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Met hod for purifying FSH Field of Invention The
invention relates to the field of the purification of
follicle stimulating hornone 5 (FSH). Background of
the invention Follicle-stinulating hornmone (FSH) is an
i njectable protein falling into the class of
gonadotrophins. FSH is used in the treatnent of
infertility and reproductive disorders 10 in both
Methadhfos pairifyinaF8Hoat i ents. I n nature, FSH is produced
by the pituitary gl and. For pharmaceutical use, FSH
may be produced reconbinantly (rFSH), or it nmay be
Flei%ef kgveation om t he urine of postmenopausal fenal es
on
T o BRI T A B RO oA lafing Wl
(FSW)perstinmul ation (COH) for assisted reproductive
technologies (ART). In a typical treatnent regi nen
for ovulation induction, a patient is adninistered
Bagisgroynd of the inyeatien FSH or a variant (about 75 to 300
Fol|éje§§lﬁ|ﬁl‘gﬁﬂ% ht)ﬁﬁor?é @%H)"Q A id écf*?é‘&lé1 b'tTem %alﬂ qmbufhezﬁgascf of

treat contr ol

gormdatrpmnmybslrlss umﬂ iatthe treatmeqbaf lnéelrtlllty Qn%tﬁﬁf@ﬂh@t'\é@ digorders
FSH or a variant (about 150-600 IU
in 5&)@ #eé‘n;i}l/?hf%h‘a%ﬂ%ts (

a period of fromabout 6 to about 12
days. FSH is al so used to i nduce spermatogenesis in

oS PIREAOT Se SR s, e PSSR 8,9 v

be hmduwdcéeoqmmaqﬂyhﬁgsbéenr sitiopey streu|isqlated c fipmy they usine of

t aqgg,% Lid count in nen suffering from
poiypo%yna twopﬁ?ﬁ pogonadi sm [ Burgues at al.;
Subcut aneous sel f- adm nistration of highly purified

FSf-I%'d &4 G0 Flnhdly fp%hérﬂ ik BB ﬁ‘\GQctrb‘rH{Eﬂ) SAP S EB8tfolled ovarian

gona otropln or e treatnent of

hypeyginribatipnotGphios asgistagoreamdusiivestaehnepgigs (ART). In a typical
treéfﬁ'leh?%%ﬁﬁéﬁ tor o%l@h% ﬁ’iﬁué@nea 'ﬁ‘éﬂ@rﬂqg ﬁgmrﬁéi&léhcﬂall)é éectlons of

adi sm Hum 97, 12 ause
FSUfortaﬂearlaﬂbéﬁbpuhlx"et%w %FSH/dau)afqr BeRarioaf fr@rn alqut 6| tptapout
12 @aéﬁrqﬁrast Fc%?tr@étﬁ*@n%'réﬁimeﬁffof %ﬁtﬂﬁle@'cﬂgrdwwﬁ&stﬁﬁgatlon a
speci'fic activity Ts desirabl H treat nent
patieat; i$ r%mnlstered daily |nject|ons of FSH or a varlant (about 150-600 1U

FSH/day) for a period of from about 6 to about 12 days.

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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35 repeated injections. Hghly purified FSH
preparati ons can be adm nistered 2 subcutaneously,
permtting self-adm nistration by the patient, thus
i ncreasing patient conveniznce and conpliance. Lynch
et at [The extraction and purification of human
pituitary follicle-stinmulating s hornone and
| ut ei ni sing hornmone ; Acta Endocrinol ogi ca, 1988, 288,
subcptangpushe permiting seifragminjetration bydine p#img tiugniagreasing patient
corR)eh%h&é‘éﬁ(d E&hb"a'ﬁgg_ met hod i nvol ves anion and cation
exchange chronmat ography, immunoaffinity extraction and
si ze exclusion chromatography. The nethod is said to
Lt i S i e > of
LRSS Y P Pa el @ o BB PR gjar) fujoRydthoc!
hormape@nd lweinisingthafmena pAelatbadesingdpaiga, ASS8, BAB812, 19l egeribe
. e _ Lo :
2 R oF Pying it BRIRLPESE" 186 o 78 et on
exghgage chrometagsanhyi mpreurmafiingy exiraqies apd gize exelusiedr t he
ifi i R0 UL : ik Wit -
LGPy, e oftind FREHp redlion DRNaR PSf rpintalchecit

actiydy) atfb PG phiimeuppagspy)/ maewit He BYmginf b1 iRsateineaniang was

ooBFEROA B, SR oy 55 5t 80 8B v
A%k fora9dds egilito Bn resin having an ant hr aqui none

derivative as a ligand. The process is said to yield

urinary FSH free fromLH and having a specific
WQ@B/QOO@(I%SEA 6158t Bjaghiniayr Hio hdeselipesg prooess for thequifiegtion

o S PP b BBl BlmarEp
gorgdofrophingdhMG). Jlhgrarecess wpes ioaexahangezchioraatography on weakly
badi€Astbhic e%?ua@t% PiSorthd BEREU b %ﬁaﬁé?d”g% éﬁ%%@ﬁghhi&ﬁﬁapﬂy

process for e purification of gonadotro 1S, _
on resd hauingAFEMhragrinane defiMative peia ligante Theorresessiis s e yeld

urirH?f FERl I LHZRdHabRg a d %Eifi@?&@?(? 9fe 816 AUBL Ogr aphy
W 1lh the ty

_ a strong cationic resin of pe sul phopropyl ,
(immunoassel img e Pesteivrraniegt was detarmined by apemgng ad ajwater
, I

SR AL o LR e a b Raradiiiy 8o 8 opPPY AL ARfure
cuvsttegwith@ 1 e pgth(isnaiel man- Pohl ey net hod: Assay of the

follicle stimulating hornone based on the

augnentati on with human chorioni ¢ gonadot rophi n; 30
WGHY

63245 dndigiro Mpgsane $A) desgribesisprogess foethe purifigation of)
gortddofrbffin$ SBIRMg PSS! R hiRbARkine. The process involves the following
steps: ion exchange chromatography with a strong cationic resin 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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gain nethod: Van Hell H, Matthijsen R & GA Over beek;
Acta Endocrinol, 1964, 47, 409) biological activity
per 75 U FSH is reportedly obtained. Protein content
was perfornmed by the Lowy3 nethod [OH Lowy et at,
J. Biol. Chem, 1951, 193, 265]. 3 US 5,990, 288
(Musick et at) describes a method for purifying FSH
from bi ol ogi cal sanples, such as human pituitary

US i, 990RBEAMusislreeh aplsiascriasopaetier f@rrnuﬁ'é'm figmoielogical

sadgggsc‘ 65@8!1 Lo ﬂ?ﬁuéﬁ @ﬂ&%@i&g& t?lgfa;]}f é&éa‘PQﬁr# e
progesiuses oamh@echange;ghrﬁma raphy@n ngctgg@itEéﬂD § f650K/I
foIIWQ& %B?%éﬁm%lﬁ&ﬁ?ttoppdghg BR ‘Rﬂﬁfeﬁ&r PrasRAtEALRE gy a step

Pro 0Cess is Sald t
of hyéléqnhpbicmtﬁmmn mr@matosra}phvsn B?éfemgd AVidp Eere Hmepyl resin.

Thé‘Bltd gﬁﬁ&ﬁgfg sfé 5%@51 in hMpéh Emlféﬁﬂﬁgﬁﬁaf/ﬁga%gmhgﬁ .vﬁt?em 66
U @rpewnomamémwnd ;e8§fth€m t%(lmmmpmﬁmﬁyw and andnary

FolThohiholin ool BRUSEA9 e ol e iy
(imyeeasaanymg Iﬁ)ét-HA?sQiQ@rﬂOﬂ{ﬂnt wagdeternined by Rbsasption at@§0 N
boat i t characterisation of LH,
(as %mﬁgr’%%jét%gﬁ‘:f’r Qﬁleﬁgél tbé}k uitary gland ; EndocrinoL
., 1997, 44, 205 218] descrlbe a techni que for
Ch@%‘fHét &y Egﬂatlmd}%dﬁl *cHér‘agﬁeVssBﬂ%ﬁ EHV Pﬁh'dﬂ% TSl—Pﬁ&H ahfe
20

Concanaval i n inrt

pitt&uarybaiamd; raqgwnolh:,(;dﬁﬁ?hd %%da%qnb@ﬁteﬂmmfegme
car(.ml! {;au.f]g %?%dﬂlr@eﬁicluﬁﬁ\bqisH %ungr&d?féﬁﬁ%ﬁ?@é(ng %iﬁnlty

esulting FSH i s reporte ave a

chramatograghyolnydzomb|cwfgrqm@m éhrﬁrr@mgﬁ@pm (HEGD aﬁ\de@émbdlzed
ST -
o A g A e o TR ok Riep e ) oo
actiyitnpf 2.07 1U/g ereteiniusingg rgﬂ@rgqent% Gﬁfbayhfpf FQU formersutiog 70
buoﬁ)gl&éi é&tuvﬁyoarﬁi thEIEGSH 4P @%ﬁ@é&agﬂt |8R§E’&b6#ﬁﬁ>%é BASUSA) for
for purifying human F om urine.
detgFreipieg ProtAREI0ESt i nrunochr omat ogr aphy wi th
FSH specific i mobilized nonocl onal anti bodi es bound
to Seghar ose 4B by divinyl sul phone, followed by

WQ 88/3P380 (hnsdigito HPKIGGTCEI%S{&@S‘@#TPF% §PA&ksescsibes @@qﬁmod_fpr
purﬁwslg %émgh hsh frHrh Gﬁﬁé/ ﬁﬁ@br%b. ﬁmvéaﬁrﬂm%emh{awgraphy with

activity o ['yophi |'i'sed powd

Fshm@flﬁmm%meéynmmab antrbﬁéleg beynd @ Seapnatass 4Brky diviny
sulphdnt foisived b Rerle! fast MIPRE. The resulting FSH is free of LH and

other urinary proteins and has a specific activity of 6,200 1U/mg of lyophilised 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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sui tabl e for subcutaneous adm nistration, due to its

purity. An ongoi ng need remains for new nethods for

purifying FSH and FSH variants. In 30 particular,

there is a need for purification nethods that avoid

the use of the cost- intensive imunoaffinity

chromat ography steps. 4 Summary of the invention It

is an object of the invention to provide a new nethod
Sumgnary of the/inygntie’ onbi nant FSH or a reconbi nant FSH
i 8 DBt e fhvchioh L broRBB e Rlev bl Uiy SESHbAER, 5w
or g gacorpinast bpldivagamtr om a i qui d contai ning the crude

