GDF- 9/ BMP- 15 MODULATORS FOR THE TREATMENT OF BONE

DI SORDERS PRI OR APPLI CATI ONS [ 0001] This application
w@b@irme3psi ority to U. S. Provisional Applicatipor/be2007/065012

60/ 787,246, filed March 28, 2006, the disclosure of

GDF9/BMP-$5 MOBPRL ATORSIFOR  FHETTREATRIENT OF BOMREIDISORDERS
FI ELD [ 0002] The technical field of the invention

relates to the therpRROKRIAPPEKSATION®F- 9 and BWP- 15
nodul ators in the treatnent of bone di sorders such as

0 or O$hs, i g iai icati
?[G(Z%’Igy $his, apgpib&RE Blaiins BRbAYS @gAgr(owstI%I lag_plchHagon No.

ost strophy, and bone fracture.

60/74@%%}!!%&&%&%2 g@ﬁgﬁ%@ rcﬁ%c&%egg&r@é@ ‘ﬂé‘r%b?ﬁr%grgorated by

hysi ol ogi cal ly i nportant growth-regulatory and
referé:’ﬂ)(}/%hogeneti c properties (Kingsley et al., Genes Dev.

8:133-146 (1994); Hoodless et al., Curr. Topics

M crobiol. Inmunol. 228:235-272 (1998)). Consi derable

attention has focused BGHNKCARFIELE s on the rol e of

two TGE- b superfam 'lY menbers in ovarian function and

f erl000R} y Thg tesmcal digidiof theriayantion retatesita the hierammmtic uses of

9) and bone norphogenetic protein-15 (BMP-15, al so
GDER®andaBMBORS hodiatdas iry thet tredtmenRepbode distBd&8%suURBaas

(2004); Juengel et al., Hum Reprod. Upd. 11:144-161

coK3p0 kBB agct oot o

specifically expressed in the ovary (McPherron et al.,

members of heAGE R PUNT O GHE DVENTIOR 04 5 o

br GP0BBEnMefiofi e indfsfimorBlith (BRBbER (B
oo SR A ool SR BB b s

GDF-9 nRNA i s
morphogenetic properties (Kingsley et al., Genes Dev. 8:133-146 (1994); Hoodless

et al., Curr. Topics Microbiol. Inmunol. 228:235-272 (1998)). Considerable
attention has focused in recent years on the role of two TGF- superfamily
members in ovarian function and fertility: growth and differentiation factor-9 (GDF-
9) and bone morphogenetic protein-15 (BMP-15, also known as GDF-9b; McNatty
et al., Reprod. 128:379-386 (2004); Juengel et al., Hum Reprod. Upd. 11:144-161
(2005)).

[0004] GDF-9 was first described in 1993 as a novel member of the TGF-3
superfamily which is specifically expressed in the ovary (McPherron et al., J. Biol.
Chem. 268:3444-3449 (1993)). Like other members of the TGF-B family, GDF-9 is
encoded as a prepropeptide consisting of a signal peptide, a proregion, and a
C-terminal mature region which is cleaved from the precursor peptide by an
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present in oocytes at all stages of follicular
devel opnent, and is expressed fromthe primary

wo edoitcdses st age until after ovul ati on ( McPher r per/aszmo7/065012
Lee, J. Biol. Chem 268: 3444-3449 (1993); MG ath et

..al.. MIl. Endocrinol. 9:131 -1 5) . El vin ;

it gL RINEARR SRR 1953 TguR O sbofke Proidrsks” (REY mRNAis
| acking GDF-9 are infertile due to the arrest of

pregRian OBFYIgS &b &)l séager ok TRUICHIET RENSIopBIaNt A BepiessssHisom
et al., Nature 383:531-535 (1996); Carabatsos et al.,

the PeivarBifallicle 20age Gitl-384 oyudien)(McPbeosh @Mlas, J. &igh Chem.
known as GDF-9b, was discovered as an X-1linked gene

268: BA4E21008998); MEEIAB ¢t ahf MADFERJocsivaY. o3 15236 §1998); Elvin et
acid identity to GDF-9 in the mature regi ons (Dube et

al. Yor: EYRberil 5103871948 113 Bl RFER s 12 =

o B R TBe iE L abel el Bt o8 o 0ons
« R L BB £34 R
(1998D01)). In sheep, both GDF-9 and BMP-15 are essenti al

for fertility (Juengel et al., Bio. Reprod. 67:

1770003 BOBVADAB) AlsoMmownedd GOFGOby wasgliseFerts as an X-linked
mut ati ons in sheep cause infertility in honbzygous

gerﬁeggg%t gﬁ%% 3 ]‘agnﬂilééhé)b%ﬁ)F?%,Céhérln@%z%(ﬂnﬁnb raciidRAtity to

Ity, as a BMP- mut at’i on has been

CopSa R TLAERM, 8§ (08 RRPRER fraduREa2, fepp-1617 (1000)
(.2004 0006 : - I j L
Laiigsmet 1. oerheDete s aarii gadt, Aot B 8% Hhrpsgon

~they lack the fourth of seven characteristic se_rveg

ideofisaldo featros SRS 10RNRECORPANEAIEAQY B8RSSR @B &9 in a GDF-0
Mol . Endocrinol. 12:1809-1 817 (1998); Laitinen et

knedkout Meise. mmal@8nitddadikdog BMREp)are Bubfdrtilg; damonstrating

cysteine is of particular inportance because it is
rediReHME} Bizes fapd IfttersTpegmioned(an &1 alg Moh&rdetreein1$:854-866

subunits of the mature dinmer of nost TG~ b famly
(2001)). In sheep, both GDF-9 and BMP-15 are essential for fertility (Juengel et
al., Bio. Reprod. 67: 1777-1789 (2002)). Naturally occurring BMP-15 mutations in
sheep cause infertility in homozygous females. BMP-15 also plays a critical role in
human female fertility, as a BMP-15 mutation has been associated with ovarian
dysgenesis in women (Di Pasquale et al., Am. J. Hum. Genet. 75:106-111 (2004)).

[0006] GDF-9 and BMP-15 are unique among members of the TGF-

family described to date in that they lack the fourth of seven characteristic
conserved cysteine residues in the mature region (Dube et al., Mol. Endocrinol.

12:1809-1817 (1998); Laitinen et al., Mech. Dev. 78:135-140 (1998)). The fourth

cysteine is of particular importance because it is responsible for forming the
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menbers. Al though GDF-9 and BMP-15 | ack this cysteine

and do not formcovalently |linked dinmers, studies have
wo ewnd123k@t bot h GDF-9 and BMP-15 can form honmdr/mom/%smz

as well as heterodinmers in vitro (Liao et al.

. Biol. m 278:3713-3719,(20 L

disufjc borg BRwesTos FBLNHS 36l S r%%a%afos&;ra% B4y
of both GDF-9 and BMP-15 is imarily restricted to

memhersoot§hasghoBDErSand BVBH1 5 Bk Syt aBd o not form
Consistent with this expression pattern, no effects

covakhtly tiekéddinseray stullisschdasiousddhat botarGDBiSacdBMP11g can
nmut ati ons in these genes, including sheep and nice,

forn’e’I ‘Pnbnid?ju’ﬁa%eﬁ’s l/»@mé'é' HedrotirBrIpFviflo |aBM?a15JPB@V i Shesm.
l oway et al., Nat. Genet 25:279- 283 (2000)

PSSR Pl i R A RN 3B e
Bi APOE a0 %é{ggggnépogggﬁgg%@ﬁ%y%ﬁ,sw%gpl Fsﬁlcted to the

Mol . Endocrinol. 13:1018-1034 (1999)). Thus, these
oodytes efrgrondneialickes ngnamiealsd Gansisient with this ¢ gypespion pattern,
mani pul ating fertility with a |ow risk of non-ovarian

no effelets @iutside the ovary Undivedodenr seereinmanipalsecatying wltationsyin these
new clinical treatnents for female infertility, for

gerd.;%v #ARIiRG sRedp AAARiceT Abdial sheeptimanenzéd adthfGDFvoEBMP-15
d for nodul ati ng fertili ty in agricultural settings

peé&ﬁ)%%ou l8wa 3. f‘e@éné\b% ©783865b0b0); [P@é}%}\an ot al Biol.

rmrlly ocall zed to the ovary,

0 ] n
Rep{%ﬁég% %ﬁ@b&?ﬁgnggf Al ’t}g At §g3t5gl§ t;@%’ ﬁ\@d)aVan etal.,
tzpatrlck et rinol 71- 257
nagesRak i SE54- 3636 (%QEQ 3 Yenast ot ﬁ@q Bio f/éi}%od% 587361
84 2744-2750 (1999 Eckery et al
(208dytcand Blyin eti@2:Mo Enﬂgemeczlo@&ﬂ018119%(18ﬂa))sﬁ hugs Base
Endocrinol . 143:4938-4941 (2002)). However, because
factrpeseieendforisitesed pticdaivadaigets fmgmryipwiaﬁhg dertitiy witlea low
ovary, nonreproductive functions and uses for GDF-9
risleBEnENBvaRamaide difdctd eealLYiRg fortR Mirbesé bbdeveloping new clinical
treatments for female infertility, for developing new non-steroidal contraceptives for
women, and for modulating fertility in agricultural settings (see, e.g., U.S. Patent
No. 6,030,617).

[0008] Although primarily localized to the ovary, GDF-9 and BMP-15
expression have been observed in non-ovarian tissues, including the pituitary and
testis (Fitzpatrick et al., Endocrinol. 139:2571-2578 (1998); Aaltonen et al., J. Clin.
Endocrinol. Metab. 84:2744-2750 (1999); Eckery et al., Mol. Cell. Endocrinol.
192:115-126 (2002); Otsuka and Shimasaki, Endocrinol. 143:4938-4941 (2002)).

However, because expression of these proteins is largely limited to the ovary, non-



[ 0009] A nunber of conditions are associated with a

| oss of bone, particularly in the elderly and/or
w@omrmesepausal wonen. For exanpl e, o0steopor osSPEI/S2087/065012

debilitating di sease characterized by a decrease in

{
repREE S luefighs 8RO reS bR and3ELI AT St Elved much
in bone fragility and susceptibility to fracture.
attege@opor osi s in humans is preceded by clinical

ost eopeni a, a condition found in approxinmately 25
m [00@8] peopimberr of corditiong et assnaiated it @jossfheneout
adult life, bone continually undergoes a turnover

parfidulugin thBelgayphsdiop posessrespackabeomehorfratexampied
resorption. Bone resorption is nediated by bone

ostéréigég’i‘s g a‘beeldllﬁatlr@i& |§8§§é‘§h§rachz‘éﬁ By & deeremRe |ﬂ%kﬁletal bone

nucl ear phagocytic cel New borie repl acing t
ook HRTER P A ——
e g ks Sl F5Lehe b Wumans

system c factors (e.g., hornones, |ynphokines, growh
pretededby clininal asteapeia) a spaditios dpunds i apryoxigajely 25 million

cyt oki nes, adhesi on nol ecul es, | ynphoki nes, and grow h
pede irpthe) UniTdie Stateper spatlotenporal coordi nati on of

the bone renodeling process is essential to the

Mai [pbeORERrdRighBaNSd IR/, BOFe cOhREdIYUNJBrgeEEIE turpbver
bone degenerati ve di sorders are |inked to an i nbal ance

thrc#&ﬁ {ﬂgfébg%?ed ﬁfa&gg%éQ fﬁéfﬁé for tlBHl Sgﬁ*é%@el'oﬂ MY fBbrption

eopenia) I nc tabolic

bone, dj seases h as ost is S

s roedptssr R aTa oSl gRRs: 9%%&@6\ nafh&% Rt fﬁéé Dse.

[001 1] There are current| %
mopRAveaaERhagaaytic e llsap Hexw n%EﬁFéaQ'BQ the,0f pg P@%% iRderQsited by

osteoporosis. The first, and nost comon, gproachls
bonévéormsrg oélls ostanbiastsevhich are fermrd by meseneByngt stsemat cells.

bone tissue. Estrogen replacenent therapy ("ERT") is
Vakoes\otHe cBll eyistthhtipatieipate iretheaeatddetingpdodesssare tightly

controlled by systemic factors (e.g., hormones, lymphokines, growth factors, and
vitamins) and local factors (e.g., cytokines, adhesion molecules, lymphokines, and
growth factors). The proper spatiotemporal coordination of the bone remodeling
process is essential to the maintenance of bone mass and integrity. A number of
bone degenerative disorders are linked to an imbalance in the bone remodeling
cycle which results in abnormal loss of bone mass (osteopenia) including metabolic
bone diseases, such as osteoporosis, osteoplasia (osteomalacia), osteodystrophy,
and Paget’s disease.

[0011] There are currently two main types of pharmaceutical therapy

available for the treatment of osteoporosis. The first, and most common, approach
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reduce the |likelihood of fractures. However, the use

of estrogen as a treatnent is limted, as it is
whedorayses t hat | ong-term estrogen therapy nay BPET/US2007/065012

associated with risk of uterine cancer, endonetri al

o B SRLAEIET RSl AOR 0 T, Efocer
e SR 3 kbt A B e s

maj or therapeutic approach to osteoporosis is the use )
redoée Bieslitedibphd whfrasturgsr Howeaver. the mserd estragen as a treatment is
ri sedronate, and ibandronate. Although tests have
limisd w3 it Radeliched ehatdompterds estongers thenapy maydeassodidted with
bone m neral density in osteoporosis patients, there

riskBSfEtBHRE cah&EY Ehaambirkil @Rheswm brdddh cbpe%r,t, rreaLERNadihal

ost eoporosi's by bi sphosphonates, including irritation

oioflghLinABHRELD: M DA 5SS LOHGUEBH TR iy yomen
ond ISR ARG P bRy BB L AL RS

affects bone density, including both cortical and
The saperdiMmajonibamneutie BRPrRRITSIOIGSeQRABBIGI IH 18 Use RE

i nvention provides nethods for nodulating GDF-9 to
bisphesghamates, @aetiduldrhnaleddsmatier sségroadte, minstibandrgnate.

nodul ator of CGDF-9. The invention also provides

ARSI RSt Ravd BRGWH BEatAhe &8 e@mgb'ungs bonsisw@ingpittzeasdhe bone
adm ni stering a nodul ator of BMP-1 5. The invention

mié%réf H@r‘isiﬁir i@\gs?e;o%é)ﬁﬁé fo%iieﬁts?m&’é’%ir iagé% n% REAY bR ms with

rapeu ctirve anount o ul ator of

-9 or BMP-15 for f i ca :
they Feamtl o PoisPBoits g bireBBkthGhasp appEpfamRaton 8f e
manmal . [ 0014] I n one enbodinment, an inhibitor of GDF-9
esorRhagus YRR Pasyointesina iragtkevent bone degenerati ve
di sorders. In an alternate enbodi ment, an inhibitor of
BVPIOLE 2] s Taenefares therecexigis tarregd tor deyeder Aewrba@peutic methods
degenerative disorders. In sone
for treating and preventing bone disorders.

SUMMARY OF THE INVENTION

[0013] GDF-9 affects bone density, including boih cortical and trabecular
bone mineral density. Accordingly, the invention provides methods for modulating
GDF-9 to treat or prevent bone disorders by administering a modulator of GDF-9.
The invention also provides methods for treating or preventing bone disorders by
administering a modulator of BMP-15. The invention further provides uses of a
composition comprising a therapeutically effective amount of a modulator of GDF-9
or BMP-15 for manufacture of a medicament for treating or preventing a bone

disorder in a mammal.



enbodi nents, a nodul ator of GDF-9 or BMP-15 is used
for manufacture of a nedicanent for treating or

w@e@vamssag bone degenerative disorders. The dPGDUS®NF065012
treated or prevented may include, for exanple,

ost eopeni a, osteonml aci a 0 or osteonyel
oo (&aHo11n opRy Ry 4 CEITER 8 LG8 20T To treat or
|nperfecta bone scler03|s apl astic bone disorder,
preventioak degesetativedliserdere! onan ah@ﬂfﬂ*@aﬁ@bﬁ?éﬁ%aﬁwlb“m of
bone thinning foll ow ng netastasis. The disorders
BMP!Eisefirinigisredao et oapréuent beneidegendrmtivedisorders. In some
degenerative di sorders associated with hypercal cem a,

em%ﬂﬁ%‘ f% rae,% uBGEFBDFLA6T BHIMA5eHdsed fgenasiiatture of a
ney dlaIyS|s primary or secondary

RO T STt G, o o
GnRH 15] . T f
treatFd oF IR THCHEC ameP S1Pt SR OBrie i AR, ©
GF-9 or BWMP-15 inhibitor in an anmpbunt effective to:
ost¢aporpsisaostepmyekarant osteadyrirapbyeRagats diseasefRsiepgenesjs

sl ow bone deterioration; (3) restore |ost bone; (4)
impeirieatd, @oﬁemﬂerbs:seamasmabona dissmdiéro hpmosal hymiencalcemic
bone (bone mass and/or bone quality). The invention

myél‘é J“?ﬁulﬂbl@\/rh%’:ntéﬁ@ﬁd Bbné @pABIgtiotesinganpiastsiyy Bine disorders
b| t or or BMP-15 for manufacture of' a

tre%fgg 'Entgé qutﬁeP fhcgd@ ?ér’i@éégé’t‘ierﬁfn@é’ @&br@er@ @8ociated

ive ow bone deterioration; (3)

wnréﬁaa%{c%k{e%%tana"rﬁs@ T LT SRR aso)
kldﬁe;;l ldllatlys)ls primary or secondary hyperparathyroidism, inflammatory bowel
disease, Crohn'’s disease, and long-term use of corticosteroids or GnRH agonists
or antagonists.
[0015] The methods of the invention include administering to a mammal a
GDF-9 or BMP-15 inhibitor in an amount effective to:
(1) treat or prevent a bone degenerative disorder;
(2) slow bone deterioration;
(3) restore lost bone;
(4) stimulate new bone formation; and/or;
(5) maintain bone (bone mass and/or bone quality).
The invention further provides uses of compositions comprising an inhibitor of GDF-9
or BMP-15 for manufacture of a medicament effective to:

(1) treat or prevent a bone degenerative disorder;

(2) slow bone deterioration;



[0016] In sonme enbodi nents, the nodul ator is an

i nhibitor of GDF-9 or BMP-15, including, for exanple,
WwW@eoaniazscDF- 9 anti body, an anti-BMP-15 anti boRyT/US2007/065012

anti-GDF-9 receptor antibody, an anti-BMP-15 receptor

agatc)i bo%’ lat ol ubl e GDF-9 receptor, a soluble BMP-15

rete re igs Chant negati ve GDF-9 peptide, or a

dom nant negative BMP-15 peptjde. In certain

e(ﬁio@lﬁ'fﬁélﬁiﬁ%ﬂewmrl%fﬁm?ﬁ'%& %@?%ases expressi on of

GDF-9 or BMP-15, including, for exanple, an si RNA

[ (8) 1migjintaimebome, honieonass antior bonevdugdly) assays f or

eval uating efficacy of a inhibitor of GOF-9 or BMP-1 5

f onod 163atiARsBIMe@Embolmentdctenacdulavs igiandnkibitor dEGDEES or

of ‘admni stration, conpositions, and devices used in

BMF%‘%&?&I%@@ Jr e&aﬁuglélv éht@@)?—@%rﬂﬂb&@xﬁ%@ﬁpg;ﬂi\ﬂpw antibody,

i nventi on ‘al so provi des net

dec LNg bon ' b i ' . [
an ARECTTe P TERRRRE b, b Pl S rEE oo BhigRs aSoire
BMP- 15 for manufa e of a medi canent for ecréﬁgig% id
GDboheecgeiayi aypolufia BMR2Y!S FeR8PIORa ¢ dAMiPRRLRRYATVE (pled Peptide,
for exanple, sclerosing bone dysplasias, skeletal bone
or aigeminesit asgative BMES-165eptiget 1o seEaigrermedinantethgiirhibitor
and endosteal hyperostosis; Canurati-Engel mann di sease
dedréssoacé airessivh o G De-OQemr<Bid PTE; -indludingn&driexgmplé/zan siRNA.
Buchen di sease and scl erosteosis (resulting in

i nCIb@@?deﬁé/ﬁ;@n%ﬁlfmmr: prviies erBhysifsfigvaniating efficacy of a
osteoscl eorosi s; aut osomal dom nant ost eopet I 0SI S type

inhibggggﬂg\ﬁﬁg R BB ABSor ﬁ%ﬁﬁﬁ%jétrkggayboﬁé‘ eegsﬁé}%ﬂ»%e ardrder.

