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SERU / R CELL CULTURE MEDI UM FOR MAMVALI AN CELLS FI ELD
QF THE I NVENTI ON. The present invention is in the
wo e@badswio cul tivati on of mammal i an cel | s underPCT/EP2005/055815
serumfree culture conditions, in particular far
cultivation of cells producing reconbi nant proteins
such as e.g. human growt h hornone (hGH). BACKGROUND OF
THE | NVENTI ON The present invention relates to a
Methad for pusifying &Skin f or t he growth and mai ntenance sf
mammal i an cells in culture. Cell culture is wdely
used today for the production of various biologically
Field-of laventioniuct s, such as viral vaccines, nonocl onal
Thé‘l?ﬁ/él’i’c%' réfatest8 rth@ﬂild BRRY puFfiadisn of %ﬂllf!l'e%ﬁlﬁfuﬁatlng hormone
ol ypeptide growth actors hor nones, enzynes; tunor
éﬁemfl c antigens, etc. These products are produced by
normal ar transforned and genetically engineered
cells. For culturing cells, in the past the culture
Bagkaround whshesinyentiornt ed with serum which serves as a
Follidih 4GaRling! WolhGRt (ESH) Iséh GHjéuthblo ARGtelFRIcingARC edbiass of

manmal 1 an cell |1 nes that produce bi ol ogi cal

Iy
gorzaasiptromw obifbtis useskinthe Featmant of imbariiityiasd repregitctive disorders
in BoA¢ fePfate afdialeSfatiBh@L €i ns, attachment and spreading

factors, nutrients, trace elenents, etc, Culture nedia
usual ly contained up to about 10% of ani mal ser um
In ﬁé{&’@ PSHﬂ@bﬁiduE@d’ by‘ﬁwesﬁfdrtgi*y(d‘_rﬁ% P&ﬁ&a%bé&ﬁoél%@' FSH may
serum ( FCS), gh"w dely used, serum has many
be| Pfﬁfjv%ﬂq dﬁ@mql'ﬁa'ﬁ'bﬁn(fﬁ%@ 8r gih ay, e isglatgdnftpmydhe urine of
podim@h&pdiRal faalekquiEsig). Wi th the limted quantities of
the desired protein of i nterest produced by the cells.
These proteins derived fromthe serum nust be

FSRaRasad §¢ férﬁé]@p%ﬁ@nt@ﬁr‘? Sy@htich fn'dﬂaldﬁoﬁ?ﬂﬁ bh& "Wbontrolled ovarian
processi ng such purification of the protein of

hypesstispubation m'éhf%cﬁ?ﬁlstqgateé’soquﬁﬁvepF%B@@leaﬁdARﬁbr dagebypical
tredthRnf RYimen ﬂﬁ o@QI‘éﬁéﬂ m‘éﬁct%ﬁEa (p‘%%r'\tﬂ@ admifigtedea dBily injections of

Encephal opat h z? ransm ssi bl e neur ode%ener ative

FSHi o envasiagt (abgb %tQ/\ﬁ’QQﬂLbFsUK@WB’J@nW'OQrO ifieaLB2Qut Srto about

12 F?:%S/é oo PA é"%lcfaﬁ'tré&%ern?g iR fYr E@r’i’cﬁﬁé&‘%vﬁﬁé’r%yb@rbt‘?ﬁulatlon a
ani mal -derived sera in the production of bio

0gi C
patignt iy cadmipigierads da'fhé'FJ@CtIoé‘St?fngf"oPé 3 Vghiant (@Q%ﬁéo'ﬁép U
FSHRRy Y 8lpeRe® Bt fréth a%&t@tﬁ%bMﬁMsa free from ani mal
ssrurn that support cell growth and nmaintain cells
during the production o F biologically active

FSICI'ﬁ@%'Ps‘%Jt %e@ﬁBQﬁé\Jdeyspe?rﬁbiogéHésﬁéJ IemeR @uﬁeWﬁémScﬁlgB?ﬁéfmm A
nponents of different cCategories, such

regHB?@ES'nQI%QHPnESH shiimes wegklyyn £ambination, “f'tbr%m 'U hCG twice
weél drsken SUCQE%S'P\Q |ﬁ°édﬁ1°evm'§oén uﬂ?r‘o@@ﬁﬁ@nt iSsfar*&ouf€n men

fg% w et al.) discloses that | ow ng am no aci ds
N9 ETQ"UBQPQPHE‘CH"‘@@NC WGP@W'%@%@IH‘GSM%%’ ,$gbcutaneous self-

adrﬁfn@i‘tt@h&? of /)ﬁd?ﬁ}; toufificRE b‘&lfcleQéﬁﬁvﬁla ﬁ? HorAbRe ighddrRan chorionic

yci ne, Histidine, euci ne, Leuci ne,

gO’L%ﬂé’F’ ﬁ@h’” m!ttﬁ? éfﬁ?‘ﬁ’%ent oh Q%Pm?gﬁ@adqtfpef”? ﬁwpomaﬁﬁev Spanish
ColldBoP4tRB&Poup T ¥h Offalee H gﬁéuo%abmmcaw}py ﬁmm Hum. Reprod.;
Vitam ns: US 2003/0096414 (Ciccaropeée e .) or US
1997, 42198550 (Renner et al.) for exanpl e descrl be t hat
the following vitamns nay be used in a cell culture

medi um Biotin, Pantothenate, Choline Chloride, Folic
Beggusg of deggam@ of F§Hjin ,ttpﬁamqj@ent:girfgrabty,dﬂs@rders 'the provision

of ﬂl@ Bf hléN oDrity ¥nb N’Qhrhp%élac a&_th.‘ltgl’g dssirablat 'F%Wt'réé@ment‘reqmres
. For instance, 381 (Blumet a!.

rergpled egons H&hﬂwr@eﬁﬁsr@rﬂ@ar@ms canibey ap%'éiezed NaCl ,

Sodi um Phosphat e Monobasi ¢, Sodi um
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Phosphat e Di basic, Sodium Selenite, CuSO, ZnCl 2.
Anot her exanple for a docunent disclosing the
wo pmsgsmre salts that nmay be used in a cul t ur ePeEEP205/055815
is US 2003/0153042 (Arnold 2t al.), describing a
medi um conprising CaCl 2, KO, MC , NaCl, Sodium
Phosphat e Monobasi ¢, Sodi um Phosphate Di basic, CuCl
2H20, znCl2. - Fatty acids;, Fatty acids that ar(c)
subeqiRnROYSY. Reriing seff- a%umatr%noe bxtae: patiedh (teusApergasing patient
cor{vbn@hgé Snd\6bfpliaRbei ¢ Acid, Laurie Acid, Mristic Acid,
as well as Methyl -beta- C,ycl odextrln, see e.g. US
5, 045, 468 (Darfler). It should be not ed t hat

Lyriaﬁcétgﬂ ?Mer dxitrabforHd gurlfib&ioh d?ﬁum‘éﬁ pititdry f&!&lé-é‘tﬁnulatmg
ability forma conplex with |ipids and i

éd
h°’f‘l9"§sﬁ"9ﬂ)‘ftﬁin§é‘gl hasngse ; Actarndeernolegisa 1988, rﬁ§§1 13111 9. descnbe

a meihdd¥eF p&ﬁﬁﬁe ﬂﬁﬁ‘ﬂ'aﬁ pltmfhrf«’PSH' e FhetHSE MvbiVed Afoh hATBatRIn
serumfree cell ture” nmedia, are conmpounds such as

ex@m%§@onlgtq9r%nhyn@mmaﬁwtwm@tlon Agdsizg exelusion
chrisiBRRPAGHY e Crﬁetﬁod .E%a%ﬁté étin @&.ta@, ﬁsnth%%b\éesp@aﬁat

such as_Pluronic . _Pluronc r al so known as
activily gl 20 qurgynu,ngase@aw)/@gkw@b IY/mgrof 6H. Rratginsepntent wge
det@%@he@@ﬂmé? b v ﬁ@i@h%‘ il Sol (i by éit&&%h Gt zé@ﬁhc(agﬁﬂh Ag that
289[‘6 al so known to"the person skilled in the art, These
A" merdfon 1 lieeaHal Eohk ai n several of the medium corrponents
menti oned above. Exanples of such nedia that are

wi dely applied are Pul becco's Mdified Eagle's Medium
WQ 39 Institut Blochimiqueaf\ s degeripesen Pragess for therurification
of rF&fh%‘»é(iﬁhﬂn WFéH M?dﬁh{qv\gitﬂ Ofrdd Hh%&@éﬁllé&‘h(:ﬁ%%ﬁeno?f&%%l
i aml s "Medi um These commercial nedia are

QOWiTP@IBPFe(W@ W\ed?f?@sﬁ@ées loRvaxchangerchramatagraply, en wegkly
bagi¢ Qﬁoﬁ@@*ch’%@e ?@é?rﬁ%eéf tﬁé:BEAErt?pé fbﬁ&h&?gy hfﬁnﬁ?&lﬁ@ﬂbio@raphy
reactions (Vall bb and Fal chuk
on fesi having artantbraeylﬁen@ Aefivative efa "9@"!‘% chlﬁ @O‘é?ﬁ? '15 éﬁét’“? wigld
uridry RSHafedSrdi EhQndQ'faviﬁ?(érs’i‘)@EiﬁS ﬁé't'l\f?c? of6@76Qy many
enzymati c reactions s a catalytic,
(Imabmea%savymgc P@?te@tqoutqnhwaﬁ d?*@[’@'"?ﬂ by ﬁ@%’ﬁ'ﬂ@ gt ayyateng
soIQﬁoanfqt rﬁ?/ﬂﬁ of %%te‘?ﬁr had &n Bﬁtﬁﬁﬁéé}{s}ty bP0.65 Be22Y AhhRajuartef
\&)( doxa at e and flavin”" adenosi ne
cu tﬁ%lM"B@t"l‘éfB%ﬂ’A@)‘Q two coenzymes essential for
bi ogeni ¢ am ne synthesis and nonoam ne oxi dase
nmet abol i sm_The acti vi t)}/ of Zinc in protecti n? _
WQ,Pep3dt& dnstite ylassenesSA) dasctlessy BroggySs foetherpyification ofay

gon%oﬂé@mﬁ@ iR SIS R "nﬁmaﬁ@hﬂé arReé Bﬂ)cé&elnﬁﬂ%lﬂé ollowing
| evel of rnetal Pr ot ei ns ch are al so free radical

stepgdeeprbagge alroay ogEankwwith a %tﬂ?ﬂgdi?@ﬂ'?'c §IsinsofBe pede

sul BhoprdpyRaén e%aﬁg@&%ﬁﬁdg\‘é‘pr@%ﬁta §tFHngt§H HiSresNEnd N
reventing the rnteraction chem cal” groups with Iron

hy TQPWWWGF%'W ghromategraphy (5'(!@) tA bRHtrserasalion haying a specific

actfi?/l'tﬁ3 oFf84680 Rj/n%r(sféreﬁﬁﬁﬂpéhlby Ricthddie A8sdy B ithePRilick! shfnulaling
also an effector of tubulin polynerization and acts In

horpanedased ag theraugmesvatien WG aandsaoHeRIC §paAatopAIN; on.

Enaém‘aoﬁogy 34983, 83, @gme;eéﬂd @és {nBA 1ZurLCH (rammér%s.&le%.ght
pr Ot el ns, whi ¢ is common

gaip mﬂi%’r |V|§f‘?'!ﬁ'i HhMatiisen R 3 % Georekihela E;ﬁ"ﬂP?fﬂM’ I13961"’rf’7

40§)r!ﬁokf)@é£‘a9lflvﬂ9%pi7§ N?ﬁSW i$ de%ﬁ@&l? loBirad P?’Hl%‘neédhtéiﬁ was
and participate in all aspects of Interned

perfrstngd by ithard-owny ARathed [Q-BnLawry &t 8Gud- &al Jresr., ﬂ?% 193, 265].
expression of genetic information, storage, synthesis
and action of peptide hornones and structural
mai nt enance of chromatin and bi o- nsnbranes. Copper is
al so a trace elenent inportant for the function of
many cel l ul ar enzynes. Copper ions can adopt distinct
redox states, oxidized Cu (Il), or reduced Cu (1),
allowing the netal to play a pivotal role in cel
physi ol ogy as catalytic cofactor in
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t he rdox-chem stry of enzynes. It functions in a group

of copper oxidases, which include cytochrone c
w@x00das®70 t yr osi nase, dapam n(c) - b- nronoocygenaB(T/EP2005/055815

am ne oxi dases and |ysyl oxd dase. Copper also

participates in mtochondrial respiration, iron

homeost asis as a conmponent of cerul splasmn, free

radi cal scavenging and el satin crosslinin Serumfree
US@%&%WI%G%Q' Yaassribesamethodrorpuripying.F i fropphialegical
sarhﬂ8§ SHER ak RAMEN pﬂuﬁé’l‘f’ 9%583 onehtﬂnarf 5&9%0&9&%%@@ The

(Tnl'ow et al.), Cleveland et al.) WO
progess)éies Latien @’@hﬁéﬁfhﬁ'@f pmgtossanm@n)Fra%s;@\EMD SQQ@S“-’QM
follg\{ci)%ﬁfﬂyéalﬂﬁlty '&ﬁorﬂﬁt%@l‘drpw oﬁmmméti& Uré{ddeVT I%thafb%\ﬂgd by a step

theése i1ons’i speci f

of hydrrbrbicantpraston @ramgtosfﬁp&v d’nrﬁQKGLP@DFj (W]'dﬁﬁ’GFQJFH Progyl resin.

Thé PRcESY8lsaRNB rr‘ésu?c'w h&HaR bituidky P5AIHaginG 3l dpécifié bEMRy of 7,066
roducts, such as S therapeutic proteins or vaccines,

U (immygoasrauiing anddessisean? Bd (imewnoassay Xmoof & ard g wEpary
Fsﬁfrﬁvmb%eép\écm %&.Jotg lof 9&9@%(.%&53&%%%' 1865h 8 1U

Chi neSe Hanst er l's were
(Immungessgu)/mgpéHHb;Pr@a@kcoolpanas Relgrmingg by ghsprptiaysa)280 nm
(asS RGPS, 11 GNis @gbitofiom a femal e Chinese

FromtheSe original cells a nunber of
sub-lines were prepared with various characteristics.

ChQa%t af 156186 aGIdCBéPﬁ’él bhéﬂa&t%ﬁsat%n%‘f@qK#SHfa%d TSH from canine
proline-rquiring and is di | or e di hydrofol ate

P'M*@B/lﬂ!@% 'MQQF’P{?’ $e1997: 44, %W?%ﬂefﬁqfﬁ@ adeshnique for pififying

carfing Kﬁltnﬁt%h} %dn'aBStré_}%u% %B.ngqfsw 'LﬁthO; (S?J'r\@aﬁﬁ}éhn |(¢6}9 A Sy

-422
chromalagEaRY) &)@lﬂowbtmeterafégn ShromaRraRhy LGP gnobilized

me%be%%V&ﬂ%?l% bhPwith &t Ofhe rBs @iy ﬂ?ﬁ% %Bﬁed’fbchévﬁ% specific
subsequent Toss of the other gene. Furt her cell

activiiy of %ﬂ & Y/pprpieinysipasiegdiorese @swofeu'é%dw rmasunng
bno%%?édﬂﬁlty M EREToRKY pradin s zrkﬂ‘(BleRaH P abdraRmiRs @rAGUSA) for
human cell |i1nes such as the human fibrosarcoma cel
detPT’W@'“BI‘PI@S'O @ntephe human enbryoni ¢ kidney eel! 1ine
293. The murine Cl127 cell line is also highly suitable
for Broductl on of recanbinant proteins (Carter et al.
WQ 88402 dnsdifio i fRigercadingare Jerope SPAR AessEines 8 "Eﬂtmcbfph
rﬁ%m Hh%ﬁfF‘SH fForfl LAME. NTROpiSRESS mHSWE%r]rrﬂr'itﬁm%ﬁ‘rohﬁid&Pé‘&y with

( al so known as sornatropin (I or
FSHswaeife FWBP‘H"qu@%qg%‘?b‘ﬁ'ﬂ'bﬁ@'PﬁBﬁ'én%ﬁoo?ﬁP@é@SSH@ by divinyl
sulpIfSHeC IReweY b ._? PRIBHaRE HIRCC ﬂ\%‘r|e§uI£Pr§g F@ﬁ @E’éeeéﬂ L‘H and
pituitary uma rovvth hor none p
othgbwﬁ% p@#%w @nq W%swwf@@&t'\awcpf . #q%)évémp{ lmh"ﬁed powder
(StélHah byt REREGD 'I*hte%r&éé‘r%nﬁuég‘thb ifst 'F%ﬁ-?&@bérﬁﬂ&rpﬂ‘o be
roteins, "carbohydrates and |ipids. Human grow h
SU'{%@%hﬁlqcﬁtaﬁegwﬁw@@'nﬁgﬁmﬂt‘? H?s'ti:ih‘mth of 191 am no
acids (Bewiy et a 1972) having two disul fide bonds,
one between Cys-53 and %/s 165, form nﬂ a large !oop
An PAgeIRg Naed Whﬁ"@}s fop Aew meshedsHar Pusibring: ER vagiggts. In
par@z’tﬂarl fre s ﬁ@é&g‘oﬁptﬁﬁﬁbﬂlod AERcASMat hltid fﬁ'etd%@'ﬁf fHéScosttho
DNA sequence that confirned the ami no add sequence was
'nt%HGﬁWEWnB?ﬁ'WQh’@Pa@QT@W§tP9$9) Purified hQHis a
whi t e anor phous powder in its |yophilfzed form It is
readily soluble (concentrations >10 ng/L) in aqueous
buffers at pHin a range of 6.5 to 8.5.1n solution,
hGH exi sts predom nantly as a nononer, wth a small
fraction as dinners and hi gher nol ecul ar wei ght
ol i goners. Under certain conditions, hGH can be
i nduced to form | arger amounts of dinners, triners and
hi gher oligonmers. Several derivatives of hGH are
known, including naturally-occurring derivatives, 5
variants and netabolic products, degradation products
primarily of biosynlhetic hGH and engi neered
derlvatlves of hGH produced by genet| c met hods. One

o o o Y o
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derivative of hGHis G+V, a variant of growth hornone
found in the placenta. O her nenbers of the gene |ocus
wae@omdewer i bed in Chen el al (1939). Any deri vBCT/ER200$/055815
hGH, including derivatives 4designed to be |ong-Iasting
in the body, can be used for the o purpose of the
present invention as long as it retains the biol ogical
activity of hGd Methionyl hGH was the first form of
Supmary of te isveatierd t hr ough reconbi nant DNA t echnol ogy.
It isldH 8bj6QBP H&NAvdrtioR fd pralid¥ atheEmbiral S urfyittFechAbnas FSH
one additional nethionine residue at its 'Nternmmus
or 3 (gseawiantkSH|variamd79) . A natural | y-occurring vari ant
of hCGH call ed 20-K-hGH has been reported to occur In 5
the pituitary as well as in the bl oodstream (Lewi s et
In first aspegt, thedfyentien peavidesgpmpthoq ferpuribingresembipantdiwman
FSHaf %f ForevaknBebARg Fehfa i BoRgining R Eube #8H Gomprising the
G n-46, arises froman alternative splicing of the
follgwiag Stapsr: ri bonucl ei ¢ acid {DeNoto etal, 1981). This

conmpoynfqgadlafiRey EREMat hpot all of the biol ogical
pr opelr{tfljlezéjofI %GH 280%%?6& is made in the pituitary

and sd@} Bydrgphabicinterretipn sB@mategrapieandip about 5% of
gr owt I'(3ﬂgg\,gg@ephg§ég%nﬁ{og,ﬂg¢ﬂ .5, and about 20% of
growt h hornone out put of chil'dren. If has the sane

whigh cgyrbestasriest O¥dn aex PideE.y as 22 kD growt h hornone, and
has been reported to have equal to or greater the
amount _of lipolytic activity as the 22 kD form |t

