine e R Botng To e boe 6o bp Hosst for the
puigdetobths graseddnveriipniah icon gh it relgostbe bialogicEaivity of hGH,
tec h\m&h]eﬁw hGHhWes tﬁ&ﬂ@%ﬁ%{'h&%%@%aﬁc&z tﬂy%g%ﬁ’n%%.%ﬁﬁna% DNA

| et hi
te%%pﬁ#ﬁﬁ%ow&%@dﬁcﬂ n%penviu’gwlg)? Régﬁnavmg ohe additional methionine
resideeatitt Nytetowes(@pargeheqali €979).0of hGH cal | ed 20- K- hGH has

beerm ﬁ@@@ﬁ%&@uﬁ;n@g \Q;fFIQMrof h@H c%@dtf@ﬂi-ggg Ll‘l'a%%é’n r%éc%ry\glto o in

In the bIoostr eV\/lsa

the @Ry EFnW&' 38 O epdstigane H-awig Risale AS781 Sewiniat @l 46BQ). This
compeiuth edich fazks Beut83nitcoadid fesilities fdrh ©RE34 10028, arises from an

an?ngwe%na.ageof%@ rhé‘es&%epﬁr%oﬁqnaeﬂsaam tﬁqsyﬁﬁﬁbgcgﬁéom

ares

shRGe many bé’f nqt HEO%"'E&P‘?J@Q %Pmla?rb?fe?fﬁﬁé*s of hGH. 20-KKhGH
i s readehd it ihadepintihe pitiayry and seesbe r@dihe Madd h%e%g Bg about

5"/1 g‘f W lﬁﬂ)ﬁgoutpug éﬁ)/atﬁig{% oéf!n V\%lﬁ)\ﬁ% J%g‘]{{ggprg\l\gtp Qﬂe output of
chiidren- dfté‘ﬁ‘s ey sarisgPNB F&'@m‘é““grﬁﬂ‘wth a51r%3nth tegthalodrinuid, ynd$ias
be2R reobHay to Wale R@EIN® Br&gremérdhdlﬁﬁounb@l‘?i ol{rt%%ﬁ\ﬁlﬁ B 18 28R Form. 1t
blﬁgﬁhro%ﬁiﬁgﬁfﬁc%ﬁéwrg n\ﬁth Baqﬁa éffingy 87 g@%‘?yﬁt?l grﬁsgg%é'lo\r%one and
has geeishib e Rplesenisaiiackikehbieactly a6 e 2Z2IkiDrgoemtihike 22 kD,
thel(mﬂfrfmﬁha@ﬂ.ﬁbk damnsmmeacﬁ th the | ﬁct ggeE'DCh
r | VIt as t or none.

uﬁ| A 2{59@5%53#‘\% @8'[26”?? PW&F@ ViemRritigtionsioftha Imafecule.
Tha@fnmerytppthwm rfﬂlr‘vfnﬁelmebbdlarerqf\h@t-i lwedves fordidaiysBr ITHE rédidBf hGH
arddh@ Faphiyé | nsn 180 Ek’cﬁéﬁ{ely%&é&ﬁblé Eﬁpl{}fg&lgﬁ% aﬁf] Feverﬁ‘?d%.vatwes of

I_mar abolismo
e sV B oy S8R P sfoeibiebpengiooiiier Feiagiieesing, 1957)
This 3EPABS i the Exaer leoredinGl sk gtavabe of Dpgatios BENdWSrs resaiRAn the
getﬁéﬁ%ﬁ%'f tm%hb%@?l‘lav% cglfmect'é@ E\?@ﬁgﬂ@dlgﬁl%soogd atdé?ysSJIB ang%ys

hi s regi on have been

16% 1 M?ém%. e tyesiaiy forma @y repgdedriy kavedysreasei didayichlhactivity

(Sihghr gieal] oana).oVlartyGidrivatives 61 R@MA080h RorRBRE heR Péﬁﬂdgenerated
there results in the
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generation of two chains that are connected through

the disulfide bond at Cys.53 and Cys- 165. Many of

W0 bsaos4d®H- chain forns are reported to have i nPCEEB®AS/055637
bi ol ogi cal activity (Singh et al, 1974). Many
derivatives of human grow h hormone have been
gener at ed WD 2006/ 108455 PCH EP2005/ 055637 6
artificially Through the use of enzynes. The enzynes

atn{mg@ mm@aﬁ* t»fet@gd b érby}nesas THE '(ahqﬁé %ﬁﬁ e Jaag.apggs? Well as

use varl ous rou

qﬁhﬂr%@aYee %enéw%bé'to '%@GH fgwouwom ’chsﬂuga@ut heg@alculafhewis et
af uohy; dmf wad, mwz o duel demvativehadlied vasHae! én@b&k%ﬁéun (2-CAP),