I nvention Inc mnistering to a
|, a GDF-9 .or BMP-15.agonist. in an )

vefhBa e pistation; capPasigEn and vy @iPtidhg metnods of the
~ disorder.[0019] Additional objects and advantages of
inveméionsrarerils@ RraMided.-pe set forth in part in the

description which follows, and in part will be obvious

fr @Ot BE The dmigntiooralsapravidesopethsgisifetdesrepsingthans dgnsity

the invention. The objects and advantages of the
by hameisiepgwin AgdrestrafabDE@lonBPat § andedels\of mgenistodf GDF-9 or

the el enments
BMP-15 for manufacture of a medicament for decreasing bone density. Disorders
that may be treated include, for example, sclerosing bone dysplasias, skeletal bone
dysplasias, such as osteopetrosis or osteosclerosis and endosteal hyperostosis;
Camurati-Engelmann disease (associated with increased TGF- signaling); Van
Buchen disease and sclerosteosis (resulting in increased BMP signaling);
autosomal dominant osteoscleorosis; autosomal dominant osteopetrosis type |,
and Worth disease. Accordingly, the methods and uses of the invention include

administering to a mammal a GDF-9 or BMP-15 agonist in an amount effective to

treat or prevent a bone dysplasia disorder.



and conbi nations particularly pointed out in the

appended clains. [0020] It is to be understood that
woedoh/111386 f or egoi ng general description and t hBCT/US2007/065012

foll owi ng detail ed description are exenplary and

ex tor Ly apd .are nog [ Ct] .
I3 Hlon., * A89baRl 2Bt 4tk adbihe s bfiedvdron wil be set
SEQUENCES [0021] SEQ ID NO 1 is a. nucl eo,[li de se ue]nce
fortojn A M iesAesaIPtion getieh [allowsa A8 HAR Al DRARAASHOM the
No. NM 005260). [0022] SEQ ID NO 2 is an am no acid
dessapiiem o nedy benearnadbyprasiice ofl the iceemnionk Tecekjertsrand
No. NP_005251 .1). [0023] SEQID NO 3 is a nucleotide

advaAfH{RRGS thé invemtibn win bBYRaliZedgame attsined dlysnedes bathe elements
Accessi on No. NM 005448). [0024] SEQID NO 4 is an

Wala Ve : i Genbank

and R rABnAELS PERIGERE AR TS B TR T S

am cid.sequen (" : Pt

BB (s s B Saklod el RO TR afttg e e g gescription

met hods of adm ni ster| n_g a nodul at or of GDI|:-9 or | d
andaife-folowingRgipigd desrrint ﬁtaf%ﬁXsF@@Mta%?f@ YUBPRl and are

[0027] The nmethods of the invention can be used to
nottrestictive optheviementiorh @seclaimesk der in any mammals in

need of such treatnent, including specificallyhumans,

pri mates, nonkeys, rodents, sheep, rabbits, dogs,

gui nea pi gSBRIEF DESCRIFHONOF THESEQUENTESn cert ain

enbodi nents, a GDF-9 inhibitor or BMP-15 inhibitor is

adnjooks} eSEQ 1D NO:das acrugeatidersecueboaof thgybumaatGDE-9 gene
di sorder. The disorders treated or prevented by

(se.@dcﬂ@cgb%tnbﬁhk%c@fssién MKV obsB80)or or a BWP-15
inhibitor include, for exanple, osteopenia,
0St 2B AGEY I NG WPSArfinbSdid sequence of human GDF-9 (see

also Genbank Accession No. NP_005251.1).

[0023] SEQ ID NO:3 is a nucleotide sequence of the human BMP-15 gene
(see also Genbank Accession No. NM_005448).

[0024] SEQ ID NO:4 is an amino acid sequence of human BMP-15 (see
also Genbank Accession No. NP_005439).

[0025] SEQ ID NO:5 is an amino acid sequence of a GDF-9 peptide.

DETAILED DESCRIPTION
[0026] The present invention provides methods of administering a
modulator of GDF-9 or BMP-15 to mammals to treat or prevent bone disorders.
[0027] The methods of the invention can be used to treat or prevent a

bone disorder in any mammals in need of such treatment, including specifically



post - nenopausal , steroid-induced, senile, or

t hyroxi n-use i nduced), osteonyel oma, osteodystrophy,
w@2amet1386li sease, osteogenesi s inperfecta, huneeEIS2007/065012

hyper cal cem ¢ nyel oma, nmultiple nyel oma and bone

t hi nni.ng.,.fol | ow ' i e
numighsg PO Edn S TR FISTRt GeRo hEbiE, 2855 Hindd PR Rorses,
di sorders associ ated with hypercal cem a, chronic renal

Cowgi B &atS.pri mary or secondary hyper parat hyroi di sm
i nflammat ory bowel disease, Crohn's disease, long-term,
us §0@28]c dntdecidyt embiodisnentsGa AP EGonhibiter gF BMP-15 inhibitor is
ant agoni sts, and nutritional deficiencies. [0029] In
adn§ihResredtb adiafenproveat &on2 ceyemesativer disdfdel. Fhaghsorders
is adm nistered to treat or prevent a bone disorder

trea@ték‘fbl*’éfé%ntéd’by ayAimLRatich Bf 8 GO iRABIBE bEAIBE- 18/ inhibitor
excesSive bone growt h or skeletal overgrowth, such as

. ,S¢l ' 0 L.asj ' ' . nmed

inciifeTof BLPERL REEIE Hstomdbh, SefiHfisis (€5
characteri zed by general skeletal overgrowth

Post TRpTRART SRR RONEEGrSati G SV TLS Hiibieghe o
intracranial pressure due to widening of the calvarium

ostesmyelomsk wisteodyatiophy.rRagai s diseasen osteogeneaisiareyiesta,
both trabecul ar and cortical bone. Di sorders

hursdrail hgpercaivethibynystamasimudipie myejproatamddrorskibirating following
overgrowt h include, but are not limted to, sclerosing

meRRRgisIYERd 8Bbators $ieatal 8t prueatateiphas iretudesiiele dsgenerative
osteoscl erosis, osteopetrosis, and endost eal

_ o Camur Al - | . _ .
disUBEE 858RBTI EAIOERRE RONC b ARAASadks Py oF
doni nant ost eoscl er psi s t I ‘e Al
secoBPeBpRuTg bREy B MBI b BAREERe, Croprslisease:
et al., Am J, Human Genet. 72: 763-771 (2003), and . ..
longdern ei5e & C@ﬂtC@atqrﬂ'éiﬁéafR?n'{*Ump'%?% 0f ﬁBtaélﬁ’Hb"‘g%’r?é]ﬁf nutritional
the invention provides nethods to treat or prevent a
defmisrieiegener at i ve di sorder in a post-nenopausal wonan.

One enbodi nent of the invention provides nmethods to
tr e@0201 pr ethenenmbodiments, a GDF-9 agonist or BMP-15 agonist is

administered to treat or prevent a bone disorder including, for example, a disorder
characterized by excessive bone growth or skeletal overgrowth, such as sclerosing
bone dysplasias. This disorder, termed "sclerosteosis" is a progressive disorder
characterized by general skeletal overgrowth, gigantism, entrapment of cranial
nerves, increased intracranial pressure due to widening of the calvarium of the
skull, and increased thickness and density of both trabecular and cortical bone.
Disorders characterized by excessive bone growth or skeletal overgrowth include,
but are not limited to, sclerosing bone dysplasias, skeletal bone depplasias, such
as osteosclerosis, osteopetrosis, and endosteal hyperostosis; Camurati-

Engelmann disease; Van Buchen disease and sclerosteosis; autosonal dominant
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degenerative disorder in an individual wth

steroi d-i nduced osteoporosis. The invention also
w@emviltsss met hods to treat or prevent senile PCT/US2007/065012

osteoporosis in an individual. Another enbodi nent of

ostéolpgs?;}e{ggq\;/igy F@,t;tgggrgélo c{lrgigég{%tgggét_réﬁg rpﬁaglg gﬁ@ WhiH Hilease. See

osteoporosis in an individual . [0031 Th resent .
Wesentmaoki efral p Aow.i Hddumen Krnet &2 (2413 qﬂé&t%‘f f%?e%ﬁmes cited
si mul t aneously sl ow bone deterioration, maintain bone,
thefefpt ore | ost bone, or stinulate new bone formation in
a manmal . I n anot her enbodi nent, the invention '

pr ﬂ_g?ﬁ@s e foembbaindear grsiavéeticr piovideandethds to treat or
Si

taneously treat or prevent a bone degenerative

pregi?tif\% g§ée iqgg%géé‘@%?% diddd xzihraT Ssti-rﬂlétﬁagéﬁ?rilg)o?ﬁan. One

trea reven

degenerative, di sorder in a n. 3 | SCJ
ombaerRRns & 14 (e Serpr e T 4 VRAh ek PRl AR o
of GDF-9 or an inhibitor of BMP-15 | g an_anopunt .
degsirfesativevdisoter (n pnindividugh wish stesaid-Igayerm OFEQRARSS i TRe
di sorder; (2) slow bone deterioration; (3) restore
inve®isdn Alsoeairoyidps siethudatetraatvhpeeenisanieiasteopaigsisin an
(5) maintain bone (bone nass and/ or bone

indﬂ)itﬁldau YWhott 3hbddm et bhadsinoéntidrepiovidest methodario keesat or

used to treat mcrodefects in trabecular and corti cal

preggﬂgtshj&ﬁn- %B%r%cjc@‘ti&ﬁ&ugs_iﬂﬁ]c%ﬂ_’ﬁsﬁ@@borb@i‘s i@ aamRbiRidual.

essin structural integrity of the bone.

00 | | | . . 2 i
R P ol B 0L s ¥ oM abogily and
6, 8 10, 12, 20, .40 _weeks. or. f t | t 1.5

simanopualsioN bapedsTRiRiaioh dn e SEne e G et oy o
certain enbodi nents, a single bolus dose can be _ ,
stimdhata insnebare formatien dmplreamynaid i aneneaemhediment, the invention

provides methods to decrease fertility and to simultaneously treat or prevent a
bone degenerative disorder in a woman.
[0032] The invention also provides methods to treat or prevent a bone
degenerative disorder in a man.
[0033] The disclosed methods include administering to a mammal an
inhibitor of GDF-9 or an inhibitor of BMP-15 in an amount effective to:
(1) treat or prevent a bone degenerative disorder;
(2) slow bone deterioration;
(3) restore lost bone;
(4) stimulate new bone formation; and/or

(5) maintain bone (bone mass and/or bone quality).
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i njectable or inplantable conposition, as described in
detail below [0036] Cenerally, nodulators of GDF-9

waew7BM3sd 5 useful in the nethods of the invePtT/082007/065012
i ncl udi ng i nhibitors of GDF-9 or inhibitors of BWMP-1

m a.dose = . ] :
1 &@% e{ Maipoicpiane fryghibfican ¥y JEET e fidtadbtepts n
Therapeutlcally effective do ges a ;eved

trabornulonanEhorial BBOSI THPINE LRI FRBBOREGaBenor example, by

anot her ani mal, including humans, using conversion
asséssihgmicmmmmtljral integridy of (r@etmnee_ g., Freireich et al.

( 1966) Cancer Chenother. Reports, 50(4) :2 19-244).

[ 0Q§6:k5]TF@eﬁé@my slosaiifatof oRGIDFIglor BMPuUSHE ddmiaistered

method ‘of the invention is determned enpirically

rep?%% 1%'?a 6133 S dt Qaé%"&t QOREES) 0, FXDWbRLY VIEKEWBPESr at least

one egener ative disorder is treated or

Rt &ss@sé SR AEFELE G0k Pt ¥ odiths.

and/ or (e) bone nmass and/or_  bone

Singlaiaius Hlode ORD PeNpINETe], (RS FTREIRS Evﬁgamsﬁe@%%an

in an anount effective to slow bone deterioration
injectalie or iroplantebld campoesiionaas descikackindaial Belovensi t y)
by at |east 10, 20, 30, 40, 50, 100, 200, 300, 400, or

50g%SBP0@%herlypm®mom ofeBDFed aht BNIPVIGnisasul, intthe methods
lator is able to exert the desired therapeutic

of t@%f ntief, i B itordot BDR-9Gr assiberstdiBMPars, anay be
[7c barrl er, which is both charge- and

| ect He 8: 7
o SEL Rl o B TR0 S 0, o
can be a function of its size, its charge, and/or its

10564 104 g?/k@ etheva?pemlna&\néifed:tl\mrdosagésfa‘oermd iniopeLasmal
for exa e follow ng system ¢ adm ni stration. [0039]

moE@?céwpé%(xéatea b raiRantzhdaesraarfhRRE Thad@ihg HuniEns, UsHy

eval uat ed a specific effect of t he nodul at ors of
o G I U STI0  hy r ce
Chgmo’tﬁl rhﬁsé%%l s, g8{43 2"‘@'2 43 ne;

[0037] The exact dosage of a modulator used in a method of the invention
is determined empirically based on the desired outcome(s). Exemplary outcomes
include: (a) bone degenerative disorder is treated or prevented, (b) bone
deterioration is slowed; (c) lost bone is restored; (d) new bone growth is formed;
and/or (€) bone mass and/or bone quality is maintained. For example, a modulator
is administered in an amount effective to slow bone deterioration (e.g., loss of bone
mass and/or bone mineral density) by at least 10, 20, 30, 40, 50, 100, 200, 300,
400, or 500%.

[0038] In one embodiment of the invention, the modulator is able to exert

the desired therapeutic effect on bone density without crossing the ovarian blood
-11-



| oss of cancell ous bone; decrease in bone m neral
density, reduced bone mneral quality, reduced bone

wo eowoded3sag; | ncreased | evel of serum al kal i nePCT/US2007/065012
phosphat ase and aci d phosphat ase; bone fragility

o8 Stk BRI R At o
known in the art_and |Pc ude, but are not Lim %
58: ‘{’Qﬁ i ég,QQ@)ef oalehiagiffersitia 3@%-?0 l% LR?R be a function of

anal ysis, density fractionation, h| st o hotonetry,
its shzestltsmhange nand/gr itaralatveseffedtivei Qeauceaﬁa’u%lnsd!ﬁ@rent tissues, for
descri bed, for exanple, in Lane et al., J. Bone Mn.

exah@sle fdlﬁ)vﬂﬂ»g@§stéh|d5dﬁﬁ|®i@8atlor01e assay for deternini ng
cortl cal bone density is the McroCT assay. Foll ow ng

§§€ w‘?or ome épfréﬁt‘éﬂqgﬁoﬁ\é%éiéﬁér@ﬂoﬁ AfhyP&Iso be evaluated

A usi ng a Scanco nCT40 ( Scanco

Ve

oy ms%@gg*% SRE T e
agoLFAT SIS ACBEU! DISS RETREALCR) 0% pﬁﬁné%%h%e%é'?&%rﬁfcépbone-

and 2 days prior to tissue collection. Bone tissue
loss ahcarcalious doneddecrease it hone miperahAgnsifbiraducag b@ﬂ@ mineral
as spine. Hi stological characterization of bone
quaiRypbeacédborasemedeling; iceaset avet oksarum alkaline phosphatase
cal cein-1abel ed m neralized bone layers is used to

an&é&ﬁ%c%phﬁfh%ef Bbﬁ@\‘ﬁagmty (iRéréabeddstotdf ortures), decreased
applications of the present invention include use of

fragite hgalﬁ'gf/ REtHIME 1dPe 4 vﬁ%ﬁgﬁ? @%ﬁgfﬁ?ﬁ:g@& QFe known in the

cor po I nt 0, osteol and depot

art RO Hg?%mfar%%a h@éeaiﬂﬁéffﬁtﬁfa}ﬁ? bR RGET: BacY

repl acenents inpl ants. 042 invention furt
chemwgt a@»@'&s'ﬁs@%l%wfffﬁfc“@ﬂgp%t 'ﬁtep plamelny fl'ff%%‘%%&@e“’y’ and

modul ator or BMP-15 nodul ator for treatment of a bone
histtetenmdcaltanadysis 8o daeeribgddargxasuels, inl-angselals omfianedyin. Res.

(1) admi nistering the nodul ator repeatedly to a mamal
18{808-2115 (2003). One assay for determining cortical bone density is the
MicroCT assay. Following pQCT measurement, the microCT evaluation can be
performed, for example, using a Scanco mCT40 (Scanco Medical AG) on a femur.

[0040] The invention also provides methods for the measurement of bone

formation by calcein labeling. For example, mice can be injected with calcein (e.g.
15 mg/kg, 0.1 ml/mouse, s.c.) on 9 and 2 days prior to tissue collection. Bone
tissues can be collected from both femurs and tibia, as well as spine. Histological
characterization of bone samples to measure the distance between calcein-labeled
mineralized bone layers is used to evaluate bone formation.

[0041] Additional applications of the present invention include use of GDF-

9 and/or BMP-15 modulators for coating, or incorporating into, osteoimplants,
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OvX rat) for a period of at least 2, 4, 6, or 8 weeks;
and (2) determning the effect of the nodul ator on

whooe/11288€er ei n a sl owi ng of bone deteri orati onPCEUS2007/065012
bone mass and/or bone quality) attributable to the

nmodul at or, 1 ndi cat t, t LSeehf [
mafiges . Salbratt OGRS shif el Emiie BofRlipadugh; Bnffies of suoh
. decreased bone density %£I[ibutﬁble t Ihq nodul at or
implars inglede dagial RIaRSRAGIN! rERlagPMedts (RPIRRS-

treatnment of a sclerosing bone dysplasia or disorders

of [DA4R]r e inveation Surthertcnprises arsays fproavedyating gificacy of a

be understood that a nodul ator of GDF-9 or BMP-1 5 nay
GDPe9 exlukatbedr BMRNE moduiate? famirestimen oé bdbomie degenerative

di sorders, including bone degenerative disorders,
dis@y@tor in humans. Gsteopenia may be induced, for

exanpl e, by imuobilization, |ow calciumdiet, high

;ﬁ&aﬂagwr%g?% %&’%ﬁ?gggﬁﬂgﬁeﬁi?sigt Ton of ovary
(OV) 1 naucddl GeiBpjsisiing € Rofpfordepeaealien mammel .

nodel of human post - nenopausal osteoporosis. Anot her
an OWX fat)fair iadeariag ehaideastd ¢ Peqr BavAekSsaRAt i on of
corticosteroids. Such nodels include: cynonol gus
monkeys, dogg) ddteeninmapthieteffect of thet mpdglatorean pongs,
m ni pi gs, and sheep. For a review of various aninal

Mod@hereth aCHbRMRIBBNS dsteRoratiod (e.gT UsdTRy mabs and@ldone
and Materials 1.66-81 (2001 ) .[0045] Additional in

qu%lg{/)g%’tgﬁtgé%\ﬁle%%é dﬁﬁﬁo?gﬁ‘ié&éé t%? Hb%u?ét&?%telf%tive for

Sin culture su as the effect on collagen

and gst.eocal ci,n_synt hesi t f e I
e e S BB U Rler e B Ge R bl A

Appropriate in vivo and in vitro tests areﬁle .cribeﬁl
attfibitalér todha mpdulatar @1dipates HatiBe nodialos ielegivedor igatment

BMP- 15 Modul ators [0046] GDF-9 is synthesized as a
of prseferoging ypoeptdysplasta abdigerdess ohinappreryiadely @lgyatedbone mass.

ID No: 2), including a 27 am no acid signal sequence

and[@04292 It will be understood that a modulator of GDF-9 or BMP-15 may be
evaluated in one or more animal models of bone disorders, including bone
degenerative disorders, and/or in humans. Osteopenia may be induced, for
example, by immobilization, low calcium diet, high phosphorus diet, long term use
of corticosteroid, or GnRH agonist or antagonist, cessation of ovary function, or
aging. For example, ovariectomy (OVX)-induced osteopenia is a well established
animal model of human post-menopausal osteoporosis. Another well validated
model involves administration of corticosteroids. Such models include:
cynomolgus monkeys, dogs, mice, rabbits, ferrets, guinea pigs, minipigs, and

sheep. For a review of various animal models of osteoporosis, see, e.g., Turner,

Eur. Cells and Materials 1:66-81 (2001).
-13-



am no acid propeptide. The mature C-term nal fragnent

of GDF-9 is predicted to be 135 amno acids in length
waea7tie3kave an ungl ycosyl at ed nol ecul ar wei gheCD1S2007/065012

about 15.6 kD, as determ ned by nucl eoti de sequence

G TS B 0 P S e

18: 653- 665 (2004 and the pe.ll recept - . |
ostegqquﬁtsegm cg|tL(|re S |)as ‘ﬂggqugﬁ:t 0 ﬁoﬂqgqugg Mn $)athesis or
am no acid sequence of mature human GDF-9 is contained )
the wiffept on $EJavel ofcrkalirecpiBapbatesseard 6AMDIndupligysAppropriate in
.1). The sequence of the human GDF-9 wild type gene is

vivelaaé lim sk tebrare>durplibed im fG@eaBangleAtic®sBaient No. 6,333,312,
NMI305260, U.S. Patent Nos. 5,821 ,056; 6,191 , 261 ;
and 6, 365,402, as well as in U S. Patent Pub. Nos.