Brigf degcriptiog afithe drRYiRg®e receptors with equal affinity
as the 22 kD growt h hornone, and has one tenth the

Figu?é i QEBRAes tHY edértiinvehtidif]).e b Eu'bbéé@ &hpuificdtiBR cdrplisihg the
orpone. Unlike 22 kD, the 20-k-hGH has weak

stegpef i nsulin activity. A nunber of derivatives of hGH
al | §fe SiREY dHrGth&BLMphg, nodi fications of the nolecul e.
The primary pathway for | he netabolismof hGH Invol ves

Pr obhydspphabie intprrctipe ghigmatagraghy, ar ound r esi dues 130- 150
14S j to proteolysis, and several
der @&E{sﬁﬁ‘?g%?mﬁ’?ﬂ%wﬁ% nicks or deletions in this

_region have been described (Thorl acjus-Ussing, 1987).
Figpne 2 sheys aflowschar of pspecifigembpediment of iitg-pregent irvestionde. a
L oL @pcsu(gt.s in the generation of
pro?ézé%fﬁ)gpﬁégﬂltﬁﬂgtgﬁlg?% g%ngéct ed t hrough the disulfide
rondltrafiltrayjen/dgfilsationCys- 165. Many of these two-chain
for 1y r i ncreased bi ol ogi cal
act%P?fﬁf@ﬁﬁgﬁhg)?nag?q&%M. Many derivatives of
hundye affinityt dhréroatographipave been generatedartificially
t hrough the .use of enz s. The enzynmes trypsin and
sfubﬁqu?%rfort?,'c' ier%gpp Cg@%ﬁ%?@y’have been used to
odidvigrse@Hasé chefiatgpaghy, nt s t hr oughout the nol ecul e
(Lewis et al, 1977; Gaff et al, 1982). One such
der ARIgREYEhangg cOMaiQ@aeai n anabol i ¢ protein (2- CAP),
Was nhrdfiftRfioh hr ough the controlled proteol ysis of hGH
using trypsin (Becker et al, 1989). 2- CAP was found
t%0 H'g'@@trﬁii'Qﬂ/‘iig ligationpr operti es very distinct fromthose
of the intact hGH nolecule, in that the
rowt h-pronoting activity of hGHd was |argely retained
Abgfﬂ!"‘ﬁbms of the effects on carbohydrate netabolism
TheRIwRE AbbriRfiond 8RaIsad iMheddciftivh BRiHRSnVeABbfIUES i N
proteins are susceptible to deam dalion reactions
DF ¢iglltratighor opri ate conditions. Pituitary hGH has been
FSENRWRIe BinkRiRE B8rhdHes type of reaction, resulting in
conversion of Asn-152 to aspartic acid and also, to a
| esser extent, conversion of A n-137 to glutamc acid
(Lewi s et al, 1981). Dearnidated hGH has been shown to
have an altered susceptibility to proteolysis with the
enzyme subtilisin, suggesting that deani dation nay
have physi ol ogical significance in directing
proteol ytic cleavage of hGH Biosynthetic hGH is known

. o,
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Met hi oni ne residues in proteins are susceptible to
oxidation, primarily to the sul foxide. Both
w@edoaios@ry - deri ved and bi osynt heti ¢ hGH under geCT/EP2005/055815
sul foxi dations at Met-14 amd Met-125 (Becker et al,
1988). Oxidation at MeM 70 has al so been reported in
pituitary but not biasynthetic hGH Both desam de hGH
and Met- 14 sul foxi de hGH have been found to exhibit
r-FeH| recpmbinggt k¥ activity (Becker et al, 1988).
hFSHWRdEesHor ms of hGH have been produced, either
t hrough the actions of enzymes or by genetic nethods.
r-hBESitecombinaptdiumpnfySHhe control | ed actions of trypsin,
BvVB&d {él6mbi r st eight residues at the N-term nus of hGH
renmoved., Qther truncated versions of hGH have been
DEAFodigtwianigoatdi f yi ng t he gene prior to expression in
ELSAS Bhiyihd fnkd8Hhmli6adsayst 13 residues have been
renoved to yield a derivative having distinctive
DAG: dyegffinity csemplonrarb¥ (Gertler et al, 1986) in which
IMAGSARLIIRER Mk iGT iR chrdiRbtoglapAy d. Al though human
growt h hornone was originally obtained Irorn pituitary
ODypaticgbdensitéadaver s, these preparations were not
HI@.'I%F&H%B&W&E}&%A YhroRBRPPAPRgUS. and anti bodi es

appeared in the serumof "patients treated with
HPbEemqhanqr@ﬁgaraﬁe liayis GwereatogfapBpos purity, the
IRMANMARRRidThdthc B&d4yg attributed to inactive
conmponents. Reconbi nant DNA technol ogy permtted
KD kB kilQRaHoBf an unlinited supply gf hGH in a nunber
HCPE héltich® pRin rSlefEtarBingiffontMkiHo8t il UsedfdrieRPResSi8n of FSH
culture nediumis facilitated by the presence of only
IPG: dPEQSBSMEANt®FS cont ami nating proteins. In fact, it has
IEF@RBIcehRMBedsSRy hGH can be purified on a | aboratory
scale by a single purification step on a
PEpeRelyelbersWpha® HPLC col utm (Hsiung et al (1989),
RPESSIQCRb s pﬁ‘é&l@ﬂgt%%ﬁaﬁ@é ﬁﬁ?ﬁ@chrbﬁﬁdg?adl—? produced
by Serono I nternatlional S.A as SEROSTIMr), which
Q R gaioptexpbangss 2 §epbarog@ EE| er at ed FDA approval for
RTLRRAN Témp&h@id | 0ss and wasting in AIDS patients,
SAI ZEN(r) is reconbi nant human growth hornone
UF; wilafisation f or GH deficiency in children, for Turner
WFWSlEPIRInidetigh | S, as well as chronic renal failure in
chil dren. ”  PROTROPI N(r), produced by Genentech, Inc.
(South San Francisco, CA), differs slightly in

Deﬁiléﬂ‘ife%ﬁ?tfiérpmﬂ\%tiH{léHtio‘iﬁquence hGH, having an
addi ti onal nethionine residue at the N-termnus.

Thﬁ%@@ﬁﬂ"ﬁﬂYid%’ﬂeﬁh@é‘ﬂ@?%Wi?Q f?&PR’@in_é‘Gt human BPY or a

recBMBInATE S VBt Rldiingirsh bi1i0Rl cofteiningiheTrude ESH, comprising
gl ycine and mannitol, in a lyophilfeed form A

the&{#R$ani on diluent vial is provided, allowing the

pati enl) b 4MAiIR SHrdhilogrdphg Product to the desired

concentration prior to adninistration of the dose.

Reconti#hBygrophghicinieragtiop chiomategrariyt aad i n ot her

vel | - kBp1iveFrRRIIMASS chioHfalbgrgpry;ef i | | ed syringes, etc.

I'n general, no significant differences have been
whigh s@ayRecaried eid ihARY #¥ebki neti cs or bi ol ogi cal

activities of reconbi nant natural sequence hGH,

Thé BGMATERLIGAMBHYH . tHal ifvihtioR GitbrdS a retdibihadtFSHEbIN 86high purity
erial in_humans (Moore et ai, 19SS; Jorgensson et

mat u
whigh maydRe be faimylairg trthe firal ngdicamenteg: GaAna-R dreraneb Hdhas
thefevantBges Bf SFdpdhg a @ 6f plFBEwitHIUE LSing SmAuRGkhityOr
an efficient and satfe way of producing sufficient
quantities of it in cell culture, in particular in a
serumfree ceil culture process. Serumfree nedia have
been described in the art. For instance, US 6,162, 643
descri bes a serumfree basal nedi um desi gnated
HECK- 109, containing trace anounts of Copper Sul phate
and Zinc Chloride. This mediumis specifically
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131M conprising trace anmounts of Copper Sul phate and
Zinc Chloride, This nediumis specifically designed

w0 o0osb®70 N vitro culture of human nuscl e sat ePdT/ER2005/055815
cells with the aimof preventing differentiation of
these cells. Production of reconbinant human proteins
is not envisaged in the franme of this docunent@B 2 196
348 describes a synthetic mediumfor the in vitro

chrematagraphyt Theisrydedr! whishigrarsdhe stagtinasmaterial ferdhe grification
accRlIhgid/ e GRABA inveiidh BRASIS H édiculi@hantedd bording Of
ybridoma or nyeloma cells In this nmediumis
recerpingst KRkly for the purpose of manufacturing
nonocl onal anti bodies. US 6,103,529 provides for a

In & Bre¥ditdd’ RodafthéntCan éMf(ﬁldﬁﬁ%mé@émﬁb%kﬂﬂ' dzlﬁgptlaé‘ Wlth n
vitro cultivation of aninmal celis. The ani mal

antjpidapkanssscavenging eifech isgaclededin semear all gbthe ﬁtﬂﬂ%{f I“th al

puriehiidiPfe®dd aBétSrHiﬁ@QétHérpr%é?MHWeﬁtﬁﬁ\t fMove Pﬂé@%we!he dnfiSxidant
production of growh hornone is not nmentioned in this

is Rﬂ%ﬁﬂﬁ‘ﬁﬁ‘rﬂ"y %ﬁ‘eabttff%s sté‘}’ ta.pyeiy@séor5°wratenand{<§é"terewﬁ r-

hFSH! trHe @nf@&hémbfémg Io&idaﬂorﬁsﬁhe FBH duiflg bRoce8diRg. erpréfBﬁed
cul tivation of aninal I's in order to produce e.

antioxtdantie Ldf‘e‘ih@@ﬁ}?blpﬁﬁfﬁfabbf baneihiening,ig KSRt RABRITAUEN of at
or aB8ub 162100 Nk S:drEhepéxéPﬁ;S}éBJGﬁéi\ éMohBSnt%@:l&dH esltpeal mﬂﬁéth@say

not i nclude growh hornones oraﬁrowt factors,

pheqob 2@@(913(115?'9@1‘%”%1/' frieainy Pheerlsketagi or sediym dimeta-

bisSiffel S dilirR Disiiik. Eiahipl<d/d fe it Ead 8d 8Rbptide With dhtkidant
in culture, US 5,31 6,938 discloses a biochemcally

anqiggqvaeeing affedi aee Wetdingntausine coly Fiee @lanings camoeing, 3nsetingy) 1-

meﬂ@iHuéiudﬁm@'B%bﬁbﬁﬂtu&ﬁthé&oﬂ trate, Zinc sul phate and
Copper sul phate, named WCMb. The nediumis

speci ficall desi.gned f fantl body and t PA producti on
TyiEplgy P S mEiard) 5 Sl RsLiTALATE e ShdoRianRIBIoaNgNtratad
(e. @Y digirigl MPaftfatioR F ATEOHUNer BXcPRGES(e.d) tiroaeH & atafil@Bon step)
cul ture nedi um c&nt ai nimg)?n Zinc and Ferric ions,

prigf dp bPIBQCAPIRARN e frst chrgimateasaphie 88Pe of CHO cel I s,

Production of growh hornone is not mentioned in this
In tHe etépe df chromataraphs, pélhaenpbadebl@mulargdﬁfsbwaagd td3ths may be

usdl], TP Alsol e la Bose Feingred B SRR TR cosinisn

repldeedwith a funictiphtiiseduhéinbranean G owt h Hornone (hGH).
SUMVARY OF THE | NVENTI ON! The pr esent invention is
based. on t he devel opne el re._nedi um that

The 8 bifsaon Se8 Sl e HErReat infonPoiFe Aot EnreE R

hydrbphidbéc interactivh eeromagddraiptef, tevetsehabe choeldtograpt Yaralirdthe

nt e of . lian cells in culture,
f°"8‘5'P9|°8E'P3$Wr%IWn%n}\%Tﬁg production of reconbi nant
proteins. Therefore, In a first aspect, the invention
The dyexafisity chrama@btapbwvistepr(¢) nedi um free from conponent s
derived from ani mal serum conpri sing Z| nc and/ or

Th eeﬁ)ﬁvoeflrﬁ 'H, ur Wﬁ%%%?égﬂ;o?e%%rﬁ g | ons &n t r@i Ina
premrmdrﬁmbddlmmtsme(smb cisiye effinity bieromatagraphyris cadried est ysinga

S [
resfi{ rgaglﬁga F%&ﬁ%&é ngé}rq‘% gzepé’ é&]r?g vgtﬁgﬂrj% tvééu kﬂo{yh foa
person ekikext |n|tlne atyd.enCibiagrond3lué ﬁ§G+A1\Z'éIBttemn“lmm0bhzedff is well
I t
uncgeE%{g?% bgfa p‘el%%{\ sﬁl‘ﬁSﬂ Hetﬁ? a"rteén?orﬁé%r}%ghét dﬁ@eﬁldg% d% VERSL
themeose that tbis ¢hemically linked] thbdhe tdsiraé\pmctlcula‘rlytphm‘enredxastn ieBlue
relates to the use of a nedium according to the
i nvention for the maintenance of cells in culture
during production phase of a polypeptide of interest.
BRI EF DESCRI PTI ON OF THE DRAW NGS




Fig. 1 shows the rhGH productivity profile obtained in

t he production phass under continuous addition of
waledobeswmni el enents at 10 nmM i nto DVEM cul t ur eP@EEP20$/055815

(RB s=roller bottle, Hl-HI#A production phase days 1

to 14); Fjp. 2 shows the average rhGH productivity

val ues, expressed as ng rhGH per roller bottle,

obtained in the Productlon phase under continuously

T

SephatpsegF o foblainahle from Aershamddiesgignces ngl)« Thedeelyrieal .fgattgps

of Bl Bbbhatbh PHEM gyldigye: medi um Fig. 3 shows the
aver age val ues of rhGH product|V|ty i ncrease as
conpared to control, obtained in the factorial design
experinment for testing conmbi nations of zinc (Zn 0.5
mV), copper (Cu 0.02 mM), selenium (Se 0.050 mV),
manganese (Mh 0.001 mM and ferric citrate (4,8 n\V;
Fig. 4 shows the results of a factorial design
experinment to determne the result of a m xture of
netallic trace elenents (Zn 0.5 MM Cu 0.02 m M and
ferric citrate 4.8 MM and the am no aci ds gl utam ne
(An 4.8 mMV), serine (Ser 0,49 rnM and cystine (Cys
0.29 mMM; Fig. 5 shows the effect of different
concentrations of copper conbined with zinc and ferric
citrate (Zn 0.5 nM Fe Ctrate 4.8 MM on rhGH
productivity in the DMEM Fig, 6 shows the effect of
di fferent concentrations of zinc conmbined with copper
and ferric citrate (Cu 0.02 MM Fe Ctrate 4,8 nV) on
rhGH productivity in the DMEM and Hg . 7, shows the
summary of the effect of the rhCGH productivity
i ncrease obtai ned when addi ng copper, zinc and ferric
citrate (Zn: 1.5 and 0.5 nM Cu: 0,02 mMand ferric
citrate; 4.8 mM as DMEM suppl enents from different
experiments with rhGH praduci ng C127 cel | s. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention is
based on the devel opnent of a cell oulture nediumthat
is free fromaniml serum In accordance with the
present invention, the cell culture nediumfree from
ani mal serum conprises: Zinc (Zn) in a concentration
ranging from0.2 to 1.75 mM and/or Copper (Cu) in a
concentration ranging from10 to 75 nM and/or Ferric
ions (Fe) in a concentration ranging from3 to 10 nmM
As shown in the Exanpl es bel ow, addition of Zn and/or
Cu in trace anbunts to a standard nediumresulted in
i ncrease of productivity of cells expressing a
secreted protein of interest. The addition of both Zn
and Cu in the above-identified concentrations led to
an increase in productivity of reconbi nant human
grow h hornone (GH) in Cl127 cells of over 60% of the
control (same cells cultured in standard DVMEM) . Wen
the GH expressing ceils wore cultured in a medi um
conprising Zn, Cu and, Fe ions in the above-identified
concentrations, the productivity was increased by
about 70% as conpared to the control. Preferred
concentration ranges of the nmetal ions of the medi um
of the invention are as follows: - Zinc at about O. 2,
0.25, 0.30, 0.35, 0.40, 0.45, 0.5, 0,55, 0.60, 0,65,
0.70, 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,
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1.65, U1 1.75 mM Preferably, zinc is conprised at
about 0.5 mMor about 1,5 nmM It is also preferred

w0 bab/oziomc i s conprised as zinc sulfate. - CoppPerl/EP1005/055815
about 10, 15, 20, 25, 30, 36, 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 copper sulfate. - Ferric ions are conprised at
about1,15225335445 4.8, 5, 5.5, 6,
6, 5, 9
ferrlTéc"'lN'&ﬁ"sspg(?'gCAgrgrﬁrsbri sed at about 5 or 6 MM Ferrl C
i ons|ugRy preferabby..baeaarrised as ferric citrate
and/lor_ferric nifirate and it is further nreferred

t hat Lbewoilpmmgmétrtoqf Tezraerant s for nost of the ferri¢

COMIFPEY, fof "Exapie mafslt™ & iwof ferric
citr denu rs10]029) wmmsﬁdeEJ%%? mtTrate. T o
preferred enbodi :Ire Aeal um further conprises|the
CONPERRL. $nit@h) a8 Pasiec nmedium [t 1s preferred that|the
medi lum_cont ai ns Ubecco' s Modified Fagle's Nediu

