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WD 2006/ 051070 PCT/ EP211115 /115 5 81 5 Method for
purifying FSH Field of Invention The invention rel ates
wo 2oo6h£10f0 el d of the purification of follicle PCI/EP2005/055815
stinmulating hornone 5 (FSH). Background of the
invention Follicle-stinmulating hormone (FSH) is an
injectable protein falling into the class of
onadotrophins. FSH is used in the treatnent of
Me for ipurifying F§H epr oducti ve di sorders 10 in both
femal e and nmal e patients. In nature, FSH is produced
] b‘% the pituitary gland. For pharnmaceutical use, FSH
Fieleghof Invenfiorbduced recombi nantly (rFSH), or it may be
B i G R g R R i
(FSHduction (01) and in controlled ovarian
hyperstimul ati on (COH) for assisted reproductive
technol ogies (ART). In a typical treatnent reginmen
Bagkgrouod th%vanmtu on, a patient is adm nistered

Folffl %M%“}i m{gesr”."’?a" & ifoctale Moreh 2 [flo b A of
gongglotfaphins. | InSH is ygrccialthe ireatmant of inkyiilieand spredustiveflisergers

NP/ h@tion, a patient is adm nistered
n %Yﬂémjgedgt %%rpséi%f@FSH or a variant (about 150-600 IU

FSH day) for a period of fromabout 6 to about 12

In GRYR; F%f i Pﬁ)d@#; m}"ﬁ'l%dplfuﬂa rtﬁ‘l Isé}ed'h'éﬁhgéé%'ﬁ@aci'ée' FSH may

men Ssu osp 25 regi men usi ng
be 1moducedrspeomhinantly Wés ).y or nit dnamubﬁatmbaie frem2twp@iring of

poé?r@@lw&b@u%&lfe?ﬁﬁl%@é 5 been successful in achieving an

I mpr ovenment count in men suffering from
hypogonadot r ophi c hypogonadi sm [ Burgues et al.

FSﬁQF "?J;éé?”}?%fﬁalé %laflen@%%léﬁd'rfafnhg&ﬁﬂf QHA ¥ &H{tl‘oiléc? Qvarian

cle stinul ating rnone an n chorionic

hypesstisttatios ffGQHX tor ashistedr earanbistiveotechaglegies (ART). In a typical
treﬁ%ﬂgﬁgm fo? Bbblﬁtlcm’ HGGQB‘?\% %Eherﬁﬁgggﬁrh s'iQred dally injections of

rative G oup on ogonadot r op

FSHygs egvatiaat Gbputnto m(thbESH/daIB@Y a FleZIOdQE(BfDB] abqee St pvout
12 Slfagé h&n 'd‘@%fc"aﬁﬂ&&tn%fnt itk flér'"'@oﬁtr‘o‘ﬂ@{l1 %Eﬁar%yﬁé‘%&t%uléﬁdﬁ a

ers provi sion urlty and
patjgngHs sqs*@@mfsteteob@mlwum@ct|ogs Cefs FBHbPE.a Fakanty @heweB0-600 1U

FSHRAY) fof 8 pedod BﬁRﬁﬁES&g'é{b%%htO@dayE" ghly purified FSH
prepar atl ons can m ni stered

FSH is also used to induce spermatogenesis in men suffering from oligospermia. A
regimen using 150 IU FSH 3 times weekly in combination with 2’500 IU hCG twice
weekly has been successful in achieving an improvement in sperm count in men
suffering from hypogonadotrophic hypogonadism [Burgues et al.; Subcutaneous self-
administration of highly purified follicle stimulating hormone and human chorionic
gonadotrophin for the treatment of male hypogonadotrophic hypogonadism. Spanish
Collaborative Group on Male Hypogonadotrophic Hypogonadism; Hum. Reprod.;
1997, 12, 980-6].

Because of the importance of FSH in the treatment of fertility disorders, the provision
of FSH of high purity and high specific activity is desirable. FSH treatment requires
repeated injections. Highly purified FSH preparations can be administered
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WO 2006/ 051070 PCT/ EP2005/ 055815 2 subcut aneously,
permtting self-adm nistration by the patient, thus
w0 DiseserNg patient conveni ence and conpl i anceCT/ER106$1055815
et at [The extraction and purification of human
pituitary follicle-stinmulating 5 hornone and
| ut ei ni sing hornone ; Acta Endocrinol ogi ca, 1988, 288,
12-19] describe a method for purifying hunan
subsutaneeusly; peeRittingtselfagninjetration @Wla%p%tmng ithugriacreasing patient
corﬁéﬁﬂéﬁé@&n&gﬁrﬂ },gﬁraphy, I munoaffinity extraction and
si ze excl usi on romat ogr aphy. The nethod is said to
result in pituitary FSH having a specific activity of

Lyrfen 29/, Lﬂe(ém)r{flg&on"éﬂfh[]méﬁ I|t di@fo‘ﬂfcle'—ét‘imulatm

Pr ot el content was 10 determ ne
hormonrer@ngdwtgmusmg omans oAE EoHoATNOIBTHa 198 208 %gghqqzaenbe
t
oA SRR ng e PR PG, dnbatd BRE T R
exqblange p@ammram nunwaﬁrnitm gxtyaqtiepiand size iexg/usipm h
oAb XAk sBi 3 WA WERRBRYOSH rhing a specif

gona otr I NS roc S uses i on- exchan
actiyity gfrﬂae%ﬁh@nmuanasmwémg withh36 W/mgiabhHe Reqiginagagten was
detéﬁﬁh&? eitfler Bg% ttdfﬁr‘?sélﬁﬂ sbsBvptidhfat D86 ¥m (assuming that
LShromatogra resin g an ‘ant hr agui none
A erriofléigﬂ\ﬁeGQH?'@n} gand. The process is said to yield
urinary FSH free from LH and having a specific

activi t%(,l of 6,870 IU (i munoassay)/ng. Protein content
WQE8/20e3 Eﬁﬁqérwtltw BipshimiayrySAhdascebega procesgfos Kle purifieation

of rﬁfmé'n Wag F?Iﬁ sfgrﬂ{%e\}vﬁh i é}f‘gxt%ié 51"’25% figmsh Wen% alsaP?

tes wt cm pat

gona@ngomhmw)l\@)/ HRABOGESH 1669 @n@xmr@r@etoqegby ppweally
badic QI‘FIS E ej(&fan'@lg ??M dffthe BE!BEQY&I foII&ﬁé@ﬁ&%ﬁlﬁl%ﬂ?émaﬁo\graghy

I ncl u I'ng rom hunman ur e process 1nvo
Oon fasin hayingoRd af@;hragslngn%ﬂgﬂvanﬂw]a%ﬁ diganty el herprogeasdeg said g yield

urerHr% BSA e fRIAI LA %bi?ug %%?e&ﬁ@%gﬁﬂ? of §B%0 fy! phopr opyl,

exchange chronmat og strong anionic
(impwapassaying. Mﬁ@@ﬁ@ﬂtwﬁﬁﬂ@ﬁﬁﬁ'ﬂe@ RY 8psUMRg gt apajer

sou&ﬁzﬂn@)f 4 rﬁg/ﬁfﬁu}s'r ngrb%‘ﬂ‘?ﬁé% &4iP8p th;av [ 4dibitoPPes Ll 97 mﬂcuh'quthﬁ’

man Pohl ey he Assay of th
cuwﬂeqswdhmsqmnmhdengt@ hor none based on the
augnent at i on wi th human chori oni ¢ gonadotrophin; 30
Endocri nol ogy, 1953, 53, 604-616) and less than 1 11U
WQ p0/68248 ¢ %Ma@\%@!&ﬁ@ descebas a praressfer e purifieatiopisf |

goﬂ'a'do{\@éﬁlﬁ% Jlrilﬁgq ifd BSIFrdnN RURSR If:rlneAC’i'l"‘?e E‘%@Qﬁ |hV($N/es the Rshowing

ogical activity per
stepgi it exchrpg ehramatograpby vyt aqstwlsw@ﬁ@mwm Of the type

sulphopropyl, ion exchange chromatography with a strong anionic resin, and
hydrophobic interaction chromatography (HIC). A FSH preparation having a specific
activity of 8,400 IU/mg (Steelman-Pohley method: Assay of the follicle stimulating
hormone based on the augmentation with human chorionic gonadotrophin;
Endocrinology; 1953, 53, 604-616) and less than 1 IU LH (rat seminal vesicle weight
gain method: Van Hell H, Matthijsen R & GA Overbeek; Acta Endocrinol, 1964, 47,
409) biological activity per 75 IU FSH is reportedly obtained. Protein content was
performed by the Lowry method [O.H. Lowry et al., J. Biol. Chem., 1951, 193, 265].
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perfornmed by the Lowy nethod [OH Lowy et al., J.

Biol. Chem, 1951, 193, 265]. W) 2006/ 051070
w@eob6efAd1L115 /115 5 81 5 3 US 5, 990, 288 ( MUSPCKRER1005/055815

at) describes a nethod for 3urifying FSH from

bi ol ogi cal sanples, such as human pituitary glands or

human post - nenopausal urine. The process uses cation

exchange chromat ography on Fractogel EMD S03- 650M
USf%QQ%Z@%d%‘?'C&Wé ab¥dasaiires amethod ferpuaipting bPH fromekiplegical

sarfbl88 Sict a& ﬁﬁl'nﬁr 8ftl9i ér?%ﬁ%gﬂ@fr Runtd ;2?% ngnoea%’a? {;\fbg' The

Interaction c mat og y on Ba
ProFpssRyses yatioreexahangeTpiropatogeaphyion Rragtage! d-Mi2 SQ:1650M,
foII&H%%gy H*é é’l’{ ihi %‘u rrlé);rﬁg{g ﬁn <'M|FnB c.g ggé eaICFeEW fo“o@éd by a step
of fmdmﬂhmblﬁs@ar)a):tl%cftmma 4 oa Bakerbeng W'ﬁ@ﬁoﬁhﬂl Rgpy resin.
Th? g@gé&h@ sé@ttb Yést“}{."?nf}%'ﬁ%'ﬁ Ea)H: #SWV.H%%%%%WE&@W of 7,066
IU domuspassamkimg énd tass ean biU ﬁmgmnp%w)/@g opBH, and a grinary

t iyb

PSR Do AP pfiiy CF6 208 U hilions sy EridBindihethon BT 02
(impgroagsay)iegi of FdmPsetaineentept was deteymiged aw absqERliRsCati288Inm
(assumin §9|93t A, 1300/ Bhuslgs 9yl be a technique for

purifying canine pituitary’ gonadotrophins, including

FSH, using Concanavalin (Con) A affinity 15
Chf?gre?gﬂggc%iﬂ)‘ﬁ%d fédl |gﬁé}géﬂeﬁ Atioh & Bﬁt FSA aﬁBrT@FPﬁ&ﬁ%QHHX

nd 1 nmobi rreta Il on chromat ography with

pitary, Sl Frdogrineing, T997, 4, 205:218] desaribe Rd S feepyrifgng
carfitd lelt%ﬁ/rdgngaot?%ph'inlsV el %qiéi-g Q?(ﬁ"lc Reliafif ?écﬁ‘ﬁtﬁpé dnlty

assa nmeasur i |ca activity

chrpmétosrmdhmrmf@bw '&’@Wyoﬂkthomtwmyuﬁﬂar%ﬂdmw"@d
mekéﬂ% Jh%matgg%swbvﬂh 6o P HeGeSLIGRE S s reg vé %j)gmflc

I ns cerca Cesare Serono SPA escr

activity plodl 17 84/9 prfeinfuging nadieseceporassayfoulr $ir éor nreasuring
bloBg%‘é?a%ilvftMrm the %u%ﬁ%@g@{ ngér%g 8ﬁ¥d Y_Vhlgé}gtones CA USA) for

ecific ant | I es bound
dmeﬁn@@pmgquéomenby di vi nyl sulphone fol | oned by
reverse phase HPLC. The resulting FSH is free of LH
and 25 other urinary proteins and has a specific

WQ88/10270(Instituto digicenca Ggsare $srepmBPAS desapbogiamethod for
pun{fyﬁﬁg ﬁhl”ﬁﬁﬁ FRRW Y uliRs hesh rogé‘éas iRy |%H&Bc%ﬁ1aid§?aph W|th

H preparation to sul tabl e for subcut’ane

FSHtﬁPPﬁ'f'@ trmra@tplkmd reenoctopal arglbpdm bgundotn Samarasg 2Bygivinyi
sulploHl fb‘ﬁo%@cﬁ b}n Pé’\‘/e@%tﬂh%gé HfP‘P_b F’FHe' oY @l@#& gf@lil and

varlants partlcu ar , here 1s a need
othggprinany: arlot%ras anst hRscR;SReific aav‘dtycof 690 kg pf |V<Pfé1"t§§§ powder

(Steelman-Pohley method). The preparation was the first FSH preparation to be
suitable for subcutaneous administration, due to its purity.

