2 4 MAY 2006 Compositions of FSH With High Sialylation Degree And Their Use For The Preparation
Of Medicaments Field of Invention 5 The invention relates to the field of gonadotrophins, and
particularly their use in assisted reproductive technologies (ART), ovulation induction (D), At a28fsrine
insemination (IUl) and infertile male patients. Background of the Invention 10 The gonadotrophins are
a group of heterodimeric glycoproteins including follicle stimulating hormone (FSH), luteinising
hormone (LH) and chorionic gonadotrophin (CG). These hormones regulate gonadal function in the
male and female. 15 Each of these hormones is composed of two non-covalently linked subunits: an
a-subunit, which is common to FSH, LH and hCG, and a &Bésubunit, which is unlg_ue to each of them,

and which &pHarositienraf §idiWith HighcRinbAatian eares: Andgthei e e TB&ch sub-unit

has asparagipgsunkaenNofiNredicapreliftasaccharide side chains. In the common a-subunit of the
human hormones, these are attached at positions 52 and 78. In both human FSH and CG, two
N-linked oligosaccharide side chains are attached to the R-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
(3-subunit. piefz ¥ meshitipially 25 four serine-linked (0-linked) oligosaccharide side chains, present in
the carboxyl terminal portion (CTP). As with all glycoproteins, variations in oligosaccharide structure

occur if thel e irxasttiopHelatesdaltig fieldrobaenasioteniiing ard aastioulad ks use 4 MAY 2006
2 terminal carbbydlra Fﬁoeaew&e%%@é@@ﬂhﬁ HRIRABR Ayt ST AinrhGie basis of their

charge, which is largely determined by the number and
|nsem|nat|on (IUI) and infertile male patients.

Background of the Invention

10  The gonadotrophins are a group of heterodimeric glycoproteins including follicle
stimulating hormone (FSH), luteinising hormone (LH) and chorionic
gonadotrophin (CG). These hormones regulate gonadal function in the male and

female.

15  Each of these hormones is composed of two non-covalently linked subunits: an
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-urit has asparagine-linked (N-linked)

20 oligosaccharide side chains. In the common a-subunit of the human hormones,
these are attached at positions 52 and 78. In both human FSH and CG, two
N-linked oligosaccharide side chains are attached to the B-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 B-subunit. hCG has additionally

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

terminal portion (CTP).

As with all glycoproteins, variations in oligosaccharide structure occur in the

gonadotrophins, resulting in an array of isoforms that are found within the



distribution of sialylated N-linked oligosaccharides. Highly sialylated forms will have a more acidic
than average pl, and are termed "acidic". Less sialylated forms have comparatively higher pi's and are
termed "basic". As a consequence of their structural differences, gonadotrophin isoforms differ in their
capability to bind to target-cell receptors. Degree of sialylation affects their ability o gupviyggsin
circulation. In the case of FSH, several groups have demonstrated that highly acidic/sialylated
isoforms have considerably longer plasma half-lives_in animal models, such as the mouse and rat'.
The isoform profile of endogenous.FSH in humans Hfas been shown to vary. Acidic isoforms with long
in vivo half-lives and relatively low in vitro biological potency are predominant in the serum of

prepubertal children, hypogonadal, patients and jn wome ring the follicular phase. In contrast, the
less sialyla'fﬁ,r%?gﬁﬁ‘éﬁw SO BV el are o QEPRIRRY GSRPAREDiological
activity aﬁ] B]Eﬂjc_l?cha?fig plitheityclang] memt?emq?Mm@bW?é g?ﬁﬂmtl ERin su(;ge ifn
women. The | isoforms.ppssessing. a greater sialic acid, content circulate for longer periods o
time, becaugg étPHﬁﬁ’& gTa fg&%geigﬂ\%gi%jﬂg%saqggpo%éd&%icﬁ@%ﬁﬁ@ﬁ%@grfﬂﬁ&’%ﬁ"i'hteraction
with hepat@aﬁa&a@gma@tﬁmﬂ?epm?th éandh\aibflten_rn@ilcb’tdetdid&_ ?@@ﬁﬁm%de (glycan)
moieties attached to proteins are.bran and each _termina ar residue is referred to as an
antenna. Tr%rﬁﬁa{]rﬁ‘g?eP%&%%gfe%rﬁ&%gg@r%gggu?éeoﬁ(/'ﬁaetapﬁ%%ﬁibn of the antennae of the
carbohydrate moieties in a glycoprotein bear charged residues, such as sialic acid. Desialylated FSH
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which compheis capadilitpdeibintdortdigetsatheadsiptprst. apegpeeaifsialylation affects their
ability to survive in circulation. In the case of FSH, several groups have
demonstrated that highly acidic/sialylated isoforms have considerably longer
plasma half-lives in animal 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 vifro biological
potency are predominant in the serum of prepubertal children, hypogonadal A
patients and in women during the follicular phase. In contrast, the less sialylawsy,
more basic isoforms, with short in vivo half-lives and relatively high in vitro
biological activity are found dufing puberty, GnRH therapy and around the mid-
cycle gonadotrophin surge in women?.

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®,

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



increase ovarian mass of immature rats in comparison with an international standard/reference
preparation, calibrated in International Units (IU)4. Many groups have investigated the role of
glycosylation and sialylation in influencing the biological prole of FSH. D'Antonio et at. evaluated the
metabolic clearance rates (MCR) in female rats of acidic (pi < 4.8) and basic (pi > 4.8) rhFSH isoforms
obtained by chromatofocussing. As expected, the basic isoforms were found to Rak/eMAafies
clearance than the acidic isoforms (1% = 0.4 h for bagjc, 0.9 h for acidic). When the acidic and basic
forms were compared (on a mass basis) in the Steellan-Pohley assay, the basic isoform was found
to be considerably less active than the acidic isoform (ED50 = 0.9 pgirat 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
twos. Vitt et al. carried out an in vitro study in which four recombinant human FSH preparations of
differing pl's ViesepobemeyrofifSHhrepiiiipns iaestinmabehie wirasindtn S tasitratidPoRRYyproduction in

isolated mouse fqlli ' A - f 0 ter qr icles, and to
result in the qgrsg? éﬂ@i&?fﬁéﬂﬁl’ ﬁg?l‘%?émsrl’zéﬁ f%ﬁ%ﬁé%%%%%’é%ﬁ%ﬁi@r%ﬁ)lngﬁ%%g%-ﬁ%bl? (pl
4.5-5.0) andi_aci@@ﬁmaﬂa)l mwﬁﬂmmﬁusewetg ibe}qmpaf ipamhvgowaih inteenationabximum size of
follicles. Basﬁ%%‘équﬁéﬂ%?% Bgygﬁic %an? SRRy ﬁqﬂgﬁ}%ﬁgmwgr than the other

isoforms. Follicles cultured with aci FSH, regardless of concentration, secreted measurable
concentrations of E2 only after prolonged incubations. 2 4 MAY 2006 4 Timossi et at used

chromatolocipsingi5R3IAYe hBsHRtlALTTSIE &gl SBKoRAUEARA daration gh v2ving

glycosylation/acidity. The fractions were tested for their ability to cause upregulation of expression of

aromatase (iﬂ@é@é’@éﬁ‘ﬁ ﬁhep@ifd%fﬁﬂ* Bf‘ﬂlf%@éﬁ%b’,- and tissue-type plasminogen activator :

D’Antonio ef al. evaluated the metabolic clearance rates (MCR) in female rats of
acidic (pl < 4.8) and basic (pl > 4.8) rhFSH isoforms obtained by
chromatofocussing. 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
Steelman-Pohley assay, the basic isoform was found to be considerably less
active than the acidic isoform (EDsp = 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®.

Vitt et al. carried out an in vifro study in which four recombinant human FSH
preparations of differing pl's were compared for their ability to cause increase in
size and oesfradiol (E) production in isolated mouse follicles. Basic FSH (pi
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
(pl 4.5-5.0) and acid (pl 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®.



(tPA) in vitro in rat granulosa cells. The ratio of bioactivity to immunoreactivity (BA) was found to
decrease as the elution pH value of the isoform declined. The authors concluded that basic isoforms
exhibited a greater capability to induce expression of both aromatase and tPA mRNA's and proteins
than the acidic variants." Zambrano et at. fractionated human pituitary FSH into 9 fractions of varying
pl, using chromatofocussing, and tested the acidic and basic isoforms using thre%‘irMﬁ%r?@fﬁssays and
two in vitro assays: oestradiol production by rat granulosa cells, and CAMP production by a human
foetal cell line expressing the FSH receptor. The ratfb of activity in the bioassays to immunoreactivity
(B/l) decreased as the pi of the isoform decreased, for all bioassays8. In a further study, Zambrano et
a/. compared the binding affinjty of seven different fractions of acidic and basic isoforms of human

pituitary FSHiMPasHet&dis§E e remaiRirsiisting tasraiaissn am Ritdtandrsidgius receptor
system (recgauRaFaHEAR I AUEENE) SORIE/ M EFeHRYIRRORILBRIILT. SThédrasiens Wegdeterologous

receptor showed an increase |p, binding affinity as pi . of the isoform increased, whereas the
homologoudSeteshior &@'ﬁéﬁ?@)ﬁ%ﬂ?fﬁﬁ&&%ﬁ%ﬁ 0} SXRIGRSIFRLHRARIAESES pi of the isoform

increased 9(féedissappier productivr dfosxiradiollliand issobRire pradniiloyBivhemiatorivo
bioactivity (on ass, basis) when assessed by the clgssical pvarjan weight augmentation tests10'11
Timossi et a@Bﬁ(ﬂa ﬁjtﬁbhhgrﬁggg ?&%ej‘ﬁ\aih%%rﬁl&gi%ﬁgg{m&}f\% %UFIHQ Y& of the
shorter half-{#1 theasfeahddorisdreasb s thd elutieigptwinue cfitlwdsisforithdydinethinasethe effect
of two preparations on a fast- se.system: upregulation of tPA activit The.2 4 MAY 2006 5
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bioactivity aestmiessicnatd dralhcercaet asedand tEWs niN Alszsnteproteins tinane ilagatidiban a highly
acidic FSH R,raeﬁgrrl?éi@n.

Zambrano ef al. fractionated human pituitary FSH into 9 fractions of varying pl,
using chromatofocussing, and tested the acidic and basic isoforms using three
immunoassays and two in vitro assays: oestradibl production by rat granulosa
cells, and cAMP production by a human foetal cell line expressing the FSH
receptor. The ratio of activity in the bioassays to immunoreactivity (B/l)
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
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.’.