( DVEWprtica sizelrasi C rlreaehwrm The conposition of standard

aspeét‘ead'f’wrf“he pres@htm/h nvention rel at es to a procegs

for | Uuubll Ul | UL Cl LI \JU” 1 | OI ||U |. ||C OL CP Ul
cul t d\"?"i‘r‘ﬁ"s& cel | e&*ﬁr"@%ﬁ%@"e’é" "ﬁi"b‘t ein of interest in
t he t he

. long term), 3—13 (short térm) .
process O the i ventl on may %e carried out in any

Sui t[RdnRal QWY I ONIEYIE sor 796 R70RShREE 1 bualinS K} @StnioridesMIuBS KS
or rlaller bottle but nay al so h(r\ done in vessels
havi ngi greater vol umes such as e.g. a bi oreactor. The

It igoynsiessipocbihat the netlechmay ke m&;forﬁ@de\wﬁr @lyag@aie Fesing havipg
smﬂépéﬂétrféterﬁéi‘iéé Ex‘énﬁ:!éstcﬁ%h@mhﬂ/é r'&@rn@ﬂ{ddd%uﬁ%&/oﬁe%rﬂ AE-YiR8-HC-

used. ﬁ' preferred di nent protein is
ay

65QM ﬁ)T@@Qﬁ!PWﬁ?) PReal S&JIPHTBW%(% |5ﬁo (Wpﬁﬁrbﬁhﬁ'fé’r 65(,1Blue
Ceﬂ];h&r’%l?Bé@d ISte@bEndISEHell Y] Bﬂfé{'i’?ér&b)%%%%hférblué 8€A-agarose

er 1s referabl the muri ne r onot

igraa ) Hffi;Gek Blae (BigRad)s Ecena-Rae b'é@ﬁﬁt"% (BﬁeRQﬁ)e%'U@f
se;ﬂrairés%qirp mnéﬂaﬁarﬂ?@.w&ammes@;m@@ms) protein of
Interest. In a preferred enbodi ment,” the process
further conprises isolating the protel n of interest.

EIu'tan f the "siéb“iff uﬁh@ﬁiﬁééoe&&eeéﬁﬁ%}' dﬁ?d?ﬁatoér‘éﬁh?étﬂﬁﬁﬁ&re?éﬂé&l? Bé

onprises formulating the isolated protein wt

Carﬂ%PW&@é!’lﬂ@ bufferpf B@Qﬁ@b?@bpﬂt'é‘dﬁw Rreferaply, sedism pgosphate

Thé Bﬁrdifﬁfféeél&érﬁ 3hoWi@ B'Fé?ér‘abl'y% at bPabodt Bl0 @ RSPSSIut 14 lZsemore
i nvention relates to thé use of the medi um accord |2(g

profasabiyat o AONE 6 §rio pber a0kt Brradirsiarlyprefpraglyias oy paputi
Artérharerﬂu%r%%pprd;ﬁ.a?e ﬁ)PHr%Frﬁarﬁrﬁﬁ 8GH of 116 |ricfﬂr\ﬂ§ rﬂﬁé fbnomﬁbatree

he use nedi um of e i nvention

B'Sn’éﬂsnﬁ@ﬁaﬁt"@%’ﬁq,'-:e? IBES, M@R$ .+ TR 'ﬁﬁ&%@%?@é%bvffﬂr for the

step t&?é)‘f‘e Qﬁrnr@y cEH?J)M%BF fpﬂ? sRbuldl BFFEBBIy contiBfh é;§‘éli t% u‘ié?e&% the
used in thHe frane o he various aspects of

conglustity P"Pf?&@tﬂit' NaRlLare preferably mammalian ceI I s. They
may be of human or animal origin. Exanples of
manmal i an cells that can be cultured in the process

In yparedanypreteried @nhodinesnt. the prrduriosantaating QUff%f s fpr the step of
dyé%ﬁrhr%tﬁr%&o@?dph? (eq?’.rTr%ré%%h' \ﬁashcm Q@ﬂrdn?) cor'iIHiﬁBJh antioxidant,

ost eosar conma K cells,

suchasg lsme@@"ﬁ%h':lﬂg?é eh%fﬁ%'?é Pf @V@'i‘tW'dééi 'P@UdEF-ENJtZ'g%
cells, rHEK 293 cells, normal human fibrobl ast cells,
Stroma cells, Hepatocytes cells, or
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PER C6 cells. Exanples of hybrdomas that may be
cultured in the process according to the present

WO pwensioon i ncl ude, e.g., DA4.4 calls, 123A ceP¢BHEPARYHS5815
cells, GAMVA cells and 67-®B cells. It is preferred
to culture nmurine C127 cells in accordance with the
present invention. The cells cultured in accordance
with the present invention may grow in suspension or,

mefhoxyRiieeRb PdgRisdehdimsimeth)-4-sethyl pherakpotassiung en sagium
mm@gygmﬁm Marinosidlifile€r s and Fi bra-Cel disks are used in
manmal 1 an cel | culture for the growth of anchorage
>-d(c)pendent cells and are anong the established
Thé RO ip@radbbAchEodrashy ERiEHT i al product i on of
proterns (see, e.g., Bshak etal. 1987; Petti et a
1994). The process of the invention preferably serves
The B‘eﬂToéicﬂR‘b'n&O%Qﬁ 3 plepof bydrgphqbig iptegagtion cBromadedarhys (2l a

prefeheNBrhsydirhént! t'ﬁléf’nyél%%ﬂotﬁlé’ l’ntérﬁ@tldhrdh%i'ﬁétbgﬁpﬁf' |s<'7barr|ed out with
pol ypepti de or £rote|n of interest, whi may be any

a resin yrhiAs tRyopean RMLEPOH (ﬂ?lﬂ!@@%fri’@ T@ggh B@aep 8% her

smal | -scal e or large-scale. The pol ypeptide of
It id IRRY26bd !IﬁaVstBF (B-rBay e pardimnall lu¥ing %ﬂéﬁb@reﬁnh@tr%vmg gimilar

nornaljg CK;O asn1%8grote|n a nor na ansnenbrane

chasagiersticS. AJiemative fesinsihatmay, e HPshar eaﬁ?tfP%H\tfy Phapyienharose

6 FREICRI6W NoRfsubi RhéH! Sbsharodtdd FastIFIow (}ﬁgmﬁ]tﬁs BU@/I Séprﬂarose 4
naturall k/éransnen‘orane oteln | he %;oteln

Fagi Figws Qv Sepharose ik ast Elavy: Phenyl Sephar edé'eaﬂ?@ffgmwe
somt|§ E5E FH;ESOURCE. 1580 8 QORCE F5RHE AR rorR Avhdretfan Biosciences

(80p ﬁg‘ﬁ%ﬁ%lt or of a sol ubl e or em{%{t:'elulé"@llpa[%ipsgée'f
0

Hy@va¥elPC3 8t G4; rﬁ’ycﬁs@éllr%npﬁlrdmsmom@ﬁ Labs ind! @12523208558{see
human origin, and nore preferably, the protelns of

' . therapeutic proteins. Preferably, the
protein of interest is selected froma hornone, a

_cyt okl ne- 'ndLn rotein, an interferon, a soql
BinlAg At B HIG oS SatT RN 2 Belisr MiBa g Ginshighity: Satgiped
thnmi_jh the a&@.ﬂ@lﬂ@ﬁénqnaor RG,S®, i NBBSORfbr @kaipre). Fﬂlﬁﬁﬂnﬁ the

u chori oni ¢ _.gopadot r op

ion i nc
step 6’}[ c{{p%hogq |m?|ra§|pﬂ§hl%)m§phy is prefgrably carried out by reducing
thel débhﬂ@é!ivﬂ)y 6ihaé hm@aﬂavéer(%umrﬁ@ammerﬂr’awrgl @king a buffer

stlnu | hor or no
el B RHG OREPOU BRGEer Sl B o reiarbiy,AL dF Bhourd s R st or
abAR 73, in’bst briefeR &bl aOdr dHRUET). meartucmémf prefepied rs9§t@ﬁi (ant?alns

socévm%ka?%qfﬁifd{% BUinG FePeoh Al A BT PLASfr st ABS BRPIARM

sulfits] Afierriatiée BUFfRs BfcanBstionegaBeve. | Nterl eukins (e, g
interleukin-2, interleukin-1 1), interleukin binding

proteins (e.g., interleukln-1S binding protein),

In zﬂﬁérﬂc@]ytl@'efbﬁtetd @hﬁbo@ﬁnetrﬁ T thé bfdmlﬁﬂ-&iritébtlng baﬁ’ebrkH Ptk step (2)
stimulatin or. granul ocyt e ropha

ot {55 GRYSaloR vshr gl cntam N A B - RPN

Altéraa@jeadiftiokidaes afeAired abbes!l i n-1i ke growh factors

(e.g., somatonedin-C), keratinocyte growth factor,

e“rotrophlc factor,

OO B8l ast growth factor

i nsulin, Factor VIII 1 somatropin, bone rnsrphogenetic

The metreidrof Zhe ipVeritioh alsoteiiprieels glstaptdi rémseaphasbiohmﬂmaography

oLeti.n conbi.na FA- 3 Gl_fusion
RIER8 oL RPGIE iRtelat comitiolt vdhd o il i G g0 rec
(obtamatte frommchérsingrh Bitescieneds)vie s, uridufstcnmi tpatogtep (33 may be
thereof. In preferred enbodi nents, the pol ypeptide is
sel ected fromthe group consisting of chorionic
gonadotropin (CG1 follicle-stinmulating hornmone (FSH)
| ut r opi ncho pagonadotropi c hornone(LH) t thyroid
stimulati ng hornmone (TSH), human growth hornone (hGH),
interferons (e.g., interferon beta-1la, interferon
befa-1b), interferon
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receptors (e.g., interferon gamma receptor), TNF
receptors p55 and p75, interleukins (e.qg.,
wo pdoens®aki n-2, nterleukin-11 ), interleukin bPETEPZP05/055815
proteins (e.g., interleukinel8 binding protein),
anti-CDlla anti bodi es, and nuteins, fragnents, sol uble
forms, functional derivatives, fusion proteins
t hereof. Further preferred poI pepti des of interest
perfay megd@mgéltgmatlw tesis ytichearevellknawn to a peesop skiled in the art
andivhidh halé SehibAGidhctertiiggul ocyt e- macr ophage
col ony-stinulating factor, pituitary peptide hornones,

menopausal gonadotropin, insulin-like gromh factors
The ghrgmatagrapiiytig pieiRrally | cafrigd Quf wRieg 2 eahile phase byftegpg at mildly

alkSlidedH, 61 exalipatd? abYGDH P e BreterbBIY 1@ br about 7.5 or 7.6.
onbormodul i n, basic fibrobl'ast growth factor,

t hr
In 5? H@Eﬁ’ﬁﬁ’ emgeqiptentyithe buftesRg EPRFIPHS 2FBPRNIYD ﬁﬁﬂt@E?e Alernate
buﬁ&r@b@éqha?e foP b pHeAt R aﬂﬁfnuwesim%aw BES 40P, PRédpHdieN TES,

E ietin, reconbinant LFA-3/1gGl fusion protein,
HER Se Jherufpbeqltions usgghfer this §‘ieﬁé“ayf§'%ﬂg?ﬁm@'§ an Qsganig wodifier,

thefdéhf,@ntraftléﬁ‘ ot wrfﬁems A8 INBE Forefiferéit PhaSedbrAhE ERBmatography
thereof. Should the protein of interest that is

step ( dandewash. elutien spd cegenefstion) dniarprelered ﬁ"l?@dm’\tfﬂh%f’@@"'c

momflbhls% WA mreBI 6!@@1'1!& %ol@éﬂeﬂbﬁ%tﬂy A alcoRél(stidheas REMbAOI,
process is & pharmaceutical conposition. The

of
ethae% ?FFt)1 ’BHStcPFefeﬁt?BlrgTﬂ’é%Qﬁ"PbQﬁﬁ%Rfo%’éf’ébt abl e" is neant
to enconpass any carrier, which does not interfere

barficulAg ;ﬁéfeﬁ@alemw&ﬁerwfthé R)d&blod:d?%dﬁﬁb bafférk Yarttie Sp of
eactlvelngrelen is not toxic to the

Rpﬁo@ﬂ“'{"HaU\?ﬂ helytion amtﬁlpanan@am Y SUeRASBre, for
mefrid it ARleiat@ dntioXidahtsare eibntibhey asdveve protein(s) may
be formulated in a uni tdosage formfor Injection in

serum

con‘posn t| on for rrul at ed accor d| ng to the i nvention may
Furttiezto the Bshainpusifieatiof stepsanoutiréidebduel- thenpresemtrinventiommay
. S. e, rou of, admi ni stration incl ude
'ncﬁ\ﬁﬁfy‘Pgﬁ'g?%lp”"ﬁctagﬂgatgpﬁal (e.g. in slow rel ease

formul ations), intramuscular, intraperitoneal,
In onet enabatiroenst, trmmmuﬂd:amnamﬂthod)mfahe wivehticmdnmwesla preliminary

B BN R o 57l 0 RS S

exchdngenresin, particaady prefarablyg adluafemmargmmmmmrab&sm sucloas Q

Sepiipi” fuaiile Romdlfafah s Bnebar e B0 b de

chaxgetatistics : admi ni stered to the patient (e.g. via a
vector), which causes the active agent to be expressed

Tyr?éncgjf |§r?8{c%taﬁgeﬂ n vivo. In addition, the prstein(s)

accord ng the invention can IS«Eroagianlnnster ed
t her conponents gf ogically active
To% 6Iﬂ“I?phar maceuti cal | yBe{Icsgéeg% abl e
Ex&umémmhm(glabulalgrotplnehi s, carrieax1efi | uents and

e S5oner Parenterl (850, SBhORUIHHir 4505 ur

Beadt struaturpr ot ei n(s) can b formul aCeossdnked agarose, &%

nuIS|on or |yophil powder in
oP%%zgﬁé@k-P%%bMth a pharmaceuti cgf y acceptabl e
Clqaamgml-bstablhtyehl cle (e.g. water, 15‘bﬂ| i ne, dextrose

I tkves at mal tonicity

Lm%% fg"” 'Sr%ﬂ %t]?%d%ﬂ)%daoﬁbcc&e?éd;al sta Ppﬁ ?g

heighte XKr5030 cobsmand buf fers). The for mul at i on fs
sterilized by commonly used techniques. |In accordance
with the present Invention, it is highly preferred to
use the nmedi umof the invention for production of
growt h hornone. QH may be native, i.e. naturally
occurring GH Preferably, the GHto be produced is of
hurran or| gi n. Sl nce GH 'S a sol ubI e, secret ed protein,

o S . g o - . g
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protein which may be nore efficient in the particular
expression systemused. The term "growth hornone" is
wais®d/okerei n synonynmously with "GH'. This ter mPCTEP2IBESSS15
natural or native GH, reconbi nants produced GH s wel |
as the GH variants explained in detail in the
"Background of the Invention". The term"GH', as used
herein, further includes nuteins, functional _
Alteraqiipht, thedgn-exehange chromategrarhy ster () maydiesareed out using a
resfr §L&Hla§rF|r£{ct8§‘él EMB*#%E%@A@ (@BtafHHBIcSRdrh Mk ﬂdaACb‘aﬂm%tadt
preferably human, but may al so be derived from ot her
Gegb@'ﬁﬂ),é![ a rﬁﬁlnﬁ@vmgc,suwbw chaipraristicassegskaiowierein the term
"muteins" refers to analogs of an GH, in which on(c)
or_nore of the amino acid residues of a natural GH are
repl aced bySuppbfter ent amno aciFdactogel®.EMD TMABre
d Le‘t”ed ;;;;;;;;;;; Ql...ohe..of..hoream.nocaci.duresi.dues..are.. addegj
to the nat atiNsequence cf an GH1 wi 1.h@8A7 di mi ni shi ng
CCﬂSl der: ably “““ Sthecactivi-tVaofothewresulti NGPr oducts.as
conpar&?@@@ﬁzﬁﬁ§WWId type GH The§94mW%lns are

P agi%%hwﬁr alRE o sl ethenda lsumat 'mﬁifa‘u‘e
?JlrJ:elsgzlt oGS Sloup el uae oy med VNGRS ofbdp [ Be)

Bllilil c| CMﬁlAérﬂer §t§gcfbr@5 DN or%ltl_%'”bH@’@)' $ 282N+?¢|455 te

h encodes under s
cond| Prai&ia b.dﬂ%&a@ﬁ@.@dl ng GH ar QZ@H@’BSA/PnItheIp“ or
art. The term"strindent iconditions™ refers to
hybrl di paitstamlltylra:hgseubseql,ent was hphh@ updo@gHt12ons, whi ch
t hose..of..ordi.nary.skill.in.the.art..conventi.onally..
refer to apK™vatuei ngent . |SQQ Ausubel etl3al ., Current
Pr ot.ocoks.in.Mkecular. BL Ol OgYsSUpraknt.ersclense:
N Y., 6E3Jt'9n&06dlh0r(81987 é1992) h's!)\vwfcﬁﬂnwntfﬁt'@a% 0

ES??‘&"%“ i B8 L0 il bePease bR Ao oy
s LG I, 018, oA BriogBinfeElls; 1°)

