WO 03/ 035686 PCT/ EPO2/ 11501 Gonadotrophins for follicul ogenesis Field of

I nvention The invention relates to the field of gonadotrophins, and

parti cul awby3wbsBé use in 5 assisted reproductive technolPCgiEPe2/{(1ART) ,

ovul ation induction (01), intrauterine insemnation (lIU) and infertile
mal e patients. Background of the Invention The gonadotrophins are a group
of heterodineric glycoproteins including follicle 10 stinulating hornone
(FSH), luteinising hornone (LH) and chorionic gonadotrophin (CG. These
hor nrones regul ate gonadal function in the nale and female. Each of these
hor nones i s conposed of two non-covalently |linked subunits: an 15
a-subunit, which is. common to. FSH,. LH and. hCG and. a f3-subunit, which
i s uni qGenadotaphins farfelliculagenasish confers biol ogi cal specificity to
each hornmone. In all of the gonadotrophins, each sub-unit has

asparagi ne-linked (N-linked) oligosaccharide. side. chains.. In. the
common a-subunit of the human hornones, 20 these are attached at positions
52 and 7@jeldoflhehtivgyan FSH and CG two N-1inked oligosaccharide side
chains are attached to the R subunit, at positions 7 and 24 in FSH, and
posi ti onFhéhantiod GelatesltiCthe fialdrofgomatidtroghies, avk [gotiadamattelteiseiia att ached
at position 30 of the. (3-subunif. has additi onal | four serine-linked
(0- PV keasosirBemciinG sehorages ART; Opidion bdiqron il sEwgine o5
term nal jRenfihbn(( IR hnd Mfelié hafé bagiéntsopr ot eins, variations in

ol i gosaccharide structure occur in the gonadotrophins, resulting in an

array of isoforns that are found within the pituitary gland and in
circulation. Furthernore, there are differences in degree of WO 03/ 035686

PCT/ EPO2 mgb bohydrate "capping" by sialic acid. The
i sof or ms%&g emgde%gt;Ha%e ng'%ht he basis of their charge, which is largely

det er m ngfelonhbstrophiRearedgroup of heterodimeric glycoproteins including follicle
10  stimulating hormone (FSH), luteinising hormone (LH) and chorionic
gonadotrophin (CG). These hormones regulate gonadal function in the male and
female.

Each of these hormones is composed of two non-covalently linked subunits: an
15  a-subunit, which is common to FSH, LH and hCG, and a B-subunit, which is
unique to each of them, and which confers biological specificity to each hormone.

In all of the gonadotrophins, each sub-unit has asparagine-linked (N-linked)

oligosaccharide side chains. . In the common a-subunit of the human hormones,
20 these are attached at positions 52 and 78. In both human FSH and CG, two

N-linked oligosaccharide side chains are attached to the -subunit, at positions 7

and 24 in FSH, and positions 13 and 30 in hCG. In human LH, one

oligosaccharide is attached at position 30 of the §-subunit. hCG has additionally

four serine-linked (O-linked) oligosaccharide side chains, present in the carboxyl
25 terminal portion (CTP).

As with all glycoproteins, variations in oligosaccharide structure occur in the
gonadotrophins, resuilting in an array of isoforms that are found within the
pituitary gland and in circulation. Furthermore, there are differences in degree of



distribution of sialylated N-linked oligosaccharides. H ghly sialylated
forms will have a nore acidic than average pl, and are termed "acidic”
'I'_ess_ si al wbatmsse86 f or ns have conparatively higher pl, andrargpoyirsed '
"basic". As a consequence of their structural differences, gonadotrophin

i soforms differ in their capability to bind to target-cell receptors.
Degree of sialylation affects their ability to survive in circulation. In
the case of FSH, several groups have 40 denonstrated that highly
acidiclsialylated isofornms have considerably longer plasnma half-lives in
ani mal nodel s, such as the nouse and rat'. The isoformprofile of

d . i , _ rmpre _
o vrvo Wi pyben AR PRBIGSBY SR Ytid o THE Isthorm(Sindl bo'spRlier TF LN e

pr edoni ngRind Padib ef Belreatde, Whichiisdatgely détefrdined b d pati
in wormen during the folli gj gely byhe ogontedand patients and

pasi o' 1 seiwion af SRvates N-inkestalgorasararss iy pEMEG ISR Ty 0"

bi ol ogi cal, 2g ik bkidic fhanCafaghipl, Bad RIS esrined ‘Gaidit”! hesssialylatddar ound t he
2. 20 The FSH i sof orns possessing a

md- cycle g_onad%tr{)p I'n surge i n wonen2.
great®r firaisimavedothpepatively highetpll sard pes tar@egebasifer i ods of tine, because
termnal sialic acid residues "cap” gal actose residues, thus pre{/enti ng an
interaction with hepatic asialo-glycoprotein receptors and removal from
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Ful | yOsi aleyiomstratedShathighly asidie/siglylated isgfeimepbavaen JAI o 280. WO
03/ 03568%!53%2 Eapl%\//els]igoajnimgl models, such as the mouse and rat'.

The isoform profile of endogenous FSH in humans has been shown to vary.
Acidic isoforms with long in vivo half-lives and relatively low in vitro biological

15 potency are predominant in the serum of prepubertal children, hypogonadal
patients and in women during the follicular phase. In contrast, the less sialylawsu,
more basic isoforms, with short in vivo half-lives and relatively high in vitro
biological activity are found during puberty, GnRH therapy and around the mid-
cycle gonadotrophin surge in women?Z.

20
The FSH isoforms possessing a greater sialic acid content circulate for longer
periods of time, because terminal sialic acid residues “cap” galactose residues,
thus preventing an interaction with hepatic asialo-glycoprotein receptors and
removal from circulation®.

25

Oligosaccharide (glycan) moieties attached to proteins are branched, and each
terminal sugar residue is referred to as an antenna. The parameter Z-number
provides a measure of what proportion of the antennae of the carbohydrate
moieties in a glycoprotein bear charged residues, such as sialic acid.

30 Desialylated FSH has a Z-number of 0. Fully sialylated FSH would have a
Z-number between about 230 to 280.



The potency of FSH preparations is estimated in vitro in the

St eel man- Pohl ey assay, which conpares, under specified conditions, the
ability oWoaspssparati on to increase ovarian mass of | MRCAEPIL/aL581 i N
conmparison with an international 5 standard/reference preparation,
calibrated in International Units (1U4. Many groups have investigated the
role of glycosylation and sialylation in influencing the biological
profile of FSH 10 D Antonio et a!. eyaluated the netabolic clearance rates
(MCR) in female rats of acidic (pi < 4.8) and basic (pi > 4.8) rhFSH

| sof orms obtai ned by chromatof ocussing. As expected, the basic isoforns
were found to have a faster «clearance than the acidic isofornms (t~y2 = 0.4
h for basic, 0.9 h for acidic). Wen the acidic and basic forns were
conpar edrHeqsotendpeiF $id preparationsis dsfintGited inveitro o tieeHtealipay-Pohley basi c

i soformwas. found to be consi derah | ess,. act,ive .than_t kLdi¢ isoform
(ED50 = @.Sgyvﬁﬁh'Pﬁtcomrar?ené’"gﬁg?‘%‘?c'@%c?@}%t h}eo? 'ﬁtpfé)? aa@?ﬁ%%‘.gh%en t he

i sof or g@?{ gisSn chpafistm@ith@n idtdrhatianate bet ween the
t wo5. gg"%/@?tgeg? a _ﬁ?gr@r@ifgigwgté{rbgn in,vdi??rbo study . in (m"ph f our

r ecoiBbi relandardireierense preparatioa: calibsated inyirtematigallfnits ie conpar ed for
their ability to cause increase in size and oestradi ol (E2) production in
i sol ated nouse follicles. Basic FSH (pi 5.0-5.6) was found to lead to a
faster avawy grovipsfieiveiinvestigateddhe solessf glycoisylatiore and siafdatiomiaxi num fol licl e
size, followed b nfract'o\g\(gt e‘gfr{_tglalcembi nant FSH. Md 25 (pl 4.5-5.0) and
aci d (plinfluencing °§|C@LB & ¥rts°Mere behind in both growth rate and
maxi mum si ze of follicles. Basic FSH was shown to i nduce E2 secretion

earlier and at a |ower dose than the other isofor%Eol licles cultured
wi t Htaci BiAntomisief ak eyalualaskibesnelabaicpleprance fates SMR LR RIS kD

per Eroch R £t apdlabic (R Pt RBRrSRINARY o separat e human
pi t ui t ar ghrofidtofotwssing. As expected, the basic isoforms were found to have a faster
clearance than the acidic isoforms (t, = 0.4 h for basic, 0.9 h for acidic). When'
the acidic and basic forms were compared (on a mass basis) in the
15  Steelman-Pohley assay, the basic isoform was found to be considerably less
active than the acidic isoform (EDso = 0.9 pg/rat for the basic, 0.3 pg/rat for the
acidic). When the isoforms were compared on an U basis, there was no

difference between the two®.

20  Vitt et al. carried out an in vitro study in which four recombinant human FSH
preparations of differing pl's were compared for their ability to cause increase in
size and oestradiol (E2) production in isolated mouse follicles. Basic FSH (pl
5.0-5.6) was found to lead to a faster growth of follicles, and to result in the
largest maximum follicle size, followed by unfractionated recombinant FSH. Mid

25  (pl 4.5-5.0) and acid (p! 3.6-4.6) FSH preparations were behind in both growth
rate and maximum size of follicles. Basic FSH was shown to induce E; secretion
earlier and at a lower dose than the other isoforms. Follicles cultured with acidic
FSH, regardless of concentration, secreted measurable concentrations of E, only
after prolonged incubation®.

30



seven different fractions, of varying glycosylation/acidity. The fractions
were tested for their ability to cause upregul ation of expression of

ar onat asewo(meswscary for production of oestradiol), and PCTSPe/1NPE

pl asm nogen activator. 5 (tPA) in vitro in rat granulosa cells. The ratio
of bioactivity to i mmunoreactivity (B/l) was found to decrease as the
elution pH value of the isoformdeclined. The authors concluded that basic
i soforns exhibited a greater capabilifgy to induce expression of both
aromat ase and t PA nRNA's and proteins than the acidic variants 10 Zanbrano

et al. fractionated human pituitary FSH into 9 fractions of varying pl,
usi ng chronmat of ocussi

[ ng, and_tested.the L di ; O d rms using
t hree iﬁmﬁb@tﬁy@e@ﬁgrqmgtof‘??”\?ﬂ]p&oggg%gé:jhg@gﬁﬁgggﬁ%ﬁ%}g l}gtion by rat
granul osgevegedi#%gﬁﬂggctmop\y@gm tghpdpshhationfauidity. Tbetfeictions weré ne
expressinhg the 15 receptor. The r_atlo of ac.tlv%tg In th bi oassays to
i munor efestadvot thefrBitiljty telcaussurRigoHiation T FRPIGESIPR LT A YP8ESFdecr eased, for

all bioa Saég%%'ﬁ& pg’P&\%tH?le fq%r%g‘g%ipé)ééﬁ@&im- ePlasrainopen edtivater bi ndi ng

af finity\n§e éren s of acidic and basic isoforns of
hurmans pi Py # vitrb Srrdtgramulésa belts rEheptioof biastyibt todepiRTeacVity - anul osa

cells) and a honol ogous recept | BN SEKTRES3 cell's

expr essi @‘kW@MHﬁgoggﬂeaﬁgéé%gref&%ﬁ@géelﬁgrao ggggfgr_r_ecep?or showed an

i ncr ease | hi BeHiahse thiafbhsic asofeims ethibitee! & grfatemuapabiligateandusther eas t he
honol ogous receptor did not. CAWMP g;@%@ﬁ} lon, in HEK&%%Ei églclqic al so

i ncr eas edxpressionaff botearonAtaseANd PR AR .@.3'5{50’3{%'&% hg shown that the
nore acidic forms of FSH exhibit the highest in vivo bioactivity (on a

mass bas'@@fen assessed by the classical ovarian weight augmentation
testqgl0' 11 Tinossi et a!. postulated that the basic forns may be nore

be. 530 obganEaNs @t AbFgHIOTARA RGP 4 LS Hig acton s o el B ot ot
two pr eR%ﬁrﬂrﬁﬂaﬁlafofoéué‘sﬁ@, ahdgpstod ¢he geitierandipasigisptarmsrusyig three -
aetivity 1im'muno(zlssays and two in vitro assays: oestradiol production by rat granulosa
cells, and cAMP production by a human foetal cell line expressing the FSH
15  receptor. The ratio of activity in the bioassays to immunoreactivity (B/1)

decreased as the pl of the isoform decreased, for all bioassays®.

In a further study, Zambrano et al. compared the binding affinity of seven
different fractions of acidic and basic isoforms of human pituitary FSH for a

20 heterologous receptor system (rat granulosa cells) and a homologous receptor
system (recombinant human HEK-293 cells expressing the human FSH
receptor). The heterologous receptor showed an increase in binding affinity as pl
of the isoform increased, whereas the homologous receptor did not. cAMP
production in HEK-293 cells also increased as pl of the isoform increased.’.

25
Studies have shown that the more acidic forms of FSH exhibit the highest in vivo
bioactivity (on a mass basis) when assessed by the classical ovarian weight
augmentation tests.’™!! Timossi et al. postulated that the basic forms may be
more active in vivo but that because of the shorter half-life, the effect cannot be

30 observed in weight gain of rat ovaries. They examined the effect of two

preparations on a fast-response system: upregulation of tPA activity'?. The



WO 03/ 035686 PCT/EP02/11501 5 authors concluded that rhFSH having a | ess
acidic charge distribution profile, exhibits higher in vitro bioactivity
and pl asmwoaBmateamce rates and i nduces tPA enzyne activi PgTmPOR1YSApi dl y
than a highly acidic FSH preparation. 5 The gonadotrophins play crucial
roles in the reproductive cycle, and their use is essential for assisted
reproductive techni ques (ART), such as in vitro fertilisation (IVF), |IVF
in conjunction with intracytoplasnc gperminjection (I1VF/I1CSl) and enbryo
transfer (ET), as well as for ovulation induction (01) in anovul atory
patients undergoing in vivo fertilisation either naturally or through

I ntrauterine 10 i nsem hat lUL). ART is t using
control I‘iﬂ&h@ﬁﬁé?qnﬁwdﬁg‘ﬁ k"?#m('%ﬁ‘f'%ﬁ] ﬁﬁ%c"?%}éﬂb@régé@@% gsﬁ)&] er of fenale
gamet es 19} gﬁérdmr\/ﬁﬁi pRastvityTd Siabink eidardece Eat@h)almd melyobatPAn phase in
whi ch endogenouS gonadotrophins are suppres'ggf_l adm nistration of a
gonadot r eqyme adivitisnere rﬁDidlﬁ)thén@Cﬁ'i aglohit WSPP H by a stinulatory
phase in which follicular devel opnent (follicul ogenesis) is induced by
daily adm nistration of FSH, usually at about 150-225 | U day

Al t ermat THE gwnadstrophiis play |cmcsa|aoheeah ﬂfar@pr@ﬁlvaﬁw%ﬁ'& theﬁdﬁ@éa
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0; tge V?Z'I@'F%Y:oﬁﬂﬁéﬁin wutN“hﬂfad/ﬂﬁﬂéSnﬁbe etm ﬁme&ton:{lVHIG:Sblaad >16 mm (one
1 :

| e 'bol us o 8@@@@ ta?mm'cthe
natural kehbsyo gansfau(ETﬁdaweﬂmfat p\(}ﬂatlorgg yeton (), QPV” Ymed for 36-38
h ft th dail
aglrjnr f] | 2t Pg ?,gg?,gp&@gh{aa@%w%ﬁu%é 10 eltfertndbineh thHi h Ritra0tsrine aily

a dose o about 75-1 ay Down-r egul ati on

wi t h1@nRihseasinatiors(idh). ant agoni sts may be used, although | ess frequently
than in the ART indication. hCGis given to mmc the LH surge prior to in

vivo fertilisation, which is achieved either through regular intercourse
or 1U. 3R is typically carried out using controlled ovarian hyperstimulation (COH) to

increase the number of female gametes™. Standard regimens' for COH include
a down-regulation phase in which endogenous gonadotrophins are suppressed

15 by administration of a gonadotrophin releasing hormone (GnRH) agonist followed
by a stimulatory phase in which follicular development (folliculogenesis) is
induced by daily administration of FSH, usually at about 150-225 [U/day.
Alternatively stimulation is started after spontaneous or induced menstruation
while preventing the occurrence of an ill-timed LH sdrge by administration of a

20 GnRH-antagonist (typically starting around day six of the stimulatory phase).
When there are at least 3 follicles >16 mm (one of 18 mm), a single bolus of hCG
(5-10,000 1U) is given to mimic the natural LH surge and induce ovulation.
Oocyte recovery is timed for 36-38 hours after the hCG injection.

