10

2Q

25

30

SERUM FREE CELL CULTURE MEDI UM FI VE OR MAMMALI AN CELLS

FI ELD OF THE | NVENTI ON. The present invention is in the
field of cultivation of mammalian cells under 5
serumfree culture conditions, in particular for
cultivation of cells producing reconbi nant proteins

such as e.g. human growt h horfnone (hGH). BACKGROUND OF
THE | NVENTI ON The present invention relates to a
serumfree mediumfor the growth and 1o mai ntenance of
marmERMU-FREECELL GUITURBVMEDILIN FORINAMMALIMNEBILS, used
today for the production of various biologically active
productsi such ﬁs g%fﬁ: vacci nes, nonocl onal anti bodi es,
non- gul ators, pol ypeptide growth

f act amns, prbwnﬁmmaﬁoneiaziym ﬂelﬂm‘fmultsp!@xrd 6fl mamntaligrenalls under
etc. .The ;

s(elr%m gr{,:% P&El dé) Etﬂ@ﬂfﬁésﬁ é@ F&tlﬁlé}qﬂc&ﬁwg%or E‘li%pr&ﬁqcfng re?_ombmant
muﬂemaﬁuﬂ‘ge%%gl@mﬁnrgf‘?% hﬁﬁ%‘t“@t( Meul ture medi um was

suppl enented with serum which serves as a universal

nut ri i nt enance of all

na - S Fok Y ngce bi ol ogi cal ly active

pr odUte spre&ert imvenbion adlales thor semesiresymemium fiercther gowth and
Aot RiRinfifien BilkaCAIBRL and spr eadi ng factors,

nutrients medi a usual |y
Cont SeRGHU R F UaHonE 09K bF epriee LoV feRokal Botve
dreduats, baxh nes seplUve¢deBS)morakisoalc ahtibedies e mah-aoitobly siemuumo-

%{ﬁ&s %xgﬁgﬁga@ gwfvﬂﬁ'f oS EfornRRb 'En%’ﬁeémlﬁ%m] L ckR tnRshs,

evel s of numerous prote
euth@esFeemoﬁlgctwewr?%eqi PYTerEd! efusAReiorm ek ang gﬁtrﬁ%ca&wv%%ﬁrw
Rrotein of interest produced by the cells. These

pr ot %‘GE%U EVC.%(HS f ﬁ\omatdﬂ%t %%r %ﬂu‘%‘ Hedhfn %\gssﬁﬁng[eﬁ“ﬁ:%%d with

fromt uct 'd ream processi n
LM, i f Wigielt |5%fr‘{@%)fa'5tﬂ1ém\’?fﬁ@t @lrﬁﬁ%ffo"l e 69"%%‘{“ af\ﬁhméhtenance of all
RARkLIHALES he E0 peEcaa MibldgnRie avese (ieueRS ISerdi Econtains

qogrgﬁgés g.fowg\%';cts Xérﬂ% ep$ oRg! Jt@a%gﬂ%ﬁ@ Q&Jeggﬁéaéﬁs Autrients,

enerative disease 0

trgcp glegentss siscGulbre mé@bﬁv@lUWOB@mﬁéap tihalout 40% @f animal serum,

sltuﬁgaé @mby\n@@mmqsaspawb ca@um@ataﬁﬁaahnpkecsyed sera in,

e ogl

Ther tﬁ% gﬁh\@@g’f’ 0%58 ?'gaqasdg%%’nﬁmfag?nst \Ag (g@?)'é"f g}?ﬁéﬁ‘fe’st)?f
ramemwmwsﬁ@@ﬁr@ﬂm eﬂe’ch fheolimitedi akentitiasr oiirthehdesired ppotetn of

lﬁsrle%t %2{%&1 B dnBBEANE. arrﬁlggéeblloﬁeu%u BeR@adt fdin RhO ddelnh GRufve
separa?e% from lc proéuc\{ %luxp ing gownsfci"eam processing such as purification of the
protein of interest, which cormplicates the 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,
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Generally, cell culture nmedia conprise many conponents
of different categories, such as am no acids, vitamns,
salts, fatty acids, and further conpounds: - Am no
acids: For 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, Gutamn, {dycine,
1-listidine, Isoleucine, Leucine, Lysine, Methionine, '
Pheny@anerdiiie  celbr Biliupre, Medin; gamprisey fRHWh SAMPONHES) o gifferent
c;gigg%ﬂgi, Goh Qeﬂé’mil)(abbiﬂ@ -viLtJaSmMBIs'alﬁ,ﬁ&ty %ﬂszﬂ%ma@&%@ounds:
ccarone at_al or., : nney at . ) Lfar,
exanpt eAdne B Fon BFere Y850 ag (TORR a0 dadbuh tdine
i N a felling drfing abitismay rredisedin Bicelt tuiivrePaiatiumh Alzatne, Arginine,
Chol | |xQLd Fol 4 Al b0 S Y ;
N aci AR aBle e, Ciehfy Ao @bt Gichle, risiige, lsoleucine
Thi arieneine Plysias cMathioninesy Phenyalaging; fipiige eSering,  Tryptophan,
6, 399%Askine( Bhraonigd, aad Vhlink. scl oses a medi um conpri sing
CaCl 2, KCI .. N I.um Phos i
Sodi am VEHHER A 005 et R e LU PSR, Renver o
ZnCl 2.) Anotreemledasypbe thajrtha falbwihacvitamins ey dieopseigint Aeell
i nor gapi s Eidiat hBRatk| SERBIMNCROGY, FYicEAdR Uydthbshol,
us 2%@‘/‘%@6@ ?%hzlﬁgﬁa?‘%atﬂg , ,ldesc%iabi ng’fgﬁr’red_iyg?nh sho
conpriiaginagigs Eydoxae Riboflp X teriodt2. S3am BSPR&t e
Mbonohasgegits: Sadti ustaiieo spdas,eobBdiagBiom eCwCliRidR0s aZmEdum
- Fatt L dss. ~Fa hds a [ &
et SOPRSY DAY A AR Soflf HHRRMRLE RRRHIE S A
Aci d,Phogphdte Difasis, Sogiums Spleniti ¢HSQs 4l Angther example for a
?/ED;h%ﬂlor:@hﬁéﬁ'disz@ﬁ‘\Q Gxihdrghnic SAR tRatGnays feedfba dfifire medium is
r t . Xt LD SN0
a1 by legtE Ao B AR BochiRb » LB KRGy SRk ko,
wi t h MaGh, d¥aCiarpdium tfhpspige dMerpbedibuBerivpe Phpgrhate iDibasic,

the cgld, Bublzics, medium - Further conponents, in
rame, of serumfree

ti d_in t |l 25
Dol ¢t orartae: st R b St 8108 Usbh Foee gra ARriranc
Na- pyiry atneleid Arisli Clgic AGE, leutinAGH dvyriste Aed,gs vER =2 Metdydbita-

or a RfRLeakYV8eAaeq! BB AL Wpr: F6&ouidld" ARG ( ikt
F68 (al so kpown

as_ Po)oxaner 18 i.s a bl ock copolyner
of et HFPERHE %92%%”%@6" S&gguﬁmasg% THE BPea cppylex with lipids
St andmrids thhassea toediskilizedipgisdh e ckhodnreroeditre. per son
ski | '-edpargheg %mﬁgﬁents{ h&'SSarticBlr 'Rl An ahE & &P BbAirliee co

several o F di um cg onents nentjoned above. _

Exan sy rocles AEEORRAUECE HEh o8abioRP Gl Voo, Insuli

Dul beg etiapolmitiel (b gd EERTH ef45), Wed iptomctifbfiav sudiMs\PIEbRic Fo8.

(L Doy, R FoBYBES Rithwr B b dibtartsr 168) iEOBHRE boddffnter of ethytene
oxide (EOQ) 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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3 Institute Medium (RPM), MCDB 131, or Wllians
Medi um E. These commercial nedia are available e.g.
fromG bco, Invitrogen. Metals such as Zinc (Zn) and
Copper (Cu) are Involved in netabolic reactions (Vallee
and Fal chuk, 1993, or Lindner, 1991). 6 Zinc is
essential to the structure amd function of a |arge
nunber of nmacronol ecul es and for many enzynatlc

fn? (E: tl%&qur BP‘R}HF ‘fﬂ 3 W;l'lr?nal eu‘?@rﬁ? mmercial media

ura proper pr o s,
ae-NFPalile omefre@ﬁbvﬁ ff‘UWDﬂ‘Fﬂa synt hesi s of
Pyr i doehs Sudhas piRalEn) %@g eddpaw @Lg%@%?ggngﬁ? gi @ﬁ?‘ﬁ@@ fel&tions
é{ﬁqf’%ég gol’&ﬁ'ﬂf‘ Hﬁ%ﬁﬁfﬁgn%x{bg’age net abol i sm 10 The
acti viihy Bf egbartial ro pihet eitidiurg bind| getoal oft4 Usiger Amber of
f?{ggﬁhf@e”ﬁ%% af{jrrn ﬁl%n Ef'?zgﬂ'n%g& Te %’ )i ﬂ%ﬁ % a3l (?rc%lcataiytlc or
statciraloplede é‘imapmﬁ@lé!ﬁg at I@Okﬁi@o? m%@é’ i¢ Aeresaary & dvesygtiesis of

@ﬁ.d%l%sa%bhab ﬁmﬁviﬂnbdéﬁosméuaﬁﬁé’lébt%% @mett%eco@%yaes

protectlve a% @gﬁ and |n preventlgg

¢5eata ferikippe i?far@ﬁeeﬁé'f” 'S@“SJWDW’{W% Pe5Re Mt BR‘SrW free

radi ches acihbiy|of Ziddliir porteding thiedgicd erupneseiar datnage by free

&P%%éemqﬁml | dd@ertexg&fara| Ofyct n%ahrﬁa:ﬁlhﬁotr%” adg(giﬁ?&tf&(,ea of
ubu meri zati on an an S InvVvitro

mﬁtaawﬁte'%wﬁﬁi/ 1i%5h 28R dree 1! PPRRPPYR. 2SR ESﬁegfl%hcgmpanent of

apERoFRNisielitabd eisZi protetivegaenivot infols) ndiwprevdrihd the interaction
b1 ARorontb il b3 OMDBALI | T transcription

|rrar|Iy in the form of
conpl lexaddition tahthak, Bteeqrwﬂa@qf Aupeesnis nid pgroxidg@ioanding is also an

&@rcidrccsfpmb@.nl Bol%lenéﬁ&?%h& a@ts wtﬂ%r@%awf.ﬁ%&bfalrmémn and
on, and ngI at i

SRR Ao AR SRR 2yh fres S AL A igivagroteins,
uilel] isobecohhrwmmnﬁbna'aniscsplmnIWMEmb mai nt enance of

chr ongtd Bnggﬁspﬁr%m BN o ‘E[xe %tﬁlpxsocl’elﬁﬁ %r{qaﬁl.%lelc acids

eI ement | rtant for the functi
%ﬁ'@spﬁﬁﬁg 'E@H"%Pdﬁfbf“eéﬁb@{’?rﬂ éfanﬁ'@&esen and fagiylation of
tba(l éﬁpt@sdlo@u of Idehetioninforethtice dstGrage 2 Byfthdsis adndowktig bh %ept.de