FSH, conprising the following steps : (1)
dye-affinity chromatography; (2) hydrophobic
Ina gnsba@@pt, the inyaniieareyidesiamethad for porifying reeqrabigantdiymeas
FSE e PSh et s STti G i3 ke ESLE Bimerising the
follpwingstapstes the present invention, i.e. a process of

puri fieaki LR bRk . 1s steps of : dye
af fi ni(tga%ﬁgfgﬁg{%‘g?agﬁgféphﬁ’ydr ophobi c interaction
chr ond2bhydipphipbic integactipr ehigmatearaphyosed ogr aphy, Figure
2 sho }s@Wh trofd: a@&ﬁcific enbodi nent of the
rese\r?tg) fér\{%es%m %ﬁ?&ir.oe.at@r 20 'process of purification
whigh mayi ksl eagriecheutdn apsorger. :
ultrafiltration/diafiltration, anion-exchange

chr omat ographg&,é dye affinity chromat ography,
F

Bripf/ desasiptionofit awingsn chr omat ography, 25 reverse

phase chromat ography, ani on-exchange chronmat ography,
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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nanofiltration, wultrafiltration/diafiltration; 30
Abbrevi ations The foll ow ng abbreviations are used in
the description of the invention: DF:. diafiltration
FSH: follicle stinmulating hornone; 5 r-FSH
reconmbi nant FSH, hFSH: human FSH; r-hFSH reconbi nant
human FSH BV: Bed vol unme 5 DEAE: di et hyl am noet hyl
ELI SA: enzyne |inked i mmunoassay DAC. dye affinity
r-FeHi eeambipaaidhsH:l MAC. i rmobi | i sed netal ion affinity

hF Itl.rl‘Rl'fﬁ'e?rP gphy CD. optical density 10 HC

E%Mrop og?c’ i nteracti on chromat ography HPLC. high

r-hingir s reeombipant NumandFSHhr omat ogr aphy | RVA:

BV 9??‘0‘9%@ onetric assay KD or kD: kil oDalton HCP: host
e

_protein, proteins arising fromthe host cell used
DEAE; dieshylasyreediylof FSH 15 | PC. | n process controls

ELISA enhiRehRElIhfuhgsiay! ng  PES: pol yet hersul phone
RP- HPLC. reverse phase” hi gh performance |iquid
DAER dymaffioiy ehsepatography ani on exchange on Q Sephar ose FF

IMAE: iRopilfS08 Mt TRELMA Brottogidbhy af 1 | tration W
water for 1njection

OD: optical density

HIC: Hydrophobic interaction chromatography

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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Det ai | ed description of the invention 25 The invention
provi des a nmethod for purifying reconbi nant human FSH
or a reconbinant FSH variant starting froma liquid
contai ning the crude FSH, oonprising the steps : (1)
dye affinity chromatography; (2) hydrophobic

i nteraction chronatography and 30 (3) reverse phase
chromat ography ; which nay be carried out in any

chregmatagraphiye amruded%ﬁm whlché@nmdh@stm matedaltfprdhe purification
ch
ok o AR SR i L
mantF3iser ono) . It has t he advantage of affording a
hi gh degree of purity w thout using imunoaffinity 6

In &Bfem%mirfent-rmaﬂfd*%nf ora i %lnB%VCIBGortdk%p%Hé‘Mth ng

material for the purification accord

antfgx@g@h@nq sPRuenginmeffect isiisglddedn sgme as gll PEV“@ #ﬁﬂ%é‘ies

puriiRRficH Mbihed ab8sramy itd et prEseint invBntrP Mt pleRely, the antioxidant
enmbodi nent, an anftioxidant or a free amno acid or

is pipgeEb N ofithenbufersuraddeipuebiandion caraeriralg anglasfiiterthe rs
hFSHCTHE %Fltld)(ﬂa?@ﬁl%vgﬁts %Hdaﬁ’én $ke ﬁéﬁﬂﬁmﬁé de?:‘éssmg A preferred

purlflcatlon net h according to the pres
antioxigant is rmethianinep rPéefreﬁaﬂlw L meleiogineibysestata cqn§erpiraé@e|¢f at
or ABbuRY-160 n‘?l\h‘%i?t%? @)Ea?nﬂe%e& a’noarﬁquubléh‘t ﬁé‘&HéJt'lbut l-4-metho

concentrate and he r- H. he anti oxi dan

Ph?ﬂ%\?eﬁrplé‘(b%ptﬂ%ﬁthﬁ?\thﬂfﬁmﬁhﬁﬂ?mwr ﬁ’ﬂ@ssﬂﬂf@ eesadiyy bimeta-
blsﬁlﬁl%f 85diGH bistititd. ‘P&b%@s df freb affAdAGD LAE dip ?tﬁfe%lﬁpédhomdant

hionine i s used at a concentration o
an(ﬁﬁﬁﬁ!{?ng‘@g efferct arg histidine: éauriaraghytiae, alaning, camEsipRi anserine, 1-

melHW@{i@ﬁ\etor'éHﬁ%lnaﬂoﬁ@chBl‘%V phenol _
bis(1, 1-di met hyl et hyl ) - thyI phenol ; potassi um

or SOdI um bi met a- bi sulflte sodi um bi sul fite.
Typisalypihe stagting paterialis plgrified fir stang themapd petionglly gpncentrated

(e. ?'Hy' L@?Hgd.ﬁtfﬂﬁltra%ﬁﬁ) Wﬁbﬂ&cﬁﬁﬁ@éﬂ (e, thrBUGH & diafifration step)
aurine, yci ne, al ani ne, carnosine, anserine, 1-

Prigrde R§ing |°§Pti”Eﬂder‘ th? figsh FBIOMAOARNIE fEPeof . 1s Typi cal |y,

the starting material is clarified first and then and
In tﬁ@tste@@ 2F bbfoﬁ\@wg%ﬁﬁyab&ﬁnel(-lﬁhééd aAY adardde-based resins may be

trafiltration) buf f er exchan . throug
”3%9 olF 'éﬁ'ﬁotROeiF'Pl‘}ﬁoé‘F%H)emQS?“%Fh’P@aE?QﬁP@ 'aﬁwﬁtaeww iSe
repldced with ¥ fandtiongiisaa mhémisaRe. -

The 3 purification steps of the present invention (i.e. dye affinity chromatography,
hydrophobic interaction chromatography, reverse phase chromatography ) 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



In the steps of chromatography, polyner-based and

agar ose-based resins may be wused. It is also possible
to use nmenbrane chromatography, in which the resin is
20 replaced with a functiorali sed nenbrane. The 3
purification steps of the present invention (i.e. dye
affinity chromatography, hydrophobic i nteraction

chr omat ogr aphy, reverse phase chromatography) are in

Sephasgosef It (ablainaple fiomiAteersham Bigssieneesiine.). Thecteghnical features
of B SBbhdroSFP IR AT StEp (1) 25 The method of the
|nven Ion 1nvolves 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 mobilised Iigand a dye
conpound which is well known to a person skilled in
the art, i.e. G bacron Blue F3G A The term
"imobilized" is well understood by a person skilled
in the art and neans that the ligand is derivatised in
30 the sense that it is chemcally linked to the
resin. A particularly preferred resin is Blue 7
Sephar ose FF (obtai nabl e from Arer sham Bi osci ences
Inc.). The technical features of Blue Sepharose FF
are as follows : 8 TECHN CAL SPECI FI CATI ONS Li gand
Ci bacron Blue F3G A Ligand coupling nmethod Triazine
coupling Binding capacity =18 ng human serum
al bum n/mM drained gel Matrix H ghly cross-Iinked
agarose, 6% Exclusion imt (M) 4- 106 Particle size
range 45-165 pm Linear flow rate* = 750 cm h Li gand
density =7 pnol Cibacron Blue/m nmedium pH stability
4-12 (long term, 3-13 (short term Chemi cal stability
40 C for 7 days in:70% et hanol ,6 M guani di ne
hydrochl oride,8 Murea It is understood that the
nmet hod may be perforned with alternate resins, having



10

15

20

simlar characteristics. Exanples of alternative
resins include : Toyopearl AF-blue-HC 650M (Tosoh
Bi osci ence), Toyopearl SuperButyl 550, Toyopearl
Phenyl 650, Blue 5 Cellthrw Bi gBead (Sterogene),
Swel | Gel Blue (Pierce), C bachrone bl ue 3GA-agarose
100 (Sigma), Affi-Gel Blue (BioRad), Econo-Pac bl ue
cartridges (Bio-Rad), Blue sepharose HP (Anmershan),
c bacron Bl ue BGA (S| gma) Elution in the step of
| 10 %Eél‘LFEL%’Egﬁcrglthé I'Tl l y L,III Ullbll Ugl aplly bIIUUI U

pr efle carried out using a buffer of
phosipat e, parti ¢ g,[,ag,g,JBy,e@@Q’r erabl y sodi um phosphat €.
The |pH of the el
6. 0 [tLgan@doupdrt m@o®
6.5 !
aboutB'“‘%’"geapac"VAl te n1ét"@3“”mﬂ‘1s‘f“€‘ra§”"‘éi‘mb?'%‘p"r9ie'at e for

mai n reiod tre—fottowmmg—VES]
Bi s- $ia”'x ADA, P E@%”“M‘,‘Eéaga’@ég" MOPS, TES, HEPES. The

el ut |Eggcms,gqm,t’r(,\ﬁa)r TPL«fghe 15 step of dye affinity
houl d preferablv contain a salt to

[ ncremsuteMge co cbamtunm ty, preferably Nadl,. In a
partlnul arl\/ nr nf fhe
&matﬂevuﬁt actl

de?fk'i’nt ai n ﬁPTciS?(‘?"lﬂ’é‘H‘ted'”m 20 such as

L-n III(:‘ FuU I S, Ol all_ant oxraarnt
. ugstét’)é bu tyI | g({orﬁga{nﬁgqg ortterm}

2, 6- Q:hér{c; stabiitpl| TE Ehyb @rﬁhﬁ% h:70% e%&,E‘M bua%@@@écﬁlori@@h@§§l um
odi um binetabisulfite, sodiumbisulfite. The |

tr.azjnicoﬁgnngrmre preferably at or ab)ut

or s
hydrophobi c interaction chromatography step (2) 5 The
It imwndessioed thet thavesthedsmay de @griomMmadithopliestate resmse hawod on

smrﬂQF 8{5?%&%55%%‘3{5& les!df after Qﬁxfef r%&uh%cﬁla’eo% arl A Slue HC-
IC I nter ctloncromato arri e

656?/M (Tpsoa Biessience). & pyepsant Suppdiutyl 5%Q,t€QYOB%|\)P|QQiM 65t @dﬂlﬁe

Ceift ngﬁé%‘&@%@?%ﬁb&e@\ﬁelbel 'Bﬁué i ed‘)%"ael‘PrGrrFerlfl‘l?1 §éﬁpagarose

usi ng ernate resins

10%( ma)r Aﬁt:ﬁalr%iue éBloBad)cEcorm |P@<P blie icartridgesi(Bie- Raf-ﬁt Blnay
&ﬁrdé%% rﬁeré@arap chheny n BRESEA gs?&ﬂ arose 10 6 Fast

ow (|l ow sub Sephar ose” 6 ‘Fast Fl ow (high
sub) ; Butyl Sepharose 4 Fast Flow ; Cctyl Sepharose 4
s T e
carped oul usingea; buffes @bph@geat%ggtlcqlgrggpreferably sodlum phosphate

Thé\'PW o Y STEHTRh A bRIGEEIy BBk or abdut 6.0 tdTak BPAbdURS 1 BSmore

preferably 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 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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Hydrocell C3 or C4; Hydrocell Phenyl from Bi oChrom
Labs Inc. (812) 234-2558; (see 15 www. bi ochrom con
Binding on the HHC resin is achieved in a buffer with
a high conductivity, obtairmed through the addition of
salt (Nad, (NH4)2SO4 or Na2SO4 for exanple). Elution
in the step of hydrophobi c i nteracti on chromat ogr aphy
is preferablg carried out reduc:| ng 20 the
|

metheurienpl 2i6ybisfl, ‘t-dimenﬂmﬁthsé) | phenpliqiotagsivam er sodium

bmfe‘?élﬁ&mtéasfo'd%) bisiifileNd @ buffer having a pHat or
about to at or about 8, nore preferably at or about
6.5 to at or about 7.5, nost preferably at or about