25 Ol is typically carried out with daily administration of FSH at a dose of about
75-150 |U/day. Down-regulation with GnRH agonists or antagonists may be
used, although less frequently than in the ART indication. hCG is given to mimic
the LH surge prior to in vivo fertilisation, which is achieved either through regular
intercourse or UL

30



WO 03/ 035686 PCT/ EP02/11501 6 The typical regimens described above for ART
and C require daily injections of gonadotrophins over a prolonged period,
i.e. for wpoawersge of 10 days, and up to 21 days in soneCpatPorntssl The
devel opment of FSH preparations of increased efficacy would permt the

dai ly dosage of FSH to be decreased, and/or permt a 5 shortening of the
treatment period (i.e. fewer injections), and/or allow injections to be
given less frequently. This would regder ART and 01 regi nens nore

conveni ent and patient-friendly. Furthernore, ART using in vitro
fertilisation is fraught with possible m shaps. For 10 exanple, not every

follicle will produce a viable oocyte, t r A i1l be
successfTheltypicalregimensddesgrbed éﬁﬂvéiﬁﬁyfg@ aﬁaiﬁ A égmtégaéfya@@ iﬁ%?%\ﬁover ,

once viabl e Sitdeiherfodans ffer ah @vermelsferOudayspand wpltant at i on
may notgoﬂgdcgtﬁg{:%'gi?ﬁréa?@‘order etrtgafrggi m ge tvh*e@gh nces..of a é ve birth it
i s t her efafys ilesimeaizitients Ehe developmentofdiRfPrERATAIRR QfingTeaH %f sever al
follicles, to ensure t| 5 .coll ' i Gl it & he

i ndi cat ieSWcasy Wiéjpﬂma'gﬁler‘i |{y1d%{3ﬁ§8t(%}*§gﬁo V%@Péér?gﬁ%dét ai n@ﬁ)gtr_ nore t han

threg as!h@rsehmg%w% yeatrertoeriodiiie.ffowkr injastions), andiar aflpwinjgetions to

pregnancies). 20 Sone patients undergpi a reduced

number die givemdasg freayently| EE'WHSW'%%@P%H@JS%@&%Sﬁg FSH

pr epar atéf‘}?‘q?f'il%ﬁt]m? hétié’n I_gjgg,i,aw_ng factor for success when undergoi ng ART,
S

I n that e nunber Of enbryos available for transfer and/or
cryopreservation. It can also be a limting factor for success in patients

under going .l U, wh abt ai nj . ldaskbié mistapshbort ant .

Pat i ent SFW@B}W?'@fHF’&‘@W@@P@%@B{%@J’%tw&‘ F}pat [ en,tsI aggv about
33- 3§ yegﬁa?nabsin%mfege' Edll&:ld\/iMIrpmda%aaatBUlmsecﬁEr@t@ﬁ!Y WpbleA%Y S ase- 1 i ne
oestradi ol or reduce ase-line,inhibin b, | : S enesis is
dependenwilldre sucoessfally fartiiredsapd 3pmeceéplplyog>l,‘ﬁ]€ﬁ;s+lﬁ H%SESHWEP ?:?lgncy

resul ts LR oL ARsgRpbE aré BdlebRia fahsortd thaiutsrusEnd impiantation mey VIO
not be successful. In order o maximise the chances of a live birth it is therefore

desirable to stimulate the growth and maturation of several follicles, to ensure the

15 collection of multiple oocytes.

In the indication of Ol, in contrast, the objective is to obtain not more than three

. and preferably one dominant follicle (to avoid mqltiple pregnancies).

20 Some patients undergoing ART and Ol present a reduced number of growing
follicles when treated with conventional FSH preparations. This is a limiting factor
for success when undergoing ART, in that it limits the number of embryos
available for transfer and/or cryopreservation. It can also be a limiting factor for
success in patients undergoing 1Ul, where obtaining more than one follicle is

25 important. Patients presenting this type of response include patients above
about 33-35 years old, patients with elevated base-line FSH, elevated base-line

oestradiol or reduced base-line inhibin b.

In the male, spermatogenesis is dependent on stimulation of Sertoli cells by FSH.
30 FSH deficiency results in oligospermia, and hence infertility. The treatment of



7 male infertility with conventional FSH preparations requires FSH

I njections three tinmes a week for up to 18 nonths. The devel opnent of FSH
pr epar at i wo93m8ické enhanced ability to stinulate 5 folliculPocg@Peyispli s an
ongoi ng need. There is also an existing need for new FSH preparations to
treat patients with a dimnished response to FSH. Al so desirable are. FSH
preparations of enhanced efficacy, permtting shorter treatnment protocols
and/ or decreased cumul ati ve doses andg/or |ess frequent dosing, for ART, 01
and male infertility. 10 Sunmmary of the invention It is an object of the

I nvention to provide a gonadotrophin preparation for use in ovul ation

I nducti on and articularl yei | | ] i Emhreef i r st
aspect, e 'ﬁ‘fﬁ%ﬂ \{vﬁlﬁ CBP\S‘%)T"E’@VE%HP@%B%%@%@% %ﬁd(‘)vr?,%h: er é(ieéfllt%tn he %— nunber of
t he preRfhéd h WedkFordlip ted8imarthar about 200. In a second aspect, the

I nvention provides an FSH preparation, wherein the 20 preparation has an
average pi below at or about 3.4. In a third .aspect, the invention

provide | PR SiHsONite eARARcEdNability Sristinbletesi n t he FSH has
a Z-nun@@egﬁglg@ﬁ%df&?ag? at gﬂ;éﬁgggﬁf%oo_ 25 If:ll,fa fou {?P as%, t he

i nvert i ofolliculogedesis,ds aseongoingoregt Ehermis alsoaH @f‘sﬂ%ﬁ‘??i BE¥ et s,
wherein the F has, a_Z- I a fhble I N a
fifth asﬂ@@?fa%]ﬁﬂﬁ?‘? H@%ﬁ?#@[&%\%b i%gie'gh'gsﬁde}e%? 6@%‘%{3 ﬁSIt-IhleN %? g%%r atei on of a
medi canegle ESH présarations oferhainced efficatpl permittiog shedewtreaimenti n t he FSH has

a 30 Z-nunber that is at |east af . or about / EPO2/ 11501
 in a spretapcls pader deqeaps BHPSVEBoraEade’ Inse Msdiaer ookt o
follicul Wﬁ!aﬁdin’?ale%faﬂw patient, the nmethod conprising adm nistering

t

FSH to the patient,
10

Summary of the invention

It is an object of the invention to provide a gonadotrophin preparation for use in
ovulation induction and COH, particularly in conjunction with ART.

15
In a first aspect, the invention provides an FSH preparation, wherein the

Z-number of the preparation is at least at or about 200.

In a second aspect, the invention provides an FSH preparation, wherein the

20 preparation has an average pl below at or about 3.4.

In a third aspect, the invention provides a pharmaceutical composition comprising
FSH, wherein the FSH has a Z-number that is at least at or about 200.

25  In a fourth aspect, the invention provides a use of FSH in stimulation of
folliculogenesis, wherein the FSH has a Z-number that is at least at or about 200.

In a fifth aspect, the invention provides a use of FSH in the preparation of a
medicament for use in stimulation of folliculogenesis, wherein the FSH has a

30 Z-number that is at least at or about 200.



wherein the FSH has a Z-nunber that is at |east at or about 200. 5 1In a
sevent h aspect, the invention provides a nethod for preparing an FSH
prepar at iwp oh@sierg a Z-nunber that is at |east at or aboutCIMPo2/1t5e1 et hod
conprising a step selected from reacting FSHwth a sialic acid donor in
the presence of 2,3-sialyltransferase;. 10 selecting a suitable cell type
for expression of reconmbinant FSH, culturing a cell, preferably

reconbi nant, that is expressing FSH ynder conditions that favour high

| evel s of sialylation; and isolation of FSH isoforns having a high
Z-nunber using a chromatographic technique. 15 In an eighth aspect, the
invention provides a use of FSH in treating male infertility, wherein the
FSH has a Z-nunber that is at |east at or about 200. In a ninth aspect, the

i nvent i - ié&% vehtidrShovitldshem o irdaringf foliculdfemesis iranent  f or
use in ﬁﬁgoéf'gféat ﬁgﬂzﬁﬁ]ﬁaf)é rlﬁl’jli{c ertility, wherein n%e FSH has a Z-nunber
that is shulneagiatient, the aisthed caoprising adininisteriag Fott 1o thedaliglent i on provi des

a nmethod for.treati | g | L el d Y Ot pedi ent, the method
conpri si‘N@erz?thhﬁlaé$lg?‘ia% ?EHH{%%%A& %é*l}egﬁt?a} d\j\'k%gr%eii: n 25 the FSH has a
Z-nurgper that is at least at or about 200. WO 03/035686 PCT/EP02/11501 9

Brief description of the drawings Fi. 1 sh : for el uti
Chr ough 18 asovesth gepgctahednuionproyles & e PBR S A Al B BEHE ™. 0L 4 6 x
100 M pAGkRioh idvirRph YORImBSahatls db ¢y atbi athn200ptiioancthodS m), wi th a

nmobile p acetonitrile:water 20:80, wth a linear gradient of 0.25%
per m nutempfisingacstep selectaddiam( 500 mV) from5 to 21 minutes, followed by

21 to b1 raeEEe FoHa S s AC BRI o, AR, S SRhirtnsrofiBert) T rom
10 e selecting asuitable cell type for expression of recombinant FSH;
e culturing a cell, preferably recombinant, that is expressing FSH under
conditions that favour high levels of sialylation; and
« isolation of FSH isoforms having a high Z-number using a chromatographic
technique.

15
In an eighth aspect, the invention provides a use of FSH in treating male

infertility, wherein the FSH has a Z-number that is at least at or about 200. -

in a ninth aspect, the invention provides a use of FSH in the preparation of a
20 medicament for use in the treatment of male infertility, wherein the FSH has a

Z-number that is at least at or about 200.

In a tenth aspect, the invention provides a method for treating male infertility in a
human patient, the method comprising administering FSH to the patient, wherein
25 the FSH has a Z-number that is at least at or about 200.



m nutes, and the Y-axis shows signal strength in nmV. 10 Figure 2 shows the
nunber of follicles per size category, on day 8 (on' the Y-axis), in

pati ents wWeaaiogicsg aci di c and basic isoforns of FSH unti| PEayEPT2/1MAVY.
lines represent the result with acidic isoforns, oblique Iines
represent-the result wth basic isofornms. Figure 3 shows the nunber of
follicles per size category, on day 10 (on the 15 Y-axis), in patients
receiving acidic and basic isoforns FSH until day 7. Wavy lines
represent the result with acidic isofoorns, oblique |ines represent-the
result wth basic isofornms. Figure 4 shows average FSH serumlevels in
patients_after the |ast dose of acidic and basic isoforns of FSH The
X-axi s rBpetdesgriptionef the dAWEGS nce first FSH 20 injection, the Y axis
represents serumconcentration in inmuno-reactive IUL.. Squares (.). show
serum concentration after injection of acidic isoforns; di arm?ds (4).
show ser Eiguoohsbows atchsomatagsam; fay elitipa threpghh a<FlyceSep® Soglump of serum

concentrations re . Sy f I

r adi o- i m@ﬁ%&ﬂ?ﬁ%@% {‘)glgs su'gpi | ea By p%glf(?\déﬁmlp?m%ecoﬂebdor atory,
Japarg 28iviriybbérezebe38sing5tne withi anmobde phaseabacstoritile:waterd80,evilunan FSH

al pha subunit. Figur hows the am no acid segue ture human
FSH bet a@ hga%wrrlﬁ'?"é@fe%gﬁ% P%’d“HEE% PF‘%WW“HP aFﬁ%?‘? E@Aﬁ%ﬁ%ﬁ@ 035686
PCT/ Epozbjrﬁﬁ%#es,lﬂ%lg\béd by (BiHeRF grithut oF 0 5% beghindio et dniaiuii ghl y

sial yl ated Isoforns have a greater_ efficacy in indyci

Fol 11 cul ageiates(580imMh a2 bt B miBUIEsaT ek sRopsdelation dBteims. The use
doses of MHBER kB8O AR SBRORITIY. | 02, “Pectl ¢ 5 The i mvent or s
haveqfoupré atshotvetheauimber of follicies partsize categoryganday Boenitee of
Y-axis), in patients receiving acidic and basic isoforms of FSH until day 7. Wavy.
lines represent the result with acidic isoforms, oblique lines represent the result
with basic isoforms.
Figure 3 shows the number of follicles per size category, on day 10 (on the:
15  Y-axis), in patients receiving acidic and basic isoforms of FSH until day 7. Wavy
lines represent the result with acidic isoforms, oblique lines represent the result -
with basic isoforms.
Figure 4 shows average FSH serum levels in patients after the last dose of acidic
and basic isoforms of FSH. The X-axis represents time in hours since first FSH
20 injection, the Y axis represents serum concentration in immuno-reactive IU/L..
Squares (m) show serum concentration after injection of acidic isoforms; '
diamonds (#) show serum concentration after injection of basic FSH isoforms.
Serum concentrations were measured by immunoassay, for example,
radio-immunoassay, using a kit as supplied by Daiichi Isotope Laboratory, Japan.
25  Figure 5 shows the amino acid sequencé for the mature human FSH alpha
subunit.
Figure 6 shows the amino acid sequence for the mature human FSH beta

subunit.

30 Detailed description of the invention



acidic FSH and basic FSH, on an |IU basis, as determ ned by the conventi onal
assay, the nunber of growng follicles in patients treated with acidic FSH
i's signiwDgansiege greater. 10 When patients are treated wPCA/EPgraIS0RNOUNt S
of acidic FSH and basic FSH, on a mass basis, the nunber of follicles in
patients treated with acidic FSHis also substantially greater. 15 Sonme
patients present a reduced nunber of growing follicles when treated with
conventional FSH preparations. This 1i alimting factor for success- when
undergoi ng ART. Patients presenting this type of response include patients
above about 33-35 years old, patients with el evated base-line FSH, el evated

base-|ine oestradi ol or reduced base-]i.ne.j.nhiHi i on of FSH
20 accoiberyentorshave SYBNts! ﬂ%w;%btga{ WP@M%%»‘%%&%QF%OH{S%%?% ot her

day to elig ~ IIROIdRARSIRIR huhem patichtcihandess sialylate

prepar a }'%aﬁégeﬁflﬁ?(gﬁf]trll@é%@i%gd thgé?hances of ¢ nce&;ii n.for togese patients.

The i nv¢gdfomss. hEiveuse ebarsﬁﬁlﬂﬂp@pﬁ@tkanfqm‘h%"lvﬁg IOREBR' 20U Dns havi ng
grsaahg\r,ilq@é@ﬁ@l%ﬁ%@@%*&j}’ﬁﬁgﬁ aﬁe\flé fiftSthe @9 Bbfier clivdal kssultade by usi ng

I's at l'east at or about 200, preferably at
| easg at or about 210, 220, 230, 240, 250, 260, 270, 280 and 290 with the

order of preference increasi W th.inc | = lg%%’i ers falling
bet ween Ehmgéemgf%%fpén@‘%% ghﬁn?%%%a?%éggg g"(‘)tgle g ﬁéuﬁtr%\rﬁe?nt i on). For
| nduct ng, 4 gl ELEHLRPEASE FSH, GAMPIU basis) adetBBrinpddiythercoousniiong! gener al | y
adni ni st¥Te every day, at a dosage, of ab?ui{ 7 -6&'0 L. ﬁ‘é In the

maj or i t yagshyptheirember of growingdolliclas inpatients geategdwl th'(?/ B686

PCT/ EP02/,11501 | 11 %tlggventional FSH preparati on may be adm ni stered every
two daysSIOWAFRUY HEHPLyi ng a similar clinical result as daily injectionsls.

The gxpression "less frequent dosing” is neant to apply to FSH
preparations that may be, adm.ni ster t FSMebi at wo days,
whi | e acWhen mleﬂWea@éWé‘t%‘f i o308 Efioyp S gbidfSh A’M 65@{

mass basis, the number of follicles in patients treated with acidic FSH is also

substantially greater.

15 Some ‘patients present a reduced number of growing follicles when treated with
conventional FSH preparations. This is a limiting factor for success when
- undergoing ART. Patients presenting this type of response include patients
- above about 33-35 years old, patients with elevated base-line FSH, elevated
base-line oestradiol or reduced base-line inhibin b. The preparation of FSH-
20 - according to the invention may be injected once daily, or every other day to elicit
a better ovarian response than with conventional preparations. This increases

the chances of conception for these patients.

