FSH MUTANTS BACKGROUND OF THE I NVENTION 1. Field of
the I nvention [0001] The present invention relates to
human reproduction. Mre 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
famly of gonadotrophins that play key roles in hunan
fertility. The gonadotrophins, which also include
| ut ei ni sing hornmone (LH) and chorioni c gonadotrophin
(CG, are heterodiners 1 Sting of a common
a-subunit (92 am no ack i que 13-subunit
t(ﬁll am no ?ci ds in FSH). The ami no acid sequences of
e mature for = AL f FSH are
shgvvn i r;' SEQ |‘%£ﬁ§z‘ikg’ﬁjoﬁ’§é?f?fﬂiﬁﬂ 2, rgislg’é\gt ively.
. unan. FSH has been isolated frompituitar
1 F'g\%a%eg%e rH‘oo"m post nenopausal uri ne (EPp322, 4383/ and
[0001]51<The pessantiinwehtivedretatesanthunantreyrodnctinmmidioraspesifidally ( thg present
. 639, 640, . 5..156, 957, US 4,923, 805, US 4, 840, 896,
inventifg @?#%%EOZ’%g}%‘ZéBOE%‘?I%@iS'and EP 521,586). The latter
2. Dﬁg{-ﬁgﬁﬁgg@gﬁ%h?ﬂ ﬁii'ﬁd ose the human FSH13-subunit gene.
i scl oses a nodified human a-subunit gene
cBnpPrERAdREr8AIMS one intron. [0004] Liu et al., J Bigol
[0002FFeIlclO8andfating G8rha)e (FRHH1Sa enthaysd wnfamsty of gonalpirophins that

Endocri, npl 1996 . ; - . . . ..
play Keg FpleirBupRn St BT ecrado Fainins phigh 8o iduddfetpising
hormdHA@H)i dial PS¥ioAR Pbnad@Eordhd) (CGHre hdierodiraem] eath. consisting of a

JBi ol ‘Chem 1993 25, 268 (18): 13034- 42)  US 5, 508 261
commpnd-sHami<P2 amige ??ldib@@,a‘m%‘hﬁﬁéb\‘%‘&i’z:‘tli %ﬂ‘,mf@“gs?. H). The

. 1835 disclos ' - td i ' .

amind B8 S ELERR LS SR HE: BB EL ST i SEQ
ID NO dcaat SIEQ BDAMO:Ry respdetietly.vat i on and in di meri zati on of

FSH. b. ' ' i i
[000&%&5%@%@%6&? Ps%?a%& 8grlnn;ic'1tdltgr}rA§’ISa}1§§ grgd §g&rpoo%{'fﬁéﬁo\ﬁ%usal urine
(EP 322,438) and has been produced recombinantly in mammalian cells (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 a-subunit gene comprising only one intron.
[0004] Liu et al., J Biol Chem 1993,15; 268 (2): 21613-7, Grossmann ¢t 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, ;‘{oo 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 Gonadotropins 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 vitro fertilization. EP 322 438 discloses a protein with at least 6200



[ 0005] The gonadotrophins play crucial roles in the
reproductive cycle, and their use in exogenous
therapies is essential for assisted reproductive
techni ques (ART), such as in vitro fertilization
(I'VF), I'VF in conjunction with intracytoplasm c sperm
injection (IVF/I1CSI) and enbryo transfer (ET), as well
as for ovulation induction (0l) in anovul atory
patients undergoing in vivo fertilization either
naturally or through intrauterine insemnation (IUD
U/mg F‘éHcPe‘}wwz;“dudB@ sybstaptipdly fepesofdH agtivityyjagd| vwheseipihe FSHp-subunit
and th& PrRBuliBHeicaell Smhy 86 vsﬁfd tggb 8P ghdclifed Jatb%ri%%s {¥eof.
invitro fertilization. 438 dISC oses a protein
[0007}WProfponged|teerepy @messerm aplsrerva@ttherrapgutmfqut itgpically for 8 10

th
conseczx?igg ga’g% % L r%n{t stl?t)édln&s’g lt(?/ glléﬁ(nellc ?éqpol%u% %ﬁ{%sxg u? wolrraan and
for up toy p& nm’ntlsqaradiyfpbgﬁhatdbtmplab mahlé@ﬁoﬁadﬁdwpﬁﬁﬁatoh&%%l Recombinant
e G 237 oS RB e SF S5 Yo S Bsppran: oo

and pot@itial ftdosd IEfeLtitibsitted@ion]l Diayéasing tht frddhéddy of administration
folhlculo enesi s i n wonen, Hd for, up to 18 nonths in

would g eirendraieRadagrop m&@n@&éraﬁafl RAIR S8 eenient, more
toleratﬁ@&@d’rpaﬁ@ﬁlfn@,&ﬁyl is typically adm nistered as an i.m
or s.c. daily gi?ectl on, with consequent disconfort
dﬁd‘ﬂ%?@ﬁ@?%ﬂ“ﬁ SHocal injection site reaction.
[0008]DPEé @ﬁdﬁﬁo?l‘ﬁ%s fafeeély Yrefifs, AR LERLLR RaViRY laparagine-linked

faci |tate herapy  an render gonadot r ophi n
(N-linkedYiohigesacgharide side ehadnsthatare rmportmtefovt # Wrabttevigrand function.
Carbob%%h%%iglgﬁ% cé?)élﬁté rggéé %8%%% dé%rls 9 eacrk@ag%g}]ab JMt that results
in the #ddition ofisygar agaunetd $p¢kré'd: a(sparhgnnlcébﬂ}ludrerd@ 0B aa:ru’reéthre@eme (O-
ide c n tha npor t ant ivo actjvity . .
linked amino cn% SIn % thdar 1 naéla 8“??%%01? 5?%%%?/ Pgtqe cm;gte{rbpomon
of glquplrgtpﬁm ﬂhd @arbofhyarapa)ﬁtucwrw&ieatah@m&l a Gamie réfeated to as

. rgsults he addk q §¥%9r chalg%ito speci.fi
microhelqragensitys FoE £XpmR egyg 25?0%’ PRSHER PRI e lrotqin m{"‘é!d’f’ntam
dlffereama}eonydrae stiuBtue ) tFuathierrhrel Ser AV s gRAbatdsil dite on a

sequence of the protein portlon of gl ycoproteins, the

given glyeoryRirim. sitferent eerbam@gata SEUGHFGSABREDE foundaThigbeterogeneity is a
conserﬁéﬁ@e’ s€ke tn%nﬂémBla%-Qﬂ&!t@cf QERRGIL ¥F caihyaXaeD! e,
cosy ation sites on the same protéin may contain
[0009ldeglé¢<@u atioaof prgtaingoecws sprsifigadly. at thy eamseavs @attermpehsn-Xaa-
t
Sec Tl a8 B HUEORMAL Al BGR SollckBhys, where Xen gan be any
amino fagirgsiduti Elohnstver, dlagepresenge pfa aonmswwnpedeoifs nioh eufﬁclent to
. . t frncC dr.
insure P%B&b%%rgélgg géés;l/ e \?glnbc%grwcosgfkaste% SF%rgeC ar éﬂ S,B\z ?fcog%l 1on of the
Asn-Pm-Smﬁ’Ehmqamwcmtat erate AQrthmlSwet THan, thaothet comsensus patterns
r tent at the consensus pattern Asn-Xaa- Cys,
OfAS“dg E %iﬁ ‘can be any anino acid residue. However, the

[0010]pH&ﬁnQﬁ FSHEorRaiad feeMN-Usikéd g@e@éyﬂdamr §teBOltwoS<bﬁ fieGofiHhon a-subunit
Il npsure_t hactl an aspar agll) ne resid

at POSIEP%B%?F%?%&“ P8P Oéﬁéﬁw%'ls “W@I%Pé’é@w é't%rer?‘*ofcqrh%hydrates
attache‘(‘ﬁtB‘tﬁ’é 8= sﬁsrduﬂaf FSEOHE BB F6 ditne sl ernfegnry BSretion and
| ower than the other consensus patterns of
signal wepsddgtiosariierpas B-[sdmm)q c ArasHre dgmpartart Hpdimer assembly,
I e conmpbn
ol bR ALY SER AL RRAb o bl o
[0011]| Galsvalyieniat., Endqmsnotdggri§90 HI(124 93 G0tsmahstrateghat FSH variants

producgh n@ ? % ggetxj&#g/cos%msnggm {;rasg é égt)ﬁ%ﬁ lgr{r’eljdr;af%‘hg{ &1 line defective
in sialicraaiisithicpon are dwetieass FSHsuebianed by avildahyalcalises paridied pituitary

i nportant for dinmer assenbly, secretion and cl earance

of the heterodinmer fromthe_xirculation. [0011] Gal way

et al., Endocrinology 1990; 127 (1) : 93-100

denDnstrate that FSH varlants produced |n a

o . o Y o ~1 1~ - o o




FSH in vitro, but lacked in vivo activity, presumably
due to rapid clearance of the inadequately

gl ycosylated variants in serum D Antonio et al.