SSL, and OppderEmveatl 37C 1or 30-60 ngé‘éfﬁ%n&]nd then, a
0.1 SSC an 0.5% SDS at 68C for 30-60 m nutes Those

of | or kel Yo 6% Fartridget hi s art under spa0dnhat

stir.i.ngency..condi.tions. also. depend. on.the |l ength. of the
DNA seBulemeatsrial @-typesnucl eot i de pr old@sni( Saximl as 10- 40
b qpq)nrmxpdn“gnnu(‘l pnt|dpprnhpq|fmxpd
probes akioeardlowraig i s pref er abl 4. 270 6i8ecméminanet hyl

ar -~\H#Biniiiiiiuimiisihiliiigiriiiii44d@iii@ii(iii?i:m@iiii\\\ii4444n3\t444ead L@ f 2886w ‘S@;@;;;;;Aus;u;b;e;lg;g,
supra. ldentity reflects a relationship between two or

Thé‘@l%ﬁ w@ny@(%ﬁéhgé&:rﬁ&ﬁéll@@@@ﬁy %fpréféfetﬂy céfﬁé@out using a buffer
nucl eot i d ences, deterni c

0 ar
i NG ERAIRS GER@ oL orAheH 1640 Rt el § Ol 2 2hgrout 80 to
at sHdoEd.0 Olrﬂoétq;réféfdb@catlod ab&it 828)1 SRitAsIe Bufférs HBlUHR, i elample

cor ondence of } ol ynucl eoti des or t WO
borgis GHiieh CreiARRToRLBEoTPRRlSRAd e, presRim ARelaiee Higine
biciab, TS, IHEPIES THATS DRIoBprEfRARE iBbrafetiutfes @Y 8 PFEST Atbeatbut
t here |s not an exact correspondence, a "% i dent

8.5mkti98 feosn BiedpirexEhange RS Achieverh by Rereasiecie gonqustiygly o
theaROBIR hesdrRodt 6 aditien of o4 Qref@étblfifm O b ParticliRfy

? ween the sequences. This nm ude i nserting
profegeeskembadient;iil PRKCHoNRSHRG SWIRRS It 428 oD EXEhAMRce ¢ he
chrde@ataeaphly (éhdllﬁlﬂaﬁiiht waéh, %dti@bﬁﬂédrﬁéﬁn AR YanBexidkt Sirefersly L-

gver the whol e th of each of the sequences bei ng
meHieRYE- eé\'t%@at'\ﬁea@rrt@ idgntsse MeNtiIEIAROYe- that is

particularly suitable for sequences of the sanme or
very simlarlength, or over shorter, defined |engths
(so-called local alignnent), that is nore suitable for
sequences of unequal |ength. Methods for conparing the
identity and honol ogy of two or nore sequences are
mell knomn |n the art Thus for |nstance programs

o s - U 1 s s ~ o
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pol ynucl eotides and the % identity and the % honol ogy
bet ween two pol ypepti de sequences. BESTFI T uses the

w0 bmeabiohonol ogy” al gorithm of Smith and WAt er PEITEP2005/055815
(1981) and finds the best d&ngle region of simlarity
bet ween two sequences. Qther prograns for determ ning
identity and/or simlarity between sequences are also
known in the art, for instance the BLAST famly of

Thysy 'B@rﬁﬁ@ffemeﬂ%)ﬁme@ the grethgd ofi@ovewonwmprlsg the dgllowing

steps» 1997, accessible through the home page of the NCBI
at  www. ncbi . nl mni h. gov) and FASTA (Pearson WR,
19)9@9I0n-ﬂn91@ge ghramaiegraphye Peaferably %&Stﬁ)ngé@!%‘rﬁ?@h@ﬂge
am Ré%lnafdréi@ra“ﬂl&f Al Gét@%WarﬂMthﬁﬁ"e@moguéh@Q@ce ﬁé?o@"FF or
such as to_have substantla y simlar act|V|tyto .

OneFeaetaoel EMDOKMATSE], i s its capability of binding the GH

r(?f&% é’ﬁmlty%r&rﬁé‘l%??fphg ﬂﬁe@gb@y &h BRR §ég_|§|to§8'FF al

bi ndi ng activit GH recept or R 1 it can be
ddhBydrephabia 'Btefﬁ?\*/'@" shosaieararhy [9’9£¢fﬁb|v &P T@dt’ﬁ’@ﬁﬂt Butyl $50M];
5} relBrR phiabe E%nﬁ?og‘?@ﬂr@r[{ﬂe?&%%ﬁtsJ&%Fce%YRl@C]V en

mutei n has substantial'ly the sane activity as GH by

means of routine exper| ment ation conpri sing subjecting
0 f ifiati 13—l f&@ﬂéﬂ@&?{ﬁ!ﬁﬂ% conpetition

assay to determ ne whet her or not it binds to an

Prigrik8 rtﬁwstbpbfeioh elxalizﬁg@@h%t@graﬁw {03, .temay 88 %Qﬂab@'{B ,carry out

such as _radi oi nmunoassa

a Skﬂpé?f sradiratom dyPrdento °°£ﬁ9"t§§3% Fhen‘iw%? ﬁg%llaér ng ufagieation oy,

dlaflldﬁ!‘ﬁd)ﬁs/pr@ferétﬂﬁﬁérﬂéd ol disihg & eibrate Rt HEutlIFof at or about
These sequences are known in the

-35@565%%3??66@#@'\%@8%&8@ 1981 or Martial et al.

1979, More preferably, it has at |east 50% at | east
Opfiéital furthel parfficatidisteil4)-effidn-&Hande cliromataafahgr abl y,

at | east 90% or 95% i dent ity or honology thereto.

f d h t
in & fuEbE prefenel dtprmets, i e oring ReH O Sntlsf G-
sewnbsteptoftanmmexcﬁmgeecm@ﬁatmgra@hy (). Acprdfesrel sésin istFFractsgel

EMy TP BB e TR Mot o AR ERE A it agesi

hayiiiyy simil&IGharacteristics, @p endritiosed ladves wtustnatmly the émebmaetnp of

T S R e ST

resintavingsmildrichacactendticte be redtisneaf abmveno aci ds may al so
be made in the above-defi nedsequences w thout altering
their function, particularly if the insertions or

Theleteps bbmﬁome*qhahgwdhmma&;gimhyauymaﬁmtyi dﬁomatogra,phyl,nder

nydiparble inBaseeRh ShErRRod AR Flick F&verd ka8 cltindiSgrasy &

sedond Gtepaof @ahionesxchanmget c'rmaiTnateg@.phy maytbel ozerigdemit thusrsy. order,

aitic,gh fid Brefhio T iy RubH SRH SESnioN effHnos Bl irdt

The mmmng) steps"bEdyeaaﬁmntyfmadauogmpay rHydraphebis interagtion

[ a mutein or fra
enieldgeeny GIQRRE e S R AoreinPhee CB9TERoapty
mag rbe@atrmdmti i @y aiéerc altiough itiis) plefetseditb dolider. thé&order ghdvau s
bIbe fused to another protein, polypeptide or the |iKke,

elgw g., an immunoglobulin or a fragnent thereof. Fc
portions of 1gQ@ are suitable for preparation of

obul i n-f usi on, pr insg. .1g,fusion 0 ns,_are

O e e el S A
mtéEEthbn?n:ﬁﬁ)rﬁ’étégrAahy( &uﬁpgﬁmt/érse phase ¢hroatogesphy \RPC; and (4)

fractions teins and fused proteins,
secoh SploB o arreTenos 0 < any 11 agnent 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., sugar or phosphate

resi dues, or aggregates of the protein nolecule or the

sugar reS|dues by thenselves prOV|ded sald fractlon

o o 1 a4 .= . . ~ 1 o
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pharmaceuti cal conposition may be used for treatnent
and/ or prevention of a nunber of diseases or

wale@ensi®re. Such di seases or disorders are prePer/ap1095/055815
related to insufficient enddgenous GH producti on.
Purified GH may be used e.g. for treatnment and/or
prevention CGH deficiency, A DS wasting, |ipodystrophy
(al so called HARS HI'V associated dysnorphi a/ dysnetab

Optio fusthepp d Hibd atio as ter ) -‘J'u tIOB&@IaiIHFatIﬁD in part| cul ar
ped| atric. Further diseases n which adm nistration of

In egfu&%hprﬁférrﬁﬁ%ﬂ&}fnéﬂ éﬂé?' bﬁ?bﬁtﬁe Isftpls b BnroméBigraphy (particu-
rowt h deflciency, atherosclerosijs,

cirrhosis, adult
larlyafiena §teg,o§@gg@e&%asgplar@g‘@@qg\p@o%|thq FSH sample is subjected to a

corﬁz‘éh@é’tﬂintéﬁéb tPrsferabfy tHe @&M@E&%?hﬁed L%Q'@gﬂt%filti’éilohﬁahbmed by
|ure, chronic renal insufficiency

bl o
d'aP'HEUHS'PIOF‘ER’ @ pbigin sk haviag therflesirad EO'F‘H‘P%‘FQW ITW't’aﬂt’at'O"

(or fd%‘ﬂiﬁaﬂ@@' |§bféfer§bl9%hﬁ%|d|ouﬂ’9§h h%arhitane AtNikd BlcBt-off of at or
| erosi’s, strok xst em At rophy, or cancer.

ab%\?l‘ﬁ@ 'ﬁ%quapqeiﬁra@xewmutﬁ B-invention, it will be
appreci ated by those skilled in the art that the sanme
can be performed within a wi de range of equjval ent

In 3 particienyt rrefegrgd @amodimendse fpllawing RigRs a5a satkied oyt in the order

shdt@Psgibwng fromthe spirit and scope of the invention
and wi t hout undue experinentation.Wile this invention
has been described in connection with specific
embagly menyratikaf, (fip(fpreféltabl&‘I ith DMeHibifHeH R 4 loff o at &r
capabl e of further nodifications. This application is
i nt ended ARPUEBKEY: any variations, uses or adaptations
of e | Nyfen-bRdhahgé L c?réa;?hy@{ﬁl“l-;ﬁf‘érabIy ubing a0 iSeph&oss FF
of the invention and including such departures from
the presefflUBPkcl osure as come wil hin known or
custqmar ydyéra”fﬁﬁ.ty%rdm&lagwaphﬁearérérabwémy @Bldefsbpharose FF
invention pertains and as nmay be applied to the
essent i al A ¥BR)ir es herei nbefore set forth as fol | ows
in the scrpRogHoblehRteriRRSMEIRdnatcyraphy (AIC) (bﬁeff&éﬁ?%ﬁiga
cited hereln i ncluding journal articles or abstracts,
publ i shedPd! mlq@}ied U 'S. or foreign patent
appld)cat i @Rersk %ﬁd@@cﬂﬂoﬁatd@?aﬁh?r(RPGW(ﬂ?élbﬁé’ﬂl)ﬁué?rﬁg &8¥urce 30
ot her references, are entirely incorporated by
r ef er enceRREGIUTN ncl udi ng all data, tables, figures

and(g)ext Ml@@@%h%ﬂge BhioRfRitdgragfy dred StkiyhESasic anion exchange
Add| tionally, the entire contents of the references

cited wi tT¥SH (Pf?ée’?%'Vé'P@ﬁ@eW'ﬁEthéﬁpﬁ%?"é)i Andre al so

ent g)el y iiramrRRn3brIerably iwither BmBranBRading Bckit-bff ok B RDN

nmet hod steps, conventional nethods steps, known

met hods or conventional nmethods is not any way an
JeScfdsRAblb RAbuEDt tRSPSI lsamPRS6 2l Sép Qlfhéhbﬁl&ﬁw 'wﬂ@éﬁlcular

the present invention is disclosed, taug

as §l¥5@%§'?%'an%st?ﬁe' & & ©dyeR therisk Ofﬁ@tﬁ'arnéﬁ%“ ﬂfgthe FSH
prePaftibh Kith Ytustis driwuem@:pém@le%ﬁgwhtmg iofn theldell 8Qtdrell | Y

reveal the genera! nature of the_invention that others

Napefifratigp ”éﬁ)’ptl’%/‘mﬂ? atRewsiagg©f the mirification pepgess. hgwavee itds ¢
parﬁbtﬂéﬂlgy:zeféﬂreﬁ hé caPNb@Hahoftratidheaflc? tHY 2M6@p of idnkchange

erein readj |y nodi fy and/ or adapt for various .
chramgtaasarhy off %ﬁ?&l‘ﬁ@bﬁ@o‘?'@% ChipmsPgrarRYor afief Rytierhabifue

mté?éétféhld’ﬁﬂﬂﬁa”tb%raﬁhy WdnBfttbtistemay be perfbiid o tBeeheMime, for
concept of t resent i nvention. Therefore, such

exaé'ﬂf%l?)fté’ﬂﬁyot?%p%ffﬂﬂ 8¥ie¢-cati ons are intended to be
wi thin the neaning an range of equival ents of the
di scl osed enbodi nents, based on the teaching and
gui dance presented herein. It is to be understood that
t he phraseol ogy or term nol ogy herein is for the
pur pose of description and not of limtation, euoh
that the term nol ogy or phraseol ogy of | he present
specification is to be Interpreted by the skilled
artlsan |n Ilght af the teachlngs and gU|dance

e Y N Y
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This study describes the experinmental work relating to
t he devel opnent of a production culture nedi um ( DVEM
wO Dwblosiwen' s Modi fied Eagl e’ s Medi um by addi t PONBP2005/055815
trace nmetallic elements. Ad4result of this
devel opnent, a remarkabl e increase of the r-hGH
productivity in the C127 cell cultures was obtained.
The followng table 1 sunmarizes the conposition of
In pparticdarly Rratered \eabodiveent, the methad of theinyertioapogprises thee
fo"g\;,@ggtébg this exanple. Table 1: Fornulation of growth
medium DMEM and production nedi um Met hod f or
purifying FSH Field of Invention The invention rel ates
t?ﬂ h@ltrfahl?rlaﬁorp(préfgl%b |tt'fé rRMbPEheHavir) 4 E@LAH of at or about 8
i'mul at1 ng hornone . Background "of the invention
Fol | i &Pk- sti mul ati ng horrmne (FSH) is an injectable

ROP! e'aﬂlofwfﬂxlché]'%e' Jﬂﬁ&nétﬁﬁraﬁh?ﬁﬁe@fab@ﬂﬁ?fﬁ&@éﬁ%id&é FFySH

i's used in the treatnmen Inferti’l

é&br odie effiply ehromatrerapty{piséarably uith Bluepephagese FF),
RQ} ' e'ﬂ&&mphébl@N&é&lon%ﬁ%mﬁo&%ﬁ%ﬁﬂ@) PrefeRPvivBLEGT Y
For pharnmaceuti cal use nmay be prioduced
reconb@le (rFSH), or it may be isolated fromthe
L{B) ne rQferROSH%8 TARMiR ra%l‘?ﬂﬂlﬂ% éﬁn‘é’f‘é’a‘%ly mﬁﬁ%du?ce‘!ﬁﬁﬂPCf‘
f'emal e patients I n ovu i‘'on i nduction

déht r @nlcaexghangeahrer)aesaphyan arstronaly Q@H}P af‘l@f‘ @@@?@Q%@S'n
repr odwféaégytmnggtcgglrgsﬁn (ART). In a typical
treatnent_regi nen for ovul at| on induction, a patient
|(§)adﬁ?h¢f§tf%\°@d daily injections of FSH or a vari ant
((Q)boUhltr%ﬁltrtaﬁor?’@)Qei’eHbWrdémerﬁﬁ?én@h%d R utQdf SERD).
about 6 to about 12 days. In a typical treatnent

imen for controlled ovarian hyperstinmulation,

Th%ag antage; of thepreperd dnveationyigithat th%pweﬂcammem#mi%o'daof a
coé( ﬂﬂémfe |ﬁﬂhﬁfétafﬂr59 cﬁ%ét&;r’é&w &ey)an& 9rovwe§%rnyﬁ><si~ afh.gh

from about to about 12 is also use

degrae| otESH rE’é'F'Wél"Gg*;@ﬁ@ﬁ? Q'O?ﬂ'vﬂﬁrﬁ'%m%ﬂ"ﬁﬁdf’: 1hef the present

mv@ﬂmtloﬁQﬁ:B@ Bl Gontdin URGESTRA i urﬂﬁs haled b%ﬁ'é"?n%dnb%ntl
|ncorrb|nat|onW|t 1500 11U hCG twi ce weekly

Chfﬁﬁ’@tqgé@#‘ys(%c@§§‘Fflﬂg'9%'“%§c'ﬁ?@1ﬂdrf§?”éwei BPPbvenent in
sperm count in nmen suffering from hypogonadotrophic
hypogonadi.sm Burgues et al.; Subcutaneous

St%'%g?’g)ﬂﬂ?m!'ﬁt ion of highly purified follicle

Théﬁqmb@hpwldﬁ%ﬁﬂ% oA t@ﬁﬁﬂncéﬁw Aréedss a@@é@é’ﬁﬂeﬂ%@é‘ and

for the treatnment of male hy onadotro
°°W¥?/B6§@Hﬁﬁﬁ%ﬁ$'”§wrﬁesffpzea|f¢r 246 Ao 5. b SRS PUrileR the oluate

E%ﬁ@ﬁ@l@@tté gﬁbhlﬁsdfMﬁQ‘%BQéiU@mg "He Rem&RPsSNENt. T8 resulting

e of the inmpgrtance of FSH in the
"qwqefdvmtseefpfqdéact isitermeddFSBR¥E's, the provision of FSH
of high purity and high specific activity is
desirable. FSH treatnment requires repeated injections.
FSHTQMYIatiors f i ed FSH preparati ons can be

FSAWGTaR I FSHVRRRMERAE #VEANEH of puRfiddThddolditl to the method of the
self-adm nistration by the patient, thus increasing

inveationdhgy ke foraniaiadder 'Hﬁ&t'% ﬁBF‘F’d‘PFEaé“USLCVWE Rr %{bé’Pta"F‘T‘l'ﬁe

preeéféuslﬁ@hb@marfe@ds PrHel K31 frQIAitioh niayrmrfre@kéidhé@nu which case it
follicle-stinulati ngjhor none and | ut ei ni_si ngwlorrm

is digsplyeeiywater fosiniggtion just prgr to jnigctiono The Shifetmylglionmay also
be Bt GorhiatoH! infwHidhcdaE idanetinjetat Yirksty, withsut préhod
_|nvolves ani on and cation exchange chronatography,
dispoliiloaf finity extraction and size exclusion
chromat ography. The nethod is said to result in
pituitary FSH having a specific activity of 4,990 11U
(i mmunoassay)/ng, with 16 11U ng of LH Protein content
was determned either by dry weight or in solution by
absorption at 280 nm (assum ng that A280icmfor 1 g/l
is equal to 1).
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WO 98/ 20039 (IBSA Institut Biochimque SA) describes a
process for the purification of human urinary FSH
wa@e@shfrg wi th urinary extracts call ed human nECDPP2ASHESS815

gonadot

rophi ns (hMG).

