NOVEL FSH GLYCOSYLATI ON VARI ANT D3N BACKGROUND OF THE
IINVENTION 1. Field of the Invention [0001] The present
invention relates to human reproduction. Mire
specifically, the present invention relates to
fertilization therapies. 2. Description of Related Art
a. Gonadotropins [0002] Follicle stinulating hornone
(FSH) is a nenber of the fam |y of gonadotrophins that
play key roles in human fertility. The gonadotrophi ns,
whi ch al so include |uteinising hornone (LH) and
chor i oni ¢ YONALI FSPPEIY COSY.L ATPONCY ARTANTEDBN each
consisting of a conmon a-subunit (92 am no acids) and
a uni que P-subunit (111 anmino acids in FSH). The am no
aci d sequencesBACKGROGNDr @FfDHEsINVENAZON and
p-subunits of FSH are shown in SEQ ID NO1 and SEQ ID
1. Fidd af thednpyentiove| y. [0003] Human FSH has been i sol at ed

[00019 Elgnrgspg‘iisfeﬁggl)%{e%mg’l 1% t'ggﬂ.m];a[ Olgh 3Er it oﬁ%ﬁ g}%ﬁc%dalfﬁ the present

inventianm@ hica o ﬁehhmn@hl%ﬁaﬁﬁ@ 640 US 5, 156, 957, US
4,923, 805 40 896, US 5,767,251, EP 211,894 and
2. DE‘?‘;"EFEP'S%"GS{HS Itter references al so disclose the

hunaednadofrepisuni t gene. US 5, 405, 945 di scl oses a
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play Ke3)role3ifi hﬁmﬁn faitiss NEhng@tadatrophiivi| wikinbl elsp iindiide Besnismg

6 6 Rot h i
hormand 48y i Hpsnis BURIBRITER (G, SERGSET G 0By G ag ne of 2
comnl%a—(s@%um@@@%n@éo aﬁ@l@) fid ziihmunSQiubﬁlihem ﬂl%ﬁm%&zmcﬁﬁﬁ FSH). The
(18): 13034- 42), US 5,508, 261 and Chappel et

aming 9@18 seqiigmaes GEihe @cﬁ]@qq fgﬁns q@th@gt)- and ﬁgsglbepg%p%g%—l are shown in SEQ
D NOY | CF? Ibuﬁb% efe%%@ﬁ%lgn rel ationship studies and

Fdefit am no &q residues involved in receptor
[0003]i Hainag FSEIoIheadieew solaed frooh pitnidionglndsaitidfionf pEgRendpausal urine

(EP 3%&.}%5 &{%Ea ogern%?o usceld rPec%sm 13’&&% 15‘?—8&891%85111 ¢81s (US 5,639,640, US
5,156,957, US 4,923,805, US 4,840,896, US 5,767,251, EP 211,894 and EP 521,586). The

latter references also disclose the human FSH B-subunit gene. US 5,405,945 discloses a

modified human o-subunit gene comprising only one intron.
[0004] Liu et al., J Biol Chem 1993,15; 268 (2): 21613-7, Grossmann et al., Mol Endocrinol
1996 10 (6): 769-79, Roth and Dias (Mol Cell Endocrinol 1995 1; 109 (2): 143-9, Valove et
al., Endocrinology 1994; 135 (6): 2657-61, Yoo et al., JBiol Chem 1993 25; 268 (18): 13034~
42), US 5,508,261 and Chappel et al., 1998, Human Reproduction, 13 (3): 1835 disclose
various structure-function relationship studies and identify amino acid residues involved in
receptor binding and activation and in dimerization of FSH.

b. Use of Gonadetropins in Assisted Reproductive Techniques
[0005] The gonadotrophins play crucial roles in the reproductive cycle, and their use in
exogenous therapies is essential for assisted reproductive techniques (ART), such as in vitro
fertilization (IVF), IVF in conjunction with intracytoplasmic sperm injection (IVF/ICSI) and
embryo transfer (ET), as well as for ovulation induction (OI) in anovulatory patients
undergoing in vivo fertilization either naturally or through intrauterine insemination (IUT).
[0006] US 4,589,402 and US 4,845,077 disclose purified human FSH which is free of LH
and the use thereof for in vifro fertilization. EP 322 438 discloses a protein with at least 6200
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FSH in vitro, but lacked in vivo activity, presumably
due to rapid clearance of the inadequately
gl ycosylated variants in serum D Antonio etal., Hunan
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[ 0015] WO 05/020934 di scloses GV, with nutations in
both the a- and {3-subunits of FSH, including a double
nmutation at 13 ES55NNS57T, i.e., the E residue at am no
acid position 55 nutated to N and the V residue at
amno acid position 57 nutated to T. The am no acid
sequence of f3 E55NN57T is shown in SEQ I D NO 3.
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[0020] The present application also describes a vector comprising DNA encoding an FSH
o-subunit mutant comprising the sequence of SEQ ID NO:4. The vector may be an

expression vector.



[0024] The present application also describes a cell

conprising a vector conprising DNA encodi ng an FSH
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NO 3. The vector nmay be an expression vector. The cell

may be a manmalian cell, e.g., a CHO cell. 10025] The

present invention also relates to a cell conprising a
[0021¢ dho presomtappk¢atign alsbidesariboma vesiar eonyuistiedPBencoding an FSH

' he first DNA d R - j
R e e A
expre@sswbctIMA encodes an FSH13- subunit nutant conprising

t he sequence of SEQ I D NO 3. The vector may be an
[0023% ghe prdsent ineantion alsyrelaieatq a h%gt/ortfénmﬁﬁlwa‘q)l(%lﬁN@em@ a second
N8 g G Y RGP R kbl cauence o

SEQ/EENO:4 afidi@herdeth thbeedond DINA eaitdites an FPHI fsabublutant comprising
encodi ng an FSH a-subunit nutant consisting of SEQ I D
the sqanency 9§ SERIINOgh ol Reevactr n@dﬁ%ﬁ%ﬂs%@f%mné @84di ng an

[oozgg%@_épﬁ%@fﬁ%@uggﬁ%ﬁ%&e&gfﬂé5%911- E&ﬁgﬁﬁﬂgﬁ%&opéonﬁ_lﬁ%ﬂ@)NA

tor(s) may be an expression vector.
encazkid amBYH esubunia mugdnit aomprsihg the. sgquenae GHEEQd DI NOJ4) OPhg] vector

The present inventjon glso relates to a .rethod
may e RNFEPTRGMIAR VT rAIEesH TS 4 @nglaila? el ey Skt
(0023 :T:ht% pPARAIBOf o8l Yo QY el RGP ohPHlAg a WBEbEEdnSidik DNA