Studies h.ave shown that the more acidic forms of FSH exhibit the highest in vivo
bioac’:fh)ify (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 halfife, the effect cannot be
observed in weight gain of rat ovaries. They examined the effect of two
preparations on a fast-response system: upregulation of tPA activity™. The



The gonadotrophins play crucial roles in the reproductive cycle, and their use is essential for assisted
reproductive techniques (ART), such as in vitro fertilisation (IVF), IVF in conjunction with
intracytoplasmic sperm injection (IVF/ICSI) and embryo transfer (ET), as well as for ovulation
induction (01) in anovulatory patients undergoing in vivo fertilisation either naturally or through
intrauterine insemination (IU1). ART is typically carried out using controlled ovarian hyM8Ys@iilation
(COH) to increase the number of female gametes 13. Standard regimens14 for COH include a
down-regulation phase in which endogenous gonado@ophins are suppressed by administration of a
gonadotrophin releasing hormone (GriRH) agonist followed by a stimulatory phase in which follicular
development (folliculogenesis) is induced bﬁ daily administration of FSH, usually at about 150-225

IU/day. AlterAsthers sortikgrRs tatehicineyilganigss a5idis sharge distibutioniafionie

preventing thgaqeity eighe iavilkdipieddtivitysaa plaadanislissiaiioe ehrsGRlihantagapiat (typically
starting around day six of the stimulatorgwphase). When thg{rﬂ?é__aée at least 3 follicles >16 mm (one of

18 mm), a sirfRfiE¥BRESH IR EQES TBRIBY HFRRERYAH H REeRIAMANs urge and induce

ovulation. Oocyte recovery Is timed for 36-38 hours after the hCG injection. 01 is typically carried out

with daily admj istratiora of FSH at a dose af F\b ut .73—150 IU/(aa .Down-lregul tion with GnRH
agonists or artA8 SARRIAUSRUNG ey Sl I bE SR IENR PRl HSR Reo is
given to mimigstientidl forgssistedireproductiveilischinioquesithRT h chielierd dithelrst fertidgationular

int AY 2006 6. Th ical regi d ibed abqve f do ire dail
njections of SN IR ton A SR SR BTG W a0 oo 21
days in somegrabeyadransfere{iel) pasewel asIor pmﬂmiatidndtmtionr(ﬁls)éd agfbealatompuld permit the
daily dosage Bgﬁ%stﬂﬁgegﬁgfﬁﬁ‘?ﬁ %Wﬂﬁiggﬁ%t &ther naturally or through intrauterine

insemination (1UI). 4

ART 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
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 1U/day.
Alternatively stimulation is started after spontaneous or induced menstruation
while preventing the occurrence of an ill-timed LH sdrge by administration of a
GnRH-antagonist (typically starting around day six of the stimulatory phase).
When there are at least 3 follicies >16 mm (one of 18 mm), a single bolus of hCG
(5-10,000 1U) is given to mimic the naturat LH surge and induce ovulation.
Oocyte recovery is timed for 36-38 hours after the hCG injection.

Ol is typically carried out with daily administration of FSH at a dose of about
75-150 lU/day. Down-regulation with GhRH 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



shortening of the treatment period (i.e. fewer injections), and/or allow injections to be given less
frequently. This would render ART and 01 regimens more convenient and patient-friendly.
Furthermore, ART using in vitro fertilisation is fraught with possible mishaps. For example, not every
follicle will produce a viable oocyte, not every viable oocyte will be successfully fertifisedygngggome
embryos may not be viable. Moreover, once viable embryos are selected, transfer to the uterus and
implantation may not be successful. In order to maximise the chances of a live birth it is therefore
desirable to stimulate the growth and maturation of geveral follicles, to ensure the collection of
multiple oocytes. In the indication of 01, in contrast, the objective is to obtain not more than three and
preferably one dominant follicle (to avoid multiple pregnancies). Some patients undergoing ART and
01 present Fiedypriveyinesnd desuiiigedallidee fongRTeatrelOlite quiny efdignajéctibhereparations.

This is a limiting factor . for success wfien uréfierg.oing.A Trin that it limits_the number gf embryos
availabIe-fog%%@i'}ogﬁwgrogr%&gg%R):é(% PR é?ﬂ’ Ao %eaglﬂﬁr?gg?agfoﬁtﬂagﬁc@éaéfﬂ .tBatients
undergoing 24 idsyjscire st patientse TrendevelofidentsofRShitprepBeations pfaaeniingihis type of
response incllde pati oyt .33+ r tients with_elevated base-ling, FSH,
elevated bagﬁi-ﬁ%é ygggﬁ%ﬁﬁ?r@ ué%ﬁ)da%s,gegﬁr(%q?nﬁ%ﬁﬁ%.SS @%cfﬁgrcé?é‘p%? gfo%%rﬁ@g@ is
dependent shartieningiohtbe Seatinesl peyatHe. fevedirjectiays)e amidion allipwdpjectiensatad hence

infertility. The treatment. Mﬁ[y 2 , j 'r'iwtg @Qnal F eparations requires
FSH injectiiobnes re@f%[ynﬁojgégﬁWee '-’forﬁ%tzgg}@!ﬁé‘r&]%g. he ﬁa@ﬁ% ﬁﬁ% ?:w;éreparations with
enhanced awnyenieﬂhﬂndtﬁaf&mmﬁsis, is an ongoing need. There is also an existing need for
new FSH preparations to treat patients with a diminished response to FSH. Also desirable

Furthermo’i'é, ART u"sing in vitro fertilisation is fraught with possible mishaps. For
example, hot every follicle will produce a viable oocyte, not every viable oocyte
will be successfully fertilised, and some embryos may not be viable. Moreover,
once viable embryos are selected, transfer to the uterus and implantation may
not__l’_'a‘e:-s’_ éészuI, _}‘}In order to maximise the chances of a live birth it is therefore
desirable to stimulate the growth and maturation of several follicles, t6 ensure the
collection of mu’l_tiprl'e oocytes

In the indjga_tidn’of O}, in contrast, the objectivé is to obtain hot more than three
- and p:refe_rably_ one dominant follicle (to avoid multiple pregnancies).

Some,pa:t;iénts unq‘erg_;oi,ng ART and Ol present a reduced number of growing
folliéiéé; when treated _Wiih conventional' FSH"preparations. This is a limifing factor
for succ ss when un_dérgoi_ng.ART, ivn'thét. it limits the number of embryos
available 6r~tran’éféf and/dr‘cry'opreéerVation: It can also be a limiting factor for

' patlents '_yhc;ergqing U, vyhe_fe obtaining more than one follicle is

tant. - Patlents presentlng this type of 'feépdnsé include _patiehts'above

ab_ov_" 3 5years olcii,,‘ patients with elevatéd base-liné_'FSH,' elevated base-line
oééffédiq?or reduced base-line inhibin b.

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



are FSH preparations of enhanced efficacy, permitting shorter treatment protocols and/or decreased
cumulative doses and/or less frequent dosing, for ART, 01 and male infertility. 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. In a first aspect, the invention provides an
FSH preparation, wherein the Z-number of the preparation is at least at or about 2QQ;, Iy sgpgend
aspect, the invention provides an FSH preparation, wherein the preparation has an average pl below
at or about 3.4. In a third.aspect, the invention providgs a pharmaceutical composition comprising
FSH, wherein the FSH has a Z-number that is at least at or about 200. 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 abBialedafarilty¥ith sanveptiondl &iidPisealations isavwressESH inlestiopstien of a
medicament {phuse iwsbrRfdpiptefBlisshaasnesis, wherein the FSH has a Z-number that is at least
at or about 200, 2 4 MAY 2006 8 In a sixth aspect, the invention provides a method for inducing
folliculogenesis in a human patient, the method comprising administering FSH to the patient, wherein

the FSH has 3ine dévdlepinahisofl Sk paépurationt 20th shhgimandbiitp esistreuiawention provides a

thod f [ FSH. tiqn havi - ber that is gt t at bout . th
method comTHPR NS Colo AN SRSt FGLP T 8 A XA BN RS EB e of

2,3-sialyltrangfiesparations! bz rebpmtitaitievith & difinistigu eesfRonsbriecBSHINANSE Betirabigring a
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protocols and/or decreased cumulative doses and/or less frequent dosing, for

ART, Of and male infertility.

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.

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
preparation has an average p! 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.

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



isolation of FSH isoforms having a high Z-number using a chromatographic technique. 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 medicament for use in the treatment of male infertility, wherein4Re ¥&H28s 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 the FSH has a Z-number that is at least at 8r about 200. 2 4 MAY 2DD6 9 Brief description of
the drawings Figure 1 shows a chromatogram for elution through a GlycoSep(r) C column of glycans
released from rFSH; column 4.6 x 100 mm, packed with polymer coated divinyl benzene resin (5 m),
with a mobile phase of acetonitrile:water 20:80, with a linear gradient of 0.25% per minute of

ammonium gestiar B fe inveifionlpidvides deiatrst wrarneang e nicdh ek rer

minute of ammonium acetate (500 mM) from 21 to 61 minutes. The X-axis shows retention time in

minutes, ard WA RSN e mRihod SARPTISING acminisieunRg ST dthamatisnteliicles per size

category, oHaveln(BReliFSH tdsh IratibotHat fivitdearitit andtmsiomeforms 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 Y-axis), in

patients reqy)\dnseeeiin aspdutshespRsmpRprovideyiadagtiod/pnpiéraitRPERsEGHNe result with
acidic isoforms, obligue gnes regrgsent hegttﬁ-:-sglt Witlh basic isoforms, F@ure 4 showg average FSH
serum leve RTePREAUAR DRYPEhE AOUFREY Lrak|g;at least at or about 200, the metho

comprising a step selected from:

» reacting FSH with a sialic acid donor in the presence of 2,3-sialyitransferase;

o selecting a suitable cell type for expression of recombinant FSH;

o 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.

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
medicament for use in the treatment of male infertility, wherein the FSH has a
Z-number that is at least at or about 200.

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



and basic isoforms of FSH. The X-axis represents time in hours since first FSH injection, the Y axis
represents serum concentration in immuno-reactive IU/L.. Squares (.). 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, rgt}joﬂwﬁhoassay,
using a kit as supplied by Daiichi Isotope Laboratory, Japan. Figure 5 shows the amino acid Sequence
for the mature human FSH alpha subunit. Figure 6 shows the amino acid sequence for the mature
human FSH beta subunit. Detailed description of the9nvention 2 4 MAY 2006 10 The inventors have
surprisingly found that highly sialylated FSH isoforms have a greater efficacy in inducing
folliculogenesis in human patients than less sialylated isoforms. The use of an FSH preparation of the

invention perBfitefidessEiBHa8, o the- AR ses of FSH to achieve the same or better clinical

resglt. The inventors hav_e found that when patients are trc_eated with equal amounts of acic_iic FSI_—I and
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acetate (500 mM) from 21 to 61 minutes. The X-axis shows retention time in

minutes, and the Y-axis shows signal strength in mV.

Figure 2 shows the number of follicles per size category, on day 8 (on'the

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 resuit

with basic isoforms. |

Figure 3 shows the number of follicles per size category, on day 10 (on the:

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 patjents after the last dose of acidic

and basic iscforms of FSH. The X-axis represents time in hours since first FSH

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 exarmple,

radio-immunoassay, using a kit as supplied by Daiichi Isotope Laboratory, Japan.

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.

Detailed description of the invention



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 efficacy,
allowing less frequent dosing, can be made by using FSH having a Z-number that i8 &it MYsR8sor
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 intdcing folliculogenesis, conventional FSH
preparations are generally administered every day, at a dosage of about 75-600 IU/day. In the
majority of patients, the same cumulative dose of a 2 4 MAY 2906 11 conventional FSH preparation

may be adhgidveeE RS wRyisiaghdodpridbdiobnsalaird Fokl isafomms hayscdons15. The
expressionyrleserefEaey tPHaUcindTeReLIBRARSIS ih PIrREFPBEIERNS thah TR ReaRslpiyistered

less freque%tqll}/ than every two days, while achieving the same clinical result, in terms 0Of total follicular

volume, ad %ﬁioﬁﬁﬁﬂ%ﬁﬁﬁ%ﬁ%Hﬁ@@ge%%we&%%ﬁ%B%%it?ﬂéecéﬁﬁ@facidic" and
"basic" arqyie!kheshivecdsssiob F SFERAERINSSc Y Bave BB iR efsiehSiedation. Because

sialic acid is acidic, more highly sialylated molecules will have lower pl's. Using isoelectric focussing,
chromatofocussing or other separating methods, such as ion-exchange chromatography, FPLC and

HPLC16, arpeéxipvemiosofrivesioind hracpaenipaiiatsadicestubighitmay ke anrsumnes ¢S acidic or
basic, preferably based on. Z-number. The t "sialic acid" refers to any member of a family of
nine-carboACIoRyIAB DAL SHETRGR L AR A ABErBIeg BXibe eRmimnips!