e 23@5%%5%05%@%%% 6 GG e Begier ot dgtgn). 2
GZ\FSW@\FDUWMO ﬁwnbjo egicah ainetieso ey idistimct gﬁmup’(bpw esthuemtyct hGH
rrﬂiléch!e,nlﬁtthzft Erﬁ@rd\nhﬁl&%nﬁﬁngt £28vidy ok RGH mjaogﬁér%ég‘l felrk deagp é%qst of the

at the n Ctivity
&%?%?m?&béﬁﬁw %rg E sk s” on car bohydrat e
met abebargyneneande glaiaoinesrlmeduesﬁ&pﬁrba@b Nére adiflcelibt &P ' ddaRfiation

réa%ﬁanglla@gg agﬂgb%&eeaoﬂau&{se PRYRAARS ;{?Alsgaﬁgﬁ gp ar %ggé,gqq@q type
°W§§Cilﬁ’ée"ﬁ51§fﬁ’5\hﬁ1°%er A @fr@‘if' "t’fﬁlt% aiipﬁ‘ﬁ'é acmlcandfalaoem lesEer extent,

mﬁrﬁ@kﬁdlhl agsn?-maz:mrghﬁmxb%xd?f.e\ﬁ&& 4520819, @@Bﬁgdfate‘a iﬁé?-gga? been
ent, .conversion of Gn

ﬁmt 8 hg\?e £t aﬂtg%@ sﬁ&%gtubg;gr gpro E"%E@( gig yuit waerﬂzﬂa? Sptifsiny 5H539§5t'“9

”’Bt‘:‘ é‘?ﬁm@ﬁ@W%Ydﬁﬂa\PéY%'P%ﬂat sgiitasaesio efirecting | retyolite cleavage of

h@nombrﬁﬁétﬁ HO 6 1AW 16 BYTEE. ShHRt bérﬂaﬁn‘ ﬁmrag?‘éj&gﬁﬁglllg] gesulung in

PR L P T 5P EBIPE ) e B Rpery st of deamidaten,

bLBuclgwmaﬂmtaf s ip glsk nerm(Becked eigal, 1988 L De@hidaIntAIGh-137 has

ndtheérd@BortnslbibdyAmstc Hagpul ting in 15 deam dation at a
This is the primry

di ff
| { IR IR E0N0 DrbiORE o, alisrettbia o aidajern prsE sto the

Sit
sulfpxide. SetbrpitiiBardedvoctinddiosyrieis NGHDadersl alogbaihs ﬁ Metlﬁ?and

M&a@a B&ikeRA &N 15850 bk@skioh 2t I%P%%E %Eb%elgr@%pag/%{ 8 rﬁ,ﬂé} ary but

Si ei ns re susceptible to o

g pie ﬁsmlfﬁ%h{% Pl o fa e ane bk i pAtonioe BRY. raue bassdound fo
exhibd fliibedogivalvetite (BeGkdr aradeiog®). sul f oxi dations at Met-14

and Tr@r%aﬂg@tfo%?s'soK Flkﬁé'veeﬁeeﬂl JL%§§) %lthgft %&%ﬁ%},e ggtions of

17%?1 een reporte
ef%%”B% St See H@ﬁo BoA H B<earrigd bW@ﬂ CQWCP"%WhOQSfloffrypsm, has
thes firlsf eigtit desido&Hathiaa/6-idp@izns éﬂmdrehﬁvede &mebtr&ncﬁtéhlversnons of hGH

T
hapé gl‘a&gﬁr‘é@% a@ﬁ}? hﬁb.{}ﬁég g@g Sr n d% gx ‘ressmfu H'L? L} {?FG ﬁ‘. tTﬁ§ first
36[8?“?“&5@‘3‘(3? beegig)ered toyielt g d@@ﬁ‘@{el heving distitsve [@elGEd! properties

(CerBestat, ¢oBah i vt tr@qmypa&m@eha%& h&Rea@dy, t rypsin, has
nus of hGH

- oriicyoh Binaff fHlin, bEFIRY F2p Shaiial? sbisies T etugang ands o
cagvGthu 1S ePRisHireyW ety Phelogemiorgicnlyr hanpgendanie saricomibodies

apPedied haﬁ& SorliA ot patidhie trEété@&wth Brdpdr@Bhs BeRe Ia%\é??%e/n purity, the

erivative having disti

'“B‘P'&‘fgga‘c‘@’age'%‘% 8{%{@%3? g% inaclygr pAMEPneYS- ARecombig@yt PINA vdsnobiogy
petnhitech ployipdipt iotlen ehlithitedi sippiptof Glcelav el number of different systems,



L7 |

10

18

20

25

30

Al t hough human growt h hornone was originally obtained
frompituitary glands of 30 cadavers, these

WwWEe@paosass ons were not ei ectorphoretically honmpQERROS)55637

and anti bodi es appeared in the serumof patients
treated with preparations of_ the order of 50% purity,
the inmunogenicity being attributed to inactive
conmponent s- Reconbi nant DNA technol ogy permtted