GG/ BRIF218 ModPafdig152143. The nucl eoti de sequence
—of the nouse GDF-9 gene

€ nouse gene is found in GenBank Accessi on

No.
BBl e AT L e

f
acigy Gl {EERR .2 ﬂﬁﬁ“ﬁ@gm%iqé@fcﬁﬁﬁgﬁ Hees dfighs202
amige 49 t“eqét?ﬂte Tionafrgpideing B%%ﬁégﬁ?feé@%saoredmd to
prepropol ypepti de of about 392 ami no acids (SEQ
be 435 @stiBa@kidscindergthanddo hwecﬁ)sm@yqqsylatﬁe|W¢ﬁ@la5welght of
18am no aci d signal sequence and a 249 am no acid
abgutdBep kDdas deterhened by nueksiotide setjuenced amgdlyeisc daleFSES)gnaling
ID NO 4. The mature C-term nal fragnent of BMP-15 is

is rReGidicd Bfoligh B 185 | asteplorALKS (Mazbeugirg et ahdMol. Endocrinol.
consists of am no acid residues 268-392 of the

BRI PELECR AT LAY e

o7 435 B lea B bl by o Bhys BB OG04 o
TR T
seclwfar%{@;lztg; %ﬂme{no(ra D?:Xg r\;[v?llcj%ypé ge%Tnggléloégg efsésr Ieg(gml?ol?e in
GenBank Accession No. NM_005260, U.S. Patent Nos. 5,821,056; 6,191,261; and
6,365,402, as well as in U.S. Patent Pub. Nos. 2002/0127612 and 2004/0152143.
The nucleotide sequence of the mouse GDF-9 gene is found in GenBank
Accession No. NM_008110; nucleotides 29-1354 encode the mouse GDF-9 protein
(GenBank Accession No. NP_032136.1). The nucleotide sequence of the rat
GDF-9 gene is found in GenBank Accession No. NM_021672; nucleotides 1-1323
encode the rat GDF-9 protein (GenBank Accession No. NP_067704.1).

[0047] BMP-15 is synthesized as a prepropolypeptide of about 392 amino

acids (SEQ ID No: 4; GenBank Accession No. NP_005439.1), including an 18
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U. S. Patent Nos. 5,728,679 and 5, 635,372, and U. S

Pat ent Pub. No. 2004/0092007. The nucl eoti de sequence
weboovhessouse BMP- 15 gene is found i n GenBank PCTESBEDTO65012

No. NMID09757; nucl eoti des 358- 1536 encode the nouse

BWP- 15 prote| n GenB cessi on 3388 Ih
amipg@cichsiogal %‘f’%%l\b %’p&!.?ﬂae’. %UCE%?F fesidues
CGenBank Accessi on No NM 021670;_ nucl eotl des 247 ag@g
1 toehtzflencaode SEQ EMNOLS. Hmtréawr@é‘emawka 15is

NP_067702.1). [0048] The terns "CDF-9" and BI\/P 15,
preéﬁ:téﬁs&ﬂb@ ePBiamino ekils indemgty, and consiatsrad ansiob @citk rqﬁidues
GDF-9 or BMP-15, respectively. The terns refer to the

268’8%42 85911% WIW&@ BIVIEC5 SRhafling 1 mbd@REd through the type

as well the mature and propept| de forns

I T
b R R o s
f
278301042 0RR Bt g A 48 Reuiati éﬂﬁﬁﬁ?é Mt B8
condomewitin SR GG dor T ENRE QU TSE e BLmaroR U 5 (GBF-b)
Mature GDF-9 nmay be present as a nononer, honodi ner,

wil@tygengendist discidsextfor éxampleairpGentiank AerPsaien NeaniNWe005448,
BMP- 15 may be present as a nononer, honodiner, or in a

U. D18 REAENEE! 5 7D8BodinDs B36BTY, bindis.S. PatentiRuly. lo.
protein may establish equi Ii bri um bet ween any or all

20@’%/9%55@}(2{3?@5 %ﬁ[&%}tlﬁ@@éﬁueh@e Pf fhehBL98 B 1% @iid ¥dound in

I's al'so referred to as "active
-9;" mature, BNR-1 I I
R N s S e
variants of GDF-9 or BMP-15 t
BMfor mp it i erbanl Areregea Nos Non0Bah iy The g e sequence
GDF-9 or BMP-15, as di scussed herein, includi ng
of thecrat BOR- 16rganehafeunst inGapBank Agcessien ploe NI 021670;
i nvention may enpl oy nodul ators of GDF-9 and BMP- 15
nutleotiied P4yvaupelerabde dpe cateBVIP- e pmjelan@ntBamKtMQaﬁ%smU\lO
to human, bovine, chicken, nouse, rat, porcine,
NP_067702.1).

[0048] The terms "GDF-9" and “BMP-15,” as used herein, refer to any one
or more isoforms of GDF-9 or BMP-15, respectively. The terms refer to the full
length unprocessed precursor form of GDF-9 or BMP-15, as well as the mature
and propeptide forms resulting from post-translational cleavage. The term
“propeptide” refers to the polypeptide that is cleaved from the amino-terminal
domain of the GDF-9 or BMP-15 precursor protein. The term “mature protein”
refers to the protein that is cleaved from the carboxy-terminal domain of the GDF-9
or BMP-15 precursor protein. Mature GDF-9 may be present as a monomer,
homodimer, or in a heterodimer, for example with BMP-15. Mature BMP-15 may

be present as a monomer, homodimer, orin a heterodimer. Depending on

-15-



ovi ne, turkey, baboon, and fish. [0049] The terns

"GDF-9 receptor” and "BMP-15 receptor,"” unless
wo@tdenvasge i ndi cated, refer to any receptor thetT/D500%065012

at |least one GDF-9 or BMP-15 isoform respectively.

cordlfrE e 54y uf Ryl

e art (see, for et al,, clin
thesg difesentiamnao i @S@b”&cwtyoa Rittofn, MapyedibPisdiso referred
Endocrinol . 234:67- 73 (2005); Juengel et al., Hum .,
to aRefctie QAL e MetureAMP- 5 is elzooaf)efredAto aejtacgveBaAP -15.” The
BMP- 15 | nhi bitors [0050] The term "GDF-9 inhibitor"
ters dldd Rieognatycisagmentsamnd variagsof GDF-9'ar@NPelS that g)aintain
and "downregul ating” refer to a conpound (or its

r tefe GIDA-9r BMPI15,
at 1@%&%@%8@0@9@0@8@ 3%%)380&(%}:@9‘{\/%%&%%9 i nhi blrt or as

P S T e
S OB o b5 BB BE B Sl

GDF-9 to one or nore receptors or it my interfere
spagies: ingludiagdiut @pahmﬁegrt@.humrbbowneaﬁh@k%d%v%ﬁ, ratrporeine,

term"direct GDF-9 inhibitor"” generally refers to any
ovinemuekeyd bababn damdtish.y downr egul ates the biol ogi cal

activity of GDF-9. A nolecule "directly downregul at es”

t he[gpia0l ogheabmis tGDIFLY réde i addi“BMR-18qebeston! ahkess

the act|V|ty by interacting wwth a GF-9 gene, a GDF-9

otht‘e"nﬁtéé%al% ed? é?e)t:fqgarl)% Qe%é:fbr?ﬂhaﬁm% P 4 8RL BDFB6r BMP-15

neu |ze I ZI ng, Inhibitory," and
ekt o SRR el L R Tl 1o

of GDF-9 in the absenc of the i tor

as welliaR 1\6i TPRRIBES, Are WelldnoneY B 1BE 1%y G@ awl%tChang etal,
10% 20% 30% 40% 50% 60% 70% 80% 90% or

Enidogtiee Reve2Bi38%-823 (28681;iNMgorggeirals MpleenCall tiatdacrgol. 234:67-
activity of GDF-9 are described in U S. Patent No.

736268%); Jdéngdi®t abx Alupt. Remrod] Updalectinl 441161 t(RO04).

A. GDF-9 and BMP-15 Inhibitors

[0050] The term “GDF-9 inhibitor” and its cognates such as “antagonist,”
“neutralizing,” and “downregulating” refer to a compound (or its property as
appropriate), which acts as an inhibitor of biological activity of GDF-9. A GDF-9
inhibitor may, for example, bind to and neutralize the activity of GDF-9; decrease
GDF-9 expression levels; affect stability or conversion of the precursor molecule to
the active, mature form; interfere with the binding of GDF-9 to one or more
receptors; or it may interfere with intracellular signaling of a GDF-9 receptor. The

term “direct GDF-9 inhibitor” generally refers to any compound that directly
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[0051] GDF-9 inhibitors that can block the activity of
CGDF-9 are useful in the nethods of the invention. Such
WO advrhidses s may interact with GDF-9 itsel f. PCT/US2007/065012

Alternatively, inhibitors my interact wwth a CGDF-9

receptor (such as ALKS5. or I1),or Lwbi ndi ng
dowrsegiHates tﬁ‘@%'&Q%ﬁﬁﬁ%&“’l‘%ﬂf gﬁ% S Wﬂ%‘ﬂgcg‘%& bl ock

the binding of GDF-9 to its receptor and/or .the ..
dovareguiates” de bisogiex@stivity af GOF-Bilfibifaynirautgips ghe activity by

Inhibitors, of course, may interact with both GDF-9
intepasling witlc arGDF & geme, & @DFSstranscripboe fT-9 ligandhosa GDF-9

regard, GDF-9 inhibitors include antibodi es (agai nst

rec&Hbr OTRE W Ps ehdeifalide ! e66WREITzIng, MDshibit@y, sridubleir cognates
receptors, other proteins (including those that bind

t - - gt iifihi
refeagp EgegPoiE i hetictilty S CPFBId QU9 nBlor FBR @ Lo the
mmeti f. all of these,inhibitars, r L0acCeoUS: i,
actiin P -3 i et aBkenoicy! oz aprel Mier e epgr R E vy is
nucl ei c acids. [0052] The term " GDE-9 ivity: Ief
prefefabiy@tdeasmb@ugﬂo% f’/m?&%cﬁ@?’oﬁa/mﬁa%r&}lai 89%r ?85?’ or
mor phogenetic activities associated with active GDF-9
highe ot iethodaste dgentifp agestsswinich gilteDthedactbity f GDF 9 arievdescribed
and in vitro are known in theart. Exanples of sone of

in U5 Paér@ N6.68168011 17y, 168 estahiptass alyer fenle tartilithe
ollowng: ( 1) synthesis of progesterone,

f

pr 2pfH o fRhibltdrsAhanedPBRck Thé acllitySof GBFEard\aseful in

6, 8@8@’%4@58%%#&% ., Proc. Natl. Acgg? ScL USA

97; 1 0288~ 10293 .(20Q0)): (2} i i : ]
e BT rd HRRUAR OBl b soFssion

synt hase, cycl ooxygenase 2 ( - Sterpidogeni e
Alteiagdively oinigiioss B3y Tptsraghwitl] g@ﬁ%‘.%%‘ﬁpﬁ’dﬂﬁ’g a% rﬁég or

receptors, activin/inhibin b, follistatin, and gremin
BMRRIY. orrethenbinNing saresy, for pxamplei hikitogs mayegiice ggdlock the

Acad. ScL USA 97:10288-10293 (2000)); o
binding of GDF-9 to its receptor and/or the activity of the receptor after binding of
GDF-9. Inhibitors, of course, may interact with both GDF-9 and a second factor,
such as its receptor. In this regard, GDF-9 inhibitors include antibodies (against
GDF-9 and/or a GDF-9 receptor), modified soluble receptors, other proteins
(including those that bind to GDF-9 and/or a GDF-9 receptor), modified forms of
GDF-9 or fragments thereof, propeptides, peptides, and mimetics of all of these
inhibitors. Nonproteinaceous inhibitors include, for example, small molecules and
nucleic acids.

[0052] The term “GDF-9 activity” refers to one or more of physiologically

growth-regulatory or morphogenetic activities associated with active GDF-9

protein. Assays for measuring GDF-9 activity in vivo and in vitro are known in the
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(3) induction of proliferation of rat ovarian

granulosa cells (Vitt et al., Biol. Reprod. 67:473-480
W@ 2802)2384.i a0 et al., J. Biol. Chem 279:17391rAWBIRB07/065012

(2004)); (4) mucification and expansi on of nouse

¢ C I [ Bi 38
ant. (EEp s <ol HEEEPR Frafeniy G0 4Bty syt 083
EI vin et al., MIl. Endocrinol. 13:1 035-1048 (1999));
follqwing; nduct i on of the CAGA promoter fused to a
| uci ferase reporter gene in P19 carC| noma cel |
( Khizesyhesis&f psogestiamene, erasirglandin Ea i gmum cells (U.S.
(2004)); (6) effect on the differentiation of
mesenPhyeralNG t6e88Q; ¢74;sElvim étualctRPronaNal. Acanh&atn/SA 97:10288-
osteobl asts (Jaiswal et al., J. Cell. Biochem
64 2950§gg(2 ")); (7) receptor binding assay (Vitt
et al., Biol eprod. 67:473-480 (2002)); (8)

Rt Rﬁﬁxﬁffg%?"%%‘éﬁﬁﬁ@@ 6 et ?*54'
57 1ovtage SRy 'eﬁas?eé??bnoxﬂfé{éﬁ@ﬁ%ﬁ%% atory
11484%;?(%5&119%& lx\t’e?rgg@gtrho?lgpng:wl)_H)mtgrs actlvm/mhlbln B,

14: 2199- 2208 (1995)) 0053] The term "BMP-15
i nhi bifelistatimrahd g@ndmg&\bﬁeg’amrh\kaﬁ 880 Agonivix etal., Proc. Natl.

"neutralizing," and "downregul ating” refer to a

conpouncd S¢i. IUSA PV ap288y1 R93(2000pr i ate), which acts
as an inhibitor of biological activity of BWP-15. A

1hdutibRids %"roll’@ﬁétloﬁ% rSXHNa®: grih0bsh @eB8 Vit et al., Biol.
ne rallzethe activity of BMP-15;" decrease BMP-15

expr eﬁéﬁggo@%ﬁ ,4861‘& ?‘ﬁ]e ac%lt L Biole MY ?‘7@.“1 7491-17396

the p ecule mat ur
|nterf§6(§4)\$\nth t he bi ndi ng of BMP- 15 to one or nore

(4) mucification and expansion of mouse cumulus cells (Buccione et al.,
Dev. Biol. 138:16-25 (1990); Salustri et al., Dev. Biol. 138:26-32 (1990);
Elvin et al., Mol. Endocrinol. 13:1035-1048 (1999));

(5) induction of the CAGA promoter fused to a luciferase reporter gene in
P19 carcinoma cells (Mazerbourg et al., Mol. Endocrinol. 18:653-665
(2004));

(6) effect on the differentiation of mesenchymal stem cells to functionally
competent osteoblasts (Jaiswal et al., J. Cell. Biochem. 64:295-312
(1997));

(7) receptor binding assay (Vitt et al., Biol. Reprod. 67:473-480 (2002));

(8) phosphorylation of Smads proteins (Mazerbourg et al., Mol. Endocrinol.

18:653-665 (2004)); and
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receptors; or it may interfere with intracellul ar
signaling of a BMP-15 receptor. The term "direct

w@kMIA R38O hi bitor” generally refers to any conponms2007/065012
that directly downregul ates the biological activity of

. A nol ecu ynr I ’ .

pl1 ogicERIOTRRPNEY BV -n?&ﬁsaé%éwfn%?e@mw-mg
activity by interacting with a B g %@NSV
t r ansEh993Y;, Luo M,,Menhpgaﬁmzymol a\'é'(ﬁl\/i:‘4 55?&:@%1 rapgest al.,
ternms "neutralize,"” "neutralizing," "inhibitory," and
t hei r MobgDelt. Biol &ﬂ5944t-95(h(19&4k)|1:\t\demer1 et alh&EMBO J/l‘t4>/2b@9 -2208
BMP- 15 by a BMP-15 inhibitor, relative to the activity
of B |n t he absence of the sanme inhibitor. The
reduc |on |n activity is preferably at |east about

09 e ” Q « »
o 0t e i 480 a8t poon
t t i
i B 0 e fg@qﬁns%éf%'p%erﬁvs@
aptopBpEOrIch 61588 ATV BROTANPIPHCa) eVl ST 15y A BMP-15
partner, for exanple. Inhibitors may reduce or bl ock

inhiditer mawnfmgemmwpbma to andtreutiedizp the aetivilysf BMB-15; decrease
activity of the receptor after binding of
BNﬁWﬁ’S BRpletidH le0eR; afféctanabity, ormmyversian et thevprebutsor molecule
BMP- 15 and a second factor, such as its receptor. In

to %Q'a%tl(/ggﬁgﬂgeﬁg?a ﬁ LRtdrithe Riifhohe Himdihg &¢ BWIPH*%Q@'G?% or more

agai nst or a BMP-15 receptor), nodified

BRI R Bl A Bt T

df B ts th ,
terv iyt PMES 15 JappHelogenaralY e IeEs e ang pORpRORH thatslieety
i nhi bitors. Nonproteinaceous inhibitors includ for

doentegliates sheblolegicalaatisty ahBMR1dPeicmatgayue C[W@%] The

term"BMP-1 5 activity" refers to one or nore of
dowhysyutdtes! thel biglogicahabtivigof BIVIBr 15 it dayvnreoylaies the activity by
activities associated with active BMP-15 protein.

intABRANS With a BRASU B! JitheBYPBMP-asittiatistipi, a BWPe1&irigand, or a

vitro are known in
BMP-15 receptor. The terms “neutralize,” “neutralizing,” “inhibitory,” and their
cognates refer to a reduction in the activity of BMP-15 by a BMP-15 inhibitor,
relative to the activity of BMP-15 in the absence of the same inhibitor. The
reduction in activity is preferably at least about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, or higher.

[0054] BMP-15 inhibitors that can block the activity of BMP-15 are useful in

the invention. Such inhibitors may interact with BMP-15 itself. Alternatively,
inhibitors may interact with a BMP-15 receptor (such as ALK6 or BMPRII) or other

binding partner, for example. Inhibitors may reduce or block the binding of BMP-15

to its receptor and/or the activity of the receptor after binding of BMP-15.
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the art. Exanples of some of the nore frequently used

bi oassays include the follow ng: (1) induction of
w@emrilissat i on of rat ovarian granul osa cells I{M/Uszoet/%smz

al., Biol. Reprod. 67:473-480 (2002); Liao et al .

e e
i et e i SO0 SR SR e 1

receptor expression (Qsuka et al. J. Bi ol . Chem
andara BMP38% recerson, (poiified) solylaly rgg@;pipés; sither prpteins (including
FSH- i nduced progesterone synthesis (Qsuka et al., J.
thodd tlat bichetm BIAP51 38080 29BI®- ( 2 6&Bptor) ( dpdiiepforss obBMP-15
of FSH-induced expression of steroidogenic acute

or f;r b eerPtp%ﬁbp(t@eéRbeptPcﬂ@ aﬁddﬁnﬁ?ét@'sfbf%dllftﬂ\fﬁégé inhibitors.

ynme (P450scc), - hydroxysteroi d dehydrogenase

No igteg@egg%mﬁlﬁg&g 8%%”@2??59\()%%?@@%& _%rﬁcfn&aelc

Endocrinol . 234:67-73 (2005)); (6) effect on the
fferentl ation of nmesenchymal stemcells to
funct| onal |y conpetent osteoblasts ( Jaiswal et al
[005%]. EnataeniBNR: Hoactyity” (efersp; oneryr merpt Biysiologically
b| ndi ng assay (Vitt et al., Biol. Reprod. 67:473-480
growbejulatotyBdr pimqslpﬂgmyeltiataoﬁmities asaociatedr witle aotive BMP-15
(Mazerbourg et al., MIl. Endocrinol. 18:653-665

pro(e?r@o‘kis) P}/@%‘f rh@)isurﬁﬁg?m\m 15%9&50#}/%&@ iand i BMY &restnown in
al . ods Enzynol. 201 B:1 10- 149 (1991 ) ; Luo et

thea%rt E%B@%ﬁﬂf%ﬂw theﬁ&rgehfi&% %199 %o%’%ﬁa&?ﬁ‘&u% the

EMBO J. 14:2199-

aci

followmg:

(1) induction of proliferation of rat ovarian granulosa cells (Vitt et al., Biol.
Reprod. 67:473-480 (2002); Liao et al., J. Biol. Chem. 279:17391-17396
(2004));

(2) induction of expression of granulosa cell kit ligand (Otsuka et al., Proc.
Natl. Acad. Sci. USA 99:8060-8065 (2002));

(8) inhibition of follicle-stimulating hormone (FSH) receptor expression
(Otsuka et al., J. Biol. Chem. 276:11387-11392 (2001));

(4)  suppression of FSH-induced progesterone synthesis (Otsuka et al., J.