Human Reprod 1999; 14 (5): 1160-7 describe various FSH
isofornms circulating in the blood stream The isoforns
have identical am no acid sequences, but differ in
their extent of post-translational nodification. It
was found that the less acidic isoformgroup had a

faster ipn vivo clearance as conpared with the acidic
FSH ip ¥ ¢y bt gqc}s in Y43 dFtHiy BIRSURgD I, duedp dRpiESIqapanc ot the

deciallly 81126k flaeaNaRBhts HELHRRN TSRO bORBuNE
na ecgja hy%)g:t }2? ndg{l:trsl nol ogy 199%t3 f§651?g){ 26%@% 1999; 14 (5:
1160- Zéﬁ%qr@@éfaflﬁa% FeHrigefoamy piyciHaling in the bigneesirosm. GThseisefpems have

i

1dent1%[) é(;aﬁ-?l\ﬁ/% ?ggtﬁgﬁtfgggéét?tgu?%gfe )l/ﬁpl)ioht\é es?%dt}ﬂﬁigé‘st—%ﬁ%ﬁa 1|0¥1al m?dlﬁcatlon It
was faymdRIsH tholdsslatidid incfoem grolirblad mfasm i vivg clehatiricecn abmpared with

the sofhy RERHHEHBR S B0 U0 L IEHERREA B Al 6ebien bpen e
isoformgobilsriesver, Bishbpet elagadodriiolodyi VE%5; haaeeéjoeemsde\cehanadthat

sreutfi] Y PR iR S PRt T 1hE by

obser\@ﬂﬁﬁs Rddsto @he ByfdiResiCthasthd laal'fﬂlitg Hf FSASOUM bB idQetsed bg introducing
Pked cos | ation sites | ocated at positions 1
addmfm elYiosyidhid 95 104 isrepss the Hakc acid comfest tbe pabypepide.
duscﬁgﬁwﬁ.,mgl fied FSH 13-subunit extended at the
Gnwth the CTP noiety of hCG The
10012} B8 ataoe?&tsmyah incaepsss hpkdives hava bdanedevelppRA e Fusiag the
carbo@talnﬂﬁa IGRlptia€ bfuct}’(fcoffp)ﬁahhé{% Fe% k}gﬁ\ RGR 'F%?ﬁgﬁps%) The

circul ati ng oses
CTP meiebnepsistsrafiamino geids i1 67- 18 te ﬂéS mtb fogr Q:bulmdt glyeosylation sites

st o1 270 U 1900548 993588 3 st

modifigidHHD Qembshin gktenddthatrihp Caenninal Ghurpithgbe CAP muiety of hCG. The

-a- ' th .2 Q nt.agont s ct. fo
resultig AR et BRRNG oo B GRRGLaBVb St RESFE bt
prolonged yjreyiniinig hallfdife.ny Sk, 4ﬂﬂl o5 difséllomstt}aaﬁtshe cibarg té?ﬁhhal portxon of
eptors conprising a_ gl ycoprotein hornmone a-sub
the hClgh i Sﬁ"H’&‘ﬁoﬁ%t it rs%‘msrsr% ipant ffiefsiop tb%P‘;‘?E@BF? a%CG FSH,
and Lmher ein the f3-subunit pol ypeptide is a chain of am no
ds con£r|5|ng four joined subsequences, each of

[00131/\HScﬁa8$3s. Eeliseloses singlenchaininseteists copuuised of twe pembusits with

l g
s EioBly et RORDCEL TShoE et PR SS0ABOTLRMLE
heterodignerishpolypeptideshaying bmdmg affinglyitg é,fﬁamd H8Haecrpiim wnglprising a
ycor B O BBSAE00 s A YR AR e
wherein-the Bwubhnmﬁnol-'y@bptazmjs 5]chaut @ﬁamms actilatcomyyishey foat _BJJMd’d

subsec{ilxcg%e(sﬁgqs viz}tgclg;s SE Ht &g:isiteggp ce,% ﬁ%g%gstﬂem et al. (2003)

disclostis sacshn@eshatlh ahalopee ofrF$ﬂH rvat}giuy imesadsed helflige tvaseréimthé)a— and
o) tdg? N-term nys of FSH to |n§rove it
B- S“b%"lsm ‘Flée Y i QiaqRSRNGR CQPIFPIET N ainkefl ghycesyltomgkes.

[0014]DWO/ 9@@849‘? dlsms&lf’ﬁ&ﬂ%mnm& EndORCinh 8 FOhE t&]z<’2‘§ubumt of FSH and

gl ycosyl ation sites may Insefted into the
51 muigsipyp that mata beuma@m\xhezjﬁdsuhumg of H&Hde aaattempt gpmrbvc the in vivo

8l n s | at | on
half- h%nfﬁ:@ ﬁlﬁgHﬁgcg |8?| X: #g? %{ﬁéoé%i%gy éxge [ 8 ycosyFatlon sites
may beladdeldas else Nhtatmidue offHEHNtb 1mpr<a\rmitsﬂihlﬁhﬁudm insertelyat Rerious sites

i GEESHRAHHRL &  ORE) oSS S B 98y e

128 candi dat e rrut ants were identified by using 50
nodel s of the 3D structure of FSH that were generated
based solely on the structure of hCG and a sequence
al i gnnent of FSH and hCG despite only 32% i dentity
betvveen the 13 subunl ts of hCG and FSH. V\D 01/ 58493

oy 4 .=



[0017] The present invention is directed to such
products as well as the neans of naking such products.
SUMVARY [0018] The present invention relates to mutant
FSH nol ecul es, wherein the FSH a-subunit conprises a
sequence selected fromthe group consisting of SEQ ID
NCS: 4-5 and wherein the FSH 13-subunit conprises SEQ
ID NO 3. The FSH may be N-glycosylated at 0, 1, 2, 3,
4, 5 or 6 asparagi ne residues of said nmutant FSH. In

one enbodl ment N5, of  the tant a-subunit of SEQ ID
inserteantp the 'S B’eP‘Q‘V?%’éjﬂ U PERHdshne, sudRRRe Z5rie aPeriie SHeSDophere one

could Hﬁ@rt H‘g‘lf&kyﬁnéﬂ RO hiid fhineER HIH MlW d’@l /5 8493 further discloses

ycos I n one enbodi nent N55 mut ant

that the gng@mmuapd Gr subpaits wameeySﬁ%wdeedgﬁliocﬁsgddamml g}ysosgption site) or

in comr%‘xfatf&ﬁggﬁgﬁ goépéﬁlgh%%@éﬁ%b lnf‘l:f%frlu ZEB(;cn trﬁﬁ{%ere identified
by usingh 80 gragiels afche BBt stgtupé o SESHI tbaﬂ\!@ﬁ'ezgeﬁeraﬁldéaqsecbscﬂalw on the

s N B Rl R e B G Ft GRR 524, Pl

betweérD@x%CE-sJane bEEEW arld FSH! MO0 A/ s8A93&l0es A6t dleclase/me pedduction or
npri si n%rDNA encodi ng an FSH a-subunit nutant

testmgeeﬁ Ay tedr Prafpunie ogF 3t pvhesn sisdyjosyaton stvrpingogugedby site
directeHYRutsgEA&QSs. MY be an expression vector. [0021] The
present invention also relates to a vector conprising