An ongoing need remains for new methods for purifying FSH and FSH variants. In
particular, there is a need for purification methods that avoid the use of the cost-
intensive immunoaffinity chromatography steps.
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i ntensive inunoaffinity chromatography steps. WO
2006/ 051070 PCT/ EP2005/ 055815 4 Summary of the
wo pwensioon |t is an object of the invention topP@EI/ERrI0NR055815
a new net hod for purifying 4econbinant FSH or a
reconmbi nant FSH variant. 5 In a first aspect, the
i nvention provides a nethod for purifying reconbi nant
human FSH or an FSH variant starting froma liquid
SUE‘@?ﬂ’MQﬁ*hﬁg'"ﬂhet'Qﬂ ude FSH, conprising the follow ng

It |.sf']5r? e o@ fhe itVERBH td Protitie STHARERBE ?;ﬁ?ﬁn%@ reci‘%m?ig'smt FSH

AGDI C | Nt eracthon chronmat ogra
Ofﬁ\@ﬁ@mé\aﬁhﬁ@évemfﬁn&t ography ; which may be carried
out in any order. Brief description of the dravvi ngs
Figure 1 illustrates the present invention, i.
In firstaspechthejnyantipg aravisies @onethpd fargurifying r%orgblemi hyfnan

Fsﬂlb? aﬂfFfSI-f‘vérhé PQERM@%H{@H’(M corﬁéﬁﬂ F?I'i@@rh&e'F FfB@rﬁ iy the

chr omat ograp ever se p ase c omat ogr ap gure
followisgsiepsa fl ow chart of a specific enbodi ment of the

presenty Hié’?ﬂﬁlbpéhrohat%gra%hyzo process of purification

conprising
ul t r af(?) hyola@prmb;antsraqtlon ghrogratographyoAn@xchange

chr om%%)o%g, hase 99/"3"‘%‘59,255 ¥ chr omat ogr aphy,

Kdrop teractlon it ogr aphy, 25 reverse
whig mhﬁﬂaﬁfm%ﬂfaﬁqudehm on- exchange chr omat ogr aphy,
nanofiltration, wultrafiltration/diafiltration; 30

Abbr evi ati ons The foll om ng abbreviations are used in
Briefdesgsiptionfithe degwinge | nventi on:

Figure 1 illustrates the present invention, i.e. a process of purification comprising the
steps of :

¢ dye affinity chromatography,

¢ hydrophobic interaction chromatography,

¢ reverse phase chromatography,

Figure 2 shows a flow chart of a specific embodiment of the present invention, i.e. a
process of purification comprising the steps of :

¢ ultrafiltration/diafiltration,

¢ anion-exchange chromatography,

¢ dye affinity chromatography,

¢ hydrophobic interaction chromatography,

* reverse phase chromatography,

¢ anion-exchange chromatography,

¢ nanofiltration,

ultrafiltration/diafiltration;

Abbreviations

The following abbreviations are used in the description of the invention:
DF: diafiltration

FSH: follicle stimulating hormone;
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DF: diafiltration FSH: follicle stinulating hornone;
WO 2006/ 051070 PCT/ EP2005/ 055815 5 r-FSH: reconbi nant
wo-Blds/0stoFBSH. human FSH;, r-hFSH reconbi nant hurerEP#bs/055815
BV: Bed volunme 5 DEAE: diethyl am noet hyl ELISA: enzyne
i nked i munoassay DAC. dye affinity chromatography
| MAC: i mmobi | ised metal ion affinity chromatography
OD: optical density 10 H C. Hydrophobic interaction
r-FeHr weambgeaidtsH; HPLC: hi gh performance |iquid
hFiﬁ'r Pegaphy | RVA i nmunoradi onetric assay KD or
D: oDal'ton HCP: host cell protein, proteins
f-hlé$ﬁ'|'sr|eﬁ@'nblﬁ@mhwnfﬁ§l'd cell used for expression of FSH
BV1§ed FSumkn process controls I EF: isoelectric focussing

ol yet her sul phone RP-HPLC: reverse phase high
DEﬁErﬂ'@ﬁ\)‘hﬁU@qthﬁ{w d chromat ography Q FF: anion

EL@A@Eﬁﬂgfea@-{pﬁeg iSeRRaiRse FF 20 RT : Room Tenperature

fration Wl: water for injection Detailed
DAGedys afﬂﬂllmhf@ﬂaﬁoﬁféiphhventl on 25 The invention provides

IMAC: W‘#uséé’ e il Jh?&ﬂéf@%;r%g human FSH or a

reco nant varlat start roma liquid
OD¢ oplical @ensiyt he crude FSH, conprising the steps : (1)

HIC YR/ dRS PhloBic lidte R SHTE 8RR 3Rphy

HPLC : high performance liquid chromatography

IRMA: immunoradiometric assay

KD or kD: kiloDalton

HCP: host cell protein, proteins arising from the host cell used for expression of FSH
IPC: In process controls

IEF: isoelectric focussing

PES: polyethersulphone

RP-HPLC: reverse phase high performance liquid chromatography
Q FF: anion exchange on Q Sepharose FF

RT : Room Temperature

UF: ultrafiltration

WFI: water for injection

Detailed description of the invention
The invention provides a method for purifying recombinant human FSH or a
recombinant FSH variant starting from a liquid containing the crude FSH, comprising
the steps :

(1) dye affinity chromatography;

(2) hydrophobic interaction chromatography; and

(3) reverse phase chromatography ;
which may be carried out in any order.

The purification method of the invention affords a recombinant FSH bulk of high purity
which may then be formulated to the final medicament, e.g. Gonal-F (Serono). It has
the advantage of affording a high degree of purity without using immunoaffinity
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(2) hydrophobic interaction chromatography; and 30

(3) reverse phase chromat ography ; which may be
w@2006/08@70uUt i n any order. The purification nepdweEP®H5/055815

the invention affords a reaonbi nant FSH bul k of high

purity which may then be fornulated to the final

nmedi canent, e.g. Gonal-F (Serono). It has the

advant age of aff or di ng a high degree of purity w thout

chrgmiatqgra Abafcrudei RSH wich doreysdba stadingarateral doshe padfiogtion
o P REFR o PRSEI Y SR et
recomeingn i nvention consists in cell culture
harvest s cont aining reconbinant FSH. In a preferred
In SpiRRSHeRHbocHler A SHIRRh &a fod AMROHINE ARpfladbith
dipeptide with b5 antioxidant and scavenging effect is
antjoxtdantrnd scavenrgirg effech s ingledadia seme s ahh of thpesteps of the

puritiéhfidr mathb@ %c&@&h@@o ﬂfécﬁ?ééﬂn'f‘ hvbRtidnh R1oRs Sé‘é@hly, the antioxidant
i nventi on. reci sel he antioxidant Iis present

is preseahip asy of ihe tyPresscie @urlfe/@ns@r rpRceatiaend/or filter the r-

hF@ﬁnfrﬁ@tah@dx?da%?/e%nté Iok.tdsﬁoﬁ &Qhé Fsh%ﬁﬁng FRo80ih O ipféiBired
pr events oxid 1 ONn duri ng processi ng

antjoxisiegt is édnetamnm@x.Paafﬁfahlxs Limgtioningrs e @mp@m@tlon of at

or dodl A O100 il FuinBPEkhliePoreRNS iBKEAN iR Ry idmBihoxy-

about - Furt her exarrp es of an antioxid

phqrwb@ﬁjglsﬂ bgmﬁthﬁethg) fromstbyl pherel) potassium or sodium blmeta-
bisdifi; 5’6&& rh ’b?suﬁ?té'r@xgbh'p@s@f krbe Andi ABid aﬁﬁ‘ﬁlﬁeﬂ)tideﬁmrﬁéﬁbﬂﬂhnt

or sodium bimeta- bisulfite, sodium bisulf

ang=seaypneiag effeqt peschistiding, taueing, glveingiiaianine. G@“@F'ﬂﬁ, anserine, 1-
mewm.&.mn@%%omemdt.&rsam%ef ng effect are histidine,

taurine, glycine, alanine, canosine, anserine, 1-

nmet hyl hi sti di ne or conbhinations thereof. 15 Typically,

Tyniealystha siarting maleealii plarifiedfirakand; then ang Qrtiogally eaneantgaiad

(e.@ Wyl R Uivafipitie ) driddrafiffek Exchanded (6. Bfough a diafiltration step)
ultrafiltration) and/or buffer exchanged (e.g. through

prigt t@ paing captyfad iy the dippt chigmategrarhigglep captured on the
first chromatographic step . In the steps of

In tB8 &@rﬁaboaframbwgrmiyywym&amd and a@ﬂ@%@%sé@ﬁ%msﬁﬁ@j s

s RGBS, O 55 AR GTPBE08r Y. DO adesn s

reptck8 with fal foRdtioAAIRled SeshisiaA®r ane. The 3 purification
steps of the present invention (i.e. dye affinity

Th RoGTREO Sy of (hE PeeRt Brerdion i SHa PRI Sgmatagsaphy.

hydréghobicihietygtion cm@tﬁatdgfabrryor@erye phabéchromatography ) are in the

following outlined more in detail.

The dye affinity chromatography step (1)

The method of the invention involves a step of dye affinity chromatography (1). In a
preferred embodiment, the step of dye affinity chromatography is carried out using a
resin having as an immobilised ligand a dye compound which is well known to a
person skilled in the art, i.e. Cibacron Blue F3G-A. The term “immobilized” is well
understood by a person skilled in the art and means that the ligand is derivatised in
the sense that it is chemically linked to the resin. A particularly preferred resin is Blue



The dye affinity chromatography step (1) 25 The nethod
of the invention involves a step of dye affinity

wae bvenstoogr aphy (1). In a preferred enbodi neneGT/EPm®05/055815
step of dye affinity chronet ography is carried out
using a resin having as an i mobilised Iigand a dye
conpound which is well known to a person skilled in
the art, i.e. Ci bacron Blue F3G A The term

Sephateasof i (obtainabile fror| Amerghare Biassigaces/Ing. ) pErestephridal faatures
i dBAR at the ligand is derivatised in

Of%lgetbﬁghégg%esgﬁ?h ﬁo‘%’ésq chemcally linked to the
resin. A part|cularly preferred resin is Blue WO
2006/ 051070 PCT/ EP2005/ 055815 7 Sepharose FF
(obt ai nabl e from Anmersham Bi osci ences Inc.). The
technical features of Blue Sepharose FF are as
follows : WD 2006/ 051070 PCT/ EP20H05/115 5 81 5 8
TECHNI CAL SPECI FI CATI ONS Li gand Ci bacron Bl ue F3G A
Li gand coupling nmethod Triazine coupling Binding
capacity =18 ng human serum al bum n/m drai ned ge
Matrix Hi ghly cross-1inked agarose, 6% Exclusion limt
(M) 4- 106 Particle size range 45-165 pm Linear
flowrate* = 750 cmh Ligand density = 7 pnol Ci bacron
Blue/mM medium pH stability 4-12 (long term, 3-13
(short term) Chem cal stability 40 C for 7 days in:70%
et hanol , 6 M guani di ne hydrochloride,8 Murea It is
understood that the nmethod may be perfornmed with
alternate resins, having simlar characteristics.
Exanpl es of alternative resins include : Toyopearl
AF- bl ue- HC- 650M ( Tosoh Bi osci ence), Toyopear |
Super Butyl 550, Toyopearl Phenyl 650, Blue 5 Cellthru
Bi gBead (Sterogene), Swell Gel Blue (Pierce),
Ci bachronme bl ue 3GA-agarose 100 (Sigma), Affi-Ge
Bl ue (Bi oRad), Econo-Pac bl ue cartridges (Bio-Rad),
Bl ue sepharose HP (Amersham, G bacron Blue 3GA
(Sigma). Elution in the step of imobilised dye
affinity chromatography should preferably be
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10 carried out using a buffer of phosphate,
particularly preferably sodi um phosphate. The pH of
wo bmseswent shoul d preferably be at or about 6p@r/EP2084/055815

or about 11.5, nore prefersably at or about 6.5 to at

or about 8, particularly preferably at or about 7.0.
Alternate buffers appropriate for maintaining a pH of

7.0 include the followi ng: MES, Bis-Tris, ADA, PIPES,
ACES, BES, MOPS, TES, HEPES The el ution buffer for the