N-acetylnegsaaynip edidrbeetr-groatig foiicieS it petienis-Bbaiedwith acidic FSH is

significantly greater.

When patients are treated with equal amounts of acidic FSH and basic FSH, on a
mass basis, the number of follicies in patients treated with acidic FSH is also
substantially greater.

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-

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



D-galactononulopyranos-1-onic acid, often abbreviated as Neu5Ac, NeuAc, or 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-nonuIoso?iﬁ id
(KDN).17 Also included are 9-substituted sialic acids such as a 9-0-C1-C6-acyl-Neu5ACc lik AY 2006
9-0-lactyl- Neu5Ac or 9-O-acetyl-Neu5Ac, 9-deoxy-9-fluoro-Neu5Ac and 9-azido-9-deoxy- Neu5Ac.
For review of the sialic acid family, see, e.g., Varki, GlY obiology2 1992, 25-40; Sialic Acids:
Chemistry, Metabolism and Function, R. Schauer, Ed. iSpringer-Verlag, New York (1992)).
Carbohydrate (alternatively "glycan") moieties are attached to the peptide backbone via a single

sugar, either with an Q- or N-Hnked glycosidic bond. Ag the carbohydrate mojety becomes elaborated,
oranching may BREPRIA S B bt 10 e, RO B MR R IR ome, two,
three, or four (achievimg & isiondartelinicairesytasdallydnjoctiansdinddie Sxphessibnltieste moieties
are referred tg a - di=tts Qr - T . ity index (Al ovides a
measure of thir%@é?gg %?%ipﬁcﬁl ég%ﬁﬁ%%ﬁ%otf rge@%r'%s‘tg{'xﬁg%%% Hé%n\};%%ﬁ @ng? %Sfﬁgo size
of the carbohylhsadreqiienily. thariexeryibealtisypaniie rehie g dbecseimésclivitabrestioally to

release all CarPél’?é(Q@%@%HS&IJP&&W?s%ﬁ@&ﬁiﬁ%‘é{ft&@g%rr%ﬁ s 3

! p may be
cleaved enzymatically, for example, with endoglycosidase (N-glycanase)i8. T‘ﬂe %?e%rt%]kéqrr e mixture

is isolated. If deBR& e daySohydrate mixture is reacted with a label, such as a radio-label, a
chromophore-label (i.e. UV-vis active), a fluorophore label, an immunoreactive label, etc. The labelled
carbohydrate mixture is then desialylated, with the enzyme sialidase, to yield a labelled neutral

carbohydrate ribedeRIMsiasisiveindnbasin o widehHiisadde saigniadoprHhRigrasatiars sed in order).
The labelled ngytiplfaapiRYCHRIgraUxtof il jRRdnScRaEAIRSLIBIAIESRAINRAGBIS, MIRSHghly
chromatographic method that can | L . .
sialylated molecules will have lower pl's. Using isoelectric focussing,
chromatofocussing or other separating methods, such as ion-exchange
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.

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 NeuSAc, NeuAc, or
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-C4-Cg-acyl-NeuSAc like 9-O-lactyl-
NeuSAc or 9-O-acetyl-Neu5Ac, 9-deoxy-9-fluoro-NeuSAc and 9-azido-9-deoxy-
Neub5Ac. 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
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



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 carbohydrate mixture may be reacted with an agent to render t?%cwpzbh nts
volatile, and the mixture may be subjected to gas chromatography (GC). Visualisation will'b
accomplished with a method appropriate to the label and the chromatographic method used. For
example, if a fluorophore is used as label, a fluorimeer will be used for detection; if a chromophore is
used as label, a UV-vis spectrophotometer will be used for detection. If no label is used, mass
spectrometry may be used to measure peaks and retention times. Peak assignments to mono- di- tri-

or teéra—(?ramﬂtﬁﬂtbaéﬂimcal_bdtwdmte m@wﬁmosmmon;btaemmm@pmztwrﬂﬂ@myn |
standards. A chro intggratin s associated with_di- trj- an
tetra—brancﬁ(%er&n é%%%ﬁ%%%@%@%{%s. X(?%%}%érita%%%f?ﬁgbtog?g&ga Eel\mﬁ}egtﬁﬂé Eeaf%'é drate
regrgzentzdk;tgssa;{dgepeﬁiéé-mtdﬁ&hamﬁwﬁtqﬂmmmteaamwimgrity ﬁhelécxl(wm'nhg equation: Al
= ; + 3 Ptd .+ e | [ tm are the percentage
of total carg[ﬂggl/g?gté %{e%%n;é%fﬁ a%%étlgt%g@gﬁﬁ%@%ﬂé%%%dgg/@%&ﬁrraggg arén%i)%nn%s’ VilHer
componentsl¢e.@. measwie eihing - size opike aarbobyidrats: moielieste Toglatemmingthive Al value.

ntennae. R b e e BRI erage abou

255. The paesidues, fanexaapledwdiestingauith Rydragneraithecabahysiateeraay be
cleaved enzymatically, for example, with endoglycosidase (N-glycanase)'®. The
carbohydrate mixture is isolated. If desired, the carbohydrate mixture is reacted
with a label, such as a radio-label, a chromophore-label (i.e. UV-vis active), a
fluorophore label, an immunoreactive label, etc. The labelled carbohydrate
mixture is then desialylated, with the enzyme sialidase, to yield a labelled neutral
carbohydrate mixture (Alternatively, the steps of labelling and desialylation may
be reversed in order). The labelled neutral carbohydrate mixture is then
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
carbohydrate mixture may be reacted with an agentto render the components
volatile, and the mixture may be subjected to gas chromatography (GC).
Visualisgtion will be accomplished with a method appropriate to the label and the
chronﬁ_é@@raphic method used. For example, if a fluorophore is used as label, a
ﬂuorimétér will be used for detection; if a chromophore is used as label, a UV-vis
spect:r“op‘hvotometer will be used for detection. If no label is used, mass
spect'l:di_rvﬁ‘etry may be used to measure peaks and retention times. Peak
assignments to mono- di- tri- or tetra-branched species can be done using mass
spectrometry, or by comparing with known standards.

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




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 charge. Visualisation of the eluted peaks may be by virtue @fla lahebgps
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 repdesented by each species can then be used to
calculate Z-number according to the following equation: Z = P' mono + 2 P'di + 3 Ptj + 4 Ptetra
wherein Z is Z-number, and P'mono, P'di, P'm and P'tetta are the percentage of total carbohydrate

that is mono-carbehydrafedepresanied mysprelivsigcies oantheooselusedigieaioulaled indicates that
a large numbgegm%@ﬂ&pm gg,ugqﬁiqyes, and that the glycoprotein will therefore be highly

charged, and in the case of sialic acid residues, acidic. Recombinant human FSH typically has
Z-number values in the range of about 150 to about 190, or on average about 184. The inventors
have surprisingly found that FSH jsoforms t?q_x, have Z-rytpbers+higl3re|5 than at or about 200 show
increased efficacy in terms of nurhber of fofliclds, when corfipared on alf"®J basis with an "equivalent
dose" of FSH isoforms having Z-numbers less than 200. By "equivalent dose" is meant that when the
FSH amount of different isofomis is measured by the conventional in vivo assay by comparing, under

specified conWhsrRaINAd s AMBPRAY tndex, ANdiBansand Piess a1e thederecantagasahtatah other
words, equivalgnidhydiese strftddfarentiiwmiarmeaasrdatamnineshuctivisnnavadiffarpiieligeal efficacy,

when administered to humans. .
other components (e.g. mono-antennary) may be present but do not contribute

significantly to the Al value.

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.

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 desireq. The mixture is then separated by ion
exchange chromatography, allowing the separation of species on the basis of
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
Z-number according to the following equation:

Z = P‘mono + 2 P'dl + 3 P'tﬁ + 4 P‘tetra

wherein Z is Z-number, and P'rono, P'di; P'ti and Pl are the percentage of total
carbohydrate that is mono-, di-, tri- and tetra-charged respectively.



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 isoelectric focussing, or
chromatofocussing as described, for example, by any one of Mulders et al.19, Zambrgpo et a!.20, and
Timossi et al.21 Fractions having various pi's may be isolated. Preferred FSH prepara?é] MY 1306
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 increasing as the average pl
decreases. The parameter Z-number reflects the avédage degree of sialylation of a population of FSH
species. It is possible that an FSH preparation having a high Z-number may still have a substantial
proportion of basic (less sialylated) species. Such basic species may act as antagonists at the FSH
receptor, and are therefore undesirable. The "spread" of species present may be determined 2 4 MAY

2006 15 by jzeg pElﬁﬁ?ﬁHéFiﬁn%iéﬁt&@@@?é"f&ﬁ%ﬁiﬁ\%b@%Féﬂ%ﬂﬁé%@é)’%ﬁ%%@&"so give an idea

of the spread ecles. It is preferred that the preparation have less than at or about 4% neutral

carbohydrateesishisss angd. gt Hrerabieapsoteinmil therefeie de highlgshargedt andivothel 6%
mono-sialyllggespegiste 3ot Feei&ﬁgfseﬁ%thR@&&mﬁ%ﬁﬁamaﬁwﬁﬁ@mﬁywﬁamut 3%, 2%

or 1 % neutral species and less than at or about 15%, 12%, 10%, 8% or 5 oslalylated species,
with degree &fipHavReE Yallige iBha dange 9 shadtnlyhia @bt d80varan aleseapapibe invention

are FSH prepggations having increased efficacy in folliculogenesis resulting from an increased degree
of sialylation at one or more additional glycosylation sites on the protein. Such sites may be
introduced by substitution of residues in the FSH protein backbone with serine, threonine, lysine or

asparagine rgsidieentsishdee SpHEmgyRAfD s FoHIRPIROhat TS Zditmbaray be used to
generate su%?grr?&t%\érﬁog{n grgblf)%tH 2‘8(? is\./t?c?wiri]ncrealsed efficacy in terms of number of

follicles, when compared on an IU basis with an “equivalent dose” of FSH .

isoforms having Z-numbers less than 200. By “equivalent dose” is meant that

when the FSH 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 IU dose is the same. In other words, equivalent IU

~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
isoelectric focussing, or chromatofocussing as described, for example, by any

1.2 and Timossi et al.?!

one of Mulders ef al.”®, Zambrano et a Fractions having
various pl's may be isolated. Preferred FSH preparations of the invention have
average bl’s of less than at or about 3.4, more preferably less than at or about
3.3, parti¢ularly preferably less than at or about 3.2 with degree of preference

increasing as the average pl decreases.