[0015]DWQ 8 638P ¥y disnlosaHGMEL, suidumitations smboth @htpm @dﬂl@suhmlts of FSH,

vact
ntud U EA, SRR AR DGy T e IR B i poiion 53
mutatedetiod¥ esd the ¥ residuoat apunp acidi pogiteonf 37 mutadAodhdThe amino acid

seaue R EERM ROV Slrh SR BN, G oup consi st ng of

[0016]SEQliln&al}\lﬁﬁéd4e>Esta ek a/\isleﬂed':trwlmhﬁ pmdﬁmjpaﬂ% #heftie sheadpeutically

releva S et S YR iy B R BpF LB o Tt tervals as

comp&r&%?&urﬁmymwﬂe FSH\/@BHu@tQ adSohice baéfeebtwp@vmeh b more stable
npr1 Sln% a vector conpri si COdIn

level 05 csrebl@ﬁps it SV s cepwaredy tergyb%tw@tage%hsebx 6H§F’%‘t‘iﬁ‘ﬁ‘§m6‘ﬁt
[0017 ISII:-Qi iongsgmn_rh ee'%ng on-l;g' Gm\!&&i & S@%@ﬁ%ﬁ?‘q &s ﬁige%e%ns &f'(r)nakmg
SHChpm,ducts [ 0024] The present |nvent| on also relates to a

cell conprising a vector conprising DNA encodi ng an

FSH 13-subunit nutant cogpsiAigyt he sequence of SEQ

ID NO 3." The vector may be an expression vector. The

{0018 ?hé pFRYntiBvéntiTRITERLds 30 nfifthht FSH &ole@léw@he@lﬁ the[ 2 8lsubunit
he present i nvention also relates to a cel

comprisghseauange selpeted drome therpup pepsistingof SEHED Mas #4-5 and wherein
the FSFFHQ BudNdmPESERED IR/ 4. Sﬁ‘h%l—lexﬁﬁfg@ﬂ %ﬁc%ylated atQ, 1,2, 3,

a-subunit nutant sefected Tromthe group consisting of

4, 5 orSE@ PR eI esidgenplisaithmutdnt FSie nangremboimenidd ef thermutant

{ [
oGSO B GRUPEI 1 B SHHSIER NS5 o
a~-subuid of SEQ IDANQ: Sewaprik ighyroselated. dn gne esnbCHhae NS5 of the mutant B-
subunit of SEQ ID NO:3 may be glycosylated.

[0019] The present invention also relates to isolated DNA molecules encoding FSH a-subunit

mutants selected from the group consisting of SEQ ID NOS:4-5. The present invention also
relates to an isolated DNA encoding an FSH f3-subunit comprising the sequence of SEQ ID
NO:3.



[0026] The present invention also relates to a cel

conprising a first and a second vector, wherein the

first vector conprises DNA encodi ng an FSH a- subunit

nmut ant sel ected fromthe group consisting of SEQ ID

NCS: 4-5 and the second vector conprises DNA encodi ng

an FSH 13-subunit nmutant conprising the sequence of

SEQ I D NGO 3; The vector(s) nay be an expression

vector. The cell nmay be a manmalian cell, e.g., a CHO

ﬁg} a£0027 The res nt invention alsg relates to a
[0020 thﬁé’ septi n%f: lﬁ% Festop W%ﬁo%@mg%encodmg an FSH
o-subGiit it Qe IRBIHEH drA ThLEbLS cSﬁs@ﬁﬁlg%fng(S paeS%!aL] Fe vector may be

proteins, wherein said cells conprise a first
anexx@ﬁﬁﬁl@sg%w vector conprising DNA encoding an FSH
00218 T4y L S ROMEE £ O r it BROS LR B ot .
subungtgnplaht comgpibing 8rcedierpeard SEQHE Nd:dni Therueaot may be an expression
vecto£OMPrising the sequence of SEQ ID NG 3. In another

énbodi mrent of the present invention said cells
[0022¢ dﬂjpmrmnmmblm@émalve edlates toaPEdtst cugniiding s diostiDig Aadnd a second

R S e e A R S

considiiNg ASEQIIDNGS: fﬁbh@m&%&hﬂtﬁe SAUSTRNTDNO Biddes B FEPER-subunit
sequence OE SEQ I D NO. 3. [0028] The present invention
mutant CORPrISITg; e StteRce BhBRI 1D NR:TohpF ¥ e5tpigmaY beap cptestipn vector.

[00237Ntheréeat HRERKGH £186 tlatdE Rﬁ@&@péﬁnﬁﬁéfxg @vellor comprising DNA
exci pient, wherein the FSH a-subunit conprises a

encoding i el Gsémtéwréaufanbaiﬁl@qﬁ%d germuibe esmvpi epmsisting pf BEQ IIDNOS:4-5.
The v% ﬁlag P fés@ oﬂ vte@f?)r Fﬂile lgll ?lﬂyz{m WP&[H %%1]55 a CHO

e present invention a at es
cell. a method of treating an infertile mammal, corrpr|3| ng

(0024 HBLRF 9865 ATRIARL 1d 1lPEMh bhhE BlycBRe ELLBRLE DA

encodingarto B/ Hi B- smifmnu mamnacammmmg mmhme:ﬁce d)f SIEQTI]]) MNO gt dihe vector

consi stin Q rein,the
may B e PSR 28 SRR SO P P - el
[0025] Theprésent mvemtidrehlad edateOtoda st btﬁﬁp@img hivtiloR toM@rising a first

folliculo sisin a ISI dm isterin
DNA g 3 SRR N Theseim AhEREBO PN SBr e H pshinipmugant selected

from MHet@Bhp EcaldistiMBITERY tib Nﬁﬂﬁmwwweln ﬁx@@@édrﬁﬁﬁN@\ encodes an FSH
sequence selected fromthe group _consisting of SEQ ID

B-subngitmutant sampFisiedhe seqieneasef FEQURMNO:3.c Ehe Vedasmarde ap
expre&%@vecme LSS ha) BY 8 BdrRRaRAP &1, &l AlLEH P A1 Met hod

I nduci ng ovari an hypersti nul ation in a mammal ,
[0026& Jrhpmrgqenguwanﬁm alserdlatgs tooa eclheompiising arfssicandrpeseeond vector,

wherellt tlf‘ef fSFLdtS AT Nes PINA AU ARS af PSH ?ect d‘%ﬁl?lﬁ‘hpmhﬁazlt ger:?g!btgd from the

a-subuni t conpri'ses a sequence” se romt
groupconsisting nfSBER [BENOHHIEEH4h&seodd whetoe comptiscsHINA encoding an

Pt Ao el SRBHREE 1 RghEt AR TR0 e elRge) ey be an
exprofsBEQVéDi D 4 rae)ch G SEnIBIIND ) GHOalI

ants to.t supuni t of I D
10027 {2 Biseh oV AGHILATSD relstes i Bl far Brp e et Y gfitant
c:ompﬁ%lﬁtg| C(Jﬁﬁ(ﬁlt g ﬁiaﬂ%elllia)n d&tllﬁ gaﬁabb@bflgyb(f@lzftirfgﬁiroﬁiﬂsﬁl whadifl said cells
Q e mature pol ypepti
COMPHfs2 Iﬂf%%@i‘?é%"'& ypeter Wpresﬂeg R?fé ﬁPC i’§§ﬂh~5v‘§um mutant
select6® AT 8 gtr@u,w:d,&ﬁtmg f E%lcb IEN® 41 8Pa SIShA Spredsdon vector

Cone 1 lc-
comprising DNA encodmg an FSH 8- subumt mutant comprising the sequence of SEQ ID

NO:3. In another embodiment of the present invention said cells comprise a single vector

comprising DNA encoding an FSH o-subunit mutant selected from the group consisting of

-5



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0032] Wile it
has been shown that increasing the carbohydrate
content of FSH may lead to increased in vivo
half-life, inproving the half-life of FSH is nore
conplicated than sinply adding additiona

gl ycosyl ation sites. Wiile a glycosylation consensus
sequence i s necessary for carbohydrate addition, it is
not sufficient to ensure that a carbohydrate addition