The pfocess uses ion-exchange

chr omat ogr aphy on weakly basi c ani oni ¢ exchange resins
of the D EXAE type followed by affinity chromatography
on resin having an ant hraqui none derivative as a

The FgHfermufationgpaicke single dege ar myltiplecdage  fiitia multiptg-Agsee b
shcfur PPretdraiyy goﬁlﬁ%'af‘t&hc?erﬁ;@?a% bhénta&ildn\dst tor @kafipi8 7&-Hzg| alcohol,

nmuno

Protein content was

determ n

e

assa .
%ﬁ?'n@ymﬁér rhengl; prefesably bpesy! alicohol o meta- @pS?Jr &'@¥¢Idose
fonh@l%tléﬁh ey h@@looﬁln?ﬂscé 4 ﬁa&Erl&tﬁ% dJeng /7 NM in quartz

cuvette
(Lnstit

S Wth

cm path

descri bes a

[ ength. WO 00/ 63248

process for

t he

ut o Massone nbcS?ﬁ‘)
Th?) GpHraf g ipvention may SE’F%‘H”F’ éth "i“ﬁkﬁ’r‘ FAFiRigNtsHnd stakiizers, for

Tvmm\pﬁ@t SOPRRINY (preibraBlyFiIGirRR F8B).ONI C resin,

In é{ rﬁ&ilwprgféhleﬁhmg%mﬁ?a‘iﬁﬁ
I'TU atl n or mne base on t
inveRfiogic KRBHIAER Y ESoMRs § Bwaler fon

a

exdMPIBsUdFdsB@nd MidhnR6IO HERay | bl@& ebm fisd ACahtiRixldan, BGctPaEPs:
i on _exchange chr omat Qgr ap

mehianing- gt nlaméurt%e%enmﬁv%wnt sush

strong cationic
as épreferably
and
A FSH

hydr ophobi c i nteraction chromat ography (HIC)
preparation having a specific activity of 8,400 |U ny

wei ght “gai n net hod: Van Hel
Over beek; Acta Endocrino

A pafticur

cont enP

he au?nentatlon

RSH bRRIuESd by me%ethﬁd of the

Wt

PR YItB §ycro3R PhosERe
buff?4ptd ¥9)PI@BHic/FE8 Smbthidhink ddd hétaldrédol 8EPEMXH al¥él.Cl e

H Matthijsen R & GA
1964, 47, 409) biol ogical

béféh?éd mﬁud Mult2Adsé %rﬁ@ﬂﬁbh BfltatoMBInAh{ESH fdr ot ei n

performed b

Lowy nethod [OH Lowy

y t
SU@HWPOUS 9r 'nE?fBPSCU@wiﬁctlom%tfe f@@&"n9265] US 5, 990, 288

(Musi ck

from hi

et al.
ol oqical

saml es

) describes a method for purifying FSH

such as humn nltultarv

Cognenastsof Fﬁb‘rfﬁwt"ﬁe‘j‘? igHich fysmugliensur i ne. The process

C

# Mnetic

S -65

M folwwdby
Orange 1 resin

TBEETY PSHAPM
dye affinity
foll owed b

725U FSAT O

chr omat ogr 3
y a step of

&JOO':FU'-P-’SH
phy on

_TﬁwnﬂTnﬂTyﬂkg H nreractio
Wde Pore H -Propyl re

resul t

|@9ﬁ@¢%&%ﬂtUlt

25T gr

51 N. (?-(?1?; ro

Ary FSH havi

BiTY (488 |

cess '1s sai
hg a specifi

—
d 6t68m>16|U)

c

2

actTvit

VStHrose 000 TU

U (|nnmnoassay)/ng of

speci fi

c(nmt@arkwdgg) of 6

- and a u
298 U (i mm

Egpn()dbbdy) )2y

rinary FSH h
LiInoassay) / ng

anmd—tesy QGW‘

I
avi ng
and

T
a

Fess—th
was det
A280 1c

y absof

nirfgsearttidge) i s

(sot=at
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T
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MVFY protein co

L Cesare—-Setonho

"G @Nto 0.5WI B8
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es—a—hethod
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The process invol ves

i mmunochr omat ography with FSH-specific i mobilized

nonocl o
sul phon

nal
e,

ant i bodi es bound to Sepharose 4B by divi nyl
foll owed by reverse phase HPLC. The

resulting FSH is free of LH and other urinary proteins
and has a specific activity of 6,200 | U ng of

| yophi |

i sed powder
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( St eel man- Pohl ey nethod). The preparati on was the
first FSH preparation to be suitable for subcutaneous
WwW@wsns®re ati on, due to its purity. An ongoi ngPCEEP2005/055815
remai ns for new nethods fonéepurifying FSH and FSH
variants. In particular, there is a need for
purification nethods that avoid the use of the
costintensive i Mmunoaffinity chromatography
Indigatieassunmary of the invention It is an object of the

Thé PSANYF i inbéhtiBh RVéH@bR Byt TRl %atfn%tso%érwsms indicated.
reconbi nant FSH or a reconbinant FSH variant. In a

It iss pgriiguiarlysaited for sabeuignaeus adminigiiatiar i evulation (b‘?jjlpmn
corftidiiéd W/é?&nrrﬁfﬁé’ﬂéﬁﬂnﬂfé%n W%Qstgé"bﬁbdtﬁ!ﬁvg @E!hHélé%@Qtand in the

starting froma |liquid contal ning the crude
treqtpiept elliggsnermiaf d’! MavPe ysed iggonjunction witheother gqnagi9troph|ns

sudHATRbAY F\é@hMt méy?élsm‘)@ru%%‘ Qfth urtHar §6rﬂﬁéun%§ which au%ment the
chromat ogr aphy; and (3) reverse phase chromato

resppnseHo I§EC'E:§$ fipeéphene citrates ayoreatasg inhijtprgs suc as

Ané’&%%liefﬂét%oféf Fhdrezsle an vaRsf gure 1 illustrates the
present 1nvention, I.e. a process of purification

conprising the steps of : dye affinity
SeqidiyEt ography, hydrophobic interaction

chromat ography, reverse phase chromat ography, Figure
SEQ @H%Qs"g‘l a(ﬁlvgly,qq)afqteimx-%lbgpiéci fic enbodi ment of the

SEB 1B 2! \é"a‘ﬂ%%@fﬁh"'t" . @ process of purification

conprising t eps of
SEQ IDrNDI 3:thF&H [Bedllinithvaliamtett | on, ani on- exchange

t oqr , dye affinity chromat ography,
SE@D@%@H@%\F@W%?@ _"laﬂﬂntgr onmat ogr aphy, reverse phase
SEQth{T@I&Q'lF@PWsubLﬁm'\/@ﬂaﬁ@hange ch_r omat ogr aphy,

nanofiltration, ultrafiltration/diafiltration;

Abbrevi ati ons The foll ow ng abbreviations are used in

FoIMﬂ@ sﬁrﬁ§l§flhd3ﬁérﬁii‘)n@fortﬁ‘934 I3\RBY hertin fdfers @ Rirhad FSFI'(HF‘SH)
licle stinulating hormone;r-FSH: reconbi nant

PrOF’B‘F?d @ﬁ%ﬁ" lengid matuseprotein HSpH i 2 dissicarpesed ofihe kapan
glygébrot@ﬁﬁblw éﬁ%n@%ﬁg{h@htﬁﬁm #mw&eédbnhut EfrhefrotéiA %b!diﬁ%noe

| i'nked | m”Mmunoassay DAC. dye affi nlthc r omat ogr aph

of theaman ghiseprofeia Ph@ﬁ'd‘l’uﬂ'tdﬁ Pravidediin YERHPAYR b@namprotem
seddenc@6f the %hm@ﬁ FSH bethlsGburibis GRBARPSEQIIDING:ALT | ON

h chr omat 09 phy .

e use of the term "récombinant” refers to preparations of FSH that are produced
through the use of recombinant DNA technology (see for example WO 85/01958).
One example of a method of expressing FSH using recombinant technology is by
transfection of eukaryotic cells with DNA sequences encoding an alpha and beta
subunit of FSH, whether provided on one vector or on two vectors with each subunit
having a separate promoter, as described in European patent nos. EP 0 211 894 and
EP 0 487 512. The DNA encoding FSH may be a cDNA or it may contain introns.
Another example of the use of recombinant technology to produce FSH is by the use
of homologous recombination to insert a heterologous regulatory segment in operative
connection to endogenous sequences encoding one or both of the subunits of FSH,
as described in European patent no. EP 0 505 500 (Applied Research Systems ARS
Holding NV). Also contemplated are methods such as those disclosed in WO
99/57263 (Transkaryotic Therapies), wherein one of the subunits is inserted
heterologously into a cell, and the other subunit is expressed by activation of genomic
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HPLC : hi gh performance Iiquid chromatography | RVA:
i mrunor adi onetric assay KD or kD: kil oDalton HCP:. host
w@edob/0prood ei n, proteins arising fromthe host Pel/EP28&55815
for expression of FSH I PC. 1n process controls |EF:
I soel ectric focussing PES: polyethersul phone RP-HPLC:
reverse phase high performance |iquid chromatography Q
FF: ani on exchange on Q Sepharose FF RT : Room
seqrenfrRs ki insertierof 3 heterplogoup seguirtonwseamegat ly haraplogous
rechMbffatio® TS MBIHA G HHeSikvdritbh AhyHe (a8 tb PUHY FSMexbRsssed
i nvention provides a nethod for purifying reconbi nant
using ady,oftkepeomethods apdpiheamethodst vari ant starting from a
liquid containing the crude FSH, conprising the steps
Thé exprssiorEréddmbihdnt célhrr@f@'ﬁg @Wcﬁaﬁ]"b&‘odds@ﬁ bVYr%bRﬁE%‘té?ologous

i nteraction chromat ogr aphy; (3) reverse phase
DN&y, inglvdtnggny ohihe: a%ﬁ'@l‘ﬁ’ﬁ'ﬁ?e%@eﬁ@ﬂﬁ PEgenslie npafqn%lﬂpon

order. The purification nmethod of the invention

Pre’férﬁ@llycﬂﬁe BSHES prioaucst YecohbinBrtiykin @hirdisg IP*naﬁ\‘s&fdr'i)yarVQIfQCI?»ltD) cells

then be fornmulated to the final pedica

tra £ with 3YPEIRBST VaCtors SAMPHRNGRDATCAEE Bffthﬁihf‘ﬁ’r"‘& ng a

glybopibtefegpeesuni dhd the béta BOBUNILTIFSH. DNA encoding the alpha and
i mrunoaf fi nj tgchromat oglrsg&hy The crude FSH which

betprsuRdniisHRa b PESAY A0 P OFSIffef‘?‘i‘é"‘Efﬁ?ﬁsf i cation

according to the present invention consists in cell
Thé bxpregstoNFSHErRINE afindh it t6 @nEaheassi these mbidtlied différing in
referred enboijl nment, an_antioxjdant or.a free am no
amino; 3FicTeyR R, OIYGeSXIRtion PRHE ATy "S&HH“'B'EM%E’PWQ]“M“
FSEfdueexhibiind PSHuGtyl TExanipResanhclédd CTP-FSM; aldmPactdy riduified
purification nmethod according to the

rechRpIANT . GARPEURG SIS BiIG (PRSP Aot E-Sypualb i

whicR tiWyarBbxyt tBeniRalf Jeplide HRRTG has BEén fu?ée@%@rc-termlnal of the
concentrate and/or filter the rhFSH The anti oxi d

B-sHPwafFSH g8 dgseriied it Laelt ety BRdocigolgsy; 4993i 1. 58142520,
or l%ﬁnf& %r Efe gt Qﬁ@EhérﬁctEnfﬁﬁoh'o‘PQ'l&% aé?h?fréac{oﬁ#ﬂur}ént hFSH

-nmethionine I1's used concentration of at or about

agq{'ﬁt:l'd@'“?@ Rﬁpfoﬂu?(?%r’lse%hﬁﬁl ddsagnclydediistsingle ehain CTP-FSH, a
smgIB‘E:hHiW?néle&H'é YondistR{ ST RIGRIRY sequences (from N-terminal to C-
di et hyl et hyl ) - 4-net hyl phenol ; potassi um

ter@inalodi um bi met abi sul f i te, sodium bisulfi te. Exanpl es

of free am no acid and di peptide with antioxi dant and

scavengi ng effect are hi stidine, taurine, glycine,
al ani ne r nosi ng, [ t hyl hi st | e or
colnbi na?'i:%ﬁs t her eof @%ldg@t’l( 1]‘3 14% starti n'fugkpmt erial
is clarified first and then and optionally
concentrated (e.g. by using ultrafiltration) and/or

whérelf Srsiesighnegaté [- @&mltbhFSHEB'h@G @13 (1h8135) Qanifid<he

rior to bei ng captured on the first chromatographic
e

cargpxytermingl peptide pEHMG nd erShhsignitigshe v subeniy el Stcase d
des’%ﬁgeé‘gf‘ k%‘ﬁ?epé'}Sfﬁﬂafrﬁaﬁﬂoﬂrﬁeﬁﬁyar{ﬁ)ﬁéﬁﬁgcodyhaﬁvﬁs aF §19 Ie-cﬁam

ossl ble to use nbr ane

recpgbinant kumapfodislecstifiuating hogmene mlgg&m@rmarawnomﬁe
go% ﬁ:h EértbbS?ﬁ ﬁﬁ:ﬁéﬁpeﬁfldé B@lhé’ HRIES monRYE Heh) & Stcfiity:

|n|t5y romaorapy

2002, 77 1248 1255]. Other examples of FSH variants include FSH molecules
having additional glycosylation sites incorporated in the o~ and/or B-subunit, as
disclosed in WO 01/58493 (Maxygen), and FSH molecules with intersubunit S-S

bonds, as disclosed in WO 98/58957. Further examples of FSH variants include
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hydr ophobi ¢ i nteracti on chromat ogr aphy, reverse phase

chromat ography ) are in the follow ng outlined nore in
waledoaioslo70The dye affinity chromatography step $Ql/ER{ves/055815

nmet hod of the invention inu®lves a step of dye

affinity chromatography ( 1) . In a preferred

enbodi nent, the step of dye affinity chromatography is

carried out using a resin having as an i rmobilised
chimegja AWlesules CORPHBIBY SEAYRNCESH froR andsrAMeNERS from 8CSHer LH,
suchids th&% ddbchb&d AW 91/f5925'Ra W Qm2Biogeg F3G A The term

i mobi I 1zed" 1s well understood by a person skilled
in the art and neans that the ligand is derivatised in

Thé hSH%ﬂ&‘i’cstr@I@Fred Eo hé‘reiﬁ% i@l th'e'c,‘ék‘tﬁg(yttéfn1tlljﬁ4§i3 dél@ﬁér\'b ofthe

partlcu ar | gre erred resin 1s BlueSepharose

beta subenithal are shenerAhat el |BP9>t§d'1‘%Hr@é§°tPﬁh°f)SEQ'%No 2.

Can%%?‘ firnfHal §88{idHsF tH hiphatEbers BU&Erﬁ’lSa% EFovﬁfe% ﬁSEEPIUSOM@S
I's understood that the nethod Fer or med

3, 4N|alnﬁ alltis Pﬁﬁ@rétopés*:hﬁ’ﬂﬁhe ??Hb@’ﬁgtegi“ﬁ@”v@f'a%tﬁé thetheta ghainform
corﬁﬁléﬁmtﬁ% Kpbwdlal dﬁi’a%&;h#?toﬁ&ﬁﬁ B8 FSPG)aridRt hetdrByiafepar |
| ue- HC- osoh Bi osci ence), Toyopear|
Super But y 550 Toyopearl Phenyl 650, Blue Cellthru
In %bl%ﬁ?f% érﬁ&ﬁf RERNAL: FSﬂ"E'dr&&i‘Joe@'rét%nMa%ﬂ?ﬁ*)CHo cells, elther in
bachrone bl ue BGA agar ose 100 (Sigm), CGel 'Blu
a SeRINHALIA B, SerwBiiee mediNye cartri dges (Bi o- Rad) Bl ue
sepharose HP (Anmershan), C bacron Blue 3GA (Signa).
Elution in the step of innobilised dye affinity

In %H’ﬁ&fmdc@?%ﬂﬂ'fve@h’tb‘&lp@”ﬁﬁ%ﬁ%” #rduced agearding ép @GthIBQCh@f the
mvéntfb‘r\flé 8liitaBle ma%ﬁou§§dr¥nh%%€6r{ )Seﬁﬁlﬁlfnﬁ rsé@aﬁnfﬁﬁéiidﬁﬁh by
sphate. The pH of the eluent should preferably be
theegatlgat about 6.0 to at or about 11.5, nore preferably
at or about 6.5 to at or about 8, particul arIy
preferably at or about 7.0. Alternate buffe
The,pyRregsiemicededgecembinanyiifH gefgrsio thg csl @ltumqm@aﬁm from
recBﬁﬂb|n%Y\4 6&3 e%@ssn% £l béforePhas HdR ne%%hr%ogryg? &
e elution buffer for the stép of dye
Steﬁf fli hﬁ PKR/’%‘PW'E)%&QB’@W&E‘PW"@ e fermyefdhe puparyatagl{ag jselaied from
cel%?bé wkiPas BEARARSIcHRAALP NRLIEY bMd/bY ultrBfiiRl&d §levndafe! . -
In a particularly preferred enbodi nent, the
product -contacting buffers for the step of dye