) o B o T PR ) Ble e B ey o

ferent
amopmslof P%W'W'“SP" OFFGH infReinitthae been shawe thabhfBid nari s purified on a

idbaedtdry bedle By H¥inglb Bufiic e 8&B o fa revrdedl P¥ke W&L n [Hsnung ot
mgé@m nating proteins. In fact, It has been s
hGH can be purified on a Iaboratory scal e by a

si ngRecqukinant bumarparowihdprroenea G ds peduqel agESeHiﬂb%tematuonal
8501 @ER@@IM@QM@% prgéucm.'s%%%n give IB%EJ&%?%\ approv:rz} for treating

growt h hornone, rh IS produced
Weight faga tang nwpstings, "AN%% ps@%ﬁﬁmif)@ intTEGmiant hotah agrowth

hbﬁ@heghm&rne@%e @lrpdea.&.eﬁcyﬁp&,@w RY %rnfepéynﬁfog% é@ﬁf s well as

DS pati ent’s

St
oS et i SRSt RRROR A Btk Garederipinociouts S
Fohebibai, ©AR ifflers stigfitly df SﬂDG‘ﬁUrfeGrmenatU’n@ rse@%ﬁﬂd Ko, Haﬁn@éﬁ betitional

R, SO En ALl ELE § Bl s v
copgpinipgie! st adwa‘ eéfﬁwww @lﬁyghﬁ lapd mﬁnrstplr n@tlmpmnz‘eumnn A

cotaanion| disem wizn eq:rdsxﬁdd sBYing gh@ﬁat@ﬂmotrééﬂ?ﬂhme o the product o fhe
| nan

désﬂgé Q&rﬂ:@htﬁ%mﬁ Eﬂér %d@ﬁ'ﬁgé‘gv rg‘l J’ﬂ 8% eﬁqnﬁﬂ]aﬁﬁg%%alm be
mgdfaqefl ingtiagr m@jkgncmnémr‘@ersgugh as gefiled meingerletoanni tol , in
a | yiapbhdralz@skidrimicant dfferof@EPAR K2n SbidhRtin b ghariﬁ%okmetios or

Bt 25858 ot BN B3 celitnep Y b APty metionyt-nGH,
OFé’d‘Hﬁaﬁ’i'%ﬂ“V%F{ @Az in umensidioere dRalc H9AS; Iragensivbhdt aamaaj SO
be 1A iewrt K‘\@t\lﬁﬂ)ub ﬁ‘le@kﬂ ﬂdchnIS Tdf %Ia@ri Wﬂnﬁon S Sselq?t%ere is

reffllle rlnége . no sig
‘EE P ncé%i "‘3% SRy 8%%‘?@%9 Svfﬁc'?fﬁé!“im'a?%ﬁi@ak¢di stifuess in
Dﬂ{iICU'a'bm @IS@Wfaﬁre C&&waretnr@ssaaf r econbi nant nat ur al

sequRAGErbredis aﬁ@mbmé},tcnd&d RhbLeNy! - or

pituwtar der eéj rcl i n humans (l\/bore at al,

198? j'bs?’/aé‘ Q% 345-?635 e3gbey A FHUITER, hapal medium deggnsted
HE Qﬂib()ﬂtﬁdln@ &egeompouhisrof Wopien Syipbsk: And Ernﬁmlandes TS ?rgdlum
is txﬂb%ﬁ“é‘ally %ies@r%d%ﬂﬁﬁ%r;f Mg s@&m%gr& cﬁfﬂ?gg ?ﬂ%ﬁnai g}’ma"bﬂ%{’f Sl e

ucli n I clent quantiti

ke%ﬂ“"%'&?t"%@dp%ﬁm Af féfs'éﬁégwqﬂ?%@r demgn dransplantstipr. Expression of
recSenbinamf hugen pediéigs ih aalldindseie w6 Egﬁf inBeidnddin E%@ﬁegent. Flo r

i ns{@n Cri . ser r asa

med }%rﬁg eél gnogstcioggs %é%kg'?%ﬁ bas’éﬁﬁ? gf & &F&EQZ%WFQB
13HY. esppieng %F%ﬁ@?‘é‘f%ﬁfoc%mfcs‘@ha@i BrteZing Bhigridee Bhis MedRim is

spemcslmsfgh@cal’oi &hedﬁ Sflz‘r@ REIrd @ff huﬁ{ah ﬂﬁfs?z‘le %QIEIM% %tﬁlﬁqﬂﬂ rt%(e aim of
er at| nocyt es

f.
e R Press B GRS SHoPaRo WA fmn protn is o
envisagad il theframe ofribis Boqumestsi on of



reconbi nant human proteins in cell lines in vitro Is
not nentioned in this US patent. US 5, 324, 656
waele@welames a serum free basal medi um cal | ed MBIBERD05/055637

and MCDB 131M conprising trace anounts of Copper
Sul phate and Zinc Chloride. Thig mediumis 30
specifically designed for the in vitro culture of
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80 Therefore, in a first aspect, the invention relates to a cell culture medium free
from components derived from animal serum, comprising Zine and/or Copper, in frace
amounts. Preferably, the medium of the invention further comprises Ferric ions in trace

amounts.