[ WLl be utilized.. Oher factors, h a
SEQ Iﬁa@éﬁ"b gfvrthwcamglseﬁ&gﬁén?wﬂ% 5 S w@umt mutant
compridiMSihesB@fdnte o SEEY 1D N©:3het her an ol i gosaccharide is
attached at a given consensus sequence site. In
[0028] Has present invengiogalsorglatasyie ag@mnostion) compyisingamb P dangtgnt and a
pharmh&RAcAIy Q&egfh%iee@a?ﬁelj dt etxbgnérﬁ Wh¥Qir '@k TS E%uﬁ@rﬁt comprises a

consensus sequence nust a position such
sequengk yelesied ftdro theogrouh eossistmedfciEQ 4D NOS -5 end whietdin the FSH B-

. r conpr om se the foldi ng,
Subun&g&?’%%‘%’t%ﬁqqgﬁggt%bl ity of the glycoprotein. To this
[0029]pTherpresérfblibsmiongilsesrelatdstio iamethad efi trhadidg ar infartibememmal,

iJy been limted to fusjon rot ns wherein_the
comprRIAARIPUIEIORE 1o PRI Bt AR AR 00y SATAP It gf itutant FSH
mutang |v)t£é@éiM e FOR Bhitmit chmphiseaa kedﬁ‘éhbé-w&ﬁéd Akl group consisting
i s provided that h% been nodified tao create

of SE%@.N@@M agd yewEsin ghe oyH e‘d@gmttcpswreﬁ 2EQ I NO:
[0030]a’l‘ﬁé‘{9éé'§éﬁt iRferitidf Ao HeMsabh AEKRoABY @tlﬁﬁf&tlﬁ% f@)lhi%ulogenesw ina

| owi ng m,ltatIOI’]S corrpared to the wl
mamn@l sqmmsgng adminigening tora RO imAperbthgrsiod ag @ aetn‘ceeamount of a
mutan@gf-rl, %E%E\?{hequﬁg SQIB{I[Qit E%PQH&S géqﬂ@x‘i’ce“sefgctédhﬁ d}Wtimg group
type’a-subunit or an Insertton of the am no aci
consxsg'eg oEBEE IPNND Bd+Svewlwhereimohe &SH lﬂesbtdueeorﬁpm SEQID NO:3.

The prg;e t %Jeggéx %?so rf:%&%b 0y Iattm tﬁ‘o é f%zlrc‘l%c I g:go é? ﬁg@\%\t}ilﬁﬁlaﬁgx ina

mamrralt @I&tprﬂs%a@ﬂd}umxitemg t@ a 1313mﬁM1 it ﬁ&tchﬂhﬂrao@ at e€fective amount of a

f owi, ng ., myt at i.on: E55NNS57 of the
mutant 8517 PR BRI fruPRah comPisert <PRE TR I EP thegroup
consistTRY oBSEQ) N¥ BRYS:alPshd wheeidtBie @smprsabmddwm@nais SEQ ID NO:3.

gl ycosyl ation sites of the nutant FSH may be

Per m - e AR DESCRAPT PR i el pRARIGS [ g

anureans&vssmﬂm gnna&lt%ethechFlrr(sS@D N(NQ)4 agd d}MRTrQSEQ ID NO:5)

unit as set out in,  SEQ LD NO ei n,
a-subiRdy iiankep thehasRen o SPERLof B (SHQAS NE& e e Siag mambers
refer t8 thSmAHRYBisubasit §f~‘FsHl(SEg1DSﬁ© 11 W 1 Beid dh@h?st amino acid of the
subunit as set out in SEQ ID NO 3 100341 he FSH
- maturgypelyneptidey be produced by any suitable nmethod known in
[0031 tﬁ%u% ) sg&b? adosE llégg&ﬁse ORUEe tlig]ﬁu&gp BSOUE tsﬁlﬂi?ut@ compared to

eot i de sequenceS encodi ng e respective
wild-type BSlts Clone é&tpaéﬁgkiﬁ{ﬁltm@ a@ionnc ldet @ @%E]l"/e@lb@ﬁl n a
suitable transfected host. The FSH mutant may al so be

pr oduced -p%ﬁz! on of
chem cal ?}l/tnt‘ﬁﬂé sq%%%diriggg ?qngn&?t gﬁjﬂ]ﬁc}gy

[ 00351 The FSH mutant nay conprise the a- and

13-subunits of FSH in the formof two separate
[0032bwlyk¢ephaaj‘eee@rshpws thathieereasimgthevagrahadraie eomienpt of &' SHymay lead to

Y2691 HEre QnplfcatBtn 1

increaldd % REELfe, (o WO BUCFRTFLe e, Qg calnon simply
addm@&d}hh«)ﬂé gt;axoajdanblh yitdsi rWhﬂie b)glyscop)elptlom eomnwsmeqaence Is necessary
ror ISRV AT 1 5051 SRR RSP UE BBl BRBER s v
be utllsaegmdthexaﬂ’at:{oys wuéihad the laval pmtém foldinghand-Qi fommbativm, during

100361 The FSH mutant nmay have an increased half-life

conpared to wld type FSH The FSH nutant may al so

have increased stability congared to wild type FSH.

The FSH nut ant



may conprise oligosaccharides at 0, 1, 2, 3, 4, 5 o0or 6
of the N-linked glycosylation sites. A popul ation of
FSH nutants is al so provided, which may conprise one
or nore FSH nutant isoforns, wherein each isoform

blosygﬁnBN_ }%%Rg)lgl e@lgggﬁ% Ig(?%achg}@g’és a%t[ael%gﬂ% h-gﬁVgnS(:ogsrengusosfequence

site. IHEddRRIN HFord&Ue NS dgReAAN %Tﬁ;ofs 8tiéh to%ad]{% -aiRBASn Be in vivo
the FSH nutant may be con ed by isolating or

half- lefy thermogsenisugseguenge Inpist belia asmdmmscleﬁmbgilvﬁ@yldmenpétmte does

the hFESH a hESH- bet a wi th,.
not infapfer Y bckpion BEtihe at BEmERBSY b MR B RieATe S g ety of
the gl&&ﬁﬂ@t@ﬁn‘ VIR this pbie, M'aﬁﬂb% wiftiverReRd Ma-11ves RavSprimarily been
changed so as to effect the substitution o rinsertion

limitegfto fséory protoinsivhesein tlee fisedipartien afids polypentidedndydedpsditional
can be nodified by site directed mutagenesis.

gbmo%ﬁ%%ﬁgﬁgﬁternatlve the nucl eotide sequence may be

1. MuitepFSId by chemical synthesis, wherein

[0033ZI img@%gﬁéﬁﬁg gga?g nq%%q? e%,]t?)rért he ptleo%lq gl(}:fcosylation

recogPitioh 8ALd. dehS IHERAEARE PIHNRButhtEnAOhHBBRE bﬁﬁe&@ﬂo&ﬁé
inserted into a reconbi nant vector and operably Iinked

mutatiams acomparedato theyildiiyme meduwiaatyinkgtion Qﬁﬁleslmlmna@d s¢duence

lypeptide in, the desir n cted St The
GNFEBBER M bR st isa ey B Sl R HIAGRBRE st AR @ insehlh of the
. amind'&G& S&REYceBENRIVRAY Saeifo hall rédiuics 3R aDfa Wild &pe o-subunit.
pol¥§Hpt|de Exanpl es of suitable control sequences

A mutegt Foiimeast qomeprise any ef theaboye mntmhwwg lrc@qm ingting| Witle mutant
B- sub{nl;F i ee%a{[%l Mgr&gn I‘S%{?lﬁ%'ﬁ’c?\%nﬁ tat%\ﬂfg?m ﬁ%}ﬁrﬁbre of the

addltlbfmtgajdoﬁﬁlhmlmeﬁ ogﬂﬁ&écdﬁﬂﬁﬁﬁﬁt ) SH&ﬁﬁiy b&glyb(wy&med The one or more
yt orregal ovi rus i medi ate-early gene pronoter

addlth@@@é?jw&iéﬁ%’f sitgg pf thejmputantd S miayhy ehigreylated & @&f).% it vivo.  As
used lﬁe'mﬂgthte - ut #3 g{l ant® )foefsst@aQHu ﬁl?trﬁg}#{;]oﬁﬁl‘?éggélé?é sﬁ‘&gnt as set

e experinmentation I nant
out in8H() & N&yl ahé afrsubunioaosed ust iy SEEPID d&Y:B.ndswead leareinj the term