Th@fécrh”bblbgﬁ:lar SARIP I AN (S ﬁBHl Adavigf | 'réfé‘rs t&"ﬁﬁi‘atﬂﬂ? of an FSH
el ution) confain an antioxidant, such as L-nethioni ne,

formylations{c aligh hiolagicabresppnsesEssngiatas with i SH, gech as ovarian weight

galh 1@%b}éteéﬁnﬁﬁ1%%§é‘}9 Assay of the follicle stimulating hormone based on
1, 1-di met hyl et hyl )~ 4- nnet hyl _phenol”; potassiu

thec?r“%’@ﬂta&ﬁﬂ M'tH@HH@P%PF%"’eQOWGFTQN'bl %QHOFT'@%OQYTH853 53, 604-
61 é]}’&r fQIﬂcElﬂQf‘ dgrowihlif ad6hhRHaliBAtO %‘IEGI%?@I’&W@ in&Prefrale datRnt can

al so involves a step of hydrophobic interaction
be GYﬁ%ﬁﬁ@ By HieRQUNd: for eP(ﬁmﬁ|ep F‘éﬁ'é’ﬂsr %fdih% ﬁB@H?’n%f felliclesaving a
meEh’ @fa‘?riéi‘&tﬁf Gt bNAILREE iR of AEP BRF SGhaBtion. | Bioedichl REviBHE
a resin such as Toyopear|l Butyl 650M (0Obtai nabl e
eV?"FQSﬂﬁi wik ;,$Peride @p ackepted stapdard forfefll-st ood t hat step
(2) may be performed using alternate resins, having

Thé mebﬁfenﬁlh%rnaiswwe‘bbféﬁén mﬁiytberrﬁéééu\‘éﬁ W&Séxaﬁ\ptehﬁ&m M LH-
e used are as foll ows _: Phe {I)Varose Fast

speaifigimelppassap e as a9 F?S'ffaé‘é J{Valtae [y ( Firke Fé,rl‘lﬁﬁ‘d)
Butyl Sepharose 4 Fast Fl ow ; Octyl Sepharose 4 Fast

w,, Phen Sephar ose Hi gh_ Performance;
Th‘iB’E?I—ISP%FéEV iy | isepfereppisE Sidppgang the Pfolﬁﬂ %Hﬁ?tﬁ'ﬂ)ém U of

theBir&SerhtfItGA @ reSéthlscd Hiolsfiat -asééiyelﬁr FSH such as the Steelman

WWw. arer shanbi osci ences. com) till further resins
are : Hydrocell C3 or C4; HydroceII Phenyl from

Bi oChrom Labs I nc. (812) 234-2558; (see

www. bi ochrom con) Binding on the HHC resin is achi eved
in a buffer with a high conductivity, obtained through
the addition of salt (NaCl, (NH4 2SO4 or Na2SO4 for
exanpl e). EI ut| on in the ‘step of hydr ophob| c

., . e o o o - g,
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having a pH at or about 6 to at or about 8, nore

preferably at or about 6.5 to at or about 7.5, nost
w@embesabl y at or about 7). A particularly preP@r/ERIH05/055815

syst em cont ai ns sodi um phodphate for buffering

preferably at a pH of at or about 7, and anmoni um

sulfate. Alternative buffers are nentioned above. In a

particularly preferred enbodi nent, the
Polpieb Bigassaydsivided bidherameentof protein s daterpiines by agsey for total

protédl Hbﬂteﬁ’cr SldnQ th¥Bahry £sHY [OR) L6RRL Rl RABeBLGI A 1A%k and

such L-nethioni ne.” Alternative anti oxi dants are

R. 418@06@1#@85%6@@’ Ghem.199c26% HemtserE clhr(38&d)o dinap iBjockeep

fat ORR
4802, 10 AL 2Ala P CHove RO 1081 Bighfl BB 1588 R
assay dBradtdod.yM ddr (1976) Soel. B@chgnan @48} os oy Absosb HCIRCEBB Om.
RPC (obt ai nabl e from Anersham Bi osci ences). It is

Prége}tgﬁlp%e @& HiAbingd B Il{egihvém%n *HSFE &Q&ﬁ‘@gctﬁmy Hggerregtgh than at

hati ve resins are we nown
or ahiaut 8ePD Uimghmoregrpreferablyngriester thanat o aboui 9000 IU/mg even more

prefé?éﬁl?élée%ﬁéﬁﬁér?ét orEBSuF‘LUO@U‘RJ/?r% 9%3/ %n'ToFe &5?&9&99 ?(r bout

out using a nobi uftering
14Q00dBm@ whprgin biglogisrbantivily Iatmeﬁsuw@dmth@ ateﬁlraarePohbv @Ioassay
7.6. In a preferred
an@h"?egﬁ énaér\r']c%fnt% Hﬁggﬁpg%ksﬁgﬁsgem es i s anmmoni um acet at e.
Al ternate buffers adequate for a pH at or around 7.6

The heHsgeplesEay hMopsalysedds perpeet of el pynhpatyaripuestpgey efithe
proc8dute lUSRY, fg? khrh 96, tbHqutlsRBCHRY tt@séﬂ?tée%bféw an
or gani c ier, the concentration o
nodul at ed for dlfferent phases_of the chromato jr a
r-hEBHAYantifisation/fres a'%\*‘Lﬁ‘iWﬂ'%‘W’é@%ﬁ’féPﬁf‘?’&ﬁ E
preferred enbodi ment, the organic nodifier is a vvater
m sgk He@rtn@r’iélﬁébo@eslﬁél*{ﬁ‘é hetﬁfcﬁjfrﬁérﬁ,bély Fbtéihcéﬁhgﬁosea € Bn o-
as nethanol, ethanol, etc.), nobst pre era |
pr opacha B- S(upwt p$@peﬁ@|ss>matnqm of theasubuoils ean 9cqyr @ndthiggan be
ot op ohBiRLgy SR B R ERoffke DLy bl o seRole, i
ant addifiaa the, F S shburts Inmayt lecomeroxitlisedndthe axitlised>dodt@antisants

are ' y r i f t
ot ofb08 biied SRS e Rl G e Sl ap iy hessee
nmai asipgBDS-RAGEON steps - outlined above - the pr esent
i nvention may include additional purification steps.
I n one enbodinent, the purification method of the
r-hFSHqua'nhflcailmullmamrmqssaw m nary step of ion exchange
chr t V.
ot oD HfeBR™s stipig 850 bE eHhme R e B AT MsPaiedelspgois
quatoeFS&k yucatnamhhelDELerakFSH mmulmoassaQ Sephar ose FF
To{a?Pfo%ﬂa@rg FoFé’H%é;Pi_ﬁwA%%a%%% Sa?r)ce Jlaz\épr}ﬁnt he
of 'oW nhg c arac I 'on exchanger: _.
St r Asgitarang profeit prepargio; tojal proteih cohtent Gnltss> det@mined using
Exc . I 0
eléﬁlll gg%éeérl‘!ggas ag%r%gﬂ) 533% eié\gﬁ)As%g bgg o?ﬁ%?:ee at 280
Crosm | i nked agar ose, 6% QOer ational pH stability:
- L pH stability: 1-14 Linear flow rate at
isofarhs Rl [ D11 DL Y e, ght, XK 50/ 30
col AsrmeﬁlmrmdanqveelF SH ist dn glycaproteie ha‘ngga muHiptenaligospaparjde
st e [
Frac oge? WI\?&%HWC% Z#Oﬂﬁg r oﬁ'{@ﬁéﬁg‘%&a&je
Dar restdnds may have different degrees of branchlng and may be capped with
sialic acid residues. Sialic acid residues are negatively charged (at neutral
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Germany), or a resin having simlar characteristics,

see below The step of ion-exchange chromatography is
w@embesabl y carried out using a buffer having BCTEPZINY055815

al kaline pH (e.g. at or abeut 7.2 to at or about 9.0,

or at or about 8.0 to at or about 9.0, nost preferably

at or about 8.5). Suitable buffers include, for

exanpl e borate buffer, triethanol am ne/im nodiacetic

aci aH)erlé‘ereamﬁuoaﬁplae éqagls 4o heterageneity, with jarfaixturesef species

HEPRaving é’iﬁé'en{\'ﬁﬁle&ﬁﬁ)&ﬁfsqgl)' FhiRQaAbE d3uéds8H ’usi“ﬁb drebiihique

of at or about ution'fromthe ion-exchan
r esthat sepagatas basad nychﬁ’ﬂﬁ SHeh ﬁ@'sf)ﬁ'éc’fé'@ ﬁlﬁh‘é@'ﬂgﬂﬁg) of
t he nobi | e phase through the addition of salt,

HoBt &dIEpradil (NBB) - | n a particularly preferred
enbodi nent the product - cont act i n%'_buffers for the

i on emﬁﬁ&elewaaﬁa@aahva%ys A EHSHY asseyn Foygxamele,

el Uhhtfidtics @Bh Bk Raidéd RN rRodktaiRtre” RVHREHEE %b:!u}ture of host cells
Lmet hi oni ne. Alternative antioxidants are mentioned
aboVihok FSH geneg. preferred enbodi nent, the nethod of
the invention conprises the follow ng steps: (0)

ani on- exchange chromat ography, preferably on a strong

EXAMPLES:xchange resin, [preferably a quaternary
anmoni um resi n, such as Q Sepharose FF or Fract ogel

Théb@sammentlérl)umdm 6d filustidted By meERé 60r artplédr ef erably
on Bl ue Sephar ose FF]; (2) hydrophobic interaction

chro a referabl oyopear |
Cofspaa e s e BuSkAoR ety Do en e p st ef i e 1 2.
TherbsBiiag pufidd rhF8H fsueintery “rpESHIbuat i on step (-1 ) -
uItraflltratlon/dl afiltration Prior to the step of ion

exchange chromat ography (0), it may be desirable to
S of ultrafiltration, in order to
EXABPLE Pler F elcrude FSH. The ultrafiltration (or
Stepi (4):i Dyer affinity chromatogfraphyidn/Bhuer Sepdcirosd usi ng a

menbrane having a cut-off of at or about 3 -10 kD,
PSHAAAE LA oGl SRR A s
contmnagfrendrmimaqb Fetei.e diSI-dawb@tilw&smroduobd remlmmmhrtﬂy irt GHO
cell'sn&%? gng% %H%gorglﬁ rﬁ%&g@g ?ng nﬁe%ﬁ?lﬂ;jf h%—z &98 a?finlty rcgré)matcgraphy
column fiBlae mgbarosﬁ/BFTWE) mmrst@qtqmmmd nmthl aeIoWroondtutﬂmtk buffer at

t , :

E‘ ﬁgﬁéasc% b?‘ﬂ m&ﬂg) %}é% Tg%@alﬁd c8§ﬂa|?1 'ﬁatl‘er na 4nagptpf1'%d

direnliy tnthegesip. Afterathe toadeihehmbgend matmnat io grespeq odaysnrtge

colfH| a1, 0SSP SRy Ml MR AR

ar I'CS
phasiphatei bmffeeataithn§ecarttaiong Nagi aptthy methioniagf iThe elution pool is
p omat ogr aphy
iy BB Mo neM SIeBE KRS op b el B2 B0 T8 ST e o
ani on- exchange chronatography may be carried out in

Stepr(): divdeaphobi inexiagtion €hromatagsaphyr (HIC) en Teyopgarh Butyh650M

T BER RbraoLE B SERPAGR Sl (R 00N £ ThFnaal iyl s50M
colmd iegpitibriatesl against a Sodiim nmsohauedxglﬁap i 7(®1|0©)1tairrkl¥9: and

Am%rinﬂﬁ‘ghlféts%ﬂa‘i rﬁ@t‘h%‘ﬁ e g @ﬁo&nﬂﬁﬁ%ﬁgﬂg ﬂGQ?éd'B@(
carried out 1 n any ougn 1 IS prererre
eqyiliiratinn huffer. oThReFSH rmemteldemtbwme same ufferm babwithem (reluced

f : e f
corft PR A7Rah SuiEs TR g b FrORR Rpp ey ee e
step ds/perfsmpil @abBTchr omat ography RPC, and (4) second
ani on- exchange chromat ography. Opti onal further
purification step (5) - ultrafiltration/diafiltration
In a further preferred enbodi ment, after any of the
steps of chromatography (particu larly after a step of
reverse phase chromatography), the FSH sanple is
subjected to a
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concentration step. Preferably the step is perforned
using ultrafiltration conbined by diafiltration in
w@e@en351000 obt ai n a bul k havi ng the desired conpOBEP10051055815
The ultrafiltration (or diatiltration) is preferably
carried out using a nmenbrane having a cut-off of at or
about 3 -10 kD, nost preferably at or about 5 kD. In a

particularly preferred enbodi nent, the follow ng steps
Stepr(3): Reveised’hage op Souree I RRAE shown bel ow: (-1 )

ThéJI-ﬁC‘f éfu‘a{et ('fr%ﬁi é?é‘p (Z)L@fﬁ?srt QQﬁditldHeHrb HdARIBR bRITA (%‘b?diﬁn@l) A
cut - of (0 )y ani on- exchan

Sogrke éﬁBPQgcmnyS(qgﬂﬂsP@tmga"& ARGMINQie Qﬁ%t?t?s@%fﬂ: pH 7.6,

corﬁé’ihMHnL)-meﬂwlda]ned ).Sﬁd ﬂﬁéﬂnﬁab’at%&l@@ﬁtﬂﬂbﬁ BGMlVSIBﬁﬁBQﬁé%Wf Yhe

using a Bl ue Sepharose FF colum); (2) ophobi c

conqﬁtogpatqaddnatemloﬁ&%@rsamgw% anbpaa@mtea@i yith gayilipration
bufféit! the r&P NeRASHBR With GRmdrfYER ra%@ta&hﬁﬁfér gm ?%Hé&ﬂéuﬁuﬁ?l-

IiP C) (preferably using a Source col umm 4)
e 606 RAMEeaSed SRRCILRLOM of £ Aropaseh g ﬁgfﬁkblaémeI y éluted
by ﬁ‘a@n‘é&@m@’f&h@?% EdRbRratih &F OLpRdPahol! STH&eI@tloF“é%%l B'ffﬁﬁﬂ& diluted

resin); d (5) ultrafiltration r ef er abl
unggs ﬁbfr”aﬁeW'HhW?Wg centainingd+methjonine, G)he qlltlteﬁ*d%ﬂoblé Pfocessed to
themétaﬁblﬁéé%epsgqieﬁeﬁmédﬂa kBH sanple to a step of

nanofiltration, in particular as a virus cl earance

i.e. to reduce the risk of contam nation of the
UPP’SFQ"BY"@E&'F%?P% REPEaduis. thestagtop of Ryrifigatian; ke ﬁ%ﬁ‘ katie oE ESH
purﬂy 'irgt'hE fphhf&i §dn%!é V&8us el FSH b&MW'h thb‘%ﬂé?ﬁﬁd hé@hb%rd@i@)FSH)
done at any stage of the purification process,

'Si?é\%%rdf Q00. i s particularly preferred to carry out

nanofiltration after the 2nd step of ion exchange

chr omat o%ra hry, or after reverse phase chromatography
W@&L&@obi C interaction chromatography.

Nanofiltration nay be perforned nore than one tine,
Step-1)e YaraFli@ation/DRyfilivsti e of EoritRMtiatéd £hFSHA

particularly pre erred enbodi nent, the nethod of the

nvention co es the follown teps: (-
A S e ST b I P RS 457 g g o
formluig-tﬁé étaﬁfngahatéf aldbrabé porificalion isQerided fom sl batilee harvests

romat ogr.a eferably with Q Sepharose FF), ( 1)
corg?;glngfr?qo%n %%ﬁ%g{mt ography (preferably with Bl ue

Sepharose FF), (2) hydrophobic interaction
cI CE tography (HHC) (preferably with Butyl 650M, (3)
gr \9@ 2% phase chronat ography (RPC) (preferably with
CrdoeuthRSH@Wasfi(gred (Moughna 0.5-18% dEpth ditercuchas PEII Ruakile | Diiiteds or
stro 9Iy basi ¢ ani on- exchange resin (preferably TMAE
eqy %‘ﬂﬂ resin); (4') nanofiltration, (5) ultrafiltration
(preferably with a nmenbrane having a cut-off of 5 kD).
Ult-[rﬂ?ﬁ aﬂvant age of the present invention is that the
§#H¥¢ i on method is devoid of a cost intensive

Thé bratifet @hde Was first borentratgd dp Litrafitt@flo@ 0sing édVbKd)Qﬁ)lyether
sulBP¥ T ars g Ggcoron P BlA BB A of pggion at east 5
diavdlumes bbbordeas.fien tpH® B lcantainingdemetishihgr@s antioxianadried
con%cﬁvqt?/ aingTBIJ-IrI <9f tﬁé Ieiterutgl)é were measured to monitor the progress of the
diafiltration. The retentate was then concentrated further before draining the system.
The ultra-filtration unit was finally flushed with diafiltration buffer and the rinsate mixed
with the recovered retentate. The pool was progressed to the next step.
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chr omat ogr aphy (e.g. imunogl obulins |eached fromthe
resin) Storage/Lyophilisation The |liquid conposition
wo emalosiony fromthe purification process as deBCT/ER®U5/055815
above and containing purifi2ed FSH nay be frozen for
storage as is, or after purification, the eluate may
be subjected to |yophilisation ("freeze-drying") to
_rennve sol vent . The resulting liquid or |yophilised
Filtsatipict is ternmed "FSH Bul k". FSH fornul ati ons FSH or
Thé‘Boch%h'tré{t@H ipfStiucOivad HfrbdMRSIGh0. TP pélydth &k AfHERE HitdiC(or
he nethod of the invention nay be tornulated for
equ@%@ilon ei ther intranuscul ar or subcut aneous,
preferably subcutaneous. The FSH fornul ati on may be

Stéggfmnsﬁieaeihaﬁgg mi@se@swrw s dissolved in water

I njectron Jus rror to 1 nection. The ESH
The B'F*Hﬂ‘l’ mafesial Wﬁ%t@nsa@pb@ oK $tﬁlﬁ‘9@“f%‘r%h%figedﬁl senhagsedit)
resﬁ?&ﬁnlib?até@&g@ﬁst'%dﬁﬁﬁ BEratd bi&fer rM-vl 8\5‘ b&]ﬂé‘lhlngﬂ_' nﬂéthlonlne

di ssol uti on. FSH fornul ati on si ngl e dose or

After the iqweth&d@@mfl was finsed wihy quﬁtl!b@t'ea§éffer ip oEdes kg fush all

unwuﬂﬁ PhASHA . ¢ﬁé‘b§lhﬁ1n4vé%acﬁér¢élhté‘at\ﬁiﬁ Sodhgif 'Eoraté %Qﬂerﬁka 8.5,
for exanpl e, benzyl al cohal, neta-cresol,

comipipingNa Ktéf"&’%ftﬁe;mﬁé%twwé"@dh@?th&" r}?e(lag_a@,a@g@%ldant) The
elufbBd &t coiTod Wasproaédsal o tHaYdya! affhity @RI
bacteriostatic agent. The FSH of the inven |on ‘may be
formul ated with known excipients and stabilizers, for
St ¢ affiHity eRforAatd drPBlud $e ogd SO conprise an
an I OXI dan Such as metnroni ne. may further
nprise a sur f act ant, such as_ TWEEN eferabl TWEEN
Th@éye afBP'tYF‘F"lE?'BﬁﬂOS’a(PBVéP'HF'ﬁ‘HBDJeFEFQPthFﬂSG 68§'n) Y"ﬁs jrst

eqLﬂl?Jrél‘eG Wllﬂrthé/ elﬂfl&f Suffeﬁ’ %mhé '@Sé&d‘r&m 8lebOMhe kdhlure eluate
produced %/t he method of the invention is fornul ated

Wa%y‘e@@é@lﬁ"b IFRgHlY {o 1hg roRiR effterdhe jagdethe; uiRowRd Matsal was,
waShEsd akifg *éﬂﬁﬁl%tlérpbhf@r Tﬁ’é FEPNWas firkfly eddbyoiishmgane

nmet a-cresol or benzyl alcohol. A particular preferred

colymg yith Sagiym PEREP@*‘?%‘?W&F A Ooﬁoﬁt@BB‘ﬁﬁ\’%ﬁf‘d Fgpethigpine.