S conpri se .a first exXpr essi on vector conprising
encddivy &NESI iPraybanit FSkng cempuising thewseawrnce ofPERIPMYOthelhe vector

equence aof SEO I D.NO 4 and a secong. _expressi o r
may ARG OB R S50 Y PRSI A S SO A
[00259 MBE ipBdsBak ihihtida a8 R6elates to SEEN tdnPidid a Vect@nideising a first

enbodi nent of the present invention said cells

DN4 e risseond RN Agwhergiscthe first SRR e8¢ esgs PNESErfcshunl naant

FSH a- It I.Si
conf R AR DY SO P o3 BB R o L
subinfhBtagtdvmiprisinpthasdquencgst SHQ D N@:3 s dhaencter mhy 8EGh | D

NO. 3. 0028] The present inyention alsq rel ﬂt es to a
eXPIETIRIb ¥ 9Te I Tie SAY My e mampoalipm eRlh et (cHG oell

[00% Wh%?&tgﬁﬂgﬁgéélﬁ%n%fs%qgltaé@ k&a cAI E&Iﬁﬁriﬁl{iqg £%8dt Bh@B%econd vector,

erein a-subunit conprises the sequence of' _
wheSF)tHeDindrettoandmphiessddN At dneodiglah BSEubsutiunitcoutpmti copsisting of

A BB B e el Ve ) L o
compRSRE % RGuaRBIorSBIED RY:3 OTRe ERMOH) ndy teaikxphssieR vector. The

an effective anount of a nutant FSH nutant, erein
cell pipy HeSHnampabamiell, c@rCHPscellhe sequence of SEQ I D

.4 and erei.n the FSH13-subunii. I.s
1003 the TRGGHORY iR BIERIES 5,3 Bt of PIRLLDE 3p S5
compEikiAg GuRiirisd mabhailiah gelisdabilsle b giyoes/ilRinigpreteiig Widrein said cells
conprising adm nistering to a mammal in need thereof
comprise:d fiet eXRressiRroYAstor sPmRriging AM Aresrpdingan EPH o pbupigmutant

R GR350 5P THERSRBE SRR e D
encqfigg enFSHrp/abuinid huadg eomplising she wqaenve i SEQOID Naiiclmapother
eGP UL L0 0 e CATRLLS! o D
encll H%Qﬂ FOfI oc’i?]dﬂdhﬁ %utﬁ'éom?ﬁ%i%%iﬂ'libg Berdceldf 8F Ni0:4 and further

rises the sequence of Sl 4 and wherein the
comp8king PN Alpneoding anbs HesubSEOnURMNCOBpriBing die sequence of SEQ ID
No_gescri ption of the Draw ngs '



Figure 1 shows an alignnent of the D3N (SEQ ID NO 4)
a-subunit nutants to the human a-subunit of FSH (SEQ
ID NO 1). The residue nunbers refer to the hunan
a-subunit of FSH (SEQ ID NO 1) with 1 being the first
amno acid of the mature pol ypeptide. [0031] Figure 2
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[SEGRTOf DI Nl q Ry ' QLALNGSEQ ID NO:4 and

mutahldy o’rvrvr%?rlg%ﬁg%?ggt(g%}l [ tyéogﬁgrt%%sét%ﬁsﬁclop@g?)gi n_Q To thi sEm

wherginithd FSH$swnaltoguesises SEQIIRCNEased hal f-1ives have

X i mar .| en.limted to fusion proteins wherein the
Br‘efﬁifﬁgﬁptb?{r?ﬁbtg‘ﬁrborﬁwﬂgé pol ypeptide i ncl uded additi onal
Figur@|1yshosylaataligameht €the DINVBEQTDRSBE 4) 003BjniAmuESHs to the human

e SREBYDIG, LSRR P B AR i o

FSH §$clz hpnuo: 0f withe ek etfastantiy abiaMe the matire poéypeptide.

ol 'ow ng nutations, conpared to the w.l(d-type .

1003 TR ShosonesRIeRBSTSe R darine PPy TR EP sampRiges 2 D3N
mutaROP IR Alta E1VEY ?J&Hunitﬂzv}ﬁ&ﬁl BbptitRBB@ b NWO{33as compared to a
13-subunit, e.g. 13 GV I containing the fojlomnn%? .
dose-eppansRRrvESENNGTDe BRE. dihefgptTepoRtteeuaindi g F SH activity at
variog% Q%) san'ngh RS aRl WikieypEERDI 8RS 1 5SkLRBYtoliBe D3N mutant.

gl ycosylated. The one or ndre additional glycosylation
Clong il #€ds af untedated FSHIMWFBRE. may be gl ycosylated in vitro

or in vivo. [0034] The FSH nutant may be produced by

any sui t abh e §9s DESCRIPTIGRORNHE TRasENTEORD S

i nclude the construction of nucl eoti de sequences

encodi ng the respective FSH nutants and expressing the

am no acid sequence in_a suitable trgggfected ho

(00331 hilsi hasthaeat Shety™ d B EAIEHIE CRRO BTN Et of PSH may lead to

increSyHALH %?Joﬁ‘l%aﬁ’f—li@,’i SO RELLENifObf PRBINE Gire SHMPIEAES than simply
and reconbi nant DF\IA technol ogy. [0035] The FSH nutant,
addingsaddétbonal ebisostiation sitayd Wil BlyRpHdatisin qogRPIsHS SFRUCAET 1 necessary
for c%r%g%n%@'a%ﬁ&%@ft%e itROhYPERELEE: 6 I%?%)&? thatR s dhh&rdié\Rddition site will

rizé in vivo so as orma dineric )
be utfideyp €phérdactons; such aretre davappiosun §01§mggqn§ confgrmation during
. construct ¢ [ Si t [ ence
ionf G A 22 e BB SRR BV
site. dmiadditiac) it arden fhu e widitidnel lyakeiatipagpilens tewp lesasnssi in the in vivo
properties that do not interfere significantly with
the activity of the FSH -6-



mut ant. [0036] The FSH nutant may have an increased
half-l1ife conpared to wild type FSH The FSH nut ant
may al so have increased stability conpared to wld
type FSH. The FSH nmutant may conpri se ol i gosacchari des
at 0, 1, 2, 3, 4, 5 or 6 of the N-linked glycosylation
sites. A population of FSH nutants is al so provided,
whi ch may conprise one or nore FSH nutant isoforns,
wherei n each i sof orm conprises oligosaccharides at O,

half-life te cc;)hseﬂsus @e%ien@e Hust B&ik bd)d“ﬂf&ds@h)(ﬁ&%&éﬂsy&ﬂon of the site does

sites. he nucl eoti de sequence encodj ng the a-
not irgerfarg v@ubmmt@r bindinge OFSMORREHFR RGNS, e%@maﬁ%&r i}?b‘hty of