« vect qr i ch exi st an extrachr sonal ent i
NI gD relis i o R e e HODAGF SEl bGP NO: 5
and a'Bestmﬁ?éé s‘é{‘out%nSEQaIIPN@ﬁﬁn d. Alternatively, the vector

may be one which, when introduced into a host cell, is

[0034 thhe @Séi wdtantinay bherddosed ety yé Al ranetinadl lﬂ@p\m ipdheatt. These

methqd§ AN ol RGRAE ettt Enciiflne beeBpdiy R F8M

mutaﬁtﬁgﬂcpéxpréssm@ itk arhin® aBidEe§@dncden & gﬁta@reqamgfe@fedlhagt TheFSH
pol ypepti de of the invention is operably_ linked to

mutarg diefyt alsona Predusied by shemigal syadhosisior by arceribinstion of ehrenpiggl
ector may be derived from
Swﬁh%#iéﬁgﬁ&%ﬁmgﬁﬁgﬁQ%Nihﬁﬂgﬁxnber of suitabl e expression
[0035Y it ¢S] hatanexpy esapise the ot fel frostunite bf BSHen thedioad of two
her e n are onnerC|aII vail ahl e or described [n th .
separgig p B?R}’rdg CF‘B‘@M‘T et the t@@&ﬁﬁ‘Pﬁ EH’F“VQ ¢ 810 fRPS f%éoffﬁ&d?meﬂc
polyp@ﬂmr biSie nfhy R ?1@(95‘ Singfe C%Qfﬁkgohﬁ‘tﬁlctt B@mﬂﬁﬁﬁg fhelt®ro subumts
eplicate int host “cel I in question. An exanple of

covalsubfﬁlrdi_eé by laemp‘ede omdeny atmptldmhmkec elThe awin® acichresdbésoof the linker
pe G o081 PR B G or e o

mutapphose product conplenents a defect |n t he host cel

such as the gene coding for dlhgdrofolate requctase
[0036] DHERJSIS mugans mayihee s ﬁfceqagedrlezﬂ, Kfeamowared tg vdldigpe ESY. The

FSH rﬁgpgn 1lna¥] alrs]% &g\?egla gﬁl,]erd g}dtb%ty %g%ﬁ?)%rxg?o whlld%&%ﬁ nlrﬁg bSH mutant

7-



[0042] The vector may also conprise an anplifiable
gene, such as DHFR, such that cells having nmultiple
copies of the anplifiable gene and fl anki ng sequences,
including the nutant FSH DNA, can be sel ected for on
appropriate nedia. [0043] Al so provided is a DNA
encodi ng an a-subunit of the FSH nutant. The

nucl eoti de sequence encodi ng the al pha and beta
subunits of the FSH nmutant, whether prepared by

site-directed nutagenesis, synthesis, PCR or other
may compriseielizemagchapidenaidd. [ly 2ad.<b 5igid eidhe N-Holgdglyrerylation sites. A

otidedd
popu SRS WLt 450 FA0OR B8] L Tl st
isoformecwhbereth eﬁacb nsctforem cetlnbssersmlmsaﬂz»hamdesat Ox pr 25k dd> oghaif the N-
tide, if present, may be one recognized by
hnkedf%gcocsg} mgﬁggen for expression of the pol ypeptide. The
[0037pTHa ahclaetﬁud ﬁiﬁuﬂf&;& éﬁ@o&lﬂgﬂh@gOMSB-éﬂ)metsWtﬁd‘lﬂt’SH mutant may be

associ at e subuni
°°“S“'Hié‘teg$¥ I‘%QJ%RR@g ¢ Syé‘t eSHZF'b% "’h%&“f lafrs&ﬂ%‘%{‘ﬁ&eﬂ%?d’g% thecRarent FSH

subuntthémhfa@w hESHIAnsha8H mnbbﬁemﬂ{ ﬂ’ﬁ;%lh@ abﬂfgéhm% sikdwn in SEQ
het er ol ogous to the host cell, i. a sign

ID NQs¥pt anfe2.rigsneativsly e ks isleniide s m?dstbele be Fhfmgeé i$@ as to effect
the suwéﬂtﬁh?ﬁ S riAeLiBA ro@‘?ﬁé ﬁéle@%ﬂf eﬁﬁﬁl%qlcfd' ﬁ@db@@ Trl‘l‘ésrﬁxcfé%ltxlie sequence can

Any suitab host nmay be used produce
be m@ﬁﬁﬁd@pﬁtedbsectqdnmu@efsmwb doitles alé@mﬁtm the(ntw&,qq@dﬁ ﬁgquence may be
prepar%ﬁ%%a@)e %l @%Peéé éﬁﬁ%?lﬁgfm%scls\cgﬁeggg@éer g%ﬁgg%ﬁé@&?the specific
aminoeavidredquence @ff tha'SH mxtampl es of suitabl e manmal i an host
[0038f gjhla %ué%l d e g%xle%eesé(eiﬁgi%g?ﬁe @lgg@t{c}g&}%q% lgr}eslrexl't?‘# %{xgcg 3 'recombinant
vector( 4d%petablyg hnm&a ¢l sélendH bt ssatiOfor expAeE&ion of the polypeptide

I TN O
neces&ci% o Advan@ip@o i iR hE &l Préssodr ¢F.a fiTpeptide( AkGfaples of sultable control

1573)), as well as plant cells in tissue cultur

sequengsgifer Gredting drAnEBIRIicndnmammalanFellspghs fits qark agdlate promoters
of sva@qn@xaex{o%hiug d At Qa’éﬂo'vﬁuggﬂﬁ?%blt Rid g?r%nﬁﬁ@rhtlﬁslvﬂrhﬁ

American Type Cllture l'ect A. Met hods for
(metallothiangircgang) praaetaeanktheinmantcytoraeaniovin imseadiatelepdy gene

cal ci um phosphat e- nedi at ed transfecti on,

prOnulet%gig#gogbration, DEAE- dext ran nedi at ed transfection,
[0039] Oresdiskilhindha b ondyr mplsd Esetlbciiorannlong' thebe veptdres expression control

0045], ,Cel | s..,may be cul ti.vat nutrl ent
sequelh R oS PR, R el o e MRt TR By be

autondifﬁbhﬂyl sepiicating vectbhée.ad vectérowhiek @nistseas etdmctmehionmsy)rdaﬂe entity, the

. C . b cul tivati,on al e, or
replioftigey ot ShiEf i hgpriitRm o eI RN T R Bom o
Alterrfa€idelyatheeci nsel beforfet whighf whémﬁﬁ@uu@atsmtd a hbs’tQ@H;ﬂisdfxmgrated

i ndustrial ferrnenters perfor tﬁ@ln a suitable

or
into thechgstft herpoghrarnd repeated tagsthsr Wathi the chicsqsemp( rtodubich it has
been ihRgPRegxpressed and/or isolated. The cultivation

takes place in a suitable nutrient nedium conprising
[0040} I ihp yactanmayiberasgaprassign veston i whithrthaAreleatida %equa%qenfglcodmg

t [

the poBRERUYEme IROMRiohls bfaf tinkeld BQBOE e BnBhE required for
transcgiption of thy mlq@udb seqwedce o’ﬁp@gq:qtqnongy be dgnvepchfrom plasmid or viral

cat he Anerica I
DNA. ?‘r?xﬁglgel'xl‘ &%y plé?) le SxpressiQn g?cé?xégg préstlé Znﬁﬁ rgéstr%tcgm mentioned
heremrmd |cdmmart1at1§1avduenbﬂeemodmbﬁbledjnnrthehteyatﬁreom t he nmedi um

tide is t.sec e Jecp

10041} i eB ROt veE: i Bt A REra s AT B vestor o
replicat ih e HdSteetlinaqiestiod. Ahexampbndf saoh a%@ﬁtmoex,g(lwhehehmhmt cellisa

of di hydrofol ate reductase (DHFR) anplification in

DHFR- defici ent CHO cel l's, bygthe use of successively

i ncreasing | evels of nethotrexate as described in US

Patent hb 4 889 803 [0046] The resultlng nutant FM



which follicular devel opnent (follicul ogenesis) is
i nduced by daily adm nistration of follicle
stimulating hornone (FSH), usually at about 150-225
| U day. Alternatively stimulation may be started with
FSH after spontaneous or induced nenstruation,
foll owed by adm nistration of a GiRH ant agoni st
(typically starting around day six of the stinulatory
phase). Wien there are at least 3 follicles >16 nmm
(one of 18 , _a single bolus of hCG (5-10,000 IU)
mammgatign pel)gs thenS Y 40 priginofimplicasionr dihe vecton mpy alFRICqABSea selectable

a4 5 o BRSO i 3350 o
codingrfay ddjysimfbbltmwddctfam (TOHFRhdr ond whmbrcoafmmsestarmsﬁp a drug, eg

i T, PP A S ALA0, SRSRIAR B

nmﬂxMwani or 3 folllcles have reached a di aneter of at

ISR SRR R et

havmgvmum 1OYopiepst Rk ahipifiaBRUenE afd fidhifing Le@hteHesdudiag the mutant
ESH nut ant  may have an frith-eased half-life with