is free from conponents derived from ani mal serum and

at the sane tine highly effective for cell growth and
worzdoatiessshce of manmalian cells in culture, PCT/EP2005/055637
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mecﬁ:li uglshgwg- the é’m%@;@%lu&? SI‘ r"ﬂ)éf‘lr ﬂgguc\[l yqﬁusrﬁsgl as compared to control,

prodactivity increase as
obt ai neBPiER®E Hethedzgierdl gPSI%QXF@ﬁ“@R"prF festing coninations of zinc (Zn
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250 %Mgl (ﬁ?ﬁéc‘:lt %94% )(4 8 .M; Fig. 4 shows the
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t he ef f ecltr rent concentrations of copper
Wtﬂh@ er?g og ngerent concentrations of copper combined with zine and

I'erric citrate (Zn 0.5 pM, Fe Citrate 4.8 pM) on rhGH productivity in the DMEM;
Fig. & shows the effect of different concentrations of zinc combined with copper and
fetric citrate (Cu 0.02 UM, Fe Citrate 4.8 |\M) on rhGH productivity in the DMEM:
and
30  Fig. 7 shows the summary of the sffest of the thGH productivity increase obtained
when adding copper, zinc and ferric citrate (Zn: 1.5 and 0.5 pM, Cu: 0.02 M
and ferric citrate: 4.8 pM) as DMEM supplements from differant experiments
with rhGH-~producing C127 cells,



ferric citrate (Zn 0.5 M re Citrate 4.8 M an rhGH
productivity in the DMEM rig. G shows the effect of
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rhGH productivity in the DMEM ,5and 30 F!' g, 7. shows

the summary of the effect of the rhGH productivity

i ncrease obtai ned when addi ng copper, zinc and ferric
citrate (Zn: 1.5 and 0.5 M Cu: 0,02 M and ferric

citrate rom di fferent
experi §L£D ells. WO

2006/ 108%53@@1711 |M%?SG&S€3W thE@ieEﬁdWIEttEBf OESSRIETE! abdbium that
EHEe'frBMEsNHtéPéErTHﬁ present i nvention is based on the

devel opqent of a cell culture nmediumthat 1is free

% r om aniECCYERH W e Rred d'a‘f’?EBo'w“t’?] cphéulpire geasiium free from

[ nvamhalcmrunt:htenpmebé culture nmediumfree from ani nal

serumc 6 congent rat i in
from O. (kﬁ) %E ﬁjoe%trétfzcﬁra“ [5%’?'%(‘2&) 7% ’\gra”d%"g )
concent rGapberCraingi qwgcefntr@mm@ntzlug #emriNlto aa dMpand/grer ri c
| ons (Fekrrdiord (ﬁmﬁe%natntrgnbmﬂatwoggmmé o 10M

10 As shown in i'ti on"of zn
10and/ or AF SAVR P4k Ea"i‘FBFEJﬁ?t kelpw, agiditig giabami/ans in frace amounts to a

r e%ﬂrtdedi ediumcresal®e iafingeauert praduckiviff ofc@lilb ®xpressing a secreted
(?lgﬁllow‘%ea%ﬁecr eted protein of interest. The

'on O oth Zn and Cu in the above-identified
concent e iagison efbotivZamnd Crdn dwsaboveridenitid cbhesntryutios led to an

I eGRuibAs8an rdauemy s %mbmﬁmm?an(g%&mﬂ Horfrdre g%%l ih2% celis o
115 overP Oﬁf tp‘&ﬂl ﬁsntrol é 52 %ultur I'n
Sst &Ndard” WPd <t Fiydeel PYEMY dvhen the GH
culexenesging pells walqsuﬁw@drmra stedigmzwmp@amgrm\, dveand) P ofis in the
t h%bo@@i@&ﬁiﬁ'b@ %hbéﬂt@ttoreo RS Pro Rty Swad | h%réysg&’%%} L¥dY70% as
was i ncrgggﬁ@ % 3 ut 70% as conpar ed
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Preferably, zing is comprised at about 0.5 UM 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 copper sulfate.

~ Ferric lons are comprised at about 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 4.8, B, 5.5, B,
30 B.5,7,7.5,8,8.5,9,950r 10 pM.

Preferably, ferric jons are comprised at about 5 or & uM. Ferric jons may
preferably be comprised as ferric cltrate and/or ferric nitrate, and it is further preferred
that ferric citrate accounts for most of the ferric ions comprised in the cell culiure



Preferably, zinc is conprised at about 0.5 M or about

1,5itM it is also 25 preferred that zinc is
weowpnisssl as zinc sulfate. - Copper at about ROI/EREN5/055637

20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, or 75 nM

Preferably, copper is conprised at about 25 nM It is

al so preferred that Copper Is"Eorrpri sed as copper
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i