BE8hed Pl Mat bl 8 Shrdlailrla AIMBHBLAZL

cata e redox-c

f unct Qﬂ%r |'5n agogR diRse Glees paporadt daks e, {\W@hﬂf rrnm}' Lsnetb.liar
é}tvﬁfnﬁﬁﬂr@é‘@eﬁ |dh¥lcdﬁ&eopttcb§hﬁ&|rél&§5@sta’res, oxidized Cu (H or reduced Cu
(o RRRAS e RAPRHAPR TS AR Broel HhAa5G0REH aﬂ@i@ﬁ%mfacwr g
th@spdthemstryi pfoﬁnzyn@ﬁetﬁs’uram@ s a agroumpd nepper okidases, which
iy ORNARRe érsms@d'tg@km%@vaagén%ﬂa.g%n%' Rehke, Srmine

crossli'ning. Serumfree hedia conprising netal ™ ons”su
oésdaf@sngnq)}ys@%,s i GRpen pleo Rﬁ'@Wﬁateﬁ 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 af.) or WO 01/16294 (Life
Technol ogi es Inc.). However, these docunents do not
describe a 4 productivity-enhancing effect of these
ions if added at specific concentrations to a standard
production nedium For the devé opment and supply of

bi ol ogically active products, such as 5 therapeutic
proteins.or vace uj I : :

S PR e e e CIR AR FieBuR 3L sl GiERaone o =
postgmoEpd ipoewctionen@iifese Hanster Ovary (CHO cells. CHO
coils were first cultured by Puck (J.Exp.Med, 108, 945,

1958) froma biopsy of an ovary . froma fenmnl e Chinese

hanst erFor FFW?Y?@@J@};&F ia’é'gnﬁll'pp e)fgf ?'020%}%5}%"90?” ucts, such as
5 SUipefadpBatc peghgpsremacieek, Mrid amannte wsist bapeacitiesd. Suitalsle cells that

One of, .these |f N

oraip gy 8561 1 Wt oL Bsplibs G Lhped Somorer oyary (0110) ol

P educt a6HO( BHERySTe giticcuitaiedt e Puslh hEViedcPs) 19k (938 from a

Cebibady S¥ear Svafy AT R félRblk Cinftke GhiRster IFkorh ke Otk dBlia number

311 PNAS 77, 1980,, 4 16-4220§ ahh.h [ cQa,actS |zeq .

byoR -3 avest PReReY i elR Sharad e R aboe] CHO"6eN lines,
10 MUCEDHON s nproire-BiFRIcg end ianighldit éorsthe Siydenivlateosguctase (DHER)

3; g%égfg? éxghg%%g niﬁeeagweé%ﬁwh;sh@em ingld 8 oHig dafc@n; ERBHENtRY (cHo

roduction o roteins intended for
AVKIEETHAPNGR o ROt o4PEOnARER o BTradiarized b dilogs of DHFR

t hen&ioreds fbonsaueesf aahliafidnnia oneCHFSOgare drivethl BoBsequent loss
entyr yonj idney cell line 293. The nmurine C127 cell
ol By S

ighly suitable for production of
15 r ecomnbi Friher cgllsgbatiang frequant!e psagh fopthe profggiinn afipsoteing intended for
Rtmnini&ﬁ%l:)n to %Qmﬁ‘i@akhﬂﬁfaﬁ%\dﬂ iifesRuEH &4 "Fﬁ g%mkami?be@ﬁorhﬁ cell line
gr aor.one. [ : , also known
asﬁfﬁéﬁa?rrl eplg'ﬁn?'] W%(ngﬁn%%ﬁ E”E)%?% is a protein
hor noneThsr mdtite 61246l eds elsedidly syilable darprredy<dpn of teepmbinant

of pblathsAWaRE! &fal. Pided] bR ¥nd RugPRASEOWM h hornone  plays a
key role in somatic growth in childhood and in

20 et abol i smin adul thood through 25 its effects on the
met abol Osentefageutit piokd ofdatelshipdirawth hioemehel Hpmds graddimanrmone

; . > o . o -
B b R
D CATHCSSERIET B e =Gayop B el o fed antars PRt Aer isel orayts gormone
| ogigysi an keme:lqsn_nl seoulie groaidintdhidhobthend me‘nmlmﬁsm\jr_s adi8Poachthrough

25 gl\i%'%ﬁ%%ts PR RSB aaro{eg@?%armaratela%ngfbseg.m nus. The

equence that confirme( e am no acid sequence was
30 r epdnidBRN GPWREIfTe iBa sipele pelypapfide g qfi18Y it acids Pewly et
Whil! €72 BER® Ui gieoNderbontls, ichs bhtvwephiCyé-E®end Cys-165, forming a large
loop in the molecule, 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) in
aqueous buffers at pHin a range of 6.5 to 85. 5 In
solution, hCGH exists predom nantly as a nononer, with a
smal | fraction as diners and hi gher nol ecul ar wei ght

ol igonmers. Under certain conditions, hGH can be induced
to formlarger anounts of diners, trimers and higher

ol i goners. Several derivatives of hGH are known,

I ncluding natural |l y-occurring derivatives, 5 variants

and s @m,ul@%%m?@m'%ﬁh‘ XA MOBPMeYy Witue salpFaciiey as gjmers
aﬂé h%'heﬁm&aﬁérlv&eydmﬁbhgam@rs e’ﬁgérr@aé;ﬁ@omdny Y en 88 rrﬂ%éd to
uced é?ﬁ? et|c‘m %ﬁl '"CEQE rrpeof a naturally-
f@@d%fﬁ?'"zﬁ@“ 570 Gaers, MEE MEsone TP variant of growth
hor mseeerbiodemigdatives ©haGhl areerntomn, inctutiog nabumdiigioscunfngt degivatives,
g%}@s l.n?;c Mﬁtaﬁ@f?s pﬂ&ﬁ@s g&qqiadaﬂo@x%eurﬁé p%aa(lﬁ-%\s%synﬁg% hGH band

eriva ud I Ng derivatjves e3|q
enginepreciderivailyes AT G PRBRRPS Ry SRR TIRIRRSIS GnersramPlp ef a haturaly-
oec?]unm%%noéuv& ke hgkHes @Mv i veahi engrewthl onrgor&sfoiird hahaaplas@nta
t he | act Q
G eeriisp e pi lbide Besdree s Bhob S0 ol AP b S et
hiaEG linvbiding yderiVErives é@w@@mbe dongdesting linythg dy.i apathevesedffor the
R@B&@&\ah&,&ewm@mmbﬁ é&QB@gi amrbmr@nh@&ono@.@ai LENR @Fhaht S

o U A 28 8 e §4 e Do BB S

tahealsgyl This ddnpdued jsiacublyar Jeriastiveef thlaisavlmg Qﬂe@dblhmdrsemaam

at, 1980 This conpound,
r%@waﬂfm te%muélﬁid%ddér@t\'&l%%) ). This compoun

am no acid res {)&
G n- M‘a"%ﬁ V‘?@%J‘"f"\gd’ﬁ?%ﬂiﬁf hipk gellgd 2P %‘%F‘F%‘P‘?‘P@ rejjorted to occur In
tepaeagers welbanimcheibbodsream( DeMat @ At 1978; LAASE) al, Wbmc:) This

fgg&gllrd{] \?l’élcsxi‘?’ %?&%‘Tﬁ%w% &_‘B&EU&I #a:unp blut\’;%ot%ﬁ’ 48 Q%ngeas from 8n
@Gﬁ’f@!? seficing ebthe mespINgBid onyclsigReid (Rppiolsigh 19810 Boig @ﬁmpound
sHArevinBny) B01TRNE! oF tHehidlogik) ereipdriies, of AGH. about 20% of growt h

hor TRL Ut Ryt af ﬂg}; ngirnE%”d Léc&%}%}sﬁ e %%ngaﬁ s %s up about

prondting acti Vi t%
Shreehgmoefiohereane Guirklef W%Iarﬂoawi a%aﬁf érrowfhéwammmutmﬁ of

chndfé\zlt Yik hSs 8t davist grovih drmalﬁa aslivith @& M2 O grobthnﬁiﬁmb& and has
ro rece
R Pt oo 8! deter e i ol afBg e Trm.
bings tf growihndringee) repericre witly iepyel gfinthhes the 22ktheyewirrtermone, and
h&@brﬁé‘t@n@@hé‘l@cloge%@ (blaRic#ikky BIéAdiie s WRAo i@ Mdrmbmis Uhikg 22 kD,
2:9I V'('gﬁ/ W?R% n;e f %ﬁvrtlyvatlves of hGH arise from
PRSPl PR VRS A 'f"@'éf”l Yof the nolecule. The prinmary
p at hMgamberr of dhiivakiesis bbb H siriseiforh Gdidolyioinedifcapioratod the yisilaile.
Tﬁ@En%E&? p‘éfﬁm@{/ 1 e m@i%ﬁ’él"grq JF %%H%e%%%t@o@gls' St h@’f-&\;&%@élﬂ

cep pr ot eo SI S, several deri vat
FrElM AR 130 ﬁ%s grireqe Veﬁ“ﬁ‘éﬁﬁ’g ¢ fP PRIEEYSIR G AeveEl Eerlyaibies of
hGEISmmh@ aidky drlieletiasiirutbis Usgintgye k@S described (Thorlacius-Ussing, 1987).

This region is in the large loop of hGH, and cleavage of a peptide hond 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

two chains that are connected through the disulfide bond
at Cys-53 and Cys- 165. Many of these two-chain forns

are reported to have increased biological activity

(Singh at al, 1974). Many desivatives of human grow h

hor none have been generated s artificially through t he
use of enzymes. The enzy ma%_t ;)sn n and subtils

aulificlally droughes yse ARGEYHERN T8 &4 WSnW&P‘F‘frHC’HbHF’”véF s}
ﬁéré‘tlﬁwé BseUBBQItmAdTE hGHI 8 0arloes poietwiisouhoutabe mbRéde (Lewis et

h d
A e G Bttty ons Pn st gl B Snetbrogin (R0aP)
wéncfomuet thiolighettle porditliesl pysieelysis Oan@H uFdiorgyPein (Brcker g Bbdﬂ%&) 2-
EAp Yas fé@%gl)a haee gml@?@al"i@c%aef'tﬂg '%'ertdih’tlhéf\‘fﬁ)nb s G 'i’(%l mtact hGH

roperti es nct om e .int
o ot SR SRS NS oS fothed st MR the
ém&tsbabgebrwdraﬁmtalaﬂisramérermmﬂshed the effects on

car bg{# Lg JEW&M@ %s‘ﬁ%%g lr?%%téuﬁsh e sﬁ@%{b@# n@eaﬂ\rl\gauon

resid ns "are sus
rd@tamajlatdeb@p prapdale F?M‘@“QJ Rifters pEH Hps P%%'bshewﬂ & @nd@r@ this type

dPirdddlidd ﬁ'ééum@'lnf?a@ﬁvemrbf &B@Mﬂz loQsharie s¢® atidalso, iy B %ssér%x(ﬁ‘nt

react. on ver si,on rt
seraiangt Gren? s siriCadedru ShyfBedtntabo nBaNRk s
dhowg tahaeiao aﬂ@edﬂSt(SQ@ﬂb@y &t pramolquity the mm&@lﬁmh@gghﬁm
HQS R m%? hQ\%V 1y§’6lo§1h£{ed‘g¢ﬂlc§'lé§¢@ﬂirédﬂhé biaYedyc cleavaﬁ';e of

prot eol ysi s

tan PSSR HaY *%'gw“ i gRariec et gyt erp s tig in
dbiaraitiomgt P dititred| apparagihe Asagdof ThishGithe Binosy pichelt deamiu@tibn,
Hu® cSAHAENah Bt R&Qvfﬂ@‘i@alb@&?dn (BEdIbA R, 51@%)319@%%%@!1 bt 8R%137 has
res n dean gﬁtl on at a different asparagi ne
r("AE‘FF‘”l’ﬂ@)gﬁe‘“ﬁﬁ'?y” iERE or i mary site of deanidation, but
deamninkghiordme adsidds irl HRoteinss acd susce@ble GCB@xlid@tmnauanmumy to the