The inventors have also surprisingly found that FSH preparations having greater

25 efficacy, allowing less frequent dosing, can be made by using FSH having a
Z-number that is at least at or about 200, preferably at least at or about 210, 220,
230, 240, 250, 260, 270, 280 and 290 with the order of preference increasing
with increasing Z-number (Z-numbers falling between these values are of course
within the scope of the invention). For inducing folliculogenesis, conventional

30 FSH preparations are generally administered every day, at a dosage of about
75-600 1U/day. In the majority of patients, the same cumulative dose of a



5 terns of total follicular volunme, as conventional preparations
adm ni stered every one or two days. The terns "acidic" and "basic" are

wi dely uswo oBo3yed er to FSH preparations having varyi ng ®€grErey115hH1
sialylation. Because sialic acid is acidic, nore highly 10 sialylated

nol ecules will have lower pl's. Using isoelectric focussing,
chromat of ocussi ng or ot her separating nethods, such as ion-exchange

chr omat ogr aphy, FPLC and HPLC16, a mi xgure of isoforms nay be separated
into fractions which nay be assigned as acidic or basic, preferably based
on Z-nunber. 15 The term"sialic acid" refers to any nenber of a famly of

T oot DO F R AR oy iAo sy BRSOl sial o aci ¢

famly i 0
(2- ket o- Saaﬁaﬁmra@nmauﬁehdm%msuuIasgiaﬁwu@stlonsbsalBta exassiopylessos- 1- oni c

acid, often abbrevi ated as er of
the fani |fyeqt@nﬂ dgpipgoisynedly Pzﬁl?ip tf?%' rfiﬂ%é%%%cs’wﬁ%wnﬁg%&?&ﬁﬂgt Iggh t he
N-acetyl @EOHBGEENNHAR evenhind Gy, Whﬂd aciietinigrttle saale (ﬂlﬂl@t re!;uftalm |y menber
is 2-keto-3- deoxy- nonul o8onj ¢ aci d KDNgnN Al'so jnclu ‘E

9- subs i tienaa oétqahf@"lﬁuhaayo@m aggopvetiongh preparriipns g‘@tqr? EVY0- | act yl -
Neu5Ac or '? Neu5Ac 9- deoxy-9-fl uoro- NeuSAc and 9-azi do- 9-deoxy 25
Neu5Ac. reV| ew o the sialic acid fanil y, see, e.g., Varki;

A ycobiology 2 1992; 25-40; Si aI [ c Aci ds: Chem stry, Metabolism and

Functi on, Schauer,, ., “ Il - Vi Y : Car bohydr at e
(al ternat ]rg%ﬁfmsglaﬁ e)"dmt)’lg’ﬁ'g Iyg{stegqﬂég}%rlto FEEI é)régg‘?a}fb 30 backbone
via a si nghfing VaAing 8égrees df\fsiaiylamnO-BeEeubé sialik edidii\citic, dharetiigidy As  t he
car boﬂ%dr ate noi ety becones el abor at br anchl?n(g% occur, with the WD

ed,
sasnaly\a@omiqqtd@qwﬂhlzaweégm pl aYsipg dsqel

03/ 03 2t89nvi ety has one,
two, threShm%‘;at B%s{)ﬁ@@?htﬁ’é?% lﬁéﬁﬁdﬂ§1%hcﬁﬁ§%n-éﬁéiaiig@5 or
antennae ydrate etl s are referred

chromatography, FPLC and HPLC , a mixture of isoforms may be separated into
fractions which may be assigned as acidic or basic, preferably based on
Z-number.
15
The term "sialic acid" refers to any member of a family of nine-carbon
carboxylated sugars. The most corﬁmon member of the sialic acid family is
N-acetylneuraminic acid (2-keto-5-acetamido-3,5-dideoxy-D-glycero-
D-galactononulopyranos-1-onic acid, often abbreviated as NeubAc, NeuAc, or
20 NANA). A second member of the family is N-glycolyl-neuraminic acid (Neu5Gc
| or NeuGc), in which the N-acetyl group of NeuAc is hydroxylated. A third sialic
acid family member is 2-keto-3-deoxy-nonulosonic acid (KDN)." Also included
are 9-substituted sialic acids such as a 9-O-C-Ce-acyl-Neu5Ac like 9-O-lactyl-
Neu5Ac or 9-O-acetyl-Neu5Ac, 9-deoxy-9-fluoro-NeuSAc and 9-azido-9-deoxy-
25 NeuSAc. For review of the sialic acid family, see, e.g., Varki; Glycobiology 2
1992; 25-40; Sialic Acids: Chemistry, Metabolism and Function, R. Schauer, Ed.
(Springer-Verlag, New York (1992)).

Carbohydrate (alternatively “glycan”) moieties are attached to the peptide
30 backbone via a single sugar, either with an O- or N-linked glycosidic bond. As
the carbohydrate moiety becomes elaborated, branching may occur, with the



to as nono- di- tri- or tetra-branched. The paraneter [ [
(Al') provides a neasure of the degree of bralrcl)chi ng ?n 22&?22333; ndex
resi dues, woinsiosiyse 5 al so a nmeasure of the 3-D size of thePcarirohyioat e
noi eties. To determine this paraneter, a glycoprotein is treated
chemcally to release all carbohydrate residues, for exanple by heatin
w th hydrazine, or the carbohydrate nmay be cleaved enzymatically -forg

exanpl e, with endogl ycosi dase (N-gl ygcanase)l a. The ' [
_ ( ) car bohydrat e
isolated. If desired, the carbohydr af m xture i s reacted >1/0 W t hmaxlt glrogl o
such as a radio-label, a chronmophore-label (i.e. UV-vis active), a ’

f! uorophore | abel, an i munoreactive | abel t
mi Xt ur e result thehthdesirbolyydrateamoigty has g@e,ﬁ@;@e&%{}g@@a 38%3@%% gieionvarate

| abel I ed neutral _car ‘ ) %b [ Voti
| abel | i ﬂ@rfﬂﬁa{%’@ﬁréﬁ’i&‘?‘g‘%‘g’;%&%m éu§gﬁi§§%§hyﬁhgﬁgﬁt{dsﬁgwg'g;d|O];d
neutral gahAbYSLdt - bt (etra-branshedcThel Sareaeieraniennay fty index (ebrrpo nents,

D, e S T S bl Sl e iy 1 0
reveee- JAaThodike BFURFSEPSBGr U eabsisrats rmbiefies.afig o el val ng_
chr omat orapiefer SiRlyCpprotbinds weelerbeEmEHY DIBieaeaa! et aRrds car bonydr at e
and the ﬁsﬁ‘&ge{oeagé'ﬁgb\gﬁ&w%c @3‘9 @ghgar%zhﬁﬂéﬂhetd%ﬂ)&mmmysbe vol atil e,
will be é!@ﬁ%ﬂ)éhﬂiﬁaﬁcdly,ffogempbdwiibgldggla&%gs%rﬁg%pé%e)gnthgﬁZI 'sation
OO O gt oS SRR Gop sy sakefe s savmad ac
as | abel . ; _ S e_?ec{lo ;. I% a chronophore is used
Tobefo Sw&gea bcgrl:,a §géh‘32§ ggtagugqngitsa; ashtamophidré-ldbe! (ise W\fvis apbivel@i on. |f no
retenti oﬂucbliopiaere IBbalkag agml@\q;f@a}r%igg?%)eﬂsﬁ@?‘?g? ‘aﬁeﬂgg%ﬁfbeqrﬁﬁfagé b?gﬁ ched
SPect .55 BT U RS REine hiedanbbolateut knoun
2550 at ity late ittt (Ataanalbeha s dapoeticbelngnyd el wdy "The
%% rgvertse ir% 8}d%|r). \Aﬁ]é) Fé/bgﬁét? ﬁ&t?ﬂéﬁ%ﬁ%ﬂa@ Rixture is then
15  separated into its components, using a chromatographic method that can
distinguish between the different species (mono-, di-, tri- and tetra-branched).
Chromatography (normal- or reverse-phase) may be performed using essentially
any method, including, for example thick or thin layer chromatography, or high
performance liquid chromatography (HPLC). Alternatively, the isolated neutral
20 carbohydrate mixture may be reacted with an agent to render the components
volatile, and the mixture may be subjected to gas chromatography (GC).
Visualisation will be accomplished with a method appropriate to the label and the
chromatographic method used. For example, if a fluorophore is used as label, a
fluorimeter will be used for detection; if a chromophore is used as label, a UV-vis
25  spectrophotometer will be used for detection. If no label is used, mass
spectrometry may be used to measure peaks and retention times. Peak
assignments o mono- di- tri- or tetra-branched species can be done using mass

spectrometry, or by comparing with known standards.

30 A chromatogram is then analysed by integrating the peaks associated with di- tri-
and tetra-branched carbohydrate species. The percentage of the total



13 carbohydrate represented by each species can then be used to cal cul ate
Al according to the followng equation: Al =2 Pdi + 3 Ptd + 4 Ptetra 5
wherei n AvoOiog/oagssennarity index, and Pdi, Ptd and Ptetra &cCa/HPa®113er cent age
of total carbohydrate that is di-, tri- and tetra-branched respectively.
Trace anounts of other conponents (e.g. nono-antennary) may be present but
do not contribute significantly to the Al value. 10 A high antennarity

i ndex indicates that the carbohydrategaqnieties are highly branched, wth
many ant ennae. Reconbi nant human FSH typically has. an Al of from about
220-280, or on average about 255. 15 The parameter -Z-nunber provides a

f h f |
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Z- nunber gt Gng%*ﬂ?&‘wﬂb@ﬁ@ Sifiones are rel easedfromthe pepti de, as
above, and ITed, if desired. The mxture is then separated by ion

exchange chromat ography,- allow ng the separation of species on the basis of
20 charge. Visuali satlon of tgf: el ut ed aks JTeY, Be by virtue of a |abel,
as nentioned above, rray b By' sorre h'er met ho##™@ such as
mass-spectronetry. A chromatogramis then anal ysed by integrating the
peaks5associ ated with nono- di- tri- and tetra-charged carbohydrate

Speci es. wﬂé‘?enﬁ%%fﬁﬁt%ﬁﬁaﬁﬁy i, %ﬂﬁd?d.,wmmtraaare tln@petuwcbfttqtabach
species can t be used fo cal cul ate

% rTB v 2FSQL din cgj r&% 4 he
f ol | owi ngasphydraie that is-dis; tipaad etpa-pragiched geﬁpe[c vely., rgcgéxm o oin 7is
Z- number B fhdEbe Bredeht biledPRECEMtate Of t ot al
30 car bowdqo&@%ﬁtsg%moﬁo%g{enﬁ FS([)m gl?ldﬁt etra-charged respectively. WO
03/ 03568 GidrfiicanBy & thEbAllvaldel
10 |
| A high antennarity index indicates that the carbohydrate moieties are highly
branched, with many antennae. Recombinant human FSH typically has.an Al of
from about 220-280, or on average about 255.

15 The parameter Z-number provides a measure of how many of the antennae of
the carbohydrate moieties in a glycoprotein bear charged residues, such as sialic
acid. To determine Z-number, the carbohydrate moieties are released from the
peptide, as above, and labelled, if desired. The mixture is then separated by ion
exchange chromatography, allowing the separation of species on the basis of

20 charge. Visualisation of the eluted peaks may be by virtue of a label, as
mentioned above, or may be by some other method, such as mass-spectrometry.
A chromatogram is then analysed by integrating the peaks associated with mono-
di- tri- and tetra-charged carbohydrate species. The percentage of the total
carbohydrate represented by each species can then be used to calculate

25  Z-number according to the following equation:

Z = FJ'mono + 2 P'di + 3 P|tﬁ + 4 P‘tetra

wherein Zis Z-number, and P'mono, Pdiy P'ti @nd P'iera are the percentage of total

30 carbohydrate that is mono-, di-, tri- and tetra-charged respectively.



A high Z-nunber indicates that a | arge nunber of antennae bear charged
resi dues, and that the glycoprotein will therefore be highly charged, and
in the caod3085686 alic acid residues, acidic. Reconbi nant Plaorrpa2/ESkH
typically has 5 Z-nunber values in the range of about 150 to about 190, or
on average about 184. The inventors have surprisingly found that FSH

I sof orns that have Z-nunbers higher than at or about 200 show i ncreased
efficacy in terms of nunber of 10 fo%#icles, when conpared on an | U basis
wi th an "equival ent dose" of FSH isbforns having Z-nunbers |ess than 200.
By "equival ent dose" is nmeant that when the FSH anount of different

I soforns i s neasured by the conventional in vivo assay by conparing, under
specified conditions, their ability to increase ovarian mass in rats, the

d | S, . , |\l f diff
| sof or e high ZniaPR by iz 8RB ruRier A eBGnr kar RBERED. O\ ehen

adni ni styggiaded, andunaithe diddppoteewilttheneforade Mighly chargeshsed iZthtunber s may
be isolated by any nunber of .way Far, .ex e conbi nant FSH
may be <asp&EsiElicasidiesidiss %‘H‘ﬁ\ﬁi ?QCBHIPé%ﬁ"ﬁg},&L'W %%ﬁ%%é?%‘%%%fsi ng as
descrd begly, gk @%@%@L@theqﬁéngébf aBpet 150 thlddet 4961 oradn dgerageabouino et al . 20,

and Ti nosSsi et a ractions having various pi's nmay be isolated.
PreferretB4SH preparati ons of the invention have average pi's of |ess than
at or about 3.4, nore preferably less than at or about 3.3, particularly
preferably | ess than at or about 3.2 with degree of preference 25

i ncr easi Tige Rvehioes Axes sgeripingticfound sieed FSHisofermsrtbathave Auwpders ef | ects t he
average degree of sialylation of.a populati mgsdrer It s
possi bl ehighett than atsna{a%'é%%%‘?%"\%‘?ﬁ%ﬁg eﬁ "gﬁ“ ?prfr?u%r?ber marsﬁsti Il have a

subsjant r ' d BASnqU(basswith ahyeabigdienBlosgiefiRSH . Such basic
specf@s @k‘%&%gé%ﬁfbﬁ%ni sté1 at the FSH reg%%to

i {) and are @%efore
undesi r alsbformsHavingoZ-aambess lesgdban200r By spquivdentdoses ismeant 03/ 035686
Pt/ EPO2</v}1u1ag(t)hle F$B amount of different isoforms is measured by the conventional in

vivo assay by comparing, under specified conditions, their ability to increase
ovarian mass in rats, the 1U dose is the same. In other words, equivalent U
15 doses of different isoforms, as determined in rats, have different clinical efficacy,

when administered to humans.

| FSH preparations having a increased Z-numbers may be isolated by any number
of ways. For example, a batch of recombinant FSH may be subjected to
20 isoelectric focussing, or chromatofocussing as described, for example, by any
one of Mulders ef al.”®, Zambrano ef al.%, and Timossi et al.”’ Fractions having
various pl's may be isolated. Preferred FSH preparations of the invention have
average pl's of less than at or about 3.4, more preferably less than at or about
3.3, particularly preferably less than at or about 3.2 with degree of preference

25 increasing as the average pl decreases.