15 SlTE&lD‘lé}\LSLILE(ﬁFI&LrIOhg" ty—ctromatography—shoutd

pr efle tain a salt to increase the

con LMS;InJ:VI ty, pr I;.@al;r@,,tgluy%blaO 'n a partl cul arty
pr efle . DU
for

anti (?W’H&ﬁ"tc"y 20 513(??1“”3%‘59&”"??@1"]*5‘{%'“?@9' Furt her

exan S Ol T IIIbI uE =butyt—2—"0
2006%070 PCT/ f'““%%*f@%‘*%é"ir %S met hoxyphenol |
2, 6-|RLRbioh inhl ey hyfeet hyl) - 4- met hyl phenol; potass|fum
or sodium binetabisulfite sodiumbisulfite, The
hydr|epivebieendent ef &ciss @n chr omat ogr aphy step (2) 5 The
i oS oSt P=Yal aof h\/rlr nnhnhr c—interacti on
chror\fmarj'g'rfetfihy ( ’3750¢"rfh a preferred errbodl nment , tha

e p wlas a3
hydru IIUIJI \¥3 1 Ill. \ >3 u\zl.l UII \Illl ulral U T u. LILJ I E=J valr 11 \.,u )ut

Wi t H U939 1 sy ﬁ7*tél‘§,'°‘ﬁ§39’b‘iﬂJ€/§'r"led"~BUtyl 650M (obt ai nabl e

fron FoSep S Ulder st 00d tlial st ep
(2) |fay’ Ee per f of & dckbnﬁ{ermﬁs WP Rat e resins, having
sim ICﬁé’mrcal %ﬁ; act =£0| §Iorl79§/s in: ﬁ)l%telﬁé’np@ﬁ bu\‘rﬁilng f@&lcfﬂﬁdetsn@ka rey
be used are as f lows : Phenyl Sepharose 10 6 Fast
Fl ow (| ow sub) Phenyl Sephar ose 6 Fast Flow (hi gh

It isswrisherstoasl that thsem&tbad)@ey he padernrEdoyith altesnate resinsnhavisg 4

s Qistor  Ta s EANARR Afafls Tf4fr ToplRan ALbI RO

650 cEasob ﬂﬁi@ienp@bﬂ)’py@ggd :%rggrBurt)é 680, Toyopearl Phenyl 650, Blue

colt BB 55) et il ] CHUEMAE U AR o

10%33@“@)1 Affi-GeliBlye (BigRad)sBconosdac blug carmdggs dBinrRad) dBue

3 B S‘?Qfﬁ in a buffer with
sedﬂaﬁﬁgh c %‘gt?ﬂ %rﬁa%? taP%g?Ah éL}gh the addition of
salt (NaCI ( NH4) 2804 or Na2SO4 for exanple). Elution

Elutign InNfe s %‘Prrﬁrﬁroﬂﬁfé@’o@é@?ﬁrﬁty'cﬂkﬁﬁé%&%ﬂaﬁ@ &fl{wufﬂ%%gétﬁ%&

I'S preter carri ed “out r educl

cargesh gutcasing a Wf@r of prospbatel earbwi@ré' rrre@mtdy sefligrg phosphate.
Thé& gn %?{Hef e?&érﬁ? Qhoulalgt)e?&asrg%ﬁfaft or ainﬁper aa@opébcﬁl}t 19'5, more

out at nor e at or about
preferably gt grtahgpt 6.5 to at or about 8, partrcu arly preferab at or about 7.0.

Alternate buffers appropriate for maintaining a pH of 7.0 include the following: MES,
Bis-Tris, ADA, PIPES, ACES, BES, MOPS, TES, HEPES.The elution buffer for the
step of dye affinity chromatography should preferably contain a salt to increase the
conductivity, preferably NaCl,.

In a particularly preferred embodiment, the product-contacting buffers for the step of
dye affinity chromatography (equilibration, wash and elution) contain an antioxidant,
such as L-methionine. Further examples of an antioxidant include t-butyl-4-
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about 7.5, nost preferably at or about 7). A
particularly preferred systemcontains sodium
w@bmsphate for buffering preferably at a pH of p@l/EP1005/055815
about 7, and ammonium sul feate. Alternative buffers
are nmentioned above. 25 In a particularly preferred
enbodi nent, the product-contacting buffers for the

step (2) of HICéeqqubratlon wash, el ution)
metirmmermoha Eabis(1dimnethyleteyiodrmeinyl phendhi petassiam or sodium
bn@tétﬁ‘émé' @uﬂ% Qifledants are nentioned above. The
I reverse p alse chrorrat ography step (3) 30 The nethod of
the invention al so conprises a step of reverse phase

(2] ; i is preferabl
Thé @%&S@@gﬁ_ |ﬁfepé/ctror§ Bﬁr@naﬁ&ﬁﬁra%hg ¥eé g?fsz(p:E 30 RPCy

(obt ai nabl e from Amer sham Bi osci ences).

The,medtostalndnyateas astep of mjdrﬁmpbryenmczeoehr@maphy (2). Ina
premd@nm%&ﬁﬁ%e%ydr%?h&ﬁé fn@érgaﬂ)n%'rd'rﬂatabrtaéﬁ*‘ i%tdaYﬁ“ed c%ut with

resins which are known to a person s he
a regin suchras TaypeearhBytyl G0N (ohtainable fa@P diosah Biosep 1me)

chromat ography is preferably carried out using a

It |§T@He'r§odfﬂ"'@§?st3bli2¢)¢ﬁéy& @érfdr'%bé’ L¥ing %|tl§rﬂbte"}€srﬁ§| hafvﬁ’rb similar

exanp or about "pH nore prerera

chaa%arrstvs sAI@rna#'ve resing thﬁt raarp Pefleqdr e aérfaerSnéymenyltSﬁ@harose
6 FRSI FI6W (1B stBECP fy| §e;ﬂ1m B PR FRIVA{HRgh ﬂbgersn@t Sepharose 4

fers adequate or a at or around i ncl u

buf
Fa%rfifawl\@ﬁ%' SemBEneA kast fioy ; PhanyiSephpresedigh geriormance;

SOWGE 1 SEFH; USRURERM 510 SSGUREEWQS‘PI-E SPfré&A Wh%réha‘-hﬁ‘ Biosciences
anic nodifier, the concentration of

(801% -80%Y ?%M@MM%‘@M%@WW%@@Smy
Hy&b88ll €3 bPed; Hydedbll FHeHY I fRIn BREhGE EBBS fc! Qﬂ)z) 23412558; (see
preferred enbodi ment, the organic 10 nodi is a
iehr | e organi c solvent, preferably an al cohol
(such as nethanol, et hanol etc. ), nost preferably 2-

propanol (i so-propano partr cul ar | preferred
B'"QWSd’d‘r th%HSC ’Q%'S@CB'&MQ‘% '"&?Hf?ét"‘i' A@ Meh m% \dly, Qhfgined

thrcﬁlgﬁnh@faddumﬂseﬂlewbcbrmtu)rmr drmﬂgsoerdatek@rnbrey ENitRdhin e

ant i oxi dant, such as L- hi oni neAl t er nat e

ste 9f PyslpRROBICSNigractinp ﬁF’OH}?éQQ’%‘HU\)e P’eI‘Ha@MtC?UWQIOUF by faseing

theR!éhUuétiQW bﬁﬁe ﬁ{o%ﬂ’e BhaseI (ReHuURINg Ran %néé'htrﬁf@f)% lrSuffer
ther to purification s

ed
ha‘ﬁ’ﬂﬂ)@ gH.at Phéb%lt §§% ﬁ¥ °r| ﬁﬂ?é'h?r ’B?FerPé?fe’QWVc?td’cﬂ @b%&ﬁ 5 Foofﬂzﬂr

abdUd '7'5 nfoRt preferati@ Bor dbouPne Apaaslilareferlad system contains
yuri fication nethod of the inventjon involves a
SO r@pﬁg:pqhg};%/for buffering preferably at a pH of at or about 7, and ammonium

sulfate. Alternative buffers are mentioned above.

In a particularly preferred embodiment, the product-contacting buffers for the step (2)
of HIC (equilibration, wash, elution) contain an antioxidant, such as L-methionine.

Alternative antioxidants are mentioned above.

The reverse phase chromatography step (3)

The method of the invention also comprises a step of reverse phase chromatography
(RPC) (3). The RPC is preferably carried out using a resin such as SOURCE 30 RPC
(obtainable from Amersham Biosciences). It is understood that step (3) may be
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step of ion exchange chromat ography (0) carried out,

preferably with a strong anion 20 exchange resin,
w@aoboswiar |y preferably a quaternary anmoni unPCEEBPI0)5/055815

such as Q Sepharose FF (obtai nabl e from Anmersham

Bi osci ences), having the follow ng characteristics :

Type of ion exchanger: Strong anion Total capacity

nmmol/m): 0.18-0.25 Exclusion |imt (globular
perfarmediusing alterpalivel @sinBahichs ase iwell kgpwe o @ aersodiskiied arthe art
; ; ure: Cross-linked agarose, 6%

a“@@%ﬁ??%f*ﬁgfﬁ"sﬁ% il%': 2-12 Cleaning pH stability:

1-14 Linear flowrate at 25C 1 bar 15 cm bed 400- 700
The ghmmatagraphy is Meferablg gacigd orhusinga pobie ohasgryffering at mildly
alk&lfnt g 4G ARPRBA Br abdutAH EBMRHVE bibferhbi§ at BNatXE P3G S 6.

chromat ogr aphy step (0) nmay be carried out using a
In g prefasredy embegiment; & Eripg/BPEQERES AMAIY Bﬁﬁtﬁtﬁ’a&t@ nate
buffdr® BudRIaEkoKEDA atlRaMRMhaT 6 inRESTERS, . MOPSaPh&Dhite, TES,

having simlar characteristics, see below Support _
HEPESe t&@éluffﬁ') sqiyliong mpgd fockfis slep "EY1%%Wnt%ﬁf‘ ioEganicsodifier,
thec%ﬁbgﬁﬁgrtaﬁgr; gﬂﬁﬁbﬂ_wﬁgﬂlatﬁﬁ‘ FricréHt pRAYes SHNEYFBABMraphy
step ( load, wash, elution 2nd regeneration]. In a preaireg pEwasimang dhe arganic

bi ndi ng capacity 120 ng BSA/m of gel pH stability
In d PArSLIAY preféell @nibadikdent, th® Brodabi@ntactidg bufférs for the step of

RPC (equilibration, wash, elution) contain an antioxidant, such as L-

methionineAlternate antioxidants are mentioned above.

Optional further purification step 0 - ion exchange chromatography

Further to the 3 main purification steps — outlined above — the present invention may
include additional purification steps.

In one embodiment, the purification method of the invention involves a preliminary
step of ion exchange chromatography (0) carried out, preferably with a strong anion
exchange resin, particularly preferably a quaternary ammonium resin, such as Q
Sepharose FF (obtainable from Amersham Biosciences), having the following
characteristics :

Type of ion exchanger: Strong anion

Total capacity (mmol/ml): 0.18-0.25

Exclusion limit (globular proteins) : 4 X10°

Bead form : Spherical, diameter 45-165 pm
Bead structure: Cross-linked agarose, 6%
Operational pH stability: 2-12

Cleaning pH stability: 1-14

Linear flow rate at 25°C 1 bar 15 cm bed 400-700 cm/h

height, XK 50/30 column:
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El ution conditions high salt concentrations Pressure
limt (bed. 150x10 mm' 20 bar (pressure drop al ong
WO b@eoslomom) ..o Ll oLt PCT/EP2005/055815
.......................... 11.. Working tenperature 4C
to roomtenperature Preservative 20 , % ethanol |
Ready to use cartridge 50-10 mm ...::::: .........
.............................. Bul k material S-types
Alterpativiely, tregon-gxchange ghromategraphyestap (0) ey, teocarigheout using a
o B B T B EPITEm MRS aA Dy stact
Geginanw).i 9@ rpsin (havigg smllaoph@m@teﬂstmszsqecb%nw 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 esupperat e buffer, Fractogel® EMD TMAE
t ri.et.hanol.ami.nelim.nodiacetic. aci.d. Tris.. .amonium
acet ate, trCatiNee, 10 biciine, TES, HEPE®87TAPS. Mbst
pr ferred. is. . horate. h||ff“:‘r‘m’ “““““ [~} - pH “““ of at..or..about. ...
8.5. ElIRaricle size Sntypdie i on- exchange 2040ym s achi eved
byipereasing-thescopductivitycofuathesppbide-phases
throuEYPet‘Héh te9r8ANGf aI t 'onp%h@rawfyom@sraphx a
particutar referred-el \ t
br oduct FeBRtorel PRYPhuT £ e eI ocoie {Givee)