The parameter Z-number reflects the average degree of sialylation of a
population of FSH species. It is possible that an FSH preparation having a high
Z-number may still have a substantial proportion of basic (less sialyiated)
species. Such basic species may act as antagonists at the FSH receptor, and

are therefore undesirable. The “spread” of species present may be determined



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'-SIT/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 is asparagine, and SIT/C represents a residugt %any&e
serine, threonine or cysteine, preferably serine or threonine, and most preferably threonine. ,Rmdic
isoforms (pl <_ 3.4) of such FSH molecules fall within. the scope. of the. invention. Such modified
FSH molecules, bearing additional glycosylation siteq%re described, for example in WO 01/58493
(Maxygen). Particularly preferred are the following mutations: In the (3-subunit: E4N, A70N, L73N,
V78N, G1 00N, Y1 03N, F19N/121T, L37N/Y39T, D41N/A43T, ES5N/A43T, ESONNG61T and
RO7N/L99T; knytiepealeatrigniocH98ing 1Mot oteToESUER TT S ENjUBII3S!, amalySBIOHMRAISD; wherein
Als alanine, B3 agpaide APtefs s Al adds S PPERAATING: G/ AlEnGH fpistcine. | is
isoleucine, L 15 leucine, N Is aspafagine, RIs arginine, T is threonine, V is valine, Y is tyrosine, and
the notation "lesNtian ptoy aood 45« asdsltarhebyiistersntcies @righyicanouoiEles position 4 with
an asparagin : ass C a is
numbered ac%grgt]‘ipgg QBm%%??@eéuen@%gr%% r? %ﬁgﬁgquéécgﬁé'ﬁ%b Eﬁg& dﬂkﬁﬁ acid

sequence of merapreieredithal Hiprpera2ien kave teshthanatpr sbqud e, #%wn 1% igure 6 or
SEQ ID NO: 2hea WiiBEIdO 88 98sshikie D YR RUETS S TRRFCRA%RLIgDS byipg increased efficacy

in folliculogenesis resulting from an increased degree of sialylation at. one or more additional
glycosylation BRepiakiated sapcigh vtk derinrel Biefergnrminaionsing vits dacsedsing peptide
which includeﬁé(ggﬁ fation site, and which may be attached to the amino and/or carboxyl
terminus. of the a- and/or R-subunit of FSH without deleteriously affecting the FSH activity of the
resulting

Within the scope of the invention are FSH preparations having increased efficacy
in folliculogenesis resulting from an increased degree of sialylation at one or
more additional glycosylation sites on the protein. Such sites may be introduced
by substitution of residues in the FSH protein backbone with serine, threonine,
lysine or asparagine residues, using, for example, mutagenesis. An example of a-
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 -
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

the following mutations:

In the B-subunit: E4N, A70N, L73N, V78N, G100N, Y103N, F19N/I21T,
L37N/Y39T, D41N/A43T, ES5N/A43T, ESON/VE1T and RO7N/LIOT;

In the a-subunit: E9N, 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
is glycine, H is histidine, | is isoleucine, L is leucine, N is asparagine, R is
arginine, T is threonine, V is valine, Y is tyrasine, and the notation “E4N"




molecule. For example, the R-subunit of hCG is substantially larger than that of the other
gonadotrophins, due to approximately 34 additional amino acids at the C-terminus referred to herein
as the carboxyl terminal portion (CTP). In urinary hCG, the CTP contains four mucin-like 0-linked
oligosaccharides. This CTP may be ligated to the R-subunit of FSH, preferably at thk kb @R8
terminal of the 43-subunit of FSH, resulting in a molecule having FSH activity and having an
additional four sites of glycosylation. Acidic isoformg{pl <_ 4.4). of such FSH molecules fall within the
scope of the invention. Such molecules are disclosed in WO 93/06844 (Washington University), and
by Boime et al.22 Other FSH molecules having modified glycosylation sites are disclosed in WO

~citional Tosod Copeiaiient Of LR FRRRSTE B EOSBIC vt e SRRSRAE e maec,
the paramefid).z remseguence aivnbeiing the:andn afideeqitenoecdfialinFsHAS Boalpkioiss (i.e.
those haVi%?%%Q&%ﬂﬁ%ﬁ%gﬁﬁéMje%@ Rl Shorrmale ﬁEE?ér%EtPfﬂ’Rf&;FtageS)'

When an F y+ preparatiof is subjected to a glycan species analysis, the parameter Z+-number
may be caldliateminpaaid fesuense §bhyman-hsthetarisanumhersd-acaamingtodbel 7 preparations

of the inveqﬂgﬂﬁé\é’% patatalal =Tl mpg&l}}@g B Y potNep o preferably more than at or about 210,
220, 230, 240, 250, 260, 270, with degree of preference increasing as Z+-number increases. FSH9"+

preparations of the invention have significantly lower pl profiles than normal FSH. Particularly

preferred f%@tﬂﬁdﬂﬁfﬁﬁ@é&iﬁé&ﬂﬁé@ﬁb@%@ﬁ@%ﬂ preparatiens Raving averaaeai's of less

than at or about 4.4, more preferred are those having average pi's less than at or about 4.2, 4.0, 3.8,

3.6, 3.4, 3. sHicaeydn {plictiogenesis resuitingdrprmandnerenaed dograsef slabdgtion ah all
embodimergs @ohmbrecaigmionePgaspltioh srasgirssent bArdreadpended peptide. By

“appended peptide” is meant any peptide which includes a glycosylation site, and
which may be attached to the amino and/or carboxyl terminus. of the a- and/or-
B-subunit of FSH without deleteriously affecting the FSH activity of the resulting

. molecule. For.example, the B-subunit of hCG is substantially larger than that of

- the other gonadotrophins, due to approximately 34 additional amino acids at the
C-terminus referred to herein as the carboxyl terminal portion (CTP). In urinary

- 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 (pl < 4.4). of such FSH
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).

For the purposes of this description, FSH preparations having additional
glycosylation sites will be denoted FSH®*. 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*
preparation is subjected to a glycan species analysis, the parameter Z*-number
may be calculated, in a manner analogous to Z-number. The FSHY*



human patients, human recombinant FSH is preferred. Preparations of the invention may be isolated
from conventional recombinant FSH, or they may be isolated from FSHgh" preparations. 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 FSH91V+ preparations
(also preferred) or urinary FSH may be subjected to sialyl boosting, by treating with grf»eMAYni’é[Jﬁsuch
as a 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 $jppHRRRIAEGRREaNGdEoN AeveTENahiwud diermdidihaaldhisiossoal twse have been
cloned. These cDNAs can be ysed for recombinant productio ialyltransferases, which can then
be used in th@' 3 meetT?ﬂféﬁfgﬁa%‘?é‘Egﬁ [%ﬁsl%%sgﬁéaﬁéﬁ?mﬂmew&gf%sfer sialic
acid to the smmﬁm@w&ﬁc@mh@mvmmmaghmMngmon penultimate moieties underlying
the terminal sialic acid on sialylated glycoproteins. An example of a | 2 b MAY 2006 18

sialyltransferase that may be used is ST3Gal Ill, which is also referred to as a (2,3)-sialyltransferase
(EC 2.4.99.6)F SHE& proparativaly sfthbdrivention bbsiakigaifichtttijieweer pf profibs3Han-glycosylNAc

or Gal-(3-1,4-glyco caside 23 The sialic adid is.linked to.a galactosyl (¢5al) residge.with the
formation of ﬁ&ﬁ%%&gﬁ%ﬂ & RIRSHEN S e%!TE‘rﬁESS%e&‘%ﬁf"é&é!c%xﬁ@é’s”)%%%gween the
2-position of Neeparatichthba3ipgsitieragfeddls Tiikepa thanlat enapuoet dad, aorjatfdrieharat liver24;
the human cHNAZS Bt SeAAPIGRO PN SERHER ST PLBIRAS, 43 S 08 rat S9Nl §i3 enzyme
by recombinant'expression. In a

with degree of preference increasing with decreasing average pl. :

In all embodiments of the invention recombinant FSH is preferred. For treating ..
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.

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 FSH®* preparations (also preferred).or urinary -
FSH may be subjected to sialyl boosting, by treating with an enzyme, such as a
glycosyl transferase, in particular sialyitransferase, 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
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
sequence Galp1, 4GlcNAc, which are the most common penuitimate moieties
underlying the terminal sialic acid on sialylated glycoproteins. An example of a



preferred embodiment, the sialylation methods use a ST3Gal | | | (preferably from rat), ST3Gal 1V,
ST3Gal I, ST6Gal |, ST3Gal V, ST6Gal 11, ST6GalNAc I, or ST6GalNAc 11, more preferably
ST3Gal lll, ST6Gal 1, ST3Gal IV, ST6Gal Il or ST3Gal V, more particularly preferably ST3Gal Ili
from rat. The amount of sialyl transferase will preferably be in the range of at or al%or#tﬁégﬁﬁu per mg
of FSH or less, preferably at or about 5-25 mU per mg of FSH. Under preferred conditi e
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 F$8 enriched in acidic isoforms by transfecting a:
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 isiabyteunsfeiese thanragyibg useinSdSGaldhavbigh iF eteogeaferredditae aell contains

endogenou%%ﬁsaﬁ]esgﬁﬁaﬂ&%@%@'ﬂ?@éf@ﬁfrﬁ&?@@%%&@&gﬁb&ﬁéﬂggéEmPélféSH may

be inserted enome of the.cell. The expression of sialyltranSferase may be increased by

inserting noacithindhe Greirp KalderbdglyeasyINAseC8rlHB-3fhalicesytiNAslysosides®
endogenous RRQYSHRELRIANSIMIRGd 15k ARSI GAIFrASARe SRIFHS IDRsERh P plfiable gene in

operative connection to the sequences encoding smlyl?ransferase, so as to cause amplification of the

genomic sidklirksagebevespdin dwe saerbatidese ddikaan A thecaeohardasuisisiwessy be

performed Ygin® HIBMGY S NERIRE BIRPERN Ip0SHRIMBIEGAS TRRCPRRTLINEF RIS Kwnlied
Research Systems ARS HoldingJil.V.). The degree ofssialylation of an FSH preparation may also be
e Gt |

increased bipalated:irgm @livsTexthekisnan cRBADIRRG genemis: i DNB SRR B&Ealylation.
Such cells ipabAR SRiefitatnypradicede onthishinesmel By rRorbaRteipHaasRRresahigh levels of
sialyltransferases. An FSH preparation Pre atr,ed in chh a cell mg;i_further e subjected to an
isolation mdFetgred embodiment, the s alﬁa ion methods use a ST3Gal lll (preferably from

rat), ST3Gal IV, ST3Gal |, ST6Gal |, ST3Gal V, ST6Gal |, ST6GalNAc I, or

ST6GalNAc Il, more preferably ST3Gal lll, ST6Gal |, ST3Gal IV, ST6Gal |l or

ST3Gal V, more particularly preferably ST3Gal 1l from rat.