The parameter Z-number reflects the average degree of sialylation of a
population of FSH species. itis possible that an FSH preparation having a high
Z-number may still have a substantial proportion of basic (less sialylated)

30 species. Such basic species may act as antagonists at the FSH receptor, and
are therefore undesirable. The “spread” of species present may be determined



by isoelectric focussing, or chromatofocussing. The Z-nunber analysis can
also give an idea of the spread of species. It is preferred that the

pr epar at iwo (Ba¥®s6 | ess than at or about 4% neutral carbohpydratre2/syseci es
(i.e. glycan noieties bearing no charge), and |l ess than at or about 16%
nono-si al yl ated species, and 5 nore preferred that the preparation have

| ess than at or about 3% 2%or 1 % neutral species and |l ess than at or
about 15% 12% 10% 8% or 5% m)n05| | yl at ed species, with degree of
preference increasing with decreasi né percentages. 10 Wthin the scope of
the invention are FSH preparations having increased efficacy in

follicul ogenesis resulting froman increased degree of sialylation at one

or m)r%pﬂdetectmébc@syr@@}'chtdrbﬁo’é?qlé@n@n Thee- BF'@P@F Analysis G2k 3305 may be
s | 00U Gite B ipeR 0P g4 o Lodef. deRpreferidainatieniisbAlatiohRakhone Wi th

aspar agl ne residues, using, for exanple,
nut agenegks thaatrampued W neutih cariohydraie apeciey (ilge olysen redietigsher at e such

tant f f FSH h
T "t bemingseo Shaiaeh A 165 fnonaiton abpg fo%ing-Selldiga Rpkaesant | on. L he
the foll ‘eré‘ﬁre?&%’@ﬂ%?thé\b%pa%tﬂn%%eIeﬂﬁlﬁaﬁlal orﬁboat 20y 2%nomtPhaci d resi due

pro

excep IS any am no acid residue wh 9 r may not be
i denti cahemnal)spanleswhddhsqﬁ‘@n@t@599011%1%%1‘1%@3?\9 of lsc)lmi#%l ine, N20 is
aspar agi Mo SR ﬁ&g@ BENGE B e dréiétltihdel|AtroBilgitie@sdragsing hr coni ne or

cyst ei neM ne or hreo nost preferably threonine.
Aci di c béﬂfe@ltdgés(pl < 3.4) of such FSH m)l ecules fall within. the scope
of the. invention. Such nodified FSH nol ecul es, bearing additional

gl ycosyl ation sites are described, for exanple in WO 01/58493 (Maxygen).
Par t,qul est e fvelfior AR FSH srapaations having increasadmafficacyubuni t :
HQ?O&("lt'ﬁ‘}%é@Fé 00N, YLO3N, Alon

Eggll\l/ AA3T i %121T f |LI %Y?é The ot N.AA3T,
" fesDhigBOPSIaNESHITATDIEA ingiraskd EYIONAT ISP F17N, RE7N,
L0011 o, Sy sy ettt 1 1
i s i sol ey dubstitution of restdues, in the ESlals;prateugba@kboRelvgth serine, threonine,
lysine or asparagine residues, using, for example, mutagenesis. An example of a-
15 method that may be used to generate such mutant forms of FSH is given in
Example 7. For in vivo glycosylation, the site introduced should be such as to
form an “N-glycosylation site”, of the following sequence: N-X'-S/T/C-X", wherein
X' is any amino acid residue except proline, X" is any amino acid residue which
may or may not be identical to X' and which preferably is different from proline, N -
20 is asparagine, and S/T/C represents a residue that may be serine, threonine or
cysteine, preferably serine or threonine, and most preferably threonine. Acidic
isoforms (pl < 3.4) of such FSH molecules fall within the scope of the invention.
Such modified FSH molecules, bearing additional glycosylation sites are
described, for example in WO 01/58493 (Maxygen). Particularly preferred are
25 the following mutations:
In the B-subunit: E4N, A7ON, L73N, V78N, G100N, Y103N, F19N/i21T,
L37N/Y39T, D41N/A43T, ES5N/A43T, ESON/VE1T and RO7N/LOIT;
In the a-subunit; EON, F17T, F17N, R67N, V68T, E56N, H83N, and F33N/R35T;
wherein A is alanine, D is aspartic acid, E is glutamic acid, F is phenylalanine, G
30 is glycine, H is histidine, | is isoleucine, L is leucine, N is asparagine, Ris
arginine, T is threonine, V is valine, Y is tyrosine, and the notation “E4N”



arginine, Tis threonine, Vis valine, Y is tyrosine, and the notation
"EAN' WO 03/ 035686 PCT/EP02/ 11501 16 represents a replacenent of a

gl ut am c woiod/og¥Epe at position 4 with an asparagi ne (N). PeI/EPeusnce
nunberi ng, the am no acid sequence of human FSH al pha is nunbered
according to the mature sequence shown in Figure 5 or SEQID NO 1. The

am no aci d sequence of human FSH beta is nunbered according to the 5 mature

sequence shown.in Figure 6 or SEQ IDANO 2. Also within the scope of the
i nvention are FSH preparations having increased efficacy in
follicul ogenesis resulting froman increased degree of sialylation at one

10 " appéaRiEacpier Toataceree o oy B0 PEEACRSIRh SN ARREAGRERGRD | IC o
fihteea- ar(ﬂz[/ bt § %éﬁé:ghﬁwﬁér@a?h&@ émlnbfmzlchseqlmmedﬁ(biunm bSkhdlphadeni nus of

FSH wi t hout , del et r| ou %@eﬁgtﬂ#q t he FSH
acti vi tmumberﬁ@ ace@iding eghe matde FeaUepE? s@?‘é{ﬁﬁ" lgur? & t of hCGis
substantygl +;¥.r{?jé Cebiiibel i untin FERDC Rafursbaredioconling thdue t o

appr oxi ronal amno acids at the 15 Ctermnus referred to
her eign aﬁamh@seqtué!meys"hmmlmﬁmre;ﬁ)@ltﬁéﬁ IDPAP}2- I n urinary hCG the CTP
contains four nucin-like O-1inked oligosaccharides. This CTP nmay be

ligated to the (3-subunit of FSH, preferably at the carboxyl term nal of

thhe (3- &lQBW(;!gin e %ISH? of éisalintventipr aredzsmlpeaparetlmmenwgmr%ﬁﬁfdw ty alnd
aving an additiona our sit osyl a AcCi rns <
a4y " of ey infioiinaooeRAas HeulnggionT g i esn SRt & leiyadh 4 cny | B <
such ol S,gggbﬁﬁlogéS@%héﬁé@’g&‘ésy@tnom&%f%&%d dhappeatehppidesry L) , and

by Boi ne nol ecul es havin | ed 38 tycos Iataon sites
are tbsc‘lap@edded\pmmﬂ/@mt anypeplidegviiah ing q@qssagwos leL?'% AB% pur poses

ol tes wi bRy k8 PLacRe) BB ho G Bty PEfni Mg the 8 sy 21 DY
added, t B%UBQMGBFSH \ﬁ{hnmﬂeleterwustyoaﬁe@hgglhéaESHsa;ﬁlvtty) of thegeselting t h
't' E|O ; i mlf)lse%u e. Eor g)Ealn%]e dhi B—sut%ur}l S5 ho I Pitiafl) e gSyahitdt o Les) . as
- the other gonadotrophins, due to approximately 34 additional amino acids at the
15 C-terminus referred to herein as the carboxyl terminal portion (CTP). Inurinary
- hCG, the CTP contains four mucin-like O-linked oligosaccharides. This CTP may’
- be ligated to the B-subunit of FSH, preferably at the carboxyl terminal of the
. B-subunit of FSH, resulting in a molecule having FSH activity and having an
additional four sites of glycosylation. Acidic isoforms (p! < 4 4) of such FSH
20 molecules fall within the scope of the invention. Such molecules are disclosed in
WO 93/06844 (Washington University), and by Boime et al.?* Other FSH
molecules having modified glycosylation sites are disclosed in WO 90/09800

(Washington University).

25  For the purposes of this description, FSH preparations having additional
glycosylation sites will be denoted FSHY*, When additional glycosylation sites
are added, the parameter Z-number can no longer be used to compare with
“normal” FSH preparations (i.e. those having four glycosylation sites), as this
parameter is normalised (it is a sum of percentages). When an FSHY

30 preparation is subjected to a glycan species analysis, the parameter Z*-number
may be calculated, in a manner analogous to Z-number. The FSH*



paranmeter is normalised (it is a sumof percentages). Wen an FSHI1Y+ 30
preparation is subjected to a glycan species analysis, the paraneter

Z- nunber woap/ob®scal cul ated, in a nanner anal ogous to Z- nkaiydgPro2/Tisel
FSHO1' ' + WD 03/ 035686 PCT/ EP02/ 11501 17 preparations of the invention have
Z+-nunbers of nore than at or about 200, preferably nore than at or about
210, 220, 230, 240, 250, 260, 270, with degree of preference increasing as
Z+-nunber increases. 5 FSHI1lY+ prepaﬁ?tions of the invention have
significantly |l ower pi profiles than'' normal FSH. Particularly preferred
for their increased efficacy are those FSH + preparations having average

pi's of less than at or about 4.4, nore preferred ar t.ho avi ng aver age
pi's | eggepirations obthedheantion laves enumbey's of meoredhan a§9r3a%qﬁ§3952, Wi th
degree of preference | ' ht esy(£ 230N Y80I R0 Pkith dégree al |

enbodi meHE ’%‘?‘Yme?’ﬁ?/gﬁﬁﬁ?@%ﬁdr@%’ﬁb?%g’nt FSHis preferred. For treating .
human paifiRefefendelinereasiagashiz haumbeSkcieaspsef erred. Preparations of the

i nvention may be isolated from conventional reconbi nant FSH, or they may be
i solated from FSH91Y+ preparations. 15 It is also an aspect of the

| nveny i opsfyer Ty gyilfiods BPHeIfdmiondrveaiyritcantiplowerspldoficoamt. using a
met hod that tHe Tnventors call "sialyl boosting" Recont;(bna‘?f? alys#=SH

(pr ef er r pobmad FStHe cBaticuiary prefieored-fory E&Fq??ﬁfgeqiﬁ?%yoar& PR FEE) . or uri nary
FSH may be suhje . i ) ' t 4149 mre breferredayere, such
as a 20 BWW@B%{%"EE"%QW%’% éir:é :ﬁié(bll %Bﬁ'%%‘f‘ P%unl %brgbglaill t?ansff lgrr asg, I n the
pr esencegRkehavingl dverage pl's Bsadhan bor aboatiZe 46V3-&i hPi %*4a§-i3cﬂ"da£2descr i bed

in WO 98/31826 ( el . Corporation),. I I nant

si al yl t r wilbfdegseR ffPrﬁger%#'"gge%%‘gﬁ'fé%E;%agir%g%’gf 'acombi nant

sial yhtransferases, are found in, for exanple, US Patent No. 5,541, 083
(University of California; Angen). A

; t | eas di fferent .ian 25
si al yl t r émall embodimends of B’&'HVWHP@&"@%E g pﬁ?ﬁﬂ'?ab{%??ﬁg%ﬁ n of these
human patients, human recombinant FSH is preferred. Preparations of the
invention may be isolated from conventional recombinant FSH, or they may be
isolated from FSH®" preparations.

15
It is also an aspect of the invention to provide a method for enriching sialic acid -

content using a method that the inventors call “sialyl boosting”. Recombinant -
FSH (preferred) or recombinant FSHY* preparations (also preferred).or urinary
FSH may be subjected to sialyl boosting, by treating with an enzyme, such as a
20 glycosyl transferase, in particular sialyltransferase, in the presence of a sialic acid
donor, for example CMP-sialic acid, as described in WO 98/31826 (Cytel
Corporation). Examples of recombinant sialyltransferases, as well as methods of
producing recombinant sialyltransferases, are found in, for example, US Patent
No. 5,541,083 (University of California; Amgen). At least 15 different mammalian
25 sialyltransferases have been documented, and the cDNAs of thirteen of these
have been cloned. These cDNAs can be used for recombinant production of
sialyltransferases, which can then be used in the methods of the invention.

The sialyl transferase that is used will be able to transfer sialic acid to the
30 sequence Galf1, 4GlcNAc, which are the most common penultimate moieties
underlying the terminal sialic acid on sialylated glycoproteins. An example of a



have been cl oned. These cDNAs can be used for reconbi nant production of
sialyltransferases, which can then be used in the nethods of the invention.
The si al yWotsassser ase that is used will be able to transfrem/EPozalisel acid to
t he 30 sequence Galt31, 4G cNAc, which are the nost comon penul timate

noi eties wunderlying the termnal sialic acid on sialylated glycoproteins.
An exanpl e of a WO 03/035686 PCT/EP02/ 11501 18 sialyltransferase that nmay
be used is ST3Gl I1l, which is al sogeferred to as a
(2,3)-sialyltransferase (EC 2. 4.99. 63 . This enzyme catal yses the transfer
of sialic acid to the Gal of a Gai-R-1, 3-gl ycosyl NAc or

Gal -0-1, 4-gl ycosyl NAc gl ycosi de 23 _The ﬂbal i_%.acild i sf | i ngegs %o a

gal act osjdlylf@msferasedhatiaaypemserds SIBHR ot 52180 LETRrRd 143 Bet ween t he
two sac i des,  Li f ' italpsdy@etrarisher cf-sfxtisi ti on of
NeuAc aiﬁ%@?@trwg%sng%Z-a@éﬁﬂ'ﬁﬁazy fﬁri%c%ali?al? enzyne can be, jssol ated
from r atycld teahaGal oha Galsfan, 3e@EasyNAd oy Sabhi b2goRaYBA@Mesde e known,
facilitating production qof this enzy . b hon. In a
preferr J@%‘i’r@bﬂﬁ’%!ﬁ'!"?‘?ﬁgoﬁ %'9@8??‘(5?%%”&!'%@@% W@éﬂg%é‘ﬁ?é@f‘e"??f‘ (preferably
f ron\FlO &@g gﬁ%@%ﬁ@én 1N twalsdethatideS ThigRage of BEHBrtharidesTisBRIWean ST6Gal NAC
I, o a] c I'l, nore preferablly;i S"Ic')? _b{.l %TG'GaI é‘ g];%(rﬁ)l IV,
ST6Gal Ithe @posikB@fiNanAGanéthe3Posiire ?abyr i3 PaCUIRE PRI AT om r at .
The amount, of. sial v/, %ﬂﬁ‘ﬁ HA2P KOBNAsdduentesge of at or
about 5030'§gedrﬁ?rﬁé¥h'r\r%‘:%ﬁg oérhp‘gis\lé %I?jeggﬁ(ggl_y at or d611bout 5-25 U per
my of FShowrkfssiitatrigpreduetiorcohttis enzyme by recomiinant XPERssian- SPa v
transferase wi|l pe at or, about.10- FSHNE ration

wi Il be prefesredgmbedim /tHF.s'a?ﬁ?P&'? E‘%@@&%?@??P@' roduce Ifg%?—l] enri ched
in ag di o S3heiPy, BTicanssreGany ST36al ¥ Sieal Iy 8TEGBINAGL 0br Ot her wi se,

S o asehoonoes praimob ST Rea TICSEAGR 57360) U SrRErg=c, voi oh
sequenc eé(}'gpﬁf}vr woﬁgélrﬁtcﬁ@ﬁz)pg?@émy grgcaPnPEomeatt DNA codi ng sequences.

Al t er nat geno the cell contains endogenous sequences
encodi ng sialyltransferase, a construct causing the expression of FSH

The amount of sialyl transferase will preferably be in the range of at or about 50
15 mU per mg of FSH or less, preferably at or about 5-25 mU per mg of FSH.

Under preferred conditions the concentration of sialyl transferase will be at or -

about 10-50 mU/ml, and the FSH concentration will be at or about 2 mg/ml. .

it is also possible to produce FSH enriched in acidic isoforms by transfecting a -

20 cell, recombinant or otherwise, that is expressing FSH, with a gene encoding a-
sialyltransferase, which gene is expressible in the cell. The gene may comprise
genomic coding sequences (i.e. with introns) or it may comprise cDNA coding
sequences. Alternatively, if the genome of the cell contains endogenous
sequences encoding sialyliransferase, a construct causing the expression of FSH

25 may be inserted into the genome of the cell. The expression of sialyltransferase
may be increased by inserting non-native regulatory sequences, active in the cell,
in operative connection to the endogenous sequences encoding |
sialyltransferase. ltis also possible to insert an amplifiable gene in operative
connection to the sequences encoding sialyltransferase, so as to cause

30 amplification of the genomic sialyltransferase encoding sequences. These



25 may be inserted into the genone of the cell. The expression of
sialyltransferase mnmay be increased by inserting non-native regulatory
sequenceswoasisises i n the cell, in operative connection t@CrhEPoEndogenous
sequences encoding sialyltransferase. It is also possible to insert an
anplifiable gene in operative connection to the sequences encodi ng
sialyltransferase, so as to cause 30 anplification of the genomc

si al yl transferase encodi ng sequences,. These WO 03/ 035686 PCT/ EP02/11501 19

mani pul ati ons may be perfornmed usi nélgnorml ogous reconbi nation, for exanple,

as described in EP 0 505 500 (Applied Research Systens ARS Holding N V.).

The degree of sialylation of an FSH preparation | so_be increased by 5
sel ect i mgardpuations may beestosined L@fngrm%gﬁ%feq@%?%ﬁn’ f&RREBE o favour

sialylation Such, cellss dréti SitbRARS Hodiag M. )i nese

Hamst er asd}agpg} %cglr\clg‘gtoﬁ%qg'@(&pﬁ%g@h%%l evel gg of sialylt ragsf erases. An FSH
preparation prepared in such a cell may further be subjected to an

i sol ation met hod, as

S mention erein,..j 1 &y sof orns havin
a hi gh dewrdegree Ogﬁ'ﬁlyﬁt&“i‘?fr?“e‘g%% W’é‘éﬁ?'&‘%@%@%ﬁ%. on yof an FSH :
PrePay at 'e‘i’ébtigp% Qlis8r BeproBein of RsbombinanitRSH ived iskuakn ta taxout s expr essi ng
, “pr et erabrPy

reconbi nant FSH, under . conditio t hat a high level
of si al ydialyfation. Suehgelds insludeesplasied a%@%&e'hiﬂ%‘{}gﬁf'@ﬁ%ﬂ%%ﬁsg‘g{ he culture
medi a wi th inhibitaor f LR royarall dir AGtFSH prépuratiarel | ul ar
precurso §a‘3'd’|e'"§h}ﬁ?ie%p'gecsfsg'?@@%tqh%sﬁg?ﬁguch fggasa_cetﬁl rran?osw%rri ne. An FSH
prepar at haparidiRuen alelianayp furthec besubjestecctoran isplgtien meihed@Sher be

subj ected to an isolation nethod, a W) ! &F i L bf afpdticho 1 sol ate
i sof or nsmentioney Belkiny N AgF K215 %‘%@ﬁi}ﬁﬁt".‘ Sk agﬁ'fdésqu?w ffjfiio ng is
used,~it is desirable that prior to enzymatic sialylation, the FSH
pr epw ation have a high Al, so _as to gr Vi de malné bant&gngg Bgr at t achnent
of  si al Theadegteerafsialyigtion pf @ ESEIGPRIAIoRHIRLASAE AFE PN of nore than
ZLOSI Zigolﬂ}rin%gzao celRaEisPSirEdstty HsH! prefétabl reasiabmantSHl, undere than at or
cémditions that favour a high level of sialylation. Sialylation may be favoured by
supplementing the culture media with inhibitors of neuraminidase and/or direct
15 intraceliular precursors for sialic acid synthesis, such as acetylmannosamine. An
FSH preparation prepared under such culturing conditions may further be
subjected to an isolation method, as mentioned herein, in order to isolate

isoforms having a high degree of sialylation.