%}ﬁ%e Bﬁﬁ %mlgﬁtdeﬁ%d%d $ioSyrafc Rag gmﬂé?éo Qﬁ@ﬂdéﬁ%ﬁ@&tﬂ 1 Bng

I osynt hi oni ne resi proteins are
Met<e geedseret £b 1888 dR¥ RN =hMpivHPires 28 b?%rep%ﬁc#w“d@w but
RO bibsypitHctic hGi.y Bete HeaserdhicatiaH bmdig%m'lmaﬂfogdaéﬁl—l ME@E@& found to

B‘Eﬁ{ Met - 125 (Becker at at,

efﬁ@@gm'b%g’ﬁ'@%&"w% t:J'rﬁai?ggzﬁas al so been reported in
p| t uifrencyted fermisopl BPHsKAYE Heden crredaced. BRItRT desegh de actpns of
ééair by Bénesit hiebivtis] 2-0/6P] daasrated epmefconiitled sctioRdTitdbdin, has

;1% s el |%=.gg‘8%£t tﬁecl(l lLeWnFnMs &ﬁ%‘?—k@%o@éd %t:her gﬂgr%g et vl«rsﬁpxg g*t h%:qi

ave been
rawe nbgmpreﬁUGEé Ry (eeiling ﬁhwng SHrty XNTREEIND (52 Suitabiamost. The first

@ﬁ@ﬁ?@s@ﬁv@?{e&h@n&@ﬂﬁd PeIl a@eﬁﬁétnl‘e(}ﬁﬁmgfd!stmdt‘ %ﬁol}gﬁ@é& propefdes
e fir nus; o

t
(Perisueah 1%§edﬂ E}quhg'ﬁecpa# 8 8'9[@8 F éel‘“?)‘ﬁ Jot H have been
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r n
qypgﬁég intag sgrgmlo\tl patlents trea \ééi %h ptl'e%r!at%%g o¥t%e order o ’:30")3l purity, the

immunogenicity being attributed to inactive components. Recombinant DNA technology
petmitted production of an unlimited supply of hGH in a number of different systems,
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(Gertter et al, 1986) in which the pol ypeptide chain is
not cl eaved. Although human growth hornone was

originally obtained frompituitary glands of 30
cadavers, these preparations were not

el ect orphoretically honogeneous, and anti bodi es

appeared in the serumof pattents treated with
preparations of the order of 50% purity, the

| nmunogeni Ci being attributed to inactive conmponents.
Prulfestipn r?éﬂi‘lG"DKWtﬂéﬁ: Rrreoppdiuper frditaler By Hieueresesre of oalk low
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ptort g e oy 28ngls B i h G toh raH] Hrae BLE AT T D ot

a401988)n nating proteins. In fact, It has been shown that
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St r.u m nat u e

Sivedton BT P SeeE, ST B e 16 MR o S e

dreloindsinpentiatiorGeior & grsmieisteRliony oithie iMesee dRepeminantd:GH can also be

rRleed RickHr W@'krBlNH%aﬁﬁé%‘é tsh@fh%' r&Tm&d @‘nﬁégssetc e.g., glycine

d ed f
G| udngonsa ot o i el Sty GOHRA O it o
hicdmined dtivilieseoft heombireduratureisegimace HELH rasomigioant dnetbionyb-hGH,

&Ffmarytdgn@émﬂé@i mwnﬁm-. m«famteféeandmg Jo%%ﬁ@s@ﬁ e Noak)CH can

manner.s, ‘such

RGN T TR S B AR N T NI
athefell esramodtoidnaeel Eewaytiserdueidg suffididre gpdvditiosad t b cal bulmse, in

p2Fticui .%Qgeuﬁ@éee%ﬁ emtmrelpeo%e&f reconbi nant nat ur al

sequence i onyl - or
pi t uSeEYyt %%W?W%BEV%F%’??%F“WHEWB?@WS (l\/bore et al, 1988;
Jor g&ns gelmnet, Gs,6,12883 .debamibes ewsavimihe baaahmmmnﬁdmgr&ited

%ﬂ{;on@téggx@nﬂg (raa&g@&n&r&%ppem UBRAE oh ah zHe %ﬂm%eh i rAea.um

or - an I clent and ?jy
i eferified e desigpsien RMey A1 eeodaycaliyres nomwé U Gl Such as
KBakihd oy tek atithi the @ins ef isaud HeRratioh For Cubiab m@nmmtéﬁ&ﬁ Expression of

S E
FenPTReL T G ESREEN SR REfoheh b 3 baal”

medi Mﬁs ﬂé%dr @ﬁ%@tﬂpsewemum@e hegs tresdimhepliey M,C@Béammﬂ NCHB
1990P %mﬁtéin@ hate ameﬁh@bn@o@a} Stipietes addizinc BRBHIETHE Indcum is

PPETaly Slanky SENINCH POl AN AR SRR R W hS Yhesr

preventing differentiation of these cells, Production of recombinant human proteins is not
envisaged in the frame of this document,



keratinocytes with the aimof tissue generation for
human transpl antati on. Expression of reconbi nant human
proteins in cell lines in vitro ls not mentioned in this
US patent. US 5,324,656 discloses a serumfree basa
medi um cal | ed MG OB120 and MCD6 131M conprising trace
amount s of Copper Sul phate and 2inc Chloride. This
mediumis 30 specifically designed for the in vitro

| t
or event | 76 2P Par SRR RNt hEE Pl Po el e Bt Bk igma ano
r ec otyblomantelis Ufrenmpdian edonising SCapper, Zasvanslalirede ianst Rdlivation of the
fr apgp, Abmh &y&l@rﬁ%‘ E@I@ﬁn th% mﬁln‘?ls@éus’?\ﬂéﬁl feane béur{a@s% & manufacturing

synthetic br vitro culture of hybrid
and"’W@‘P'@‘l@ba'E'E?q'%s The rredl um cont ai ns Copper, Zinc and
Eerric i 08108520 |p\mtdb9i’br@fsewrefremy&lmudmrme@mmehmmn for the in

ce! Do R BT Gt b b R B SRt vrses
pr owiodlegorfab enibodies, theirfionse ar efrdwiic lfﬁotcm eawswéru the production of growth
for pHJrr%Sﬂh%rhoi r‘ﬁEntfoH "Lhus é(dohﬁa@ntcu' tivation of aninal

cel e ani na I's may used for the production
of virusH$® 04&83%6%% E‘a‘ﬁ?"?’ﬁﬂ'&? &8 CURP RS AMRGRIBWERN Zn- and
16 acEadGhs fhiome caltivatibhel giirealweld iorordd igpodtde e.dnorahma e irscombinant

not %Uek# %‘819 aé ? thBHF %H ﬁgdg[lctq Itéﬁneﬁ 86\%93%@ élgé étﬁtgl%ﬁec%ll@do not
pr OPeI n ree ce T t I um conf) I SIN -, n- and_
1o Felupegewiirhermeres OE@rPMh\f%ﬁer% Whish SR EPvEEMeiongs asrcgasituents

to pf cﬁ_@' g&ﬁmﬁre meRfbih @Jdg%teﬁm?ﬁé’@éllwﬂh ol @U@t s, such

as antli | Cch. Proqaucts P

cul tur edgg egggs %% H' 5Pt Iblfﬁéerﬁj? ¥ ‘ﬁec{’: Fr@ﬁ'éev m&\r & Ghinese
16 ac Hamster @i KClAPkcalx ebrmising| Rprrigdditste 7ing sibhate msd Roprst sulphate,

of  hhRe® N, [ fiRemadsh Wrspinedlj Fesibred SANAHesuyCad t;:gr &wdauon in
of Ln cuhture US 5, 316, 938 di scl oses a bi ocheni cal

def CHEF ture nedium for Chinese 15 Hanster O/ary
(CHO) celUBs5,t22m5ei desripeFer methodifen proguctiof At resahpihact epreleids in a

Copegrnmﬁr&éhp@uﬁ&rs medLA RNt M@ zm'Eh&d”ﬁthJ RShé spams;sw btiﬁ@!)!layfor the

eS| gined f or antlbod rodug tlog CHO
ool £ Gl By Hion o prop il Brrae Eih HBeiogsngyis document
r ecorrbl nuwﬁrefﬂbpmelpmolenm uaderlgteg then fresest lovdntian 8 predbingna serum-free

CO” dn £ HonP& drbii! @8

or o e 5 C‘*ﬁ“"*‘ﬁ*e“o?*f% PR S, iing b ruman
horﬁﬁ?Y@ Hemigse (et i oned in this docunent Therefore, the
probl em underlying the present Invention is providing a

_serumfrgMMmMm for the efficient

roduct | particul ar human

Growt h HEPaeest ifEp)tion s basemvnibe @NEWPIEEWM/ENW @pjure medium that
is free from components derived from animal serum and at the same time highly
effective for cell growlh aﬁd maintenance of mammalian cells in culture, particularly
allowing production of recombinant proteins.

30 Therefore, In a first aspect, the invention ralates to a cell culiure medium free
from components derived from animal serum, comprising Zinc and/or Copper, in frace
amounts. Preferably, the medium of the invention further comprises Fettic ions in trace

amounts.