The amount of sialyl transferase will preferably be in the range of at or about 50
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:
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
seque'ri'c_,_:_és. Alternatively, if the genome of the cell contains endogenous

: sequencgés encoding sialyltransferase, a construct causing the expression of FSH
may be irjserted into the genome of the cell. The expression of sialyltransferase
may be ibcreased by inserting non-native regulatory sequences, active in the cell,
in operaﬁVe connection to the éndogenous sequences encoding
sialyltransferase. It is also possible to insert an amplifiable gene in opérative_
connection to the Sequences encoding sialyltransferase, so as to cause
amplification of the genomic sialyltransferase encdding sequences. These




mentioned herein, in order to isolate isoforms having a high degree of sialylation. The degree of
sialylation of an FSH preparation may also be increased by culturing a cell that is expressing FSH,
preferably recombinant FSH, under conditions that favour a high level of sialylation. Sialylation may
be favoured by supplementing the culture media with inhibitors of neuraminidase and/or direct
intracellular precursors for sialic acid synthesis, such as acetylmannosamine. An F3H, pmpafggéon
prepared under such culturing conditions may further be subjected to an isolation method, as
mentioned herein, in order to isolate isoforms havinﬁ)a high degree of sialylation. If sialyl boosting is
used, it is 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 f ly, it: out 240, and
more particurfgart[ﬁ%%%ra %ﬁag%%dg é@\ﬁ%ﬁﬁ%‘§$rﬁ%ﬁ£@§%%ﬁ@%ﬂgégﬁﬁ§&%%?'&&T Al's may
be isolated, asrdseeriped kiR £HNE/ 500 thoplisst dfgseancbobysiemaiRS (dolding bxhatised
Sepharose, eluting with a gradient of methyl-glucose, or by preparative HPLC. The sialylation
boosting method of the invention may advantageously be applied to FSH preparations that have been

modified to ihiedearemebrialyaiianatisndi St neparatios mayirlsebgljaesassdbyrSHO1y+
preparations)e/Suahd S dei Yor BigRassiansirasonidhAit FEIIRIRAINASIRSR faRigns having high

Al's prior to sialyl boosting. The invention includes FSH preparations made by expressing FSH in cells

that are notSiaiidien: SuGeells indidrselesied hily ahiyhinasqigregerexample, WO
99/13081 (AkraNRgishat Sgnedaanghaciersastsinnyiriisiérase s SArardimpigparandhe uni-cellular

eukaryote Dictyostelium, particularly muteins having additional glycosylation sites. Dictyostelium is not

capable of sRIGRATRY Pisucha ¢4 TRR¥MEhshbe gubleciad ie sa irplationdnethgd @iecting wild type

mentioned herein, in order to isolate isoforms having a high degree of sialylation.

The degree of sialylation of an FSH preparation may also be increased by
culturing a cell that is expressing FSH, preferably recombinant FSH, under
conditions that favour a high level of sialylation. Sialylation may be favoured by
supplementing the cuiture media with inhibitors of neuraminidase and/or direct
intracellular 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.

If sialyl boosting is used, it is desirable that prior to enzymatic sialylation, the FSH
preparation have a high A, so as to provide many anterinae 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.
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
to FSH preparations that have been modified fo introduce one or more additional



FSH or muteins expressed in Dictyostelium to sialyl boosting. After sialyl boosting, 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). The FSH of
the invention has a Z-number of at least at or about 200, more preferably at least aégrgggut 210,
particularly preferably at least about 220, more particularly preferably at least about 230, 4@?@50,
260 or 270, with degree of preference increasing with increasing Z-number. Fully sialylated FSH has a
Z-number of at or about 230 to at or about 280, de%j;ding 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 the invention are prepared to consistently have a Z-number of at least at or

about 200, f 5 wenti : % 1] ' ' isolated
from a mixtgirEeé %%fs%gngsg I%é?n“gqfﬁﬁbg}%?ﬁgho 'tisait&g'v?ilﬁ;ﬁeqﬁnowr% ?c% %%@Q%fi%%r% %‘noe art. For
example,, ibsesepatatec isdmiesedrastigns haying diahAd e RERG o Hirdvh eestingy may be used to
separate the isoforms on the basis of pl. The different fractions can be analysed for sialic acid content,
and the desired fractions selected for use. An example of suitable conditions for ion-exchange 2 4

MAY 2006 Thefpyaioniashidegied prapamisnppadsiinexiasis Miithiuealsimat used to
isolate FSH.pf thet BSAERN SramIGRtISH iR i QtmfestifgtHed: SHIta SV SBERIY. il may be

used to isolate desired isoforms from FSH _treated with sialyltransferase or the other recombinant

techniques FXaAuRIge YV EhavE 3ASHEAKeIphel MaVe fisschikridhe exassianafivdidb@@osition
comprising gsiperaidiBhEINREUAREeNR IRdRDR DittyoRaiia! perttala?lyaR 0tdind00,
preferred values for minimum Z-number are as listed above). Such . .
having additional glycosylation sites. Dictyostelium is not capable of sialylating
glycans. The invention includes FSH preparations made by subjecting wild type

FSH or muteins expressed in Dictyostelium to sialyl boosting.

After sialyl boosting, 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).

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
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 the invention are prepared to consistently have a
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
diifferent fractions can be analysed for sialic acid content, and the desired

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



pharmaceutical compositions can be used to stimulate folliculogenesis, for example in conjunction
with ovulation induction or assisted reproductive techniques (ART). Because 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. . Alternatively, with cargful tailoring of the
dose, FSH of the invention may be used to induce mono-folliculogenesis for 01, or < 4 MAY 2005
paucifolliculogenesis (up to about three follicles) for IUI, for in vivo fertilisation. Mono-folliculogenesis
can also be attained with a reduced dose of FSH, ordgss frequent dosing as compared with
conventional FSH preparations. For example, in 01 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 respQRpsIAYdIa AlOw RN ROmRIrRaMbIE8e Sith deparimeniranvlidringly be

formulated as a pharmaceutical compaosition, which will additionallﬁlcom rise a diluent or excipient. A

person skilldsasdeisetate it ofith uRyrnigndipmrnyeatiadly aradusrdESitble to formulate

a pharmaceisah §PFBIAWPBHN S ftfrite ibsaidiantis ibgrigalidorey iRt mssaei gesage in the form
of a solid ready for dissom%%[l}i to form a sterikegin'a%table solution for intramuscular or 2 4 MAY 20DB

22 subcutanB&GAW R RIAYRNSIRIRF P fYSSRMAABAL tRehrigues meatiNgad carriers

include sucreggyactose, sodium chloride, buffering agents like sodium phosphate monobasic and
sodium phosphate dibasic. The solution may be prepared by diluting with water for injection
immediately prior to use. FSH of the invention may also be formulated as a solution for injection,
comprising ainyovieEspecipthstingerdtinrifprevidtesizaplosmnacdutiberedmposition @oenpkitieg In the art.

FSH according to the invention (i.e. having a Z-number of at least at or about
200, preferred values for minimum Z-number are as listed above). Such
pharmaceutical compositions can be used to stimulate folliculogenesis, for
example in conjunction with ovulation induction or assisted reproductive
techniques (ART). Because the FSH of the invention is particularly effective in
inducing muitiple follicles to develop and mature, it is particularly suitable for use
in ART, in which it is desired to collect multiple oocytes.

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 1UI, for in vivo fertilisation. Mono-folliculogenesis can aiso be
attained with a reduced dose of FSH, or less frequent dosing as compared with
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 dosés.
depending on the patient response. Patient response may be followed by
sonography.

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.

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



The FSH of the invention may be used in a controlled ovarian hyperstimulation (COH) regimen.
Standard regimens27 for COH include a down-regulation phase in which endogenous luteinising
hormone (LH) is down-regulated by administration of a gonadotrophin releasing hormone (GnRH)
agonist followed by a stimulatory phase in which follicular development (folliculogegggWﬁ@uced
by daily administration of follicle stimulating hormone (FSH), usually at or about 75-6 /day,
preferably at or about 150-225 IU/day. Alternatively stimulation tis started with FSH after spontaneous
or induced menstruation, followed by administration?@f a 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 IU) is given to mimic the natural LH surge and induce ovulation. The hCG
injection is kpRERMRIsHSRd o by Satid obaugly 1peglte, %'aném&'éﬁﬂﬁrbterélfyrd@l,

depending %&P@hiﬁeéﬁPV@r%fr%miﬁtﬁ{ﬂér%ﬂ@b@?%&d@é‘?vﬁuiﬁrﬁ”@%ﬂﬂéﬁ'@ﬁﬁ&h‘{ after the

hCG injection. The ESH of the invention may also be used for 01 and IUIl. For example, FS

stimulation RERMEH I SAUHB RhosRbaR SReaQLasIH e sqdlivm Rhnspbate dikasioneRBRuation, at
a daily dosesgfitfohandy bé/prephridop iaesnpwehraatbeon MRIDITGA fhRtEREN HRBRt& single

bolus of hCG is administered to induce ovulation. Insemination is performed in vivo, by regular
intercourse BP®RUI. 24 MAY 2006 23 Because the FSH of the invention has an increased efficacy with
respect to known FSH preparations, regimens such as that described above may employ lower JU

doses of FS n may be.modified ecreasing.the FSH stimulation period, while achieving the
same or bet%&gd{)%%%gﬁﬁqeg%%y Rﬁ%\ég@ @H@gﬁfﬁﬁffaﬁ&@ﬂ&&" of @ﬁgﬁﬁ)ﬂgz using an FSH
preparation ediherigingrinynofttecertipiotic iodanaersisyducataviey atdviithetOkiden t60-150 1U
FSH, prefer%trallg S]tqﬂé atl)lc])gtﬁ e5%]_{,00, more preferably at or about 50-75 IU FSH.

The FSH of the invention may be used in a controlled ovarian hyperstimulation |

(COH) regimen. Standard regimens®

for COH include a down-regulation phase
in which endogenous luteinising hormone (LH) is down-regulated 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 follicle stimulating hormone (FSH), usually at or about -
75-600 |U/day, preferably at or about 150-225 IU/day. Alternatively stimulation-is
started with FSH after spontaneous or induced menstruation, followed by
administration of a GnRH-antagonist (typically starting around day six of the
stimula'téry phase). When there are at least 3 follicles >16 mm (one of 18 mm), a
single bolus of hCG (5-10,000 IU) 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
injection.

The FSH of the invention may also be used for Ol and IUIl. For example, FSH
stimulation with a preparation of the invention is started after spontaneous or
induced ’inenstruation, at a daily dose of 75-150 IU. When 1 or 3 follicles have
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.



Dosing of FSH is usually on a daily or semi-daily basis. The dosing period may be less than at or
about 14 days, preferably less than at or about 12 days, more. preferable less than at or about 11 or
10 days. For 01, the FSH preparations of the invention may be administered at doses from 25-150 |U
FSH/day, preferably, 50-125 IU FSH/day. For the treatment of male infertility, an F§|_|J" %%?aé%on of
the invention may be administered at 3X 150 to 300 IU/week until spermatogenesis reacheS levels
adequate for insemination, either through regular intercourse or ART techniques. The inventors have
further found that because of.increased efficacy, FS¥8 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+200FSH+210, FSH+22, etc. will be used to
represent FSH preparations having Z-numbers in the range of at or about 200-210, 211-220, 221-230,

etc.) This mepns, Al pRIIPSIS BhW ANERITIY die i eal FmERS ARl Idlepqyentional FSH

every day toachieve adequate folliculogenesis, can achieve the same result with, for example, 225 U

of FSH+2odkeowry iStepiepsraicivy reginess-sudoasdhptslasathedmbnussmal mpioyreased
efficacy of Fighl? 9. s89BPRISH Wiarer ey B Rlddid IR aERRASndREpYg-quoted dosages

may be decreased In those patients showing a %ood response. With FSH preparations of the
invention hastigulatiomperiodoiais achigving 2besameanbatisr spRens in teEpdefpossible to give

injections °'1'|¥1ﬁ1‘fféb’5h’t?w%ilﬂ%é?ffﬂﬁb%!SFG?%ﬁﬁﬁiBIbPUéﬁ‘@ LGP PEIFRRIpARRGN S mgesponse

may be evaluated by sonography, and/or by measuring serum estradiol levels. Other suitable
regimens ardsninBvwadeanats FligadenssismayRr ashipved witi st or ahaythRed@ld; 275 or
300 IU FSH%%XRH&%I?&%%&QQS@WW@ prepEyaMIp sleorsaBelt 7T 20 every
three days; 260-300 IU ESH'i220 eve%/ four days; 75-100 |U FSH*23 every two days, 170-200 U
FSH+230 e\}a%?'ﬂf'ﬂé?af FSH is usually on a daily or 'semi-daily basis. The dosing period may

be less than at or about 14 days, preferably less than at or about 12 days, more.

preferable less than-at or about 11 or 10 days.