978k I UgHie ok s &ﬁﬂ@-@%@h ily b
e R0 BRSO AR Bt AR Bl RAATE e primariy bcn

hmlt¢d=®l-fuabp hnaotems hiskeih sheafuapd pottiga oéﬁhmlmmdsemle%desddmonal
SEQ ID NOS: 1 and 2, respectively. The
g‘”"%&%motﬁﬂdse sequence may then be changed so as to
1. Mehfaa¢FSH he substitution or insertion of the rel evant
[003%”%{1 gsgﬁrlngltarn PR | d 8$ decé CIFa% ggyg%eglngcgi?wé &5l Px%g\%ﬁaéﬁﬁfbng? glycosylation
recoghlifi@t ditels] VEhe d—bﬁbmu'cd)fahe FSE meguemey hawy oheohihe fall@ding
chem cal

mutaiiied, GBAEBH B ORI SREn e Lo ARCEG 4 B E st ey
comprhe tl’feﬂ'ﬁ)dﬂétrﬂlﬁhnt d- @&Bﬁﬂlt ﬁhﬁnfblm(fdtﬁﬂtwldem&qiﬂ @nmdunit, e.g. B GM1

BT RN ERRE N X AN W —

sites %? FHEG B PR &R S YndzyCHe Q%‘&fsﬁliﬁéd) T orfeht rhdde)dddRtdndBglycosylation
the desired transfected host cell. The contro

sites Qéd@en@test Rl iry bmglyeempriedit ViERAE 7F ¥VAecessary or
[003@*‘%‘%@&%@& @by FZ}r@d{BE@ 85 LAY sBtatfe RRINGRAGRIMIEIN the art. These

es of suitab control sequences for directing
methbdansmdepm mnsmcmmﬁnmcawtmspsuemﬁ@s engedingehe gﬁspyctm SH

RLOMRLEL | host. The FSH
mutag%eaﬁlg\eﬁpﬂessmgg %n%ejz %rP1 %é@p%oeﬂ%qwé ﬁﬁﬁblﬁ%ﬁ\%ﬁ@@@d 0s e
mutapfRiaglal sot bel prodicedgendenped spatdesianoby heombirapion of chemical

cyto al ovi.rus di.at early gene pronoter (CW).
synthesi5£8 nggwwa@@ﬁme 9% Yar t “may make a sel ection
[0038"PRYFS HEBtaM e/ O mpee tRssiand chhmmd; oﬁE&Harx ¢waoamobf two
hosts w t hout undue experi nentat The reconb

sepaxAie PV PFRIiACIsBas, WhEs HohbYR g;m?se meéléi: PRYVGERED };o E)rm a dimeric
poly ﬁ{ﬁi@t (gr it Wﬁ?/(\c@rrﬁiﬂsﬂa%n?%e SihiR ¥biREIf ITRSOSRE tHentiaiot stlbumts

i cation i s i ndependent of chronobsonal

ere
covaleugpl[yﬂmﬁpd & 2 pepgjde howg asPeptidg linken a’{lpq,@rpylo goibrssidues pf the linker
)&ﬂgt Wypepne Vl‘ﬁ%ﬁ'@lo' dk 5REU&Ee didnM @maly RASH tHeBlctivity 8f the FSH
|nte r at ﬁ

ost cell genonme and replicated
mutand;get her with the chronosone(s) into which it has been

[003%2 ﬁ%ﬁ%ﬁ b QA h S VB G TR PE BhpaXdd t%&%u&{ype FSH. The

or T Whi ch the nucl eoti de sequence encodlgg
FSHpoltpenty diso dave heréased stabidity cempped sbvyidtypaEdHt d he FSH mutant

ddi t :
may ﬁamp&ﬁ 0 E%osg«é uaéﬁig tr@glg b{/gg& g?Jr r?ta <§/fat e g@% e%y?cfsgklﬁ%n sites. A
popAtasNG foF SH mititdreth isiNKo p#&vnieﬂbwhwdxfms;ucdmmhs @xpregssiediPH mutant

vectors for expression i.n t e host ¢ [ e
‘SOf%E}SeWhergf’bea&Eﬁ%; PEP &P né?/sa(f R eh%rrlg eaz 2 ?F’Lgéc?o acs PR of the N-
hnk&iyg&ﬁpuﬂﬁnbﬁaﬁl] The reconbi nant vector nay further

se DNA sequence ena lin vect
(00375 e BHFIEoidh 189 ORESTIECHIE th i P o s Bl gt may be
cons‘ﬁ"ﬁ@t&d% S@&ﬁﬁﬁ%{@/ﬁ erinde nh‘&lé@tldkﬁiehuérﬁ:e &nﬁf&i‘iﬁ@ kheqmrent FSH
Is the ori

l) repli an.

subuiity Sigbeas R o AL e ol e Ing a1 sedgisgs shovn in SEQ
1D NHESEalt ddElecBOOR! EAR AL aidiakgGdnct tdy el BS thamel so as to effect

such as the gene coding for di hydrofolate reductase

(DHFR) or one which confers ;eslstance to a drug, e.g

anpi cillin, kananycin, tetracycline chloranphenicol,

neonyci n, hygromycin or mnethotrexate. [0042] The

vect or - may also conprlse an anpllflable gene, such ‘as

e T T T T L T T T o "



[0043] Also provided is a DNA encodi ng an a-subunit of
the FSH nmutant. The nucl eoti de sequence encodi ng the
al pha and beta subunits of the FSH nmutant, whether
prepared by site-directed mutagenesis, synthesis, PCR

the s%st%h&{ ofRiIasiBof thB YelQRhi AAmblakidaksiQudsNTheifieclébtide sequence
nucl eot i de seguence t hat encodes a signal peptide.

can b¢ modifieg bptsitd dirpetgd m@tqu@sesn thn Weeriterraé vp shs prgieatide spapence
maye‘tg% be Seéﬁl; et%'%dgﬁgag%m é SIS %\%tere“f' eohg(%gwl&l%g'tldets akeSdesi )gnﬁd based on the

spediﬁﬁﬁﬁﬁhb%@ﬁl d@quérbeomblFsm@aamfor expression of the

ol ypeptide. The signal gtlde may be honol ogous
[005(%& Téle nHelegtidet seaege Pll%i’dla@st @ polypeptige ma@%n@treé FHasi t)

o)
recoﬁﬂn&\%&%_é i?;ﬁ%?)ﬁx%blgo n&%g 't(?é g(zr{t%or 9?‘%1%9{)96 essdl of8(§) r%sr%lon of
the pudipatiogohs degirelhenbfosttd hedtlcell.i The cdmrohsequgmmls may be any
pepti de normally expresse t he hgost cel | %ne
compARe Y, thak I isees Ry 1pa R Vﬂé%&ﬁ%%éé@%%ﬁﬁ%ﬂ%“ﬁ%?lyewﬁ c. Examples
of s&%%“donﬁﬁ% Héﬂc@pf& gﬂ@&fng'f%s Q5ptidnaH n{a%lﬁaﬂﬁﬁlé@ﬁs {RRide the
ypeptid I nc I ng bacteria, fun (1 ncludin
early e@blag) promlotens of § Véeatd adenowials, e. grth@ad%ﬁ@pvmwp? omqrgate promoter,

the B [ inainetormomRe indihe diimen 2o R fromeipte-carly
gen@ﬁﬂohﬁ)tér chge Chinese hanster ovary (CHO) cell lines,
KL; ATCC CCL-61), G een ankey cell lines