20  If sialyl boosting is used, itis desirable that prior to enzymatic sialylation, the ‘FSH
preparation have a high Al, so as to provide many antennae for attachment of
sialic acid residues. Preferably the FSH should have an Al of more than at or
about 220, more preferably it should have an Al of more than at or about 240,
and more particularly preferably it should have an Al of more than about 270.

25  FSH having higher Al's may be isolated, for example, using affinity
chromatography on concanavalin-A (Con-A) derivatised Sepharose, eluting with

a gradient of methyl-glucose, or by preparative HPLC.

The sialylation boosting method of the invention may advantageously be applied
30 to FSH preparations that have been modified to introduce one or more additional



and nore particularly preferably it should have an Al of nore than about
270. 25 FSH having higher Al's may be isolated, for exanple, using affinity
chr omat ogweph3sses concanaval i n- A (Con-A) derivati sed SephacCagepp2/elsot i ng
with a gradient of nethyl-glucose, or by preparative HPLC. The sialylation
boosti ng nethod of the invention may advantageously be applied 30 to FSH
preparations that have been nodified to introduce one or nore additional WO
03/ 035686 PCT/ EP02/11501 20 sites 8'%0 gl ycosyl ati on (FSH91Y+ preparations).
Such FSH'Y+ preparations may al so separated into those fractions having
high Al's prior to sialyl boosting. The invention includes FSH preparations

made by expressing FSH in cells that 5 are not glg*pabl e of si a%ation, and
then sukjites of glycosigatie-RSHET araparafings).i fch FSH crgRaralionf@akalsdos1 (Akzo

Nobel N.V.) describes, t he.expr | iy i muteins in the
uni - cel 108 $gPARIRY Y 83'«3053 g?é@oﬁiﬁvﬁ% ﬁég\ﬁl Fgﬁ)ggf?aﬁﬁt e?ér@g' havi ng

addi tional glycosylation sites. Dictyosteliumis not capable of sialylating
gl ycans. The invention includes FSH preparat i - SUb ing wld
type 10THeRSAvemtionineludes &bt REPEEH lmgﬂﬁ%&?ﬁﬁﬁﬁﬁggﬁg %g@%tsti ng.

ATt ere i altlor RAGSHIL R sialyRAtih, SRATRé Sitsiedtingitha FSMbtalsialyt babsfiagr &er of

si al ﬁ aten ma@ e 1solated using ion exchange chronmatograph I soel ectric
f ocussi ngxamplay WO 3084 $Akzp NobeldhVarassypaping %ﬁ?@%ﬂ%’gﬂg‘gﬁw A (Con- A).

15 The F of the iLnw L on. : ; i atg 200,

nor e préggraggl'?”tgfnﬁ 'ﬁgé%aﬁ’[ﬁ%ﬁ"%b%l&? %P’%ﬁ%”gﬁ W;ﬂ?grgr ably at | east

about 22QQ.yindraaditiendtglysdsskation sites.eDiyosteliunm isawt capable gds@lylating ~ 250, 260

or 270, wth degree of prefere i ncreasin Lth i | punber .

Ful 1y si alygan ciheramentiart ossies Far bisparitions fagte by bIEEAR B 608100

280, ?gepggﬁiaﬁn%i.{s‘@( KINADibyostelidiAXo syl popstirfger red FSH preparati ons
in 0

acco e 1nvention have a Z-nunber of at or about 230 to at or
about 280. The FSH preparations of the invention are prepared to

consi st e[&tftley sig@/\lgogsting, FSH preparations having the desired degree of sialylation
may be isolated using ion exchange chromatography, isoelectric focussing,
:chromatofocussing, or chromatography on Concanavalin-A (Con-A).
15 .
The FSH of the invention has a Z-number of at least at or about 200, more
preferably at least at or about 210, particularly preferably at least about 220,
more particularly preferably at least about 230, 240, 250, 260 or 270, with degree
of preference increasing with increasing Z-number. Fully sialylated FSH has a
20 Z-number of at or about 230 to at or about 280, depending on the antennarity
index. Very preferred FSH preparations according to the invention have a
Z-number of at or about 230 to at or about 280.

The FSH preparations of fhe invention are prepared to consistently have a
25  Z-number of at least at or about 200, or the preferred Z-numbers mentioned
above. The FSH of the invention may be isolated from a mixture of isoforms
using a number of methods that will be known to one skilled in the art. For
example, isoelectric focussing, chromatofocussing or ion-exchange
chromatography may be used to separate the isoforms on the basis of pl. The
30 different fractions can be analysed for sialic acid content, and the desired

fractions selected for use. An example of suitable conditions for jon-exchange



25 Z-nunber of at |east at or about 200, or the preferred Z-nunbers

menti oned above. The FSH of the invention may be isolated froma m xture
of i sof orwe 0303368 a nunber of methods that will be knownPCa/EPop1skill ed in
the art. For exanple, isoelectric focussing, chromatofocussing or

i on- exchange chr.omat ography nmay be used to separate the isoforms on the
basis of pl. The 30 different fractions can be analysed for sialic acid
content, and the desired fractionsezsel ected for use. An exanpl e of
suitable conditions for ion-exchang 1\/\D 03/ 035686 PCT/ EP02/11501 21
chromat ography is given in the Exanples. Such separation nethods can be

used to isolate FSH of the invention fron}]conve tion Igﬁ prﬁggced rFSH or
uri narycﬁfé}métugﬂﬁhy imgiven imthe bramples: HNSEPHBFIEFEYS %80 6r ms £ r om FSH

treated wi h S| %&% H:%?-ﬁgﬁhg ARtiBh flde cGﬁ\m?ftlthﬁyﬂﬁiEdlm%Qﬂ rESEloni ques

ment i on&§® oneé ‘aspect, the invention provid m}ﬁﬁar maceut i cal
conposi wrmary:mmr(ussﬁg, orHﬁHa&bemwldr’ig isabaterdesirad dsafeps P aving a

Z- nunber of “at at_or about 0 di mum
Z- nunbertregted wiih ﬁlai\hté %fﬁ@“i’@)or%ﬁjﬁ’ﬁ" ?69%@'@%@@%? g{@gf}%g{%&gﬁl ons can be
usedgto \gul ate follicul ogenesis, for exanple in conjunction wth

ovul gt i on I nduction or assisted reproduct Ive techniques (ART). Because the
FSH of the invention is particularly effective in inducing multiple

fol 1i'cl g 1o devel 40, i bobiddsta piarhmicelufedl domposiionatprisiny use i

esrr o collect nmultiple ooc 15 Alternatively,

vm t h carieQHlacb@ldinyﬂortgemivmuen dios havirgHa anumléer qf\?é?(ﬁ%ﬁ %@b used to

i nduce nono- f ol I| eS| s.fo fi s (up to about
three f%q)Q:iRE‘Pfég? ﬁ%s rl’ﬂf'BV’lUfThQ\:h \@?%%l@?ﬂ% ?/b%g&]! ol I'i cul ogenesi s
can g SO?P%— Eﬁ’éaﬂ%@ mifiositioAs tan beadkedds stivfuldistolliaiogenssis, fQ!quent dosi ng
as conpare

T e oouchon wib YA BHOM LR PRy g o' T 7D, 21,
three daYechn%'her PARY).08865use the FSH of the invention is particularly effective in
inducing multiple follicles to develop and mature, it is particularly suitable for use
, in ART, in which it is desired to collect multiple oocytes.

15 |
Alternatively, with careful tailoring of the dose, FSH of the invention may be used
to induce mono-folliculogenesis for Ol, or paucifolliculogenesis (up to about three
follicles) for 1Ul, for in vivo fertilisation. Mono-folliculogenesis can also be
attained with a reduced dose of FSH, or less frequent dosing as compared with

20 conventional FSH preparations. For example, in Ol an FSH preparation of the
invention may be administered at 225-400 IU every three days, or lower doses,

depending on the patient response. Patient response may be followed by

sonography.

25 The FSH of the invention will typically be formulated as a pharmaceutical
composition, which will additionally comprise a diluent or excipient. A person
skilled in the art is aware of a whole variety of such diluents or excipients suitable

to formulate a pharmaceutical composition.

ESH of the invention is typically formulated as a unit dosage in the form of a solid
30 ready for dissolution to form a sterile injectable solution for intramuscular or



depending on the patient response. Patient response may be foll owed by
sonography. 25 The FSH of the invention will typically be fornmulated as a
phar maceuwwDaalodses®nposi ti on, which will additionally conpPCIEPa2/tisbuent or
excipient. A person skilled in the art is aware of a whole variety of such
di luents or excipients suitable to fornmulate a pharnmaceutical conposition
FSH of the invention is typically fornulated as a unit dosage in the form
of a solid 30 ready for dissolution ?o forma sterile injectable solution
for intramuscular or WO 03/ 035686 PC% EPO2/ 11501 22 subcut aneous use. The
solid usually results fromlyophilisation. Typical excipients and carriers

i ncl ude sucrose, | act ose SOdI chl ri : odi um
phosphat SAYRIEAS USRS\ ‘Bh‘(ﬁ%“f?ﬁgt geesgltg;fsr{)rg l h"%g %t po%aF
prSepa][ ed%,@{ ,ghdsutahagcgw“@rg \lmagdefmcmge,el@btcse lsmiaﬂnacmbydqar buffemng 5 use.
FSH of t

I nvention may al so be formyl at 0 onL ection,
corrprl si a@emﬁwk@fsoﬁwmsﬂh@ﬁt@oﬁﬂﬁa%ﬁﬁpg ?ﬁfr@t@tﬁﬁa 8iFedipa G- gt'??ers known
0
one Jgh (J)r?ﬂldafnb%ggeéfd;r{acll E’%’%" hﬁ%ﬁrﬁ? C%é;{t)eﬂtﬁnm@éﬁcsﬁ irﬁmeamfew@nusaﬂ in a

cont roll OVaF] | at regi'men. Standard regi mens27 for
CCOH imcl uge a down-regul ati on phase in which endogenous | uteinising
hormone (LH) is down-regulated by . admnistration of a gonadotrophin

rel easi ng hornone (GhRH) agoni st followed by 15 a stinulatory phase in

\MdH ch f oFkirefthe fuiil];)@f‘liﬁ}mﬁﬂIi>f|'i@ﬂéls()b@lfbnrnfmulataa@m‘m%rssI)J’mmssfomliyectimh by daily ;

adm nistration of follicle sti sua or about

75- 600 | mmwsmgreéw&félﬂﬁ pxelpiepis %B{)E&?%ggs@éﬁﬁo&fdgﬁ {‘ %‘Y"?\Pel y

stinul at | ﬁe skﬁlg Hd&¢ Wth FSH after spontaneous or induced menstruation,
m ni st rat

fol | owe ion of a GhRH antagonist (typically starting around
day 940x of the 20 stinulatory phase). Wien there are at least 3 follicles

>16 mm ( %1% FoéH %)?thrg'a'\Ver?tion may be used in a controlled ovarian hyperstimulation -
(COH) regimén. Standard regimens® for COH include a down-regulation phase
_ in which endogenous luteinising hormone (LH) is down-regulated by -

administration of a gonadofrophin releasing hormone (GnRH) agonist followed by

15 a stimulatory phase in which follicular development (folliculogenesis) is induced
by daily administration of follicle stimulating hormone (FSH), usually at or about
75-600 1U/day, preferably at or about 150-225 IU/day. Alternatively stimulationiis
started with FSH after spontaneous or induced menstruation, followed by
administration of a GnRH-antagonist (typically starting around day six of the

20 stimulatory phase). When there are at least 3 follicles >16 mm (one of 18 mm), a
single bolus of hCG (5-10,000 [U) is given to mimic the natural LH surge and
induce ovulation. The hCG injection is typically administered on any one of days
10 to 14, but may be administered later, depending on when the above
parameters are met. Oocyte recovery is timed for 36-38 hours after the hCG

25 injection.

The FSH of the invention may also be used for Ol and IUl. For example, FSH
stimulation with a preparation of the invention is started after spontaneous or
induced menstruation, at a daily dose of 75-150 IU. When 1 or 3 follicles have
30 reached a diameter of at least 16 mm, a single bolus of hCG is administered to
induce ovulation. Insemination is performed in vivo, by regular intercourse or UL



single bolus of hCG (5-10,000 IU) is given to mmc the natural LH surge
and induce ovulation. The hCGinjection is typically adm nistered on any
one of dawye 0308568® 14, but nay be admi nistered | ater, dep@adinpg2/orsowhen the
above paraneters are nmet. QOocyte recovery is tinmed for 36-38 hours after
the hCG 25 injection. The FSH of the invention may al so be used for 01 and
Ul . For exanple, FSH stinulation with a preparation of the invention is
started after spontaneous or induc menstruation, at a daily dose of
75-150 1U. When 1 or 3 follicles have 30 reached a dianeter of at |east 16
mm a single bolus of hCGis adm nistered to induce ovul ati on.

I nsem nation is perforned in vivo, by regular intercourse or U WO

03/ 035686 PCT/ EP02/ 11501 23 Because the FSH of the invention has an

| ncreas ‘igeg‘é@% ggeglys ' dtnd FRBRESN fags ah RMBaded blbaRANM Fedpect foegi mens such

as that above may enpl ower | U doses of FSH, and/or may be
modi f i eknbwndiSH pespargtidris régimenssuchas dhatslespabedabovihmay esglP¥vi ng t he

bet t L inot f i ali L f follicles.
For - exarpvel U aps ot PaeiraRRL PR o e Bl cBftattheFt e L re € S
fol l'gcul SfdrSpafrid, Mhileclohrvig th lsamet ordretiab cegpohise. libGetns of SH,

preferably at or about 50-100, m)re%r;eferablé lrEr about 50f§ | U FSH:
Dosi ng afunsis ang iability|of falliclas.qEPY GxapPIgelFing Pﬁ% REgparalqn.oi i ng period
may 10 h : .%ﬁes' .achlcobanathl at dredsut barsatiuor about
12 days,'ﬁﬁ%'ﬁg)?\’ 5@%@%5@?% SS Esﬂrg%???aor about 11 cl;r 10 dai;s. For 01, the
FSH pr epr$H} preferably dtloe abouks-160, mese preferably @t of abedf 23-738d&SH:r om  25- 150

| nf ort1 | DBinG o FREE oAty o A Ay or SRE Akt digThé B6phb RN, (RIS
150 {p 30Q1dsHinGekt sdbdut Iaelays] prefarablysesscthahabof abautst2 daysqoare f or

i nsem nation, either through re/g/tjl ai i.ntercourse or ART techniques. 20 The
i nvent or preferablerless than atonmBovLEE Oh1R A% of i ncreased efficacy, FSH

For O, the FSH preparations of the invention may be administered at doses from
25-150 IU FSH/day, preferably, 50-125 IU FSH/day.