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

ChT [s N
an ant | O ARRE S er ablly 1 T CHBT RN DR g O ek

Al ter padtéid Bind are neppo ﬁi@;@sﬁﬁﬂ%ﬁ‘ el VO
2006/ 051070 P /&Ezogg/ 055815 12 Thus in a_ preferreﬁi

enbodi mpHItstatillhyarangbhod of the i NvgHNRiuPno EIM2r i ses t he
f ol.l.owi. Ng..steps:..(0)..ani n;n:“nx;nhangn“u‘r‘hr“nna‘tmn‘g‘\[;\@g\t]\y‘\m
pref er abl yp&rvamestrong ani on exchange> 1Besi n,

[ r.af.er.ahl \..a..Qrat Qlf'hﬁlf\l A MmN AL M FeS N <iich. .ac..Q
PRRALURALeSk:A SLUC RSl

Sephar o&lutipE capditiasFr act agel EMQ“TME]OﬂbQTEBaﬁQ%

a ¥ nibtaceahreomtooacanhwvclnreraf. Qs olml \1 O Blnacah!ﬁarno

FFFrospute [T HPBRHIRI Mlrean BrPsEHiediR BGRagcomn)

[prefe Srkitig Biperatgre. ar 1 BUtY T 480 oom temperature

Preservative 20 % ethanol
Ready to use cartridge 50-10 mm
Bulk material S-types 100 ml; 500 ml
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; - mearﬂowrate 1276350m/mm

The step of ion-exchange chromatography is preferably carried out using a buffer
having a mildly alkaline pH (e.g. at or about 7.2 to at or about 9.0, or at or about 8.0 to
at or about 9.0, most preferably at or about 8.5). Suitable buffers include, for example
borate buffer, triethanolamine/iminodiacetic acid Tris, ammonium acetate, tricine,
bicine, TES, HEPES, TAPS. Most preferred is borate buffer, at a pH of at or about
8.5. Elution from the ion-exchange resin is achieved by increasing the conductivity of
the mobile phase through the addition of salt, preferably NaCl. In a particularly
preferred embodiment the product-contacting buffers for the ion-exchange
chromatography (equilibration, wash, elution) contain an antioxidant, preferably L-

methionine. Alternative antioxidants are mentioned above.
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(3) reverse phase chronmat ography [preferably on Source
30 RPC]. Optional further purification step (-1) -
waoibdosastord rati on/diafiltration 10 Prior to thercl/EP2005/055815
i on exchange chromat ography2(0), it may be desirable
to carry out a step of ultrafiltration, in order to
concentrate the crude FSH. The ultrafiltration (or
diafiltration) is preferably carried out using
Thygeinter preferrae embgdimenyithe methed qtthaalnvqﬁmtcorr@nsqaihﬁ fpllowing
ste gpst preferably at or about 8 kD. Optional further
urification step (4) - anion-exchange chronmat ography
18) awoaremhanae ehigmattegraphy, erairrabisonta stiang amienrxaharige
thedsipy féﬂ&’at&‘ﬁ 4 %nlﬂ 6iRCA s SBpharose FF or
ani on- & romat ogr a yr(n4 A preferred resin
is Ei‘aﬁ'@lgéb@M TMAETMAE HI CAP (obt ai nabl e from Merck

Kipdye Qﬁﬁl%%atggfarﬁﬁnzﬁ)refe%b ol B Bephasagrri m | ar

characteri'stics I one ove ternatfvely the

43X byiomobys Ioferactinn SWoETAIIRRYY (oreiesAbly 00 TpPReaF3Ay S50V
3§Uév8%e%5 &bnh 5 aﬁ)gg?dh?ﬁﬁre}:e; rabl{ bn ol 304PELS! N

I ng si m i'stics, as nenti oned above.

The steps of an| on exchange chromato raphy, dye
Optianal Rurthor putifisaioncsien, oty — Ultrafllialiansiahiration e act | on

chromat ography (H C), reverse phase chronmat ography and

Priér&6 Hst8h Sploﬁfexéﬁblngﬁ 'cﬁ Spﬁ?}h 09 NEhaY bélBBsYrthoQ:%rry out
carried out in n der, aIt ough 1t _is Fre erred
a step of yitrafiltrgtien. dn q th&onsﬂntaﬁe et ESIdh Thasitadlraben (or

dlaflltréﬁdn) is J@%rétﬂﬁ&érﬂé@ BuiSisidsa Rlenfbyghedviny 4 dut-off of at or about

chr omat ogr ydr ophobic interaction
3 2R KBnars e éFﬂP'XﬂI‘E)aboﬁFed‘%nd optional second

ani on- exchange chromatography may be carried out in

Opfidhal RIrher purficalihdp (4) i dhidh-Slchbh@sichiromb@igrapnyt he
order shown Dbelow 30 (0) ani on exchange

in o PR Br 3B Srinoli et B ki Attt P o igh S

sedoauet@a)frahm&exchw@mmﬁaabmpﬁf’@) mﬁefemad r&t BRtactogel

eV R G AP S 5a gt e e s RoaA D e ek BRIk gfesin

hawihge§imiln charadtérrsaés lak rnaéntuemédiat&fvel iAltatnadively theasekoitid Step of

anih BxHangs ADRYP e Al bf Giod ant o B phafieair, avether

respimmg@"rhmg@bwnbws, aé hentidddsdbopeée is subjected to
a concentration step. Preferably the step is

performed using ultrafiltration conbi ned by
The steps of anion exchange chromatography, dye affinity chromatography,

hydrophobic interaction chromatography (HIC), reverse phase chromatography and
second step of anion-exchange chromatography may be carried out in any order,
although it is preferred to carry out a step of anion exchange chromatography first.
The remaining steps of dye affinity chromatography, hydrophobic interaction
chromatography (HIC), RPC and optional second anion-exchange chromatography
may be carried out in any order, although it is preferred to follow the order shown
below:

(0) anion-exchange chromatography, (1) dye affinity chromatography, (2) hydrophobic
interaction chromatography (HIC), (3) reverse phase chromatography RPC; and (4)
second anion-exchange chromatography.
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5 diafiltration in order to obtain a bul k having the
desired conposition. The ultrafiltration (or
walk@biostor@t i on) is preferably carried out usi NBCEEP2005/055815
menbrane having a cut-off @$8 at or about 3 -10 kD,
nost preferably at or about 5 kD. In a particularly
preferred enbodi nent, the follow ng steps are carried

out in the order 10 shown below (-1) Utrafiltration
Optignabfusthanpyrifigation steptihrultrafiltrationidighidration - of f of at or

about 8 kD), (0) anion-exchange chr omat ogr aphy
In4 ﬂ"rtﬁfaleﬁr@@rrléd %ﬁﬂ%ﬁln%r@ a?%PE letﬁe Eﬁeps LPcifBhiatoyt aphgj(bartlcu-

|n|tycromato rap }/ re erabMusm

larlss@tseraa o8 ofeverseipliasg chromalagjanty itk F8Fiisamalese subjacted to a
corﬁ:@ﬁ@é’iﬁ)tn Wefa’d 3y%e 605 pEfdthnéd Lt‘.:%ln@ghlt?af ItFRbY |comblned by

Mcol urm reverse phase chromat ogr

dla(ﬂgﬁ’@gr@ﬂ ey t@gptﬁ@ ehbtgk) havieg g@ dexired! eQNPRAHON. 'ﬁjﬁ ultrafi Itra)tlon

(or @@fl%’tl@ﬁf)% 6%a6|9 lcafFRH Qi @Qﬁ@’ a Mbntbrahd ﬁé\ﬂl’\q_a Q@@éf?of ator
ani_ on exch an? resin (preferably using a hi cap

abqud i1 kDamest prefaiably at enabost S kR (preferably with a
menbrane having a cut-off of 5 kD). 25 It may be
desirable to subject the FSH sanple to a step of

In spartieylany rrefered embogimant.dhe fallowing stepsiarg §ar¢=||eg Qubindle order

shwrEbblow- € to reduce the risk of contam nation of the
FSH preparation with viruses or virus-like particles
origi nating fromthe cell culture. Nanofiltration may

e depe %lt:ﬁﬂ)faﬁd@@?ef@r%b&%th@ﬁmbmb% Mg PERFof at or

hovvever it is 30 particularly preferred to carry out
nanoflltr%hqubﬁkaﬁter the 2nd step of ion exchange

C hr @Bt Ogérﬁml&xch%hgé‘i:ﬁr%haide&d@Qp%éﬁ ©8ing HRh %bﬁ&%e FF
{drophoblc i nteraction chronatograp y.
Nanoflltr

™. may be performed nore than one tine,

f
0SS e gkt 8. gl

enbodi mergolumme et hod of the invention conprises the
f ol {9W NonyRik&MBbic interaction chromatography (HIC) (preferably using a

Butyl 650Mcolumn);

(3) reverse phase chromatography (RPC) (preferably using a Source 30
RPC column);

4) anion-exchange chromatography on a strongly basic anion exchange
resin (preferably using a TMAE hicap resin); and

(5) ultrafiltration (preferably with a membrane having a cut-off of 5 kD).

It may be desirable to subject the FSH sample to a step of nanofiltration, in particular
as a virus clearance step; i.e. to reduce the risk of contamination of the FSH
preparation with viruses or virus-like particles originating from the cell culture.
Nanofiltration may be done at any stage of the purification process, however, it is
particularly preferred to carry out nanofiltration after the 2™ step of ion exchange
chromatography, or after reverse phase chromatography or after hydrophobic
interaction chromatography. Nanofiltration may be performed more than one time, for

example it may be performed twice.



10

15

20

25

30

(-1) Utrafiltration (preferably with a nmenbrane
having a cut-off of at or about 8 5 kD), (0)
w@moens®xehange chromat ography (preferably w tPCTEP2005/055815
Sepharose FF), (1) dye affisnity chromatography
(preferably with Blue Sepharose FF), (2) hydrophobic
i nteracti on chrormt ography (HIC) (preferably with
Buty 650M , &A?f:)d reverse phase chromat ography
Ing pa:tr;;ul:@rﬁyr RFe rgg legnbgdintentdhe mettag gRitiw) inverttion comprises the
change chromatography on a strongly basic
fo“%‘?‘g@te%éxchange resin (preferably TMAE hicap resin);
(4') nanofiltration, (5) ultrafiltration (preferably
R PR o £ o Tl A06r about 8
purlfli@)au on nethod is devoid of a cost |ntenS|ve

'(61)“”%nr’%féx@hédéggdﬂgdgg?tggap@ﬁtwe@ RFORIRHASS FF),

how a % urity and sp
|

Kl bac dye pffipity mrgmatqgr@wprefer@!dy wihiBlife Serhaprseddnt
d
'@)ven'hyl nﬁuﬁ&ﬁé' éctfbﬂ%?dnhﬁb}tgﬂg?ﬁyl I-ﬁ@l?1 y?f%]’édeW With BAWE

t he no a |n|ty
i mTuno@ﬁQBBul ins | eached fromthe resin) 20

r ag&), b [
r%g)(s)ul ting f rom tcﬁyﬁpéggq % P’i‘y {Rlﬂﬁ (g?egégée'@ Wlth egcg rsfob%?jc)
dbbv e aaied- eX@bﬁﬂQ&l thrqrgatpgnaphy eda FSBPWMW%@ aﬁlpbz@ﬁ:hﬁme resin

st orag @é TMAE Afd rification, the eluate nmay
be subject e ﬁIto yophFl tion ('freeze-dryi ng) to

édrov aareiltiatien. The resul ting 25 liquid or
| h 1 G
(BpP 'ultﬂaﬁﬁr‘étu&{ @‘P‘éﬁab fw.trﬁé %%brﬁ%’ha?gﬂ%cut_—oﬁ'&f 5 kD).

fformul at1 ons FSH vari ant e I nvention or
purified according to the nethod of the invention may
Theyadvyantaasl A thedpresgntiinyestian isthatdhe pirificatinry mathed in %ﬁVOIS#Of a

cos‘i HEAEVRN R ho- a?ﬂutprcﬁf(ﬁﬁél@érﬁpWQEH bﬁﬂ‘ Eﬂﬁﬁies Eh?h&vﬁb' high

fornul ation may freeze-d case it 1s
degfee oblr Sid @urity anatSEﬁC'ﬁbe'OaﬁjVéb tAlﬁfh thQJB‘i”fﬁfj IF§H ¢fdhe present

|nvél‘iﬂoﬁ%b§ﬂot dongaifr %ﬂés‘%%ﬁ“rit@g atd&ed @L the lmhﬁ.lna ity d
formulation, In case It can I nj ect ed

chrgmatagranpy (9ot ﬁﬁﬂunO@Mb@Pns lgached fipgm B\@ regim 2006/ 051070
PCT/ EP2005/ 055815 15

Storage/Lyophilisation

The liquid composition resulting from the purification process as described above and
containing purified FSH may be frozen for storage as is, or after purification, the eluate
may be subjected to lyophilisation (“freeze-drying”) to remove solvent. The resulting
liquid or lyophilised product is termed “FSH Bulk”.