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

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

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'%, FSH*?", FSH*?2, etc. will be
used to represent FSH preparations having Z-numbers in the range of at or about
200-210, 211-220, 221-230, etc.) This means that patients who would normally
require, for example 150 [U of conventional FSH every day to achieve adequate
folliculogenesis, can achieve the same result with, for example, 225 U of
FSH*'?, every three days, or 300 IU of FSH*?®, every four days. Because of the
increased efficacy of FSH*%, as compared with conventional FSH preparations,
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



days; and 250-300 IU FSH23 every four days; 275-400 IU FSH+25 every five days; 375-450 U
FSH+250 every six days; 450-525 IU FSH+25 every seven days. The term "increased efficacy"”, as
used herein in connection with an effect on folliculogenesis includes any measurable improvement or
increase in the number 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 eqiidal®¥AY doge (1U/1U),
as determined in the conventional assay of ovarian weight increase in rats, of FSH having a
Z-number of less than 200. Preferably. the improveédhent 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 may be used. The
invention withbs #tietrabsutddOiHbfmohempoashletotgiyeitiantiers palyeverydite S&kxamples
Example 1 myé?% 10 éﬁ = yrTele) I nati fithe Z-numberof a
glycoproteirlg ycan biaet e%v%rﬁeﬂerﬁ(tegggg%om regﬁrr%ig\gﬁfﬁhﬁrgg Sﬁ?éug% P)ﬂe:(ford

GlycoScienevaloafedine spnogoaphiyandianemangring sesiaratadial lenelsay@theme at 100C for
5 hours. The,glupd RRfTERGES SSRAGIRY Fepunrepped @v&v%gggs%m@%ﬁw azides

iegwere eluted with a um aceta%oreagent. The

using a coated glass bead column. Glycan specigs \
glycan specRveWdhreR BaNSied ok ﬁé@t'ya{?ﬁlfdridé@%&ﬁr@%ﬁrﬁg'mé%ﬁﬁﬂe using a

mixed-bed igPepy iR @EySOHB0R200I FEItRER dalygaRreP a6IRS Bo0nieR90 ingHMMg\aggtate buffer
solution. Glycan species were collected on a 0.5 m filter (Oxford GlycoScienges) and

our days; 75-100 IU FSH™" every two days, 170-200 IU FSH™" every three

days; and 250-300 IU FSH*%° every four days; 275-400 IU FSH*? every five -

days; 375-450 U FSH*Z® every six days; 450-525 IU FSH*?*® every seven days.

The term “increased efficacy”, as used herein in connection with an effect on
folliculogenesis includes any measurable improvement or increase in the number
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
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 imprbvement 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
may be used.

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



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 65C. 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 ffozen until
chromatographic separation. The labelled glycan species were separated by anion-éx{thﬁﬁbéﬂﬂﬁ
chromatography. The chromatographic procedure is performed as follows: 2 4 MAY 2006 26 The
column is a GlycoSep(r) C column, 4.6 x 100 mm, pasked with polymer coated divinyl benzene resin
(5 m) The mobile phase.has a flow rate of 0.4 ml/min: Mobile phase A: Acetonitrile (chromatographic
grade) Mobile phase B: Ammonium acetate 500 mM, pH 4.5 Mobile phase C: Ultrapure water
Detection is withapipesimeter set at A.exitafion: 330 nm and emission: 420 nm;  Elution is under the
following elution conditions: Initial conditions: 20 % phase A, 80% phase C 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 pyangdiophase A canstant. The column is maintained at a temperature of 302C. The

glycan speciepeiditigatioingfiZhameearge from neutral, mono-, di-, tri- and tetrasialylated species.
A typical chromatogram is shown in Figure 1. In the obtained chromatogram, the peaks were grouped

' f jon ti ich h f sialylatjop li in Tabl
SN 0 e O S U MBS RN RSP iaiyig e i Teble

Glycan moieties were released from recombinant human FSH, using Oxford
GlycoSciences GlycoPrep® 1000 fully automated instrument or equivalent, with
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.

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.

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.

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.

The labelled glycan species were separated by anion-exchange chromatography.

The chromatographic procedure is performed as follows:



Table 1:, retention times and charge numbers for glycans released from rFSH Retention times min.Gl
can speciesCharge number 2 to 4Neutral0 15 to 21MonosialylatedPmono 21 to 35Disial latedPdi 35 to
45Trisial atedPhi 45 to 52TetrasialylatedPioim 2 4 MAY 2006 27 The results for each glycan group
were expressed as the percent of the total area of the different glycan groups (negtiaWng- di-, tri-
and tetra-) and a Z-number is calculated from the proportions of the different species (PgiyC EF”1): Z=P,
mono + 2 P'di + 3 Ptd + 4 P'tetra Example 2 Determination of antennarity index (Al) The glycans were
released from the peptide backbone by hydrazinolﬁs, 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 cholerae) in 250 mM ammonium acetate, pH 5.5 containing 20

mM calciuth chiteRlin #17 (flYcR2eR® AnsriimmAi§ 8 480UTuniingsked vitbdertymelycans from a

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

column wa$ a BIe-BeBlIE Y 1R 3 TR FgiRS Q-ALal4RiR:a flow rate of 0.7 ml/min. Eluent A:
ammonium acetaj@&isiienvhayd A OAEdeNitie FBHRSRBIGYREpRieyRAt)y!, pH 6.0 containing 8%

tonitrile; " . .
acetonitrie Mobile phase B: Ammonium acetate 500 mM, pH 4.5
Mobile phase C: Ultrapure water

o Detection is with a fluorimeter set at A scitation: 930 nm and Aomission: 420 nmy;

o Elution is under the following elution conditions:
Initial conditions: 20 % phase A, 80% phase C
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.

‘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
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

Rete'ntioﬁtimes (min.) [ Glycan species Charge number

2t04 | Neutral o

151021 Monosialylated Prono

211035 Disialylated Py

351045 Trisialylated Pli

45 to 52 Tetrasialylated Pretra




Detection was with a fluorimeter set at aexcitaflon = 330 nm ; Remission = 420 nm. Column
temperature: 30C. Prior to application to the column, dried samples were reconstituted with Eluent A
(200 I): 50 id of this solution was applied. 2 4 MAY 2006 28 The following gradient was used :t=0
(min) 55%A ; 45%B t=15(min) 55%A;45%B t = 70 (min) 0%A ; 100%B t =75 (min%[go/ : 100%B t =
76 (min) 55%A ; 45%B Peaks are assigned to di- tri-and tetra- antennary, using El€e oggyaéqqgass
spectrometry (ESMS) and Matrix Assisted Laser Desorption lonisation Time-Of- Flight mass
spectrometry (MALDI-TOF MS). Results are expresggd as relative percentages P of di-antennary;
tri-antennary and tetra-antennary, with 100% being the sum of all glycans. The Al is then calculated
using the following equation: Al = 2 Pd + 3 Ptd 4 Ptetra wherein Al is antennarity index, and Pd;, Pta

and Pteaa af, e fAteeBISsAl JRfearcgrb M&E?é%&}ﬁrbis?séh,égiﬁé‘%@H&Pﬁﬁﬁ@‘%&é‘i@@&“ve'y-

Example 3 Separation of FSH into fractions based on degree of S|alé/ ation Recombinant FSH was

separated irthheidiferanbayean SRS (SR rahi sreauitinds-#hdtelicy 898 Aof- e e pharose
FF. The coliynagiegracdaromlt HTORK &hﬁ@@ﬁaﬁtwwgr@%ﬁ%gﬁwmory scale

purification (approximately 60 mg bulk protein), and 0 3.4 x 40 cm (Va ge Amicon or equivalent)
for larger scale purifications, packed

Z = P'mono + 2 P|di + 3 P'tri + 4 I:)'tetra

Example 2
Determination of antennarity index (Al)

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

Examiple 1.

The 2-AB labelled glycans were desialylated enzymatically with sialidase (Vibrio
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 pg of rhFSH.

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

¢ 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;
Eluent B: ammonium acetate 50mM, pH 6.0 containing 8% acetonitrile;
o Detection was with a fluorimeter set at A gitation = 330 NM ; Aemission = 420 nm.

e Column temperature: 30°C.

Prior to application to the column, dried samples were reconstituted with Eluent A
(200 ul) : 50 ul of this solution was applied.



with DEAE -Sepharose FF resin; The mobile phase had a flow rate of 150-250 cm/hour 2 A MAY
2n0E 29 Equilibration buffer 1: 2M Tris-HCI pH 7.00.1 ; Equilibration buffer 2: 25 mM Tris-HCI pH
7.00.1, conductivity 2.151.5 ms/cm; Elution buffer 1: 25mM Tris pH 7.00.1, 35 mM NacCl, conductivity
5.8 0.4 m5/cm (This buffer elutes the more basic isoforms.); Elution buffer 2: 25mia 4 riéAsHI800.1,
150mM NacCl, conductivity 18.3 0.5 mS/cm (This buffer elutes the more acidic isoforms.);
Regeneration solution: 0.5M NaOH, 1 M NaCl Storage solution: 10 mM NaOH The column was '
maintained at 233C or 5 3 C The FSH was preparedgr loading on the column as follows: Frozen
rhFSH bulk was thawed at 53C. After thawing was complete, the solution (3-4 mg of rhFSH, as
estimated by optical density at 276.4 nm, per ml of resin) was diluted with 2M Tris-HCI pH 7.00.1 in
the followingraéigolieaihgfgkudientn@d Bgerits of thFSH bulk. The final concentration of tris-HCI was
25 mM. The pH was adjusted to 7. OO 1 with HCI 1 M. The column was prepared by flushing with 3
bed volumes (BV) of NaOH IIo 6,BY of water. Equilibration was carried out by flushing
with 4-5 BV of Equilibrati roximately 7 was measured. Flushing was then
continued with 7-8 BV of fﬁ : JHESH sample, prepared as above was loaded onto
the column. After loading - %1 was flushed with 3 BV of Equilibration Buffer 1.
ection of the basic fraction was begun when the
"ahdWas continued for 201 bed volumes. The eluent was

Elution with Elution Buﬁer st
absorbance value (276.4 nm a0 12
then changed to Elution Buffer

Peaks are assigned to di- tri-and tetra- antennary, using Electrospray mass

spectrometry (ESMS) and Matrix Assisted Laser Desorption lonisation Time-Of-
Flight mass spectrometry (MALDI-TOF MS).

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
calculated using the following equation:

Al = 2 Pdi + 3 Ptﬁ +' 4 Ptetra

wherein Al is antennarity index, and Py, Pyi-and Pera are the percentage of total
carbohydrate that is di-, tri- and tetra-branched respectively.