Tnd hyarboiliHid ifekhcibh KnRiEhGIag QusiAm contains  sod um
u | y at a pH of at or

about 7, and ammpnium sulfate. Alternative buffers

The methesialsciRevesstep opkydraphebissinteragtipn chipmategraphyc@). In a
pre?émcﬂn‘%”d'b‘imeﬁtht‘ﬁe m?e%ﬁéms ﬁfﬂérﬁ&fdn%r&%tf)ﬁfaﬁh{l R cali out with

step (2) bration, wash | ut1on)
a f%scb'hﬁl&i SaTPYQH%fbﬁPtM M 619@*\“%%9 f_OfﬁértOﬁP"(‘_)ﬁiq{i@P Inc.).
Al ternative anti oxi dant s are nentioned above. The

It i @ﬁb%"rsi@o&ﬁﬁﬁ@ceﬁ @)Qﬁ@} RIp RN ed h§|ﬁg @ﬁérngfé rEbifis rlﬁ/l?\@%lrﬁﬁar

the invention also conprises a step of reverse phase
charagtgrigtics. gQJWIVG resins thalayay e pseghare; a§ fgl,!og\fse rPa{mnyl Sepharose
6 Fad! Flb® doRWubySp o é;ﬂ?drébeS@Fé‘stﬁo QOBa?%epharose 4
(obt ai nabl e rs am Bi OSCI ences i S

Fagf iy sP@UHS%M‘QEOS@t‘eﬁaS(tEjOWm'?/ B! §?Phab%ﬁ°r'ﬂi9ﬂ€&rf9§“%e

SO@JR*GE I11ﬁTPl’ SHgRCESI S%IDCéOQRQEVﬁIdHFKéIPM}n%%é#sM Biddciences
in the art and V\/nl ch have S|m ar

wo@hﬁ?@r@@%’h%ﬁﬁ NyW.ame 0r)- IS4l Bribeeteginsyare :
Hy@r@&éu €9 oPoi: Hﬁdr&éhllﬁPH&Pl' fkfm Bhﬁm?orh %6@ rricn@mézm -DSBgY (see
kal i ne pl—i for exanple at or about pH 7
t or about 7.5 or 7.6. slnapreferred
enbodi ment, the buffering species is amobni um acet at e.
Al ternate buffers adequate for a pH.at or aroqund 7.6

Binding|ande HEgeesin isashiepsinghbifier witkg high-pasidyctivity cobipiped r

thr&Jntthé 98§tlé’r$@lcbaftQNaChKNH9m dFNA,808 for @Qé‘r"nalb ENRion in the
ani ¢ nodi f | er, the concentrati on of whic is

stepﬂgg liyderhebiciptegdtion chiemaiparty ip preferably icrmiegiavl Py Fasucing
the%oﬁ&uc(twlt@@ﬂhe Wﬂibhe pﬁééét(F ucmgSalt %Gﬁé@llrailér?r\)smd & baffer
e

preferred or gani c | er

ha\mg aPHASE ?IBCP"E 66? @5?1" %boé'Bpf\/EWP prgf‘e@bé)f atiar pbawt 6a$ Bb‘l”r’(ﬂ’
abdut 7®) nibst pretdrasl@ bt or about 7). A particularly preferred system contains

sodium phosphate 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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et hanol, etc.), nost preferably 2- propanol

(iso-propanol). In a particularly preferred

enbodi ment, the product-contacting buffers for the

step of RPC (equilibrationg wash, elution) contain an

anti oxi dant, such as L- nethionineAlternate

anti oxi dants are nentioned above. 15 Optional further

purification step 0 - ion exchange chromat ography
perfasmeH aising @ltemative feging whieh are ellikoaws tep persop @kfem ethe art
andRRIER havé BB GReseddignti on my i nclude additional

purification steps. In one ermbodinent, the

purification nethod of the invention involves
Th@p@pmﬁqgaarghy ig pesferably icaiied egheginga Gmbdﬁﬁh@iﬂ t&ﬁwnq a4 mildly
aIk§Ii5F1rerdl-‘l3 GorUkampRy & %BQutYpH’W-tBrS fnoré pRIEHaBIY a®Br atsdit 7.5 or 7.6.

exchange resin, Eartl cularly preferably”a quaternary

In 3 prefRfTegnemBediment thebuleriny seemies is @iy Bealpiea Hiternate

buﬁér@ﬁb {SRREpH é%%‘? bF‘d“u‘ﬁ@i‘r)e inBaYé: r%g heob8! PrydpRgte, TES,
characteristics : of 1on exchanger: Strong ani on

HEPESal Thedyifer wutmﬁﬂwcﬂﬁo; thigsteg mayalso €ordain an eroanigmedifier,
the(&heaﬂula%n Bf \Qﬁu@h Modulé‘te%f&r%@ffe%ﬂ%hégés%f thesalﬁ@h'aﬁﬁ'raphy

di anet er 45- pm Bead structure: Cross-|
Steﬂgﬁ%s!’,as'ﬁ(%m'% @f‘ﬁfﬁ’gﬁﬁ‘ﬁrat'ﬁp‘) snamreferrpd embmm@nééhﬁ fArganic

moHHelsfs%m/étélt Misci%relé}ﬁ i8 §§Ibeﬁtkﬂ°é’fér§t§|€ aRblcéRG (§ucﬁﬁaés mMeth&fol,

/30" col unm:
ethAn@lethﬁath%myefe'taﬁb'Z W@@@h‘éﬁﬁ’dﬁ%@ﬂ%t ogr aphy step

(0) may be carried out using a resin such as

In :-Fbé}ﬁéxﬂﬂrg{ prEME?eEMﬁfE)oHIn%? the BrotuBEddntacting Bufiérs fdr tH&58p of

Dar s a resin having Simlar
RP@H&H‘&E‘T’@V‘?%W%B e"ét@@) Bﬁtéwa"%"ﬂﬁﬁﬁﬁntﬁ%etaééel (r)EMD

meFH%eAﬁ@Fna‘f@ant[oxihaﬁ@E’a% mer@bhddcadvel ze S-type 20-40Nm

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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Type of chromat ography ion-exchange chromat ogr aphy

Funct i onal

group trimethyl am noet hyl
Mononer struct ur a1 CH2=CH CONH- ( CH2) 2N+( CH3) 3

gr oup

Protei n bindi ng

Alteraplively, (helion-exghapgachiomatographysses (A imay hq/carmcg@tmslng a

restPsuc a@rﬁrécgoge‘i’ EM@*I’M%E?—II&P (obta1nable from Merck KGaA, Darmstadt

CO

ncent rations

Pressure

El uti on condi t| ons high salt
limt (bed. 150x10 nm) |20

bar (preSSLS’Lﬁppdﬂ;Op al ong

aaaaaaaaaaaaaaaaaaaaaaaa

t he cErabitogel® EMD TMAE

W)
Pr

N
““5'
\

Bul

ki ng terﬁmian;ure 4th

eser.vat. | MEe. ?ﬂ 9%6.et. hr-mnl

spaberhaka8at

1.
ch

7.“

ab:

€100
7 TYR? @ghmawﬁ?p P"s‘;V The

~~~~~~ 500k kil-nears H@W rate
st é’é‘ %‘h?w exemaivgearhy

o G @a@ou

270
out

I@\Bnc%era%ﬁ%

pr e er abl-

YrSrEEEN Nc,

134

tr

bUT T €Ppotéin Girdiy cd‘pgg.tyexanpl €
i et hanol am ne/ i m nodi acetic acid

bQQ@h@r%ﬁﬁﬁ of gel

ammoni um.___

ac
pl‘

bv

et at e pHtdtaliitpeangé0 bi Ci

ferred.is.bhorate. buff.e

ne, TES, pHiERb%o pHARS. Most

l...at.a.pH.of..at..or.about

.5. Eluti o veluem t he i or

L-pnereasi-na.-t-he r\r\hrlllr\f

-exchange resil8 is achi eved

VA V.Y t. he. . nnhi l.a. . nhaca
Vb bV O LAehbkdlechnhase

th

roughEN"i'@nslﬂFﬂ't'(Pft?n of “

Fobeeribhoarkass vafﬂvvaﬁl

575)

al t, pygh saltgengenteations | n a

n,hnf.],mm;n;f ““““ f;;;h;ﬂ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

p':
pr
ch

a.§
l\
N
N

3

A

Brsstiredismit (et T30 mrak

20 by (Prasaure siioR: 2loAg ecolumn)

1013

) s

! gzﬂtap\g aé; L%‘,‘F}‘*Eﬁ ‘%r abl

tronm; g% erutionys COﬁT“a1

y Ui &SR igoPRgSrture

ernatl #%S@%{I&Bﬂ dants

alre rmentl QG%]emQRMe

Ready to use cartridge

50-10 mm

Bulk material S-types

100 ml; 500 ml

Linear flow rate

1.27 - 6.35 cm/min

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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12 Thus in a preferred enbodi nent, the nethod of the

i nvention conprises the followng steps: (0)

ani on- exchange chromat ography, preferably on a strong

ani on exchange resin, [preterably a quaternary

ammoni um resi n, such as Q Sepharose FF or s Fractoge

EMD TMAE]; (1) dye affinity chromat ogr aphy [preferably

on Bl ue Sepharose FF] dr ophobi c interaction
Thyshin@pieteged gmpopisent, éhrameynqay rof the/iopeniion cempyisessthe fllowing
smé%) reverse phase chromat ography [preferably on Source

RPC]. Optional further purification step (-1)

uPx a@wmemhﬁngg ghgimetegraphy, praterably pPnjagstrang anjes @@b@ng@f

i on

o STt [FRaRfah ¥ R AGhARhonhy e, Fih ST SSPHABN, £F o

conE@ﬁK@&HﬂWDH@M%Ehde FSH. The ultrafiltration (or

Seméa%@a a%mét%g%{?tﬁfl gi;r?m%blycéﬁ Bruscsbeg%rogglpﬁg a
3k bydserifabic nte;acapn shromatearaphydprefagbly on Joyemquiﬁqtyl 650M];
Fw)“ +va§as@;dgr9t9%éﬁr%n1a ofg} phggﬁr'e% @ysn%a?ceh%g mett]ogr aphy

preferr nent, t od of

the i nvention al so conprl ses a second step of
Optienah further purificationstepft 10 oriirs < /diafiltratien erred resin

is Fractogel ENMD TMAE HI CAP (obt ai nabl e from Merck
Pn&@@he $8p Hﬁbﬁ@kcl@b%ﬂb&nat@éraéhyf @ﬁ lifima A?B&UBQra‘-’ol I@ﬁg out

characteristics, as nentioned ab ternativel ¥ (
I (or

a stgpQf yiiradiftrahory fin orglRr PrcapeemMEmg @%F%ﬁ?'ﬁ g ap Mrafisa
dlaﬁlﬁéf drf s &errélﬂy carrie® Bal BiRy & Mmenfdrarf Afiing a?@utfcﬁlsdf Rt or about

having simlar characteristics, as nentioned above.
3 -1R&Dsineptrraferanly ahprabewhife chr omat ogr aphy, dye
affinity chromatography, hydrophobic interaction

Opfidtiad fRhepp@itidn §t6p (4) earRirSxchBAGE cibmaatamyaphy and
second step of ani on-exchange chromatography may be

d Ith h jt f d
in § Brberirofegan SRl tRa med L R e h AR ERh s
sedont %teptofﬁhbn;ﬁﬂﬁ?]ﬁygmrﬁhﬁpgrapﬁytl e A?fréfeﬁbtj Yesin is Fractogel
r » r.o | raction .
v G DG AR e B iR S sttt cemmany). or a resin
ha\ﬂrﬁg Sifnil @Xchasdauteistby, QmmbﬁédTabovﬁB)Altbmaﬁﬁély thetseeuind stép of
anlgp 8&%635%%%”%3&% y may rr(?ife out on bOSep%lalro%e FIIJ10r other

resin having similar characteristics, as mentioned above.

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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30 (0) anion-exchange chromat ography, (1) dye affinity
chr omat ogr aphy, (2) hydrophobic interaction

chromat ography (HIC), (3) reverse phase chronat ography
RPC, and (4) second ani on4gxchange chromat ography. 13
Optional further purification step (5) -
ultrafiltration/diafiltration In a further preferred
enbodi ment, after any of the ste of chronat ogr aphy

Optiepal further puriicatjon-step {5) - ulirafirationid iliraftien phase
chr omat ogr aphy), the FSH san‘pl e IS subjected to a

In &Rﬁﬁ@n"ﬁrﬁ%ﬁe@ rén?ﬂo%ﬁnerﬁ’ " &ief éﬁybbﬁ/thé Qfép§b?9lwrbﬁ1a&ﬁfré;ﬁf&"(6§’rtncu-

using ultrafiltration conbined i tafiltration In
larly efierra stgp ehtexPrFeRLNBES RNTRENALQSGARMY, t'@%ESHé@"@JﬁT‘E(%'pPP@ﬁ toa

contBRtratidn's¥. IPtrcliiﬁkvlbﬁlrlhe @férp iél bérffdrHeHfl‘fsin@'mtréfﬁtra‘?lbﬁfc?hﬁme& by

carried out using nbrane having a cut - of
diafiifyation ig ardey t) gbtar&ﬁ:,bulbh@wee thel desised semaesdian. o hepiltrafiiragion
(or RRfiltiabibh )38 bbéf&é@lgl %éfr%é o@lm% Q‘ﬁﬁgmbrhn@ hg\ﬁll\é 8WLOSK StfRP

are carried out in the ord 10 shown below (-1)
abayt 3—0i kD, mest Brﬁfe(f@'P'léﬁb@fa?lﬂO}‘t 9Ph a nmenbrane having a
cut-off of at or about 8 kD), (0) anion-exchange
chromat ogr aphy (preferabl X using a Q Sepharose FF 15
In Q:BWU?H@”Y F(TEF))Q"GQ embodiment,the W'QW&‘Q@QS‘F%? carsied ot e order
shdii B&low: Bl ue Sepharose FF colum); (2) hydrophobic
I nteraction chromat ography (HIC) (preferably using a
Butyl 650Mcol um); 20 (3) reverse phase chromat ography

(RPO)) ( Pr oiediftBlion WRBALR WY fBmiRandHird ST of fdr

ani on- exchange chronatography on a strongl’y basic
ani on ex gé kDd.esi n (preferably using a TMAE hi cap

r es 0y) ;  3&Kor-eXchahbé @ﬁr‘oh{a"ccﬁ‘;?éﬂ‘l&‘/ (B@?&B@I&@Qinﬁ a"b@épﬁarose FF

rane having a cut-off o
deS| r abl ecAl$ma)bj ect the FSH sarrpl e to a step of

nangfyi | t r §ld ity dArdtRdtbyraBh@{preferably using a Blue Sepharose FF

column);

(2) hydrophobic 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.
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as a virus clearance step; i.e. to reduce the risk of
contam nation of the FSH preparation with viruses or
virus-like particles originating fromthe cel
culture. Nanofiltration nay be done at any stage of
the purification process, however, it is 30
particularly preferred to carry out nanofiltration
after the 2"d step of ion exchange chronatography,

In & pardeulanyrrefoered Ieawdmmrtt rthe apthastef thg inyentign comprises the.
bic interaction chromatography.
i e

rati on may be perfornmed nore than one tinme,
for exanple it may be performed tw ce. In a

41 WSt o gl s s

UItra'Fﬁ))tratlon (preferably with a menbrane haV| ng a

f f
C(ﬁroﬁgbggrege @1 (e pc'?’e eétgéapﬁmm%br&g) ar osgﬁ R{g@wﬁl)
dik afye ﬁfflnyry @mfpmmg@fmﬁh@efe(r@blw@h @qu/Swft&pssl Rfo.,

JRF o aicpioe marpuoRIaRISRPrY (NE) BBy iy o

(3) r e phase chr omat ogr aphy (RPC) (preferably
BY N QU ,—@ﬂq? ORe
V(B} éée g?ﬁﬁnaééééﬁméexc QE%E@'?Q mnr(pre?‘?r%ﬁ?&

on’ a strong %@1 _

TAVAE lBniearexceaige)chrqmatpgreahy P Atstrangly Aasic ghion- exchange resin

ul traf il deL abiOfMAR with a menbrane having a
(PropRE I ER gy

cut - of vantage of the present
WY ennpaefitradionhat the purification method is devoid of

3s5) CO%Hréflgr% ng % gﬁﬁfégfﬂr&ﬂe ﬁévr@;%&&%m@k tep

and provi ree o Hpurity and

specific bioactivity. Also, the purified FSH of the
Th@a@\ga@.tﬁge of hecpreser invsetiomisithatdhe purificatinresethed is devoid of a

coslt 'iméﬂé\;e' |ﬁ§ﬂtﬁ1@%l@%h¥&ﬂ&tb§ﬁyﬁpst@? Bha 'deKndes anyhow a hl%h

chromat ography (e.'g. i nmuno ins | eached fromt
degree phiySH @UW@nﬂégewt«;/ elsawvrty |Alga; 4he phifier &SH efifheipresent
invERIBAQRIe B cdnes hﬁdé&e& irAPritia8 aBYed by FalinfunBffR§S as

descri bed above and
chromatography (e.g. immunoglobulins leached from the resin)

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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containing purified FSH may be frozen for storage as
is, or after purification, the eluate nay be
subjected to lyophilisation ("freeze-drying") to
renmove solvent. The resultifg 25 liquid or

| yophilised product is ternmed "FSH Bul k". FSH
formul ati ons FSH or an FSH variant of the invention or

purified according to the nmethod of the invention nay

TheESHdermulatioadnadyohe single siope ar muitiplgedosp nifitipmttipleagossy it
b
sho?.l‘l’cp rég%‘!?gﬁéntaﬁ%bﬁcﬁr@é%gb éﬁ’t %% V\ﬁ rgglgeﬁzeﬂilyl alcohol,
mebﬁ @gwlv’rélmmplrprmeel prsferably éemzybalcpmlpr metaaﬁresd Slngle dose
also be aliquid

fo"?][]lbﬁ&féa@?%ﬁgg?ﬂlﬁm c g%tégéélt%%c@%%e i nj ected |

directly, without prior dissolution. 15 The FSH
The GShhaf #ie ipyentiag msy b fagneatgd yéthdinoy lexcipieatsasdlestanilizers; for
exdrﬁpléﬂélubfdéb%né %mtblt It rﬁQPHlké c@r‘h?ﬁ@é &bbmuo&ﬂ%%ﬂcrﬁas

bacteriostatic agent, such or exanpl e, benzyl
mefieningy| It mayfyrtnes P@@B!'Se q ﬁ%ﬁﬂtaf&rwﬁh &R 81W E@F &refesahly
w@wd)) 8 SRRl @ref&%@ﬁmﬁelmﬁl ngl e dose
fornul‘ations may al so conprise a bacteriostatic agent.
s The FSH of the invention nmay be fornulated with
In & PAEUISNCHraicRa %ﬁ%sé?&mddtléﬁrlssH bRIducEd By HeSmethod of the

sucrose "‘and manni t al so conprise an
inveptiands fQﬂ'@H'latedsQY&SS%V 'ng'r'ét"fwféiﬂi feeinjectionywith sueresry Phosphate
buff A 75 Pidtofid FEBCHBMonirkH iy MétalfEddhol BarBleAIatoY
TWEEN 20), l'uronic (preferably Pluronic F68). 10