Biol. Chem. 275:39523-39528 (2000));
(5)  suppression of FSH-induced expression of steroidogenic acute
regulator protein (StAR), P450 side chain cleavage enzyme (P450scc),

3B- hydroxysteroid dehydrogenase (33-HSD), LH receptor, and
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2208 ( 1995)). [0056] The GDF-9 and BMP-15 inhibitors

are optionally glycosyl ated, pegylated, or linked to
wa@emrhexsscaonpr ot ei naceous pol yrmer. | nhi bitors pET/GE¥60D065012

or BWP-15 may be nodified to have an altered

gl ycosyl atjon pattern. (i. al ed from iy
oﬂXm'a‘P?/ Vi ycosfl“gyp t%jﬁé}'ﬁ% gé)A'Q qjgﬁalo%gggﬁ%’(lglogﬂl etal.,
"altered" neans having one or nore carbohydrate

nmiviet Ced. add:éf‘tdatﬁfindéﬂgﬂ@i’ﬂ%h%mﬁ));havi ng one or nore

gl ycosyl ation sites added or deleted as conpared to

t tg) or iefieabn it diffietenmtiatibdbftmeserchygiay stesy calis tmfunctionally
sites to the inhibitors may be acconplished by

al teri ngri8cAHREoRBEE SRASRACR d10JcoBl ABidchem. 64:295-312
gl ycosyl ation site consensus sequences well known in

the art ot her nmeans of increasing the nunber of
car bohﬂl? e noieties is by chem cal or enzymatic

[ f ides tQ,.th ' i d [ .
CR)1 niifereter b Ssaut (b &F af S E SEnBaL T 4 g 2002)
87/ 05330, and in Aplin et al., Crit. Rev. Biochem i
2A8259-@wsPhendation of fwres AroginsaiMazespeéigyrirak, Hol. Endocrinol.

noi eti es present on the receptor nay be acconplished
chemi cal8:858666(2004))j ard | yas descri bed by Sojar et
al ., Arch. Biochem Biophys. 259:52-57 (1987); Edge et

al (g Br 98BS Bioh3Boyk3at 411 esthoda Edzianol. 201B:110-
Th((?? aﬁﬂ?gegt rg’ﬁ ,ml\/%r?h. lOEF:(z_\??ml . 1%8: 350- 359 i?3587) .

En(e)f o%js(-ll-% 1%‘0%’[33{??’ MYRods En&?@gpig(ﬁ“.ﬁgl%é ™ 99;]‘!)(;:1 WN@na et

i nvention nmay a e tagged wt

PTes L TSI B S . LB oo

>whi ch m% be attached to the inhibitors using
comRht (1888)): chemi stry known in the art. Labels also
i ncl ude enzynme | abels such as horseradi sh peroxi dase

or H0&8]i Ahephbsshand SMVPtifvishibitors areeeptionally @dycosylated,

chem cal noieties such as biotin, which may be
pegeiaest, @d liked to adothgr honproseiracdius palgmat.e Irdwhvitars @b GOF-9 or

noi ety, e.g., labeled avidin. 1. ANTIBODIES
BMP-15 may be modified to have an altered glycosylation pattern (i.e., altered from
the original or native glycosylation pattern). As used herein, “altered” means
having one or more carbohydrate moieties added or deleted, and/or having one or
more glycosylation sites added or deleted as compared to the original inhibitor.
Addition of glycosylation sites to the inhibitors may be accomplished by altering the
amino acid sequence to contain glycosylation site consensus sequences well
known in the art. Another means of increasing the number of carbohydrate
moieties is by chemical or enzymatic coupling of glycosides to the amino acid
residues of the inhibitor. These methods are described in WO 87/05330, and in
Aplin et al., Crit. Rev. Biochem. 22:259-306 (1981). Removal of any carbohydrate

moieties present on the receptor may be accomplished chemically or enzymatically
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[0058] Antibodies that inhibit GOF-9 activity may be
used in the nethods of the invention. Also useful in

wo b@7meskods of the invention are anti bodi es tP@Er/US2007/065012
i nhi bit BI\/P 15 activity. [0059] The term "anti body, "

S ein 0
as e B8P b33 %i%ﬁk%‘m%{@&’%?ﬁ?ﬁ"%%@@% 2ad eZ5pl1 & lgEbme o
ntigen-binding site re ardless 0 sour ce, e
Al naby Bigehe kA Bad RO THH B SLETSHEY SHATEHER SedlorgH: Egymol.
As a non-limting exanple the term "anti body"

138:850-386<188Man, orangutan, nouse, rat, goat, sheep,
and chi cken anti bodies. The termincludes but is not

| i Mobsed] t Phe GDEOaral BMPNBGhitibadrs usehedpeéed friethods of the
pol yspeci fic, non- speC|f|c humani zed, caneli zed,

invﬁht@iﬂ ﬁla‘? &be‘éﬁ’d jBe d Sd’éié?l%b (jé:(ar Fu%f?@i’ﬁ)élrﬂ%kil Detectable

ate graft anti bodi es. For the

pur oses of the present ve oot als |ncludes
labgs iRglsde radielabels S4h @%1é§rﬁ1 {%fdcw 9 T&gw@ ihsmayi ok aitiched to

Fab, F(ab')2, Fv, scFv, Fd, dAb, V HH (also referred
thetmhlaﬁomnmb@doe\sentloalaﬂcmm@trydfm\hb‘owhﬁmgnleathS alsgtinclude
retain the antigen-binding function.[0060] Antibodies

enBiie bamgech &9 hoferamite pevdddasedi aikaled phydphiaiase Labels
techni ques (Kohl er and MIstein, Nature 256: 495-499

fur@%ﬁ@dd tle@%cﬁeé§1&6§n (Whieh ay B@tdelf&)te& valbinding

age spl ay technlques using antib
t 4- 628

to {‘fgé% &%ﬁﬂé‘i‘%%‘c@&ﬁbﬁ ’F.gle%l Ip ot%'é‘ggﬁ'fjﬁﬁm -597 (

1991 )) s ot her antibody production

t echni Leﬁﬂ-@ég% bodi es: A Laboratory Mnual, eds.

Harlow t al n aboratory, ,1988.

L 0BBETH ANtibprieS it Rk A bf weEAdn 1he meghods of

part of an antibody nolecule that conprises the area
thesipuentiars aflsp usiefidiimina medhodsopipfheryardiop are aatipadiesghat inhibit

all of an antigen. Were an antigen is large, an
BMPMiBleatiyityrey only bind to a particular part of the

antigen. The "epitope" or "antigenic determnant” is a

POr f00BY] The term “antibody,” as used herein, refers to an immunoglobulin or
a part thereof, and encompasses any polypeptide comprising an antigen-binding
site regardless of the source, species of origin, method of production, and
characteristics. As a non-limiting example, the term “antibody” includes human,
orangutan, mouse, rat, goat, sheep, and chicken antibodies. The term includes but
is not limited to polyclonal, monoclonal, monospecific, polyspecific, non-specific,
humanized, camelized, single-chain, chimeric, synthetic, recombinant, hybrid,

mutated, and CDR-grafted antibodies. For the purposes of the present invention, it

also includes, unless otherwise stated, antibody fragments such as Fab, F(ab')o,

Fv, scFv, Fd, dAb, Vuy (also referred to as nanobodies), and other antibody

fragments that retain the antigen-binding function.
092,



of an antigen nolecule that is responsible for

specific interactions wth the antigen-bindi ng domain
w@booanizaed i body. An anti gen-bi ndi ng donmai n mayP@BUS2007/065012

provi ded by one or nore anti body vari abl e donai ns

o VBopofi AR e e R i ARG FROTAAA BBrbma
tectmaUER (KeP5A0Y MIEK. DGR 298 251405 457 S LGAmEant DNA

Anti bodies fromcanels and |l amas (Caneli dae, _ _

metraous! (LdS) Patenit dide 4:8 16:56i)e ok Phage Hlispiay testipiquasiusing antibody
formed by heavy chains only and is devoid of |ight

librahéd [Slackésh enali, geauks 882:r6R4628 (199 Bubarksiet dlgdl. ddoli Biol.
one single domain, referred to as VHH These have been
Hd{EEg7 hi.2 jURQsthesa | hrefechnigR@s, see

22 YRR 0 Bk e e gl retmies

AnihersA Paap PESATITOBHT bad TRt A G Jau HaRRAS:
are incoré)sglrlat ed herein by reference.[0062] The term

Laboragyt b9 refers to a genetically diverse

col l ection of nucleotides, e.g., DNAlsequences derived
wholQ0@1dr Tbarterml“arytigafbhingmsgﬁmé@” tefgts nlbgdart of an antibody
expressed i munogl obul i ns. The sequences are generated
mdiculé that\conimses ang enemspedificalydindivg t®or anohplementary to a part
segnents for H chains and, e.g., V and J segnment for L

or gh’ L -an/é}lr;'éﬁ{ NAtdrsalyantide® i8eargRNBASINIBYAD tnagendly diretito a

roma c ine by in vitro stinmulation and in

pabgﬁé?g)%‘?télgfﬂhlg’gnﬁ eh® %Ea‘ﬁgf%ﬁé”to@%gﬁ%@ic Aot hiddritY Rl & portion

€ sequences may ai ned by

conbi.ni n e.d.,. unrearran \V se ' .
of 8 gt Majsedla el FAPERRTR SR bbb Wi the

mut agenesi s, and ot her methods as discl seg in.US.
anpger-hindigy demagrohap aniipeds) Am@@ﬂs%'?%'mﬁﬁ% pmain may be

interaction,” or "specifically binds," or the |ike )
prowicecs by loae drwooedrdthody v afieble dorainsi (6:0-¢ dap-gaded Fd antibody

relatively stabl e under physiol ogic conditions. The
fralgBidnticensistng apalVvip§ dbhminih ekre antigen-pinaling domain can comprise an
ant i gen- bi ndi ng

antibody light chain variable region (V| ) and an antibody heavy chain variable
region (V). Antibodies from camels and llamas (Camelidae, camelids) include a
unique kind of antibody, which is formed by heavy chains only and is devoid of light
chains. The antigen-binding site of such antibodies is one single domain, referred
to as Vuy. These have been termed "camelized antibodies” or “nanobodies”. See
e.g. U.S. Patent No. 5,800,988, U.S. Patent No. 6,005,079, International
Application No. WO 94/04678, and International Application No. WO 94/25591,

which are incorporated herein by reference.
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domain is specific for a particular epitope, which is
carried by a nunber of antigens, in which case the

wa@edorhadge carryi ng the anti gen-bi ndi ng domai n »ET/US1He7/065012
able to bind to the various antigens carrying the

epi . Thu an_anti.bo peci fi 3 in f

e dhBFE it laPepPebidBo BREFeCAR ae Foyeghon o

epitope that is carried _both. [0064] . Specific
nugkaiigiesgeids RNA geg@mcféodb%'veg W %ff94m$‘fwﬁgwose£qe&ﬁﬁs that

to noderate capacity. Nonspecific binding usually has
encademxpaéssea immuneglobulinsdetha sequenvegiare feaeratgd by in vivo

Typically, the binding is considered specific when the
reaﬁ%ﬁ?éhfem ehrsg.aNt Dkands) SegrhentstfbaH chaind and,ce.g., V and J

preferably higher than 10 M1 . If necessary,

se U%HtszPEicfw%aﬁ\ysbg@ﬁngStiW, the sefHERESs Mialyigenerated from a cell

h stant!a ect1 ng specific binding by varying
ind B} RS SAAERE, b DB SO Ul Bt el
snaihe o 7B SELSS SRR BR ) BSETARSE coffinng,o..

concentration of antibodies, ionic strength of the |
unrsaimanged V segmentstwitieD andrd saoments bryd’ruogwimer@ﬁnthesns,

concentration of non-related nol ecules (e.g., serum
ran@lonizéd mutaddnesis eint) othet metfidiitad dishiosptimékS. Patent No.

"substantially as set out” neans that the rel evant

5 588R3V -], or V| _ domain will be either identical or
highly simlar to the specified regions of which the

SCOURRAP IrheTBim Uedii Fidtaghi - BXApRkficaRy!blhds,” or the like,

sub ions i nclu or out of "any am no aci ds

g thgGBiea oA L4 Gat BedheF s BRIvEY el o

that is substantially free of its patural environment. .
physielogieseaneiiionsanl hassiray is @19 BPRIGRDISWERI :9n RRI@NJ0EN-binding

free of cellular material or other proteins fromthe
doweiin isspegifissfoe agautiedar epitapshidtich is qasrierd by derimirgeof

termrefers to preparations where the isolated protein
antigersa)fifh wbiighingdse therantibodb eaagingnihstastigdndsnding domain will be

t herapeutic conposition, or at |east 70%to 80% (wW w)
abRMoSind® ﬁwﬁ&f&fs@hb@en@%a&@ﬁ@ theQ26idPY (TMUs) alWnibody may

0

even nore preferably,” 90-9
specifically bind, for example, GDF-9 and BMP-15, as long as it binds to an epitope
that is carried by both.
[0064] Specific binding is characterized by a high affinity and a low to

moderate capacity. Nonspecific binding usually has a low affinity with a moderate

to high capacity. Typically, the binding is considered specific when the affinity
constant Kg is higher than 106 M-1, or preferably higher than 108 M-1. If
necessary, non-specific binding can be reduced without substantially affecting

specific binding by varying the binding conditions. Such conditions are known in

the art, and a skilled artisan using routine techniques can select appropriate
-24-



pure; and, nost preferably, at |east 95% 96% 97%

98% 99% or 100% (w w) pure. A) ANTI BODI ES AGAI NST
wW@DB791385 BMP- 15 [ 0067] According to the met hoRST/US2007/065012

descri bed above, antibodi es can be devel oped that

S e e T T R
ars AR S RGN g it i

receptor. Antibodies that are nost effective in this
concapiatioroal pen-relatedemplesulpsdged-t serem plowmingmilk casein), etc.

specifically to GDF-9 of the GDF-9/ GDF-9 receptor

c{ogB5x. The pheaski "sodstastiatyadseraytamaansfthat i retevant CDR,

mature GDF-9 with high affinity, and may bind the

U&SmﬁTrP\Vvﬂl' tﬂe eﬂmémaéﬁiﬁfdl er hyhny SIPrﬂléch W spevifidd regions of
0'7 het erodi mer form for exanple wit

. 068] Anti hodi es a| nst GDF-
whicty qy[@@cpﬁl sRbouteTaiy FERRIEn %@DS?%@'%@?'H% for2
t he |nvent|on for exanple as set forth in
out obanyAtamino asidin thesequepemebp GRBHHAL H2: K. !}ﬁt LB ).
for GDF-9 have been described in the art and are
cGo0asip! aTkel térar “isclatad’ refees fr 2 swoleculavieat is sabstantially free of
mMAb- GDF9-53 is a specific anti-human GDF-9

its NGl Eeﬁ{n'ré’rhrﬂgnffqr&qhﬁ@ﬁbe 241 isbeded prbterhisi stibskintially free of
Biol. Reprod. 7 1:732- 739 (2004)). The imuni zi ng

ceHuIBﬁe Hjidétgﬁalfd)r doéﬁ ) ﬁroﬁ-ﬂﬁé mﬂyth‘@aéellaorst}é%ﬁﬁgu?ce?ﬁo%ﬂ@ it is

orresponding to a peptl sequence c ose

o, T AR, 5 DA OO ey

pepti de sequence EPGD which is | ocated a ma

pure iy betraminisigred g 4 ferareiis SMeOSion. et Lt g??rém 5@% (w/w)
Ctermnal GDF-9 and BMP-15 anmino acid sequences from

pure smoes preformblie at daast 8p%cPO% (Wi paredvenanoteheref@aly, 90-95%
sequence is highly conserved between species, but has

pure Panhdwhostysteferhbly) at east 95701 861 ©7¢QrI836 pedfd] 0g10@d (eiw) pure.
i n BMP-15. mAB- GDF9-53 exhi bits strong i mmunoaffinity
for reconbi nant nouse GDF-9, and very |ow

Cr@ss- rARTIBODIBS WAAINSYPEDF-9 @R @MBE human

[0067] According to the methods described above, antibodies can be
developed that specifically bind to the GDF-9 protein itself. These antibodies will be
effective in the methods of the invention if they inhibit an activity of GDF-9, for
example if they block binding of GDF-9 to its receptor. Antibodies that are most
effective in this invention will have the property of binding specifically to GDF-9 of the
GDF-9/GDF-9 receptor complex. Such antibodies may be capable of binding mature
GDF-9 with high affinity, and may bind the mature protein in monomeric form,

homodimer form, and/or heterodimer form, for example with BMP-15.
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GDF-9 antibodies wth neutralizing activity descri bed

in Glchrist et al. include mAb- GCDF9-22, mAb- GDF9- 19,
WOorgde7EDB% 37. [ 0070] According to the nethods PEBUS100B055012

above, antibodi es can al so be devel oped t hat

specifically bind t MP- 15 protein it T
Ritksbanieodes popL At e e e B fbetf e o G
inhibit an activity of BMP-15, for exan1pI A f gh

contepipizteddphdse i e iIBKENtDS), for §Xanplecapest .O”Eldf‘il-b d%&ent No.
that are nost effective in this invention will have

6,191t2&1 .property of binding specifically to BWMP-15 of the
BMP- 15/ BMP- 15 receptor conplex. Such anti bodi es may

bfoggsg}abl e GralRiffhmomésifor GIMP-dlhavé béemidgbceribed in the art
arfinity, and may bind the mature protein in nononeric

r l; : | _ . ifi
o &' B IRRRE S g egl PEERIQR! Mt DI 0 g speci
. have descri.bed in ri . I d
e 6, B S R Py By oo ST, B oproa
U S. Patent Pub. Nos. 2004/026700 _anr&QZOOM OOQZOOZ). ,
71:7:@-73&@%}.E§hg@w2|@)pegt1&é@$@@ ogypvassa synthetic 32
RECEPTOR [ 0072] According to the nmethods described
aminalacicbpepiits tarddsponding toea peptidepeauenns: closetp the Etierminus of
CGDF-9 receptor. These antibodies wll be effective in

humah&DmyeHgipeirhappiny révexéd tie rhAbdBEDEIE3 1@DBghizes a short 4-
its receptor or if they block the activity of the

aa p%@@%ﬁ%%@g%b?@@ dihen o llo%&apﬁakimmyqﬁ t6@midde of the

agal nst the whol e receptor protein, or

. agai nst Y A s g i badi

mm 8200 FepSfiey AUGr Rl OREREMPIE IO BUF T8 R R0 wRk
NP 004603), ALK5 variants, . BVPRI | nbank ' .

sequRATeRBOoghIEVRIa) Ve |S%f%%ﬁg§?téfﬁ‘ag eeﬁéﬁ&’?gé{‘@%%"e IS

~ for GDF-9. For exanple, polyclonal and nmonocl opa

highly Copaervedtetopen sorpi6gi But has iy eval RESIEH@TIE19 ebl e
fromR and D Systens (M nneapolis, M\); polyclonal and

corrgapoadingnaliqnChdd P7EB 0)A B0 b 88 exhititsratieng immnpaffinity for
BMPRI| are available fromR and D Systens.

recombinant mouse GDF-9, and very low cross-reactivity with BMP-15. Other anti-

human GDF-9 antibodies with neutralizing activity described in Gilchrist et al. include

mAb-GDF9-22, mAb-GDF9-19, mAb-GDF9-37.