FSH Drl‘é‘ép‘"e?’é‘tbq %?lf%fﬁt?ddfOF)?Bé‘PP@Hr‘ﬁF’e‘ﬁﬁ i3t i ons, regi mens such
[0043]a§ls'i)|}ﬁ'5v1qg§ &4 PREA @M&%gﬁy a-%ﬁplluﬁy of MWaISH Hu@zﬁﬁ 951“ h@hucleotide

/or may be nodified by decreasing t

sequer@puehm@ng gre aJoha el betp Fulauni(s o gha F@Htm@agtawéleéwr Béﬁp@éqd by site-

. . i Ak bi

v 554 R AL 2 OHGHEE 0N, ) SR st e

nucleoide acqueave dlamnctpd@aalsggndbsqmd@f The signahpeptide5nay 5@ present when

the pogrgepty&)e 15 t% gg s‘z.c5 etlc::FIj fr a%l%esceil.?ﬂxg (1)%hF}?% g@r‘l ogd' rrggabselgnal peptide,

if presk®ts ma@%rbnerreadgmuzed]by thd 2ell ihﬂosmn fdﬂexjmyssxorﬁoﬁthébplymhptxde The
FSH, put an rati be adm.ni st er.ed do

signal pEEFHeBAY g OALECH 0o & RIS o) M A BEEH spounid o

heterol'%loﬁs (i, @Hgidaltrhg from axEo‘ﬁhbm&adchm BPSHAt the pmy/pdpﬁde or may be

ni stered at X 150 tgo 30Q RI/week unti
h°m°1§§@|‘ﬁ1%¥tl%9§"éﬁ%°§5 F‘b’é‘@ hest qelly e PeAfd tPéPPé‘? normally expressed from

the hogtrb%mr%%lmch & 4di@lorh A I_fé’)@ﬁieé’s@@ lﬂxlo%{ tHeMdBt &4QUr se or
RT techni ques. [0052] Because of the longer half-life

[0044bAnv lsuitahle st rF@HDe Medrfawr%@cadh@ PPlYPeptides dackpding bacteria, fungi
I

Gt 995453 5081, B, WP @ UL B s

well amnmnmlm&qm@taﬁmmpmcnﬁsug@we mmmabwehgs@eﬁbmlude

{. t ce
Chmegea?(am&gﬂaé/\ﬁaﬁfehﬁﬁggg tlﬁx'ig‘ék.% gLﬁz‘A{T&gcﬂgﬁf& 15, d&%%h‘iﬂonkey I
lines (Q@D8)(e.gt €01 AECE GRIA],GSB) C&Sﬁ ATy £ R 6D b)) mouse cells (e.g.

NSRS bt BHhB) BLRS Rl kiR Y rgrcc cctto,

and hutharaedlisney. BEKISes (A'DCCthlQLmSUGf)aEst wehl a@iolamt pEltl imativend culture.
t.. of diseases, dlsorgers ﬁpndltlon

“for tr o
Addiigheh BRI s piRO, BBt PO P AP WY 1 qopgpiories such

as the Q’Qﬂ@@c&n@ﬁ% 81608 @oﬂl@cﬁ&l US?A | MiegiddsdBr irﬁrdd&&(ﬁgldstogeneous DNA
thod of treating g partij.cular a

into rr@mmfrlr%w hegt el ipFide Pﬁ*‘ﬁ’g‘fft ahqsa? jptefl ﬁraﬁé%aﬂ%&@&r"pmﬂon’

DEALQH@:&ra?%¥&§&H' t%sf%n&h 3{JRGA I &BAte@ AR LA P viral vectors.
pparent to those of skill in the

[0045h€tells nrw b&rWéiwaé@t ingenutriptmedipmasuiiablgdep pragaction of the
& be YBRfvated b
polypi TRy BnBfs RATPIRH bel. 23R RHRpId, Mt Poed e RAated by
shake ik beltivatien, solajipeplei cn‘éaugﬁ-Spale ﬁm@mmn@mggwﬁlwus batch,
d I di
fed- batt% é?)agzéhcjé ?téa?eafggnaltgpc?rhgqn iargaxcr% %g%? Qﬁﬁd@ﬁlﬂﬂff&{ﬂ%&ﬁéﬁ berformed in a
suxtabtmrfpmslm arahsndeananditiengy@ivial thepdlypersidetth de gapiessad, and/or
Typically, an effective dose of the preparation or
conposition is sufficient tagensure a therapeutic
effect. 100551 The FSH nutant may be administered in a
conp03|t|on |nclud|ng one or nore pharnaceutlcally

T o o o s R o .



[ 00581 The pharmnaceutical conpositions may be

adm ni stered in conjunction with other therapeutic

agents. These agents may be incorporated as part of

t he sane pharnmaceutical conposition or nmay be

adm ni stered separately fromthe pol ypeptides, either

concurrently or in accordance with any other

acceptabl e treatnent schedule. In addition, the

pol ypepti de, preparation or pharmaceutical conposition

may be used as an adjunct to other therapies. [0059]
isolatetth ' hgcalfigtion faken plash th asuitahle PpirenbEsdisng comprising carbon and
. ' . QW - .t - .
nitrosl 8 dogbp P Salt S B BEh e kgl BnPAETBLARIe media are
availalgt fromaemAERktiaksipnberd or maydwrprepared egiardingita pubkshedidompositions

e WTAGHA 10 R PR S ERTE R L BN rcd

into thp heféamt medienacin casyenreedvéred direttlyofrotmhidae aigdsnral If the polypeptide is

strycture, The t FSH ecul es,_ were, s i mpased and .
not sebfeflolt A DRI A T OrRSrbGREs: Rpe Fhahat by hieBgRe siuction of
the FSHOmuti@ls off thie POleafibh & thedghshyisy 6f dRydloddlNteasdilotdde QDHFR)
be inserted that would not disrupt the proper

.Site ma ) ) P
amplifcgtign igy DuiFR detieion ©H3 5rdlst byithedise o gueasssegly drqreasng levels of

methottB£at6 hY 8ERkibed {AORI Parst: N4 U6 g3, FSH was combi ned
with the know edge of the FSH FSHR receptor

(0046} ‘Fhepasultingmmutent kiSH pelypapidds may ibe reesverad nmgthods known in the
art. Fc%?%xt%g’ﬁlglit :N‘a? Y QWL:]I%H% $hd &ﬁrieﬂ-m%%ﬁw DHlvedfishd Brocedures

] C were ninima _sruption of structure, ]
includirign bwesotdingitedtoi emtxifugptieni fdtredombicntipetipra Aprag ciryingt ¢\aporation,

. [ [ . W
o o, 4t B LSS LS A BB, il Mt
knowrf inl theattrigeltiding] tustarot liotitedud artrematofrdphy (agsishunxicharge, affinity,
hydroth%%ic\:l,\%L?onQe{tg O%Lsg'g, z{nldtsizl\e/:uetx% uston , ggc%gp%o%clprocedures (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 présent 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 IUI, 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 O an
FSH preparation of the invention may be administered at 225-400 IU every three days, or
lower doses, depending on the patient response. Pati'ent 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 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
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GNFT insert 4 2 G\NRT insert 5 Exanple 2 Mrphol ogica
Anal ysis of FSH Mutants [0061] Ali quots of
concentrated culture supernatants fromtransient
expression of FSH a-subunit nmutants 1-2 were anal yzed
by SDS- PAGE under non-reducing conditions that permts
the resolution of intact FSH heterodiners fromfree a-
and n-subunits. By conparing the apparent nol ecul ar
wei ghts of each nutant heterodiner to that of

wi |l d-type FSH, one is able to determ ne whether the
which foltiewlar @@qumnm\}/ plolligulegsagsia) is dndused by \daily @dginigtratigyeof follicle

st1mul§ﬁg‘c o opﬁg !(Iy% 3)? éﬂtsﬁﬁll}ﬁétea%‘b PPQP%% i@/lg V%F%H%H‘eﬁn)é@f ﬁlmulatxon may

ytrans erre vi sual i ze
be startegli wngh BSHmfter apenthusdys or intluded aenstguatipa, frdloweddy administration

ofa Gr?Rﬁ-an e{]éotms f(tyglsi'J_'ﬂy '%sart?né LAY hay 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.