15 |
For the treatment of male infertility, an FSH preparation of the invention may be
administered at 3 X 150 to 300 1U/week until spermatogenesis reaches levels: -
adequate for insemination, either through regular intercourse or ART techniques. -

20 The inventors have further found that because of increased efficacy, FSH
preparations having a Z-number of at least at or about 200 may be administered
less frequently than FSH preparations having a Z-number of less than 200. (For
the purposes of this description, the terms FSH*2% FSH'' FSH'®, etc. will be
used to represent FSH preparations having Z-numbers in the range of at or about

25  200-210, 211-220, 221-230, etc.) This means that patients who would normally
require, for example 150 1U of conventional FSH every day to achieve adequate
folliculogenesis, can achieve the same result with, for example, 225 U of
ESH™2™, every three days, or 300 1U of FSH"®, every four days. Because of the
increased efficacy of FSH'2%, as compared with conventional FSH preparations,

30 the above-quoted dosages may be decreased in those patients showing a good
response. With FSH preparations of the invention having Z-numbers not less



preparations having a Z-nunber of at |east at or about 200 may be

adm nistered |less frequently than FSH preparations having a Z-nunber of

| ess t harwd®@3/0336BOr the purposes of this description, thecr@apy1BsH+200,
FSH+210, FSH+22, etc. will be wused to represent FSH preparations having
Z-nunbers in the range of at or about 25 200-210, 211-220, 221-230, etc.)
This neans that patients who would nornmally require, for exanple 150 IU of
conventional FSH every day to achiev§4adequate follicul ogenesis, can
achieve the sane result with, for exanple, 225 IU of FSH+200, every three
days, or 300 | U of FSH+200, every four days. Because of the increased

ffi f FSH+200 . d w,th ' | [ , 30 th
Cbove. qubtae e aagus2 0, BaY Reansaisd v MeaiSorly pLo RRE 475 3 1

response g,V itR8 $esHorlsh®f ity patidrth Response maybeber s not | ess
W0 b3 osaNe flals deREAAALh ARG fedto P b

01 24 than at or about 38, | t E%:y tﬁe possible to
gi ve i nj evaiuatesl ynsgnagvephy. ANdier byimeasiring SepWR sgipdiol l?é’ﬁ d?HE" on the
response of the pati +28, . QUIFRHIY!C and/ or
by measurpi S ErMELS e aP SRR, AT ¥R %’Sﬁ?‘gﬁ‘?g%ﬁé’?ﬁenwe as
fol | ops: eyef thkbddiys? 205 ev 809 IUESHEPevepplour dapsiB8R 108 IEFSH T hr ee days;

275 or 300 I'U FSH+21 ry f gays;  8Q- X 2y days;
180- 200 IWGWY&égé‘%mg%éys;evf%ﬁgéggﬁk#@%&g{/gr%ﬁ fgg%days;
75-100 1y 3059061y HSW2Waery SO daRs) 170-FBHIPBSHR? gverytee days; and
250- 300 U FSH+230 every four..days; 275-400;U@§@égg\7@yer five days;
375- 450 |daysSand380-3081Y RSH*Teyery fosndays; 378- er?"%’é!ﬁé’ﬁ'days. 10

on 1ol 11RO TRy L o R T o e Yor P her Yace i n C

on IS i surabl e 1 nmprovenent "or increase in the
nunbeyp and/or viability of follicles in an individual, for exanple, when
conmpared with th

e _nunmher..and/ or. viahl |ty GRS Al or nore
patients thetr@dd "\ﬁf‘fq?régr?ch?c qlﬂs\}éﬁegmer!a' a8 %P'Eﬁ#@%'ggaﬂt‘j %ffg@%nned inthe
convent | %pi'c RYERSIS IncRItREIaRY musiurhbleiimpreenterit or raregsedh tikSAumger ng a
Z-nunber o Pess t han 200. Prefer abla/, ith th
and/or viability of follicles in an-individual, for example, when compared with the
number and/or viability of follicles in one or more patients treated with an
15 equivalent dose (IU/IU), as determined in the conventional assay of ovarian

weight increase in rats, of FSH having a Z-number of less than 200. Preferably .~
the improvement or increase will be a statistically significant one, preferably with
a probability value of <0.05. Methods of determining the statistical significance .of

results are well known and documented in the art and any appropriate method

20 may be used.

The invention will be illustrated with the following, non-limiting examples.



the i nprovement or increase wll be a statistically significant one,
preferably with. a probability value of <0.05. Methods of determ ning the
statisticalb ogiogssBé i cance. of results are well known and aoTmpenissdi i n t he
art and any appropriate nethod 20 may be used. The invention wll be
illustrated with the follow ng, non-limting exanples. WO 03/ 035686

PCT/ EPO2/ 11501 25 Exanples Exanple | Determ nation of Z-nunber 5 d ycan
mappi ng all ows the determ nation of t Z-nunber of a glycoprotein. @ ycan
noi eties were rel eased fromreconbin human FSH, using Oxford

G ycoSci ences d ycoPrep(r) 1000 fully automated instrunent or equival ent,
with 10 hydrazine at 100C for 5 hours. The gl ycan species were separated

f rom unr &@mpleshydr azi ne and anmino acid hydrazi des using a coated gl ass
bead columm. G ycan species were eluted with a sodium acetate reagent. 15
The glycan species were acetylated with acetic anhydride. Excess reagents
wer e rempBs@snplesi ng a m xed-bed ion-exchange col um. Any unreduced gl ycan
speci es igetemhiretiondof Z-rumbénit e acetate buffer solution. 20 dycan species
were gollected on a 0.5 mfilter (Oxford GycoSci ences) and |yophilised.

The dried glycan species were | abelled hy reacti ith a reductant having
a fl uor ofblyean mpﬁaawséhezlﬂéﬁmwaﬂ} e -wm!ggrAg)a @M‘&%Drm Cldi ¢
conditions, for 120 mn at 65C. 25 The | abelled glycan species were
separated from excess reagents using a hydrophilic adsorption nenbrane
that r et aBlysan hwialiegoreregplecised fromheecgmpirant humad RSHwsiBg QA der ed i n

water andG y&géc%gnéésoéﬁ/@oﬁpé i 168(5 ﬂf@ta%rﬂ%id(instrument or equivalent, with
10  hydrazine at 100°C for 5 hours.

The glycan species were separated from unreacted hydrazine and amino acid
' hydrazides using a coated glass bead column. Glycan species were eluted with
a sodium acetate reagent.
15 '
The glycan species were acetylated with acetic anhydride. Excess reagents
were removed, using a mixed-bed ion-exchange column. Any unreduced glycan
" species is collected in a dilute acetate buffer solution.

20 Glycan species were collected on a 0.5 m filter (Oxford GlycoSciences) and
lyophilised. The dried glycan species were labelled by reacting with a reductant
having a fluorophore (for example, 2-aminobenzamide or 2-AB) under acidic
conditions, for 120 min at 65°C.

25  The labelled glycan species were separated from excess reagents using a
hydrophilic adsorption membrane that retains the glycan species. The glycan
species were recovered in water and stored frozen until chromatographic

separation.

30 Thelabelled glycan species were separated by anion-exchange chromatography.

The chromatographic procedure is performed as follows:



separation. 30 The | abelled glycan species were separated by ani on-exchange
chromat ography. The chromat ographic procedure is perforned as follows: WO
03/ 035686WP@3/E88R2/ 11501 26 The columm is a G ycoSep(r) PCTEPOUYMINL 4. 6 X
100 mm packed with polyner coated divinyl benzene resin (5 m The nobile
phase has a flowrate of 0.4 m/mn: Mbile phase A: Acetonitrile

(chromat ographic grade) 5 Mobile phase B: Amoni um acetate 500 nM pH 4.5
Mobi |l e phase C. U trapure water Detggtion is with a fluorineter set at

a' excitation: 330 nmand em ssion: 420 nm Elution is under the foll ow ng
elution conditions: Initial conditions: 20 % phase A, 80% phase C 10 Li near

gradi ent phase B (0.25 % per mun) frompb.t 1 m e const ant .
Li near gr afileRelUpiHiS& E@PGESE@‘?/&B'&F'%‘W XﬁP@rﬁ‘@lB?%@lwﬁﬁﬁgﬁg@% phase A
const ant . ca_éiéd@ﬁ)imehieﬁ@téﬁﬂm? at a tenperature of 302C. 15" The

gl ycan species elut’e according to their charge fromneutral, nono-, di-,

tri- anc t%he ambilkyihasedaspeliow sate af QybmYHliN:chr omat ogrami's shown in Figure

1. . In the t.al ned chto ; rouped according to the

range of 20%?%9'%&%%#‘{"ié%tst(?'{?\ikmc%gﬁaeg%nd Foa°<1t e degrees of sialylation

listed in Ta%@bi[%pha'&ﬂﬂrﬁmmﬁlmmtétaheﬁﬂ@nﬂ\ﬂapﬂ4c5|arge numbers for glycans
F

released from rFSH Retention times mn. G can species Charge nunber 2 to
4 Neutral 0 1Mokile @'Fq%&o‘é‘t %er

APYTSYVa’ Prono
e Detection is with a fluorimeter setat A_, . ...: 330 nm and A on- 420 DY
e Elution is under the following elution conditions:
Initial conditions: 20 % phase A, 80% phase C
10 Linear gradient phase B (0.25 % per min) from 5 to 21 min, 20% phase A

constant.
Linear gradient phase B (0.525 % per min) from 21 to 61 min, 20% phase
A constant.
e The column is maintained at a temperature of 30+2°C.
15 '
The glycan species elute according to their charge from neutral, mono-, di-, tri-
and tetrasialylated species. A typical chromatogram is shown in Figure 1.

In the obtained chromatogram, the peaks were grouped according to the range of
20 retention times which correspond to the degrees of sialylation listed in Table 1.

Table 1: retention times and charge numbers for glycans released from
rFSH

Retention times (min.) Glycan species Charge number

2t04 Neutral 0

15 to 21 Monosialylated Pmono

211035 Disialylated Pai

351045 Trisialylated Pui

45 to 52 Tetrasialylated Pieira




21 to 35 Disial lated Pdi 35 to 45 Trisialylated Ptri 45 to 52 Tetrasi al
| ated Ptetra WD 03/035686 PCT/EP02/ 11501 27 The results for each glycan
group werwoaspswsced as the percent of the total area of pchgEpde/ifser ent
gl ycan groups (neutral, nono-, di-, tri- and tetra-) and a Z-nunber is
calculated fromthe proportions of the different species (Pglycan): Z =
P nmono + 2 Pdi + 3 Ptri + 4 Ptetra 5 Exanple 2 Determ nation of
antennarity index (A') 10 The gl yca‘r;% were rel eased fromthe peptide
backbone by hydrazinolysis, and th fluorescently | abelled using

2- am nobenzam de (2-AB), as detailed in Exanple 1. The 2-AB | abelled

gl ycans were desialylated enzymatically with sialidase (Vibrio 15

chol er aejhd res@Edfombaigtysan grauewareexiiessedas Kie RETRPRLPIAbe FRIAIPR | um

chloride for 18 hours at : | Rt ey +0. LphdFasendhserused for
gl ycans qu%glﬁégqr\ip{){cﬁa Q!]%"ZH% fr@%‘?ﬁﬂ‘g@ ’S&Io’ftﬁr%@s{l-él.t@%ﬁﬂgsi al yl at ed

gl ycans jweaRuBtéERomtHe propstions ofitte sifferent specied(@ghebale 20 separation by
preparatory reverse-phase HPLC, under the followi ng conditions: The

colum was a dycoSep(r) R colum; The nobile phase had a flowrate of 0.7
m/mn. Eluent A amonigim acet at/f o0 Pp 6.9 2pptl uent B: ammmoni um
acetate 50mM pH &. 0 Tont aiom nd 800§@bt nitrife; ~ Dete®? on was with a
fluorinmeter set at excitation = 330 nm; 2em ssion = 420 nm Col um
tenperature: 30C. Prior to application to the columm, dried sanples were
reconstituted with Eluent A 30 (200 1) : 50 | of this solution was

appl i ed. Example 2

Determination of antennarity index (Al)

10  The glycans were released from the peptide backbone by hydrazinolysis, and
then fluorescently labelled using 2-aminobenzamide (2-AB), as detailed in

Example 1.

The 2-AB labelled glycans were desialylated enzymatically with sialidase (Vibrio
15  cholerae) in 250 mM ammonium acetate, pH 5.5 containing 20 mM calcium
chloride for 18 hours at 37°C. Approximately 0.05 U sialidase are used for

glycans from a starting quantity of 100 g of rhFSH.

The desialylated glycans were dried under vacuum and stored at -20°C before
20 separation by preparatory reverse-phase HPLC, under the following conditions:

e The column was a GlycoSep® R column;
« The mobile phase had a flow rate of 0.7 ml/min.
Eluent A: ammonium acetate 50 mM, pH 6.0;
25 Eluent B: ammonium acetate 50mM, pH 6.0 containing 8% acetonitrile;

e Detection was with a fluorimeter set at Aexcitation = 330 NM ; Aemission = 420 nm.

e Column temperature: 30°C.

Prior to application to the column, dried samples were reconstituted with Eluent A

30 (200 pl) : 50 pl of this solution was applied.



(mn) 55%A ; 4598 t = 15 (min) 55%A ; 4598 5t =70 (mn) 0% 1009Bt =
75 (min) WOA30IBRYB t = 76 (mn) 55%A ; 4598 Peaks are asirgrenitsol di -
tri-and tetra- antennary, using El ectrospray mass 10 spectronetry ( ESMS)
and Matrix Assisted Laser Desorption lonisation Tinme-O- Flight nmass
spectronetry (MALDI - TOF MS). Results are expressed as rel ative percentages
P of di-antennary; tri-antennary %8t etra-antennary, with 100% bei ng the
sum of all glycans. The Al is then 15"cal cul ated using the foll ow ng
equation: Al =2 Pdi + 3 Ptn +. 4 Ptetra wherein Al is antennarity index,
and Pd;, Ptr;-and Ptetra are the percentage of total 20 carbohydrate that
is di-, Thefollowing gradierveascired : respectively. Exanple 3 Separation of FSH
into fractions based on degree of sialylation 25 Reconbi nant FSH was

separated into aci bassﬂaAfr G/tB ons using ani on exchange
chromat ogr aphy on < ég The columm used was 0 1.6 x 20 cm (XK
tg: O/Axb' é‘@ry scale purification (approxinmately

Pharmaci a or equiv
60 ngPbul k protein 0 cm (Vant adge Am con or equival ent)

for larger scale p T il ' wi t h DEAE - Sepharose FF resin; The
mobi | e phase had at ¥l &/W%)tef’ 0 cm hour WD 03/ 035686 PCT/ EP02/ 11501
29 Equilibration buffer 1. 2M Tr| S- HCI pH 7.00.1

Peaks are assigned to di- fri-and tetra- antennary, using Electrospray mass
10  spectrometry (ESMS) and Matrix Assisted Laser Desorption lonisation Time-Of-
Flight mass spectrometry (MALDI-TOF MS).

WO 03/ 035686 PCT/EP02/11501 28 The following gradient was used : t =0

Results are expressed as relative percentages P of di-antennary ; tri-antennary
and tetra-antennary, with 100% being the sum of all glycans. The Al is then
15 calculated using the following equation:

wherein Al is antennarity index, and Pg;, Pyi'and Peta are the percentage of total
20 carbohydrate that is di-, tri- and tetra-branched respectively.

Example 3
Separation of FSH into fractions based on degree of sialylation

25 Recombinant FSH was separated into acidic and basic fractions using anion

exchange chromatography on DEAE-Sepharose FF.

e The column used was @ 1.6 x 20 cm ( XK Pharmacia or equivalent) for
laboratory scale purification (approximately 60 mg bulk protein), and & 3.4 x
30 40 cm (Vantadge Amicon or equivalent) for larger scale purifications, packed
with DEAE -Sepharose FF resin;
o The mobile phase had a flow rate of 150-250 cm/hour



Equilibration buffer 2: 25 mM Tris-HCl pH 7.00.1, conductivity 2.151.5

M5/ cm Elution buffer 1. 25nM Tris pH 7.00.1, 35 mM NaCl, conductivity 5.8
0.4 5 nwvoms(IssBe buffer elutes the nore basic isof orns. pCcTHPO2/IBN buf f er
2: 25nM Tris pH 7.00.1, 150nM NaCl, conductivity 18.3 0.5 nS/cm (This
buffer elutes the nore acidic isoforns.); Regeneration solution: 0.5M NaCH,
1 MNaC Storage solution: 10 mM NaOH 10 The col unm was mai nt ai ned at
233C or 5 3 C The FSH was prepared f&4 |oading on the colum as foll ows:
Frozen rhFSH bul k was thawed at 53C. After thaw ng was conplete, the
solution (3-4 ng of rhFSH, as estimated by optical density at 276.4 nm per

m of 15 resin)_ was dil uted | pH 7.00.1 in the foll ow ng

ratio: 1 par Eayflibpffondufigrd: ?Bﬂt%ﬁ' %@l H?h(gg-ﬂ bul k. The final concentration

of tris-HCl t 7 vith 2HH8+118M  The
%&g@iﬁlﬂy b‘fﬁ%. : ﬁﬂ@lsl'l‘?sdH@ gl 710204, @8ndudti

colum was p g with 3 bed volunes (BV) of NaOH 0.5 M 20
fol L.owed by n&innf wat er. Equilibration was carried out by flushing wth

fregsEYedOf FF ) l‘;rfgr‘?fégﬁglnggm f ﬁﬁlﬁtﬂ'ﬂlz@iﬁv& Wg@f&{) qU| WEI)’BE{'[ZI %ﬁSBUf fer

2. A rhFSH spaple Hﬁé@&u@%tﬁé%&e\@%ndn@@ldﬂﬂscynto the colum. After
| oadi'hg 25 wasS co rF‘gétsed the colum was flushed with 3 BV of

Equi | i br at i orElRidi buffer.2: 2BmMiTris ph1t7|:0i§| LrismMiNaQr candpedivith i3t art ed and

collection of the basigc frac sor bance val ue

(276.4 nm stx:p @PEH (,Th&bu@{@l%g ?ﬁﬁ'@} iIronﬁﬁ'?-bbed vol unes. The

el uent was t hﬁé‘%&{@?ﬂﬁﬂsélﬁ‘tlcﬁ{ @SMFN@W ¢KM NECP3/ 035686 PCT/ EP02/.11501 30
on of t

2, and coll ect e acidiCc fraction was started as soon as the
absorbance vaiomgg sotation:APMM MAOKH to rise, and was continued for 31 bed

\églngg&ts.ra;rgﬁ%é CHnovrdés‘&’%ﬁr‘ﬁafn@ﬁ%t%%eé‘c‘?udﬂ@ oé| trafiltration, in order to

The FSH was prepared for loading on the column as follows:

Frozen thFSH bulk was thawed at 5£3°C. After thawing was complete, the

solution (3-4 mg of rhFSH, as estimated by optical density at 276.4 nm, per ml of
15  resin) was diluted with 2M Tris-HCl pH 7.010.1 in the following ratio: 1 part of

buffer and 79 parts of rhFSH bulk. The final concentration of tris-HCl was 25 mM.