In a particul arI y preferred multidose formul ati on FSH

A p%FtR:Qlé? Brbfdtyed Ifh‘ﬁld"ﬁhlh%sé’?orm%tloh By ﬁe%l'nﬁﬁ‘lahtsFél@wal at ed

dissolving it in water for injection wth sucrose,
SU%@BH&?@'"WF@“WW@P" ishg felloMing=68, net hi oni ne and
net a- cresol or benzyl alcohol. A particular preferred
liquid milti-dose formilation of reconbhinant ESH for

Campoggnis of ERHJndt-clese lquidfarsuiations | njection is the

e oent | B ot onl 300 b Pt 498 PG

# E?Hqggg,lhu. F§H ,1 thS—I 22 2\ (§0§ U) 33;::; £458 I U)

1 90 1 UHHFSH)  (PY7 LAl 55 943805 ) >Y 1333 145871 . 61U)
(ng/cartridge)

2 Sucrose 30.0 45.0 90.0
(mg/cartridge)

3 NaH,PO,H,0O 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.to1.5ml
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(rmg/cartridge) 3 NaH2PO4 H20 0. 225 0. 337 0.675
(mg/ cartridge) 4 Na2HPO42H20O 0. 555 0. 832 1. 665
(mg/cartridge) 5 Pluronic F68 0.050 0.075 0. 150
(rmg/vial) 6 Methionine (nghgial) 0.050 0.075 0.150 7
mcresol (mg/vial) 1.50 2.25 4.50 8 pH7.0 7.0 7.0 9
WI g.s. to 0.5 mM g.s. to 0.75 mM qg.s. to 1.5 nm 16
I ndi cations The FSH of the invention is suitable for
Indieationg al | treatnments where FSHis indicated. It is

ThéRS 'd? tHeAihbeh él%H id &ﬁtaf;l%rforsdéngaﬁ‘g'@%nm&bﬁs@fsiiﬁH?cétéH.
ovul ation 1 nduction, controlled ovarian
It isnpqrtieularyrauited fos subataneous edednistealipn uevagien induction,

corﬁn%ﬁ@@%ﬁ S?g J@ﬁrﬂuiaﬂo$ R a s%t&&\;?\%d?ﬁ&l}ch@é tehhI8GiBE "dHdn the

In COﬂ{)UﬂCt 1 on
tre@tquatj@ftqhgmpeﬁgla lsmay) be ysedinpeaiuncion with ethgr ganadotiephins,

sudhSRd MahdnEd! tlhﬁéyﬁl@ 8‘\‘1@9 Lﬁfhei"‘l:! SUndsWhich augment the

response to FSH, suc as c rate ar omdt ase
respangetptFdts SU@ITJQEF‘IClQE"PhAﬁQﬂtﬁa@Z @T‘Enatﬁ%q mb@&orég sychd@sozol e

1p REYi ID NO 1: hunman
A | M-
"%{@éggg%@&ﬁe 2??%%?? EYMZD No 20 hEsH (3- subuni t

SEQ ID NO. 3: hFSH (3-subunit variant 1 SEQ ID NO 4:
Sediietides3- subunit variant 2 15 SEQ ID NO 5: hFSH

3-subunit variant 3 Follicle stinmulating hornone, or
SEQJR N@s1:iwiewintgirooproteie fiegubunii human FSH (hFSH)

r | ength mature protein. FSH is a
SE@] IB%E%n’p%Fgaggﬁunt'the human gl ycoprotein
SEQ) IPINO S3thFSH B-susbinitivariémtrtan FSH bet a- subunit. The

rotejin se ue ce
SEQ ID NO. 4: hF -subunit variant 2

SEQ ID NO. 5: hFSH B-subunit variant 3

Follicle stimulating hormone, or FSH, as used herein refers to human FSH (hFSH)
produced as a full-length mature protein. FSH is a dimer composed of the human
glycoprotein alpha-subunit and the human FSH beta-subunit. The protein sequence
of the human glycoprotein alpha subunit is provided in SEQ ID NO: 1, and the protein
sequence of the human FSH beta subunit is given in SEQ ID NO: 2.

The use of the term "recombinant” 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 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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20 of the human gl ycoprotein al pha subunit is provided
in SEQID NO 1, and the protein sequence of the
human FSH beta subunit is given in SEQ ID NO 2. The
use of the term"reconbinant" refers to preparations
of FSH that are produced through the use of
reconbi nant DNA technol ogy (see for exanple WO
85/01958). One exanple of a nethod of expressing FSH
sequengep bycibeertiomaia hetétﬂ*nwuég%gulajomsegmeﬂt Ryhkareelegaus of
[
o P e e e e e BV B S etsee
USIO@@ﬁbﬁftbestemS@@@Ptb\esn\ﬁthoﬁseach subunit having a
separate pronoter, as described in European patent

Thé‘@)?pregsD orp‘ r&*ﬁntﬁ%t 30 refef 8 £ prddirced B |@%n§%%{blegous

be a cDNA or it nmay contain introns.
DNéx m&yﬂwg@mﬁ @WVW%@%mﬁﬁ\Qﬂs pEegenesr GW'RU@UOF‘
produce FSH is by the use 30 of honol ogous

Prei&rapIftthd FSH @ prlofuddtreedmBinBftlyah @nfiaes %aﬁﬁﬂ# R4 (EHO) cells
segnent in operative connection to endogenous

t’a%%%ﬁﬁ%qﬂﬁ’ﬁgaé’ﬁ@@ﬂ?’n‘@"&ﬁ%c@ﬂp'ﬂf‘d@%DB‘f\ qodirgderihaint®aps FsH,
eg r@l@ﬁﬁélbﬂ%e&lduﬂlt BHE aResEla Rab @ of FSH. FEBNA eﬁ@o’ﬂ@@e alpha and
Bl i ed Research Systens ARS Hol ding NV).
bet@rﬁ'ﬁ' WRS akke 3@3M83§a@9@ﬁd5f§r% Ofgi scl osed in WO
99/ 57263 (Transkaryotic Therapies), wherein one of the

Théu Bédin FSH VR #im3ante REsthSER UBdSE hmalbsulss euﬁédmg in
the other subunit is expressed bg activation of

am{j\QrﬂS’l‘ﬁ 3eaHence; glyGaswationpalt ?rr‘i‘s‘gr"% nigT-sypunyt Inkpee BpEduiran

FSHagiubaisiting FSBERNityd ExBmpRisagditfe CTRFSH) aNéid-adting hhsdified
nmet hod of the invention nmay be used to urlfﬁ FSH

recempinaatieet, ‘E%‘ﬁﬁﬁ"gaﬁvh%f”"@ Fb@@éx FeuRE @8d 2rybEe Resubunit in

whﬁﬁttﬁ@&la?rboﬂ“@rnﬁﬁé]rp%%ﬁdé)& hCE RasBbEked &) &1e O-RFRinal éfihé
cel|l produced by inserting heterol ogous

DNA,
B-sHanit @fiFRH, &8 fleatrived in baricatiab nEndassiaoingy; 1982, B¥, 2514-2520;

I
or BERSACE SO O O o SO IBA 310 R P
agoniginid@rean Bépm'dt P08, ¥8c2bbblo Alsaeipeloded issinafd eaimCORASH, a
A e L L e
terwim@l:- subuni ts may be present on the sane or different

vectors. 10 The expression "FSH variant” is neant to
enconpass those nol ecul es differi ng in amno acid

[ hkage o bunah - FORCBAr LA 8P i ny ot et vi Ly,

Exanpl es include CTP-FSH, a | ong- actl ng nodified

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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reconbi nant FSH, consisting of the wild type a-subunit
and a hybrid [3-subunit in which the carboxy term nal
pepti de of hCG has been fused to the C-term nal of the
15 [3-subunit of FSH, as described in LaPolt et al.;
Endocri nol ogy; 1992, 131, 2514-2520; or Klein et al.;
Devel opnment and characterization of a |l ong-acting
reconbi nant hFSH agonist; Human Reprod. 2003, 18,
chimgrig glolecnles sompasing sequences ﬁgmé%ﬁanmswpnmrora hCG or LH,
I e foll ow ng
s”@e%%@ﬁ%éég&ufg ?%%"“Weg?m"f???%#‘ gw@@tz gzr?lbﬁal ): 20 [3FSH
[3hCG CTP(113-145) aFSH wherein (3FSH signifies the

Thé ﬁSEI%HthE réfgrracﬁs{b' he{rélhgﬁoqﬂ_gf dethd r%ﬂg%:(g%rmdcl H?étlérﬁ f the

car termn H si I es

betg sybunitthet are sheter tb@ the fdblgagth Rafurgypredeis af B NO:2.
CattoR{t ﬁ%kaélﬁﬁdn%%f fﬁé%ﬂ#ﬁ beta QQB( far&g (ﬁ/fdea'lﬁ]gka' BNBs:

reco nant stinmulatin or none )
3 6andd dt ingnderstond that thenearboyi termigaivatiants eptherpeta chain form

R A s Pl

exanpl es of FSH variants include FSH nol ecul es having

In é‘ﬁ% én‘e%l’@ﬁbcﬂb ucrg]ufttst}ﬁbgtsgl-gu &S.@? W ﬁ#«%l‘-l&%@ either in

asemyrga@)seﬂanxfreﬁmdwnecul es wt h i ntersubunit S-S
bonds, as disclosed in WD 98/58957. Further exanples
of FSH variants include 18 chineric nol ecul es

In & prefarrest enapasimeninibe purifieshir Pidipreduged aecasging & the erethastof the
invglgt}olzn;l%%tg{%‘ﬁmo?&ﬂcn%ﬁo@seé&ﬁlhgﬁgtldm %ﬁi}é %@@%argﬁg’s‘iram by

_ The FSH variants re erre rein
theipgtieRfde the carboxy terminal deletions of the 5 beta
subunit that are shorter than the full length nmature
protein of SEQ ID NO 2. Carboxy term nal del etions of
The p¥praggiem chisleecembinant FHHE refemsto degiceliculieng superna@st from

recgmbﬂwan?{@s%x rebsihg F PldﬁéfﬁFeoiPﬁ’aé ferddHe a‘?@rch ?tog(raa?lc

term na var ants o beta chaln” form
step. The RKPrassiPCRIMAsASEes efraw foreofitis supgrhatant (8s isolated from

celi%?&@ﬁv@ﬂj SBSncehffated aﬁd,BF Rit&rod Sﬁdlﬁf‘@ﬁghlfeéfétisude%tgrﬁl" i's

pf od uce reconpl nantly in
serumor in a serumfree nedium In a preferred

T“ﬁe@@%@“’?h %&%i@itﬁlﬁﬁ tiatRA t& PIHRARHS Rsler (6 HehtAfly bard FSH
formulation to elicit biological responses associated with FSH, such as ovarian weight
gain in the Steelman-Pohley assay [Assay of the follicle stimulating hormone based on
the augmentation with human chorionic gonadotrophin; Endocrinology; 1953, 53, 604-
616], or follicular growth in a female patient. Follicular growth in a female 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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invention is suitable for subcutaneous adm ni strati on,
permtting self-admnistration by 15 the patient. The
expression "crude reconbi nant FSH refers to the cell
cul ture supernatant from ngconbinant cells expressing
FSH, before it has undergone any chromat ographic
step. The expression enconpasses the raw form of the
supernatant (as isolated from20 cells) as well as

Polieyi bieassayt[divided by the ampurd 0égrotginl/asrdetgrmingd hyrasn assay for total

a t
pro?éi'rﬁ’@érﬁéﬁt §Uch r_aégﬁe L6 as@h&’t@?le Eyzﬁl J. ﬁb&%brf)h#hy AL Farr and

rel ation aC| the a
R. -FBHndalb(ﬂﬁm Jak Béok @henel1|961 26&;|Hﬂrw Eaf. (18&hoHwes Blochem

a i@t F i j | R
40252 S PSS ST Al 6o, B
assayi[Braldford, . MoK 1876¢ Abals Bibchern 282, PA8], aulgyrabsosbance ahl8hnm.

human chori oni ¢ gonadot r ophi n; Endocri nol ogy; 1953,

Pre?é)’erlg% F%H‘s%btalﬂ d B}Q He i V\H{\%Bn %Q%’%ﬁa{nf]c gctfvﬁyn&l gﬁeatert n at

pat 1ent
or @ml 820G/ ing, mbtermeiemixly greeter thaargh Ioeabcpu’n 900 Hd;(mgf evenemore

pref%gaf ie%fterftl%rl ét?r%%gntawoﬁﬁ d@%\'\ %b%flerraﬁ)éﬁ%r dbout

at’on