[0070]  According to the methods described above, antibodies can also be
developed that specifically bind to the BMP-15 protein itself. These antibodies will
be effective in the invention if they inhibit an activity of BMP-15, for example if they
block binding of BMP-15 to its receptor. Antibodies that are most effective in this
invention will have the property of binding specifically to BMP-15 of the BMP-
15/BMP-15 receptor complex. Such antibodies may be capable of binding mature

BMP-15 with high affinity, and may bind the mature protein in monomeric form,

homodimer form, and/or heterodimer form, for example with GDF-9.
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[0073] Simlarly, antibodies can be devel oped t hat

bind to the BMP-15 receptor. These anti bodies will be
we@bdoea1azse in the invention if they bl ock the PCTUs1097/065012

of BMP-15 to its receptor or if they block the

SR AP SO0 S BBt U e g o oo

protein, or against only.the extracell .
conteRRIEE ey s BN SRR ﬁsas&%?‘(@mng’a’fem Pub.
Accession No. NP_001 194), ALK6 variants, BWVPRII
Nos. emaﬁwomaessaaﬁwowzmﬁ._om 195), BMPRI| vari ants,
and ot her receptors for BWMP-15. For exanple, a nouse
ALK6 pol yclonal antibody is available fromR and D
SByt enANTVBOHESOAGAINSN GDESY REC ERMOR OBcBME-haRECEPTOR
ALK- 6/ Fc chi mera and nouse reconbi nant ALK6/ Fc chi nera
anodrR)di eAcddrdmgatoBh&yséthods dikevitesthabowe, aktibodiasdan be
human/ nouse ALK-6 nonocl onal anti bodi es (cl one 88614,

deve@&%ﬂ%& a6 e GHMO9a8&HtbE, THBEE anfbodiEPDWil BDeffective in the
UBLE RECEPTORS | 0074] Modi fi ed sol uble receptors of

inveq@g |19tg§g3rbc£ M?%in&ﬂ %I%l]? tlfsorréceéfyr WP§ f%é;‘fgg)%gﬁﬁé activity

or art e ext [ ul ar

(alsoreferredto domai n .
of the EReEpIGyaftas purping CRBIBT-Sr RBRAICS 55 BrEioRed qoainst the
sequence of the ALK5 rece tor i ncl udi ng descri gti_on
wholetegapioreRiotein P! againsiqymnihe eﬁp@"@'*ﬂ&f@bﬂ@jﬁemﬂ%’ gfigs may be
variants of the receptor, are set forth in Genbank
develpeessjaimst Ml KNG &alz8 0GAc¢ed8 kB NDnNEn 8046H3)d iAkSt variants,
sol ubl e receptors may conprise all or part of the

BMPEXIL (GG B)aink! Adcedsizhi No. 0P BEMPRIJS), BRIRRII variants easgbtiter
for both GDF-9 as well as BMP-15. The ami no acid

receﬁt@ Pfg BPW ﬂambl@cgéllgbl?ﬁaﬂ%mo%bb%l @floh8941229)

ace ul'ar donmal n fragnents and variants
anubafglésﬁa_rasqseeﬁégksﬁa%ﬂaﬁéuéﬁoz@5@@2@%@3&&@&% v
polyQipadl ereippBacions: (rans 3aSEapodasaadnonse HBEREMPRI are

enbodi nent, nodified soluble receptors of BMP-15 nay
available from R and D Systems.

[0073]  Similarly, antibodies can be developed that bind to the BMP-15
receptor. These antibodies will be effective in the invention if they block the binding
of BMP-15 to its receptor or if they block the activity of the receptor after binding of
BMP-15. Antibodies can be developed against the whole receptor protein, or against
only the extracellular domain. Antibodies may be developed against ALK& (Genbank
Accession No. NP_001194), ALK6 variants, BMPRII (Genbank Accession No.
NP_001195), BMPRII variants, and other receptors for BMP-15. For example, a
mouse ALKS6 polyclonal antibody is available from R and D Systems (Minneapolis,

MN), as are human recombinant ALK-6/Fc chimera and mouse recombinant ALK-
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be used in the invention. Sol uble receptors may

conprise all or part of the extracellular domain of a
w@kMIAR3secept or, such as ALK6 or BMPRI|. The BOMI/M82007/065012

aci d sequences of the ALK6 receptor, including

escripti.on of the tLacel | ' § £
6/Fc Hiire ArbarasEHhD év&?emﬁéﬁﬂ?irae%%%ﬁ% MRS Ebﬁﬂa p{pouse
in Genbank Accessign No. NP 001 f}lﬁigé for ex
ALK-Amenasienal @ndibadies @Q@?@r‘?%?‘oﬁeﬁ Systempobinn qaﬁo{m MN)).
Sol ubi 2. rMEIFED SALUBLERBGEREORC ofbi nant 1y or b
Sol ubl &.r onbi nant or
chem cal or enzymatic cl eavage of the intact récept o?/

TheoTdidi f Medifiedl sdililge recegpors of GDFrhedyheensedin el invention.
bi nd GDF-9 and/or BMP-15 in the bl ood stream reducing

SolutlB@eéédtbtd ha! ?chHFpr%eadlﬂér%arB&ﬁhb%itmdéllmdr tomidirs (also referred

natlve receptfor(s) in the body. In such a way, these
to as G esIeRrEAQLD iﬁ%@%&%@%@%ﬁﬁ% A5 eRIC e agine
sol ubI er he [
acid SpaiTsey e ehealad: RePIRLOSRt Ebn o8 1 ERrERé frar
anot her_protein. Increased stabilit ad
domalarsmmfﬂcgﬁégm%egs aprd %@nt&&iﬂl?e'fe&é % Srecseitonf 1 Genbank
| ower dose or at less frequent intervals. Fusion to at
AccelssmstNa, [8Br 00460Hf an i mmunogl obul i n, such as the

constant region of an anti body, optionally an Fc

f rregrsNt  0f oA embodimghipsoluble receptarsanaasemptise all or part of
stability of a nodified sol uble receptor or other

the eQFr%E@I'ltﬂér @6mhrﬂ1eof'. Bl%{lg‘gil%%hl%r(lgeé?rec%g%n foﬁ@bﬁk@Dﬁ@ﬁsﬁell as

r gt t
eue TR B Al i 'hrg@udwes&.@@@a%fgme
roteins ca |nteract VVI .
extraCH T Bl EPHG T PoLREITTASREIER ARG 6 TP epBRighase, et forth i
Al ternatl\_/elgl inhibitors can interact with aft GDF-9 | .
Genbatepeerssiaubi: NE_ROkB9% ASRMIPFY eglrdomain-Fie Tusipa protgin which
in conpositions or nmethods if they block the binding
inhibits GEDF-Distset farth ineiipataxl., &ioli Reprasy 6147480 2QA)i vi ty
[0076] In another embodiment, modified soluble receptors of BMP-15 may
be used in the invention. Soluble receptors may comprise all or part of the
extracellular domain of a BMP-15 receptor, such as ALK6 or BMPRII. The amino
acid sequences of the ALK8 receptor, including description of the extracellular
domain, specific fragments and variants of the receptor, are set forth in Genbank
Accession No. NP_001194, for example. An ALK6 ectodomain-Fc fusion protein is
set forth in Vitt et al., Biol. Reprod. 67:473-480 (2002).
[0077]  Soluble receptors may be produced recombinantly or by chemical
or enzymatic cleavage of the intact receptor. The modified soluble receptors of the

invention will bind GDF-9 and/or BMP-15 in the blood stream, reducing the ability of
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of the receptor after binding of GDF-9. Inhibitors, of
course, may interact with both GDF-9 and its receptor.

woe@raiasgs t hat i nhibit BMP-1 5 activity nay al BOI/D82007/065012
used in the nethods of the invention, by interacting

o M AR 10§ B A8 B B B LT way
sl oo s b MBS G g N,

of the invention. Wile sonme proteins are known,
addi ti onal ‘Erot ei ns can be isolated using screeni ng
t é¢hni MPI I R bi ndi ng assay, or

reporter ne assays descri bed above. Sanpl es of

p{@A78]ns l%m/nwéilfm?/s;@nbl@ regepiaes pf He investion maydre made more

proteins. Proteins that bind to BMP-15 and inhibit its
stabl@byifusios torayothles prateiniseporition tofianotitengustedt. InNcecased stability is

i nvention. (1) GDF-9 and BMP-15 Propeptides [0081]

advafidge8ud fORABIFRLIES s bﬁeyﬁ egf b@%cﬁﬁ‘mls‘féﬂeb'ét@ lower G06e Dr at

To increase the in vivo life of naturally

less f?&gdjérr{t |ﬁ}grvg%c 93&{3998 Rk 'léi%? a r%d?’ﬁ?r‘\ By Smrg n%g%ﬂlﬁ such as

pepti nhi
rove ar macoki neti.c erti .
the cpRstalll tadien, Bhan ripedy. cnioBORT Py aum ekl imappogiobuiin,
Biol., 6:597-641 1990%5 Jia et al., BBRC
can |3qr§a§Q5hq,gt1ab(|Qy)gﬁ§i maegli @@ﬁylu@?e rgceptor. orgthgr pretains of the
280: 27970- 27980 (2005)). [0082] In one enbodi nent,
inverBivR: {Seepe gpeppieterntanm sealuskdxps Mad. i1ARIAIXBT0 2002)).
BMP-15. To increase the in vivo half |ife of naturally

occurriqngOBMER PROVPEMS | des, the invention a BWP-15
propeptide inhibitor may be nodified and/or stabilized

t QOO OVOLHEGSrERGOK tH2R linflbip CIFeBtdctivity Astbaased in the
cf[rcmqatory hal f-I ife. [0083] Such ITD(?I/fI ed

methBHERFRId AR nt; an Ehfpln‘éﬂe% d%{r?ltn?érﬁét \ﬁﬁl‘?@[blﬁgﬁﬁseﬁ inhibiting its

roetlde an cC region o I gG nol ecue(asa
activiy é %F’PSLP%%BF%F) @g{é?@%tn}gﬂhaﬁ# B%é Q%Q%ngﬁ?%DF-Q

recegt];r (such as ALK5 or BMPIIR) and may be effective in compositions or
methods if they block the binding of GDF-9 to its receptor or if they block the activity
of the receptor after binding of GDF-9. Inhibitors, of course, may interact with both
GDF-9 and its receptor. Proteins that inhibit BMP-15 activity may also be used in the

methods of the invention, by interacting with BMP-15 itself and/or its receptors.

A) PROTEINS BINDING TO GDF-9 OR BMP-15

[0080]  Proteins that bind to GDF-9 and inhibit its activity, including binding
to its receptor, are acceptable for use in the methods of the invention. While some
proteins are known, additional proteins can be isolated using screening techniques,

an ALK5 or BMPIIR binding assay, or reporter gene assays described above.
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sai d propeptide which retains one or nore biol ogical
activities of the propeptide. The propeptides used in

wo b@7itmsent i on may be synthetically produced, BEr/Usmdr/065012
fromnaturally occurring (native) GDF-9 or BMP-15

sondf T AGR foF SRR TR et e o

are wel in the art of etic en neer,i
bind (gEMErsoanuAtb (hachuhi e S B user da i sl aitotyhe
human propeptide covalently linked to an | gG nol ecul e
inventiona fragnent thereof. The propeptide may be |inked
directly to the Fc region of the 1gGwlecule, or
linked to the Fc region of the 1gG nolecule via a

| i nker (Pept IGRF-OJardh MR SaPropefiRies3 15: 525- 531
(2004); Gegory et al., J. Biol. Chem 280:27970-27980

( P008Y)]) . GDIFeY psdpaptidezdambernged ias @i inhibitor at @9iFe8. Toe
described in WO 02/068650, which is hereby

incre A8 HPRNAE Hak e & RiteRM9 dcBuirin®y GDIFLY propeptidbs, the invention a
m nant Negatlve GDF-9 and BMP-15 Proteins [008

aord frohapliia FHiRheY S citas aliRRs sEhifhd PhRbR o

15 Y235C BWVP- 1
Phafméﬁo%aﬁﬁfg‘{?@ﬂ%% §u5§@ﬁ%&cv%@fvﬂ"%‘%@%%sus@ng ofnn. Rev.
BMP- 15, and has a dom nant neqative effect

Cell Biol. d615y95e6£9|\p9199) abiangiatyal hBERG 15i545-2%1 (3004 Gragory et al.

(Di Pasquale et al., Am J. Hum GCenet. 75:1 06-1 11
J. Bidl2004n. 280y 97022380 (2008t i on al so contenpl ates t he
use of GDF-9 mutant proteins, including dom nant

Q@82]Ve AT &h& eRtbodirmeit) BM\‘BHBQ@}@pQﬁtld@eam beerseda@s an inhibitor
(3) Follistatin and Fol listatin-Domain Cont ai ni ng

of Br\ﬁwdseas .BQ@%EL th@ld m@ ahtéﬂfmf@bﬂﬁétu%any%@aﬁ%gaaﬂnma be

Ibitor o O suka et

Bi
propgfetg d%eg 8RP %ria Bﬁ@ nlscgf[&%ﬁ ldg%&gcsror{@?@e(rﬁggﬁé& and/or
stabigRs I nOus PHETargnalic RIpPeRiSS: SHEf e BUeRE g gre-
treating disorders that are related to the nodul ati on
of[0P83] | eeichsnoditied prapepyresimelydg fusion proteins comprising a

propeptide and an Fc region of an IgG molecule (as a stabilizing protein). These
inhibitors may comprise a GDF-9 or BMP-15 propeptide or a fragment or variant of
said propeptide which retains one or more biological activities of the propeptide. The
propeptides used in the invention may be synthetically produced, derived from
naturally occurring (native) GDF-9 or BMP-15 propeptides, or be produced
recombinantly, using any of a variety of reagents, host cells and methods which are
well known in the art of genetic engineering. In one embodiment, the modified
propeptide comprises a human propeptide covalently linked to an IgG molecule or a

fragment thereof. The propeptide may be linked directly to the Fc region of the IgG
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[0086] Both follistatin itself and follistatin domain

containing proteins (described in U S. Patent Pub.
wWOe®7/12083/ 0162714 and 2003/ 0180306) may be usedr/Us2opTiess012

conpositions and nethods of the invention. [0087]

o5 i R BB B AR ERNR v, o

| east one follistatin
al., BHRE k525551 d3080); (5REPE el - HI1 CBpE EROA7RZ0-27980
rel ated gene (FLRG, FRP (fI|k tsc 36),agrins,
(20050 t ©thres stahilizi IS}PAR{C{IfI(HWO)StI’dh@AEﬁ a(&;@gsqnbﬁﬁsm WOcpa/p68650
| GFBP7 (mac25), and U19878. GASP1 and GASP2 are ot her

whicheis HEpéIBsinebrpuratesi hsreforpice $h itg eatirdtgast one
follistatin domain. [0088] A follistatin domain, as
stated above, is defined as an am no acid donmin or a

nucl eogzﬁ; min%n?%' ivé GDF-38nd'BMP-F5 Plotédrsi N,

char ac riz YS Ine ri1c repeats. (¢} Istatin
denpmign t

agjyacgm g@wgail%mcggm%@ﬁseéaﬁ bEUsRE REN ﬁﬂﬁtﬁtcﬁ‘ i§ Bmethods

served cysteine reS|dues and

on SI r r
of thedng flhé ggwkgﬁgéﬁhnﬁﬁyggﬁr@g\?‘%ﬁaﬁw LIV I\?llﬁ 115, carries a
cy stelne re3|dues exhi bit sequ ariabi]it :
non-qaBREIVEHiE ISHOBHEPRJ: s R1OSBROTCD UFe s (e hs a fomingnt
The | oop between the fourth and fifth cysteines is
negatieuaffest amwild-tyrsoR V16 mgtiviby Hoth igrvive %ﬁ\ﬁ* Abvitiei(BE Paspgale et
amno acids in the | oop between the seventh and eighth

al., Ay sk elumesGenet. geri@6al 11y(2004) noEte piggeny inventen atsd
cont ai ni ng a consensus sequence of (GLA)-(S N-(S

contebhBiAdes(tRe Nse($f GDF-J glutamgnoteing includihg Yomihanmt nelive

regi on betmeen the ninth and tenth cystei nes generally

prote?%perg{lf{él ca \};f tﬁ@ﬂ{\%'nﬂg)ﬂg two hydrophobi c residues

separated by anot her am no
aci d. [0089] A follistatin domai n-containing protein

W Cgﬂj.” Fal E% E@@Q ?Bﬁ!stgﬂﬁ-ﬁ’%émbﬁﬁgrﬁnﬁ PBteins

one,

oioodilns GPUREER RS G SabH Elbe ARTEF Binpjotor of BMP-

15 (Q&rgés?%égglzl Bigtem. Bidanyat Bes. Eohmir 268061868 (2051)).

Accordingly, the invention provides proteins comprising at least one follistatin domain
to modulate the level or activity of BMP-15, and may be used for treating disorders
that are related to the modulation of the level or activity of BMP-15.

[0086]  Both follistatin itself and follistatin domain containing proteins
(described in U.S. Patent Pub. Nos. 2003/0162714 and 2003/0180306) may be used
in the compositions and methods of the invention.

[0087] Proteins containing at least one follistatin domain will bind and
inhibit GDF-9. Examples of proteins having at least one follistatin domain include,

but are not limited to follistatin, follistatin-like related gene (FLRG), FRP (flik, tsc 36),
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associated with the native proteins, especially those

pertaining to BMP-15 binding activity, including
wGeemwarmses t hat have been nodified with conserRer/US®OTO65012

nonconservative changes to the am no acid sequence.

sornd PSS PR A SCA B! OO SorOET U

ani mal sources, including bovine, chicken, nurine,. .
and U1R878p frABRd, ansl BASPA aracaiier xaHpIes fRiotainhcenpEsng at least
Proteins conprising at | east one follistatin domain,
one follistatineoyndinnd BMP- 15, nmay be isolated using a variety
of net hods. For exanple, one may use affinity
praddd] cat A glistatin eoRdi, 14s stateddidovd, ds defimed angnuesrina acid
| ow stringency screening of a cDNA |ibrary, or use
i [ racterized b
dom B o B o aracterized by
becones_ avai | ghl il ar : ' ' :
cystege Gy tramebe prdp ol ot e SERLE B pasieicy Ba i fino acia
MotifSearch (Genetics Conputer, G ou Madi. son, W
SPan ANt AR O qTBeLIe0 QIR BE ASTINREANY A GHAT Btk kazal
find novel proteins containing significant honol og .
serinaiprotelasewrhibidon darpainsn h@IGﬁ*ﬁBWg,.thB ORM regieRs PakyRenine cysteine
the invention, proteins conprising at | east one
residfies kikBibittsequeno@ivariatibiyiif ifclistayin ionthing butsome @wiser@ation is
or a fragnment thereof, whether it is in nononeric

evide{rﬂ’.r Fhea6bp Yetidrethe OURH aid fFaEYstifds ii@u@uﬁ%’%ﬂ&l, containing

atent conplex, with an affinity of between 0.001 and
' i ' f#éhd
ony 10 M RLAREL R0 ) pp e iioge dnnd
_ 0091]. Proteins that bind to CGDF- r
ciomh g e b8 i e 8P TR b § tphs8ous
the receptor or the_ activity of the rece L tself .
sequanee ot (oo BN THD Wi ) 1Henecpea of S mott. The region
invention. Simlarly, proteins that bind to a BWP-15
betweendipe aintl sndheath oMskgnes genarily coaiains amaelifcontaning two
bi ndi ng of BMP-15 to the receptor as the activity of
hydrépieotie eestiass (speelficaty ¥, arepisephmtéd by usetivértarmimoteaoid.
[0089] A follistatin domain-containing protein will comprise at least one,
but possibly more than one, follistatin domain. The term also refers to any variants
of such proteins (including fragments; proteins with substitution, addition, or deletion
mutations; and fusion proteins) that maintain the known biological activities
associated with the native proteins, especially those pertaining to BMP-15 binding
activity, including sequences that have been modified with conservative or non-
conservative changes to the amino acid sequence. These proteins may be derived
from any source, natural or synthetic. The protein may be human or derived from

animal sources, including bovine, chicken, murine, rat, porcine, ovine, turkey,

baboon, and fish.
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scope of the invention. Such proteins can be isol ated

usi ng screening techni ques and the assay or reporter
w@ene/1e38ays descri bed above. I n one enbodi meneCT/UR®07/065012

receptor binding proteins are anti bodi es. Sanpl es of

p i ns . l e as, )i i.es .
oloBioB) s PPt CRERST i A e teS g RpsBreflh ey bind
0092] Fusion proteins of a he_prot ei ns that

BMP-B el becspied Bapas waricly SHaeds o FoL PP, OBRmay yse
receptor can be made nore stable by fusion to another

affinitpporiticatiasy ugiog BNIR- 15 larasidiléan, Pnetraay use adpwasfdagency
stability is advantageous for therapeutics as they can

screebingasta oDBliRelitgdryaior ask asgendrate RER dcHrigues using amprobe
intervals. Fusion to at least a portion of an

directeBTHWaE ?%ﬂiétﬁtin Hpthias Ashforogetdic d28ibeBomes available,
optionally an Fc fragnment of an imunogl obulin, can

s REEER 5 BT SsolBAe BNy iyt programs
e STudEbed G30lEs i UGTELEE sehBsin, Topnson

D) GDF-9 AND BMP-1 5 | MMUNI ZI NG PEPTI DES | 00931%_'[he o
(GCG)ennd BLAST (NCBAsauit be wseditn findmove! proteing sapining significant
or conpound that induces a protective immune response,
homdlogy with ikgowintfolistadin domhaibedyn reswatediment af thel invénrtion,
response. For exanple, a GDF-9 "vaccine" induces an
proteir¥BHiprigiaganrest baé f@nétane donrsn €peificdllyrtsing e mdtle BMP-15
vaccines are set forth in U S Patent No. 6,030, 617.