The pH was adjusted to 7.0+0.1 with HCl 1M.

The column was prepared by flushing with 3 bed volumes (BV) of NaOH 0.5 M

20 followed by 6 BV of water. Equilibration was carried out by flushing with 4-5 BV
of Equilibration Buffer 1, until a pH of approximately 7 was measured. Flushing
was then continued with 7-8 BV of Equilibration Buffer 2.

An rhFSH sample, prepared as above was loaded onto the column. After loading
25  was completed, the column was flushed with 3 BV of Equilibration Buffer 1.

Elution with Elution Buffer 1 was then started and collection of the basic fraction
was begun when the absorbance value (276.4 nm) started to rise, and was

continued for 20£1 bed volumes. The eluent was then changed to Elution Buffer



5 wthan ultrafiltration cell type 8400 (Am con or equival ent) equi pped
with a YM3 nenbrane for the basic fraction and with a YMLO for the acidic
fracti on.wRloB/osises operati ons were perforned at 53C. Exanpica/ePod0isal i ni cal
study conparing FSH i sof ornms The conparative efficacy on volunteers of two
experinmental rhFSH batches was assessed. 15 Two FSH preparations were
generated by splitting rhFSH in two fractions, using ion-exchange

chromat ogr aphy, as descri bed above, in Exanple 3. Batch A was deened
"acidic", and had a Z-nunber of 220 %‘?.e. acidic fraction from Exanple 3),
while Batch B was deened "basic" and had a Z-nunber of 160 (i.e. basic
fraction from Exanple 3). 20 Using the conventional assay of ovarian

wei ght i 7jameasdlection afttbe asidiofiaetionoras slarter as s990 aserrbSoRANEes | 1 ed to

contain approxjmtely, 150 | U FSH each. G L el d S of the two
bat ches @l &f&rT‘EHF\QEtE} PariQfeE: Ep&ﬁ@@ﬁggﬁﬁ@ﬂ%@?ﬁqnﬁde Lt"&%? since the
vials were filled by IU, the actual anmount of FSH in the anpoules of the

basi c Batch B was about 250% that of the acidic Ba%}ch A abau&1 24 g Vs
about 9 e fragias wasdben puhiectegp vitrafiitration, Ryder v coReePlAlRPPLY i o5 of FSH

Bat qd i S A o OYM3 FSH
cgnf tS %ﬁﬁ a@ﬁ@’@éﬁ%ﬁ@%%%gﬂh@&ﬁ e@qﬁgﬁfecﬁ%@g%&c{?ﬁ labi oactivity
19, 753 | iefbrand@fs thelbasic fizctiombed wihea ‘IBUOfﬂhn{?'@rﬁmlpff@Cﬂ%e&‘" &) 274 237

Specific bioactivity is cal cul at by dividing the activity in U by the
ng ght oeperations werd per?ormedC at Aled by 9 y y

]

Example 4
10 Clinical study comparing FSH isoforms

The comparative efficacy on volunteers of two experimental rhFSH batches was

assessed.

15 Two FSH preparations were geﬁerated by splitting rhFSH in two fractions, using-
ion;exchange chromatography, as described-above, in Example 3.Batch Awas .-
deemed “acidic”, and had a Z-number of 220 (i.e. acidic fraction from Example 3);
while Batch B was deemed “basic” and had a Z-number of 160 (i.e. basic fraction
from Example 3).

20 |
Using the conventional assay of ovarian weight increase in rats, ampoules of
batch A and batch B were filled to contain approximately 150 1U FSH each.

The characteristics of the two batches are presented in Table 2. It should be
25 noted that, since the vials were filled by 1U, the actual amount of FSH in the
ampoules of the basic Batch B was about 250% that of the acidic Batch A (about

24 pg Vs about 9 pg).



protein. 5 The patient group was 32 pre-nenopausal fenmale volunteers. The
patients were submtted to pituitary down-regulation by daily injections
of decapepDyB/gwsd ny). After 14 days, a sonographi c exarCmaPODNISMAS
performed and in the absence of cysts, stinmulation was started with rFSH
(150 U day) either Batch A or Batch B. 10 Follicular gromh was assessed
by sonography and serum E2 concentrations on a. daily basis. During FSH
stinmulation, follicles will develop and grow in dianeter. The follicles of
each patient were nmeasured and count%ﬂ on days 8 and 10 of stinulation, and
15 the nunber of follicles falling into the size categories 0-10 mm 11-15
mnm and 16-25 mmwere noted. In Figure 2, the average nunber of follicles
per patient falli ng into each cat egory |s shovvn for patlent groups treated

W t h acigdi-6—and of the sanelplot is
shown fio alﬁ]g? R‘ariﬁe{'ﬁz é’:lf %‘iﬂg‘?“'i%e“ (li,l ycr'h&lérgtquat while in the
basic group the Tollicle s|ze Batohok&sddio’ regyl ar IBato Bh‘bai;in‘b, the acidic
grOUp g ve I’I se tO a sSecaon r‘nhnrf JTF folli c cli ah dal f\\U\d In

..... 5 — fy eray¢
respect| t o EHid contest peni t h| a c§r75lé@{é‘§1ﬂ°u£ﬁ rong i n%$§e®é mpaUlELe” fol 1 cl e
formatijn, app 'lngtely dpubling that in the|basic group. This jsecond

cohort § ncreas N size gping fromday 8 to ¢ay 10 _The result §is that in
WO 03/ 03563§eBﬁHbEEQW|M501 3219 I753|ddin'1@nt gfoup tlé&@ an th "acidic"
FSH, on dav 10 t here were—bn—average tot-atof—18—F ”160 ctes—tar ger t han

11 mm J\,herea; "W"'P?Fe grou3 treat e?mth "basic" isoform the ayerage

nunber FAsr | than 11 apyg on day 10 was om37 11. 5 The average
total ny gtrgn(lr)]?ﬁ*yqﬁ?é)@ Mg n day 10.in the "acidic" group is-28 wher eas

in the _baS|c group it is 19. The average total fol |ICU| ar varhrre (TFV)
per patl %pec*’aﬁloac |V|{y r(‘:gﬁl:uijaﬁwgy dividing the activity in 1U by the weight of

protein.

The patient group was 32 pre-menopausal female volunteers. The patients were
submitted to pituitary down-regulation by daily injections of decapepty! (0.1 mg).
© After 14 days, a sonographic examination was performed and in the absence of
cysts, stimulation was started with rFSH (150 IU/day) either Batch A or Batch B.
10 - Follicular growth was assessed by éonography and serum E; concentrations on a-

daily basis.

During FSH stimulation, follicles will develop and grow in diameter. The follicles
of each patient were measured and counted on days 8 and 10 of stimulation, and

15 the number of follicles falling into the size categories 0-10 mm, 11-15 mm and
16-25 mm were noted. In Figure 2, the average number of follicles per patient
falling ihto each category is shown for patient groups treated with acidic and
basic isoforms, on day 8. In Figure 3, the same plot is shown for day 10.

20 The results of the study showed that while in the basic group the follicle size

| progressed regularly with time, the acidic group gave rise to a second cohort of
follicles, slightly delayed in respect to the first, with a consequent strong increase
in the follicle formation, approximately doubling that in the basic group. This
second cohort increased in size going from day 8 to day 10. The result is that in



10 sonography. TFV in the group receiving "acidic" FSH was 30% hi gher than
that in the group receiving 'basic" FSH FSH serumlevels in the patients,
measur ed Wy o3asie8é mmunoassay, were higher in the basic gremEPoasisexpect ed
fromthe protein mass injected; however the 15 difference was only about
30% (see Figure 4), as conpared with the admnistration difference of
250% in line with the higher netabolic endurance of the acidic fornmns.
Exanple 5 20 Separation of FSH into Eactions based on Antennarity | ndex
(Al') FSH preparations having higher than nornal antennarity indices can be
I solated wusing HPLC or affinity chromatography wth concanaval in A (Con-A)

derivati sed _Sepharose. aml e,, I al |yl

t r ansf er gk Hé‘?ﬁat‘?ﬁiwgﬁ g@ ?FEP{H‘?/?@[ ﬁg{ﬁ%‘%g ve EOelsa)q%é’

di ssol ve@tén%fbsff&ﬁaeéoargert&@nM1HﬁRE&haabbs7uﬁhe@tro@ geakentitibasit’ of 4. 3
mg/mM . To this solution was added reconbi nant rat Sldaa)” trans{erase

( ST3Gal | isbformethe avaiage nkmbes ef fliclesparggrthan 14 mm on 0 was on

cyti di neg ? nonophosphat e- N-acetyl neuraminic acid (CVP-NeuAc) as sialic WO
03/ 03568% ‘PCT/ EPO2/ 11501 33 acid donor at a concentration of 20 nM

Altermatively, the sialic acid donor may be generated in situ using 20 nM

NeuAc and 2 MM CVP jn th e of P 6 thetase. The
reaction? %@V?W@GGQ{% 'ﬁ’eg?%%ﬁl?fe% ﬂ%ﬁ}@"ﬂ@ gg: ﬁ%%% ed insialic
aci d wer ghisflsah @6k Usdsitd gro®p it@shai ques described in 5 Exanple 3. Sialyl
boosting may al so be carried out using starting material consisting of FSH

havi ng an enhanced Antennarity |ndex, prepared according to Exanple 5. 10

Al ternat ipyel Yeraieold: 1SIRARY VEIFBYTPY) Bar st s detdrthiaad iy St ar ti ng
10  sonography. TFV in the group receiving “acidic” FSH was 30% higher than that

in the group receiving “basic” FSH.

FSH serum levels in the patients, measured by radioimmunoassay, were higher

in the basic group, as expected from the protein mass injected; however the
15 difference was only about 30% (see Figﬁre 4), as compared with the

administration difference of 250%, in line with the higher metabolic endurance of

the acidic forms.

Example 5
20 Separation of FSH into fractions based on Antennarity Index (Al)

FSH preparations having higher than normal antennarity indices can be isolated
using HPLC or affinity chromatography with concanavalin A (Con-A) derivatised
Sepharosé.

25

Example 6
“Sialyl boosting” with sialyl transferase

Recombinant human FSH (“starting material”; 10 mg) was dissolved in buffer (0.1
30 M HEPES, pH 7.5) ata concentration of 4.3 mg/ml. To this solution was added

recombinant rat sialyl transferase (ST3Gallll) to a concentration of 100 mU/ml,

and cytidine-5-monophosphate-N-acetyl neuraminic acid (CMP-NeuAc) as sialic



al ready having an el evated Z-nunber, as co | '
_ _ , npared wi th conventi onal
reconbi nant FSH. Such starting material may be isolated using the

t echni quewo oof3sar@npl e 3. 15 Exanple 7 Generation of FSH mooraphz1ibhe cDNAs
of the a- and (3-subunits of human FSH were subcloned into the pDONR
vector (Invitrogen). The Qui kChangeTM Site-Directed Miutagenesis Kit 20
(Stratagene) was used to introduce N-linked glycosylation sites into the a-
and a-subunits of FSH The Qui kChanggTM systemutilises two synthetic

ol igonucleotide primers containing the desired nutation(s). The follow n
pairs of oligonucleotides were used to introduce the N-Ilinked )

gl ycosyl at.ign_si tes {z Ilp%ﬂ Fﬁgﬁ% SE5iAEEd GoforTr
iy CAC and
g\? ACA Siédepgr &q;% ﬁﬁq\' GG forI V78N, C;C TGI GCT CAC
s Acﬁg ¢ ?éfr@t%ggCNéltME:mo TACNBUACNEG mvF EMRATN erprRsencedl OGT TAT  GGT
or GIG TAT AAG. o
and TGG P~ Bad SymiRelsep. (S TPreion Res AtiRad REiT o 24 RS SN o Tar
C% gg %@% i@;@eﬂ; S AfOwERGseRIGsNghatethGigheSOasEhRddTT GGG GTT
¢ for Gl OON, G AAC GIC ACC TCA AAC TCC ACT TGC TG

and GA CEkard@lB 3.GGA GIT TGA GGI GAC GIT C for E56N, and CAG GAA AAC CCA ACC

TTC WD 03/ 035686 PCT/EP02/11501 34 TCC CAG CC and GG
CTG GGA GAA GGT
GIT TTC CTG for F17T. The DNA sequences of the nutant cDNAs o

using th IboBHi Kb t confirnmed
Sequenci ﬁé |bt f Clﬁha@'aw/ba fFredriut aising startiog mealgrialreonsistipg O&éﬁe

Anal yzer hagngiag %anﬁﬁ&ﬁﬁ‘ ‘?Wr'g&%'alggs‘wghg(?ﬁ g§ ﬁ% B‘lffomeg @a)\%afegg;i/gr t ed

into a GATEWAY destination vector by using the GATEWAY Vector Conversion
10  Alternatively, sialyl boosting may be carried out with an FSH starting material
already having an elevated Z-number, as compared with conventional -
recombinant FSH. Such starting material may be isolated using the techniques
of Example 3.

15 Example 7
Generation of FSH mutants

The cDNAs of the a- and B-subunits of human FSH were subcloned into the
pDONR vector (Invitrogen). The QuikChange™ Site-Directed Mutagenesis Kit
20 (Stratagene)was used to introduce N-linked glycosylation sites into the a- and
B-subunits of FSH. The QuikChange™ system utilises two synthetic
oligonucleotide primers containing the desired mutation(s). The following pairs of
. oligonucleotides were used to introduce the N-linked glycosylation sites: CC TTG
TAT ACA TAC CCA AAC GCC ACC CAG TGT CAC and GTG ACA CTG GGT
25 GGC GTT TGG GTA TGT ATA CAA GG for V78N, GC TGT GCT CAC CAT AAC
GAT TCC TTG TATACATAC C and GGT ATG TAT ACA AGG AAT CGT TAT
GGT GAG CAC AGC for A70N, GAT CTG GTG TAT AAG AAC CCA ACT AGG
CCC AAA ATC CA and TGG ATT TTG GGC CTAGTT GGG TTC TTATACACC
AGA TG for D41N/A43T, TGT ACT GTG CGA GGC CTG AAC CCC AGC TAC
30 TGC TCC and GGA GCA GTA GCT GGG GTT CAG GCC TCG CAC AGT ACA
for G100N, G AAC GTC ACC TCA AAC TCC ACT TGC TG and CA GCAAGT
GGA GTT TGA GGT GAC GTT C for E56N, and CAG GAA AAC CCAACCTTC



System (I nvitrogen). The a- and (3-nmutants along with the wild-type
subunits were subcloned into the pCl expression vector using the GatewayTM
Cl oni ng 1WOTawobissd ogy (I nvitrogen). The pCl expression ve®CarEPoYntsai ns t he
human cytonegal ovirus i nmedi ate-early enhancer/pronoter to regul ate the
expression of the inserted gene, an intron upstreamof the gene to pronote
expression and the siman virus 40 | ate pol yadenyl ati on signal downstream
fromthe inserted gene to terminate transcription. The E56N and F1 7T

al pha nutants in pCl were 15 co-trans¥ected with wild- type FSH (3 in pC
whereas the A70N, GLOON, V78N and D41 N A43T R-nutants in pCl were
co-transfected with wild-type a-subunit in pCl. As a control, the

wi | d-typgc3eaEO0i énd)@GHS’HG @Gm;AmerméG@ GTHING CTR focF 1%kr &he

t fected. The pl HEK293 cel |

(ATTC. " CRNA seishcas oh e mutant cONAR RRG-aRarelbefgaRe i RSk T 50 °

descri be§ q@y VWT%%%?&% 0 M=y RSdctioh CyclESeq@nchigiitTallonedtyi ni ng ei t her
p

t he e 0-subunit or the V78N 13 rrutant was co-transfected with

wi | d- t ypanalysisstinthe ABl PRISM B8 GenalisiAnalYe®) al so be transiently or stably
transfected into CHO cells. One day after the transfection the nedi um was
changéd to DMEM F12 (I nvitrogen, 11320-033) containing 1 ug/m of insulin