FSH formulations

FSH or an FSH variant of the invention or purified according to the method of the
invention may be formulated for injection, either intramuscular or subcutaneous,
preferably subcutaneous. The FSH formulation may be freeze-dried, in which case it
is dissolved in water for injection just prior to injection. The FSH formulation may also
be a liquid formulation, in which case it can be injected directly, without prior
dissolution.
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The FSH fornmul ati on may be single dose or
is multiple dose, it

dose.

If it

w@onsasm7e bacteriostatic agent,

benzyl

al cohol ,
preferably benzyl

et a- cr esof,
al cohol or

such as,
t hynmol or
met a- cresol .

mul tiple
shoul d preferably
f or BXEEP1085/055815
phenol ,

Si ngl e dose

formul ati ons may al so conprise a bacteriostatic agent.
5 The FSH of the invention nay be formulated with
The hdbirdorexdationemaysbensingle dase pi meltiple dose. Ifétiampitiple dose, it

sho}‘ln’cﬂ) SR %ﬁ\z% Suc’%ﬁé&'tenokfatlﬁﬁ%

erft! %h%”ﬂ b

ni ne.

)?ﬁ}ﬁ\@ benzyl alcohoal,

met,ebwpwls@y@olsq:rpmeolamefer@bm hengyl mv@ENO( meteﬁ@rea@il y‘Slngle dose

forrﬁmgﬁ&l\s%% aIQ Eﬁ

In a partlcu
produced by the nmet hod of the

aét@ﬁ

pre erre

rrultl

S Pluronic F68). 10
caatae ose formul ati on,

i nvention is forrrul at ed

FSH

Th%ﬁsﬁuowtﬂ ipyargiop mayrpefatreyiated withrdewn iexgipignisiand statiizers, for
exdthiIé RilRiRe athnfant&lP'ﬂ rﬁéy alE’Ja Héﬁ\ahé‘e &P SntiokRibhi, Qﬁ'éH“é‘s and

nmet a- cresol or

benzyl

al‘cohol

A particul ar

preferred

methienined thivay furtes eomprisaA sirfastanssuch s Y N (Preferptiivs

TWEEI\?%)CHFﬂUﬁ)‘ﬁi&ﬁ(pFerr‘aBI&rlii'urPdﬁnelﬁeE{
foll owm ng Conponents oOf FSH nul

formul ati ons Conponent Description 300 U FSH 450 11U

In féﬂt&ﬁ&%ﬁﬂ

Invemf@nd%hrmu@@g)b

g cartridge)

injection is the
i -dose |iquid

efertEd rﬁulﬁd&%@fbr%la%oﬁ %—I H&duggd §y %%ethba of the
2 Sucrose 30.0 4

m'nl-‘mUOQ@@CDO%Wh §U‘6'?§9, phosphate

buffém;él@ &}, Fidrdaie Fes, r‘h'@%té%%?é%&a%?éso@oﬁ%z}l aﬁ@b”hol

(mg/ caf'tri dge)

5 Pluronic F68 0.050 0.075 0.

(mg/vial) 6 Methionine (ng/vial) 0.050 0.075 O 150 7
A p‘éh&h%?ﬁ}eférm I}dgﬁf ﬁmlﬂi d%ge ?or%@la‘ﬂlo§gf re%ovl?ibﬁnZntngH Q)r7 8\0 9

SU@GWPQMWOUW%PZ 0’0@7“95 %’@5 f°"PB"n9

Components of FSH multi-dose liquid formulations

Component | Description 300 IU FSH 450 IU FSH 900 IU FSH

#

1 rhFSH 222 (3051U) |33.3(4581U) |[66.7(9161U)
(ng/cartridge)

2 Sucrose 30.0 45.0 90.0
(mg/cartridge)

3 NaH,PO,H,O 0.225 0.337 0.675
(mg/cartridge)

4 Na,HPO,2H,0 0.555 0.832 1.665
(mg/cartridge)

5 Pluronic F68 0.050 0.075 0.150
(mglvial)

6 Methionine (mg/vial) | 0.050 0.075 0.150

7 m-cresol (mg/vial) 1.50 2.25 450

8 pH 7.0 7.0 7.0

9 WFI g.s.to 0.5 ml gs.t00.75ml | g.s.to 1.5 ml
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Indications The FSH of the invention is suitable for

use in all treatnents where FSH is indicated. It is
w@2oosioswb@r |y suited for subcutaneous adm ni StPEE/EPI005/055815

ovul ati on induction, contnelled ovarian

hyperstinmul ation for assisted reproductive

technol ogies, and in the 5 treatnent of oligosperm a.

It may be used in conjunction with other
Indigationst r ophi ns, such as LH and hCG It nay al so be
The!E8A ottHdinfeHi ﬁ%ﬂ%s&@ﬁ@%‘ﬂ%@ Nl Qa%f@ﬂﬁer&&%H is indicated.

_res[)onse to suc om p ene citrate, aronatase
Itig igylartyrsyited fog ﬁuwtamus adminigteation it 9wwlaiios 'nquﬁmrbz ol e

corﬂl'?)ﬂec]( Yatitin I}'%/ érgtlrﬁglg’ti'&%‘? %gség@rédpomgvéhechh‘&?@ nd in the

gl ycoprote a- supuni t - subuni t

treaiment of qligospermiar $Hnagbe usrchintcopianFtian with oteerganadel@phins,
suc?‘\':ag"lm AnFHEEN I my mnfélgé% uled Jv'i_lh Rirfkel P)rh'&un%s wWHicAhugment the

3-subunit varia 'ircle stinu hor none,” or
respgpse tad Skt suchas elpminhene citratey ammtasqnshabg SH)C_h as
AndfIbESLoiBoR, FilrbzigBRl MIBiHre protein. FSH s a
conposed uman gl ycoprotein
al pha-subunit and the human FSH bet a- subunit. The
sefidHcesn sequence 20 of the human gl ycoprotein al pha
ubunit is provided in SEQID NO 1, and the protein
SE@dE}d\é@c‘b l‘ufnanf%'dogmln PSidbbeit,a subunit is given in SEQ
SE % giﬁ f the term"reconbinant” refers to
repara IO that are produced through the use
SEQfIDera!mIFS&rB sibhittvaddtal ogy (see for exanple WO
5/01958) exanpl.e of a method of expressing FSH
SE&P%‘%T%@E%%}%Q”“{"%H%IZOW is by 25 transfection of

SEaubw%lh@sf-ﬁs Sgbutitharis3 sequences encoding an al pha
and beta subunit of FSH, whether provided on one

vector or on two vectors with each subunit having a

Folfi&® §ﬁuﬁ&|§tir&§‘2|%m¢oﬁé; orQ?I-ﬂ %é%é@ ﬁére'umreﬁs% Rpﬁlﬂﬂarpﬁéﬁ rQFIFSH
nos. EP 0 ™211 894 an 512

encodi ng
profasedgsa full-lengtiDratuse prqtelﬁaE/Sldm aumermmp@wl o of the, Burman

gly&ii:ﬁ‘%ln%lﬂ'fa éJb%nlt'%ﬁd He ﬁmﬁ %BLa étﬁaﬁhft‘okﬁ’@%rotté?n sequence

roduce FSH I s t he use onol ogious
oft?u

e bomen @bfppwnteﬂrbalph@ suhuny is; enoef\dsﬂ #y9EQ 1PN head yhe protein
seRRAEEHH tht RuRBRFRH Béta ss&nnquven it @Eérilg QEerOUS

Sequences encodi ng one or he subunits of FSH,
Theyysejefdbe tesedreoembinesp éaﬁfﬁotﬁt%ﬁ?ﬂafﬁ*@nsaﬁ':§”5t)§t &p@roduced

thrépRhé ste a‘%@@rﬁﬁharﬁmﬁ EBehAbisgy (dek dortkahi¥le W@ @;"‘:?01958\)/\O
contenpl ated are nethods such™as those di scl osed
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 0487 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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99/ 57263 (Transkaryotic Therapies), wherein one of the

subunits is inserted 35 heterologously into a cell,
wanmehk®7®t her subunit is expressed by acti vatPONERf005/055815

genom ¢ WO 2006/ 051070 PCTAEP2005/ 055815 17 sequences

by insertion of a heterol ogous regul atory segnment by

honol ogous reconbi nation. The nethod of the invention

may be used to purify FSH expressed using any of
sequeaees bicingrrtien elraiheterpiagons regydpiory sREMER{NERAM@IPgoUs

; f: I K
oo PR TERop of L Rt R el BT S Shhexprossed
usipg aNeoftbess Makadsrentheher methgddet i ¢ mani pul ati on.

Preferably the FSH is produced reconbinantly in
Th&BgESFor et &IV réfetddh ol dJcéé‘Bﬁr%%Ftﬁ% h‘é’tér&oéous

vector or vectors conpri si cg coding for t human
DN4y inestygingtasy of theabevemantiprecimathode obgangtis manipulatign.
FSH. DNA encodi ng the al pha and beta-subunits may be

Preférabl§ e PSH ﬁ%&o&@é&‘j r@&orﬁblﬁél@cryqﬁbhmé PhMmstet QVJ@?CHO) cells
expression "FSH variant” is neant to enconpass those

t’a"l‘ﬁﬁ?c‘é%l"’li% a yeetPRen YRgtars compiising RbAfodingferipe human

glygédfé@ﬁb’é d- ﬁ]buﬁﬁbh@iﬂ'é K¥ta 5B 6t FSH h)N‘A*enbéd"r'@éB\% dgharind
SH but exhibiting FSH activity. Exanple

bet?ﬁé‘P%@ neaye-Rigsent qnothﬁsﬁ'@? o et vedders. ecorrbl nant

FSH, consisting of the wild type a-subunit and a

Thé¥Prbshidh thslwwrfant”ns mBBMtad ehEsnSads IRoas m@émlé@buﬁenng in
am%gtlde of hCG has been fused to the CGtermn t he

3RId:3ANRNGS. glycpsyiation Pagiemqr; |"blé‘EP’TSHb'E'HH5]k?9"‘e?°@I huma“
FsErud:t)éihummgbgsZH abfig, EkdmpledduddEPR-FSH, a%rfg actidb niddified

Devel 0{)mant and characterization of a |ong-acting

recppinnt Rt consisiing efgbe wdd typﬂd%ﬁ‘ﬂ"!’?&ﬁf‘@é hy U@)ﬁ S”!PB""‘ In
whéﬂt@&arb&!ﬁ@rrﬁﬁ&'ﬁéﬁﬁd’e OFhGE RES Se&h@b@d Q—tﬁe ’K_}Sﬂérmﬁ\al of the

S|ngeca|nm)ecue consi stin

n
B-su ATt EGH. £ camriaet i kel et EncRurelpalE 19220 TRPI4-2520

°”§§msubum t%%ﬁbn?%ﬂ%ﬁ%@h%%ﬁ@)a&ﬂ 'ré o} éﬁa*hﬁhFSH

aganigtidwpan Bepioda?0Qse 8. afe5e]f Pﬂﬁmndndiechlssmg@i @muf CEB-FStb a
singp R ple, eohtisfl ot R BIG i SCafiheds fioh Rieflinalio c;
termw@birbi nant human fol licle-sti mJI ating hornone
cont ai ni ng the human chorionic gonadotrophin
car boxyterm nal peptide in the rhesus nonkey,

Fefrtil St t 8-[1255].
eigmlnl Ie@'y Fsari/a:rl gﬁPgé%(Ué 1;%)5 ol ez:u‘id:g;'rer

wherein BFSH signifies the B-subunit of FSH, BhCG CTP (113-145) signifies the

carboxy terminal peptide of hCG and aFSH signifies the a-subunit of FSH, as
described by Klein ef al. [Pharmacokinetics and pharmacodynamics of single-chain
recombinant human follicle-stimulating hormone containing the human chorionic
gonadotrophin carboxyterminal peptide in the rhesus monkey; Fertility & Sterility;
2002, 77, 1248-1255]. Other examples of FSH variants include FSH molecules
having additional glycosylation sites incorporated in the o- and/or 3-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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havi ng addi tional glycosylation sites incorporated in
the a- and/or [3-subunit, as 30 disclosed in WD
w®10068893 ( Maxygen), and FSH nol ecul es with  PCI/EP2005/055815
intersubunit S-S bonds, assdi sclosed in WD 98/ 58957.
Furt her exanples of FSH variants include WO
2006/ 051070 PCT/ EP2005/ 055815 18 chineric nol ecul es
conpri sing sequences from FSH and sequences from hCG
chigperi¢ molecylgs isorprising sequeases fromd SHhanizanuenesiora heGam LH,
[ I herein al so
su%sﬁﬁ%é@ﬁ}séh%dﬁﬁ&?%éﬁ%ﬁ%gr‘lﬁgg{P&Q ?gggs'of the 5 beta
subunit that are shorter than the full length mature

Th%’ﬁgﬁﬁ}aﬂaﬁg tr)égr%d {3 AR -alsoGRE Q&B%gtggﬂ{gﬁ(? gémﬂﬁljgélk&}% dtthe

|
uman beta subunit are provi _ :
betg subunitthat ae sherterdhamibe gt lgoath maiuretmietenanf Sy 1D NO:2.