The present invention is based on the devel opnent of a
cell culture nediumthat is free from conponents
derived fromanimal serumand at the sanme tinme highly
effective for cell growh and mai nt enance of mammal i an
cells in culture, particularly allow ng production of
reconbi nant proteins. 30 TherefBre, In a first aspect,
the invention relates.to a cell culture nediumfree
fron1conponents derived.fro

Zi nc andPérseegiphaipech fie “?VQBES" rgl%ﬁ‘[ﬁl-,tf’éeprrumgqi Eogg%dygtlop%ga protein

medistiprizfngtthe sﬂeb\a’e niltudng & well Baressingpr proted Fanteiest iin dims miedium of
tra@F3 eng(%nts In a second aspect, the invention
r el BESYHEY process for production of a protein
conpr i si Adhidraspgeteyb thss Ingation FRIRES & 118|456 &k prrerdiym gogprding to the
%’f Oﬁ'n%rﬂloﬁfforitﬁﬁ @‘bat‘i&tuohﬁféb?’:ﬁmﬁ?dﬂ lhﬂﬁ‘re?f thet Ih nvent | oP A

nven 0 the use of a
o um e op e PRIVAEIAT oG T beb R gn Ferdtpo to the
of mveitotefon tbé mmmmneme oﬁ\cfaﬂmm h;u&tspedqrmef prolgction phase of a

I nvent i ; to the use of a mediumaccording to
t
thegs]}'é}e@g%%lggﬁt%%%r t he mai ntenance of cells in culture

during production phase of a polypeptide of interest.
qu BRI EFB@ES%S@'RI@N(I&JGFTHEW F, ig. 1 shows the
pr,0 t r e d: r Ny
ngg 10QHGL! b WHR! BbhlcyRPLaha shidifld Bl QBUEO Bhase under

at 10 p. tMnltlmelsadEWD@ of dlﬂer@NWam@nﬁﬁ at B 1M infs) PHMEMpgitufeemedium
HL-1-t14pg @Foﬂér%ﬁueommha&epremodpmews 119 @); 2 shows

SIS Ha PP ol gV B G, SRS S oSl por o
1pha_s e uniaette, cbidinatuouséd praaiddiongpteke mpter entifudusly eldding of metals
Bar 1 um @I‘?&QJ garuﬁ? félﬁ}aﬁ rahré%luﬂng aMd m %t%%@&ﬁtﬁr\érn?edmm.

medi um aver age val ues of
pr oﬂnr_ﬁﬁwwﬁs/mﬁ RYPIBES dalges @dﬁﬁbﬂﬂé%ﬂ%wfgmﬁﬁ as cewwﬁ&jwn’tmh

in the fgghinsd mlthe eidgial eV dxFerheritdsr &gl ddghbinations of zinc (Zn

el ent unf S 4IoEopRer ity C 07 ity bl GRRER . a2 o001
gberric chyatdderfid cBalbs®p;uMjii g. 4 shows the results of a
f ac%_@r_e%‘lhg\gg %egﬁsﬁ@&ré fﬁ%{gﬂfﬁt &s%t%%rﬂ&wtt‘c@ %efeﬁ‘&& gheo;esall of a

AM and faipire obineielie drage glemgnigy(Zn AF WS RAPA Mg darric citrate 4.8
gl ut am ngy Qlcﬂti-é ﬁnHMacid§%|Idtélﬁiné fem A8 4 briner 0.49 mM) and

cystine sme %ysgz )

25 Fig. 5 shows the effect of different concentrations of copper combined with zinc and

ferric citrate (Zn 0.5 uM, Fe Ciirate 4.8 pM) on rhGH productivity in the DMEM;

Fig. 6 shows the effect of different concenirations of zinc combined with copper and
ferric citrate (Cu 0.02 UM, Fe Citrate 4.8 uM) on rhGH productivily in the DMEM,;
and ‘

30 Fig. 7. shows the summary of the effest of the rhGH productivity increase obtained
when adding copper, zinc and ferric citrate (Zn: 1.5 and 0.5 pM, Cu: 0.02 pM
and ferric citrate: 4.8 uM) as DMEM supplements from different experiments
with rhGH-producing G127 cells,



25 Fig. 5 shows the effect of different concentrations

of copper conbined with zinc and ferric citrate (Zn 0.5

M Fe Citrate 4.8 AM an rhGH productivity in the DVEM

F'ig, 6 shows the effect of different concentrations of

zinc conbined with copper and ferric citrate (Cu 0.02

AM Fe Citrate 4,8 M on rhGH ptfoductivity in the DVEM

and 30 Fig, 7 shovvs the sunmary of the effect of the

rhGH productivity increase obtai ned when addi ng copper,
zinc and ferric citrate (Zn: 1.5 and 0.5 AM Cu; 0.02 M

and f er r PETAILER SIESCRAPHONMF AHEMNEENEONS] enents from

di ffer enfh{a%e%rEu TRaton iY¥hdstd bh G eveepabnedr 1217 o@ehd Sedium that
10 DETAIL SCRI PTI ON OF THE | NVENTI ON The present

i nvisrftaedivn MBESER N the devel opment of a cell culture

gedi um t inadccotdanda edh ftihe presaninialerdien,ulire @l | oultarecioediamciese from
with th dogvention, the cell culture nmediumfree
froﬁ?”ﬁ'ﬁ?g?r%rﬁ%g'%umgconprl ses: Zinc (Zn) in a

concent r &ité ¢in) memepinagntiationrrapapgtion0.7® bRE Wdnencder

Copper  ( e\r(b@lﬁé’%ﬁ@ﬁﬁéﬁi‘bh%gﬁ@ﬁﬂiﬂﬂﬂ)for%rﬁl\ﬂ-%nﬁlér75 nM
andi er errlc rons (Fe) in a concentr on ranglngfrom

3 to 10 Keriaignades Miarprcantiatian BrgiRg Mg Hia ' WwM-addi t i on

1@F  Zn angé g ih thetHandleanalonl, addioncof Zs baddaCd imeewiounts to a
resulted.in jncr S|
a Sgt@F 3 g dneclb it tr%s%ftgd ?r]‘ in2 eg:irgg %{f de]dHthvﬂ %lelhss eﬁ%@?hé %%creted
andp©ieir of infeeshbove- i dent i fi ed concent ratl ons led to an

i ncreas elexJ‘adH RAUS bbiv ZrarRf Cl ma‘abwaemﬂa@eor@@ﬁwtmm led to an
over

hor nbne 0<V of

conbeEEsy g‘a_\%’@d%%‘l"'%ysc’fcrﬁ??rﬁt?'%@t hng‘f‘ SFy4h §o ; &3*5\%%?‘?% gells of
163+ exgrr @34 i af ghe elohisol Wearee caglls wulkuded in &‘famé@ndulﬁMEUhprmnnme GH
Zn, ofdte AR odi8 VR Sukited rH3a BEMYR -dofBRind ZRACy and, Fe ions in the
concentrati otg:f t he grodu |t tWE i ncreased 2& ab(ﬁuf o
7005 rve-idgHifet cgniegtr PEIAHCE, %f“éﬂsr KGreEERrk & TR g% as
r ang@spdréd tdiee p@tt@l. | ons of the nedium of the invention

(2) Oggr eoaaﬁgeqll&!}j%gﬁée&{%@r%}?g%s & o et%t tél%s & 6&@% 81@98?1\7%]‘ the invention

2Q). 8@re@fs®wso. 90, 0,95, 1, 1. 05 1.1, 1.15, 12,125, 1.3,
1. 35, 1.4zindadbouiln.d,0.45, 530, 4.36,0.40 0685, 0.5, 0.55,1.60 ossM.70, 0.75,

0.80, 0.85, 0.90, 0.95, 1, 1.05, 1.1, 1.15, 1.2, 1.25, 1.3, 1.35, 1.4, 1.45, 1.5, 1.55, 1.6,

1.65,1.7, 1.76 uM.
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 Tons 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 fertic nitrate, and it is further preferred
that ferrle citrate accounts for most of the ferric ions comprised in the cell culiure



Preferably, zinc is conprised at about 0.5 gM or about
1,5 M It is also 25 preferred that zinc is conprised
as zinc sulfate. - Copper at about 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, or 75 nM Preferably,
copper is conprised at about 25 nM It is also preferred
that Copper is conprised as cofper sulfate. - Ferric
ions are conprised at about 1, 1.5, 2, 2-5, 3, 3.5, 4,
4.5, 4.8, .5, 6, 306,57, 7.5 8 5 or,
To Towdlom; aheraiy ek TR gnlel sxamBlomgbpdai it obfsBi orate and
or hoy ﬁﬁffﬁé,ﬁchmﬂ@ rray preferably be corrprl sed as
err r at

ferric t r

pr ef Ier r 3’6 a Wﬁfgfm’? 8?‘3?‘&'““8 "t hgt Aa{ 5‘?[3‘{% “Pgp r'sf‘?tg’%’f'e S?mf’?r'ee”ts of a
f erlreism medrsmcdtmprpreerEd thet e tetiunc certtaing Dulbecenis Modified Eagle's
5f v C n P‘r‘@@ aQ.solSB%fd @&nurﬁ orheea@ﬁamsrron ¥PLlhdRd rmhér\srf,s reported in

out [tMof ferric nitrate. In
pr ethéﬂr(@”ﬂpléﬁ‘ﬁ@ﬁ’ rrent, t he medi um further conprises the
conponents of a basic nedium IS preferred that the

nmedi um ntalns | b 0 ! i Jm .
( DVEM) & egond %}g)@ﬁgﬁﬁ%ﬁgﬁggn’éve%q Fﬁétg ?gro%‘égé Hmuotron
is crf@pmpﬂewqmrmsm éheestappl @itwindonceMeressing adraisipef inteyest in the
1d he(ﬁ@él@l%%’ﬁihé ipmbh,on relates to a prﬁcess f or
producti rotein conpris t he
Pl tur g SR uth REke, o R8 ST ARurkeermiss phbim any
10 swidiile mn@rfomﬂmnt,rawlerarsrRﬂm d“ﬁhr@, Jufiasls eniplist eptles, bthmay also be
su%b%%% PsshbRFiabiny EFEate‘P Dol ¥s chh%%ref 4. %ﬁé‘dééct any

envi ronment, suc flasks or _
rol ler D&Et P Bﬁrh%ﬁvergrogom@é BoBihes R V8 Prapaigy that is
1sgr esittaile Wolhe megicslactelldgpecusgd. la zbﬁugm;e pefared chitedpiedt,ehd protein is

t h %)Ja?esls@r%’lg'g%'tﬁg nLE?éflo@r?ongﬁ% Zg ﬁgn@rﬂ% c@[lé)grgttﬁ ed for protein

ticular ce
| n RECHICHPM m)rarerei«er@oprefm?&br e puring M- brremereﬁ is
expr esseFdefEramm ttrhle preeeed Fethbr enepiset N spapOBDEMectidg the medium

mur i ne .cel Se protein production, the
pr oftBt éF"“P"“e % b'ﬁerfe?the murine MI-1 pronoter.

20Pr ef er aldf @, P'"Pﬁé‘ﬁ’fé ﬁﬁ@eéfﬁvemﬁh%erpc%'ﬁnfpﬁh@e@wmﬁeeweptm the protein
coldr@fidrestg t he nmedi um corrprr Si ng the pr otein of

e o L AL L s e
a ftbe t Iselatgsy etﬁehsmedwl@n‘@odqfwemqeuvcrﬁ@y peesspisblef watrteer to  obtain a
C OGRS ulicH Bbthadsitde.
25 In a third aspect, the invention relates to the use of the medjum according to the
invention for the production of a polypeptide of interest.