R T

oditi : : .
comeigfa B BMﬁﬁﬁ%tghfﬁéﬁﬁ%% W31 2B L Bz 0801 @ 100
it , . Cal | . " .
M, Gtaivban o5t and ddma aibetiesh &1 GREANNE) 05320 whi ch
is hereby incorporated by reference. GBF-9 and BMP-1 5

pepti des have been administered to sheeg i n short-éerm
a | oRROEEMS BINDING TO GDF-9 OR BMP-15 RECEPTOR

[0091]  Proteins that bind to a GDF-9 receptor (such as ALK5 or BMPIIR)
and inhibit the binding of GDF-9 to the receptor or the activity of the receptor itself
are acceptable for use within the scope of the invention. Similarly, proteins that bind
to a BMP-15 receptor (such as ALK6 or BMPRII) and inhibit the binding of BMP-15
to the receptor as the activity of the receptor itself are acceptable for use within the
scope of the invention. Such proteins can be isolated using screening techniques
and the assay or reporter gene assays described above. In one embodiment, the
receptor binding proteins are antibodies. Samples of proteins may be screened, as

well as libraries of proteins.
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I mmuni zations (Juengel et al., Biol. Reprod.

70: 557-561 (2003); Juengel et al., Biol. Reprod.
W®72001/17288d.789 (2002); MNatty et al., Reprod. PCT/US2007/065012

128: 3790386 (2004)).4. M METICS OF GDF-9 AND BMP- 15
RoING PAOYEIRES My be

et ' ' yTit heti c
Wﬁﬁrﬁ%%% %@Bpogw %@?@% qs?@ﬁﬁﬁgﬁ'téb‘%ﬁ?%'\ﬂp 15,
s cob St i e i S

anti bodi es agai nst GDF-9, anti bod| es agai nst GDF-9
anothexqeptein or podiohi fcnetharhiretainc sreasedsiabilibtisgayantageous for
fusions, and other proteins binding to GDF-9 such as

thera?@ﬁh&s as gpgptdrdse atuiinistdeaFadopengess odat less frequent
Ilistatin and follistatin-domai n containing

inter} 19t BN té'?a‘i'lé:éét%gﬁir%ﬁd BeTRafunBolih, HecHasthd Bonstant

e | nvention hese mnetics will be effective

reg;ogcpf)gc?ﬁ}@ 4}1 eg’g%bﬂér?]wg r?L M?ﬂﬂ%ﬂ\?ﬂ%&%{hﬂeéaﬁ Lr%‘?% §ehﬁ1e sta?lhty of

tsrecetor ti.cs that a
thesaprateinty d e PERREOR AL B USET PRGNS ‘Pﬂtéeq@f'@d@? jn,thgeart and
bi ndi ng speC|f|caIIy to GOF-9 or the CGDF-9
can bepefiovned eapilyex(Sesu €tg- nPRickeisanR Pt Bk éa@ﬁblﬂée%f 196:303-310
bi nding mature GDF-9 with high affinity, and may bi nd
(2002))e mature protein whether it is in nononeric form
active dinmer form or conplexed in a GDF-9 | atent
compl ex. Mnetics useful in the nethods of the
I yent | @D FRgUAND BIMP -1 5 GVMONEING PEPTIDES tro and in
vivo as denonstrated, for exanple, by inhibition of

ALisbogry BYRE 1B vsticires' ‘USRS ed redersetoassayiposition or
Further, the disclosed mnetics may inhibit GDF-9

comé‘cﬁ\ﬁr?d’ h(ai\( wﬁﬁx%% I AbRtbctive hmﬁﬁﬂ%t $Boh§s), Hhé\hd@»% &ther an antibody

nusc e nmass and bone en3|ty M netics

L i e B AT R

BMP- 15 i nhi bi t or . .
immune response that antggomz S Dall' X‘ungnon. GDF-9 vaccines are set forth in

U.S. Patent No. 6,030,617. GDF-9 and BMP-15 immunogens for use as vaccines
can be homologous GDF-9 or BMP-15 proteins which have been modified by.
introduction of one single or a few foreign, immunodominant and promiscuous T cell
epitopes, while substantially preserving the tertiary structure of the protein; see e.g.
WO 01/05820, which is hereby incorporated by reference. GDF-9 and BMP-15
peptides have been administered to sheep in short-term and long-term
immunizations (Juengel et al., Biol. Reprod. 70:557-561 (2003); Juengel et al., Biol.

Reprod. 67:1777-1789 (2002); McNatty et al., Reprod. 128:3790386 (2004)).
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with inmproved in vitro characteristics such as having
a longer half-life, or being |less easily degraded by

wo bm7diest i ve system are useful.[0098] M netPCBHUSL007/065012
anti bodi es against BMP-1 5, antibodi es against BMP-1 5

Fusi ond: MINETIGE DR BAEANBERFS ARITIRE Loh o
S RRGELL S5 E i B SRR ghethods of the

proteins, and Fc fusions thereof all be used in
inventing. iAmyesynthetic Jdome Thiese GREN h:%"b/\liolffﬁ, aspegipfly dhgsgwith

in the invention if they block the activity of BMP-1 5
impravedaireliyo tharabtyristit®sich he havingj a prgfer Bifb-life, Dribeing kess easily

receptor. Mnetics that are nost effective in this

degradBeP tm-ﬁd Hlvé“ efnhareusstarty of binding
speci Ti cal y to -1 5 or the BMP-15/BMP-15 receptor

00 B T pr o ppfincEEBRS, Aois dfipst GOF-9
rece;ﬁ%%gcﬁlg@% %\'h [ﬁ%% daqd'r{%g'e%‘ﬁgg?qs@% aﬂ%gnﬁhg}oﬂ&?@bg%mdmg
M netics useful in the nethods éf the inventi

to GIFH $4ch BNBDF-8 RIDPRI, myiatAc D FE roRPRIEofalistat and

denonstrated, for exanple, by inhibition of ALK6 or
follis@kiRtddmdinrabintajnimgd pradeiost and Feresiass dyereotmeay tdrbe used in the
suitable mnmetics may inhibit BMP-1 5 activity
inverapoci ated with negative regul ati on of skeletal nuscle
mass and bone density. 5. NONPROTEI NACEOQUS | NH BI TORS

[ 368@% ’\b'TfHé%% ‘Ei@Q Vﬁll b8 @ff@bﬁ\% M thBGhethoad of ties mventlon if

ecu es and nucl eic acids, may al so

ey B A PRl DS Ao R g 1

ooty HirSe 2 S BB KOsy B0PkAvg o property o
bindingisiscifsat ISAT-5 P8 (IS SKaRF BLARORIRT GUTRIPX. Such mimetics
may be capable of binding mature GDF-9 with high affinity, and may bind the mature
protein whether it is in monomeric form, active dimer form, or complexed in a GDF-9
latent complex. Mimetics useful in the methods of the invention may inhibit GDF-9
activity in vitro and in vivo as demonstrated, for example, by inhibition of ALK5 or
| BMPIIR binding and reporter gene assays. Further, the disclosed mimetics may
inhibit GDF-9 activity associated with negative regulation of skeletal muscle mass
and bone density.

[0097] Mimetics of BMP-15 inhibitors may also be used in the methods of
the invention. Any synthetic analogue of these BMP-15 inhibitors, especially those
with improved in vitro characteristics such as having a longer half-life, or being less

easily degraded by the digestive system, are useful.
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secretagogues. [01 02] Methods to identify small
nol ecul es that specifically target a protein of

WO pdoenesse such as GDF-9 or BMP-15 are wel | knomem/uszopTiesso12
art. Small nol ecule and/or peptide libraries may be

S ed , f.0r . nhi Qi -' f 1’0 ; -
58I ileyeERY Abliogdled agehlsy ENEHED afModts BRins) BMP-15
ted t
recepibanooifiad soile ESEetOBHIN (Raeplaus s efaéo@feraptfms binding
A204, or gr anul osa cells. Small nolecul e and/
to BMR: b8 istieh BB MP Wspiepgptife onpiated BMPIe prapgpide, foliistatin and
conpetitive radioligand binding assay of GDF-9 with
follistatirsdoa@ptomtainimg |prdiems, anorFefusigriseheeedf ohaybakkbe used in the
receptor. The use of fluorescence resonance energy
,nven%@nsfer (FRET) - based assays, such as the anplified
'um nescent proximty honbgeneous assay (al so known as

@C%@ gc:r Tes t Irpﬁ?étﬁs’\}é\l%reﬁ&ﬁ%%th%@eﬂﬁdn flt8&y BRck the

y Sultable sma e | nhibitors.

- t e
actviyorE B B el itpef oz e @%@&ﬁgwb@ S
~used to identify interactjng nolecu
Vimefigs tha e mas SEEi & B s auanibn Riepeole Roparyef birding
of beads. Peptides interacting wwth GDF-9 or BMP-1 5
specitieailyite BiVIPe1 tioethef BIMPst5/EBMPig rasspips compiexcHBueh mimetics
peptide for use in such an assay is:
may @é?e o¥ ARARYGNRTAYGHEGBKA P BEQithDnidaf)nity Chihe maxlaing| tbe
RETbased assays include tinme-resolved FRET (e.g.

matu#é“?ro'tﬁh%e’iﬁéﬁ i€ ﬁfmgﬁéﬂﬁbﬂgkéﬂ ,achgé difer fdon, bP c8/IpRSERd in a

tors of |igand dimeri'zation or to identify
BMPE@a%r@%Bgﬁl‘%)g Y rﬂ?flcéag% ﬁﬁtthé‘”rﬁ%thgéé tbf‘ﬁ%ﬂlﬁggnﬁcgrpﬁwag inhibit
o et it P B850 e B on o

technol%g (Biacore International AB, Uppsa

ALK pieabii! %wdlngquemﬂeag@@e&ﬁ%ﬁp Faﬁb@r ﬁ%ala'@éﬂmeﬂcs may
addi ti onal screening assays, e.g. secondary and

inhibit 8MP-dbyacivippssodiateduwitin eegamawrtagniatlon@f@a@éal refiscle mass
such nol ecul es on bone cell differentiation and

and BoHecdédiy. and on bone density, for

5. NONPROTEINACEOUS INHIBITORS
[0100]  Nonproteinaceous inhibitors including, for example, small molecules

and nucleic acids, may also be used in the methods of the invention.

A) SMALL MOLECULES

[0101] GDF-9 and BMP-15 inhibitors useful in the methods of the invention
include small molecules. Small molecules include synthetic and purified naturally
occurring GDF-9 and BMP-15 inhibitors. Small molecules can be mimetics or

secretagogues.
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exanpl e, using assays described in detail above. B)
NUCLEI C ACI DS [01 03] The terns "pol ynucl eoti de, "

wo edorgassc! eoti de,” and "nucleic acid" refer tBCT/U52007/065012
deoxyri bonucl eic acid (DNA) and, where appropri ate,

et i o PG B o
of int%gg{,% gg 3’:3!\‘4@1(1&; Iﬁq\&gﬁ kcégg\g(%gﬁg ?tt rSamal?molecule

pol ynucl eoti des include, but are not |limted to,
and/qplpestitie libraxiesrmay Qgrﬁ@m@'\ﬁdwf@( adtibition of GIHNR wsingapy of the
RNAi, etc. The term "plasm d DNA" refers to double
GDFQthQBMI ASdayhdésdribedi almvieaincludieg bet net lirsitéN' exprassion of
refer to a nucleic acid which is a double

CAG@%&%@% %)(‘ilhﬁ&lfé}%et&%ﬂELlhbfé/ra%@ ih OBBF, CV-1, A204, or

egr adat i on o MRNA t hereby "sil enci ng" gene

oran 84 B8 8 oDl o orkt ridples e hosien n
A i

encode proteins that can interact with a GDF-9
exampie.epselublesiesrpies. Ahraissrofgioresgenshderanance @nqrgy diansier
in the invention if the encoded proteins bl ock the
(FRET)+#dised asba@isughtas thesamplifiegt lumingsdent prasgmiy borkageseous
activity of the receptor after binding of GDF-9.

assa (A8 iKkhe aPTAIERaB Sreen/TBerkinElter, Baxten,MMA) hady also be used to
Interact with both GDF-9 and its receptor. Such

identﬁ?‘%Pﬁé&e%ﬂ?m%%u%afﬂgﬁt]@ rd, olrﬁl’hih; 551?0%9& hrDPId gétide or

e I nvention Sim nucl ei ¢ aci ds

o Ebs048 RFATE R S5t R ey U e

) t hat |nteract vv@ B\VP 5|tsq Al t er nat,i vel 0 I
interagiigomelacsasayit H@O%%P%@taﬁfb? APIeH e 26O arcRAOPRRUIation
a BWP-1 5 receptor (such as ALKS or BMPIIR) and nmy be
of beafdse Repiides interastingwdiit GO -2 or BAAPeifcertbe gisst dsaskfor

bl ock the binding of BMP-1 5 to its receptor or if
screéiny dsbayk Qe GIDF-O\ddpyideffot hee inesueit am assayeis: bi ndi ng

of BMP-1 5. Inhibitors, of course, may encode proteins
sQLKPAb NI Y WPHY DRGDBMEEQSDANG:5)t Othee erbmiplesSOIFRET-

nucl ei c
based assays include time-resolved FRET (e.g. the LANCE system of PerkinElmer,
Boston, MA) to screen for inhibitors of ligand dimerization or to identify small
molecules that interact with defined GDF-9 or BMP-15 peptides. In another
embodiment, interactions with GDF-9 or BMP-15 of small molecules or peptides can
be analyzed in real time using Biacore systems technology (Biacore International
AB, Uppsala, Sweden). The invention also contemplates the use of additional
screening assays, e.g. secondary and tertiary assays, to further identify the effect of

such molecules on bone cell differentiation and function, and on bone density, for

example, using assays described in detail above.
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acids can be used to express BMP-15 inhibitors of the
invention. [01 06] The nethods of the invention

weewon ass t he use of RNA interference ("RNA "PCT/US2007/065012
reduce the expression of GDF-9 or a receptor of GDF-9
Sﬁ?h a 0 IR RNAI can be initiated by
' aci d nol ecul es, synt hetic

by " BRSSO S

enes. See, for ex S, Patent Pu
refer B 01iBoRIGIeErasic J0/ b 8694 0DES SRRIPPLAS. 1BAPERKCRissacid
6, 506, 559, and 6,573,099. [0107] An "RNA interferin
(RNAxgemeptide nustaic BeideiPNA)s Ehe/tesgieshouithatsoi br enderstand to
with or inhibits expression of a target gene or

includienadiesticegnglogs, and Sgle ot doditde strardedpolynBblaotides (e.g.,
interfering agents include, but are not linmted to,

s.RNR)J CEfe‘érﬁgfé‘é & pBRIrRE GtRiek et Iue Lt RN nee lidREd &S, Masmii DNA or

ogous to the target gene or genom c sequence,

r S t O«
fragnteiist TGO SIPH GRRRIAR VA € SR i T erers o
ecu) es h inter wi th or .inahibit. , £ssj on

doublir St AR RN AYBALI By ef#@e‘?f'@?e?i AL UAS Tefeldp 2

herein, "inhibition of tar ene expreSS|on
nucleihacidaeychiga d@ubieaﬁéanciedeg g@i ldas Bie ahiblydp dnduce

activity or level of the target gene or protein
degradutioderf rRNithtbetebyysileneing” g edpreseiase nay be of at

| east 30% 40% 50% 60% 70% 80% 90% 95% or 99%

onofeY]e aNuEleRPaigs tHa thitcaXiplbes Feactivity df GDBS agamseful in
or the activity or level of the protein encoded by a

this ii.ti\?’etr %‘n G ihH%itoF?figY%g}cgﬁﬁ'brég e ri?é(ra%f‘w%DF 9 itself.

eril ng agent may be chemcally
th b
AtergielE BB BRYs Thal eBEOET B ﬂacﬁ%'gariiifitein InferAgLyith, 2 GDF-9
receptgh@scu%gl ’AE@@%’r g%ilékangggéae% ggt?\ﬁgi%%gg in\%’i%oggf the
or 30 nucleotides in length. In one enbodi nent, the
encogde®Rroteinsablaek B‘ieeblgﬂm'ﬁfe@D R tissIesepiar atiitieY bipgkdthe

about 40 nucleotides in length, for exanple, about 15
activityof the receptor after binding of GDF-9. Inhibitors, of course, may encode

proteins that interact with both GDF-9 and its receptor. Such nucleic acids can be
used to express GDF-9 inhibitors of the invention.

[0105]  Similarly, nucleic acids that that can block the activity of BMP-15
are useful in this invention. Such inhibitors may encode proteins that interact with
BMP-15 itself. Alternatively, such inhibitors may encode proteins that can interact
with a BMP-15 receptor (such as ALK5 or BMPIIR) and may be effective in the
invention if the encoded proteins block the binding of BMP-15 to its receptor or if

they block the activity of the receptor after binding of BMP-15. Inhibitors, of course,
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about 28 nucleotides in length, including about 19,

20, 2 1, or 22 nucleotides in length, and may contain
w@2®b/18386 or 5° overhand on each strand havi ngpar/Usmgt/ns012

of about 0, 1, 2, 3, 4, 5, or 6 nucleotides. In one

may TR 2D h OB S GRSl i

capabl e of pronoting RNA interference through
acidsagrbaiusedio @xp@g@&%ﬁdSpBBrblt@rSa%fstbeuwerﬁwar gene

silencing (PTGS) of the target messenger RNA. [01 10]

s[0083 usHiametmodshef thretimorgioofendompassdheiuse GilRWA

i nclude small hairpin RNAs (shRNAs). shRNAs are

mterfér%‘ﬁé@smlNAf’) o FURICE the eStpredBi ofl@DFce abautcédtor of GDF-9 such
nucl eoti de) anti sense strand foll owed by a nucl eotide

as ALt@é)pr BMARL Y RN A ARO ﬂ??&] Hﬁ é’tﬁr Vel&?/ﬁg nﬁ%\@rctemd molecules,

ogous sense strand. sense

o S TR B AR A RASL5 R L oo oo

contained in plasmds and vi raI vectors [L{Oé E} 1 E”
or srlem&;@wm%ﬁl@ﬂ obtargakgenaSe®| foF axaBpls: piasd &yb. Nos.
i nvention can be selected froma given target

20034EH351 0andR2003H 86T 1, andILe &t |P@éer§m&@®6 559, weh6:573,099.
from about 25 - 100 nucl eoti des downstream of the

sf@i@7]codan “RNICInesfd iRy sganieas esed dRreinid any agenbthad’
untransl ated regions, as well as regions near the

rnterférﬁR\krtﬁ %‘f‘%r t@éftﬁ%srﬁﬁrof tartﬁrg@ﬂe%@ cﬁ@zr@hﬂ@%bé}hé% B RNA

nol ecu es are wel known i'n the art, incl udlng a

mterfrzértoiear%u{hshttAezﬂéd%n@ott L35 RSB UY 1. rucii
392: 7 6 2005 01 1 b r od
7% b oyl FhER R amRERSS 5 %wrge Yene or
Nature 418 244- 251 (2002); MManus et al 0 é
genoreic seRueneawr afragmentthereqioshort indederng R (\E’oéﬁz@N yshort
Bi ol ., 243:209-214 (2002); Stein, (2001) J. din.
hairpimeestnall hadpsdEhROA), ead&mall mn@czmleiphcrzteo‘mye With or inhibit

Struct. Biol., 8(9):746-750 (2001 ) . Preferred si RNAs
expré’éétoﬁopé't@?elﬂb@ﬁ@lb?fHNAtrm@rfb%hcb?:] si RNA i nhi bitors

can be used to target CGDF-9, a CDF-9 receptor

[0108] As used herein, “inhibition of target gene expression” includes any
decrease in expression or protein activity or level of the target gene or proteirt
encoded by the target gene. The decrease may be of at least 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or 99% or more as compared to the expression of a target
gene or the activity or level of the protein encoded by a target gene that has not
been targeted by an RNA interfering agent.