Can%&ﬂlJﬂﬁ‘nar&ﬂélﬂms%f tHe AUMarPE3A sGBHithre BFdTlded HTBERNDY NOS:
a known al pha subunit to forman FSH vari ant _
3, ©vend B di ipuipdersipod ithal ther earbexydarnaing yariarts of therpetargtiain form
coBIERYAAS KhERABRIAZbYML foflorh BSH variaf Hdiétbaiter. 2
serumor in a serumfree nmedium In a preferred
enbodi nent, the purified FSH produced according to the
I g emor G PSR pruBH) Fetibrtanfy Y OAGI G A
a semyen prdn jacierum-free mediessi on " crude recomnbi nant FSH'
refers to the cell culture supernatant from
reconmbi nant cells expressing FSH, before it has
In aprgfargdrembadiments ﬂama@e@fﬁ#ﬁ erodsicegh aceprding igpthe sratlaed of the
S o SR Py ik it PR S bBfinitegion by
thefpatierty ed and/or ultrafiltered supernatant. The term
"biological activity' in relation to FSH activity,
refers to the ability of an FSH fornulation to elicit
The)expregfiemicrudegpenminant St irefeesdodhe eellrekuressuprrmatant from

rec?MBfn%ﬁPcéﬂ@ieQ% sifigF8H! Befbfhit LG -@%k%wmggra hig
Assay of the FPOITicle stinulating hornofe pasel oh '35
stephdhe gyprestion eraemgasseihadaw oy <Pfg|i*ﬁ suRgsnRiaRit(aY|sklated from

cengs‘gé’GIEﬁﬁ QQ&&%f%htr é%nd}é_l?’fiIté?leén@'apt]lltr?fﬂferé@éddeﬁ\‘é{téﬂt.

rowh 1n a female patient. Follicular growmh in a
femal e patient can be evaluated by ultrasound, for

Théwbﬁlogjecal ééﬁiwf’tiﬁ iPfeldtlA & F%’Heercti%i%, Fé?érlgitG teSatARY bféh PSH
mean di affeter of” at or about 16 ' on _day 8 of _ _
formulatien texqlish bioRigisabigseenses @ssagiatgd wih FSYia Bueh agiovarian weight
gaih GPRE Bted MaAlP oAy SREAAASEANIRRE fdIRe StRtiIatR h;g)“ﬂ?ﬁé'based on
content I n an FSH preparation may be nmeasured, tor
the@@ﬁl’ﬂ?ﬂ@“?ﬂl%th Guaan @PP”%@‘P'T@@“PFPHW@&@@_@WOM d95%H $3, 604-
616116 foREdIardrOAR iPBFEmaNYatiat. PollicdiHF Sdwtfind fRRfle patient can
be evaluated by ultrasound, for example, in terms of the number of follicles having a
mean diameter of at or about 16 mm on day 8 of stimulation. Biological activity is

evaluated with respect to an accepted standard for FSH.

The LH content in an FSH preparation may be measured, for example, using an LH-
specific immunoassay, such as the Delfia hLH Spec (Wallac Oy, Turku, Finland).

The term “specific activity”, in reference to FSH, means the biological activity in 1U of
the preparation in a recognised biological assay for FSH, such as the Steelman
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The term "specific activity", in reference to FSH,

means the biological activity in U of the
w@e@pas@ato on in a recogni sed bi ol ogi cal assay POI/EP£BbE/055815

such as the Steel man WO 200%/ 051070 PCT/ EP2005/ 055815

19 Pohl ey bioassay [divided by the anmpbunt of protein,

as determ ned by an assay for total protein content,

such as the Lowy assay P.H Lowy, N.J. Rosebrough,
Poliley biopegay [divided Ry the swaew iof proteis Bs determiingld, by@meassay g total

t
oo SR S g vty (PP kous RO AL Eprrand
R.J1 Bapdalk (185 Bria Biad rchedn. 493 2369; Btestnéelr - (1972 Anab Bechem.
4s 2854 3 13005 B 2 S0 97y o BRRSBATEE 130, Al
assay ¢8iafiford, MtM.vi(t%?&)An@/r Biatkem1T22248]; or by alzochanc8@0R80 nm.
| U g, nore preferably greater than at or about 9000

Prefelafy B o Hiea B Fehhto HoF 3ok N o Urootn o

or atmungOQGwléVregnnmecpreigraw gregter tHanyat osabpoed 00@ tU/ng, evan more

profe 28, BRer W pBT, RO A A PPl pERR bt rtout

14008 péog mmerenmleaoiogpakaqtlyltyas m@suwdéyéhagmlman-t’hbley bioassay

» ' techniques such as those
an??@ﬁi@%@?ﬁgj\% %aﬁl&gﬁabguant Ifrcation/free al pha
subuni t/purity/ oxidised for ms RP- HPLC As nenti oned
Th%nESblesanTpEa may be Aealyseddn nespeect afithaiopuritt ati variousetpaescef the
[ %fé | [ on of the
pro@%%tﬁﬁlu? Ig can occ@? tdg Elsgc%gﬁ sg“%ﬁ%’ I%Wed by
| ooki ng at the anpbunt of free a-subunit present in a
r'hﬁﬁﬁ';ﬂl@“t'f'ﬁat'%% Alpha subunitpyrity/xidised fenss KRFHHBLC

oxi di sed. The oxi di sed contam nants can be quantified

usi Rg 2R tuHPédCébo‘O’@' I*Si—l ﬁﬁhétb%lﬁ%’d@@rd@ﬁ fingse oP 5 o

usi ng SDS- P hFSH quantification: 1nmruinoassay
FSI—lamxbaﬁeambumlh &orsad'pls@cn@tm df éhedeutbeinits eardoaesit, iagd dhis can be

iR RaE Yy KRG et e arBbut el didBoning b n

Assagdltm@dpﬂwﬁsl-ﬂmebmﬁtsm bucode oAilissdt h’harmyldisedtoehtamlnants

et 1 o1 e g BEAYELC RRRT e Bkt ol TRt

Assaslng)SDBWMEorbance at 280 nm

r-hFSH quantification: Immunoassay
FSH content in a sample can be determined using an immunoassay specific
for FSH, such as the DELFIA FSH immunoassay.

Total protein: Bradford assay, Lowry Assay, Absorbance at 280 nm
As with any protein preparation, total protein content can be determined using
techniques such as a Bradford assay, a Lowry Assay or by absorbance at 280
nm.

Isoforms pattern: IEF
As mentioned above, FSH is a glycoprotein, having multiple oligosaccharide
residues attached at various places on both subunits. The oligosaccharide
residues may have different degrees of branching and may be capped with
sialic acid residues. Sialic acid residues are negatively charged (at neutral
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| soforms pattern: |EF As nentioned above, FSH is a
gl ycoprotein, having nmultiple oligosaccharide 30

WO e®60s®30 at t ached at various places on both spdLBP1085/055815

The ol i gosaccharide residoes may have different

degrees of branching and nay be capped with sialic

acid resi dues. Sialic acid residues are negatively

cha &Pt neutral WO 2006/ 051070 PCT/ EP2005/ 055815
reneein ¢eppPing |Q?dp;t¢ heferaggneity; with etraixivreelspegies

| soh? it rahEi s&’éle&ﬁ@ P?Iﬁé _I(RB ath@Q:ag'bEfa%@é%Ed alsmg Ia technlque

ric poirnts i's can be assesse
t ecthat sﬁ;@rateﬁ haseskaehargss suetsasiiseeleetrie fagussiag eﬁFhs
i soel ectric focussing (IEF) Host cell protein (HCP) 5

Ho§O&d ﬁﬁkém@ﬂgpf)l n can be anal ysed using an ELISA
assay. exanpl e, antibodies can be raised to a

" rmHRStLQ?l'Pmt@n capbe analysed wsing an ELISA arsay- Eel example,
Wi t Qﬁﬂﬂod%%aﬂ B8 Paisdd M lnfoek chifturdh GyrkiHEiS %rHulthr'%? RbstQRIIs
wi Il now be illustrated by means of 2 exanpl es.
Cor WERQSRSHEPNE ow charts illustrating said 2 exanpl es
are presented in Figure 1 & 2. The resulting purified
r-hFSH is termed "r-hFSH bul k". EXAMPLE | (cf Figure
EXAMPLES, (1): Dye affinity chronatography on Bl ue
Sepharose 15 The FSH starting material for the
Thé PresbhtGAien8on Wil RMERRIESrePBY Mehhs 612 Extinfpiar vest s
cont ai ni ng reconbinant FSH, i.e. FSH which was
roduced reconbl nant | n CHO cells, either in
Couesnarfisg fiow C&a%F'Hﬁtﬁt%séawe%?mp'%@e@%%gm 'HlFﬂ%P’e 1&2.
Thé RSO RORREAMOF SH IsUsimddBr-HeSHaR@r ose FF resin) is
first equilibrated with a | ow conductivity buffer at
a pH of 8.5 containing L-nethionione. The liquid

XE@E‘%PH% the !ESH is then applied 20 directly to the
| oad, the unbound material is washed

Steputl): Dyenaffin gguhiodwtogrmm BRie.Sepharésg1 i s finally
eluted by flushing the colum wth Sodi um phosphate

e RelsSigor B8 RPhtipR BraaBliel ¢ Tl Bhest
cordaining rddomtsard FSHI, perfSH whith atasrédticeSregqonibyantly in CHO
ool SRR S % B R S RRBEN st et omrgny
colémofBlsie Sephdrpsé BF Iresin)ds! fishequilibrdiey eythar IbwBohglctiSBpbdffer at
a pH of 8.5 containing L-methionione. The liquid containing the FSH is then applied
directly to the resin. After the load, the unbound material is washed out using
equilibration buffer. The FSH is finally eluted by flushing the column with Sodium
phosphate buffer at pH 7.0, containing NaCl and L-methionine. The elution pool is
directly processed to the next step. The step is performed at 2-8°C.

Step (2): Hydrophobic Interaction Chromatography (HIC) on Toyopearl Butyl 650M

The Blue sepharose FF eluate from step (1) is loaded onto a Toyopearl Butyl 650M
column equilibrated against a Sodium phosphate buffer, pH 7.0, containing
Ammonium Sulfate and L-methionine. The unbound material is flushed out with
equilibration buffer. The FSH is eluted with the same buffer, but with a reduced
concentration of Ammonium Sulfate. The eluate is processed to the next step. The
step is performed at RT
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colum equilibrated agai nst a Sodi um phosphate buffer,
pH 7.0, containing Amoni um Sul fate and L-net hi oni ne.
wdbmeusioound material is flushed out with PCT/EP2005/055815
equi libration buffer. The BBH is eluted with the sane
buffer, but with a reduced concentration of AnmDni um
Sul fate. The eluate is processed to the next step. The
30 step is performed at RT WD 2006/ 051070
Step3): Revexss Ahas@on SoprceI0RPC 3) : Rever se Phase on
TheRHE Br‘éa{éo(frgi'%%té@g&ﬁkﬁrs%&fdtfb %E 'QdﬁftuSﬁ’of@ (.éoird‘dahél‘) A

condi t1 one I t1on sopr opano

Soggs B@BPqumrtﬁqu#wbwa@obmmst BR ameepria aefatedffer, pH 7.6,
conﬂé‘imﬁ i WAL ARt Sn@ﬂfptc?d'anopé'{' a co@icentFé?Bﬁ @H{?l\/é‘lgnt to that of the

hi oni ne, and ropanol concentratio
coréictimnedkmdtmat@ﬂalha{teb UShrms it tmnmbpum mtqr@h‘dlthra@élmrahon
t t -
outf B S eof Wit GhndHiGR BB fHer 31 1! Chntaiing L
methigning. @l 40 dncseased @pn@qntrapqm of ZiprqpamlauThe ir§H_is finally eluted
teas g htFtiof &P 8¢ I, | is finally dil
oy [RIASRD iher H ool A0 BF ZRGREPE L BIIA Rl i foall dited
undeystitiiag, WIHewef@h@@ﬁaln@guLdne@fonmep erﬁadﬂUled ppRkis @rcmessﬁd to
h TH der stirring, with water
t e?%%t%?ﬁl nge%ﬁédrr%tp%rfgﬁ%gat The diluted pool is processed
to 10 the next step. The step is perforned at RT. Upon
Upenyfallewingdhe h‘éovﬁmﬁ%?dﬁf% hedfaeter ot pusificationgr i.g the ratio of FSH
purtyfrl the ‘bﬁﬁf fsample Gershé'heFSH Burt) iR staPtig thtekil (ERGie FSH)
purified sanple versus the FSH purity 1nthe starting
'Sr?éﬁbwtépqogrude FSH) - is at about 40.000. 15 EXAMPLE
2 (cf Figure 2) Step (-1):
Utrafiltration/Diafiltration of concentrated r-hFSH
P i“ns were perfornmed in refrigerated
conditions (2-8C). The crude FSH formng the starting

Stgﬂlf:?f Uthafil@atiéiIDidtiltratio - 8f éSHtentrafl®f i-HESH r om cel |
culture harvests contal ning reco | nan FSH. 20
Clarification Crude r-hESH wa eg g&rough a 0.9
All fie eRefations wefeperfarme "h%ef’F%’ﬁ‘te%P%'fq'ﬁ'%‘si -8t ¢)- 8¢ srydle FSH
for@RditN@b@Ring - materidfdrithé plrificatiorPié dERPed-frérhickl egtueé HaWests
was, first conggghrated by ultrafiltration using a 10KD
co @pg}g{?@){mbman

Clarification
Crude r-hFSH was filtered through a 0.5 pm depth filter (such as Pall Profile Il filters or
equivalent).