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 pharnaceutical conposition. 25 In a
third aspect, the invention relates to the use of the
medi um according to the invention for the production of
a pol ypeptide of interest. In a fourth aspect, the

i nvention relates to the use of a medium of the
invention for the maintenance of cells in culture

d ur l][ﬁﬂxdgr ?gu Cr%\ : ehap %el&f 3‘?3 Fb%llé/ PEHE | s, Ofumdd b&ESSeoma cells,

e used frame of the various
aspytﬁcss ohilg, r?é%p@@ewﬁ&%%ﬁt PHR @*@%Hﬁéff@?@&%w ) cells, HEK 293
'TH"HBISI ﬁ{EK?@d;d Selis Trhemnmwhdambm‘bldguma Stronsntaie) H@:Fattgdyths cells, or

pr ogggséaa%'k?r gaﬂrr}ga g %H/%?%clgriast ingt T%}("’;g% ?Sltu(? t.Jil utlhg d n%c%aé agcordlng
8. i theprésest iGldh¥or inchide, BT 3DAbH calls, C2FH eadis| ‘sé}YPmﬂerAMMA cells

ostgg&g eIIs, MRC-5 cells, Bl-IK cells, VERO
cel W i nese hamst er ovarﬁg cells, HEK 293

cel I's, r ks forefgmed & (cylture gryige widfarelsi Branspilence afthgthe present
Strm{ygnﬁaal | s, Hepatocytes cells, or PER C6 cells.

Cxa! <5 8L U TR Db i L RS ey oo i

1e. gsyspendiod o) fos, atlczlschéeﬁﬁgendmlmeti%l pigache\ign ﬂ:@rqhé support.

andnffahriRers 8hd fibrd-telP %lsﬂé 51“@@!5&8% &Qmﬁ‘}éhér%éh dmﬁﬂerf&' tﬁé%?owth of
cel I n accordance with the ent %@tl on.

cel PEOROIACECHRERNTa QE'Fﬁ'ﬂaﬂﬁE &miang e ?‘Féa"fﬂ'ﬁ 'i‘?F“WR}?éﬂﬂ PlgHorms for

may ir@ sl produbGorsofypeatnias (seeps.g., Bohalkaat@h d B8 Peatibgra doat).

cells, tache S . car.ri e

prbr o ol e 8 et leyfton Tty olbe P A6H & B Ahhertcn o
16 heirgeresit ﬁheomedlawm Sredgestiapis dtgrised Gaitheseragirtion ef aipeiepptide or

t he pRudiRbl infEhed Witahne) BgbsapoteplidedonBhitio prodittduss ddsied, either
produclil on of. praot etl ns (see, e.g., Bohak et al. 1987;

Pet £iM@ ?caé‘?or]i% ®The process of the invention
pr ef er abThe s@vmde of ettt owy dered. yporgiiraliesasfeted protein, a normally

i nt @ﬁt@i@sm@hﬁotgﬁd b Li'f&rﬁéllyt thﬁlsh@N\%FHnla WiotbH, bNH SRR Lhumanized

t he produc otein of interest,
2in; Ry B e Brdhe o B 1 vt B Y o B SBH  3 riturally
destramﬂnermmmmmotmd proleal lesqrrefb@blydese ahg@necrénbin order to become

pol g&&ﬂya@la s%f:.re'ceﬂit %ew ?‘gaug Qes;g%gpe@d@-m BoRd dide éﬁ@rﬁs%ﬂ,me or

protein, oplasm<c protein, a nornal
traﬁﬁf?@ﬁw%ﬁ@a@%ﬁé’fﬁ or a human or a humani zed 20
ant i bodyThé\belppépiiee mifdbieiast afayibd ef est ofignaPrRMdribtabdlypeptides of

23 yt %elrgﬁmc\r% BF H%mﬂzﬂt Hn‘ig%,l dnd more preferably, the proteins of interest are
therapeutic proteins.
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,



transmernbrane protein, the protein has preferably been
engi neered in order to becone ,soluble and secreted,
i.e. by placing a signal peptlde infront of It or of a
(soluble or extraoellular) fragnment of it. The

pol ypeptide of interest may be of any origin. Preferred
pol ypepti des of 25 interest ard®of human origin, and
nore preferably, the proteins of interest are

t herap E{?ﬂlﬁl& v&rsf&'hg kR eof pf/ﬁfleréé’e?;'ldf" ank e f@é&; ﬁbﬁlrﬁftgereof interfeukins

nt ér es from a hornone, t oki ne- ng
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ant bh@% rEﬁBm; mmﬂapmb@mébs dnlbpdiagh, @earmrdaﬁt@%dmy stimuiating
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o P, ahiovaipanfe bR B 9ol BUSRY BEbtide homones,
50| hmeobpaustl nydredpinepimoringtiedike growth factors (2.9, somatomedin-C),
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1@ usdmvapvﬁm tisan prﬁeanétﬂereqfnt erl euki ns interieukin-2,

interleukin-1 rleukln bi ndi proteins
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er ybhr @pebsiti rgpn@acmmphoqme cleliclaystistiatng abormgne f AEIIX , lutropin-
gr an#cir%?é’ﬁa%oﬂ@ﬁé %H%TSL Sﬂﬂ%’o c?ts.ﬁr'ﬁ'Hlla{ﬂgl ﬁgrn];oﬁggﬁé% human growth

pitU opausa
i nsthWPM e @)rtﬁ'\f/ﬁrf?“frﬁcﬁecﬁs'“ﬁ%fe@o" §*6n1§t ren @)‘Efa"'b interferon
1Ker alcbpoyler. ghrwekbnf feirdd red@biod) TNEIrbedpiore pB8 ahY @5, interleukins

neu(ﬁ? tr orﬂerke%krr]%ct J% rle&l@rﬁ ggo ﬁgﬁ%‘ﬁ 1'1 blndpnﬁz?m’tefu{sb ogglbﬁs’terleukmu‘l 8

nsu ropin
rmrpthdﬁgenwpfedﬂ) mﬂtJ’tC'é?Mazan’fpblOé@%I end devteiped frggmmua. soluble forms,

f acf @bworl aémlbm»eseﬂagbﬁwd?e.ng @eepbi nant LFA-3/1gGL
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fr agmenlto urthgp) Wﬁ?e'é oo RO PER!RR ¢ Pg ‘Sief&?o‘"&@@?w% v e¥ythropoietin,

2d¢ usgranulpeydée edafrsyt fsemelantmg | facipr, e§ranuledytemaocphagst splokiretimulating
Pel ypeptditfar) posifleqihRbhds! ﬁaehédal@sa rg@h‘&lo@r@ﬁﬁ' lﬁédnnsake Gfowth factors
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hor marme,(thn‘d)nbohh}ﬂnm dhasit ifibrdblbi grgwitolanon engulliGHactdh Wi somatropin,

gro int n fer
bet ggrlg nl?&ﬁﬁ%@ﬁ f.b%_r%tein i‘ ge%t%n&e?l %B%M& SI’a%E r?r[]dm epojetin,
2§ e. @comblﬁ@@trlf':&%/w%ﬂwnr@e 1t swfw@mmc@@@pm @”E%@ Fagments,
P7Sgolitilé frne ukmani&nal(d@rugatu,ve¢ i@yl rﬂ‘uﬂélnﬁ tidereof,
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andformuigied syithf 2 @gmc@utl@w Imed?fab@r srgrier, fhentesiibpithe process is a
der LyRkiN&sicallBHbestisH. ot ei ns t her eof .
30 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 administered. For

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



Further preferred pol ypeptides of interest include,

e.g., erythropoietin, 20 granulocyte colony stinmulating
factor, granul ocyte-nmacrophage col ony-stinul ating

factor, pituitary peptide hornones, nenopausal

gonadotropin, insulin-like gromh factors (e.g.,

somat onedi n-C), keratinocyte grtdth factor, glial cell

| i ne-derived neurotrophic factor, thronbonodulin basi c
];IOggg‘%@%ﬁéf”g{oﬁm%t'ﬂ%&L‘?%‘{;"éelﬁgﬁs"'i%b aSrSSF aelcfsigﬁtrose solution, serum albumin
pl abed Ringeley sohdidngrowt h factor, hirudin, epoietin, 25
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i n osife Wimofhabg%[wnﬁemfmogﬁéj%Effivs :?S'F‘ﬂtsx‘féfn 8% plarggegtically
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1adnthei 8etve elrotein(@in cdhdey famikietadn ag %ﬁOIL@w sfse@asian, arResion or
I oufygshilRked @d\mjéw is bbgticla@itn wih b pehweeeltitapaees@ble parenteral vehicle

H}? qu‘rﬁ‘rg éa?hg ?é o %Vtoviuthg g%e ?9 {l\%l i%tai Wik isotonicity (e.g.

aper i raven
submanraiméowwhw@ﬁl stahlitw dex saﬁraépwaé\fﬂSd@rrChlbuﬁqr@)pﬂ?cralformulatnon is
recl‘,@hhzedﬁﬁgomﬁbﬁl?ﬂmbcﬁr%ikes Any ot her
t herapeutically efficacious route of adm nistration can
*be used, for exanple absorption through epithelial or
endot helIhadwopridge@ﬁewtbrthbyprg@mé fnweh@r“apy s\/\g@h@i preferrNAc use the

ol pellf &Wreqméﬂmoﬁ e pRLENR oag@mth h&rmReEl ni stered to
the to patient

et ve PGHIERY Fobiftuey b8 etk Pobwrl EY FraSGRvoME, pH to be
ad dbrb'tiunw i$ hichuymapt aiging §)nca<§ii~blsca soibley setreted vatein | tbia relamsed into

% ﬁ1 B 'cﬁlftﬁ-'é Sehert ASR! fer W H%a@% Bﬁfs r?a%m OERGHA Ee&lﬁe or by means
i of ogi ca cllve agents such pha r$ceuu:a

acoght ABIPEIGENT RenahRePite. e & WL PRRIRe Jetived T Jgthes secrsted

andprogdin whiels mafFoe muee effitientdah ti@a:agxculanexmwmmwsstem used.

subcut angaUgy, "‘&E\Wﬁarﬂb?ﬁ%@'rlr w@ﬁ?ﬁ'ﬁ&bﬁtsry%r‘lﬁbuqu :Wtht"&?l" This term

active proteln(s) can as a
su skﬁ’é’ﬁﬁ?so'ﬂﬁm"@mﬂ rgtive, Gsh reg ﬁFi’m'}f Er@aucp%g @s jwell as ‘the GH variants

3@S S OgiAhddon déiall fh e PRAKIRORIbI thalriveniat.apeadire' GH", as used herein,
par %ﬂ%&rr ?Aclu\éggl r%Lchms, 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 nmaintain isotonicity (e.g. rnannitol) or chem cal
stability (e.g. preservatives and buffers). The

fornmulation is sterilized by commonly used techni ques.