[003{9(]:@)e of @k@l 1n@@rg_m@)oqr@e @Rgleg_tggmm Sp V(ep@p@@expressmn control

seqqgn%es]angé% tS E/E?l%ﬁt lm%%% e)?]p Q%Iegltatl %& %%E%i@%g%&& ,&R‘%be an

autoabinodély repliogtinpveatorCied. bsedtor ghicBEKisRAS apAXEahromosomal entity,
CRL-1573)),.as well as plant cells in tissue culture.

the ygligation o4 which is ssterendent of|chprosgpa! eRbG#Ione-grbplasud.
d
Altﬁ%ﬁ%kﬂe%}%@r EEL e BH@ %he gztﬁ'l?[g %I{U%%{é@Aeﬁ 1ﬁf6ﬁ]‘%@§ cdif) ‘i?s integrated
intoitind nastl vell gegromeand mqﬂwateﬂ)lwgeﬂwr wvithetherelirosneséroe(s) m@i Wwhich it has
|nclude cal ci um phosphat e- nedi at ed transfection,
beenpintgr#€bor at i on, DEAE- dextran medi ated transfection,
[004 8&%%&0{@% abad ckprafedieedetd?in MREEhUthé ﬁhclé/cﬁm%@e@lence encoding
| s"may be cultivated in a nutrient medi um
the mlmeavbﬂe of the ipveptioe is aperably hlﬂ@dﬁ@ VT é@mmt-ﬁ@qmred for

TS5 BRIl 5 i TR SEABRL o ARG S v

DNAa mgmﬁse'iloe shiebledt éﬁésbl@ﬁ vettosd foflexigessiontih thecthst cddidngentioned
fed-batch, or solid state fernentations) in | aboratory
heregp anersamsnareially fwilableros described mﬁhﬁéltﬁirﬁw& suitabl e
& Qlo¥ REIIndGhe vect
10047 St R NS REckGERRY hI-RF oo R ON R Ry PR vector
to rqplliaste in ﬁleaaosmnellah lqeestiohr Aardxamplh ermdoarmqusmeg (\Elmnb‘.bﬂ host cell

and nifro n sou and i.norganic salts n .
50 b ST SRS 7o PR P Vet P4 A comprie
seleBi4Bleln@Rk &, b. QO&%WSG b%du@%ﬁl&h&n@ﬁ dB%}ét 1ﬁQheph@sP 8é1Educh as
according td published conpositions (e

the gmea;lodlglgefsr dihydthlaeeeductase @&Rm anerehicoponders .remgtance to
t id t
oo, g ARG E o SHLRS SRR A i

methdtrdda. pol ypeptide is not secreted, it can be

recovered fromcell |ysates. One met hod of ]ggh yi el d
[0042] Jheverionmay alseeomprisain ampLifiae gene, suchan gk, sych that cells

f

A Dt Pl R O BHEL D g e
FSHDNs\cae b6 kaledtyd fononappioptjateavelis of net hotrexate as

described in US Patent No. 4,889,803. [00461 The

resul ting nmutant FSH polypegtlde may be recovered by

nmet hods known in the art r exanple, it may be

recovered fromthe nutrient medi um by conventiona

procedures including, but not limted to,

centrlfugatlon flltratlon extractlon spray dryi ng,

o o o, :L_L: . g




[ 0050] The FSH mutant nmay al so be used for O and JUT.
For exanple, FSH stinmulation nmay be started after
spont aneous or induced nenstruation, at a daily dose
of 75-150 IU. When 1 or 3 follicles have reached a
di aneter of at least 16 mm a single bolus of hCG may
be adm ni stered to induce ovul ation. Insem nation may
be perforned in vivo, by regular intercourse or U
[ 0051] Because the FSH nutant may have an increased
(004313 ko pkdvaaed kR Dﬁﬁpﬁﬁbdﬁm‘g afidl- guaume)fa%bsmamt i THShucleotide

regi mens such t hat descri bed above may engit | oner
sequente goendingthe iama and ety subtpithel hediSH wytd), Wagtheray FI??ged by site-
dxrectteﬁ' %{ﬁ?%_én%gl's r%lnﬁ{e'sﬁnPEerrQﬁher‘méf*thgd@?rﬂiy%ﬁtf@gaﬁ}h 8158 mude a
er response, Interns o nber and viabil i
nucleoﬁdé sdquendeabat ﬁ@pdwamﬁtl@ peptideubbesigotlineptide g@ﬁé@u pgesent when

v T R B X BERREh Sl p ol v

if pre@&ht,amdjabé yme fecognized a lthe dxdisitmsenTfor edprsissign pé theqzblymptide The
s e B S Sou ORI G o Al A R sty o
heter6l0g6ss (i TeO@ﬂl ﬁﬁaﬂ@frﬁm DidtHke? 501|1ﬂde Iﬂﬂﬂlhﬂ&ﬂl) tth)eS pd)llypeptlde or may be
treatment of male |g ﬁétl| an FSHk %p ressed from
homalogayisos hetsFPlREYUSHE tARPThice éree be asienalpspipiengrmally expre

the h&éé/cvéﬁ @K ol hichsi %bffﬁéﬁgﬁl@%&bﬁesé@ﬁﬁhm&hé avelcslladequat e
for insem nation, either through regular. inter

C . .
(00441 ARRT Bl bRS RSy, be 594 ) PISGS e ROTYRORUIAP D ipgpaing bacteria, fungi
(mclnﬂﬁz{lé vbdsts§, Rintd HReOUEAMMASI othér %Yoﬂi&t@ﬁirﬁhﬁiﬂ 8¢18y @@ecBYines, as

ong-acti ng’ preparation, which be adni ni stered
well asetsgnsgm@q aainealy or nbintSeEéarypkewf éll&&%? e marveAtandiest cqpspipclude

Chm%';%}ﬁa eq Cﬁ? ?gelﬂmé%r eagc@ltlog@g hFcancevesy), 8@ Monkey cell

r esul tS to adm ni strati on
lines e«z@@ (cdg.yC@S MAHBG@RESGSGMC%% (M%Cmswm mpgise cells (e.g.

s B PR 07 5t 81 Baflyd ARG RS2 o tcc et

and AGENdetls (a1 BBKA930@NEO dRIna 5733$Hts VPﬂD&@Iaﬂ?@llSi}Hﬁssue culture.

nut gnt . be..used for the act ur.
AL B G S oD A g TR B0 s sun
as th@ Ak dHRjan ISPE Uuluﬁé]eon@dtmeusm eMethoidl éorphabdﬁm&y txagaheous DNA
conposij tion accowglng to th |nvent|on

into mammRRAlapMopt s IGUdS SRTHE P QSHhaﬁ%mdé%}F‘gF %ﬁ‘i}}f’ﬁna“ﬁ@“a“‘m
DEAGOIR 2516l 2813 h S8 di) %pb%rﬁ@%leﬂﬁﬁ&ﬁ{ramsﬁedﬁﬁﬁchnﬂ Réaeoéctors.