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

Recombihant FSH was separated into acidic and basic fractions using anion
exchangé 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
40 cm (Vantadge Amicon or equivalent) for larger scale purifications, packed
with DEAE -Sepharose FF resin;

¢ The mobile phase had a flow rate of 150-250 cm/hour



2 it MAY 2006 30 2, and collection of the acidic fraction was started as soon as the absorbance value
(276.4 nm) started to rise, and was continued for 31 bed volumes. The fractions were then subjected
to ultrafiltration, in order to concentrate them, with an ultrafiltration cell type 8400 (Amicon or
equivalent) equipped with a YM3 membrane for the basic fraction and with a YMI O for the acidic
fraction. All the operations were performed at 53C. Example 4 Clinical study comparing FSH isoforms
The comparative efficacy on volunteers of two experimental rhFSH batches was asséséeblAT\ggg-SH
preparations were generated by splitting rhFSH in two fractions, using ion-exchange chromatography,
as described above, in Example 3. Batch A was : desgned "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). Using the conventional assay of ovarian weight increase in rats,

ampoules of batch Eciiibkation Buseieifillad Tisaminppproxonately 150 IU FSH each. The
characteristics of the twg batches are presented in Table 2. It should be noted that, since the vials

were filled by 1U, th&3ufiRratinn btar2s game T sl Reb Asronduativitinad 858 250% that
of the acidic Batch fRyeast 24 g Vs about 9 g). 2 4 MAY 2006 31 Table 2: Characteristics of FSH

Batches used in clinical study Batch A "acidic'Batch B "basic" FSH content per 8.7 jig/ampoule23.8
pg/ampoule Elution buffer 1: 25mM Tris pH 7.020.1, 35 mM NaCl, conductivity 5.8 0.4

mS/cm (This buifer elutes the more basic isoforms.);
Elution buffer 2: 25mM Tris pH 7.0+0.1, 150mM NaCl, conductivity 18.3
+0.5 mS/cm (This buffer elutes the more acidic isoforms.);
Regeneration solution: 0.5M NaOH, 1M NaCl
Storage solution: 10 mM NaOH
e The column was maintained at 23+3°C° or 56 +3 °C

The FSH was prepared fof 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
resin) was diluted with 2M Tris-HCI 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 7.030.1 with HCI 1M.

The column was prepared by flushing with 3 bed volumes (BV) of NaOH 0.5 M
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
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 201 bed volumes. The eluent was then changed to Elution Buffer



ampoule Specific bioactivity19,753 IU/mg7,386 1U/mg Z-number220160 Antennarity Index (Al)274237
Specific bioactivity is calculated by dividing the activity in IU 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 decapeptyl (0.1 mg). After 14 days, a sonographic examination
was performed and in the absence of cysts, stimulation was started with rFSH (150 1@/da)peitnsg
Batch A or Batch B. Follicular growth was assessed by sonography and serum E2 concentrations on
a daily basis. During FSH stimulation, follicles will @€velop and grow in diameter. The follicles of each
patient were measured and counted on days 8 and 10 of stimulation, and 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 numpasndthlledtierpef thatiaoid iafiragtiotovess btatxh asysoahas tife mbsivebagteups treated

with acidic and bagsicspforms, on day 8. In Figure 3, the same plotis shown for day 10. The results of
the study sﬁ@%‘é%?é\zéﬁﬁﬁ@ hg Eﬁg_%a c“é.%ﬂ!gfﬁg?&|?8£"£f¥88p@6g%§§s%‘a%aﬁfmrx\mth 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 doybling that.in the basic group.
This seconﬂ%lﬁ'g}?’ﬁw&%gyﬁr&i g&g\bﬁ %cé)%a;{ﬁ% ‘é’i’?@%%%{‘y Eb?};cﬁaé li s?fﬂ“ﬁetﬂgﬂﬁ %‘%WIAY 2DD6
32 the patiethgraupjttw‘ihtaﬁm Celtitlipe B200 thwgpmtfm;nﬁvmatba equipgaent withosa hi3L8 follicles
arger than AR S OTHRAR AR WA SRR Fo f5P IREsclfcHCRSR AT offlicles

larger than MeRan day
operations were performed at 5+3°C.

Example 4
Clinical study comparing FSH isoforms

The comparative efficacy on volunteers of two experimental rhFSH batches was
assessed.

Two FSH preparations were gen'erated by splitting rhFSH in two fractions, using-
ion;exchange chromatography, as described-above, in Example 3. Batch A was .-
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).

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
noted that, since the vials were filled by IU, the actual amount of FSH in the
ampoules of the basic Batch B was about 250% that of the acidic Batch A (about
24 ng Vs about 9 pg).



The average total number of follicles on day 10 in the "acidic" group is 28, whereas in the "basic"
group itis 19. The average total follicular volume. (TFV) per patient was determined using
sonography. TFV in the group receiving "acidic" FSH was 30% higherthan 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 difference was’foWaZﬂﬁBlt 30%
(see Figure 4), as compared with the administration difference of 250%, in line with the higher
metabolic endurance of the acidic forms. Example 5 Separation of FSH into fractions based on
Antennarity Index (Al) FSH preparations having high%? than normal antennarity indices can be
isolated using HPLC or affinity chromatography with concanavalin A (Con-A) derivatised Sepharose.
Example 6 "Sialyl boosting" with sialyl transferase Recombinant human FSH ("starting material”; 10
mg) was dissolved in buffer (0.1 M HEPES~ pH 7.5) at a concentration of 4.3 mg/ml. To this solution
Wé:sa f’iddgd [EBIO P ACHA Y I SHES 6T FSH BhtEIaS s GANCRATCA @udly 00 MU/, Sgd y
cytidine-5'-n =N- LCMP-] S)as-sialic 24 MAY 2006 33 aci
donor at a chncentration of 20 mM. AltérnatiRRCHR ‘95ifiGcid donor nBatcBRyd@sited inlsitu using
20 mM NeuRCang ZHmditddb paihe p'esenggqﬁ(?%mc acigl synmgﬁlﬁdg/drﬁﬁd%cnowwas
[

incubated at 37C for 24 hours. Fractiops enriched in sialic acid were isolated using the techniques
described in| Exampl@&poute

Specific bioactivity 19,753 IU/mg 7,386 IU/mg
Z~number 220 160
Antennarity Index (Al) 274 237

Specific bioactivity is calculated by dividing the activity in U 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 decapeptyl (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.

- 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
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 into 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.

The results of the study showed that while in the basic group the fdllicle 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 resultis that in



Sialyl boosting may also be carried out using starting material consisting of FSH having an enhanced
Antennarity Index, prepared according to Example 5. 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 Eiaﬁn{dﬁ&ﬂﬂb‘
Example 7 Generation of FSH mutants The cDNAs of the a- and R-subunits of human FSH were
subcloned into the pDONR vector (Invitrogen). The QuikChangeTM Site-Directed Mutagenesis Kit
(Stratagene) was used to introduce N-linked glycosgftion sites into the a- and (3-subunits of FSH.
The QuikChangeTM system utilises two synthetic oligonucleotide primers containing the desired

mutation(s). The following pairs of oligan‘J‘cIe_oj[ig!es were used to introduce the N-linked glycosylation
sites: CC T Hee patiepiaronrdreatad pith GediddSden ey BAtespwereoneeBIe GGT GGC

GTT TGG Gy P A YDANCHE &rGefan il Sh riwk, %Er%ﬁrﬁﬁ&g@d%; Arested Mt “pastd’C TAT ACA
TAC C and GGT ATG TAT ACA AGG AAT CGT TAT GGT GAG CAC AGC for A70N, GAT CTG GTG

TAT AAG Alsofeimathe averagedembes gTfqllicles largerdemirimewdry d® vesanyce TTC
TTA TAC AGE AGA TC for D41 N/A43T, TGT ACT GTG CGA GGC CTG AAC CCC AGC TAC TGC
TCC and GGA GCA GTA GCT GGG GTT CAG GCC TCG GAG AGT ACA for G100N, G AAC GTC
ACC TCA AAC TCC ACT TGC TG and CA GCA AGT GGA GTT TGA GGT GAC GTT C for ES6N,

and CAG GARdYeraGASBIhITBa? 4TAICIZEWh HaY G0 iR e Goiakd G6up TEREGGA GAA GGT
TGG GTT TTC CTG:for F1/T. The DNAijéegq nces of the mutant cDNAs were confirmed using the

ABI PRISM Vﬁl&fﬁ?@]‘ﬂlﬁ'@rrﬂﬁﬂfbrﬂf@ﬂ? Reaction Cycle Sequencing Kit followed by analysis
with the ABI PRISM 310 Genetic Analyzer.

The aVerage total follicular volume (TFV) per patient was determined using
sonography. TFV in the group receiving “acidic” FSH was 30% higher than that
in the group receiving “basic” FSH.

FSH séru‘rh-:levels in the patients, measured by radioimmunoassay, were higher
in the baSIC group, as expect_ed from the protéin mass injected; however the
difference was only about 30% (see Figure 4), as compared with the
admihi‘st‘ratibn difference of 250%, in line with the higher metabolic endurance ot
the acidic forms.

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

FSH pre

rations having higher than normal antennarity indices can be isolated
using H C or affinity chromatography with concanavalin A (Con-A) derivatised

Sep

recbmblgént rat sialyl transferase (ST3Gallll) to a concentration of 100 mU/ml,
and Cyt_idfhe-S’-monophosphate-N-acetyI neuraminic acid (CMP-NeuAc) as sialic



The pCl mammalian expression vector (Promega) was converted into a GATEWAY destination vector
by using the GATEWAY Vector Conversion System (Invitrogen). The a- and (3-mutants along with the
wild-type subunits were subcloned into the pCl expression vector using the GatewayTM Cloning
Technology (Invitrogen). The pCl expression vector contains the human - cytomzzlog%vﬁg
immediate-early enhancer/promoter to regulate the expression of the inserted geng, dn'i Bsn
upstream of the gene to promote expression and the simian virus 40 late polyadenylation signal
downstream from the inserted gene to terminate tra?\%cription. The E56N and F1 TT alpha mutants in
pCl were co-transfected with wild-type FSH 0 in pCl whereas the A70N, G1 00N, V78N and D41
N/A43T f3-mutants in pCl were co-transfected with wild-type a-subunit in pCl. As a control, the

wild-type (3-aidsieBpPEatpiRqnepanatinr of Quuht ifiernatvehe dhe-sisficcadd dARASIEHids were

transiently traps{RsterbiRie EH293iAg!z0 (AIMTeRIaAAEEAMIDIRYA Brgresahrsehate method

(for example, as described in WO 96/07750). Alterpatively, The pC1 pl id containing either the
wild-type (3-5%%11?'3?'% %ﬁﬁ?an D\?a‘ée@ﬁtl?é‘n‘g%%@ﬁ‘%?ﬁ'ﬁe\g/iﬂﬁ & EAbHNTs-pCr. The

plasmids maFgigfidis sanisieadrosiairbicidansfe dsalbicid uSiH@ thel ldBniquley @diarribedtiansfection
the medium \%S%Ch?fg ed to DMEM/F12 (Invitrogen, 11320-033) containing 1 ug/ml of insulin
(Invitrogen, Be , 6.8 ng/ml of sodium selenite (Sigma, 55261) and 12.2 ng/ml of ferric citrate
(Sigma, F3388). One day following the change in the medium, the conditioned medium was collected

and centrifuggd faor,5 mi imately 80Q x gat 4C tQ.r Vv .cellular. debris gt
supernatant%ﬁé%{ﬁelﬁg&eaa%rm%ﬁ%%%g rg?: aé?ét)aﬂsxn i%t%?@%fﬁée rlegs‘ecco8 'esrggjgflﬁs ?r'uments) for
5 minutes archtting aheemizaicedviadartartydizaditie cpypidredracdonsdioy to ExanipleAcrodisc filter
(Gelman Sciences, 4184). To the clarified cellular extract was added, 1 M 2 4 MAY 2006 35 Tris, pH

7.4 for a final concentration of 50 mM Tris and Tween20 was added for a
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 Exarnple 3.