20 in accordance with the present invention, it is

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

nat ur al | ' R ‘ Jhe GHto b . .

pr oduceda( 5 g&gﬁ{ eﬁ%%ﬁqgtrn? g'{]ﬁtgﬁgﬁ%t%s & Eralogs @ﬁ"u%ﬁ"e'," which one or
sechmeteeef the smioraciq fesidues of 2 Bl Gt are rRBlatdebycdifferent amino acid

cul fdfiBes (WP BF@IEEY, or Bhb b€ Moy aMBaNRiclfeshihes HRLAHBY to the natural
si gnal gept de, @r ﬁ%/qma ns, gf a het er ol ogous si gnal )
peptatienca of sn.ed; witkau dipishioo geansistDiy Bib aoIBRAN the resulting
secpretigds ap cotparad with die Wiy tipe &R 'Er_ll_ésfefrhméiﬂﬂtaré Bretpﬁ%d by known
par r S LDy e . term " qrow
ool SRYBL 89 LAYaL A I, 8 oner o
t ertgehniqus) witede hgtalieral or native GH, reconbinantly
gr ?dycewl%lﬂaﬁléé@bﬂda&% \bihﬁthfgﬁréééﬁti iﬁ%}lﬁ?n %tg@é?h&&{?«?gnéﬁed by a
% g g o SRR RHRA Sy I R0 o IR, i oncoces o
1d unGHt ivodal stitgenvaniies, DN ieneodingg@Hizom gnovria gitk prior art. The term
pr of.gi . b L ; r ' I .
D Ol oA ALY OGRS S SR g, win
f r dhosst oferdigieslilbia the #it privention il refas stringent”. KeeAisubel ot al.,
her@irfert PstéRIsTh MoEcBlan Bioldgef £ibe, te@bidhay 8. 0f s8813 Gkl 6l (1987,
e B2 Rl TR BB BB A8 weting condons
15 esiZRASE, belsw e salgelpied dm olghe beidoindapstaduin ag., &ot 8SC and 0.5%
r et%'h@wtfo?r S%i%uég,%?ﬁ S0 érla:eodmtsw#or 15&&#&_@&@%@& ¥t %ﬂé 0.5% SDS
wit hg [ i.ng_consi dera ac Q e
e e Edrate A8 oo el SR AEh R RS b erior 30.60
T_h asiautesl Ehass ddoedigane el drd thisy ark _mnmstasey hzh eFingessydécmriitibys also
St t{eﬁ?hé SEQ@@%Z@W%N? B GO0 USRonRedhBY ngib%s r(sn\;/‘iéﬂﬁ(}!‘m-zzo

tec gue sui t al therefor. Miteins I n accordance

20; hd3FPY A PXeh EIPPAePiiR Prehge: Biixes HobesaeMsgdp i is preferable to
nualseitaramesittyl ammhehiumschibiNde OTMAD nstadn etBIT) ISek duzaiss! tsupra.
DNA or . j : '
condi 1§ QRN RIER, £ REGRESR nebiboliatit HorS b BORRE sequpnces or
Thdwp ear rimors tholyRdeatide sgayenceh ceter@ined dy ePmRATNY dihe sequsmces. In
an e‘hanléﬁw\ﬁk_ il’)}ltref_éﬂﬁ? ir?ﬂgaxaftmﬂblbbm&p nmﬂéflﬁhla o‘i‘fbﬁh%t&:ﬁd to amino acid
ordl nar | N [ convent,l ona I er Q0 _as .

25” ceT Rr e cest e 18 BeBh b feN B BB ptoB sEhcde € pspectvety
Mol ceerthater@itodidysecsenrea benacemsakénce, N. Y., 6.3 and
6.4 (194, se&%_ﬁ@é_s-wﬁé“é R isInofdr 8tdcPBurrddaiiRhes, fo identity" may

stringent condition lncl ude washi ng condi ti gns_ . ‘
be determined. In general, the two sequences to be compared are alighed 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 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



15 12-20C bel ow the cal cul ated Tm of the hybrid under
study in, e.g., 2 x SSG 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 mnutes and then, a 0,1 xSSC and 0. 5%
SDS at 68C for 30-60 mnutes. Those of ordinary skill
in this art understand that strithgency conditions al so
depend on the | ength of the DNA sequences,

ol i cl eoti de probes (such as 10-40 20 bases) or m xed
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1§eq9@@m foP déiernfing RicAlly ah€opsin@Nag béi@ed ¥8yuancd¥Bart BB known
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det %Wrr&smmwgdwgnwméﬁa\ {FRaaLA veR, mly of the

sequences bel%ﬁ 9 F%’i‘fe cal |l ed obalj al i gnnent)
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191 dheliyative nof et ol 8n GHesgtings or haeaubsthulile simildedtingtitc GH. One

| enggtt;ﬁyeg,sgﬁqgl,tg dpdiRRbe ?\hdﬂ;%‘ Eﬁ%%m re&elﬁvﬁntr Aﬁoﬂﬁ gthcf mutein has

sul t sequences of _uneq ual en
conﬁ&staﬂaa'tth@‘“%@?ﬁvrw o QWdGHdﬁB%p&j G'ci‘lR(it s berfopgtered to have
S egsiRR@Salyr Smilaehdivign@MEH, IThusleit abh beTdutamdird WRGhaN&®, given

pr orgﬁﬁﬁﬁfh&vﬁlbg@pha@y fﬂ@ %@%&(Xﬁ@’%&%ﬂ bi%?[ &Sr u@n@fﬂ%&e?ﬁtaﬂon

vers reu
2Q§X am@’smﬁéuﬁleﬁiﬁlga%h lEB‘TtF-'WTe'QndO Wp'ﬁﬁ?”%mg@wet@n assay 1o
det gataintie: Whethéo srdemnititings e bnapropiiely ROERA EHE 6 £4I8 Sxpression

o HOHRC i P b AL G ZRRRIBLHYY, bt oen tho

pol y nce s the "local
h onwl zoypfertagt gmbpﬁlmwbﬁmsmoh gt haRndideashf% (deatiy or herdology with

f I n@kg anfhd &ﬁ@br SNAGLEENBE oPH Pl THOSH dedlidrcls BRIKNBRR i B art, e.g.
quen roqr.ans Bgﬁ%det ermning identity
q

e
?%m /"'HP §f‘ﬁf‘ﬁ%§ﬁf §&ﬁ8 HEY es are also known in
t he art,Méremprefablnic bast dideaBl 38, = ai 60% fat st JO%NBE least 80% or,

(Al rtt18§lrblrl+fel§b5 &tle‘%lt 90%%995%'%&1&9 t&l"f'\omoﬁ%&f Lﬁérfﬁal 1997,

accessi b roug page o

wWww. nobi rsfeﬁr]eﬁ,ql? @Qﬁ?)foéﬁﬂ‘t%‘ﬁﬁ@%’?’@ﬁ%wﬁwrﬁ R@Q@I)" invention are

what are known as "consetvative” subsiifutions. Conservative amine 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 also 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
to have substantially simlar activity to G4 One
activity of GHis its capability of binding the CH
receptor. As long as the nutein has substantial binding
activity to the GH receptor (GHRj, It can be considered
to have substantially simlar activity to G4 Thus, it
can be determ ned whet her gi ve

s ubseenses WinoUh altet el %p%}fﬂpyp%{gc@q%{;ﬁmﬁgma? or deletions only
I OUfryBRe BX RAY bRDt Aidspe.d20urenhirtgiang efbjablyt irigr serchand do not

t | d t
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| abeyselnErRides. dapieinsegndrrouising mproder blsﬂtﬁg C@@UOHS andlor insertions

ad| O oFlHbShecReRlenubA, @ pref erred
G o Oh AR Bl oFs PR e, 2 Chovt | denti Ly o

honol ogy T {577 LRES EiFalD TREraI iR PoNGePLR ERT BTG o 45 Mutsin or
Thesggmeniuaaest fused wihcamothien ptdienawitich, @.gj,. has2n éx‘temded residence

t . ,
or 2?2’:‘% ﬁ‘ltboa\/ fiui &%S%H g‘[ayl eas%@%g}' t@k\nothé'r%?cﬁ%lgb &épepftde or the like,
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rml ?%&Iuﬁ? %g%l%ﬂﬁ?@gé..p@@ :saféitfra'tz%ncﬂa@%ﬁ% stdrida al élfﬂﬁ‘éﬁr %’Mﬁ? %o GH.

am no aci g al so
above defhotdithe7SH sblhgdncationps tRsdtasA ‘i‘r@f'l“?@“f"f?éf’?mms‘“m such
f ungharaiaceral dobnpoaitibty mif beheed fs erbinenbaralordedweiti@nss a number

onl f &'%%gé u%r ad:éo‘?éﬂér@”bﬂ%w gﬁsi.egg?s Gr Q:hsordé@%% td?éffa@a%g méjicd to

pretrera nder ten renove or di's
2ani muﬁélpa%emuwuar@‘l Froductien. Rugfied BHHBey Bhaped e.g. for treatment
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t er mdiﬁﬁds&wﬁ?ﬁb‘ﬂ'é@%% rr@ﬁl@@f:c,adrwmatfwwbé@ww@mwnm&sbm@dmated
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fr aﬂ%% LiB&RS & m &h R\QE&;ie@ieﬁ' ﬂ'fult#p%G%cl%ﬁs,s Wb I@vijl{nglg System

1o prepa Pati on I mrunogl obul i n-fusi on proteins.
f us PBAPHH 8F 84" are descri bed for exanple In EP 314 317
Al (Genentech) or EP 0 325 224 A2 (Zynogenetics Inc.).

30 Having now fully described this invention, it will be appreciated by those skilled in the
art that the same can be performed within a wide range of equivalent parameters,
concentrations and conditions without departing from the spitit and scope of the invention

and without undue experimentation,
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As "active fractions" of an G4, or nuteins and fused
proteins, the present invention covers any fragnment or
precursors of the pol ypeptide chain of the protein

nol ecul e al one or together with associ ated nol ecul es or
residues linked thereto, e.g., is sugar or phosphate
resi dues, or aggregates of t#e protein nolecule or the
sugar residues by thenselves, provided said fraction

has substantjally simlar a to, GH = Sho he GH
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and text presented in the cited references.
Additionally, the entire contents of the references
cited within the references cited herein are al so
entirely incorporated by reference. Reference to known
nmet hod steps, conventional nethods steps, known nethods
or conventional nethods is n§t any way an admi ssion that
any aspect, description or 15 enbodi ment of the present
I pvention.is, discl '
PEYETnE ALy BroeR A Rl LR oy BborRis Bkl hiiace
ehBbdiroketigyvi the G487 eell quiuree waapbigied.general nature of
the i Wc.teh%ﬂd%@]q lham? of N@iim&BBs ¥ aRMIKILBY KNPMEAYENd the
e ski 0

e

wi t hin | the art i ngl udi ng the contents of
fevelonsest Kbl bg ipfeé‘an’“ﬁg P“gf“ﬁ? ?4,? 8&%% 8i fy and/ or
adapt for various application such specific