Ultrafiltration

The clarified crude was first concentrated by ultrafiltration using a 10KD polyether
sulfone membrane. The concentrated retentate was then diafiltered against at least 5
diavolumes of borate buffer, pH 8.5 containing L-methionine as antioxidant. The
conductivity and pH of the retentate 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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sul fone nenbrane. The concentrated retentate was then
diafiltered against at |least 5 diavolunmes of borate
whedobes51070H 8.5 cont ai ni ng L- et hi oni ne as ant PONEPEDS/055815
The conductivity and pH oR2the retentate were
measured to nonitor the progress of the 30
diafiltration. The retentate was then concentrated
further before draining the system The
Filtgatiom-fi I tration unit was finally flushed with
[ r
T R TR U 28 P88 bl e (o
equiatentst ep. WO 2006/ 051070 PCT/ EP2005/ 055815 22
Filtration The concentrated product was filtered

\ytioR EXcRa Gﬁ’ &é rogé/Fphone filter (or
guivaren Ton change on Q Sepharose

Th‘Ff' teged-material was ’glp@n RPkad tala steeag@nion exphanoed gppharose FF)

resﬂédmﬁreﬂ@d 880t SRANFEBOHRSERIAT A5 8. SFE&ntalﬁi‘ﬁ@LUmethlonlne
brat ed agai nst Sodi um Borat e buf

Aftgrahe loeel 3G COLAR VRS HSRE Wi CEaPAtRE DHBRIN rdRe (o i
PSR Yhi BolGAHMShGH ORI St ERFAIE UG I B

unbound mat eri al colum was then eluted wth

contgiging m%(taﬂr@rm@nquvéy)@nd Lcr@ﬂthwwen(gs Ra@ntipxigant). The
eluhé}%&fl‘%@lléém br&bééébd & helayBRkMit) Bh:%%a(téb?am

antl oxidant). The 10 elution pool tollected was

processed to the dye aff| nity chromat ography. Step

- - Y6 , DVSdhharbste Sepharose The
~ ' [T On ] m 0e Sepharose FF
resin) was first eqU|I|brated vvlth the elution buffer
The dymaffipity ehraspategrapsy cpipmat(Blyie Sapbatogphirrresia) was first 15
eqdﬂ%?atba With Wélhﬁ‘&n Bliffe? %H’thé Q- Sgﬁdré‘s% FF st8b! Ghe Chfture eluate

| oad, the unbound material was washed out usi ng

wag H’lﬁnlqpﬂl*%’c dieastipter the resimnafterdpe {024, the vabeyndamatesal wis
wa§ﬂé66<fUt 08ing Qﬁum&ﬁ{lm%rt hh@ﬁéH%somﬁ'ﬁP BRi< t%)}‘ﬁtfsﬁfng%e

0, containing Na L- hi oni ne. el Ution

CO'%BIW“\W&‘B)C’GJ”F E'@Qﬁpyaﬁ?r%{ﬁééé’@ﬁ 79 PWéa'ﬁ'@QtNaQ' apd Lymethigpiag.
Thé“@l%h&?béd? waRQirdttly pro&fssed i Hb FRxi(step. ﬁﬂﬁ@"tébqné@bé}formed at
I nteraction Chrormatography on Toyopear!l Butyl
2-81@e Bl ue sepharose FF eluate was | oaded onto a
Toyopearl Butyl 650M colum equilibrated against a
St d?6 amemeftibarch@hha?e@_ragﬁv%hardVorgaamBmwemn
un

ate and L-netnionine. The ound mater|al was

The El&@t?@ﬂh‘éf age G efvaie)wps logred Poir @ TRyepear Byiyo308f cofgmn
eqtibraied aghin&t 4 56diSAPRoEpHHLE buffd?UdH Wid, Boainf@USBfonium

concentration of
Sulfate and L-methionine. The unbound material was flushed out with equilibration

buffer. The FSH was eluted with the same buffer, but with a reduced concentration of
Ammonium Sulfate. The eluate was processed to the next step. The step was
performed at RT.

Step (3): Reverse Phase on Source 30 RPC

The HIC eluate (from step (2)) was first conditioned by addition of IPA
(isopropanol).The Source 30RPC column was equilibrated against an ammonium
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 with equilibration buffer, the resin is washed with ammonium acetate buffer,
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25 Ammoni um Sul fate. The el uate was processed to the

next step. The step was perforned at RT. Step (3):
wdenenswiPhase on Source 30 RPC The HI C el uat ep€¥/EPIW5/055815

step (2)) was first conditidned by addition of |IPA 30

(i sopropanol ). The Source 30RPC col umm was equili brated

agai nst an ammoni um acetate buffer, pH 7.6,

cont ai ni ng L-nmethi oni ne, and 2- propanol at a
pH dch centrining lomethienine; and g ineseasegdicopgentragion ohiprapeneld The
FSHQ@ﬁndTgteﬁftécP%y méfetaFlﬁ%fﬂler'émHégco?F ntHﬁSR %ﬂ?gmnol The elution

equl ration b er Sin

poakéssfinatly dliluted undassiiting awidh waler pentaiaing Lymethiéren sSieriiuted
R~ et hi oni ne,
po&%ﬁéﬁ@é}%@ﬁté@@ge %c%ﬁéemérsg?rfvgﬁgg& ZHEP%\?;anoI The FSH
is finally eluted by i ncreasing further the

%@% : ity of IEWID'PIVINEHla
A Fragiegeh WAEﬁn@amnqlttm@was fiesd eqwbbrpteéd@%\s"éuilqr@ Bpreée

bufféeXH 85 Bontdiffag 3 LiABth WP S il %t-ﬁﬁcerﬁ tEFN%Rfr Etep (3)

ani on- exchange c romat ogr aphy on actog
was |ogded petsithe calumpadhe gaboundomatera wasdiushed pulrisingas
b Btk P ! it fRcrelsth H 8.5,
eq%oﬁrqﬁ?lnm ng L- négfﬁqé#ggd%%ﬁ‘ mg'cﬁg{ edI grgg%i é?g{g sr#gt eri al
concepigatiostie p lipear fashien. [Thastap was perfaimed 8t 28C. The
unbound material was flushed out using 10
eqw libration buffer. The FSH is eluted fromthe
t ng the salt concentrati on in a linear
Thé él%gffeq m tHa&radis I‘Eﬁ\ﬁDWAf %)%a@ar%ﬁed éfr?dﬂﬁ(t&a)zOnm
tration eeuate the Fracto
nangfilisation feviegs atapreseure @f 8 bat ulg;dqr Hiteegenn ke fltrate is processed to
he'HeRPdib b trat e of 3 bar under
t en| t r%{gﬂén @%Fﬁtgﬁﬁ%fpﬁgﬁ%?%%gd&d to the next step.
The operation was perforned at 2-8C. Step (5) Bulk

BLid Oik@FiltARiophe nanofiltered FSH material was
ngential flow filtration on a 5KD

The panafiitored F&H matepinbiias eanepntsated bytangentiat flow filifation en a SKD
polfl@c ke %enﬁﬁ%ﬁe O\thh ¢hd H&'tér*té’lb reéﬂ%iﬁ‘ BBouttHf of the initial

terial was er - exchanged diafiltrati on agai nst
V0|WJP,L the materigl we§ byﬁerr%h@mgh tysdlaﬂhtéatpuragamisFt he FSH
sanpl es after the purification steps was determ ned

The Purity of the Samples
The purity of the FSH samples after the purification steps was determined :

Purification Step Purity

Step (-1): 19 % FSH
¢ FSH determined by RP-HPLC

Ultrafiltration/Diafiltration ¢ Total protein content determined by Bradford

Assay

Step (0): 44% FSH

¢ FSH determined by RP-HPLC
Anion Exchange on Q Sepharose FF




25 Purification Step Purity Step (-1): 19 % FSH FSH
determned by RP-HPLC U trafiltration/D afiltration

wd gdoabsprot ei n content determ ned by Bradf ord pASER2005/055815
Step (0): 44% FSH FSH detesm ned by RP-HPLC Anion
Exchange on Q Sepharose FF WO 2006/ 051070
PCT/ EP2005/ 055815 24 Total protein content
deternined by Bradford Step (1): 68 % FSH Dye

affinity chromatography on Blue FSH determn ned by

RP- HPLC, Total protein
Sephar ose Absorbance at
HCP FSH content determ

5ot ai r—content daot arm n
P wITTu A A Y "N v | LILIL LI

ont Exial pepsireeameribdptasipined by Bradford
80 nm or about 420' 000 ppm
ed by RP-HPLC, host cell

d hyv El]l CA Cf an /')\ Areunat
A u] T Jr'\ LA >4 LAY

impurity @ 3400 ppm
SteIRFQJHPLC Hydr ophobi ¢ I n
protein content determn
Dyd affiapeeirbmBtiigyd ph§ 20 81m e
170 ppm FSH content de
on Source 30 RPC

S .
© eterm ned by ELI SA Stej

SH cont ent dghﬁé ﬁed by -

eraction Chr host cel |
d by ELI SA graphy on

¢ ( 3SH detgroivied bf RPAHHIAWG ty
erm ned by RP-HPLC, Reverse
ost Tat@ protgir eanteinhdetesmined by

D (4AbsHivandatat 980 drPUr ity @ <

80 ppm FSH content detef
Ani on- exchange chr onmat ogf

m ned by RP- HPLCIZ
aphy on
about 420’000 ppm HCP

FSH content determined by RP-HPLC;

host cell protein content determined by ELISA

Amount of impurity : 3400 ppm
FSH content determined by RP-HPLC;

host cell protein content determined by ELISA

Step (2):
Hydrophobic Interaction Chromato-

graphy on Toyopearl Butyl 650M

Amount of impurity : 170 ppm
FSH content determined by RP-HPLC;

host cell protein content determined by ELISA

Step (3):

Reverse Phase on Source 30 RPC

Amount of impurity : < 80 ppm
FSH content determined by RP-HPLC;

Step (4)

Anion-exchange chromatography on

host cell protein content determined by ELISA
Fractogel EMD TMAE hicap resin

Biological activity of samples

The biological activity of the purified r-hFSH was measured using the Steelman-
Pohley ovarian weight gain method. Specific activity was calculated using the
biological activity divided by the FSH content as determined by an SE-HPLC method,
as described below.