Example 7
Generation of FSH mutants

The ¢cDNAs of the a- and B-subunits of human f-;SH were subcloned into the
pDONR vector (Invitrogen). The QuikChange™ Site-Directed Mutagenesis Kit
(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
GGC GTT TGG GTA TGT ATA CAA GG for V78N, GC TGT GCT CAC CAT AAC
GAT TCC TTG TAT ACA TAC 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
CCCAAAATC CAand TGGATT TTG GGC CTAGTT GGG TTC TTATACACG
AGA TG for D41N/A43T, TGT ACT GTG CGA GGC CTG AAC CCC AGC TAC
TGC TCC and GGA GCA GTA GCT GGG GTT CAG GCC TCG CAGC AGT ACA
for G100N, G AAC GTC ACC TCA AAC TCC ACT TGC TG and CA GCA AGT
GGA GTT TGA GGT GAC GTT C for E56N, and CAG GAA AAC CCAACCTTC



final concentration of 0.1% Tween20. The FSH mutants were purified from the cellular extract using
immuno-affinity chromatography, on Sepharose derivatised with anti-FSH monoclonal antibodies
immobilised using divinyl sulfone (Immunoresin anti-FSH-McAb-DVS-Sepharose). Such resins can be
produced by methods known to the skilled practitioner, for example, as disclosed ir@ \W @88/ 70.
The resin was equilibrated in equilibrating buffer, consisting of 0.1 M Tris-HCI, 0.3M NacCl buffer at
pH=7.5, at 4C. The column was loaded with a quantity of IU FSH (by radio-immunoassay, RIA)
corresponding to 80-90% of the total FSH binding cgyacity of the column. Non-retained proteins were
eluted with equilibrating buffer (as above) until the OD280 of the eluate was lower than 0.02. The
absorbed mutant FSH was eluted from the immunoresin with | M:ammoniam solution at 4C. Eluates

correspondifgto ep@ICLiaRE GE TTEGBASGARIGET TEGEIIIAH ChePs! fyas ariustgekto 9.0 by
Cirafitered HUR KARBIPR SR C ORI ST NP £6 OIS oL G AR SR smal
volume. TheBigDyef TteminawrV3IHRekdioReettithedysihietpesiring kit ffllowersbyphase HPLC,
aracient ger AP M ASLRRITA S B AMBRZRLY ne solution was adiusied to about
5.6_. The solutio_n was loaded ona C18 re_versed phase colgmn (Prepak 500 C18 cartridges Waters)
e o P A Y S AR R 2008
Mutant FSH@AEEMAY destinatior NectosdprosindthepGATEW AlivedtabTionversion
System (Invitrogen). The a- and B-mutants along with the wild-type subunits
were subcloned into the pCl expression vector using the Gateway™ Cloning
Technology (Invitrogen). The pCl expression vector contains the human
cytomegalovirus immediate-early enhancer/promoter to regulate the expression
of the inserted gene, an intron upstream of the gene to promote expression and
the simian virus 40 late polyadenylation signal downstream from the inserted
gene to terminate transcription. The E56N and F17T alpha mutants in pCl were
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 pCl.
As a control, the wild-type B-subunit of FSH in pCl and the a-subunit in pCl were
co-transfected. The plasmids were transiently transfected into HEK293 cells
(ATTC, 'CRL-10852) using the calcium phosphate method (for example, as
described in WO 96/07750). Alternati\}ely, The pCl plasmid containing either the
wild-typé 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 ceIIs One day after the transfection the medium was changed to
DMEM'/F‘1'2 (Invitrogen, 11320-033) containing 1 ug/mi of insulin (Invitrogen,
18140—020) 6.8 ng/ml of sodium selenite (Sigma, $5261) and 12.2 ng/ml of ferric
citrate“'(.‘é;’igma, F3388). One day following the change in the medium, the .
condifiorliéd medium was collected and centrifuged for 5 min at approximately
800 x gv‘ ét 4°C to remove any cellular debris. The supernatant was removed and
centrifugléd at 16,000 x g in a Biofuge fresco (Heraeus Instruments) for 5 minutes
and then the medium was further clarified by filtering through a 0.45 pm Acrodisc
filter (Gelman Sciences, 4184). To the clarified cellular extract was added, 1 M



phase. Fractions were checked by analytical gas phase chromatography (GPC). and
radioimmunoassay (RIA). The organic solvent was removed by distillation under vacuum at less than
40C, and the solution was frozen and lyophilized. The mutant FSH preparations expressed in CHO
cells were subjected to ion exchange chromatography, as described in Example 3, in order to isolate
fractions having r-numbers of greater than 180, 190, 200, 210, 220, 230,240, 250, %ﬁdWh@ﬂBMutant
FSH preparations expressed in CHO or HEK293 cells were subjected to slalyl boosting, as described
in Example 6. After sialyl boosting, the mutant FSH 3%as subjected to ion exchange chromatography,
according to Example 3, to isolate fractions having Zt-numbers of greater than 180, 190, 200, 210,
220, 230, 240, 250, and higher. 2 4 MAY 2096 37 References: 'Wide, L; The regulation of metabolic
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The resin was equilibrated in equilibrating buffer, consisting of 0.1M Tris-HCI,
0.3M NaCl buffer at pH=7.5, at 4°C. The column was loaded with a quantity of 1U
FSH (by radio-immunoassay, RIA) corresponding to 80-80% of the total FSH
binding capacity of the column.

Non-retained proteins were eluted with equilibrating buffer (as above) until the
ODagp 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 6orresponding to about 4 times the immunoresin volume
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 in an
Amicon apparatus (membrane cutoff 10,000 Da) and concentrated to a small
volume.

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 adjusted to about 5.6. The solution was
loaded on a C4g reversed phase column (Prepak 500 Cqg cartridges Waters)
which had previously been equilibrated with 0.05 M ammonium acetate buffer
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exchange'chromatography, as described in Example 3, in order to isolate
fractions having Z*-numbers of greater than 180, 190, 200, 210, 220, 230, 240,

250, and higher.

Mutant FSH preparations expressed in CHO or HEK293 cells were subjected to
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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6. A pharmaceutical composition according to any of the preceding claims wherein the recombinant
FSH is expressed in Chinese Hamster Ovary cells. 7. A pharmaceutical composition according to any
one of claims 1 to 6 for use in folliculogenesis. 8. A pharmaceutical composition according to any one
of claims 1 to 6 for use in controlled ovarian hyperstimulation. 9. A pharmaceuticglcqmpasigon
according to any one of claims 1 to 6 for use in ovulation induction or intrauterine insemination. 10. A
pharmaceutical composition according to any one of claims 1 to 6 for use in the treatment of male
infertility. 11. A pharmaceutical composition accordif to any of the preceding claims wherein the FSH
has an increased degree of sialylation at one or more additional glycosylation sites present on an
peptide appended to the FSH protein. 12. A pharmaceutical composition according to claim 11

wherein the—appended peptide s the carboxy termimat portiormof the (3=subumtof h€G624-MAY 2UU
40 13. A phanpaserticakeriop esidieiurase dirghinaby of theinsecsrigishonmnxydnarssniied SH has
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3-subunit of PEreaRat @A drichrGhReTe FHFPRE, 1E350N | FRTaKenemasi atslinlifMbOber 268, A method for
preparing angggopigeetdiSH preparation having a
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Z-number that is at least at 200, the method comprising the step of reacting FSH with a sialic acid
donor in the presence of 2,3-sialyltransf erase. 16. The method of claim 15, wherein the recombinant
FSH has a Z-number that is at least at 220, preferably at least at 240, more preferably at least at 260.
17. The method of any one of claims 15 or 16, wherein the sialic acid donor is CNIR-$laYic2aasid. 18.
The method of any one of claims 15 to 17, whereirgthe sialyltransferase is rat ST3Gal Ill. 19. A
method for preparing a recombinant FSH preparation having a Z-number that is at least at 200, the
method comprising a step of isoelectric focussing, chromatofocussing or ion-exchange

chromatograp .method for preparing a recombinant FSH preparation having a Z- number that
is at least at 200, the méthod comprising supplementing the culture medium in which the recombinant
FSH is expressed wiih pheuraroditice e onhpoiditisracehyrdirer tentnatdtatd 8 Eicwisersifior sialic acid
synthesis, such as acgtylm 'Eﬁ%b n ﬁ r 20 wh e|n the
recombinant FSH is ?éﬁ)%r%%ose ﬁg@rﬁg‘gﬁ %%1%{1 \%gﬁ FI)glc@I gd{ S%§J %q‘te% pa[gf%ra r¥g to any of
claims 15 to 21, Wheﬁélfeméabaaﬁabﬂ@aﬁplpfﬁmhﬁsaé#ﬁaebﬁééécblrﬁﬂ%ﬁﬁ@fﬁmtﬁmﬂm preferably
less than 3.3, particypslygreferably less than 3.2.

2. A pharmaceutical composition according to claim 1, wherein the
recombinant FSH has an average pl of less than 3.4, more preferably
less than 3.3, particularly preferably less than 3.2.

3. A pharmaceutical composition comprising recombinant FSH, wherein
the recombinant FSH has an average pl of less than 3.4, more

preferably less than 3.3, particularly preferably less than 3.2.

4, A pharmaceutical composition according to any of claims 1 to 3, for use
in medicine.
5. A pharmaceutical composition according to claim 1 or 2 wherein the

recombinant FSH has an antennarity index Al of from 220-280.

6. A pharmaceutical composition according to any of the preceding claims
wherein the recombinant FSH is expressed in Chinese Hamster Ovary
cells.

7. A pharmaceutical composition according to any one of claims 1 to 6 for
use in folliculogenesis.

8. A pharmaceutical composition according to any one of claims 1 to 6 for
use in controlled ovarian hyperstimulation.

9. A pharmaceutical composition according to any one of claims 1 to 6 for
use in ovulation induction or intrauterine insemination.

10. A pharmaceutical composition according to any one of claims 1 to 6 for
use in the treatment of male infertility.

11. A pharmaceutical composition according to any of the preceding claims
wherein the FSH has an increased degree of sialylation at one or more
additional glycosylation sites present on an peptide appended to the
FSH protein.

12. A pharmaceutical composition according to claim 11 wherein the
appended peptide is the carboxy terminal portion of the B-subunit of
hCG.



13.

14.
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A pharmaceutical composition according to any of the preceding claims
wherein the FSH has one or more mutations that introduce one or more
additional glycosylation sites in the FSH protein and increase the
degree of sialylation.

A pharmaceutical composition according to claim 13 wherein the
mutations are selected from one or more of A70N, V78N, G100N,
D41N/A43T in the B-subunit of FSH and /or one or more of F17T,
E56N, H83N in the a-subunit of FSH.

15. A method for preparing a recombinant FSH preparation having a

16.

17.

18.

19.

20.

21.

22.

Z-number that is at least at 200, the method comprising the step of
reacting FSH with a sialic acid donor in the presence of
2,3-sialyltransferase.

The method of claim 15, wherein the recombinant FSH has a Z-number
that is at least at 220, preferably at least at 240, more preferably at
least at 260.

The method of any one of claims 15 or 16, wherein the sialic acid donor
is CMP-sialic acid.

The method of any one of claims 15 to 17, wherein the sialyltransferase
is rat ST3Gal Il |
A method for preparing a recombinant FSH preparation having a
Z-number that is at least at 200, the method comprising a step of
isoelectric focussing, chromatofocussing or ion-exchange
chromatography.

A method for preparing a recombinant FSH preparation having a Z-
number that is at least at 200, the method comprising supplementing
the culture medium in which the recombinant FSH is expressed with
neuraminidase inhibitors and/or direct intracellular precursors for sialic
acid synthesis, such as acetylmannosamine.

A method according to claim 19 or 20 wherein the recombinant FSH is
expressed in Chinese Hamster Ovary cells.

A method according to any of claims 15 to 21, wherein the recombinant
FSH has an average pl of less than 3.4, more preferably less than 3.3,
particularly preferably less than 3.2.