such olygeptlde or pharnaceutlcal co S|t|8 Lﬁ% 4
[0045) cm maj egshmamlnw¢m@%$u@wp}t? or predugtion i ik
poly]?eg)tl [ Sk NE&h I wPin e BRI m?ﬁf(érgﬁlc He@BBmady Bcifivated by

osi tion depends, inter cili upon, t he di sease,

shake¢ ﬂeslﬁ@sltavattqme sr@aﬂwsgalgtqr éﬁrg@ﬁceée lﬁf‘éwrlt@tlomﬁacmé‘ﬂn& guitinuous, batch,
fed- lﬁg;!hy RE Pc%llcfjsﬁ H&Rﬁf&kj ﬂlr]aﬂérafdi‘?'BQ k@71 fe?menters performed in a
ere One or Ih conjunction wth oth
suitableenegiontang wngencanditions aleming Fiel folypepiidefo bpaxpressed and/or
d
1sola.ﬁ63p 1 aelclullt’lva%on%%]?eg g?acqu gggg.lﬂ?)l G rxeelﬂ'rc) {r}]‘eegg,{f‘rg tc«?xg hﬁﬂé carbon an
nitrogeEastdsi and ihsrganiicfsalts, elstngtmoeawmmﬁhpéﬂt Seutable media are

0055], The .FSH nut an e_ad
avai Gl 6P PRSROPH SRR WY 51 PRBIE. GG BB P LRy Bomposidons
(e.g 36 6&RloghbLofRE m{rﬁéﬁcaﬁr’T)@eCﬂmu&aCSlleétmar Efthe lpblypapﬂl(}e is secreted

acceptabl e" neans a,carrier t that d
into i TS G o Bu s BF POV SeR st BRPCRE S RO (i rearovpeptde is
not s86Hetddl ficBh BE recoveitditheh TBI GysatesalOne mehed bahigh-yield production of

carriers and excipients ar 1 k in.the art

the TSRLFBGAT R 48 by Be Dr G P o s sharfasdtss IR
conpositions by well-known nethods (see e.g.
Rem ngton' s Pharmaceuti cal Sciences, 18th edition, A
R Gennaro, Ed., Mack PubIngjng Conpany (1990);
Phar maceuti cal Forrmul ati on vel opment of Peptides and
Proteins, S. Frokjaer and L. Hovgaard, Eds., Taylor &
FranC|s (2000) and andbook of Pharnaceutlca

-
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Exanple 1 FSH Mutants [0060] The 3D crystal structure
of human FSH was used to identify candi date

gl ycosylation sites in the a-subunit of FSH or regions
in the FSH nol ecul e where a candi date gl ycosyl ati on
site may be inserted. Two FSH nol ecul es (four
subunits) are present in each asymmetric unit of the
crystal structure. The two FSH nol ecul es were

superi nposed and conpared, with each residue being

ampli‘ﬁcﬁﬂ@ﬂ iﬂDW@&f&&t@H@%HE JEMhPAbebt dubessively increasing levels of
gl ycosylation-sites. The crgstallo graphic structure

meth@few&crewméﬁ PaienhNeh® 8kh80-edge of t he FSH FSHR

[00463 eﬁ%g:{e.gé{gl 1}1%?:&{1\@1 tF'S‘f‘Fg&l?g%ﬁfdtenﬁéy & g:ck#f‘er%@% $4t86ds dwn in the

I on sites he pr nC|pm
art. theselxgmpker ittreayi lae movaermil fiomathe diusniamd medium by3Ipnventional procedures

vl S BB SR PSSR 08 Wi,
or pr&fyipsaion b Mhe\whithntgh SI pslipaptides. md3asepurified byea abldwtg of procedures
T N LT TR ORI R o
hydrd¥iiodld emsmakiBodldif)an®8ize exclusion), electrophoretic procedures (e.g.
preparative isoelectric focusing), differential solubility (e.g. ammonium sulfate precipitation),
SDS-PAGE, or extraction.

[0047] Also provided is a pharmaceutical composition comprising the FSH mutant. Such
pharmaceutical composition may be used to stimulate folliculogenesis, for example in
conjunction with ovulation induction or assisted reproductive techniques (ART). Because the
FSH mutant of the present invention may be effective in inducing multiple follicles to
develop and mature, it may be particularly suitable for use in ART, in which it is desired to
collect multiple oocytes.

{0048] The FSH mutant may be used to induce mono-folliculogenesis for OI, or
paucifolliculogenesis (up to about three follicles) for [UI, for in vivo fertilization.
Mono-folliculogenesis can also be attained with a reduced dose of the FSH mutant, 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 doses, depending on the patient response. Patient response may be followed by
sonography.

[0049] The FSH mutant of the invention may be used in a controlled ovarian
hyperstimulation (COH) regimen. Standard regimens for COH inciude 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 about 150-225 IU/day. Alternatively stimulation may
be started with FSH after spontaneous or induced menstruation, followed by administration
of 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)
may be given to mimic the natural LH surge and induce ovulation. Oocyte recovery may be

timed for 36-38 hours after the hCG injection.
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4 Exanpl e 2 Morphol ogi cal Analysis of Far Miutants
[0061] Aliquots of concentrated cul ture supernatants
fromtransi ent expression of the FSH a-subunit mutant
wer e anal yzed by SDS- PAGE under non-reduci ng
conditions that permts the resolution of intact FSH
heterodinmers fromfree a- and 13-subunits. By
conparing the apparent nol ecul ar wei ghts of each

mut ant heterodiner to that of wld-type FSH, one is

[005%’&"&% F ﬂhg}eal\é’g Bk ‘&@éd fop %)I%P 01, ﬁ?—&)ﬂa&ple FSH stimulation

pergly cos ated relative to Briefly,
may bt sterted pBent spophm:w o indyiced eiqmstmvéxo@, at a daily dose of 75°150 TU.

Whel“? I1 ‘%%Hgﬁfb%s%b& ?éag%eaﬁi 5 gﬁ%@% oﬂt [eggp\é%magglqé[é U&hé B?HCG may

erono an rec agal s
be achnmwb&rad to inﬂué'eSH'uld-’tmna Iogrmbination miay te pyzpfemhndmmﬁﬁlbly regular
inter eorﬁ;{ll FSH CTP and Gonal F were al so anal yzed.
%ﬁﬂ? hows the apparent nol ecul ar weight of the

[005TeBetmed tHrFSH muetht byaytHaee an $nubeused hatfidavithnedspect to wild type
FSH&qlngét}/ gg,é‘%glg?eglg lélgclzlgl—%sgtfxgc els%m gw? gﬁ(sag'gcai:;io ng{ L(igarﬁéoses of
FSH, and/or may be modified by decreasing the FSH stimulation period, while achieving the
same or better response, in terms of number and viability of follicles. For example, adequate
folliculogenesis may be achieved with daily doses of at or about 50-150, 50-100 or 50-75 TU
FSH. Dosing of FSH may be on a daily or semi-daily basis. The dosing period may be less
than or about 14, 12, 11 or 10 days. For OI, the FSH mutant preparation may be administered
at doses from 25-150 or 50-125 IU FSH/day. For the treatment of male infertility, an FSH
mutant preparation 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.