ThS HIRGSH PG WS dRectly BroedB4ed W Rk neRi SEH.I THR stép Waperformed at
follow ng :1ndications The FSH of the invention is

2-8Gitable for use in all treatments where FSH is
indicated. It is particularly suited for subcutaneous

Stepd(2): rl-lfdrb@ﬁbe IhterabtionaC hromadtoghaphly @, Tcﬁﬂfpbhﬂh':‘tftﬂ 650M
ovaril an gerst Imul at1on Tor assisted reﬁ uctive

The BhriePBYLES FF &iitpte Was laded eaioiRaFryopearhP RRIYMN) ¢

eqdlﬁbfatb@ agaimst a Bodi@ﬁhl ph%‘s‘phéw bM‘ﬁférhpIGIﬂﬂD9 boﬂﬁiﬁlﬂ@%ﬁmﬁhbhmm
e used with furth

as LH and hCG
sulalt fedkamelifnn. T8 HEhe T EaeRs ARbSTER PR Bition
buffdrOmhée FSHEW@ &IuRUSvithah® BB Daffér Blitaiithod Fedusstd Boritentration of
Anastrggg Letrozol e, Fadrozol e and YM 51 1

ate sERP elyalgvas progesned to fhesyt sieri Hhessterasi ¢ -
perﬁE@eH@tN@ 2. hFSH b-subunit SEQ ID NO 3: hFSH
b-subunit variant 1 SEQ ID NO 4: hFSH b-subunit
variant 2 SEQ ID NO 5: hFSH b-subunit variant 3

sl{qs:inév%rﬁ PHadeibh Bguisyy IWRPC or FSH, as used herein
r odu II-Iength

refers to_human - [
Th?rWSP@alt@r‘HP@ fiep gfirgt fong Hbagiﬁ%? 'Pfle human
(.scgirdmr)qmalsmuadmpmwnmh v@%cbqhhiﬁréféd'@g!‘]an’f_s‘ﬁhh ammonium
et a- subu |} ‘%gprotel n seguence. of human
acegﬁfy@aﬁﬁwg' 6. AOBRINRG R thioT S kA BreRane] akg pTasnigefion
eqdwaléwtcﬂo tHa€ ofthe tehditiGrRYUSHT Rakkial. tdh 1uSHING-&lt thetifbound
ma?erlaijwnh equmbgatlo r})uﬂ%r ?heQresm is wasﬁed with ammonium acetate buffer,
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The use of the term"reconmbinant” refers to

preparations of FSH that are produced through the use
w@boosesomdi nant DNA t echnol ogy (see for exanpl BCEAEP2005/055815

85/ 01958). One exanple of a3nethod of expressing FSH

usi ng reconbi nant technology is by transfection of

eukaryotic cells with DNA sequences encodi ng an al pha

and beta subunit of FSH, whether provided on one

PH /e coptatiingdrmelitionies 29A @ningreasesaenseisiatpe ohZerapgnal- The

Fsﬂggﬁﬁaﬁlg%ltﬁéd)!?@ﬁméfeasgg é&’rﬁ%‘? EHechg\c%q{rﬁHﬁ @Qmaaggﬂ}en?u:on
e

poqt&sHinglly dijded usdsstieing; withwater spataining Lnethiianineantierilu

podt¥PmL&ssefl td e nexestap. fw@@wagaéﬁarﬁ@wmgy to
produce FSH i1s by the use of honol ogous reconbi nati on
to insert a heterol ogous regul atory segnent in

aﬁ.bhee)&ﬁan &hﬂﬁnéta Plast EwmAErme 'P&in
one or escCri

A F&ﬁ@ﬁﬁééﬁ"%&%ﬁ hl?ﬁp C@Pﬂ@‘ﬂ@@@f%@gwbmaWuV@tﬂ' Wﬁﬁ@ﬁte
bu@fsﬁﬁﬁ% &Eﬁah‘ﬁﬁgq_ -R8thidine. AFHUilGRIA S&ﬁphﬁberﬂatéﬁﬁl (TBRE(3)
such as those disclosed in WO 99/ 63 (Transkaryotic
wag|padeg paig)the gplama; The N@b@‘#nq Mategialpvas flushed outiising ed
equIftrStd BUARHSTRe FSHG élufe%lf}om fMaolunth AERBEING H@Jﬁltt i's

expr essed b_y activation of genom cseguences
concgglsatiandn adnear faghien. dihegirrwaserIfamse vt 283Fent by

honol ogous reconbi nati on. The nmethod of the invention
may be used to purify FSH expressed using any of these
JH&B.M[&W tiomer net hods. The expression "reconbi nant
Thé Blubte fféth BleFraGogel EMD- TFRMEJ'E'@S ‘é4)kWa§ éb‘-ﬁﬁé& biiféctly to a 20nm

het er ol ogous DNA, i ncludi ng any of the_above-menti oned
nangfiftratias deyicgyatrpiessyraef B prEYNGSH nitlagen o TR filjraters pragessed to
them&gﬁﬁﬁdrﬁe%éﬁiloﬂ%lﬁérﬂoﬂn@hmﬁfb hanster ovary (CHO
cells transfected wth a vector or vectors conprising
DNA codi ng for the human gl ycoprotein al pha-subunit

%) Bhﬂ( Uriafitteatigmni t of FSH. DNA encodi ng the aI pha
-supunits nmay be present on the sane
They P@WQ&“@W@ Ratt mgtesial W%C%F‘té%@ﬁ &y tangspfial ﬂPYVaf'Htat'OP gna 5KD

polJ&AS! suighoRB ‘Fr%méﬁe U IAPRR thDIcBSH#At8 Fedtihbl @bbitthalidf 848 iRfal
aci d sequence, %Hﬁcos ylation pattern or in
|

V°'P'i‘?99t|heé"ﬂﬁ5%ﬁ'ﬁ| wap chargadyRigfiratianagainstiFbi t i ng
FSH activity. Exarrpl es include CTP-FSH a |ong-acting
nodi fi ed reconbi nant FSH, consisting of the wild type

The,Pygib(,ef thefamrlefybri d b- subunit in which the carboxy

Thé Sur“ﬂl Bﬁihem é:—ﬂﬁpl% afirhd Barifeaaeh §tepedat BefeRfined :

C-term nal t e b-subunit of FSH, as described in
LaPol t et aI Endocri nol ogy; 1992, 131, 2514-2520; or
Kern et al ., uevel OpPIMENY and characterization of a

| ong- pgfifiedionssyepbi nant WFSH agoni st; Haypy Repr od.
2003 18 50-56] Also included is single Chain

CTP- FSH a si ngI e chain ol ecul e, consisting of the
Stebqt1)owi ng sequences (from N-term nal t18 “oféhi nal ):
wherein bFSH signifies the bFMQé{é]hﬁne@fbyﬁslrﬂ{pL@']CG CTP

Um(af;{,- ten/biik agb,gnl fies the carboxy term nal peptide of
CC and aFsH i gnifies thé al%RIBHFR copfentdgiprmined by Bradord

descrl bed by Klein et al. [PAmayTacokl netics and

il r aoc onds

nharnneadyin o af
|JII(J.I ||auuuy||a||| \JD \JI DI IIUI U \JII(J.I II ] U\JUIIIJI II(J.IIL ||uua||
follicle-stinmulating horgone cont ai ni ’lﬂ}la human
StepHBY:i oni ¢ gonadot r ophi n ¢ar boxyt er ni na gt‘. de in the
rhesus nonkey, Fertility|& wadétémyqedbq)ﬁ? -HPLT,
Aniba EecAatge]on @Sepharesafpl ¢s of FSH variants include FSH
nol ecul es havi ng additional glycosylation sites

incorporated in the a- and/or b-subunit, as disclosed
in WD 01/58493 (Maxygen), and FSH nol ecul es with

i ntersubunit S-S bonds, as disclosed in WD 98/ 58957.
Furt her exanples of FSH variants includechinmeric

nol ecul es conpri si ng sequences from FSH and sequences
from hCG or LH, such as those descri bed |n V\D 91/ 16922

VAN ST AN S — e~ 1 - Y



Car boxy term nal

del etions of the human beta subunit
are provided in SEQ I DS NCS: 3, 4,
waeaenstoond t hat the carboxy term na

and 5. It is
var i ant sPOI/EP1ves/055815

beta chain formconplex w 2h a known al pha subunit to

forman FSH vari ant heterodi ner.
the FSH i s produced reconbinantly in CHO

enbodi nent,

cells, either in a serum

In a preferred

ar in a serumfree nmedium 1n

a preferred enbodi nent, t

according to the nmethod of t

f or subcut aneous adni ni st
sel f-adm nistration by tf}

LU N nt i W L}

u

he purified FSH produced
liproieimeqnint deferained Ry Peadford

ration, permtting
e patient The expression

1 oeanl l |

Ul udc I C\JU%I IIU.IIL I N
supernatant from reconbi
Stepdfibre it has under gone 4
expressi on enconpasses ti
Dy¢ afinitys chrainatbgraphmonadiue )
and/or filtered and/or ul
SepidrGde Pi ol ogi cal activity
act|V|ty, refers to the &
to elicit biological resy
such as ovarian wei ght ga
assay [Assay of the folli
on the augnentation with
gonadot r ophi n; Endocri no
follicular gromﬁh in a fe

of Ar o +ho t

ant cells expL,g FSH,

any chronatog%%ﬁﬁ?gmgtep The
e raw form of the supernatant
as feH tetermined ihg 8RtHRLCe d
trafiltered supernatant.
> i Tetal @rofain eantenbdetarmined by
abi | ABsyrbahceadt 286 f or mul at i on
ponses associ ated with FSH,

iin in the Steel fan- Pohl ey

cl e sti rabbat420000ppmHEPbased

S Gl kg o Ly

1. Rosbellpestrin capisint dateriméned by ELISA

The

gr o T a femate pd[l [S]
StU|? asound, for exanple,
d ‘icles haV|ng a mean (

on day 8 of stinulation.
Hy@r@ahm interagtion Gheemater t g

t—cam be evat uated Uy
B

i n 1 erdmoht of itpuity 200
li ameter of at or about

Bi ofYgrentant datermined py RE-HPLC;
«ANhREEA PrIRSn SdnBflddtémined by ELISA

FSH. The LH content in an FSH preparati on may be
grapBy6H TegopdadBugyi 86PMe, ugi ng an LHspecific
I mmunoassay, such as the|Delfia hLH Spec (Vﬁllac Oy,
Turku, Finland). The terfq "specific activity , In
Steh %fr ence to FSH, neans the bi oAmgun)taif irArity i 130 ppm| U
8f he preparation in a neco

for ESH, su h as

Reygrse ﬁBa%ﬁT% puGe 3@9%

[OH Lowy, N.J. Rosebrq
SteRdApal | (1951) J. Biol. (
(1972). Anal. Biochem 48
Anichie¥ifarigb ThromABgraphyBb® C |
assay {gradford,@hf %% (1

St eq

(%In

oA R et FRH e

e ashadeted ipraterecbnlept daterma}oy ELISA

ugh,

Chem 0”%’@’“%& r<eé0 BPME,
423H cohtdrt ddtetiney b Re-HRLA;

lem 64: 136], the Bradford

976%5@(%@Ip5068| & nPeHg?j ineg ELISA

Bl g B T

In CO
I has a speC|f|c act|V|ty of

QNN 1 1Y

nventlor
greatet thaf—at—otr—about

greater than at or about

preferably greater than at or about 10000 I U ny,

P P 4 " Ll
nmurc prcrcl avl’'y

even nore

OovvvU T Uiy,

9000 | U g,
even

Biclogicalnasivity aif spmplesor about 14000 | U ng wherein

rified -

n COﬂ

Th% b%|o§%aF§étw@%i’ tK% éM

AR WS mithatrB uing Rl

en

Pomhyeoﬁslanmght@glrrmythbé Spedificaadivithnwas sgledatedfusingdhe

e BSI§
es SucC

oo YGRS

!

ol it

LS A SEPLC fetge

ose

as desonibed belawi on/ f ree al pha subunit/purity/ oxidised

forns: RP-HPLC As nenti oned above,

het erodi meri ¢ gl ycopr ot ei
b-subunit. Sone di ssoci at
occur,
amount of free a-subunit

addi tion, the FSH subunit

FSH is a
n, conposed of an a- and a
ion of the subunits can

and this can be nonitored by | ooking at the

present in a sanple. In
s may becone oxidi sed. The

oxi di sed contam nants can be quantified using RP-HPLC
while the free subunits may be assessed using

SDS- PAGE. r-hFSH quantifi

cation: | nmunoassay



FSH content in a sanple can be determ ned using an
i mmunoassay specific for FSH, such as the DELFI A FSH

WO ovans@mssay. Total protein: Bradford assay, LPOW/EP2005/055815
Assay, Absorbance at 280 navAs with any protein
preparation, total protein content can be determ ned
using techniques such as a Bradford assay, a Lomwy

absorbance at 280 nm |soforns pattern
SPAES Savieantho feal DHIKAPEInGHe o GBIl DpENNGIO0R (o na@pﬂg
U/ Eldth Bl VRS 36/ GdrhelEs BER hAL BEIKFSHAGIERed tollSRIgtHe
aces on both subunits. The ol i gosaccharide residues
9 &vamalerd aeqiivendedplles!- of branching and may be
Taﬂ@@%ﬁe&i‘h&'&cﬁv% bf bafki glirifRa AFSH- of@hé‘id\lén%hd resi dues
are negatively charged (at neutral pH). Differences in
capping leads to heterogenelty Wth a mxture of
speci[gs ftaving diffgrent TSoetectrijc points (pi ). | This
can be asagafais Usi Ny a $&anpriflue that sphpgledt es based
on charge, such as ilsoelectric focyssing (1FF) Host
cel | proteln ( é Host cell proteiln can be analysed
usi ng HREEPRRMRLDY  For QQhnpl e, |anti b&R%s can|be
raisedbvﬁﬁﬂPL¢Nmﬂ@“bLIture", whi ch ils a culture of |host
cells wi thout FSH gane FEXANMPIES TH 9 present invention
Wi || be_illystrdted by nmeans of anpl es.
Cor respo gf LAY Bw char1t256\{)pl \ragr af né45699du@‘€bxa pl es
are preseﬁﬁ"é?ﬂ"?ﬁw Fidqure 1 & 2. The|resulting purified
r- hFSH aaivitysesgricC)r -|hFSH bul k". EXAMPLE 1 (cf Figtlre
1) Step—ti+—Dbye—=affinty chromatographyon—DBtue
Sepharose The FSH starting naterial for the
purification is prepared fromcell culture harvests
cont ai ni ng reconbi nant FSH, i.e. FSH which was
produced reconbinantly in CHO cells, either in a serum
or in a serumfree medium The dye affinity
chr omat ogr aphy col utm (Bl ue Sepharose FF resin) is
first equilibrated with a | ow conductivity buffer at a
pH of 8.5 containing L-nethionione. The liquid
containing the FSH is then applied directly to the
resin. After the |l oad, the unbound material is washed
out using equilibration buffer. The FSHis finally
eluted by flushing the colum w th Sodi um phosphat e
buffer at pH 7.0, containing NaCl and L-nethionine.
The elution pool is directly processed to the next
step. The step is perforned at 2-8C. Step (2):
Hydr ophobi ¢ I nteracti on Chromat ography (H C on
Toyopear| Butyl 650M The Bl ue sepharose FF eluate from
step (1) is |oaded onto a Toyopear| Butyl 650M col um
equi | i brated agai nst a Sodi um phosphate buffer, pH
7.0, containing Amonium Sul fate and L-net hi oni ne. The
unbound material is flushed out with equilibration
buffer. The FSHis eluted with the sane buffer, but
with a reduced concentration of Amonium Sul fate. The
eluate is processed to the next step. The step is
performed at RTStep (3): Reverse Phase on Source 30
RPC The HIC eluate (fromstep (2)) is first
condi tioned by addition of IPA (isopropanol). A Source
30RPC columm is equilibrated agai nst an amoni um
acetate buffer, pH 7.6, containing L-methionine, and
2-propanol at a concentration equivalent to that of
the conditioned |load material. After flushing out the
unbound material wth equilibration
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buffer, the resin is washed wi th amoni um acet ate
buffer, pH 7.6, containing Lnethionine, and an
wo pweeswed concentration of 2-propanol. The FSPCT/BP2005/055815
finally eluted by increasing further the concentration
of 2-propanol. The elution pool is finally diluted
under stirring, with water containing L-nethionine.
The diluted pool is processed to the next step. The
Claimgp s perforned at RT. Upon fol |l owing the above
procedure, the factor of purification - i.e. the ratio
of FSH purity in the purified sanple versus the FSH
1. pufimsthedhfor pirifging reqompinant EPHAr a et MarignsFpmprising sibjecting
abgViuid BoRERingPAMRLE 2 (cf Figure 2) Step (-1):
Utrafiltrati on/D| afiltration of concentrated r-hFSH
Al t Hd) agye affininshramatogitWor ned in refri gerat ed
condi thQ%y&r%P%Blc mTJiﬁctE:h%?on?a‘ibbrfaBW“a% the starting
mat eri for urification i s derived from cell
cul t urd) AZPuRESH Bhﬁfséﬁb’éﬂnﬂﬁt?@faprétonbl nant FSH.
C @hich nfRideXarbed 6lf id af\sidemas filtered through a 0.5
mm depth”filter (such ds Pall Profile Il filters or
equivalent). Utrafiltration The clarified crude was
2. 11 T4 MR Llafth qwhdrol the & bifinRy LRBmaRIoRbr of 813 (1) s

pol yet her sul fone’ menbrane. The concentrated retenta
waGarfie@ autgyitiya resiy f@ymgmm@ehsa@ Gikaggan BlugiFdFoh-unes of

borate buffer, pH 8.5 containing L-nethionine as

ant i oxi dant . The conductivity and pH of the retentate

3. wefke methodiafglaim 11651 whereinise By P%%’sfobﬁyet ffinity
d' eirbmblcddtdphy-of Sk (I PTG EpRSsd Fren concentrat ed
further before draining the system The
ultra-filtration unit was finally flushed with