5,
2, 3 : ; OS¢ o las
7 dffecm T oy gy bonfich, 18 oble doour 8 iy &t g olrate anc
ar ebodimonV oéterignitddeut 5 or 6 p.M Ferric ions may
preferalp]y F@e%@ﬁbcﬁiﬁﬁer@ﬁhé ?H’eﬁlu?h ﬁ:‘r‘tﬁ% i) ep?@éi( ﬁ@ components of a

ferric m({r at e, urther pre

f ePEPIE eyt & 'Saef?g%f‘?f'sth?toq’e itiug coptpips fiyhaego’s Mpglified Eagle's
sConpadiuse (DMBV) be basit mediuhi The cMBPADRH FQABMHEEd DMEM is reported in

PCT/ 37 11 medium The nedi um may conpri se,
C—[hegxagrﬁs‘égéagout 5 .tMof ferric citrate and about

I Mof ferric nitrate. In a preferred enbodi nent, the
medi um fl'Hé b&ﬁiﬂd% lo$€h% &é@n@@nﬂ@ﬂﬂﬁ nbigte8fo 8 pr&f&é for production

di
Durba et chBaf L e B8k Bhribd % il Hhaisiam e hatderest n e
10mediegim Jitiee menpt@sl tion of standard DVMEMis reported
In theTﬁé%ﬂMrﬁgQ@éW&Y tha— rb@oc%@&@ﬁ@weaiﬁp&ﬁkn% l;]aecarfled out in any

pr esen’ I nyentian r@ RLocess
of SYEGSEBITRNBERHNPY |ﬁ'?gp?*ﬁé"5§?%p “Baske or f?J'Pr @iﬂ% &t may also be
ex doesigivegsals pviigadrentarfvoluntes sest as elgt disioredBtofredi um of

the invepd i %eian?qB& H‘NeH{ drpg\ gtbeeoe)ﬂ;reésgg Ui %fgrgls Bromoter that is

t he |nvent|on e carrie

15 endyifeBIFR e P F gell Y% pFedy Inshighly ?'"eff?’é&‘}‘k%“l%ﬂd'mw |teg protein is
bottdressedfiwim theymethlthidy@in @O @romotsie sfiaabrel@ld B@ used for protein

9" Bi¥fBLot %Hg@ﬁ&qbpé&@gﬂqem hAae B,ce,rn ool Protein

nven sse any pronnter
that i sPrefesaliy; ‘i’atﬂr‘éﬁeisﬁ furffﬁé cpapisesiharstarebf colipping the medium

usaﬁ}nprlsmgathélp@k&nyotpmafeefred enbodl ment, the pr ot ei n i's

expr ess Qnein

B huri ne @e F%%;}rag%ﬁg%g&%or tog?sns fu th/g)q“(ﬁ’wﬁ?? 'S‘P'ﬁﬁg‘g the protein
pr efipfeesst-i s preferably the nurl ne MT 1 pronoter.
Pr ef er alal o furthBe pRIDRLSEMBAdIHiIE the errwekz.§ @SHhe o RRs %rmulaﬁng

{ e(fsto ﬁgcbt {ﬂ%te‘ﬂa% mer ?@1 rz::ﬁfelgg(?a r%nf‘c‘%?%%pr%ﬁ@%sm obtain a

fuP‘IQﬁ@ﬁC%ﬁ%FP@EQS'W‘@oI ating the protein of interest.
25| N @ T UhlhBkd BEREE Heltl AIRPRIARND thd (R R ERGRSSHurh YELP@hg 1o the
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In a fourth aspect, the invention relates to the use of a medium of the invention
for the maintenance of cells in culture during production phase of a polypeptide of
interast.

30

The cells to be used in the frame of the various aspects of the present invention
are preferably mammalian celis. They may be of human or animal origin. Examples of
mammalian cells that can be cultured in the process according to the present invention



the isolated protein with a pharnmaceutically
acceptable carrier to obtain a pharmaceuti cal
W@ o09pnessss on. 25 In a third aspect, the inventPONEP2005/055637
relates to the use of the nmedium according to the
invention for the production of,Aa polypeptide of
interest. In a fourth aspect, the invention relates to
the use of a mediumof the invention for the
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protein, an interferon, a soluble receptor, or an antibody.
Therapeautic proteins that may be produced according to a method of the
30 present invention include, e.g., chorionic gonadotropin, follicle~stimulating hormone,
lutropin-choriogonadotropic hormone, thyroid stimulating hormore, growth harmone, in
particular human growth hormone, interferons (e.g., interferon beta-1 a, interferah bata
1b), interferon receptors (e.g., interferon gamma receptor), TNF receptors p55 and p75,
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(e.g. water, saline, dextrose solution) and additives

that maintain isotonicity (e.g. mannitol) or chem cal
wWeL@bi10§46y (e.g. preservatives and buffers). TPEI/EP2005/055637