(1 nvi trogge, m%a:ammuaﬁwpressmveytcvn(Pmmewwmﬁg@m\@ﬂt dnfosi gma, S5261) and
12.2 ng/nd of

I trat Si F h h
in the né%‘i-[ﬁ;r\fvﬁv@e&@@ﬁﬂ? &gﬁﬁégyﬁgﬁ@&w&g@wﬁﬁg‘?&gy%&ﬁbcent P?f ngdcf gpgg
mn at s St w%*og;enﬁoﬁhé @B crid BHRutants afomgewitntheorlld-tipersubbebits s.  The
a

super nat vvas renoved and _centrifuged at 16,00 I1ﬂ| Bi of uge fresco
( Her aeus weretstibaloned jnte dhe BCHPKB'%%'OBgeﬁtRH usipg the %@%?8 u '§' further

clarified e[l%%\gglobg?fn#/ .%g%HLorﬂ?gél Qxér%s&ﬁh%&t%ﬁbéﬁtaufs‘thb‘ﬁunﬁaﬁie' man Sci ences,

218410 1 r extract was added VO 03/ 035686
PCT/ EPOZ/dylcﬁﬁégaléZ\'ﬁru'Erln'ﬂnedla{e?eaﬂyf mhamcerlpr@mqt@rnf@erﬁgulate the %@r%'qm Tris and

B R e v L
the simian virus 40 late polyadenylation signal downstream from the inserted -
gene to terminate transcription. The E56N and F17T alpha mutants in pCl were

15 co-transfected with wild-type FSH B in pCl whereas the A70N, G100N, V78N and
D41N/A43T B-mutants in pCl were co-transfected with wild-type a-subunit in pCI.'
As a control, the wild-type B-subunit of FSH in pCl and the a-subunit in pCl were
co-fransfected. The plasmids were transiently transfected into HEK293 cells
(ATTC, CRL-10852) using the calcium phosphate method (for example, as

20 described in WO 96/07750). AIternatiVely, The pCl plasmid containing either‘ the
wild-type B-subunit or the V78N B-mutant was co-transfected with wild-type
a-subunit in pCl. The plasmids may also be transiently or stably transfected into
CHO cells. One day after the transfection the medium was changed to
DMEM/F12 (Invitrogen, 11320-033) containing 1 ug/ml of insulin (Invitrogen,

25  18140-020), 6.8 ng/ml of sodium selenite (Sigma, $5261) and 12.2 ng/ml of ferric
citrate (Sigma, F3388). One day following the change in the medium, the
conditioned medium was collected and centrifuged for 5 min at approximately
800 x g at 4°C to remove any cellular debris. The supernatant was removed and
centrifuged at 16,000 x g in a Biofuge fresco (Heraeus Instruments) for 5 minutes

30 and then the medium was further clarified by filtering through a 0.45 um Acrodisc
filter (Gelman Sciences, 4184). To the clarified cellular extract was added, 1 M



5 chromat ography, on Sepharose derivatised with anti-FSH nonocl onal

anti bodies immobilised using divinyl sulfone (I mrunoresin

ant i - FSH-WbABABMSs Sephar ose). Such resins can be producedPoy/EPer/sds known
to the skilled practitioner, for exanple, as disclosed in WD 88/10270. 10
The resin was equilibrated in equilibrating buffer, consisting of 0.1 M
Tris-HC, 0.3M Nad buffer at pH=7.5, at 4C. The colum was | oaded with a
quantity of U FSH (by radio-i munoassay, RIA) corresponding to 80-90% of
the total FSH binding capacity of t colum. 15 Non-retained proteins
were eluted with equilibrating buffer (as above) until the OD280 of the

eluate was | ower than 0.02. The abs e I ant el ut romthe

i munor edris, Rl 714 for pifingheemeentrat '9'698568%"‘?{}'34%“ ﬁ%‘? W€8PP§8?)E Hd ng to
about 4 W | Av¥ei29e 20 were pool ed, the pH was adj usted
to 9.0 b%a n%;@@rr]éto agl%al acetic acid at 4C, as soon as possible after

coIIectlon and the soI ution was ultrafiltered in an Am con apparat us

(menbr an 25 The
concentr jf‘@%[‘ﬁ‘i?mg%& g@\;nﬁ%fﬁiﬂlﬂtﬁ‘é g@‘t"gu %%t?' gﬁ@tﬂ rgu'g&éﬁ reverse
phas esHPlehromigtbgeaphy Véri Sephatrosp defivalisbil Wlih:]an’tli-FGH mmodgnatﬁntléqdiepped wi th

WV detector and a parat.iv di ent generator. Prior to application to
the col i UHWObt“ﬁ@dHFl"SfdaY'ﬁ %%Pg?% %'%ﬁ'ﬂj usted to about 5.6. The solution

was | oa X Buchaesiis caRtrPsiedaééd Bt thethkods | dges
Wat er s) W%@Dvg.eg‘?ousf)%%een equilibrated with ES;/M anmoni um

acetate tkanertoWB QQM@BB@NIW / fepezanpley @s digsloaaddn YVex8 G enper at ure.
The flow rate was 100 m/mn and the eluate was nonitored at 280 nm

Mut ant FSH was el uted by ‘a gradi ent of isopropanol up to 50% of the nobile
5 phage. Theaekinanas equikbratet kasullipratingl hufiec atongiading 106 Ol M Airisrhi€logr aphy

((j|G;tC ,) | a?qnd rl\?gél%uWa? SEI 9% gﬁ 4@ Trw %m%%av%& I()Sacge}ﬁw{h %ﬁaﬁtﬁ%\{ﬂ.ﬁj by
FSH (by radio-immunoassay, RIA) corresponding to 80-80% of the total FSH -

binding capacity of the column.

15 Non-retained proteins were eluted with equilibrating buffer (as above) until the
OD4g of the eluate was lower than 0.02.

The absorbed mutant FSH was eluted from the immunoresin with 1M:ammonia: -
solution at 4°C. Eluates éorresponding to about 4 times the immunoresin volume
20 were pooled, the pH was adjusted to 9.0 by addition of glacial acetic acid at 4°C,
as soon as possible after collection, and the solution was ultrafiltered inan
Amicon apparatus (membrane cutoff 10,000 Da) and concentrated to a small

volume.

25  The concentrated mutant FSH solution was then subjected to a step of reverse
phase HPLC, using a Waters Prep LC 500A liquid chromotograph equipped with
UV detector and a preparative gradient generator. Prior to application to the
column, the pH of the solution was adjtjsted to about 5.6. The solution was
loaded on a Cqs reversed phase column (Prepak 500 C4g cartridges Waters)

30  which had previously been equilibrated with 0.05 M ammonium acetate buffer



under vacuum at |ess than 40C, and the solution was frozen and |yophilized.
The mutant FSH preparations expressed in CHO cells were subjected to ion 10
exchange wbros/sicsgr aphy, as described in Exanple 3, in or@en/mro2isol at e
fractions having Z+-nunbers of greater than 180, 190, 200, 210, 220, 230,
240, 250, and higher. Mitant FSH preparations expressed in CHO or HEK293
cells were subjected to 15 sialyl boosting, as described in Exanple 6.
After sialyl boosting, the mutant FSH. was subjected to ion exchange

chr omat ogr aphy, according to Exanple3§, to isolate fractions having
Z+-nunbers of greater than 180, 190, 200, 210, 220, 230 240, 250, and

hi gher. WO 03/ 035686 PCT/ EP02/ 11501 37 References: eEEIFL; The
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2 ChappeMoBHO® Qdb8y . Rev. 4 1983; 179-211: Padmanabhan et al.; J.
ain. Endocrlnol Met. 67 1988; 465-473; Wde et al. . Cin. Endocrinol.
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fol licl efsctions having Ziowmbess ofgreatardban i 80, 1901%5023%%%8@0@6’
250, and higher.

Mutant FSH preparations expressed in CHO or HEK293 cells were subjected to
15  sialyl boosting, as described in Example 6. After sialyl boosting, the mutant FSH

was subjected to ion exchange chromatography, according to Example 3, to '

isolate fractions having Z*-numbers of greater than 180, 190, 200, 210, 220, 230,

240, 250, and higher.
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claim 1. An FSH preparation, wherein the Z-nunber of the preparation is at
| east at—or—about—200—2—"The FSH preparation of claim 1, wherein the

Z- nunber s @fs t 2G) . 1RBRPERtDGUrb Soimikios bf thé intact stdiytetibn Rlifked SarbdHydraleSH
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Z- nunber Biothettht93 198%B63-2/1i on is at | east at or about 230. 5. The FSH

pr epar at 7 RqsHhb eE41ai Biol .crehezedi1osd; hessB-1ns8ThEdnaobr bt e, J. Biok Gherat2b®bn i s at

| east at or_%q%ﬂlé 340. 6. The FSH preparation of claim11, wherein the

Z- nunber 159 ) Yi)’geparati on is at least at or about 250. 7. The FSH

pr epar at PGwedbw el ahi Paglycosylatianaif gonapitroping Wbt endpalYREIasEF &Pt i on i s at
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9. The pharmaceutical conposition of claim8, wherein the FSH has a
Z-nunber that is at |east at or about 210. 10. The pharnaceuti cal
conposi t iwp oaf3ssB@i m 8, wherein the FSH has a Z-nunber t Iratr/EpPe2/at501 east at
or about 220. 11. The pharnaceuti cal 3(\gorrposition of claim8, wherein the
FSH has a Z-nunber that is at |least at or about 230. 12. The
pharmaceutical composition of claim8, wherein the FSH has a Z-nunber that
is at | east at or about 240. 13. The pharmaceutical conposition of claim8,

wher ei n 9\{&%!5 .has a Z-nunber that is at least at or about 250. 14. The
phar maceutical conposition of claim8, wherein the FSH has a Z-nunber that
Is at | east at or about 260. 15. The pharnmaceutical conposition of any one

of clains 8 to 14, for use in controlled avari.an h ' [
03/ 035686. PCTARHERH preparatiqn, waerein sumberedipe p errsfiﬁ!’gl?l?l %tnl on- 10

follicul ogene@a%kgy\@,eég&ﬂéd@p_ FSH has a Z-nunber that is at |east at or

about 200. 17.7 use according to claim 16, wherein the FSH has a
Z- nunber 2t hat The FSH pregmrtion obclaahdywietein the Z-mwabesef tiecording to claim

16, wherein the FSH, has Z- nunber .t h s at least at or about 220. 19
The use accor BISRAMAHOR [SA ﬁ%,ar{b\f%@bé’iuﬁ&m'e FSH has a Z-nunber that is at

| east at q0r a t : i ; :
307 aRQUIE ] Oropihatidh Of Uitfindt WHeteinahb O-Alimber dbtherherein the FSH
has a Z-numnber Pha%ql(bsr at ﬁeast at or about 240. 21. The use according to

(2:I2f31i _rlph16, whepegparatien Sk Ieast af T-aboub8P0t hat is at |east at or about 250.
A i a%%%rgéﬂ%régar%kigh O L Ram N SR Bin 8 Z-rlihiB@F ofitife NUTDEr that s

preparation is at least at or about 230.

5. The FSH preparation of claim 1, wherein the Z-number of the
preparation is at least at or about 240.

6. The FSH preparation of claim 1, wherein the Z-number of the
preparation is at least at or about 250.

7. The FSH preparation of claim 1, wherein the Z-number of the
preparation is at least at or about 260.

8. A pharmaceutical composition comprising FSH, wherein the FSH has a

4 Z-number that is at least at or about 200.

9.  The pharmaceutical composition of claim 8, wherein the FSH hasa
Z-number that is at least at or about 210.

10. The pharmaceutical composition of claim 8, wherein the FSH has a
Z-number that is at least at or about 220. A

11.  The pharmaceutical composition of claim 8, wherein the FSH hasa
Z-number that is at least at or about 230.

12.  The pharmaceutical composition of claim 8, wherein the FSH has a
Z-number that is at least at or about 240.

13.  The pharmaceutical composition of claim 8, wherein the FSH has a
Z-number that is at least at or about 250.

14.  The pharmaceutical composition of claim 8, wherein the FSH has a
Z-number that is at least at or about 260.

15.  The pharmaceutical composition of any one of claims 8 to 14, for use in

controlled ovarian hyperstimulation.



at least at or about 260. 23. A use of FSH in the preparation of a
medi canent for use in follicul ogenesis, wherein the FSH has a Z- nunber

that is awoleasies@at or about 200. 24. The use accordi '
i - : i ng QT
wherein the FSH has a Z-nunber that i J (aiPaz/msas,

: _ at | east at or about 210. 25. The
use according to claim23, wherein tﬁ1 FSH has a Z-nunber that is at |east

at or about 220. 26. The use according to claim23, wherein the FSH h

Z- nunber ,that s 2’54 : {?ﬁlfo < THA o clai
_ to cl

23, where‘lf6n tﬁéu?—%ﬁﬁés a E?érﬁ?qn%té@? atll%ﬁgygeﬁté s'ls’eg@F H?Itﬁ t@? abo‘:flggm. C2?31'. "

The use accor ¢gi-Agmber tHatiisrePRasthviieorabout 200FSH has a Z- -
| east at or about 250. 29, The use, acc nunber that is- at

has a Z- iifwberThendge agcorging foalaim,{ owﬁé%wﬁ‘%%ﬁl%né %} %%%rrdtﬂ ? Bl the FoH

preparing an Ea%'l’é tSRRF abbaf2f@vi ng a Z-nunber that is at least at or
about 200, the rreﬁ%g conprising the step of reacting SH sialic

aci d donofg.i n ThHeeuge asestdingto claim 46 awhereinihsr BPHIas 3 £-NYR e%@ﬁ@d of

claim 30, wherein the FSH h Z-nunber that is at |east at

or about 210.
WO 03/ 035686 Fﬁéﬁﬁi@gﬂfgﬂ?i%q 32. The nmethod of claim 30, wherein the FSH
has a Z- mrgr‘oer-r

berthdabe hecsiding RAGHINA 60Whefehthe2PSH 138 a Theumbehibat it cl ai
30, wherein the %SH has a Z-nunber that is at |east at or about 230‘? g|4m

'(I)'?eaggt[loddfgf aflleash B@r ahiott 88Q. t he FSH has a Z-nunber that is at |east at
u . . .
0."" The use according to claim 16, wherein the FSH has a Z-number that is

at least at or about 240.

21. The use according to claim 16, wherein the FSH has a Z-number thatis -
at least at or about 250.

22.  The use according to claim 16, wherein the FSH has a Z-number thatis -
at least at or about 260.

23. A use of FSH in the preparation of a medicament for use in
folliculogenesis, wherein the FSH has a Z-number that is at least at or
about 200.

24. The use according to claim 23, wherein the FSH has a Z-number that is'
at least at or about 210.

25. The use according to claim 23, wherein the FSH has a Z-number that is
at least at or about 220.

26. The use according to claim 23, wherein the FSH has a Z-number that is
at least at or about 230.

297.  The use according to claim 23, wherein the FSH has a Z-number that is
at least at or about 240.

28. The use according to claim 23, wherein the FSH has a Z-number that is
at least at or about 250.

29.  The use according to claim 23, wherein the FSH has a Z-number that is
at least at or about 260.

30. A method for preparing an FSH preparation having a Z-number that is
at least at or about 200, the method comprising the step of reacting
FSH with a sialic acid donor in the presence of 2,3-sialyltransferase.

31.  The method of claim 30, wherein the FSH has a Z-number that is at
least at or about 210.



35. The nethod of claim 30, wherein the FSH has a Z-nunmber that is at

| east at or about 250. 36. The nethod of claim 30, wherein the FSH has a

Z- nunber wbas/d®sat | east at or about 260. 37. The net hoeCafEPanyisone of
clains 30 to 36, wherein the sialic azﬁld donor is CWP-sialic acid. 38. The
met hod of any one of clainms 30 to 37, wherein the sialyltransferase is rat

ST3Gal |1 I 39. A nmethod for preparing an FSH preparation having a Z-nunber
that-is ! AR A& ofaa% 380@hetdif theEBePhAOA-heiber eha ieat of
I on- exchange r omat ogr aph

least at or about 220.

33. The method of claim 30, wherein the FSH has a Z-number that is at
least at or about 230.

34. The method of claim 30, wherein the FSH has a Z-number that is at
least at or about 240.

35. The method of claim 30, wherein the FSH has a Z-number that is at
least at or about 250. |

36. The method of claim 30, wherein the FSH has a Z-number that is at
least at or about 260.

37. The method of any one of claims 30 to 36, wherein the sialic acid donor
is CMP-sialic acid.

38. The method of any one of claims 30 to 37, wherein the sialyltransferase
is rat ST3Gal .

39. A method for preparing an'FSH preparation having a Z-number thatis
at least at or about 200, the method comprising a step of ion-exchange
chromatography.