[0052] Because of the longer half-life of the mutant FSH, it may be administered as a
long-acting preparation, which may be administered less frequently than every two days.
Conventional FSH may be administered at or about 300 IU on every second day, while
achieving similar results to administration every day at or about 150 IU. The mutant FSH
may be administered every 3, 4, 5, 6 or 7 days, while achieving similar or better results than
daily administration of conventional FSH.

[0053] The FSH mutant may be used for the manufacture of a medicament for treatment of
diseases, disorders or conditions. In another aspect, the polypeptide or the pharmaceutical
composition according to the invention is used in a method of treating a mammal, in
particular'a human, comprising administering to the mammal in need thereof such
polypeptide or pharmaceutical composition.

[0054] It will be apparent to those of skill in the art that an effective amount of a polypeptide,
preparation or composition depends, inter alia, upon the disease, the dose, the administration
schedule, whether the polypeptide or preparation or composition is administered alone or in
conjunction with other therapeutic agents, the serum half-life of the compositions, and the
general health of the patient. Typically, an effective dose of the preparation or composition is

sufficient to ensure a therapeutic effect.
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FSH CTP 45.244 Conal F 38.482 37x D3N 46. 158 39x GM

{0055] The FSH mutant may be administered in a composition including one or more
pharmaceutically acceptable carriers or excipients. "Pharmaceutically acceptable” means a
carrier or excipient that does not cause any untoward effects in patients to whom it is
administered. Such pharmaceutically acceptable carriers and excipients are well known in
the art, and the polypeptide may be formulated into pharmaceutical compositions by well-
known methods (see e.g. Remington's Pharmaceutical S/ciences, 18th edition, A. R. Gennaro,
Ed., Mack Publishing Company (1990); Pharmaceutical Formulation Development of
Peptides and Proteins, S. Frokjaer and L. Hovgaard, Eds., Taylor & Francis (2000); and
Handbook of Pharmaceutical Excipients, 3rd edition, A. Kibbe, Ed., Pharmaceutical Press
(2000)). Pharmaceutically acceptable excipients that may be used in compositions
comprising the polypeptide include, for example, buffering agents, stabilizing agents,
preservatives, isotonifiers, nonionic surfactants or detergents “wetting agents"), antioxidants,
bulking agents or fillers, chelating agents and cosolvents.

[0056] The pharmaceutical composition comprising the FSH mutant may be formulated in a
variety of forms, including liquids, e.g ready-to-use solutions or suspensions, gels,
lyophilized, or any other suitable form, e.g. powder or crystals suitable for preparing a
solution. The form of the composition may depend upon the particular indication being
treated and will be apparent to one of skill in the art.

[0057] The pharmaceutical composition comprising the FSH mutant may be administered
intravenously, intramuscularly, intraperitoneally, intradermally, subcutaneously, sublingually,
buccally, intranasally, transdermally, by inhalation, or in any other acceptable manner, e.g.
using PowderJect or ProLease technology or a pen injection system. The mode of .
administration may be depend upon the particular indication being treated and will be
apparent to one of skill in the art. The composition may be administered subcutaneously,
which may allow the patient to conduct self-administration.

[0058] The pharmaceutical compositions may be administered in conjunction with other
therapeutic agents. These agents may be incorporated as part of the same pharmaceutical
composition or may be administered separately from the polypeptides, either concurrently or
in accordance with any other acceptable treatment schedule. In addition, the polypeptide,
preparation or pharmaceutical composition may be used as an adjunct to other therapies.
[0059] The present invention has multiple aspects, illustrated by the following non-limiting

examples.
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46. 202 40x wt FSH 45. 083 36x [0062] As shown in
Table I, the expressed FSH nutant, i.e. D3 nutation,
showed i ncreased gl ycosylation as evidenced by a shift
of the distribution of the apparent nol ecul ar wei ght
of the heterodi mer conpared to wild-type human FSH.
Exanple 3 In Vitro Function of FSH Miutants [0063] In
order to determine the activity of the FSH nutants,
the mutant was tested for the ability to stinulate
CAMP production in a CHOgll sielii ne that reconbinantly
expresses the human FSH receptor. CHO FSHR cells were
mai nt ai ned i n FSHR G owHsHdtantsVEM cc() (G bco,

cat #1256l - 056) + 10% di al yzed FBS (G bco,

cat #26300- 020) + 600 p.g/ nl Ceneticin (G bco,

[0060g g'%na ég)lﬁ%rstg LS A?%L‘%:r% ?%ﬁmla%( oM. é%%gsg_l‘]tg 1«E§H?y e£hdigatdBlRosylation
sites if Zhcl@GaBhdi s {IESH orrdglqnhaheyle BRH rnﬂlcm‘lat\’é@r%l@ cariid4te glycosylation
site mé? bg gxgsrg?tego OEQOI%.%I c}lules(:&our sungrn?s) li?eegregé?{t 1@§§(§yas%nmetrlc unit
of the crystal structure. The two FSH molecules were superimposed and compared, with
each residue being visually inspected to identify potential N-glycosylation sites. The
crystallographic structure of FSH was combined with the knowledge of the FSH/FSHR
receptor interaction to further aid in the selection of potential N-glycosylation sites. The
principal design criteria were minimal disruption of 3D structure, minimal disruption of
predicted binding and activation sites, and predictable 3D structure compatible with
glycosylation. Based on the above criteria, the following mutant to the amino acid sequence
of the o-subunit of FSH was identified:

# | Mutations | SEQ ID
NO
1]D3 4

Example 2
Morphological Analysis of FSH Mutants

[0061] Aliquots of concentrated culture supernatants from transient expression of the FSH
a-subunit mutant were analyzed by SDS-PAGE under non-reducing conditions that permits
the resolution of intact FSH heterodimers from free a- and B-subunits. By comparing the
apparent molecular weights of each mutant heterodimer to that of wild-type FSH, one is able
to determine whether the mutant FSH is hyperglycosylated relative to wild-type FSH.
Briefly, after electrophoresis, proteins were electrophoretically transferred to PVDF and
visualized using Serono antibody 9-14 directed against the a~-subunit of FSH. As a control,
wild-type human FSH, mutant GM1, FSH-CTP and Gonal F were also analyzed. Table 1
shows the apparent molecular weight of the heterodimer formed by the o-subunit mutant and

wild-type B-subunit as calculated based on molecular weight standards.
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[0064] A 12-point serial 1:3 dilution was nade
starting at 67.5 nMfor all sanples and internal
standard (Gonal F was used as an internal standard).
Al'l dilutions were made in assay nedia [ DMEM F12
(phenol free, G bco, cat #11039-021) + 1ng/ ml BSA
(Sigma, A6003) + 0.1 mM I BWX
(3-1sobutyl-1-nethyl xant hone phosphodi est er ase
inhibitor, Sigma, cat#l-7018)]. G owth nmedia was
renoved fromthe assay pl atrgble%pl assay nedi a
(supplied with MAGOOO cAMP MSD kit- Mesao Scal e
Di scovery, GaitherSamplg, | M) (kbadedold Gengllat es
recovered and i ncESHtGTP at 432¢4f or 15 nminytes. Wells
were then dosed WMG@GmaRF plB8dBR of tIwx test sanple,
m xed, the plates Dsdbvened6asdl incudst ed|for 1 hour
at 37C. After the Ighur |i aeabat | on, 40xhe sanpl e and
medi a was renovef oMt N€4v@RRS| 253g4d off standard
lysis buffer (supptied wth VA GO0O0O MESO Scal e