14Q06x g yheeein Bob:gucat anlivity is mneaesmeldly the Smelraera:Ephlem bioassay

anc?é%‘bqﬁggntéﬁrls Eés%urggb g sl gontent in an FSH

epar a ured for exanple, using an LH
speci fic i munoassay, such as the Delfia hLH Spec
The A&HI sampids, maybe analysed| iareppect offikein purity atvagious steges of the

pro@&'idrlé 'u%h‘lg, fot ?xjn?él@rts i Je8 shichas IRR0stbdBefRn?! 09I cal

activity’in reparation in a recognised
bi ol ogi cal assay for FSH, such as the Steel man 19

r-hE§H| auantfigationifree alphacatpupit/nusity/ axidised farms: {R-HRLCas

determ ned by an assay for total protein content,

S u Cﬂs fventi &?ed—éﬁ%)é |ﬁ§|-°r #a [1 }b'dlrg&ﬂg nyoo'ﬂrc#eln I:%Cbﬁgpgn%{sgél Qhan o-

Farr and . Randa 51)"J. B
265and-anﬁtsméemE Scﬂne ¢issactytionayi e sUBluDithean oot8r, andhis can be

75) {\}? Jl]
1o rontired by B A gy plhed sl pror R i § Tapbe o
Anahddiftin tHecFSH Kﬁburﬂé&}ay tmmbm oxlatisadb a‘meeaxhiseﬂ%nlamlnants
Pr ef er abl th .t%yt e invention has a
petat PR adnther g RRSIELE SR e SO B Eid5ssesed
| U oging BDSePAGES er abl y greater than at or about 9000
|Ung, even nore preferably greater than at or about
10000 1W ng, even nore preferably at or about 14000
r-hFSHrcmaM:lﬁcaian bmatwowiassay act i vi ty IS nmeasured by t he
Ste n Po bi assag % rotel n.cont ent
E ﬁgﬂ can be etermlne using an |mmunoassay specmc
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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The FSH sanpl es may be anal ysed in respect of their
purity at various stages of the procedure using, for
exanpl e, techni ques such as those |isted below r-hFSH
quantification/free al pha g2ubunit/purity/ oxidised
forms: RP-HPLC As nentioned above, FSH is a
heterodi nmeri c gl ycoprotein, conposed of an a- is and a
[ 3-subunit. Sone dissociation of the subunits can
occhi). Rifferenpessincapping leads ito beteengensity, with iarmixiaire efapecies
ano

Héulnqzélﬁérreﬁﬁag?_lé ﬁﬂér)]lr\ts%ﬁa?ﬂ% chf bd a8 'e@ uainﬂ _thgchnlque

addi econe ox I se
oxi thatsepacalas hasaskan eharge ﬁu@"easq isaelectric &puasing (EF)

RP- HPLC, while the free subunits may be assessed
HosfédI0pratdin [WER) 20 r-hFSH quanti fication: | nmunoassay
FSH content in a sanple can be determ ned using an
i milnsteel Rioteipsan bp @nalysrd wsing ar kE|SAqassale FoEp@MRlESH

| MTyRRRAREXan beraibedtod Shdtk HItG@f, WHCHS BB lituleVMh¥st cells
Assay, Absorbance at 280 nm 25 As w th any protein
pr eW!i*ﬂ%‘HtlF§h| genét al protein content can be determ ned
using techniques such as a Bradford assay, a Lowy
Assay or by absorbance at 280 nm |Isoforns pattern:
E mentioned above, FSH is a glycoprotein, having
mul tiple oligosaccharide 30 residues attached at
The! BresBMSnRINB6E WillHbWIsE Mustkdieby MmearldI6f Dbidisies:char i de
resi dues may have different degrees of branching and
with sjalic acid reS|dues Sla|IC acid
COF%%QO(H‘EIE‘ ﬂaﬁ'&hﬁaa Yusating saidg BamRles agdieseatedn 'QH[E 1&2.
Thé&rdsbirihg pefed ThFSHPRI tBnd ERHESHOUNE! er ogeneity, with a
m xture of species having different isoelectric
points (pl). This can be assessed using a techni que

E rFat es 4 ased on charge, such as isoelectric
Host cell protein (HCP) s Host cell
Stepr (d):Dye affinity ehromatpgeaphysomBlueSdghardsenssay. For

exanple, anti bodi es can be raised to a "nock
The Hb‘-lusncaertmg ma enal fo?th% p%lﬁhca%)% i FereBgrsetd fr%%{ ce§I culture harvests
containing recombinant FSH, i.e. FSH which was produced recombinantly in CHO
cells, either in a serum or in a serum-free medium. The dye affinity chromatography
column (Blue Sepharose FF resin) is first equilibrated with a low conductivity buffer 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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wi t hout FSH gene. EXAMPLES 10 The present invention
will now be illustrated by neans of 2 exanpl es.
Corresponding flow charts illustrating said 2 exanpl es
are presented in Figure 1 &2. The resulting purified
r-hFSH is termed "r-hFSH bul k". EXAWMPLE 1 (cf Figure
1) Step (1): Dye affinity chromatography on Bl ue
ghar ose 15 The FSH starting material for the
Stepi(8): Reverse dhabe op Segepeddd RI?Gm cell culture harvests

Thé PIW) afuat oheﬁngﬁfg ﬂ@‘ﬁf'stg nre@ bg':%E'itl%‘ 'oFE’ ro(’fanol) A

pro uce eco et

Souree $ARBE qotunen §@quwblrat@bagmﬁt afamMmRiY ecgtata tmffley pH 7.6,
corggihfﬁ tmefhﬁ)ﬂg%aaﬁ&bma&ﬁ ?{% c%‘?n@@@l:é%ﬁ eEEvél%ﬁfftp)thét%f the

Irs eU| ted ow conducti1 vi't
corailtmﬂeéfO% raatedat Aftar frphingrast Hiegiiboxed matﬂslal witupguilibration
[ [ C he
oulf 8 e AT Wil ahiin 3R Blchrer ) | BFednaibig 7
meffianings iang andnpieasedcancesivation pd- prwaeolFSheuF§H is rﬁnaauy;eluted
by o Rt T\ oo o 2 PRl T RePfingh iuted
undﬁﬁé’ﬂ@lngtWIb‘th’r@bcont@nlna|Lrl@ethl<5nlr]@r Jd@sfb'é@dtwot iB@ropegsed to
at 2-8C. Step (2):
the%gpste%h@ ggﬁ%ogétgf omat ography (HC) on
Tovopearl Buty 650M 25 The Bl ue sepharose FF eluate
Upen fallpwingihg ahovieproeasiyead thenfiastop ofiRyifdigation — s, the raig of FSH
N
P P e T By ¥ B SR P Rl P
'S'ﬁﬁéb%lﬂ@tﬂﬁ)@ material is flushed out wth
equi libration buffer. The FSH is eluted with the sane
buffer, but with a reduced concentration of AnmoDni um

EXAMRLE 2 (ctFigurei2)at e i s processed to the next step. The

30 step is performed at RT 21 Step (3): Reverse Phase

Stgfﬂ-ﬁ@Ult%?fiIﬁ&iﬁﬁﬁia?ﬂl@atﬂrfoﬁé&ﬁieﬁtkﬁéd)ﬂhFSHIO (2)) is

rrst conditrone y a Ton o |sopropanol) A
Sour ce 30RPC co%_y UI | i brat ed 2 %?él

All theqperations were,p %@pfi@} re I!gqrqte@ congiti 21 bThe crude FSH

forlmgRh& biaRingenatadl far-thé Qmﬁ[&,ﬁ’uorﬁk dRri¢ed e IceREllliRe harvests
aiw valent to Egﬁ of the s conditioned | oad naterial .
conkginigg re¢qriinany t he unbound material with

equi li bration

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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buffer, the resin is washed wi th amoni um acet ate
buffer, pH 7.6, containing L- nethionine, and an
i ncreased concentration of 2-propanol. The FSH is
finally eluted by increasizng further the
concentration of 2-propanol. The elution pool is
finally diluted wunder stirring, with water containing
L- met hi oni ne. The diluted pool is processed to 10 the
Filtiation st ep. The step is perforned at RT. Upon fol I owi ng
f
g BB PR Na Gt 0.8 PRl ons therfor
equWQBMBH purity in the starting material (crude FSH) -
is at about 40.000. 1s EXAMPLE 2 (cf Figure 2) Step

sty (3): Adibh ERbhhridébh eéEdidrbbd ER! | On of concent rat ed
€ operatrons were perfornmed in

The filfqr ?‘é Byatar @HW@%H@NQPQP@ *923- %@"9 anjpa exehangeQ-pepharase rfgf)

resiﬁ%ﬂ%téd Q@alﬁﬁt%ﬁitﬂ Bbffe biffer 3K Bsi Gﬁtélﬁiﬁg'LSmgfﬁ\’dn\H‘éd

fromcell culture harvests containin r econbi nant
Afterdhe load, thegelumnowas Brsedwithqrauflibratiop bHer ipjordes tetush all

untSJﬂhe WeHteral OTRe E&hﬁhﬁ Rida tﬁéﬂ Elﬁfed(vﬁﬂ'ﬁébd%%n Bakate Bﬁﬁéﬂ e85!
Iters or equivalent). trafiltration
CO"&@'a\nng?é‘dl (t@ﬂfﬂﬁﬂ%aﬁﬁa@nfiwtytw)cﬁﬁ'ﬁéeﬁﬁmw (@§ an antlOXIdan’t) The
elutidr n%é’él icbiidcfiid Wk prebéed o Hldy B‘é!fﬂfﬁ% '&ﬁn‘om r
rane. The concentrated rétentate was
diafiltered against at least 5 diavol umas of_ bo_rat e
Bye difinfly enfnbaPidHY dr BRISHHaRGecs ant i oxi dant .

neasured to nonitor the progress of the 30
Thejdyg affipifyghrematography splumndBlueRepharasa FEgrsiehvasfiesh

quﬂWr&t@@ "thh%é’élﬁtla{ Biiffer %n‘FthS Cﬁﬁéﬁr?di‘bse A §tep Thﬁ capture eluate

tra-filtration unit was finally flushed
Waﬁl ”@F‘I QPPF%F{ dieaetipter the resimdAfterehe jogdlathe upbQund majerial wake

waSIR R USHg %ghiﬁ&faﬁérﬁbuf@?em@@bl-l‘% 0P RS Audhing&he
next step [tration The concentrat ed product was

colpmn PR Bhegphatecbulfepat RbY Pe eortaining Nach aad {imethionine.
Thé Blutior?Bo1I WAk &fitbtly processed to the next step. The step was performed at

2-8°C.

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

The Blue sepharose FF eluate was 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 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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Step (0): Anion Exchange on Q Sepharose FF s The
filtered material was then applied to a strong ani on
exchange (Q sepharose FF) resin equilibrated agai nst
Sodi um Bor ate buffer, pH 82%, containing L-nethionine.
After the |load, the colum was rinsed with
equilibration buffer in order to flush all unbound
material. The colum was then eluted with Sodi um
pHE, goatainiriaf lemefhiprang and @orincreasedconeentration of Zrorapasel. The
i ) bl _ ' oxi ¢ _
P b A b e P o B eon 8T 2 P B e plton
pocl i findlly glilied ungarsgriaghyith welee gontainingihymetiigning. t The diluted
: &g@é finity
pocgﬁorrat%g?g(g% %ﬁ%ﬂ?@%&%@%@% %&%@gq)égﬂsi n) was
first equilibrated with the elution buffer fromthe

Stdg (2F RhdhS&@hahge ERFOMABEr thlera%thﬁ EMDU{_’MWEShi%%EFbsin

A Riagtean EMRTWAEicapeolumr wed fitst equiraigdevithi $adiima Botate