enmbodivent,. i & haute ekl t] 4: VM 20
depar LE Tronflb Rt ol SR DLER Rl abesdH ok
i nvention, Therefore, such ad el anjg,i“E Production
nodi f i cat CONPAYENTESNt ended t(:é’%gﬁzﬁgﬁllﬁ’n t he, Xani ng magium,
range of equivalents of the !disclosedieohodinentls mg/l
based on tEﬁ ézgﬁging and guildance presented hergin. It
e (0 21 oW “got-t-hat-—t-re-phfaseot-ogy—ort-ef+i-rol-ogy
Imﬂﬁﬂﬁhﬁmis for the purpose of de@ggiptibn and not| of
T TatTon, ™ Such that The Telnnol ogy or phigy€oliogy Gl o
L-ARempNesEnt specification is|teeRb be interpreteq by the
skilled artisan in |light of the teachi hgs and guildance
L-@SMGM HLein, i_n..conbinat i ®e0i-t.hlthe.know gdge.of
one. o dinary skill in thejar}. .EXAMPLE: Devel gpnent
L'@ﬁ‘?ﬁi"é@ﬁser ui‘i‘?-lf reept oduct-i-pn ilnlléﬁél .uﬁ“l oG- P
L-EXBiess ner 27 cells 30 1. Intygucti pn This study
descrTBes the experi nent al mprk rel"ating togihe 62.0
L-deyaNsgreht..of .2 . production cudtair e nedi um (DVE
"Dul becco's Modified Eagle' s{Mediun) by addition{l19 of
| L-GLUSAMARL | i o--el-enent-s—As—t-est¥ ofihi-s—devel-oprent
"Lﬁ%¥&ggﬁh§§blelincrease of the ggigiipfaglcﬁfﬁ?ty in ﬁﬁéo
2TrCet T eur T ures was obtarred The T o rowggg—tabte1-s
GISBri zes the conposition ot DEM and| t he developnen?
that WIT 1 e presented in the frame of thisgzexanmple. 450
L-HRRIENE HAt bl at.ion._of gr.owt.h 48 _um. | DVEM.and
' dium G owh nedi U'BSODNE' M Productijon
v NFS -t e dt-tun i ” —
 JSOLEUCINE - - - - T. - ALANBI Nea.5 1030 105.0
L-LEUCING: * @@ v - - . T 1191 Y- W ... 3050 - - 1105.0
T =TONHS .
L-LYSINEHCL 151.3 146.0 146,0
L-METHIONINE 52,24 30.0 30.0
L-PHENYLALANINE 70.48 66.0 66.0
L-PROLINE 37.25
L-SERINE 39,25 42.0 42.0
L-THREONINE 93.45 95.0 95.0
L-TRYPTOPHAN 15.02 16.0 16.0
L-TYROSINE 2Na 2EH,0 75.99 104.0 104.0
L-VALINE 92.85 93.0 93.0




84.0 84.0 C _ARCHI NI NFI CL,

.~ 227.5... 27.50 |,-CXSTEIME
l1aT1z0.., © .. .. . 17.56---- 31,29 62.0 62.0
Ti . ~G72L?' j TALYi T ATE 584.0 584.0 L- OLUTAM NE 695. 5
GLYCNE 43 7530 ..0 .. - 200" 42,0 Er1SIWNE

TOl, £120 ..~ 41.48 -1i YD IO XPOLI NE, 6.50 -
F - Oot-H-UEEFHSm P“@g”hn
.......... vy e .. | Growtlh mediyog, -, . -DMEM, . . '
ax5 105.0 FOEFGNL g | . mel L
LGN 4G4 BF— Ot SN 4513
BTNV oW . & oS S o 7 S
ij cﬂmb%@“‘ NE 70. 48 66.0 |66, L PF Ox ZON: G 200
........... 37725 2ROy 0 1 0.1
F OB LbRIEONI NE 93 45 95.0 104.10 bo30Y! £ OSI L 2h% 21 h .
PG O —" .
| FERROUS ILFATETRO0. ... 9..10,.2_C(19§i h..0edi um DI\/EM
2r oduot i 0zx 400 400
ICl 334.2
MAGNESIUM CHLORIDE 40.94
97 37
MeSO; ANEYDROUS 48.84
Na, PO, 71.02
SODIUM SELENITE 5H,0 0.030
6400 6400
NaCl 7500
125 125
NaHL,PO, ;0 62,5
3700 3700
NaHCO, 1200
LITHIUM CHLORIDE 1.00
0.
ZnSO,7H,0 0.432 144
 CARBOHYDRATES
D-GLUCOSE 3650 4500 4500
VITAMINS
ASCORBIC ACID 0.500
BIOTIN 0.1035
40 .
CHOLINE CHLORIDE 11.48 0 4.00
VITAMIN B12 1.68
4.
D Ca PANTHOTENATE 2.34 00 4.00
N 4.00 4.00
FOLIC ACID 3.65
700 00
LINOSITOL 17.1 7.0




COVPONENTS nmg/ nmg/L medium L - ,..... Cam -
;Z CALC UM CFXLORML 12110 200 200" ,.m .. - ... 17"
e - W~ - 0.1.1 ..nm;
13 r9Ft2000500 r ERROV5 sure_ FTE 7JW ........ y-..m.
o el INT_BARE, | Production
mg/L: .. H _] . medium,
ra .13
e E  R—
.00 1. SODIUMISI J
2k 6aggs 6400 .. 08" Nad 12
P L-HC]. Ty e e e
Y%z@ REFTE0a T 120, 6253700 3700 1200 0.[144
PEREIOANBEIGH50 A . 4500.4500 . T4-$3K  Aflt NS Asc‘mql C
ACJ; 0 0.500 CPOaLli., CFAOLtfll~ ... .. |, 0.40 0.40
RIBOFLAVERE _ . " o e 1944108_0.110354+-00. fenrmrereres
. 1.68 DC 1 ANT NATH.,... 200 | 400
TI?IAPﬁNéH;@., B M e A 0
LIPIDS
 LINOLEIC ACID 0,042
LIPOIC ACID 0.205
METHYL LINOLEATE 0.1
MISCELLANEQUS.
FERRIC CITRATE 122.5 1.22
HEPES 3600
HYPOXANTHINE 2.900
IRON(IT) d-GLUCONATE DIHYDRATE 4,820
L-GLUTHATIONE 0,500
MERCAPTOETHANOL 0.234
110.0 110.0
SODIUM PYRUVATE 57.00
PUTRESCINE, 2HC] 0.241
THYMIDINE 0.505
DETERGENTS
ETHANOLAMINE (as hase) 6.25
e LRACE ELEMENTS,
SILVER CHLORIDE 0,0000044




4.00 4.00........ .65.. ... s oeh,sMML -
------------ _..... 1.INOCSI;L'O. 17, 1 7.00 7.00

R 0 21
Growt h, medi tun, DVEM Product i on  COVPONENTS my/l. Mgl T
medium m- )L 4.00 4.00 NAM U]~ 2.27 kaX2A- 11LI NO
Ti VaaLC ACID 1.00 .... —ry :

I IR 4.00,..... 41.00 . _.......... _
YR _Ezcl Ao oo 025 P¥-t-Ag7CH-NE—

TCh.. ,...... . - - | Growth-medium, - - - DMEM, . .|. Froduction
!4 531, - COMRONENTS  ~ ~ G’“’“"iﬁ;ﬁfl N Dﬁy | opeding,
RL_CPT A MNE . S— - @410 mg/L

BARTUM CHLOREDE2HO- o 4 .0911 002 — . _ 4000 __

.................. = Vv INETFECU

COB/ cmomnn GHL0 - , . 0,002 _ -~ 2.92
[T fgg‘b Gz, T T T T T N
CIOFEME POTASSITM snmmm ~NO.LEA, Tn.om 4. - 0 |
POTASSIUM E 'BROMIDE g B S R .
POTASSIUMIODIDE — "~~~ " L 1L P b —
MOLYBDIC ACID {Ammoninm Mnlybﬂaté T B

SEO) m _3%9% -
SODTUMFLUGREAD ON(| X d- GLI | CONABlao4 - - - { ATE B

.............. 1) N T

AMMONIUM NEEAVANADATE v YF e L 00006 1 .
NICREL NFRATEVLBCAPTOFANCL 0, 234 9hagh 0 110.0

RUBIDIUM CHLORIDE 000001

STANNOUS CHLORIDE 2H,0 0.0007

COPPER SULFATE - SH,0 0.0064 0.0064
MANGANESE CHLORIDE 4¥,0 0.0001

TITANIUM OXYDE 0.001

UPPLEMENTS
HUMAN RECOMBINANT INSULIN 10 mg/L.
PHYSICAL ADJUSTMENT,
H 7.1%0.1 7.0+ 0.2 7.0+ 0.2
OSMOLARITY (mosm/ke) 325425 330::30 330 == 30

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

2. Materials and Methods

REAGENTS AND SOLUTIONS
All chemical reagents were obtained form Merck® Zine sulfate (ZnS04 7H,0),
Barium Chloride (BaCly2H20), Cobalt Chloride
(CoCly6H,0), Chromium Potassium Sulfaie (K[Cr(SOgH4)2(H20)]-6H,0), Nicke! Nitrate
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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 mlt15 mL of cuiture medium or in 1700 cm cm? 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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AND SCLUTIONS Al Il chem cal reagents wore obtained form
Merak: Zinc sulfate (7_nS0447HPO), 5 Copper Sulfate
(CUSH4. 5H20), Barium Chloride (BaCl2 2H20), cobalt
Chloride (Co012661-120), Chom um Potassium Sul fate
(K(Cr(SCsH4) 7, (H2O 2j ,6H20), Nickel Ntrate 23
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experimgnts, CelllL cul turep were kept incubated at 36 08 M

0.5 C apd 0.4 rpgyin 2125 cmt 20 g;®L| er bottf es 0,4 mlL
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CULTURE MEDI UM Cul ture medi um used for the rhGH
prOd%&éﬁk{bﬂ%&%@M%.@Vﬁwéﬂe&tmﬂuéw@/# 25 gl ucose

buf fered w th sodi um bicarbopate (3.7 g/L). RHG - I .
T TRAFENNR S G B0 1P oMo P L VT PR B EH el o
car r i ind iaewinglableyAdinteraoy Bbsle -

VOLUME PHASE B VOLUME ACN VOL.UME TFA
1L 1L 0,8 ml
0,5L 05L 04 ml
0,25 L 0,25L 0.2 ml.

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/mi



phase HPLC titration: 30 Materials Synchropak RP4, 100 x
4.6 mmi.d., 300 A Cat## CAR103-10 (Ei chrom. Resource
RPC I nm, 30 nmx 6.4 nmmLd" 15 pm art 17-1181-01,
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Trifuoroacetic and (TPA) (Pier®e, Cal##28904 or
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equi val -Z 'hG?',—IeC%Al? H@&”ﬁﬁ %nga b'|gl gete ase d ﬁy arisBh with
0, 6i3frdard r-}HBBuﬁombwraﬁmasure in a graduat ed flask the
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B VOLUME ACN VOLUME TPA 1 LI L 0,8 nL 0,51 0,51- 0,4

m. 0,25 L 0,25 L 0,2 nml  Chromat ography conditions are:

El uti on: dient: starting with a m xture phase

AI phas einBa Gt 46riesar dixparingnts Has effell phbigle c8b&0d@Bentration (20 UM

de §8§g%n’ S)OWR%:E n?erfnﬁteﬁt J‘%Juéh% ntheﬁgugw h@g%hﬁl/\g%QVo%?lag A%dxtlon

pl weerosrried out during the two medlum changes in the initial step (rinse and PM=
production medium, i.e. 0 point of the harvest phase) and in the intermediate step
(harvests 6 and 7) of the production phase of one baich. The results (not 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(HaO)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 hGH secreted by hGH expressing G127 cells when
cultured 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 oblained compared to control
value, without trace elements, ranged between 1.1% for Barium and 32.4 % for Cobalt.
it was also noted that the rhGH productivity raised from 8% to 32.5% compared to
control values when assayed at continued versus intermitient induction with cabailt,
Neither Barium nor Chromium showed productivity increase at the assayed
concentrations in DMEM. |
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r eactietiofid beewis thalsinjhedea®s of Cewethe asgayed agecentration of 1.5 uM
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Measurement of interactions between metals

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 mstals.