[006@I ﬁ? R ik Tdy dglvmﬁe @Qseé m ?a:%hD\Qﬁ'hbtatl&heshowed increased

es covere ate sea er (Packard
glycasatati6 0 @5 tB@)ﬁn‘mdd)}Smakﬁ wf oy distripation o6 theappaient melecular weight of
m put of lysed cell

the hetefofmefcoMéér{% Crl g(pns g?&% 1[;]Ltmagl?ﬁghcAl\/P ?\//Eso Scal e
Di scovery plate (supplied with MA60OO0O MSD kit) and
i ncubated with gentle m xExgmple Boom tenperature for
30 m nutes. 25 ul of cAMP-AP conjugate was added to
each well and mfé;eﬁitmzﬁuMio‘ﬁfoﬁﬁﬁM%t@mi body was

then added to each well, the plates covered with plate

[oosﬁﬂl e PRUSHAKENHE QLR BT Y IFSH] Afutdn@Q Mhd QURAE Myl tdted for the
lates were then washed six tines with 350

ablhry t@/smwatofsAm nm@uﬁﬁ@r ingnCH® ealisdingttat rpromiingpibhespresses the
human SE re epﬁ:or 8' lfﬁ-l F%T ex(eaﬁ%gﬁaé%%’ H%@HI@ @W%@dxa [MEM ou-

ancer vvas hén a 0 eacC | at es
) (Gleay easd 28614056) atl G%Scba]lyeed BEBY (Gnhlmmbaatéz&moﬁ@zﬁ)t«e@q img/ml

t he at a
o5 e B D P e SFER), BB SRR e g e 10
cens;rﬁxzhegngll 10anghwWellghx i €vellss1 @l € ARite) o mgxtmtédoamgf’@ rfat 24 hours prior

e ose response curve of t FSH put ant is shown in
to aspayy frellspverpEserd (oL a5 1 trlgaségﬁ(g%‘fc’éiiggmand shown in
[ooségh B- ?emi Q6D :3AS LR RBWIaS Hadd gmlagat and nmmd)@msammes and

ant _has in vitro actlv HQUII tq that of

interyal {Anip b (SRl FrIBY wsed A EmebsGniir s iy gere made in
assay meafa FMEM/F12 (phenol free, Gibco, cat #11039-021) + 1mg/ml BSA (Sigma, A-
6003) + 0.1 mM IBMX (3-isobutyl-1-methylxanthone phosphodiesterase inhibitor, Sigma,
cat#I-7018)]. Growth media was removed from the assay plate, 25ul assay media (supplied
with MA6000 cAMP MSD kit- Meso Scale Discovery, Gaithersburg, MD) added, the plates

recovered and incubated at 37°C for 15 minutes. Wells were then dosed with 25 ul/well of

the test sample, mixed, the plates recovered and incubated for 1 hour at 37°C. After the 1
hour incubation, the sample and media was removed from the wells. 25 ul of standard lysis
buffer (supplied with MA 6000 Meso Scale Discovery kit ) was then added to each well, the
plates covered with plate sealer (Packard, cat#6005185) and shaken for 5 minutes. After the
5-minute lysis incubation, 25 pl of lysed cell material was transferred to the cAMP Meso
Scale Discovery plate (supplied with MA6000 MSD kit) and incubated with gentle mixing at

room temperature for 30 minutes. 25 pl of cAMP-AP conjugate was added to each well and
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Clone 15C a D3NN13 GM | 4_14E-10 Exanple 4 In vivo
hal f-1ife of FSH nmutants Two different |ots of
D3N nmut ant were anal yzed i n separate pharnmacokinetic
(PK) studies. The two studies were of the sane design:
33 imuature female SD rats 21-days-old (approx. 40 g
body wei ght; Charles River Laboratories, WI mngton,
MA) were randomy divided into 5 treatnent groups (r6)
and 1 baseline group (n=3). The choice of immture

mlxeaqulpﬁ' of Ahts-cAASP RAGISHYORad then He®dab cabh SieHIMePMleSevered with
in vivo biological assessnents of ESH activity

plateAﬁalﬁmrgl shakerhtor PSR! BROH franResrirsy b SRIBEH pigi tiga washed six

t f
tlmes(\§/1tg 3501 Wv@e 1 dfgfh_%h%rﬂ%lr: %EI a{(;f ggﬁ}eaéjjﬁlﬁiél' \g%sher Dadd pHdBSdpphire 11

RTUc(BIeacbeifedJ fe) owlystriate errévtan@ﬁrovasuth@ adgiedig cagh welhrthp pltgs covered
with ?[}?eh%)ea e?lg.lﬁae kgﬁ%s Ty Lﬁes it the 'the ?arﬁ a{ 95°é‘0Thgél'ate%§Né?Q then read at

one seBaTR! per WROwith low aé\sely\@ﬁcearaptsabwmgeaih@m saglah and hxghhevels of cCAMP

bl ed |n 2 su guent sa oxi,mat e
ShowgRa I NSk OO SRS TEVEPRLTERe bF B SHL PR FaghegeHy Tigure 2.
ECs,RhRRd wedd\chifliAsHBndaRo WAV ESElIed. and stored at -80C

until analyzed by ELI SA. The assay used for measuri

[0065isps phowe imEigure 3 andAnbledailisdt T stuiatdes HamoAspgy cdmparable to
that{fsg‘ ggq,te fyel I ELISA (D agnostics Systens
tor

ies, Webster, TX). Serum sanples were each
anal yzed in trlpllcate The half-life of the D3N
mut ant was significantly longer than that of wld type
FSH. Exanple 5 In vivo Biological Activity