host cel |
Fract ogel

protein content determ ned by ELISA
EMD TMAE hicap resin Biological activity of
we 20vpbs®70The bi ol ogi cal activity of the purifi®ec/EPiobBhisss
was mneasured using the Steefman- Pohl ey ovarian wei ght
gain nethod. Specific activity was cal cul ated usi ng
the 5 biological activity divided by the FSH cont ent
as determ ned by an SE-HPLC net hod, as descri bed
Spwlmtlvmfm@ﬁma}mtbmtan@n P M bsvESN 190083e dvVO0Q
t f
IR G ahS At & D SORESH kel i e
method pfExampler2 arefgiveslin fablr 1FSH obt ai ned foll owi ng the

t bl e 2.
A e A MU R Tt

invention 5 Anal yS| s Sanple | Sanple 2 Protein
conc III.IdI.iUII UOJ. L. - fic
acti v E{g U/l %ﬁg@f U g% cal
acti v tv/ SE- HPL.C) 2006/ 051070 PCT/ EP?1 H) 5/ 055815
26 Cllains. 1. A netHod for gurlfyl rhg reconmbi nant FSH
or a [FEPRLPIEATCBDr i si B ubj ecling 434 quid
cont afi Ry BgHPISHmganl) |5 (1) a dye afflinity
chro toor aphy; (2) a hvdr ophobic ilnteraction
chronpat o and a reverse|phase
chr onfat &ﬁvf*“"‘ym ch 1&&90blé1/rear il ed 141600il/mgy
or der|. 10(BZ°|°9W¢E nmetlhod of claim 1| wherein the dye
af finji t yetiiwsewrLCYr gphy of Step (1) is carried opt
W t h 'a—resta—theaw g rrebtsed—Ebacron—Bae—+F3& A
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3. The nethod of claiml or 2, wherein the resin used
for dye affinity chromatography of Step (1) is Blue
woepbaswse FF. 15 4. The nethod of any one of edBEP®0L055815
to 3, wherein the dye affinéty chromatography of Step
(1) is carried out using sodium phosphate buffer at a
pH of at or about 6.5 to 11.5 as eluent. 20 5. The
met hod of any one of clains 1 to 4, wherein the
Claimar ophobi ¢ i nteraction chromatography (H C) of Step
(2) is carried out using Toyapearl Butyl 650M or a
resin having simlar characteristics. 6. The nmethod of

1. ank mateodior purifying recompirmnt fiHrasiart$hh vanapd cerppdging subjecting
[ néﬁ(ﬁtﬁ&%rﬂginﬁ@ p‘éﬁﬁﬁat ography of Step (2) is carried
g 0

out Usi ng sodi_um phosphate / ammoni um sul phate as
el uent(1)  dygp#inipeehveanatparanphy; one of clainms 1 to 6,

wher ei((Q}jé ihgd@gﬁdbi@fntéﬁé‘c%h%ﬁro‘?ﬁ‘ﬁé aphy? rggerat ogr aphy of

Step (3 rried out using Source RPC as resin.
30 8. (Fharemerseorhase chpnatea@rapity clains 1 to 7, wherein

t Dineh Sy Yo LIRS R iPARPGec N OB 0gr aphy of Step (3)

is carri out using a nium acetate with 2- propanol
as eluent. WO 2006/ 051070 PCT/ EP2005/ 055815 27 9. The

n‘e . .
2 g o, PRy iy BRIy OF SR
af ¢arried guitarithentesivdheyigymmopiliseq Gioasrantlde FaGek-act i on

chromat ogr aphy; and then 5 (3) reverse phase

chronatography: 10. The nmethod of any one of clains 1
3. t oT'ee method pé elaipd her 2swhereln the é?ﬁlfbﬂseﬁ%pbﬁye affidityange

ch met hod of cl ai m

10§9§E%?§Fﬁmpﬁéégggg‘%?N%%$%%%g§%ﬂ§%ge chr omat ogr aphy

is carried out before steps (1), (2) and (3). 12. The

4. "eihofheModOr gh Ek;lf RS B 3 WRelii? bS] thidthailraph
in 'Ekﬁeeoroger: y:?o Oadr%]or?- excﬁange cﬁ'récgﬁat ogrgphy; aphy
of Step (1) is carried out using sodium phosphate buffer at a pH of at or about

6.5 to 11.5 as eluent.

5. The method of any one of claims 1 to 4, wherein the hydrophobic interaction
chromatography (HIC) of Step (2) is carried out using Toyapearl Butyl 650M, or

a resin having similar characteristics.

6. The method of any one of claims 1 to 5, wherein the hydrophobic interaction
chromatography of Step (2) is carried out using sodium phosphate / ammonium
sulphate as eluent.

7.  The method of any one of claims 1 to 6, wherein the step of reverse phase
chromatography of Step (3) is carried out using Source 30 RPC as resin.

8. The method of any one of claims 1 to 7, wherein the step of reverse phase
chromatography of Step (3) is carried out using ammonium acetate with 2-
propanol as eluent.
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35

15 (1) dye affinity chromatography; (2) hydrophobic
i nteracti on chromat ography; and (3) reverse phase
wae benmiogr aphy. 13. The nethod of daim 10, 11rOI/Ef#p5/055815
wher ei n t he ani on-exchange2thr omat ography 20 of Step
(0) is carried out wwth Q Sepharose FF resin or
Fract ogel EMD TMAE Hi Cap resin. 14. The nethod of
¥one of clains 10 to 13, wherein the ion exchange
9. chitsrmetgd06a0Y one gicéqynpd)tm% whgrein be staps aie cargied oubingdhe
bu{oﬁ&»me% fruent. 25 15. The nethod of claim 14,
wher el n t|:1 borate buffer is at a pH of at or about

8. 5. (1sdyerafinityeshremgatograghy; one of clains 10 to 15,
furt hes Hostameﬁ,}cﬁ§ﬁemgn%&5g9%;ﬂ¢ AfiaR- exchange

chr omat ogr aphy st of claim
16, M@)r@varserp@asee@rarnmamg@@prwf ani on- exchange
chrorrat ography of Step (4) is carried out after steps
)é and (3). 18. The nethod of daim 17, wherein
10+t h h%m@ﬁ‘@daﬂf any. ane pkelaimst! tor?, fqﬁ@ebgcugpnsmg%st@gpf anion-

An phy; WO 2006/ 051070
P&%SZ%Q?@%%?%?&%E%??dye affinity chromat ography;
(2) hydrophobic interaction chromatography; (3)

11 eYI‘?é ﬁ%t%a%?ﬁlaﬁmlg%é?&ﬁéﬂﬁ’@é’te?%f‘gmé)ﬁ-bxé}{yn 8 chro A Fr)my is

chr omat ogr aphy any ne 0
16carded gyt befase stepst Ne(Deod @) st ep of ani on- exchange
chromat ography of Step (4) is carried out using
Fractogel EMD TMAE H Cap resin or Q Sepharose FF
12.r ebhenmethod 2f claipn d1.nharein tg steps are cagriechoutdn thgrasder n

t he S?Gf&rﬂoﬁ-bﬁ&aﬂéeéﬂﬂo%i &ygHRATe  chr omat ogr aphy of

Ste is carri out using borate buffer and a
gr adi dht dyst affinifycgheemeatagraRbsl concentration. 21. The

et hOQ?P oﬁggho%%n@ac%ﬁ‘b%n{b@og‘rgpr%oan&onp“ sing a

step o I'trat
(3) reverse phase chromatography.

13. The method of claim 10, 11 or 12, wherein the anion-exchange chromatography
of Step (0) is carried out with Q Sepharose FF resin or Fractogel EMD TMAE

HiCap resin.

14. The method of any one of claims 10 to 13, wherein the ion exchange
chromatography of Step (0) is carried out using borate buffer as eluent.

15. The method of claim 14, wherein the borate buffer is at a pH of at or about 8.5.

16. The method of any one of claims 10 to 15, further comprising a second step of
anion-exchange chromatography step (4).

17. The method of claim 16, wherein the second step of anion-exchange
chromatography of Step (4) is carried out after steps (1), (2) and (3).

18. The method of claim 17, wherein the steps are carried out in the order:
(0) Anion-exchange chromatography;
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15 step (4'), carried out the second step of
ani on- exchange chromat ography step (4). 22. The

woredoboshiood cl ai m 21, conprising a step of PCT/EP2005/055815

20.

22.

23.

24,

ultrafiltration (5), after28he step of nanofiltration
(4'"). 20 23. The nethod of any one of clains 1 to 22,

wherein any of the eluents and/or buffers may contain
an anti-oxidant, in particular L-methionine. 24. A

met hodﬁ@ye?fﬂmlb'f(;hwfgaﬂﬂgmhwecorrbl nant FSH conpri si ng

the St(lffﬁyo%pho%% ﬁ%;ndc%ﬁ bﬁ‘r%n% g (-1)

ultrafiltration; ani on exc ang chr omat ogr aphy on
Q Sepr(&)rteyersrsmhasct phrometagsapghyNa®@ | L- net hi oni ne pH at

or abqy ﬁéﬁ&aﬂ%&%% Jectlngthe el uate of
step goiat% g ste E g1y Jdr? I'nity chromat ography 30

on Bl ue Sepharose FF, and phosphate, Nad,
%%H%‘Fﬁn Bn@o%ﬂ% 18lto 1gr Mtch sé&)nﬁls?&%f'an(o%)-
0

ubj ect1 ng | uat e step a ste

hy%pmcmomﬁtograi&wmb atepdi) @rﬁ&t’f@g’r%b H§ing ﬁrapéqg%EMD TMAE
BUH@&@Q%M&@F&%@%@. anmoni um sul phat e,

L- mret hi oni ne, at a of at or about 7 as eluent; WD
2006/ 051070 PCT/ EP2005/ 055815 29 (3) subjecting the

el ’Fﬁé fefiod EBm@ % é& 99, %vh%tr R Ig{r‘EB‘ séc%Hﬁ Ef‘bﬁm) dPBARR-exchan e,

chr onat ogra our'ce ni um acet

L - chrematography of ﬁitapr(4)zls|@a6mmt using horgte biffesanda gmmt of
7 Bcssifh Weld co&@,téﬁ%ectl ng the eluate of step (3)

to a step of anion-exchange 5 chromat ography on
Fract ogel EMD TMAE hicap resin, with borate, L-

Ellilé RRIHE of ﬁﬁ Qné’ﬁ él’é'g?tw% Zﬁb&;h(\pr%irg a &Bg oMNadofittfafion

ect1ng | uat e
naﬁep 4} ﬁa't"ﬁd @Ut thagecos) step BF@U@W -Bxrhenge p'?_fpl’f’@éﬁgéamw step
st (4') to a step of ultrafiltration. 10 25. A
reconbi nant human FSH or FSH vari ant, obtai nable by
the process according to any of clains 1 to 24. 26. A

ph?ﬁéTﬁ\%ﬁ'}éH'o‘? Blaint OTRAMPrisMg LR8P bt GirltrdtidRS), R RE siep of

vari ant
nanoflltratlon 4).

The method of any one of claims 1 to 22, wherein any of the eluents and/or

buffers may contain an anti-oxidant, in particular L-methionine.

A method for purifying human recombinant FSH comprising the steps of

subjecting FSH to:

(-1)  ultrafiltration;

(0) anion exchange chromatography on Q Sepharose FF with borate / NaCl,
L-methionine pH at or about 8.5 as eluent;

1) subjecting the eluate of step (0) to a step of dye affinity chromatography
on Blue Sepharose FF, and phosphate, NaCl, L-methionine, at a pH of at
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;
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according to claim25 as well as a pharmaceutically
acceptabl e excipient. 15 27. A pharmaceuti cal

W@ eupOsiordo on accordi ng to claim26, conprisi nge¢herIobdhsssis

25.

26.

27.

28.

according to claim?25, Plueonic F68, sucrose,

nmet hi oni ne, mcresol, and an aqueous phosphate buffer
at a pH of at or about 7.0. 20 28. Use of a

reconmbi nant human FSH or FSH variant according to

cl &) m 2s8ubjesting the elyate phstap (2)io @fstep ofgeyaragrehasef or t he

tr eat megfroRbtobfiph ohiSbufte™st RBE Swith ammonium acetate, L-
methionine, with 2-propanol at a pH of at or about 7.6 as eluent;

4) subjecting the eluate of step (3) to a step of anion-exchange
chromatography on Fractogel EMD TMAE hicap resin, with borate, L-
methionine, at a pH of at or about 8.5, and NaCl;

(4') subjecting the eluate of step (4) to a step of nanofiltration; and

(5) subjecting the permeate of step (4’) to a step of ultrafiltration.

A recombinant human FSH or FSH variant, obtainable by the process according
to any of claims 1 to 24.

A pharmaceutical composition comprising human FSH or a FSH variant
according to claim 25 as well as a pharmaceutically acceptable excipient.

A pharmaceutical composition according to claim 26, comprising the FSH
according to claim 25, Pluronic F68, sucrose, methionine, m-cresol, and an

aqueous phosphate buffer at a pH of at or about 7.0.

Use of a recombinant human FSH or FSH variant according to claim 25 for the
preparation of a medicament for the treatment of fertility disorders.