formulation is sterilized by conmonly used

t echni ques. 20 I n accordance vvr;sh t he present

I nvention, it is highly preferred to use the nedium
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Vm&v%rt %ﬁ}e he & gre s%er g co rn the art
conven reter 8% STP? ﬁaent See Ausubel at
al ., d:‘@r ﬁwnwm@rlera " an#"E@)EﬁCaPO".SDdMU@We SUPE lentity” may
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maximum correlation between the sequences. This may include inserting "gaps" in
30  either one or both sequences, to enhance the degree of alignment, A % identity may be
determined over the whole length of each of the sequences being compared (so-called
global alignment), that is particularly suitable for sequences of the same or very similar
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condi tions include washing conditions 15 12-20C bel ow

wao bweaed4sul ated Tm or the hybrid under study iPCT/BP2ZP05/055637
2 x SSC and 0.5% SDS for 5 mnutes, 2 x SSC and 0. 1%
SDS for 15 mnutes; 0.1 x SSC and 0.5% SDS at 37C for
30-60 ninutes and then, a 0.1 x'°SSC and 0.5% SCS at
68C for 30.60 mnutes. Those of ordinary skill in

t h| Rngih] o%?éﬁ&r@ﬂ@eﬁﬁ&tlmﬂtﬂé dﬁ%@é\@ﬁ I&C%PQ, ment? a3 more suitable

1end on the Ien(%%
oI i GARTeass Junp @Qgtbsuch as 10- 40 20 bases) or
m xed ol Metbodscheodn mheng thehéshtityl dnd Horeg Bﬂ%%r?rfo?e sequences are

S ot S R i o
4 detalisip Perieaet verelon 8itafDeyeret g detwdesn)t fop SREMPIBIAe prograrms
poI BE@FHIT dencSEBMENGRS BE (M9 & d@rﬁw@o bgneel 8o &y q:ﬁlwtaen two

etern arin quén
uc e?t@%ﬁﬁr\d hFeg B nt&bnE% tl@(&(bthoﬁ'e@gbéﬁ"@ﬂtwo polypeptide
nucsleemncee BES"ﬁ}Fth@eadh@l "begl &iaimmbga'clal@orﬂaﬁ of szth and Waterman

cor, ﬁ@@]@%@eﬁhﬁ@ tf‘?é bEEE gij\%s%? é‘%’ 9@% {ﬂ?ﬁ&y getgvrca? ﬁ\go @@qunﬁes Other

poI nﬁgg éeguences

SINNG; iR oRRsAaT éd""aFFWrbey@?uaequh erscalso known

thém Ehpel mgfmﬁnmhcegmBme’aﬁﬁﬁlems @.ts (Ritschi el 4t {990 Altschul
ma e deter nera e two sequences

)éconpgr eéﬁagg@gl m&&gg "570\9%“ end'iﬂ”?ﬁ.mﬁ’%r | #1§ JNCBI  at
bet‘"OOé‘éFPbd Ak @bqe\ér?@éfAsThl(Eeanw Wit 1@8@. i nserti ng

gapS ARy mcﬁl xﬁnb@l‘n ‘BF@erQISIy Q%hasggrt&@ﬂ&ae%f drfin§ WARACS sufficiently

th 0
15det% aPR {1‘%d° d V%J"ror gﬁﬂ?ﬂ"@ alsé‘%ll Q1 B‘fbsééwg'@?m'tahémﬂ\ﬂw to GH. One

segoléfy of Ghbisrity ewaliy of bipsiog claaé Gedrecet@bak long as the mutein has

al Ls@fl:}f@fﬁbl) bm&ih%tac‘b\ﬁty R@rﬂ]ié %Hlll I%EAMOTS [%V\LS Cfg%’@/ iq?g]&jg@d fo have

ences of or_very si m

\[oisf] ﬁg‘g%r?ﬁcwi% 9 &Hbtﬂ’u%ﬁ t@oé?e determiegd whethenedy given
| emytairs his substnlialy thoeahe attivinnaeGH) by hbdHs drFoliiRE %xperlmentauon

20S U};&ﬁmsfhg &fiﬂ?)]ec YERCLSuRln %g,e q{b’ g annag %Eah wi tqr%gg%hgn assay lo

arlnéygtg entity and
3%8?‘??,’% wagaer fehat 'tléi’r’ﬂf\ﬁﬁ PR aPW@P‘Zﬁ"?'Y labeied @HR or cells expression
| nSHEN swh qsm@onmmnayaayabtygsA@sgdye W sconsi n Sequence

¢ t al.
7 o R Priea SREEAREny K SlcBinddn hapakTodst o e o hegoloay wih
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page o
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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 (CuS0,5H:0), Barium Chloride (BaCly2H;0), Cobalt Chloride
(CoCly6H,0), Chromium Potassium Sulfate (K[Cr(SOgH4)z(Hz0),]-6H,0), Nicke! Nitrate
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CULTURE MEDIUM
Culture medium used for the rhGH production phase was DMEM with 4.5 g/L
25  glucose buffered with sodium bicarbonate (3.7 g/L).