f . ES nal | . ;
buf] $196:5, SHaing] ARSI, PheRikieBbdRRPERSIeA (rdHf step 3)

wag tpaded anteghevaatuman eungwndomaheéal Waﬁ"fblsgedlplilmir}ﬂool

| ; - was
e T el B N G a by esdah?
corcgnisatipntin arinezrfashieon ghastsp was meriasmed et 280€y|1 650M
The Bl ue sepharose FF eluate was | oaded onto a

Toyopear| Butyl 650M colum equilibrated against a
%&mgﬂﬂﬂme buffer, pH 7.0, containing Anmoni um
TheBbRIFori e frz QD ARAET B4 Qird 9

FPlapiforle fradbid £ Ep (RRUpBY Birschly 8 30nm

ushed out w i bratioh" 't e FSH was
nangfiiabian dpviee etrpregaureof B bar undainitigoen. dhe Biifateds processed to
theGRRAESBD MBe fon s/ VRBRhatIBéc@t e. The el uate was
eproces%e t(gﬁtrﬂennext step. The step was perforned at
RT. Step (3): Reverse Phase on Source 30 RPC The HI C

St% Fgﬁb‘ﬁ"‘(ﬁ&&mt%m (2)) was first conditioned by
(i sopropanol ). The Source 30RPC

The panafifered & Shmalarieh wesepnsgairated by tangeniial lawfilteatier ane 5KD
polg&ﬁéﬁgulpﬂaﬁe FndinbraRE!t WnBh Mk fetdRitl rQIhBE abBitthalf of the initial
-propanol at a concentration equivalent to that of
volume, the meateriah mag butierexehargady. diafiitrationfagaiost Wil.out t he
unbound naterial with equilibration buffer, the resin

is washed wi th anmmoni um acetate buffer, 23
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




pH 7.6,

concentration of 2-propanol.

eluted by increasing furt
2-propanol. The el ution

stirring, with water cont
di luted pool
was performed at RT. 5 S

cont ai ni ng L-net hi oni ne,

and an i ncreased

The FSHis finally

her the concentrati on of

paol is finally diluted under
ai ni ng L-nethionine. The

is processed to the next step. The step

ep (4) ani on-exchange

chr omat ogr aphy on Fract og

Fract ogel EMD TMAE hi cap
with Sodi um Borate buffd{
L- net hi oni ne. The di | ut ed

wac |l aadad Aant + ha
VA I LERAA%3\%ZAA ] UTTue U LA

jel EMD TMAE hicap resin A

¢ol Tatgl predgin eantesit detejmined by Bradterd
er, pH 8.5, containing

| post-RPC naterial (fromstep

caol
U1 “ATTTT,.

(2)
o7
was flushed out using 10
Stepd1kl ut ed fromthe col um
concentration in a |lineaf
Dy@effihiy cfrdmatographC.onBlep
fromthe Fractogel ENMDTI
' ly to a 20nm 15 nat
Se%ﬁe@%re of 3 bar under i
processed to the next st
performed at 2-8C. Step
nanofiltered FSH nmateri al
tangential flow filtrati (
sul phone nmenbrane. Wen f{
half of the initial vol{

Fhe—unbeund—rateri-al
equilibratio

| i ncreasing {éﬁle%“cggi{ The FSA

fashi on. The step was

4' ) Fohdeérimirted &y RBFHPLe el uat e
MAE step (4) was applied

nof i Tatal atoteimcantent deteranined by

i t r Qi8Mbanck®28d Arhr ate is

ep. The operation was

5) Bulk UtrafiPtration The
was corabeat 42090 gpyn HCP

e Pl e ed B bR Ry

| ve , hasheell peotein ¢comtentdetermined by ELISA

buffer=exchanged by diaf
Purity of the Sanples Thg
Stez?f%%ier the purification st
Purification Step Purity
Hydrepkohi¢ Intatattionf@hreiPalo- Ul
Total protein content det

graphBn (M8yopedA ButyPB50MSH d¢

| e R - o AL s sl
rtratl ot ayal 11st vien . e

. PUri tan@fnt Bpi?an@g :%gg@'pﬁfn

eps_was determn
*St 'é‘fi" Qonl%n_.t detey "W#SHRPF-‘@HC:

tor afdst &l Broteédrtel detdrinfel BPELISA
erm ned by Bradford Assay

bt ermi ned by RP-HPLC

Step (3):

Reverse Phase on Source 30 RPC

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

host cell protein content determined by ELISA

Step (4)
Anion-exchange chromatography on

Fractogel EMD TMAE hicap resin

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

host cell protein content determined by ELISA

Biological activity of samples
The biological activity of the purified r-h

FSH 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.




Ani on Exchange on Q Sepharose FF 24
content determ ned by Bradford Step (1):
affinity chromat ography on Bl ue
RP- HPLC;

Tot al

Sephar ose Absorbance at 280 nm or

HCP FSH content determ ned by RP-HPLC,

protein content determ ned by ELISA Ste
Spexifiq agbivity efithe figa] bolkmbainecspredynically betiees

IS, i B i S

teln clgn

o

KRS

Tot al

protein
68 % FSH Dye
FSH det er m ned by
protein confent determ ned by

about 420' 000 ppm

Fetasbo

y on

host cell

Anpunt
57000

&d fdiBRIngGRé

methpdsp ExampieZ e gbsoNn $aklg 1(3) 1 Amount of inpurity

o

80 pp
Ani on
cont €
resin
activ
St eel
activ
activ
an SH

G, BRBtific ackivity Bf Saik giﬁ#ﬁﬁ'?hﬁg

ase on Source 30 RP
determ ned by ELISA Step (4) Anount of inpurity :

host ce

ﬁldthFr’f\AéRtiGh

protel n content

Rever se

<

T FSHTomtert
- exchaaggihr on

nt determ ned

determed by

|t 008zMpBe PN |
y FIISA Fract

RP-HPEC
10St &fhble® Ot €
gel ENMD TMAE h

n
cap

Bi ol ogi cal act
i Protefsrcongentrasion
manSE-RBKG gl 2

ivity of sanpl g
fied rQBFSH was
rian wei ght gai

es The bi ol ogic
meas &2 usin
n met hod. Spec

|
) the
fic

Ity was calcul g
ity divided by
- HRTPeciifERHYY,
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activity/SE-HPLC)

ted using the %

t he FSH cont ent
as 1d®98rluhea be

bi ol ogi cal

as determ ned

by
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25 Specific activity of the final bul k obtained are
typically between 10' 000 to 17'000 |U ng. Exenplary
val ues for 2 sanples of a final bulk FSH obt ai ned
follow ng the nethod of nple 2 are given in Table
1. Table 2. Specific actiVvity of bulk purified rhFSH
of the invention 5 Analysis Sanple 1 Sanple 2
Protein concentration 0.61 0.54 by SE-HPLC (ng/nl)

Claitdseci fic activity 12'600 I Ung 14'600 | U ny

(Biological activity/SE-HPLC) 26 Cdainms 1. A nethod
for purifying reconbinant FSH or a FSH vari ant

cAmpethsd fog psiifyingcecangbinant|FSiLerda ESi tvaiiianit sgmpssing subjeding
(1) ffimdty. chromat ography; (2) a hydrophobic
iﬁ%'%@g%%gﬁtg%"{ '?%'?'ré ography; and (3) a reverse phase
chr onaj agiyapFfinity ckMonettograghybe carried out in any

or der 0 j : rein the dye

affi n(|2% )%/Q]élﬁ"rogﬁgﬁggﬁ%%§®no¢hr§%%8m€ i’;‘y’}%ﬁ carried out

wi t h (8) nesvarsdphvasegchromatbgtapbed Ci bacron Bl ue F3G A

T . l.ai 2, wherein the resin used
fgplcgsré%%]?aﬁlrlgéo&tdﬁra? &fc%ér aphy of Step (1) is Blue
Sepharose FF. 15 4. The nethod of any one of clainms 1

t i n.the .fi't--rgﬁﬁ 1
(Tygfnse\mgogoﬁiceﬂ% gluflﬂ' é%'%esd&éi%fmﬁgﬁgsp g er%gﬂ%/?fesﬁé%ﬁ)gso
pEhroied 6ubwittoa tdsirbhasng iptroehilised ZDbdxrormBlee MBGdd of any
one of clainms 1 to 4, wherein the hydrophobic

I nteraction
The method of claim 1 or 2, wherein the resin used for dye affinity

chromatography of Step (1) is Blue Sepharose FF.

The method of any one of claims 1 to 3, wherein the dye affinity chromatography
of Step (1) is carried out using sodium phosphate buffer at a pH of 6.5 to 11.5 as

eluent.

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

a resin having similar characteristics.

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.

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.

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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10.

11.

12.

13.

14.

15.

16.

17.

18.

chromat ography (HHC) of Step (2) is carried out using
Toyapear!| Butyl 650M or a resin having simlar
characteristics. 6. The nmethod of any one of clains 1
to 5, wherein the hydrophglic interaction 25

chromat ography of Step (2) 'is carried out using sodium
phosphate / amoni um sul phate as eluent. 7. The

met hod of any one of clains 1 to 6, wherein the step
offhe ewathaskof s oee o tlrioreat g, aybieyein thesitens arg)carried out in the
c [ .using Source 30 RPC as resin. 30 8. The
ngﬂﬁgggé?&%hy one of clains 1 to 7, wherein the step
of reli¢dye affindgehromatographygr aphy of Step (3) is

carri [ [ .\ - propanol as
el e Mo R A b ] o e 1 o 5,
wher e(3) revessesphase chromategraplsd out in the foll owing
order: (1) dye affinity chromatography; (2)

hydr ophobi c interaction chromatography; and then 5

( Ihe mmikadsef guly@se of Hpiorat ool dwier coMPriSing arstarednism-

a I further conprising a step of
a%%%@aggéwgn%%d% Hrlyogrtrgf% g@r aphy step (0). 10 11. The
met hod of claim 10, wherein the step of anion-exchange

c [ r i
B R B 0, Wbl 60 ol or oY SRRt harcgphy i
arcerriedrout beformateps(1).fe) andd8)-:  (0) ani on- exchange
chromat ogr aphy; 15 (1) dye affinity chromat ography;

(2) hydrophobic interaction chromatography; and (3)

r §hemsstherhefsaaimhiro whersir thpisiepsiege caied wiet IRdiae erdes| ai m

10, 1 . K\ggpie Lon- exchange

chro %{é"roi]p X)(/: éo%@?‘gb"%%? is carried out with Q

Sephat1) siye BFinitg shiomatograpiyt ogel EMD TMAE Hi Cap resi n.
(2) hydrophobic interaction chromatography; and

(3) reverse phase chromatography.
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.

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.

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

The method of any one of claims 10 to 15, further comprising a second step of