Table 2
Sample ECs0M
FSH wild type 1.99E-10
Clone 15C- a D3N/B GM1 | 4.14E-10
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The in vivo nodel used to assess the biologica
activity of the D3N mutant is the rat ovarian weight
gain assay. Treatment of immature 21 day old female
rats with FSH or nol ecules with FSH1ike activity,

e.g. D3N mutant, triggers the growh of ovarian
follicles and production of oocytes. This growth is
easily detected by nmeasurenment of ovarian wei ght at
the end of the treatnent period. In the nodel, the
substance to be tested is given by injection for three
days and the ovaries are collected and wei ghed after
the | ast dose. This assay was used for several decades
as the basis for aSS|gn|ngaE§htpotency to clinica

products for |abel purposes. neasures the rel evant
physi ol ogi cal acti o o palf- 'éﬁ‘?d’fﬁaﬁi&“ttf‘gta?r

C f. t
LI R Sl s ke e
ays-0

studies. WEbe bfo swms twepreof @ samp degigaied3 Weretye f5mig

redi t nY
(appro?(hge g,bo %ilh t?h%?}%e}hﬁgr ]E%a&)ﬁ e"?gh{ﬁg O@CMQH lQ&eré %domly
dwldeﬂﬁﬁtﬂrﬂ trﬂﬂﬁﬁleﬁbgmdpi @=1pdssdtd bambnne rgrompsﬂﬂ%bt Tkﬁ @19019@ ‘Pfhmanature

femalq ra n%%'l ase I9§ a&ﬁt oftfmhaa:gﬁe k gjutlé{ Q?VOFB%)_[O 1cg-£4sg€§ments of

nit conpr Pses
FSH abﬁbﬁy andinkieieihe ttehﬁnaatgnmmntcarmdmubsetsn@ﬁ@ $-D) N@ectxpns of 4 ug

of GM ]o(cgntéglﬁalsg]gl rggtl;ptg(grl 2! nggalm? )}'ﬁ oésl)[/lll(g nx%apcff 3Bf?>odfv5a%r909ected
from tHE k@RS-ofbidl Sihushta) B ﬁomvbhebﬁeﬁné gsiupumd 102, 4,162 10, 24, 48 and 72
hr ﬁ'or?l asnlljrgglgllg tl'llestreatment groups (n=3/timepoint; rats were alternated so as not to be
bled in 2 subsequent sampling points). Approximately 0.1 ml of blood was collected from
each rat at each bleed, and plasma was harvested and stored at -80°C until analyzed by
ELISA. The assay used for measuring FSH proteins in serum from both studies was the DSL
FSH Coated Well ELISA (Diagnostics Systems Laboratories, Webster, TX). Serum samples

were each analyzed in triplicate.

The half-life of the D3N mutant was significantly longer than that of wild type FSH.

Example 5

In vivo Biological Activity

The in vivo model used to assess the biological activity of the D3N mutant is the rat
ovarian weight gain assay. Treatment of immature 21 day old female rats with FSH or
molecules with FSH-like activity, e.g. D3N mutant, triggers the growth of ovarian follicles
and production of oocytes. This growth is easily detected by measurement of ovarian weight
at the end of the treatment period. In the model, the substance to be tested is given by
injection for three days and the ovaries are collected and weighed after the last dose. This
assay was used for several decades as the basis for assigning FSH potency to clinical
products for label purposes. It measures the relevant physiological action of FSH and has a

clear correlation to performance of products in the clinic.
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gl ycosyl ated. 4. A vector conprising a nucleic acid

encodi ng the am no acid sequence of SEQID NO 3 and a

nucl ei c acid encoding the am no acid sequence of SEQ

ID NO 4. 5.The vector of claim4, wherein the vector

IS an expression vector. 6.A host cell conprising the

vector of claim4. 7.The host cell of claim®6, wherein

the cell is a marmalian cell. 8. A nmethod of producing

the FSH nutant of claim1 conprising: (a) providing a

c @hk ie oivpracsvingofithk D3N nntialtevas caaipdrednoahbatindg wikiktype FSH. All

amn cid sequence.qf  SEQ |I.D NO .a _second o
doses fet Br Rredch R L BEiiged RETAHETRS SIA T ot he it Mrousedye in vitro
potend PG halfldjife Gl kdtslr TREDBNEMGRInt wdh €Rindae pabdebOPSteht BBH activity

.. allow expression of the first and second nucleic

with aaféiﬁ‘%%l.mdg.StFﬁ’éarrFétth%d’deﬂddyQF%S l wherein the cell is

capabl e of gl ycosylating protein.
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'10. The nmethod of claim9, wherein the cell conprises a
single vector conprising a nucleic acid encoding the
am no acid sequence of SEQID NO 3 and a nucleic acid
encodi ng the am no acid sequence of SEQ I D NO 4.
11. The nethod of claim9, wherein the cell conprises:
CLAIMISa first vector conprising a nucleic acid encoding
the ami no acid sequence of SEQ ID NGO 3 and (b) a
se¢ond weghiaht ESHPWhetiAGheR UM ondtises SPQADI NO:3 &ifd wherein
am no acid secg uence of SEQ ID NO 4. 12. A
the Opmlnﬁ@mprlw FOHPO¥t4-on conprising the FSH nut ant

actopt aper Ry PR PR, SR BRESH AR b o 6 aspapeine

res1d31@mfglido@ﬂat@ﬂ claim12 for treating an infertil e
mamal . 14. A pharmaceutical conposition of clai

foP. sti khe mul’“ﬁ’@ FB B ofj cdaimoly avhergin resilug Ng@hag o-su hnft i
glycosylated.

4. A vector comprising a nucleic acid encoding the amino acid sequence of
SEQ ID NO: 3 and a nucleic acid encoding the amino acid sequence of SEQ ID NO:4.

5 The vector of claim 4, wherein the vector is an expression vector.

6. A host cell comprising the vector of claim 4.

7 The host cell of claim 6, wherein the cell is a mammalian cell.

8 A method of producing the FSH mutant of claim 1 comprising:

(a) providing a cell comprising a first nucleic acid encoding the amino acid
sequence of SEQ ID NO: 3 and a second nucleic acid encoding the
amino acid sequence of SEQ ID NO:4;

(b) culturing the cell under conditions that allow expression of the first and
second nucleic acids.

9. The method of claim 8, wherein the cell is capable of glycosylating protein.

10.  The method of claim 9, wherein the cell comprises a single vector
comprising a nucleic acid encoding the amino acid sequence of SEQ ID NO: 3 and a nucleic
acid encoding the amino acid sequence of SEQ ID NO:4.

11.  The method of claim 9, wherein the cell comprises:

(a) a first vector comprising a nucleic acid encoding the amino acid
sequence of SEQ ID NO:3 and

(b) a second vector comprising a nucleic acid encoding the amino acid
sequence of SEQ ID NO:; 4.

12. A pharmaceutical composition comprising the FSH mutant of claim 1 and

optionally a pharmaceutically acceptable carrier or excipient.

13. A pharmaceutical composition of claim 12 for treating an infertile mammal.
14. A pharmaceutical composition of claim 12 for stimulating folliculogenesis in
a mammal.
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15. A pharnmaceutical conposition of claim12 for
i nduci ng ovari an hyperstinulation in a nmamal

15. A pharmaceutical composition of claim 12 for inducing ovarian

hyperstimulation in a mammal
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