4. di Phd helldi PBnPUAE Bf ciFR 1 tB% Whﬂﬁiﬂ ﬁe@yé%@hﬁwtchro‘iﬂh%graphy

recovered retentate. The rogressed
Patecay

neRitStep €b. '$P¢rf'?%91“dﬁ'“9fé’d&t5‘h Eﬁ?ﬁtﬂh iBF 8l ek O@\Efsor about
fib5a6qdstqyraygh a 0.2 nm pol yether sul phone filter

(or equivalent). Step (0): Anion Exchange on Q
Sepharose FF The filtered material was then applied to

5. & Phé %%o@%@hy@h@hﬁ@ﬂﬁns{ Qt&@ﬁﬁlﬁ!réﬁﬁ@hé:ﬁ))drépﬁ'ﬁib& mteractlon
equi | i brated agai nst Sodi um Borate buffe

c opframatogsanhy (BtG o Stepd2) ;&rqaérredt%us'aaa oy@ne@rwtxd BROM, or
mgrég,mﬁ%dd\smamyédtg[sﬁgé on buffer in order to flush
all unbound material. The columm was then eluted with
Sodi um Borate buffer pH 8.5, containing NaCl (to

6. | n?ﬁ@ﬁr‘éﬁlo@QﬂQHgbhé/ bféfélm%nﬂtols %bfél@fﬁeﬂﬁ/dfo%ﬁoﬁiﬂ interaction
ant i oxi dant he el ution col | ect éd processed

t ocr!’ﬂ'é‘aWéapé‘b’Mf ﬁquy(zbﬁl“@FFﬁdd@&t HPRY Sogﬂ@pphf’i?hat@!/émmon'um
af P4ty a8 BlugRRt ogr aphy on Bl ue Sepharose The dye
affinity chromatography colum (Blue Sepharose FF
resin) was first equilibrated with the elution buffer

7. froRa ﬁﬁ%o@o’?ﬁﬁ?@ﬁ@&fi‘clg%s&tt@m wFBRalr?ﬁ‘iéts*tE;ﬁoﬁb\k‘@EépH\@s%
thena&gfﬁph directly to the resin. After the I oad,

t hehrgmg e §qua(?’ iRecamipg ik ysing SoueRy RPC as resin.
equi libration buffer. The FSH was finally el uted by
flushing the col umm_wi th Sodi um phosphate buffer at pH

8. 7. Bhe B’Gﬂl"ﬂl‘ﬁ?ﬁi} ong ef claimg | torfe hetsin the stemef reveree phase
pOéﬂro?«h@ﬁ;g?é;fh?‘Hf biééﬂ@?fé%%ﬁ%@ d&u&nﬁ%ﬁ%nuﬁﬁ @BetatBV@trS3-ep

per f or med ep (2) dr ophobi c

InP’@Pﬂ%‘t'@éﬁ“@ﬂF omat ogr aphy on Toyopear| Butyl 650M The
Bl ue sepharose FF eluate was | oaded onto a Toyopearl
Butyl 650M col unm
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(4]

equi | i brated agai nst a Sodi um phosphate buffer, pH
7.0, containing Amonium Sul fate and L-net hi oni ne. The
waewensid7oat eri al was flushed out with equil i bPet/EP005/055815
buffer. The FSH was eluted2With the same buffer, but
with a reduced concentration of Ammonium Sul fate. The
el uate was processed to the next step. The step was
performed at RT. Step (3): Reverse Phase on Source 30
9. rrbhermethadef any aﬂ%otcflalm Tstodly whenejn thestensrage carried out in the
combw,hgr&%rby addi tion of IPA (isopropanol).The
Source 30RPC col urm was equilibrated against an
ammoni(lihfr-efiaityechsematesrappu 7. 6, cont ai ni ng
L- et hpp HJ(dPS h&mnt%fm.e%ﬁﬂna%%@prﬁpaﬁ@mehatl on
equi valent to th of the conditioned |oad materi al .
Af t er (B) (RYRISEPhEEE ChmEatagsRiYel mat erial Wi th
equi libration buffer, the resin is washed with
ammoni um acet at e buffer pH 7.6, containing
10._- Feg methedrat any age atclaims: e firtheReeApisAg @ Ategrof anion-
2- BrPBAGEErromBR grapyistep (opal |y el uted by increasing
further™t he concCent ratl on’ of 2-propanol. The elution
pool is finally diluted under stirring, wth water
11.COPRSRIHYA o cfaiith R0 Phd1Bin tHEStef ok Hﬁl@ﬁ’-e%’r@ngb %hanﬁ%ﬁ@gﬁﬁﬁl is
to the next step. The step was perforned a T.
( a5argied evthefern siaps (Oh(D@8dd3k aphy on Fract ogel EI\/D
TMAE hicap resin A Fractogel EMD TMAE hi cap col utm was
first e librated with Sodi um Borate buffer, pH 8.5,
12. coﬁ'ﬁ%\mﬂ'ﬁ)g of claire Al omherein the stegs prg Q?d”%%‘!tﬂRﬂ’@ qrderer i al
(from(§¥ g,mo,g%)(c elcgl%q%é}gb@,the col um. The unbound
mat eri al was fl us out using equilibration buffer.
The F$H fyge @ff'ﬂﬂf}'e‘a‘fq’métﬁgﬁﬁéy,col um increasi ng the salt
concendy ﬁ&dr@ﬁhdbﬁb |ﬁte|rédﬁ8ﬁ6hlfo?r%l?6d38ph TBRgstep was
perforned at 2- noflltratlon The el uate
from t(ﬁ)efeivp'éﬁ@t%‘gé"? C'Emaﬂqw@@tep (4) was applied
d| rectly to a 20nm nanofiltration device at a pressure
bar under nitrogen. The filtrate is processed to
13t hEh%E‘,@fhogtoéﬁa'"TH@ ’g@"r%?( whareathepsianopebangs chyomatography
St SfDSt(aéXO)BéJb&nélH bu@kitd Q'SHphardsd F¢ rB&h %F FHcﬁfg%ﬂEﬁ@"rMAE
mat eri al ‘'was concentrated by tangenti al
f i HiGaRt'e®R- on a 5KD pol yet her sul phone merrbr ane. \Wen
the retentate reached about half of the initial
vol une, the material was buffer-exchanged by
14.4i Zhe methediafanygae AEeainys| 10 tyHa, wb?rﬁwheform@hgmm es
Th&erMbtdeadfh? of B%p"_(ﬁﬂs%mé'd%t asihg bofaebiter iak iefi@ht. ON
st eps was erm ned : Biological activity of sanples
The bi ol ogi cal acti vi ty of the purified r-hFSH was
15 e8! thodIr BRiirk A2, Wwhé&t8InTRE boraRber VA s ofiicd Bbout 8.5.
gain nethod. Specific activity was cal cul ated using
the biological activity divided by the FSH content as
16.deTKS Ml dP ¥nfBneEr dilikis 1’@59&) h@dfurtﬁér éiﬁ%ﬁfsin@%jsecond step of
bel ow. Specific’ activity of final bul k oObtained are
t yphieRexghapge whemategragiy qt@p §L47CI)O | U nyg. Exerrpl ary
val ues for 2 sanples of a final bulk FSH obtai ned
followi ng the nmethod of Exanple 2 are given in Table

17.1. Theymethod of gaite 16, whereinjthe wcoafi SiRR &f avian-echangen FSH
of cﬁrBﬁ\atd@Y Io@@,@pa(um chrriell R ERESERY (1PY2) dnd (BY
reconbi nant FSH or FSH vari ant conpri Sing subj ecting
a liquid containing FSH to: (1) a dye affinity

18.C hTﬁHTﬁfeﬂ%Qﬁ lBdim (1?) wI@erBM%é’Qt’éB@ lafe ddficd G@fin e order:
chr ormt o r aphy; Q‘}EP a reverse phase chromat ography

'QnﬁéCQQi\gﬁl reRieg@ANGNY or der .



2. The nmethod of claim1l, wherein the dye affinity
chromat ography of Step ( 1) is carried out with a

wo e®bnstoavi ng | mobi | i sed G bacron Bl ue F3G A. PGI/ER{ve5/055815
met hod of claiml1l or 2, whésein the resin used for dye
affinity chromat ography of Step (1) is Blue Sepharose
FF. 4. The nethod of any one of clains 1 to 3, wherein
the dye affinity chromatography of Step ( 1) is
carri dd) dye affiRibrehrematograPhiosphat e buffer at a pH of
at or QPH*Hroﬁwélélﬁteiléctlén%ﬁroﬁ*dt@d?&phﬁ- The nethod of
any one of clains , whereln the hydr ophobi c
i nt er 48} fYArsehaRRcygmangranty and of Step (2) is
carri gg) g%n_lé%m & HRRRAGdrafit Y 650M or a resin
having sim | ar characterls Ics. 6. The method of any
one of clains 1 to 5, wherein the hydrophobic

191 YRS AelHoAdf %H% QH@BP&élﬁi%h% t818SWRErelndhe s8cdidl St PEF £Mitn-
u5| ng sodi um phosphat e amoni um sul phate as el uent .

angr-ehgeratomraphy Oéﬁéeqfﬂ) isicariag ouit ueing Fragiegeb ENID FMAE
stﬁméﬁfreg.ﬁ\b?bsgem?&% KHYeQi¥Bt ography of Step (3) is
carried out using Source 30 RPC as resin. 8. The
met hod of any one of clains 1 to 7, wherein the step
20.0f TREMRIRA I BRRE 1686 @Wlﬁ&éuﬁ@ﬁb’sé&‘oné‘é{%‘a df%huoh%x@ﬁérfg‘eed

out using ammoni um acetate with 2- propanol

el chramatpgraphy ohstapdd) isrcagieg quikesing berate huffer aﬂ@ agradient of

mhﬁa@ag,némﬁgmn%@orparrl ed out in the follow ng

or der dye affinity chromatography; (2)

hydr OphObI c interaction chromatography; and then (3)
21T EYRS BRtHRARF %n& Bﬁé’HPélé’iﬁfsaﬂ%rM 201&bmdidhg B 5tBp & ﬁéno%ﬂbétuon

one of clains 9, further conprising a step of

ansten &k karigd O@hWGﬁ&F@Rﬂ sppof aniepexapngg ghroma@smhy&ﬂep

of (4] ai m 10, wherein the step of ani on-exchange

chr omat ography is carried out before steps (1), (2)

and (3). 12. The nethod of claim 11, wherein the steps
222 $né RlefHoRbrf eléfm Qﬁ‘ éd'r‘ﬁpr@fr%ed step B uIﬁfQﬁlf?élTo%’(Si‘ %ﬂglethe step of

chr omat ogr ap ye affinity chromatography; (2)

hy eRnoH (4%teract| on chromat ography; and (3)

reverse phase chr omat ogr aphy. 13. The mst hod of claim

10, 11 or 12, wherein the anion-exch

23.chitmaed o ahnyy ere of daymsd)toj22, waerﬁrb@yoqhthwlvﬁnteandlor
Seplifr Ay cgnt%ﬁrsér{‘arﬂf-of da?ﬁh@%hucﬁh(ﬂ_ -Mdtkokh&ap resin.
14. The nmethod of any one of clains 10 to 13, wherein
the i on exchange chromat ography of Step (0) is carried
24, OUA rﬁ@h&ﬂfo\?\ﬁﬁﬁinﬁg BaR recsmithatt BFEH dompribiig tH@Et’éﬁQ opf
claim1l erein the borate buffer is at a pH
or SYIRAINGESK 1016, The method of any one of cl ai ms 10

to4p, hisfigfonconprising a second step of
anl on- exchange chro'hr raphy step (4). 17. The net hod
omqg)

of (B ai aniaBexXchRBgRF ERAYRD Q@@Bh@fps‘ﬁﬁ F avithedeeata nhacl,

chr OmitQ-G{e’t‘tHBbfn@BH%ttSPaﬁ&)t8'55a§élﬁéhted out after steps
24) and (3). he net hod of claim 17, wherein
st

ei}g’l%t'ﬁg 81%?"#@9 °6§itﬁp i(®) to Resten efdye a(ffgyty chromatography
An' on- e B%@%pﬁgfo@mogﬁ@ﬁﬁ%pﬁét)e N¥€I, frhémiohihe, at a pH of at
chr omat ogr aphy;
or about 7 as eluent;
(2) subjecting the eluate of step (1) to a step of hydrophobic interaction
chromatography on Toyopearl Butyl 650M, with phosphate, ammonium

sulphate, L-methionine, at a pH of at or about 7 as eluent;



(2) hydrophobic interaction chromatography; (3)
reverse phase chronat ography; and (4) ani on-exchange
w@ booeostoogr aphy. 19. The nmet hod of any one of BCBHEPB®OL655815

to 18, wherein the second 29ep of ani onexchange

chromat ography of Step (4) is carried out using

Fractogel EMD TMAE Hi Cap resin or Q Sepharose FF

resin. 20. The nethod of claim16 to 19, wherein the
se@ind subigsting therelurte ok eteakddo arftemelreverapphass St ep

(4) is a%hhﬁgra% oHSalioe S RPE VA dfinofilRh dbottiéld - ent

of increasin concentrati on. 1. hod of
any onemﬁfh'Qﬂ'Qﬁ Mﬁth?@ff)@a@atéﬁﬁmf ?§¢frﬁj>oat§f5@|§ e@;ent

napgf i 'édtﬁédtuﬁatr%éiﬁ’até%f?etep‘%@)ftb'aeéi*e;%'ﬁarﬁ excfGRgY step
of "~ ani on- éxchange c rorratogEﬁE)% step (4). 22. The

met hod @Tromp’gggfﬁpby ond:@agpg N@(Eelrjcag resm with borate, L-

ul trafi anfh’?drhrﬁi‘ aﬁébH difat Sﬂ'aﬂcﬂ%%t & ﬂscnanof iltration
any one lains 1 to 22,

(4
(é‘)r)el ns‘&’dﬁﬁt'Bg tft&@“@tﬁ@éﬁ@ﬁ (‘la)riglacﬁteﬂ)@ffrfaépﬂtfﬁw @B@\t ain
anEANt | QiEEARG thd FerRidhte F4led (44 108 SRIpUt Litsiltraf
5zod %ﬂr puél fy‘lsbrgg Euman e?g(clgrgsnar?t H HICOIT%?I si ng
the steps of subjecting FSH to: (-1) uItraflltratlon
25.( OA ré&nindit RlIARA F SHGFEH OaraR Dbt W%adreét%s aEcordlng
with borate / NaCl, L-nethionine pH at or about 8.
el teany:of claims ihP4cting the el uate of step (0) to a
step of dye affinity chromatography on Bl ue Sepharose
FF, and phosphate, NaCl, L-nmethionine, at a pH of at
26.or A ghatipacputieal épméﬂfiltmf( qam:y@mgéumqmgcfé*h er aFght \arignt
St Bofding lololAm3ehs 6N By wmmbsudan%sweﬁémmexc.p.ent
chr omat ograp y on Toyopearl| Butyl 65
phosphat e, amoni um sul phate, L-nethionine, at a pH of

27at A%aﬁ#é&éhtugal eémsbéiﬁéﬁ adcdiding 8l &é?ﬁmlzcegcérhsns%&%%ﬁ

step ( to a step of reverse phase r onat ogr aphy on
Soa%)éd":m torgaim ¢S, IPIEARie ﬁﬁ&nﬁ”&t‘@?a‘t“é"h'%‘ﬁ Hi-efeseleandyan h

2- PLIRE PhosHhate IISUf\‘e‘PBt éPHQﬁa?&%ﬂou??@ as eluent; (4)
subjecting the eluate of step (3) to a step of
ani on- exchange chromat ography on Fractogel ENMD TMAE

2g hi 9§@of §FécmeYHahhhm!ﬂﬁé@FSH dr@%iﬂé?ﬁh%coﬂﬁn@to@lélﬂfzﬁbr the
or about 8.5 4") ectlng)ﬁt he el uate of

st Bigpauafion gf %"?ﬂ@ﬁ"’@ﬂt ﬂ%H@rtrqatmamtuqsfﬁrt" disprgers.

subj ecting the perneate of step (4') to a step of
ultrafiltration. 25. A reconbi nant human FSH or FSH
vari ant, obtainable by the process according to any of
clains 1 to 24. 26. A pharnmaceutical conposition
conpri sing human FSH or a FSH variant according to
claim25 as well as a pharmaceutically acceptabl e

exci pient. 27. A pharmaceutical conposition according
to claim 26, conprising the FSH according to claim 25,
Pl uroni c F68, sucrose, nethionine, mcresol, and an
aqueous phosphate buffer at a pH of at or about 7.0.
28. Use of a reconbi nant human FSH or FSH vari ant
according to claim25 for the preparation of a

nmedi canment for the treatnment of fertility disorders.