RHGH TITRATION
Measurement of rhGH in the culture medium was carried out daily by reverse-
phasa HPLC titration:
30 Materials
Synchropak RP4,100 x 4.6 mm i.d., 300 A Cat# C4R108-10 (Eichrom).
Resource RPC 1 mL, 30 mm x 6.4 mm id., 15 pm, art 17-1181-01, Amersham

Bioscietices.
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RHG - | |TI TRATI@NLIVEasureqrent of r&GH in the fulture 04 mL

medi umfwas carg psd out dilly Dy rpxgr se- phage HHLL,Dsz
titrati' i - SR

i.d., 300 A Cat# CAR103-10 (Eichrom). Resource RPC I
., Hobierkase B TN Q.08% in a_®fmﬂrilamlv)l7- 1181- 01,

ég/r ﬁf@@éﬂreSﬁ' Do SOk WO Hreds g\%Lerl;T%ngi( aﬂd gF/\ aacordlng o
A 5 anql @P%ggo&‘&*?éf ?@mﬁr 33/ Reagent s
VOLUME PHASE B VOLUME ACN VOILLUME TFA
1L 1L 0,8 ml
05L 0,5L 04 mh.
0,25L D,25L 0,2 mL.

Chromatography conditions are:
- Elution by gradient: starting with a mixture phase Alphase B 60/40
ending at phase Alphase B 20/80. Gradient complete in 5 minutes
(slightly variable depending on instrumentation in use)
- Injection volume 80 pliters
- Petection: UV absorbance at 215 nm,
-~ Calibration curve: rhGH standard at 10, 50, 100, 120 and 150 ug/mi
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vari abl e dependi ng on instrunmentation in use)

I nj ectimopedsdsune 50 pliters Detection: UV absorbance

at 215 nm i,bration curve; r-hGH standard at 10,

50, 1007 21%% HES P5ePsHPaNt 5\/@?@6@/"18@5‘5‘5”93“ cancentration (20 uM
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The elevated productivity was further confirmed with other metallic elements.
Assays with 10 UM concentrations of barium (BaCly2H,0), Cobalt (CoCly8H,0),
Chromium - (K[Cr(SOsH4)a(H,0)21-6H;0) and Nickel (Ni (NOs);6 H,0), continuously
added to the medium, respectively, were carried out. The results of this experiment are
depicted in Figs. 1 and 2, ,

Fig. 1 shows the amount of hGH secreted by hGH expressing G127 cells when
culiured in medium containing the assayed elements over the time of the experiment
(14 days). Fig. 2 shows the average productivity values reached for each assayed
element. Average produclivity increase percentages obtained compared to conttol
value, without trace elements, ranged betwaen 1.1% for Barium and 32.4 % for Cobalt.
It was also noted that the rhGH productivity raised from 9% to 32.5% compared to
control values when assayed at continued versus intermittent induction with cobalt.,
Neither Barlum nor Chromium showed productivity increase at the assayed
concentrations in DMEM,
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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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MNBogpbe productivity ofpsha producti ongg, 129 fackersal
g;lé 0gn experinents we.e. o rried out to assay the
L85 bl e conbi ned ef f6¢E°°8f  the netal’s®*%the 73-00
gstg%ﬂ.L@ttﬁﬂcal anal ysi s0gk647Ae resul ts pPs2st1eWn | notsabl e
28 A strong synergic gfiget on the pprogdugtivity (p s
0Qo@@01) using Cu and Zn toget her was observed. 52 \Wo
22006/ 108455 PCT/ EP2005/ 8637 127 Tati-4°°8% St at?-dfical
Egnal ysis of the 3-faetessobactoni al deskgosassayg.ss
;i,g\ifé‘r’mg,@ of Var.i.ancg fQe Product9. v, Ly, Souroo $um
-of--&gurar-e-Df - ve--an--Sguar-e-H—Rat +-0-Fr--b o r b

Totdal” {coxf)™ " 77777777 582.841 15

RAXDisfel. AARblaL BT 216, é'ssé”ssg Q.. L4, 0.0000 10 B Zino
84. 6308 1 84.6308 73.09 0.0000 C:atrd, waler.

0.62 47,2 1 .626§72 9..54 0,4807 AH 47.7896 1 47.7896
41 obeeling-off was cbserved A all cultures treated with Zinc at a concentration of

1.5 uM, regardless of whether or not Copper was present.

Subsequent factorial design experiments were carried out in order to study the
effect of addition of both Zinc and Copper when the Zine concentration was decreased
(4n 0.5 uM} and adding ofher trace elements to the growth medium, such as
Manganese, Selenium or Fertic Citrate, which could improve the productivity and the

adhesion of the cultures to the substrate.

Continuous growth was reached from a common productivity starting point,
around 20 mg rhGH per boitle, 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 ih 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 experiments, the peeling-off phenomenon was diminished.