[0109]  An siRNA may be chemically synthesized, may be produced by in
vitro transcription, or may be produced within a host cell. Typically, an siRNA is at

least 15-50 nucleotides long, e.g., 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30

nucleotides in length. In one embodiment, the siRNA is a double stranded RNA
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(i ncluding ALKS and BWPRI ), BMP-15, or a BMP-15

receptor (including ALK6 and BMPRII). The sequence of
wW@noogil 86 f or ALK5, which is associated with PCT/US2007/065012

dosedependent suppressi on of CGDF-9 actions, is set

(osRB] alanqad Bt dotueTeiinendy terhE ok PRERIR. PRSI da L0

can al so be used to reduce t he expressi f -9, a
aboulcZ§-nocleetieen v lengipinphudigg agophi120, 14de @b?grn.uc eotides in
"Antisense," as used herein, refers to a nucleic acid
lengtie,apabinayafonteibai lianidiey 5’@varmmd o eaokh straod dianiygaam ength of
noncodi ng regi on of nRNA by virtue of sequence

abou@@”p@'@ﬂt 8! bt § nutleotiaby. imbes ketbdtiment, thé SERINA @andnhibit a
fromthe nRNA. Antisense nucl eic acids may be produced

targegaéﬂé’ l?ztt%ﬁ@?ﬁ ud QM RLAS. f% Ay HRESANA fé”éép?a?ﬂ@ Bf

ogy: r|nC|p ‘es, egles

promAglgq;RmHggégr hak éigr%éj‘gh (E%,w%tﬁ)%ﬁ ?@%ﬁg" eﬁoﬁﬁﬁ%‘én&tlonal

ol i onucleotldels set forthln% t et al., Biol.
Qeneﬁelﬁﬂ@@g (87 GRni 4o 1argebDpssenear @ “Nucl ei ¢ aci ds may

be adm ni stered at a dosage from about 1 nop/kg to

aljfout0]20 sifNAs uskipkindhagnethods ef theviaveptorbalsprieciude small

synptons and the progression of the disease. The
hairpdPRNAY (sARNAY)f ebRNAS deseomposed etca stoliye @. abeat 191tp about

clinician fromthe follow ng ranges: about 1 ng/kg to

t | lakBut Bl®dbout 9
25 B L R . Ao, B oo

o8 B S0 MDAV 1 ey
e LBl R e AT heso

i ntramuscul ar, intracavity, subcutaneous or
shRNAg maydperapntmnaesin Qleamidsiantheral YeFre: aci ds may be
obt ai ned, isolated, and/or purified fromtheir natural
er[0il 1 thnefihe tangembeagm phiheysiBhifemeledutefofethequgsent invention
form Systens forcloning and expression of a
can l@@lbi&lé@tetd fdemi dgiveM aaiget geqlierttid. f Boremtaniplef nualbdideasequences
we
can begin from about 25 - 100 nucleotides downstream of the start codon.
Nucleotide sequences can contain 5’ or 3’ untranslated regions, as well as regions
near the start codon. Methods for the design and preparation of sSiNRA molecules
are well known in the art, including a variety of rules for selecting sequences as
RNAi reagents (see, e.g., Boese et al., Methods Enzymol. 392:73-96 (2005)).

[0112]  siRNA may be produced using standard techniques as described in
Hannon, (2002) Nature, 418:244-251 (2002); McManus et al., (2002) Nat. Reviews,
3:737-747 (2002); Heasman, (2002) Dev. Biol., 243:209-214 (2002); Stein, (2001) J.
Clin. Invest., 108:641-644 (2001); and Zamore, (2001) Nat. Struct. Biol.,

8(9):746-750 (2001). Preferred siRNAs are 5-prime phosphorylated.
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known. Suitable host cells include bacteria, mammalian

cells, and yeast and bacul ovirus systens. Mamal i an
wa@edo/1133ses avail able in the art for expressi oPCDUSHE07/065012

het er ol ogous pol ypepti de include Chi nese hanster ovary

ngtﬁ 13] m&ﬁhﬁeilnhﬁ oP&R4n B@'@e@irt{)ﬁé@?gg}e d 5 Gb'ﬁ% receptor

melanoma ce s and “man

(ncludfia §TbBard BMBFDPNE 1 boor ABMET rrs%ﬁétosg i ALK6 and

ression Systens, eEds. Fernandez et al., Academc
BMPEHgsEh@ seqmem of a sIRVA TaUALKDI whighds asso@atedyuith dose-
chosen or constructed, containing appropriate
depenédgnll Alppryssien oEGEFSY dctiohsids sgt fortmintMazerbquenetsl,, Mol.
term nat or sequences, pol yadenyl ati on sequences,
EndoRR8INg 8165365 (I¥R,)). el ection or marker genes and
ot her sequences as appropriate. Vectors may be

IOI {419S  Rhti% e%{{ Ig%pﬁcleogaé’% n%ﬁso%@g.@@a t r\%ﬁjee e,

pro riate. ssee

oo G B T BB e A P

Many known techni ques and protocols for manjpulatio

“Antleﬂn%’ba%U§e<a8ewln,fr@feréieﬁmu@lelp RCit egRabie PhRYRydizing Toa
nucl ei ¢ acid constructs, nutagenesis, sequencing,

portiomof @ dodingoandiér mCGdingregion of aiRNA byevidug obsegurnce
and anal ysis of proteins, are described in detail in

com@nﬁw@ﬁtﬁnﬂj’rtﬁ‘ew iatarieridgl vtrutrans|Btioh froyn thebdR\NAAUAntisténse
et al 2nd ed., John Wley & Sons ( , 1992). [01 18]

nucle"b aergg%a g@'rﬂ'o&@éeob@sﬁ@%%da?d WM qUIRRIAS AESSibed in Antisense

enco |ng a di't1 onal pol ypepti de sequences for

orugf 3Pl ERLERRES SSPtabdod ARpRSr ST S 2t oropte
March @ﬁkg é%@ggﬂ., ﬂé@ gggﬁ%{gé:eoclaf %ﬁw*g@@f errégesglléonuczéotide is set

phosphot ransferase (responsi ble for neonycin ((418)
forthe YL balodiol. iomyer o4 Ko Pdaaeeise (DR |

hygr onyci n- B- phosphot r ansf erase (HPH), t hym di ne ki nase

( T8} 15] acRluckic acidagnaygbé achosisttasd at amsagErf&)rg aouhé po/kg

to about 20 mg/kg, depending on the severity of the symptoms and the progression
of the disease. The appropriate effective dose is selected by a treating clinician from
the following ranges: about 1 pg/kg to about 20 mg/kg, about 1 pg/kg to about 10
mg/kg, about 1 pg/kg to about 1 mg/kg, about 10 pg/kg to about 1 mg/kg, about 10
pg/kg to about 100 pg/kg, about 100 pg to about 1 mg/kg, and about 500 ug/kg to
about 1 mg/kg. Nucleic acid inhibitors may be administered via topical, oral,
intravenous, intraperitoneal, intramuscular, intracavity, subcutaneous or transdermal
means.

[0116]  The nucleic acids may be obtained, isolated, and/or purified from

their natural environment, in substantially pure or homogeneous form. Systems for
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phosphori bosyl transferase (XGPRT), luciferase, and

many others known in the art. H Pharnmaceuti cal
w@oupasidsé ons and Met hods of Admi ni stration [ ORCT/8$2007/065012

Met hods of admi ni stering pharmaceutical conpositions

. ot . i Straliept i L
cloni A R BSfper b Shfcl i ant it ot ol
wi thout | m.tation arentera i ncl udi
row SUEb A AAL L R BEESOLAE heblBRHHL0R, and veast and
intraarticular, intranmuscular, intracavity, or .
baculpyirgspestemen ddammgliasGedidinesavalpblerip ihe af/t,for expression of a
transdermal, or oral (for exanple, in capsules,
heterslogpas potypeptide incibdeChjnesadrdmster puatyaelispHaha cells, baby
i ndi vidual may occur in a single dose or in continuous
hams®r Kighey Bélls, N0 reRestmadnbmastgligtaramangiathérs. #gorammon
a variety of physiologically acceptable salt fornms,

bacteHAfh85t iWE RofiN FF %ﬁ&tr%@llg fsBﬁé'élB‘?SﬁHFdd%lngC@bféiﬁé from nucleic

and/ or additive as part a pharmaceuti ca

L

conpositions. Physiologically acceptable salt forns

1999 nd st andard pharnaceutical fornul ation techni ques and
excipients are well known to persons skilled in the
af®118ee, Seitable ventoss cpabe closer RepsskHeled( FOMRINND 3,
57th ed., Medical Econonics Conpany, 2002; and

apprasidte géguiatorn se§aémoese irmhutify podroter skqBeacess tgrmisdr
CGennado et al., 20th ed, Lippincott, WIllians &

sequ%&%,g)ﬁly%@hﬁph%&@bn%& Wrikhaeer s6qtiatcekNsdlBétion or marker
net hods

of the invention may be adm nistered at a
oonsGSHEREGL BB ok O HrA, VR Pa TR 0.
t he dj sease, The apprqpriat ffective dose i -
phagePEEhAGETAY 2SERBEOMIASCIFN WIS G981 146 & ar Mglpryjar Cloning:
ranges: about 1 / kg to about 2 kg, out 1 /K
A Laboraan, MangangArbroalat - £ dkq COBY abte Fagpwgaboralory
about 10 ng/ kg to about 1 ng/kg, about 10 ng/kg to .
Presap(d989)L0Many/kogwratiechniques and protagbtafor manipwgtiomatinucleic

about 500 ng/ kg to about 1 ng/kg, for exanple. [0122]
acid,!for éﬁampfw‘mdrdmmmn clomgudsit taicthsonstedts, matagenesisods
t he

sequc:ncing, introduction of DNA into cells and gene expression, and analysis of
proteins, are described in detail in Current Protocols in Molecular Biology, eEds.
Ausubel et al., 2nd ed., John Wiley & Sons (, 1992).

[0118] A nucleic acid can be fused to other sequences encoding additional
polypeptide sequences, for example, sequences that function as a marker or
reporter. Examples of marker or reporter genes include -lactamase,
chloramphenicol acetyltransferase (CAT), adenosine deaminase (ADA),

aminoglycoside phosphotransferase (responsible for neomycin (G418) resistance),

dihydrofolate reductase (DHFR), hygromycin-B-phosphotransferase (HPH),
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i nvention further conprise a pharmaceutically
acceptabl e excipient. As used herein, the phrase

wO plvanmaseut i cal | y accept abl e exci pi ent” ref erBCT/USBNY065012
and all solvents, dispersion nedia, coatings,

ntibacte an
thvm@msomaﬁeoﬁ@efag%d §ehldr gRlaghAT D), %i*%%r%ﬁta%ar 3
npati ble with pharmaceutical adnm nistration i?he
phosmorm%wtr@@afeéa%@( sIUCBRrasRarRA CRAnY @ ﬁr%/k%%w% eart.
subst ances are wel | knovvn in the art. The conpositions
rmy aI so_cont ain otther act i ve corrpoungs prow d| ng

funct| ons. The phar maceut i cal conposi tions may al so be
i f@118)ed Mathodsaitasinmisisterngrhararacsiuipalenmpesiiensaie known
Wth instructions for admnistration. [0123] A

in thedhar MagmiHistelont asrposiirhited ta any particutdreliverylsystem and may
conpatible with its intended route of adm nistration.

mcluéfé( Wo‘iﬁ glﬁftta%ﬁ ho&RARAE! (hAtGing %@lbb‘%n@bbﬁt intrié¥ous,

or mul ati ons, provi ded naked or in conbination

sntrarﬂeﬁglbaﬁv,aﬂgrgéﬂ%ﬁﬁgemi % I[Jf;arg liéggc vify agr it h?%)élto dé:é]r%ﬂectlon)
har maceut i 0Si |on in gon unction with carr
rectal) dpaica B PAvEIa QLT R BxaBpfothErbeHfm sPPBREns
for gui ded bone regeneration and/or bone substitution,
table®)afysineipistation ¢o anandiviskial Mmay|asger gw,ﬁﬁ@je gose or in continuous
pol yet hyl ene glycol (PEG-, hydroxyapatite, collagen
or intenditfeinb re pedd asiednilstraﬁd)masand insswealf & vdoidin og pbbygsiolegically
Exci pi ents can include pharmaceutically acceptabl e

acceﬁﬁibﬁé salPRIntEaanbAT Wigsan BecsptEBR, pHarelagie0Bcal @a@ryr and/or
aci ds, ynthetlc pol ymers, natural polyners, and

addltﬁ}ér 5? LAY 3 %%Q%ELB i¢hl g%ﬁﬁsﬂloﬁg@ggbm éat‘ﬂfe t he

nven I on, tors BMP-15 no uI ators

By TR o e e BRSSP e hlaet 7o e

formof acyllndrlca rod suitable fo n
pharmgsesfiealisgrinpsiiomsg E’ha%'e'qgmaﬁivgcs%a@h FEREEB standard
enbodi nment, the injectable formulation includes the

pharmaisebtical formmaatiomjeahmiausisanctexcivienisr areauelllsaown fgersons
det ai |

skilled in the art (see, e.g., Physicians’ Desk Reference (PDR) 2003, 57th ed.,
Medical Economics Company, 2002; and Remington: The Science and Practice of
Pharmacy, eds. Gennado et al., 20th ed, Lippincott, Williams & Wilkins, 2000).
[0121]  Modulators useful in the methods of the invention may be
administered at a dosage from about 1 pg/kg to about 20 mg/kg, depending on the
severity of the symptoms and the progression of the disease. The appropriate
effective dose is selected by a treating clinician from the following ranges: about 1

pg/kg to about 20 mg/kg, about 1 ug/kg to about 10 mg/kg, about 1 pg/kg to about 1
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in US Patent Pub. No. 20050287135, which is hereby

i ncorporated by reference. For exanple, Hyaffi 1p65
weanwhesssed as the hyal uronic acid. | n anot hePCT/US2007/065012

enbodi ment, the i nj ectable formul ati on includes the

o R T AR BBRSRIOT By )0,

cr stalline it 0S

100 1 lray S oRG, ad pbant s B BrAR ttqu%ﬁgaﬁ%{t?’ia@“@ﬁd
conbi nati ons thereof as described in detail in US
PEI?] PUD.SORRE embOSI08S70oMRABIEANS sispdiriie methods of the
i ncorporated by reference. [0126] In certain

inven@ioh dakittimmdampridara phamrhadedtmatly acdépabB\MXxclfienn MAd used Hierein,
may be adm nistered in conbination or concomtantly

the phéaisd “BhBﬁﬁaéélﬁkﬁWH&ééptﬁ@M&énﬁ lr'éf@r@@ afy 8nd all solvents,

bi sphosphonate (nitrogen-containing and

dlspe'?é:i{}n %éél&g afﬁg@t?rl‘luo“ ml%‘?ﬂ'ﬂrﬂﬁun aef% Qﬁfserélﬂ&mc and.

rogen, stron nelate, vitamn

D.and, its anal 0 cal cium
absoguPRdelaind 0o anfZeE lerhAbe %P%’ﬂ@%%ﬁwsp@agﬂbdceutwa'
ral oxi fene), osteogenic proteins . BMP- 22
admigistalioR. Thanee of sychinpedlia, anﬂ@gq;m f;qrsor@«rmaceu ically active
Non- Genot ropi ¢ Estrogen-Li ke Signaling (ANGELS), and
subsiaacas haye victl Kmomwmoindghé¢ ATtHH) Theg epropbsitions mayvalso l:pntain other
, - bi sphosphonate ester, which activates farneion X

acnv@@b LREs rpe@mhgrsugﬁcém@mal, eidaitiohal] &g leatiahtod tigrapbiiic
S- hydroxy- S-net hyl gl ytaryl -coenzyne A) reductase

functﬁﬁﬁ €.THe h nﬁégtlgﬁer el%{é#ﬁbns”ﬂa %?@Wd @ container,

erences cite In oné preferred

are co

':’aCka(&rrf?1 %Pg'{? réab%%ﬁb‘éxtﬂ F‘%tg%“'?gg fﬁ ?&m% Eﬁ%&’l ng but not
[imt al endr onat ci madr ona | o .
e 3, B Basutoa odinneig s Ioufie R HaCompatible with

adronat e, pam dronate, risedronate, tiludronate, YH

its ln@zlgedzeu’@rﬁfr inistratinBp fxemelesof sugh gompesijeapinsiude
salts, esters, acids, and m xtures thereof. |In another

crystalliné qﬂroteih Emnmdﬁtimet prdvida'damalmdsoroiﬁ oGbbivatiordwih biodegradable
BMP-15 may be co-admi nistered with one or nore

olvrast NpPe@At@ANS, including but not limted to

P yBI\/P-g,gél\/P-éi, !

[0124] A modulator of the invention may be administered as a
pharmaceutical composition in conjunction with carrier gels, matrices, excipients, or
other compositions used for guided bone regeneration and/or bone substitution.
Examples of such matrices include synthetic polyethylene glycol (PEG)-,
hydroxyapatite, collagen and fibrin-based matrices, tisseel fibrin glue, etc. Excipients
can include pharmaceutically acceptable salts, polysaccharides, peptides, proteins,
amino acids, synthetic polymers, natural polymers, and surfactants.

[0125]  In certain embodiments of the invention, the GDF-9 modulators and

BMP-15 modulators are formulated for delivery as injectable or implantable
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BwMP-5, BMP-6, BMP-7, BMP-9, BMP-10, BMP-12, BMP- 13,
and MP52. In one enbodinent, an inhibitor of GDF-9 is
w@oooadm3gsé stered with an inhibitor of BMP-3. [BdAI/BF3007/065012
Adm ni stration of a therapeutic to an individual in
accorda . e I
compf§ighe nI TR syt FRLPERS v oot A AR PRl [RGB for
.. .seguence encodi ng the nodul ator |s adm nistered to.th
injectipgoTdMPIATING DSO8R Staie daiorabof- | pe Sliodmans theiyeCiable
introduced into a patient. For specific gene therapy _
formytatigroinolusies sbe inibitsrandce lyaturengBcitestescas desgringd in detail
ed., Humana Press (2000). Ill- Methods of Screening
in U.SureatehaBobsiNe. 2O05GH87T36, phicheintheremeimcoporated heraiseace.
to identify subjects who are genetically predi sposed

For eg?m'ib?é’,il-‘l%fﬁhb%%@n%‘@s&f% ke hpdlufrs 86l Yin avther

tered ‘bone density. In one enbodi nent, to screen for

S e
orosSSBSEbict SR R 5 TR Psn ooy

the test sanple is indicative of an altered bone

crystaline apatitigealsium ppesphiaipdaydrpxypraliteidiedisiyim ghasphate,
al tered bone density in the subject. In another

fluoragditel e womktimatiomsabereof | as/desdrivedonsigtalkin . Srélaternt Pub. No.
for detecting the presence of a GDF-9 or BMP- 15

20050080579, WiEh & Be@bly InGREULNSE by Neferentd. ei C
aci d-contai ni ng sanple, conpared to a subject having a

mgzd@ypemwtﬁh %r%oﬂggﬁ%ggmg ihRibASls 4M/8PBMP-15 inhibitors

ment, the level 9 and/or BMP-15 in a
ubject.is el iV . . d

may B defihjstedi R8BI BLTY hcbMiBniy NihSma MR ihadtis

ri sk of devel opi hg decreased, hone densjty. |n another
COMRQHNSIS SHER1AS: 6| BSBRORANGERe GIBPOoREORkHIRg AN, bj ect

i s decreased relative to a control sanple, and the
non-gitropentcontainingl rapesuite biestoSRIABEt §StHrgeh Spatn: fueride,

l'i kel i hood of devel opi ng increased bone density. [01
stronBQn Amiclat&DRtaAiorD BhE-its dhadqpgs; ichicitoaim, chisiline supplements,

anti-GDF-9 or BMWP-1 5
selective estrogen receptor modulators (SERMs, e.g., raloxifene), osteogenic
proteins (e.g., BMP-2), statins, RANKL inhibitors, Activators of Non-Genotropic
Estrogen-Like Signaling (ANGELS), and parathyroid hormone (PTH). (Apomine is
novel 1,1,-bisphosphonate ester, which activates farneion X activated receptor and
accelerates degradation of HMG CoA (3-hydroxy-3-methylglytaryl-coenzyme A)
reductase (see, e.g., U.S. Patent Pub. No. 2003/0036537 and references cited
therein). In one preferred embodiment, inhibitors of GDF-9 or BMP-15 are co-
administered with a bisphosphonate, including but not limited to alendronate,
cimadronate, clodronate, EB-1053, etidronates, ibandronate, neridronate,
olpadronate, pamidronate, risedronate, tiludronate, YH 529, zolendronate, and
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variant specific antibodies can be used to determ ne
the level of the respective proteins in a sanple. The

WO ewentizeq provi des a nethod for detecti ng GOFPOI/US2007/065012
BMP- 15 or variants thereof in a subject to be

screened or diagnosed ich ingcludes con i.n
phamiAReUTBERY SCesPIailp SPS o5 Ret i ARO I S pE FlraRL b apother
and detecti n?_bi.n'di ng to the anti body. The anti bo%_ )
preferad embagiiment ighipiigysi Gl thanrd/ep ﬁ%%n%é BRY §81%Oca¢Binistered

| abel which allows detection of binding to its
with caret drgeore 8stebgeriotproteing, snclndingwiut ogtlimfted & BMPG, B\P-4,
known to those of ordinary skill in the art. Exanples