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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QVEM was suppl enmented with trace el enents of Zn, Cu, Be
and Co at the concentrations reported below in table 2.
These concentrations correspond to the concentrations
of the netal elenents in growh nedium The Increase in
rhGH 5 productivity achi eved by suppl enenting DVEM wi th
the trace elenents is indicat’ed in Table 2. Table 2:
rnGhl productivity percentage increase when assaying the

metallic ions in DVEM at the i%%cat 9/{‘?'\"

concefrite i Sntistica/ gHal R RAAA ! ‘(t?fﬂ?? GYINEBBASE OF
BRORUETI WaEYancd fod PEOBOBvIR. 10% Cu 0. 02560 37.50% Se
G144 00310 Co™ 000840 320% 10 It shoul d be
soted that in thércakéefreZi ncPt t h&*Ws¥HWyed F-Ratlo B

tttentrati.on_of .1.-5-M--caused-a-peekring-offta
phenonenon, i.e. a detachnent of the mono} ayer from
PHEsrpl astic substrat é&dp"{gtahe (r)lol | er g(ghjt‘!t“iaes. 'Jfgﬁ'@orre
gases this peeling | ed4ddta | oss of tRe4*%ul t ur@s’® n the
g%@g? Qg{a}gest ing stepsg {usual |y pet weansRavest s gl 14) .
eopeel 1 ng-of f 15 phenonenon can be o7b\_/'igegt ed b u73i ng
@g uate cell cul ture*Vd&¥els, such ad't'he rol I&r?
ottl es avail abl e froma@esmi ng(r) underssedse tradetsnane
MPoi nd(r). Measurenep;,ef interactions.dret ween getal s
ed on the effects of Copper and Zi nc_on t he
prodwetdzvi ty of  hGH prddattion.? 20 140 al. design ____
experinments were carried out to assay the possible
tonbired-ef fect of tAE APtal s The statistical analysis
A cqhrea resul 139 desesiown in table 3_ A strong synergic
efsfeced (GHUEIE $5F bt T PFLRPSY =¥ 0001) using Cu and Zn
t oget her was observed, 25 27 Table 3! Statistical
anal yréaingbfftiviee Bsémed oy alf adiuesi tedatededihgéinggbagoncentration of
alkys) \V-1Y ' ty
EX T il ARG B oMt square o pati o
P., $ibgghypstt factorial design experiments were caried out in order to study the

effect of addition of both Zinc and Copper when the Zinc concentration was decreased

~

(Zzn 0.5 puM) and adding other trace elemenis 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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ar ounR&tfainigg Lia@thganidsot|td086-104% h end M3A%H88%cI| ose to

70 of—+hGH-RB conparetr—to—30-1y of —rhGHof—the

control culture with standard DMEM (not shown). The

aver agenixiveg ofeSopber, Jneamddswia eitraiel (Hr 8Gudd.i Gu 092 (eand Reric
i " . . 14)

PARE £ ey BESSE Sorfiahqors 8LHE8Yamfblectl SATRALA e

Bighestiprerarion: (rivBBEe; (G 46 MPeksRERorPeReICdmM) Aind Heeystine

(eysreeivy). rrddediieardshoamiimpbigadi d anal ysis was carried

out in order to determ ne whether the

No positive effect on productivity was observed for any of the tested aminc
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 not
considered necessary to modify the original amino acid composition of the production
meditm.

Titration of the effect of copper and zinc

In order to meastre 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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increase in hGH productivity was limted by the

avai lability of any am no acid. Table 4 45 shows the
percentage of amino acids in harvests after two days in
culture, in medium with and without addition of Zinc
and Copper. 28 Table 4. Percentage of the concentration
of amino acids in the crude M8dium harvested after two
days in culture, originating from cultures maintained
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S
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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 (CuS0,5H,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.

Conclusion:

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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. NePEEARROLY ith PIsyiclng. oo Rolormons cotipriiog e sigRcef culturing

Fadefid K aKERILRR3expféiRiny geheiThemlondani & cell cZitireé medium free of
physi ol og[y. _Physi ol o i?al revihevvs 3, 79-118. 40. % ,

> Fampenents defivesiiom aAal sefump Whersinythé seediur cRimpsss e ions
0151 h62RdertratioFoPb MW dr-6 PVPZIAE 868 chitdentrBforPrapgingtfiodh 0 2fuM to
growt h hornone conprising the step of culturing cells
of0-2 1tleand Gonper atdpasentgiogobdp RVhor mone in a cel |

culture nediumfree of 5 conponents derived from ani nal
serum wherein the nmedi um conprises ferric ions at a
corfeeptacass GRCHHing teNFlaim 4. naerem fBe dpedumoprapiisest £Bh at 2
r ' ; . 5 M and Copper at a
Cg%%gﬂ??@?ﬁgﬁggﬁmg%ﬁ%RFQE_ The process according to
claim1, wherein the nmediumconprises Zinc at a 10

. Coﬂ%e[g'ﬁét%tsiéBEOrgfnng 2laMh 91 wiereinhNé zidc isT PR VviIAES @8 e sulfate.
accor

Ing to claim1l, wherein the Zinc is provided as
Zinc sulfate. 4. The process according to claim 2,

WhEHeEhBcd 3 c2biamgits cRI ! ARSleRInE LG isSprbliab®as zih® sbifatd.he
process according to claim1l, wherein the Copper is

provi ded as copper sulfate. -
The process according to claim 1, wherein the Copper is provided as copper

sulfate.

The process according to claim 1, wherein the Ferric ions are provided in the form

of Ferric citrate and/or Ferric nitrate.

The process according to claim 1, wherein the medium comprises: zinc at a
concentration ranging from 0.2 uM to 0.35 uM, copper at a concentration of 25 nM

and ferric ions at a concentration of 5 yM or 6 pM.

The process according to claim 1, wherein the medium is Dulbecco’s Modified
Eagle’s Medium (DMEM).

The process according to claim 1, wherein the growth hormone is expressed under

the control of a metallothionein (MT) promoter.

The process according to claim 9, wherein the metallothionein promoter is the

mouse MT-1 promoter.
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6. The process according to claiml, wherein the Ferric
ions are provided in the form 20 of Ferric citrate
and/or Ferric nitrate. 7. The process according to claim
1, wherein the mediumconprises: zinc at a

concentration ranging fromO0.2 pMto 0.35 pM copper at
a concentration of 25 nM agd ferric ions at a
concentration of 5 pMor 6 NM 25 8. The process
according to claiml, wherein the nediumis Dul becco's

11. Motlé f precessEagdordisg Mediclaim (‘DMEMher Toniphieingr callesting the growth

cordl cl ai wherein the growh hornone is
BB%@&%A &3 éeﬁ g‘h}r?he control of a metall othionein
(M) pronoter. 10. The process according to claim?9,
e e h [

12. o6 obpdel s dha T oaE D1, ARG Bhmpasitd Ty RS Tre oo
flhotnhrme conprl sing collecting the growh hornone from
the cell culture. 12. The process according to claim11,
further conprising purifying the growth 5 hornone. 13.

13. Tﬁ'daemromsa@emgﬁmgbm A dither 2compsistngeiorpeating Sengurified

%FWhahb%ﬁeh%lmuréfbﬁé#magétﬂ%m hQicEpaBleMdahtieR to obtain a
armaceutical ly acceptable carrier to obtain a
pmaammumqatmmmm@sm on. 10 14. The process according
to claim1l1, wherein the gromh hornone is human growth
hornone. 15. The process according to claiml| wherein

14.t Abequpess aceoripdse cRIM7!, vdieran the groydh hamngda dwimaggrowth
t herRépduction of growth hornone conprising the step of
culturing cells of a cell line expressing growh
hornone in a cell culture nmediumfree of conponents

15. deere\b@&efsé QRAABHER CISRY Y MhekAeigidalld Be mBstieUmn 27ais.i ses
Dul becco's Modifred Eagle's Medi um suppl enented with
ferric ions at a 20 concentration of 4.8 M Zinc at a

16. CWB%E§@Hr% Qfodgctﬁ)n%fa@dw@pﬁ@ﬂ{onatcoﬁpn@nﬂ@Qﬁélkfe@tdfwult@fng

nM 17. The process accortlgl‘ t o, cl ai Lm ? ereln
I’?@”%Pf]@ el Ib‘@o"?ﬁ%’éﬁ?'“&sgrﬁ’% rﬁtlé\ a cell culfure 'medium free of

components derived from animal serum, wherein the medium comprises
Dulbecco’s Modified Eagle’s Medium supplemented with ferric ions at a
concentration of 4.8 uM, Zinc at a concentration of 0.5 uM and Copper at a

concentration of 25 nM.
17. The process according to claim 16, wherein the zinc is provided as zinc sulfate.

18. The process according to claim 16, wherein the copper is provided as copper

sulfate.

19. The process according to claim 16, wherein the ferric ions are provided in the form

of ferric citrate.

20. A process for the production of growth hormone comprising the step of culturing
cells of a cell line expressing growth hormone in a cell culture medium free of
components derived from animal serum, wherein the medium comprises

Dulbecco’s Modified Eagle’s Medium supplemented with:
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22.

23.

24,

25 18. The process according to claim 16, wherein the
copper is provided as copper sulfate. 19. The process
according to claim 16, wherein the ferric ions are
provided in the form of ferric citrate. 30 20. A

process for the production of growth hornone conprising
the step of culturing cellss of a cell |ine expressing
grom h hornmone in a cell culture nmediumfree of
conponents derived from ani mal serum wherein the nmedi um
conprises Dul becco's Mddified Eagle's Medi um

suppl.ement ed wi th: . L N t ' . .
oM old o B antaiost o o forRp3e isPbayph of o2
at a conddrtrrati on of 0.5 pM and copper at a
concgntration 5 I S A

o ofai At AR Aisreo s st and Dok 26 SRRnERRNEh 2 0.02
sul fat e.uM2. The process according to claim20, wherein
the copper is provided as copper 10 sulfate. 23. The
process according to claim 20, wherein the Dul becco's

Mithe frrexsEagtadisg taeldimnuRe. iveheseip fectinais @epvideadiasAinesdfaten
concentration of 1.5 pM and copper at a concentration

of 0.02 NM 15 24. The process according to claim 20,
wHérepmcedseatordies ¢o 'clainbf), fwhedeirdag eorrerNeEdirayified as copper
syppiemented with zinc at a concentration of 0.5 pM and
copper at a concentration of 0.02 pM

The process according to claim 20, wherein the Dulbecco’s Modified Eagle’s
Medium is supplemented with zinc at a concentration of 1.5 pM and copper at a

concentration of 0.02 yM.

The process according to claim 20, wherein the Dulbecco’'s Modified Eagle's
Medium is supplemented with zinc at a concentration of 0.5 yM and copper at a

concentration of 0.02 pM.