[0050] The FSH mutant may also be used for OI and IUI. For example, FSH stimulation
may be started after spontaneous or induced menstruation, 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 may
be administered to induce ovulation. Insemination may be performed in vivo, by regular
intercourse or IUIL

[0051] Because the FSH mutant may have an increased half-life with respect to wild type
FSH preparations, regimens such as that described above may employ lower IU doses 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 IU
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 2 mammal, in
particular a human, comprising administering to the mammal in need thereof such

polypeptide or pharmaceutical composition.
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wi | d-type human FSH, nutant GML, FSH CTP and Gonal F
were al so anal yzed. Table | shows the apparent

nol ecul ar wei ght of the heterodi mer fornmed by the
a-subunit nmutants and wi |l d-type |3-subunit as

cal cul at ed based on nol ecul ar wei ght standards. Tabl e

| Sanple M (kDa) Fold Conc. FSH CTP 45.244 CGonal F
38482

[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.

[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 Sciences, 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, sublingualy,
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
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37x GNFT insert 49.375 36x GNRT insert 49.172 35x GM
46. 202 40x

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.

Example 1
FSH Mutants

[0060] The 3D crystal structure of human FSH was used to identify regions in the FSH
molecule where a candidate glycosylation site may be inserted. Two FSH molecules (four
subunits) are present in each asymmetric unit of the crystal structure. The two FSH
molecules were superimposed and compared, with each residue being visually inspected to
identify potential sites where an N-glycosylation site may be inserted that would not disrupt
the proper folding of the FSH polypeptide or reduce FSH activity. 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 two insertion mutants of the a-subunit of FSH were prepared:

# | Mutations SEQ ID NO

1 | GNFT insert 4

2 | GNRT insert 5
Example 2

Morphological Analysis of FSH Mutants

[0061] Aliquots of concentrated culture supernatants from transient expression of FSH
a-subunit mutants 1-2 were analyzed by SDS-PAGE under non-reducing conditions that
permits the resolution of intact FSH heterodimers from free o~ and f-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,
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wt FSH 45. 083 36x [0062] As shown in Table I, each of
the two expressed FSH nmutants, i.e. G\FT and GN\RT

i nserts, showed increased glycosylation as evi denced
by a shift of the distribution of the apparent

nol ecul ar wei ght of the heterodi mer conpared to

W | d-type human FSH. Exanple 3 In Vitro Function of
FSI1 Mutants [0063] In order to deternmine the activity
of the FSH nutants, each nutant was tested for the

wild—t}fiyigi#u&ﬂa%n ESH ShlfH 8, @%’Wd@@ﬁ%b&ﬂ F Refe a@.ﬁr&ﬂﬂeﬁ Table 1

r‘econbl nantly expresses the human
shows ﬂwwwm.t moluisreikl disheweteradimer formed bb’ﬁh¢:$+ﬂRbunlt mutants and

witd-ofpe s Bl based B 3600 TR B R sl O

Geneticin (G bco, cat#10134blR3IS) + 0. 02pM MrX] .
CHO FSHR cel | srwere-—seed at—2A04—cel--stwel | in
100111/ vel | ( 2k 108mples/ 1d¥g(kDa) [Xiold Gone i i neubat ed
at 37C for 24 OE$E9IPnr Aé%&qsk Cells were used
for assay if al |Geral F70% 3882udnt . 370064] A 12- poi nt
serial 1:3 di | LGNFT insert tad8.396arnt i ndéxt 67.5 nM f or
all sanpl es andGNREimsatt |sé@rid2rd (@Bal H was used as
an internal standaB®™l Al|l 46iJ02t ijons40er e |made in
assay medi a [ DVEMytESH( phensloghr de, &bbHco,| cat

#11039- 021) + Ing/nl BSA (Sigma, A6003) + 0.1 mM | BMX

[00621(§s b&ﬂ)@m/'fcabhe medaldy |o¥ﬁf3tb»@1@(pﬁé‘5@§cpiq9ﬁl rﬁﬁttaﬁfsase GNFT and GNRT
i nhi bi tor, Sigm, cﬂ#h?M@ G owm h nedja
€1

inserts; ghepvasdneneasad Hucasylakion g5 gV ‘z@p‘ay %§@£’;Pfﬁh%|f‘§mbuﬂon of the
appare%?%?échfaq &%‘F{t%@ &e%l\fﬁem La tdMeRa-t finan FSH.

scovery, urg, added, the plates
recovered and incubated at 37C for 15 mnutes. Wells
were then dosed with 25 Fixample3of the test sanple,
m xed, the plates recovered and incubated for 1 hour

at 37C. After thg VidhPpindtisloRESAMutdiftssanpl e and
medi a was renoved fromthe wells. 251.d of standard

[0063] ¥Sdraeidl debdmiindRl dcaditot theN¥SIS Blldarve, S&cﬁﬁﬁitﬁqt was tested for the
scovery kit ) was . then added %o each wel | (.?

ability to stimulate cAMP production in a CHO cells line that recombmant y expresses the

human FSH receptor. CHO-FSHR cells were maintained in FSHR Growth media [MEM o(-

} (Gibco, cat#12561-056) + 10% dialyzed FBS (Gibco, cat#26300-020) + 600 pg/ml

Geneticin (Gibco, cat#10131-035) + 0.02pM MTX]. CHO-FSHR cells were seeded at 2x10*

cells/well in 100pl/well (2x106cells/10ml = 1 plate) and incubated at 37°C for 24 hours prior

to assay. Cells were used for assay if at least 70% confluent.

[0064] A 12-point serial 1:3 dilution was made starting at 67.5 nM for all samples and
internal standard (Gonal F was used as an internal standard). All dilutions were made in
assay media [DMEM/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#1-7018)]. 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 pl/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 pl of standard lysis
buffer (supplied with MA 6000 Meso Scale Discovery kit ) was then added to each well, the
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pl ates covered with plate seal er (Packard,

cat #6005185) and shaken for 5 m nutes. After the
5-m nute lysis incubation, 25 p.1 of |ysed cell
material was transferred to the cAMP Meso Scal e

Di scovery plate (supplied with MA6OOO MSD kit) and

i ncubated with gentle m xing at roomtenperature for
30 minutes. 25 pi of cAMP-AP conjugate was added to
each well and m xed. 25 id of anti-cAMP anti body was

plates E&RAeAASIBPH14tO s@a&ltfpaskard, daltBs (0I5 A8 SSarOhak &FfoMst RirRkeAl S fter the
en

seal er_ and shak or 30 m nutes at roomtenperature.

S-minutp dysy icuRatinsy &5 phehlyred prlbimeterial Wes drapfferred 4o the AP Meso

f ' ..
scle QEcHE) P Bl PRSP RSP 1A b e O ivin
room temparagetddor Ibmémues. vl kil of ¢AMBPHAP eoniigaterwab addet tpkathewell and

. .seal er ;a [ bat. O.mputes.ipn the dark.at_,25C. The, .
mixeds 0348 or 308 ANTH AR Bodtwhl Bith 8add vol daen S ¥ et with
plate sbfb:ﬁiuﬁi sh‘alrc]aﬂfd? 3$)hﬁ7ﬂut@ al rdsﬂrlg Inerﬁjl?]@mgﬂre.a’ﬂﬁe plagds Wed @heh washed six
] 0 Wi signhal ., The se-respon uryes. .
times ith Rl HAR TR o ies St B oraees BTG BBl af BESSphire 11
RTU (Rea@y-Tol04d) shietratéhimhosiivigthdbd®ddo chOO ORI, A pidteytovered

in Figure 2 and Table 2, each of the FSH nutants has

with plate saaier qnd daqubpied bminsuesdn|the derkiat 20 The plates werethyy read at
oe sl ek T LR AP By Ay o
showing a low signal. The dose-response curves of the FSH mutants are shown in Figure 2.
EC;o values were calculated and shown in Table 2.