Amino acid addition

An amino acid analysis was carried out in order to determine whethet 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 Copper.
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£ i WAI imt.ed t.he .
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é?@@ﬂ T%?"Q&H‘Fﬁﬂfeélé‘?"@sml Fig-har vest s after two days
in culture in medium with and w thout addition of

Zi nc,an P 08455 PCT/ ER2005/ 055637 . 28
Tabl Q% 4lglo rlceg{tt: taé'\ée)p@ggnvjw IERCESE tvﬁgf ] °f5“1%te rigsted amino
a@@ﬁdselthﬂrteneratthwcneémam harvested after two days

Istna?t Ug}{réaltftﬁe IS WE@t dcfdBd ftdg{éfﬂe? Whth ‘tt{eeaﬁntﬂ@h&gé" dﬁfy%ybt Brtects
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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 rhGH/RB per harvest). In view of these results, it was not
considered necessary io 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 Citrate concentration (4.8 uM) and Zine concentration
(0.5 uM) constant, and varying the Gopper concentrations (Fig. 5).
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experinment was perforned, keeping the Ferric Citrate
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(rig. 084 9, PCT/ EP2005/ 055637 29 As
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Citrate concentration (4.8 p.M and Copper 5 (0.025

P. M | EQRGPRE hALL %(Bﬁa WEH%IIE\%Q R0R BYptAAM 18 Sl 10 the

concentration var
DMEM medium:

. Copper as copper sulfate (CUSO,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 Citrate, at a concentration of 4.8 uM to a final concentration of
about 6 uM of the ion, given that Ferric Nitrate is already present in DMEM.

Conclusion:

The use of Copper, Zinc and Ferric jons in trace amounts as supplements to
DMEM medium increased rhGH productivity by more than 50% as compared to
standard DMEM.
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Thie amoncegtiar cogh iigirt dtoaldypef t he precedi ng cl ai ns,
wherein the. medium conprises Zinc at 0.5 M 5, The
rocess according to any of the precedi ng cl ains,

Io
SnhEPePTRCe e TR 9P EHnprli s, Z\l'ht?celraﬁwzrme@umtdoﬁm@es 2fc at
6.0.3h®. process according to any of the preceding
clai ns, wherein the nedium conprises Copper at 25 nM
7. The process according to any of the preceding
4c | Eienprocppre metardinb donenyi tithe2 breceding ickRres, CARBII &% medium

c%%pm@y},ﬁ@g@ooﬁm The process according to any of the
precedi ng clai ns, wherein the nmedi um

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

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

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

8. The process according to any of the preceding claims, wherein the mediurn
comprises Ferric jons at 5 or at 6 uM.

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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conprises Ferric ions at 5 or at 6M 30 9. The process
according to any of the preceding clains, wherein the

wore@oaee4sTonpri ses the Ferric. ions as Ferric BPCT/ER1065/055637

and/or Ferric nitrate. WD 2006/ 108455

PCT/ EP2005/ 055637 33 10. The process according to any
one of the preceding clains, 3%herein the nedium
further conprises the conponents of a basic nmedi um

. iong. o aeLaim M verej.n th .
1570 BB 8RR B g 8 S el S i e
( DNEer carpprisEdhepaiesenia et abasingiedivmany of t he

precedi ng clainms, wherein the growh hornone is

pressed under t.he ,control_ of a netallothionein (M
DIOHE Bieced) seiprtg 48 XAc1a “wedigfoha Py tedim keoDuibecao'
wh dasiified tHaglelsdViediiro{PMBMEi n pronoter is the nouse
MI-1 pronoter. 14. The process according to any of the
ﬁ?gecedi ng clains, further conprising the step of

| ThEc Pr99gse IReSFBatie ABK 9 ribe trrerpdingeciaials) wherdinrtee growth
15 héfnonEleeipramed Sndareity ebindgl dfe radicBfiodelvaT Bfckidld
clainms, further conprising purifying the growth
hor none. 16. The process according to any of the
bt ededpragpse| chEING @r dder 12 overeis ithry mezothiooeimprahotar is the
t hehops MiTiigstogibfat h hornone with a pharnmaceutical ly
acceptable carrier to obtain a pharnmaceuti cal
conposition. 17. The process or use according to any
Of Theerrprese earaiging ladmsof thieregeding Heingy fuwhbr cdiqirigyehe step

| SofUHTBAING HRVABWINHAMBIR AR thke) Uifir®f @ medi um as

defined in any of clains 1 to 11 for the production of
growm h -hornone. 19. Use of a nedium as defined in any
6t Tokairomesd a¢eprdidg fooanytdi éhenrizoddinteciaieis Ot dofpising 8@ifying
C Uih: bF Swifl Hontthelr 0duct i on phase of growth hornone. 20.
Use according to claim18, or 19, wherein the growth

hormone is human growt h hornone. WO 2006/ 108455
1BCThEPR06&S08668dIng 36 Ady dEistBe apROSIHY Bizis, ARVhE comprising

glelllefntsmatﬂ‘é the® pFrit oG hotdiSheS i S pﬁérﬁ}aggulfi%gllycélc%e?ptabte carrier

to obtain a pharmaceutical composition.

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

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

hermone.

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

20. Use according to claim 18, or 19, wherein the growih hormone is human growth
hormone,



WO 2006/108455 PCT/EP2005/055637

34

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