anion-exchange chromatography step (4).

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).

The method of claim 17, wherein the steps are carried out in the order:
(0) Anion-exchange chromatography;
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19.

20.

21.

22.

23.

24,

14. The method of any one of clains 10 to 13, wherein
the i on exchange chromatography of Step (0) is
carried out using borate buffer as eluent. 25 15. The
met hod of claim 14, whereiqy the borate buffer is at a
pH of 8.5. 16. The method™of any one of clains 10 to
15, further conprising a second step of

ani on- exchange chromat ography step (4). 30 17. The

met hdd) aye affiainehrenataggearbyin t he second step of

ani o g@% e 4) is carried
out g?fﬁ)?d? epIC '%Zm?é Oﬂgﬁ%{%’r%hﬁwp (Th)e nmet hod of
cl ai tBlLBvelgeethese C n@maéqgé@@yaﬁed carried out in the

or der, chronato raphy; 28 1
dye é?}laﬁlé?)%Q% ﬁgﬁ%ﬁ%ﬁ&&@% (2) hydroghoglg (1

i nteracti on chromat ography; (3) reverse phase

C?gg%i@%@@ﬁggaéefcné.ﬁ)s A0 @éﬁéﬂﬂ% s@EHr%’@ég&SFm

one of claims
whmhen@e elhrematagnarhysf @ybem6‘4) ngaiied @%@ﬁm@éactogel EMD TMAE

C%ES% r gﬁ‘?\ﬁf[@e h.is carried out using
acto QF OE@E) ﬁq: Cap reS| n or Q Sepharose FF
reS| n. 10 20. The nethod of claim 16 to 19, wherein

t 'i‘ﬁ‘e ﬁ%g@adof%taﬁﬂ 1%fto 3pi @ﬁbrseﬁqn@es&nd%k%p&%w%nangg

is carried usi ng bor at fer and a
gptzmrremgr@ﬁhy of Sdercis iwrmmutwwgématebuf&f ang g gragjignt of

nF’tCFb%g fNaQ‘fi%oﬁ(%b‘:ﬁtrQ fios! @i ms 16 to 20, conprising a

epo nano tron 15 step (4'), carried out the
second step of anion- exchange chr omat ogr aphy step

e e B D ol 1o e o BRI & SR PRt MRl

( 4tep.(4'2@arried out the second step of anion- exchange chromatography step

(4).

The method of claim 21, comprising a step of ultrafiltration (5), after the step of

nanofiltration (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 of 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 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 7 as eluent;
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23. The nethod of any one of clainms 1 to 22, wherein
any of the eluents and/or buffers may contain an
anti-oxidant, in particular L-nethionine. 24. A method
for purifying human recon‘ggnant FSH conprising the
steps of 25 subjecting F (-1) ultrafiltration;
(0) ani on exchange chromat ography on Q Sepharose FF
with borate / NaCl. L-nethionine pH of 8.5 as el uent;
(6 susyhieatingdhe eluatelofister (d¥tostsiep piUpverse ahasep of dye
affini EMOR\QF@%@&@%@LN% 3OrPE vﬁlh“&nr%@ﬁihﬁfé&?atgﬁ_ and

phosphat e, L- met hi oni ne, at a pH of

el uent meftignirg, iyithA-pragandhat @ PAf &. 6043 @t‘%‘ﬁ (1) to a
Si4P Oéuq“&g.hgmgu&eldﬁ%@?wtb%%teﬁarmwhaﬁge/

Toyopear hos ammoni um

sul pha@rerorr@iqmnhym h_*féCtO%| éﬁ hicagsresin with borsde, L-

(3) Sumeﬁﬁédm Kg‘gl-f%f% %nefNa@ ep (2) to a step of

reverse ase C mat ogr ap on Source 30 RPC with
aftbni gmhjgzt@galﬁegelugte qfréﬁﬁl(éﬁpr@eﬁeﬂ\mﬂ?f@f"ﬁﬁb%r@@ﬁ at a
pkk\of of step
)t o B e B e o
Fr act ogel EI\/D TMAE hicap resin, with borate, L-

met hi onine, at a pH of 8.5, and NaCl; (4') subjecting
the eluate of step (4) to a step of nanofiltration;
and (5) subjecting the perneate of step (4') to a
step of ultrafiltration. 10 1 SEQUENCE LI STI NG
<110> ARES TRADI NG SA <120> Met hod of Purifying FSH
<130> WD 1001 <160> 5



<170> Patentln version 3.1 <210> 1 <211> 91 <212>
PRT <213> Honp sapiens <400> 1 Ala Pro Asp Val Gn
Asp Cys Pro Gu Cys Thr Leu Gn Gu Asn Pro 1 5 10 15
Phe Phe Ser Gn Pro Ay Ala Pro Ile Leu A n Cys Mt
Gy Cys Cys 20 25 30 Phe Ser Arg Ala Tyr Pro Thr Pro
Leu Arg Ser Lys Lys Thr Met Leu 35 40 45 Val dn Lys
Asn Val Thr Ser d u. Ser '_Ehr S%\{s Cys Val Ala Lys Ser

50 55 60 Tyr Asn APQ Val  Thr Val Met Gy Gy Phe Val
GQu Asn H's Thr Ala 65 70 75 80 Cys H's Cys Ser Thr
Cys Tyr Tyr H's Lys Ser 85 90 2 <210> 2 <211> 129
<XP@2>AHRRTTRARIB>SHoND sapi ens <400> 2 Met Lys Thr Leu
G n Phe Phe Phe Leu Phe Cys Cys Trp Lys Ala lle 15
10 15 Cys Cys Asn Her Cys G u Leu Thr Asn Ile Thr Ile

4&\&@ Ih@thg% %fLyﬁl%Qngésﬁo Gu Gu Cys Arg Phe Cys Ile
Ile Asn Thr Thr Trp Cys Ala Ay

<130> WO 1001
<1l60> 5
<170> PatentIn version 3.1

<210> 1
<211> 91
<212> PRT

<213> Homo sapiens

<400> 1

Ala Pro Asp Val Gln Asp Cys Pro Glu Cys Thr Leu Gln Glu Asn Pro
1 5 10 15

Phe Phe Ser Gln Pro Gly Ala Pro Ile Leu Gln Cys Met Gly Cys Cys
20 25 30

Phe Ser Arg Ala Tyr Pro Thr Pro Leu Arg Ser Lys Lys Thr Met Leu
35 40 45

Val Gln Lys Asn Val Thr Ser Glu Ser Thr Cys Cys Val Ala Lys Ser
50 55 60

Tyr Asn Arg Val Thr Val Met Gly Gly Phe Val Glu Asn His Thr Ala

Cys His Cys Ser Thr Cys Tyr Tyr His Lys Ser
85 90



35 40 45 Tyr Cys Tyr Thr Arg Asp Ten Val Tyr Lys Asp
Pro Ala Arg Pro Lys 50 55 60 Ile Gn Lys Thr Cys Thr
Phe Lys Gu Leu Val Tyr Au Thr Val Arg 65 70 75 80
Val Pro Ay Cys Ala H's Hs Ala Asp Her Leu Tyr Thr
Tyr Pro Val 85 90 95 Ala 2hr An Cys Hs Cys Ay Lys
Cys Asp Ser Asp Her Thr Asp Cys 100 105 110 Thr Val
~NQ Gy Leu Ay Pro Her Tyr Cys Her Phe Ay Gu Mt
ys 115 120 125 du <210> 3 <211> 108 <212> PRT
<£2k3>1ddonp sapi ens <400> 3 Asn Her Cys du Leu Thr
Asn Ile Thr Ile Ala lle Qu Lys Gu Au 3 1 5 10 15
<6ys AR§ Phe Cys Ile Ser Ile Asn Thr Thr Trp Cys Al a
Tyr s.20 25 30 Tyr Thr Arg Asp Len Val Tyr Lys
<§s% rogo%gl%sg Pro Lys lie Gn 35 40 45 Lys Thr Cys
Thr Phe Lys G n Leu Val Tyr Qu Thr Val Arg Val Pro
50 55 60 dy Cys Ala His His Ala Asp Ser Len Tyr Thr
<> Ffo Val Ala Thr 65 70 75 80 Gn Cys His Cys Ay
Mle_é/%ysq/T%rAf.see (%enr PI'AeSBheS%Le -Enlglrl P%ngyggysTQl[p \L/95| Ala Ile
1 5 10 15

Cys Cys Asn Ser Cys Glu Leu Thr ‘Asn Ile Thr Ile Ala Ile Glu Lys
20 25 30

Glu Glu Cys Arg Phe Cys Ile Ser Ile Asn Thr Thr Trp Cys Ala Gly
35 : 40 45 =

Tyr Cys Tyr Thr Arg Asp Leu Val Tyr Lys Asp Pro Ala Arg Pro Lys
50 55 60

Tle Gln Lys Thr Cys Thr Phe Lys Glu Leu Val Tyr Glu Thr Val Arg
65 70 75 80

Val Pro Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr Tyr Pro Val
85 90 95

Ala Thr Gln Cys His Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys
100 105 110

Thr Val Arg Gly Leu Gly Pro Ser Tyr Cys Ser Phe Gly Glu Met Lys

115 120 125
Glu
<210> 3
<211> 108
<212> PRT

<213> Homo sapiens

<400> 3

Asn Ser Cys Glu Leu Thr Asn Ile Thr Ile Ala Ile Glu Lys Glu Glu



85 90 95 Arg Gy Leu Ay Pro Ser Tyr Cys Ser Phe Sly
G u 100 105 <210> 4 <211> 106 <212> PRT <213> Hono
sapiens <400> 4 Aso Ser Cys G n Lea Thr Asn Ile A a
Ile Gn Lys Gn du Cys Arg 1510 15 Phe Cys Ile
Ser Ile Asn Thr Trp Cys Ald Gy Tyr Cys Tyr Thr Arg 20
25 30 Asp Lea Val Tyr Lys Asp Pro Ala Arg Pro Lys Tie
1G n Lys Thr €ys 35 40 45 Thyy Phe Lys G u Leyg Val Tyr
G u Thr val Arg Val Pro Ay Cys Ala 50 55 60 His H's
Ala Asp Ser Len Tyr Thr Val Pro Val Ala Thr G n Cys
M SrragHEe7@rs7hlegfer By Aar yIEyE rCr AxprBeFlASE Sef Thr
Asp Cys Tht Val Arqg Gy L%€u 85 90 95 4 &y Pro Ser
Tyr Cys Ser Phe Gy G n Met 100 105 <210> 5 <211> 110
5212% BRETas213> vEOnD: 33pi @pSpro<AR0z-HrAsHyHane @is G u
Leu Thss Asn Ile Thr 114 Ala lle ,In Lys Gu Gu

Lys Thr Cys Thr Phe Lys Glu Leu Val Tyr Glu Thr Val Arg Val Pro
50 55 60

Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr Tyr Pro Val Ala Thr
65 70 75 80

Gln Cys His Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys Thr val
85 90 95

Arg Gly Leu Gly Pro Ser Tyr Cys Ser Phe Gly Glu
100 105

<210> 4
<211> 106
<212> PRT

<213> Homo sapiens

<400> 4

Asn Ser Cys Glu Leu Thr Asn Ile Ala Ile Glu Lys Glu Glu Cys Arg

Phe Cys Ile Ser Ile Asn Thr Trp Cys Ala Gly Tyr Cys Tyr Thr Arg
20 25 30

Asp Leu Val Tyr Lys Asp Pro Ala Arg Pro Lys Ile Gln Lys Thr Cys
35 40 45

Thr Phe Lys Glu Leu Val Tyr Glu Thr Val Arg Val Pro Gly Cys Ala
50 55 60

His His Ala Asp Ser Leu Tyr Thr Val Pro Val Ala Thr Gln Cys His
65 70 75 80

Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys Thr Val Arg Gly Leu
85 90 95



1510 15 Cys Arg Phe Cys lie Her Ile Asn Thr Thr Trp
Cys Ala Ay Tyr Cys 20 25 30 Tyr Thr Arg Asp Lou Val
Tyr Lys Asp Pro Ala Arg Pro Lys Ile Gn 35 40 45 Lys
Thr Cys Thr Phe Lys G u Loy Val Tyr Glu Thr Val Arg
Val Pro 50 55 60 Gy Cys Ala H's Hs Ala Asp Her Len
Tyr Thr Tyr Pro Val Ala Thr 65 70 75 80 Gn Cys Hi s
Cys Ay Lys Q/s Asp Her Asp Ser Thr Asp Cys Thr Val 85

90 95 Ar Pro Her Tyr Cys Ser Phe Ay Qu
N By 008 A 10 Y e

<210> 5

<211> 110

<212> PRT

<213> Homo sapiens

<400> 5

Asn Ser Cys Glu Leu Thr Asn Ile Thr Ile Ala Ile Glu Lys Glu Glu
1 5 10 15

Cys Arg Phe Cys Ile Ser Ile Asn Thr Thr Trp Cys Ala Gly Tyr Cys
20 25 30

Tyr Thr Arg Asp Leu Val Tyr Lys Asp Pro Ala Arg Pro Lys Ile Gln
35 40 45

Lys Thr Cys Thr Phe Lys Glu Leu Val Tyr Glu Thr Val Arg Val Pro
50 55 60

Gly Cys Ala His His Ala Asp Ser Leu Tyr Thr Tyr Pro Val Ala Thr
65 70 75 80

Gln Cys His Cys Gly Lys Cys Asp Ser Asp Ser Thr Asp Cys Thr Val
85 90 95

Arg Gly Leu Gly Pro Ser Tyr Cys Ser Phe Gly Glu Met Lys
100 105 110