[0065] As shown in Figure 2 and Table 2, each of the FSH mutants has ir vitro activity
comparable to that of wild-type FSH.

Table 2
Sample ECseM
FSH wild type 2.16E-10

Clone 10C- o GNRT/$ GM1 | 2.58E-10
Clone 11C- o GNFT/p GM1 | 2.78E-10
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2. 78E-10 Exanple 4 In vivo half-life of FSH nutants
Two different [ots of GNFT nutant and GNRT nut ant,
were anal yzed i n separate pharnacokinetic (PK)
studies. The two studies were of the sane design: 33
immature female SD rats 21-days-old (approx. 40 g body
wei ght; Charles River Laboratories, WImngton, M)
were randomy divided into 5 treatnment groups (n=6)
and 1 baseline group (n=3). The choice of immture
femal e rats was based on the use of this age and sex
for in vivo biological assessnents of FSH activity.
Animals in the treatnment groups received subcutaneous
(s.c.) injections of 4 ugxamp®®4 (control), GNFT

nmut ant, GNRT nutant _or, 8 of Gonal - F rhFSH
(control). Bl ood wal? B‘Hf’lhé‘gft"é@ of EYH oMy aptst 1 o- or bi t al

ST W Yifféreft 16ts STGNFT huthasld GRRAT AURNARGr8 indlyz<d mASeparate
10, 24, 48 and 72 hr fromanimals in the treatman

Phamgéoésu&éw (RK3 studigsp Jihaitworstiidies were of thesams desigrs 3% imuwature

t I i
Frale 8 D1 Sy S GRHRRE Y o YU CRRLIN Bl Labororie
Wilmington.ah Adausre mrcd@mly dirdded mtorh tieatmérd vagisdd=anahdst basetine group
=5, St SRRl A0 AR B B ey TR R R o

vivo bbhﬂgimms%&meuabﬁﬂswmviﬂal SAH()E]B ag thestréatimeBygbepsreceived
abor

subcut ARG T8 HiStioP T 4 qeior OV Co) RAP T Ry O matant or 8
ug of Gvfal- FiESH (@uitko OGN0 6dl @8 kollectép b axtheréted-Writal BIME 8t 0 hr from

the bas\gggé g%s LA t ?i%’% iﬁ,dzzlgﬁﬁ,%lnd Flgégg"t 4 mggqng,als ithe treatment groups
(n—3/uhw§bﬁﬂt Rfs W&@taltéﬂﬁte@%-@srﬁ& @J‘Be BRrd isDRLbL tu@ﬂtt s%nliﬁvlg PRints).

on half-1ife than wild type FSH Exa In vivo
APPIORRTY Ocm AE blopHtyas collected o pAohiTzbayfaER blagdeand plasma was
harvesRa38a$tdrb® aligdb@ghGPdna ?fzteH‘BB'tB’LIﬁA Uhge SR uaCroifelsuring FSH

mutants is the rat ovarian wel gal n assay
proteinprin semanirowmf bathgadies evazrh@@ﬁwmmmdewreat&m DiEgrpstics

Syvon ISR FEF LA ALY L o T e

and production of oocytes. This growh is easily
detected by neasurenent of ovarian weight at the end

e e 9]
FEn 8 LR Ll o8 BEriRhois SRR EFppurs
whereashhatmfﬁMéﬁndr(h)rmeI coatreld zaapbmxlrg&teu' lafhmndt&br kespectively.

This inggczxfe'ss tgagyrtﬁe ENEY miGnt Had g’il\hgf mu Xnetg ave a oan%%rs hilE- llrfe than wild

type FSH.

Example 5
In vivo Biological Activity

The in vivo model used to assess the biological activity of the GNRT and GNFT
mutants 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. GNRT and GNFT mutants, triggers the
growth of ovarian follicles and production of cocytes. 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

-16-



assigning FSH potency to clinical products for | abe
purposes. It neasures the rel evant physi ol ogi ca
action of FSH and has a clear correlation to
performance of products in the clinic. The in
vivo activity of the GNRT and GNFT nutants was
conpared to that of wld-type FSH Al doses were
defi ned based on predicted equival ence of FSH, taking
into account the in vitro potency and the half-life in
P :
assigning i SHt pORRey R VIR PRI BT pl S, PR o e PR AR Pant
physiolaficaliaktes yPESHSiHd hagh AldeBcorrelation to perforguinge efipradugistin the
follicle stimulating hornones (FSH) conprising a 13-
subunit and an a-subunit, wherein the 13-subunit

ri.ses SEQ | nd - [ rj e

i Ry Segivy of e O P A N iR B o5 EBIHpaIeRT uikedt wila

type FSI”llh sl idBisefsr\ﬂédfb Qefinedbarep anggedieted &qi;ii)latmoa bEFSH, taking into
ycosyl at ed. .o J.0€. MUt a c

accountfa@ freyironptency and the €a18'£E“pﬂ T2k n{‘}?eég’éﬁ{@ﬁic@‘@fl BRI gatYere
found tONELRe Wb MIGTSH ActNatyokith BinfaghiRde Bitildrso Hay 00 sHldadypel FSH.

4. The mutant FSH of claim 1, wherein the a-subunit

conprises SEQ ID NGO 4. 5. A conposition

conprising a pharmaceutically acceptable carrier or

exci pient and a nutant (FSH) conprising a 13-subunit

and an a-subunit, wherein the 13-subunit conprises SEQ

ID NO 3 and the a-subunit conprises SEQ ID NO 4 or
5.

clinic.
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6. The conposition of clainms, wherein fromO to 6
asparagi ne residues are gl ycosyl at ed. 7. The
conposition of claimb5, wherein the a-subunit
conprises the sequence of SEQ ID NO 5 and wherein N5

of this sequence is gl ycaonpArsd. 8. The
conposition of claimb5, wherein the a-subunit
conprises SEQ ID NO 4. 9. A pharnaceutica

conposition as clained in claim5 to stinulate
f oll] i cuBogeniated sitant follielmyamulagingpeinsoney (bl ¢rinanresing -
to a,mamual in need thereof the said r ut i
subusf 81 oy MRF R SR orgnisey S0 I PP s the
a-subdit ¢SrirREERES 1B NO: 4 or 510. A pharmaceuti cal _
conposition as clained in claim5 to induce ovarian
hyRer st Theitnatand ASHrofzlamnystheretmfrpmi Giorfyaspatagimcsesdiuasgre
] to nmrmal in need thereof the said pharmaceuti cal
glyees ition in an anount sufficient to induce ovarian

hyper st TRy hkdn® PSH of claim 1, wherein the a-subunit comprises the sequence
of SEQ ID NO:5 and wherein N5 of this sequence is glycosylated.
4. The mutant FSH of claim 1, wherein the a-subunit comprises SEQ ID
NO: 4.
5. A composition comprising a pharmaceutically acceptable carrier or
excipient and a mutant (FSH) comprising a B-subunit and an a.-subunit, wherein the B-

subunit comprises SEQ ID NO: 3 and the a-subunit comprises SEQ ID NO: 4 or 5.

6.  The composition of claim 5, wherein from 0 to 6 asparagine residues are
glycosylated.
7. The composition of claim 5, wherein the a-subunit comprises the sequence

of SEQ ID NO: 5 and wherein N5 of this sequence is glycosylated.

8. The composition of claim 5, wherein the a-subunit comprises SEQ ID
NO: 4. -

9. A pharmaceutical composition as claimed in claim 5 to stimulate
folliculogenesis in a mammal, comprising administering to a mammal in need thereof the
said pharmaceutical composition in an amount sufficient to stimulate folliculogenesis.

10. A pharmaceutical composition as claimed in claim 5 to induce ovarian
hyperstimulation in a mammal, comprising admihistering to a mammal in need thereof the
said pharmaceutical composition in an amount sufficient to induce ovarian

hyperstimulation.
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