BMP-8f BMR-6, BREE-70 BMPIZe Bviphio; BMR 2h8MRB4d, andtNiR52. In one
present invention include enzynmes, radioi sotopes,

emb@@r@nﬁﬁ%ﬁﬁﬁibﬁsﬂ{?@b‘#ﬁg i§86-'a8i6ﬁﬁ€téi‘§él i an inhibitor of BMP-3,

um nescen onpounds, osphor escent conpounds,

P28 c RO ocy S il aeuta 4Pl gdordnco it
bi ol ogi cal fluids and tissues. Any speci nen cont ai ni ng
the metidet eI BVaTHONMABAISRR? BEMeAS SESSCergpy. wherein a

preferred sanple of this invention is bone tissue. The
nucleicaed sequense enoediByrhd Madulatheissadrpisiaterssl to thampagient in vivo
conpared with the level in a normal cell to determ ne

or to VR inevitrd hehighldrecihen htpdeded rasedpatieral fFer sgetiiogene therapy
density. [0131] The anti bodies of the invention are

protogHist 8€e Wrg&ﬁ,e@eﬁé’ THRYASPPototdls! IABIBQaTRANSna Press (2000).
i'ncfuding Frquird phase or bound to a solid phase

carrier. I mrunoassays whi ch use anti bodi es include
. MEPRBES of iS\é?EQHﬁ\d:&E ﬁgﬁﬁggfsi ve i nmmunoassays in either
) . such as radi oi nmunoassays
( and i (i ; tol | . . i i
ch 49150 F8 B MERRUR AR GeePRERKAYY THIRAC IR are
i nohi st ochem cal. as s . on physiol ogi cal
geneligll RISclpPSS 19 RaxinG I L RapBidkBRtY SPRiE snily baye attered
i nvention provides a nethod for det éepcyg%the gﬁe@%nce
bonegdensitgpin gngenmrpdimeny, 4p isgrReigE PBACT QseR|Ehee PPRe
a nucleic acid-containing test sanple isolated froma
densitypineaelatise levaiph CEF-BorBMBntT il a testpshapheirorythe subject and
w | d-type nucleic acid sequence. ,
a control sample are compared. The presence of an altered level of GDF-9 or BMP-
15 in the test sample is indicative of an altered bone density and/or a predisposition
to developing an altered bone density in the subject. In another embodiment, the
present invention provides a method for detecting the presence of a GDF-9 or BMP-
15 variant nucleic acid sequence in a nucleic acid-containing sample, compared to a
subject having a wild-type nucleic acid sequence.
[0129]  In one embodiment, the level of GDF-9 and/or BMP-15 in a subject

is elevated relative to a control sample, and the subject has decreased bone density

or an increased risk of developing decreased bone density. In another embodiment,
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[0133] "Variant," as used herein, refers to any GDF-9

or BMP-15 nucl eic acid sequence which does not
wa@enraspend to the wild-type GDF-9 or BMP- 15 nBCT/®52007/065012

aci d sequence, as well as the corresponding amno acid

e e3EEUITA0E P BOFE B3 Adfe BBk DB 158 oy samve

share sequence identity with the corresp pge
and tis suecUNRSINGIRRSEENONS dhNeNiR 251 EerpAssEae] o prdeveloping
Variants useful in the nmethods and assays of the
increasedeloriedensitl. ude al terati ons generated by a nutati on,
a restriction fragnent |ength pol ynorphism a single
niei3egt | denpaDPRratBMP- (ShRYcifi@antisddies oaant-GDF-9 or BMP-15
deletion, or a nucleic acid substitution naturally

vana&%‘i}érc‘if | ¥htPlodidy ﬁéeﬁ b& ﬂl@bﬁ Yo BRHrRtth& tRMievél ofﬂlﬁé ?éé;;%bhve

alnge Int nucl eot 1 de sequence I n whi one oOr
oo PR AL {nﬁébﬁ%é@fe@?ﬁﬁé%é°%ﬁbw€#§&nécﬁeotQé’f

residues with non-identical nucl i,.de resi
15 o\GTaS}S Wereelo § SINRPIA R RHOTERS Pegonased ghcT uryee
proteins, that contain substitutions, deletions,
contactisgran ansGOF-8 artiMBridt antibaskariiv A<elliar Arotpsuaad gfetqqtmg
| eave a 70% honol ogy to the original protein over the

bindifgtd &rpamibony. piitd anibodpaarbe direttlyclabsedwsitth aeompound or
substitutions involve am no acids that have the sane

dete@hblel 1Ab&IAINiIBR AREWE IRSectionl diBifidihg t& it8 AinfigeA.C Different labels and
conservative substitutions include the changes of;

methgbg'&'f Eﬁ)ethﬂg%?% !kﬂ?wg% FhSUAEr Srdirdary SR |n ﬂ‘?’é’ﬁﬁa@@%élé’s of the

ut'am ne as artate’to gl utamate;

4P B RS0 HOP S AR St

asparagi ne or gl utam ne i sol eucine to | eu?
radioggojenesh duoressenheompoyads.roligidal awtalscehrmi WQeﬁ%eff"

argi nine, glutamne, or glutamate; nethionine to
commcmmSnphospnczresmmqompqmdsyam bidlwsinescept eampeunds. The

| euci ne or nethionine; serine to threonine; threonine
levello? GIBFIgNer, BMPy % ephde datettedads isamplésyisoteitexdafrbm biological fluids

tryptophan or phenyl al anine; valine to isoleucine to
and fi&lifesNRny specimen containing a detectable amount of antigen can be used.
A preferred sample of this invention is bone tissue. The level of GDF-9 or BMP-15 in
the suspect cell can be compared with the level in a normal cell to determine
whether the subject is predisposed to altered bone density.

[0131]  The antibodies of the invention are suited for use, for example, in
immunoassays, including liquid phase or bound to a solid phase carrier.
Immunoassays which use antibodies include competitive and non-competitive
immunoassays in either a direct or indirect format, such as radioimmunoassays

(RIA) and sandwich (immunometric) assays. Antibodies can also be used to detect

GDF-9 or BMP-15 using immunohistochemical assays on physiological samples.
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[0136] The term "isol ated" as used herein includes

pol ynucl eoti des substantially free of other nucleic
w@eioda123p6 ot ei ns, |ipids, carbohydrates or ot hBET/US2007/065012

materials with which it is naturally associ at ed.

P cl ot|d s of ' ' [
PR JB eI b er3te R stolides Ao for

variants. It is understoE&@%h t all pol nucl ot i des
detecting der RepsancedH a0 Dkrs PEEM- 1aryarsns Rugiks. asd gapshee in a

are also included herein, such as naturally occurring,
nuclesg/mmmnmlnmgdestrﬁaénpleowate)d fiiomi peuikjeeld as compared to a control

pol ynucl eoti des. The pol ynucl eoti des useful in the
samp@hhvielg sanild-agsasscloic ddikseguendd.on i ncl ude sequences

that are degenerate as a result of the genetic code. A

ment e |
ngcﬁ%agt eIAHARE e AYTREA HTERIN, REbHIR Ay GDIF.G8RSEMP-15 nucleic

so I ncluded are fragnents (portions) of

{ t ;
acio ffeoR A Aba 46F cBEngedo R RRALREIFDrL 8l BRIFS 18'nucieic
permt the fragnent to specgjfically bridize to DNA

acid §eauanco 5 ek e T S e SRR SRER o sPaieic:, ﬁhe methods of
sequences useful in the nethods and assays of th

the invevntian iintudeMatients iof sea@ents oba Fnd Oh 8 ik Sumhich Gt%ot share
art. For exanple, DNA can be isolated by: 1)

sequbibs idéintiat with tioé cgeespording segiant obtherwiestypet GDprdbe BMP-15
to detect honol ogous nucl eotide sequences, 2)

sequBRé¢erase chain reaction (PCR) on genomi ¢ DNA or cDNA
u3|ng pri mers capabl e of anneallng to the DNA sequence

'I@ ere %ana q_us%)ful‘"i‘mhé’ 860 LBGRS of&KBN ati%ﬂ include

rarles ect cl one ragnent’s wt S

W HEREN °13§éosanﬂg» BBy,

vari ants thereof o be obtained
Singlp Skiactig RO HREHISED oK) So%amﬁlcs%%é*ﬁ!%énf Phrulsic acid

genonmi ¢ DNA; 2) chem cal manufacture of a DNA sequence
substitutipnaaitarally oecuingsy dnigntiodalysmeoipuliaied pd \Aedgiiondés archange
interest; and 3) in vitro synthesis of a double
in thé husledede Bbjusmsiengisich yoneawanse huclestids msiduesadrerdRidant. A

i solated froma eukaryotic donor cell. In the latter
'subS@RSfon'eredandtBntineaBpREement of one or more nucleotide residues with
non-identical nucleotide residues.

[0135] Variants also include peptides, or full length proteins, that contain
substitutions, deletions, or insertions into the protein backbone, that would still leave
a 70% homology to the original protein over the corresponding portion. Examples of
conservative substitutions involve amino acids that have the same or similar
properties. lllustrative amino acid conservative substitutions include the changes of:
alanine to serine; arginine to lysine; asparagine to glutamine or histidine; aspartate to

glutamate; cysteine to serine; glutamine to asparagine; glutamate to aspartate;

glycine to proline; histidine to asparagine or glutamine; isoleucine to leucine or
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DNA conpl enment of nRNA is fornmed, referred to as cDNA
[0139] In a preferred enbodi nent, the present

WO pweniizeq provi des net hods for identifying nuedBUS2007/065012
acid variants associated with altered bone density by

vaind 4 e & BDE e B BB e
o B b AL 54, 005 L8151 85 SHIRRLSE 81

GDF-9 or BMP-15 nucleic acid sequence. [0140] The
seringtewaoninaythreonine itp setinRistrypiopIs G brosigRsyiasjietp tryptophan
allelic variants in a subject. The subject may be

or phbAyiRRYYM) Vaiine hetselarsmgoisietioinea GDF-9 or BWP- 15
variant. As used herein, an "allele" is a gene or

n N§Satc 6B (ARdherbitdheluads!| udRotides
pg(ﬂy rpﬂ?ge?n?é(}gﬁlg&apresent in m)re t#an gggtr# orm

s GERL P S0 M, RIS PR TR o

two cQ of . t he ne o P, a dent

matog 8GR NES f RMb D agrspglﬁge RN (ie Saqg%ﬁe&?f the
honozygous for the wild-type GDF-9 or

invendiontia¢lige ANA @@ﬁtRNMe@lélﬁﬂ@%S M\'thh%n(@ﬂﬁ @D5r9 B?/EJ\EW 5
w | d-type sequence. Such a subject would not be

vanaptseﬂl is poserstoad tat all tpehyadickentided @msoding dloara portion of GDF-9
"Het erozygous, " as used herein, indicates that two

or BMPIf=U&Mnts apé aRsodhclibed alctathesasteanaseally octurhieg, synthetic,
genone, for exanple one copy of the wild-type allele

and |ﬂf§h%ﬂ3 g)f R mﬁjlatteﬂ @{dc‘?égtlo‘élsl ®hé pofyreidRictiaks rlh@éfdl‘@h the

e ozygous Fbterozygous al so

W R S
of the invention provides nmethods for devel R@@Fagrl ’
resulipf ¥14 genstsigade- AfCAMRIBR]ALATVISGAUSNESEIY B gntisense

gene. "Allelic profile", as used herein, is
nuclefeiider lsatinaudest arnisagmaptssiportismseof Hres@m\&@e%cr@@ﬁ!mlew
inregard to the presence or absence, and the copy

acid @ﬁqb@m?ceﬂhat hee 8DEa8 10-18Masas iralelnglthg vehicly i sufficient to permit
the f:ag?]:t::t t;) specifically hybridize to DNA of the variant nucleic acid.

[0137]  Nucleic acid sequences useful in the methods and assays of the
invention can be obtained by any method known in the art. For example, DNA can
be isolated by: 1) hybridization of genomic or cDNA libraries with probes to detect
homologous nucleotide sequences, 2) polymerase chain reaction (PCR) on genomic
DNA or cDNA using primers capable of annealing to the DNA sequence of interest,
and 3) antibody screening of expression libraries to detect cloned DNA fragments
with shared structural features.

- [0138]  The development of specific DNA sequences encoding GDF-9 or

BMP-15, or variants thereof, can also be obtained by: 1) isolation of double-stranded
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[0143] In a preferred enbodi nent, the invention

provi des a nmet hod of determ ning predisposition of a
waacasse o al tered bone density. The net hod i PCT/US®E7/065012

determining the GDF-9 or BMP-15 allelic profile of a

o B4l 3O DR BeigR LR O

seguence a det erm ni ng t he .presence or. absence of .
SequEE ViR Ik deepred v Ddele BET R Gt el 9 in
The invention also provides a diagnostic or prognostic

vitro synthesis PHA desible sirandrsl PR sgsuence bypigvenss tansaripéion of
profile of a subject including isolating a nucleic
mRNAdsolagahfpbm 4 eokarybtc dabpecal!. Imthe latter ngse,edoulle sittanded
acid wth prinmers which hybridize to target sequences.
DNA [c8#Ad ménavofmRMTiswbieBd defieets tahs eDNA.var i ants can
be used. For exanple, allele speci fic ol igonucl eoti des

VTS P RRertAEd AdIRRRE 1he e erRiR Proyides methods
. derecting the sequence of i.n est . f b .
for iBUBES B Get RIS ser B b AL RSPy cetecting

detectably | abel ed by isotogic_or noqisoto i ¢ nmet hods.
the presencarej et tasgrf @RE S0 BNH;dS ofgfirBhANGIGICAGK Ppawrnceg sample
separated by gel electrophoresis prior to _ )
isolaiedrfolrnla subjecrhdwngalirredrbonsl density@s gunparesttp\eesybject having
extracts containing unanplified nucleic acid can be

normial BORE eehsity had ai wildtpkl GDEsEoaBNMM1 6edlait aeidtdequasce.
dot blots. [0145] In addition, allele-specific

agb?ﬁ@jt i F"?ﬁe?ﬁ‘?s&ﬁ imdohlih€@dd8y nfethddd /e Mdertifying allelic

restriction e alteration. Miutati ons sonetines alter

varia?wﬁsf &L%%%@gﬁ%j{ﬁ@’%ﬂe%t W\f‘gg h%Ho%?ﬁBﬁs oﬁéé@r@ﬂ}do‘(ﬁ' f¥r a GDF-9

on sites were-rone

evi ousl yexi sted,, The change, or_addition o
or BYABSY% Vedatin A SSArhe @Gl el 45 foc0s o gullpglie sgavence,
identify a particular varjant, [0146] Priners used i
suchtafea ﬁﬁdﬁ)aycl@ptlaﬁgolymﬁéﬁhismq(Sm ), RSNt Frre than Pasgorm

of sufficient |ength and appropriate sequence which .
(diffepenivsatpenspkini 4 genomiet [ Boinorygdugipagansdingdoitioe pugseat invention,

signi ficant nunber of nucleic acid nol ecul es
indicates that the two copies of the gene or SNP are identical in sequence to the
other allele. For example, a subject homozygous for the wild-type GDF-9 or BMP-15
gene contains at least two copies of the GDF-9 or BMP-15 wild-type sequence.
Such a subject would not be predisposed to an altered bone density.

[0141]  "Heterozygous," as used herein, in‘dicates that two different copies

of the allele are present in the genome, for example one copy of the wild-type allele
and one copy of the variant allele. A subject having such a genome is heterozygous.

“Heterozygous” also encompasses a subject having two different mutations in its

GDF-9 or BMP-15 alleles.
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containing the target nucleic acid under the
conditions of stringency for the reaction utilizing

WO b@7prazsers. In this manner, it is possible tBCT/US2007/065012
selectively anplify the specific target nucleic acid

;@g ce gﬁ@&ﬁbﬁhﬂﬁeﬁm Y G ‘floﬁ?rgvneés Hﬂétﬁé&é?or developing

erm rlmsr refers
nce co

an allgl Rt faohasags] Bea GPY: éeeﬁﬁ@’ ao1danss Al lsrRIpLlsry 2% psed

| east eight, which sequence is _capable of initjati n?
hereir,ia ardaiernipation pf HeeeoraRoSiHaN @ﬁarﬁugmt,s gengme ig regard to the
substantially conplenmentary to a target nucleic acid
presesite anGgbs#hee, dridgthespyatiundieep of ther GDYp® ca BMP cidnalksieor
15-22 or nore nucl eotides, although it may contain
vanarﬁt@‘@ﬁére@ﬂ‘?' eotides as long as the prinmer is of
ficient specificity to all ow essenti aIIy only the

[16)‘{4343{ Cgh'aoﬂre‘?érré@ ‘énﬁ)%%hghﬁ d veRfbA E é3§tmethod of

e sequence (1.¢€ e priner | stantrally

s FETRATERLSER e i A o 8 e

"subst anti al | conpl enentary to each stran
determinadns OIS GLRdIMEL 1% ARICHIBN 1o S UEHL A oy e Rucieic

conpl enentary neans that the priners nust be
acid spddimendranh yhecsulpieetrmwhichrigcludesifter GBIFz2 onBMP t19esgquence and
respective strands under conditions which allowthe

deterdgfiny the presdncersri amienos of a rhutatibhdmthd GDR-Ber BMPdKS nucleic
the primers should have sufficient conplenentariiy

acid %éka@?TﬁFﬁU@rﬁSn% RARTed & digiolstE 38 pidtioatit inkethad for

mt anpli ation o t he nut ant nucl eoti de

deter?rﬁ #%8”@8 @ﬁﬁﬁ%@@ﬁg\sﬁ% téap llcggg;rto%fé;&né‘é,umecf RSILB‘Hd‘EBIatmg a

oL L L0 SRR B0 20KLA8 s i
any anplification process that produces I ncreased

hybridizerioitaiges seauergaset nucl ei ¢ acid, including

pol ynmerase chain reaction. Typlcally, one primer is
cqopi4inenfay ynethod wenicie gatectealslic ariaatsicart be wsedubant
nucl eoti de sequence and the other is conplenentary to

exanple, #RSé bpueifi¢ dligeiuciestideAnASD s eart be uped arrrobes to identify
enat ured nucleic acid fol | owed by extension with
such variants. ASO probes can be any length suitable for detecting the sequence of
interest. Preferably such probes are 10-50 nucleotides in length and will be
detectably labeled by isotopic or nonisotopic methods. The target sequences can be
optionally amplified and separated by gel electrophoresis prior to immobilization by
Southern blotting. Alternatively, extracts containing unamplified nucleic acid can be
transferred to nitrocellulose and probed directly as dot blots.
[0145]  In addition, allele-specific alterations can be identified by

coincidental restriction site alteration. Mutations sometimes alter restriction enzyme

cleavage sites or, alternatively, introduce restriction sites were none had previously
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an enzynme, such as the |arge fragnment of DNA

Pol ynerase | (Kl enow) or Taqg DNA pol ynerase and
woemramsseles or |igases, results in newy syntPerUSEdA7/665012

and - strands containing the target nucleic acid.

existe& eﬁ@? §ﬁgr§&§ ﬁgsgcg%ﬁ OZ %agﬁi%itiéﬁ % &ﬁjlegoaﬁmgﬁ sﬂé Saf!bRPused

anneal i n and extension results | n exponenti al
to ‘de’ﬁﬁfﬁmqlg‘ﬂab‘?arﬂ% region (i.e., the tafget nut ant
nucl eoti de sequence) defined by the primer. The
HoddeLt Brimere usedlin the metheds ebike igyentiordngiuser et e
nucleic acid duplex with term ni corresponding to the
oligoneBié®tidés bheufipient fangtipandaippreprizte peduedtweiabl preokidels
in the art will know of other anplification

speciﬁtﬁhm@heh%'p%ﬁ/n\f\éwz‘aﬁﬁoﬁm aaéugﬁmb&ntlﬂumbé:e@# Autléib SCRP®®lecules

e copy nunber of target nucleic ac:ld [0149] The

contaﬁ\grf_é) ect]a?iéc}‘ii}l‘lg e(?cma&@yurﬁieﬁﬁg Féﬂ&" gb ﬁfﬂﬂg@H&){ drqge PEaction

rm —can rze
aci r. aci ds ovid g
utiizg s ot i ekt I RRSSEe S PRECH n“fmﬁ'é% speci
sequence contai ning the target nucleic acid. Thus,
targetgrusnieis acichse@igriceycontapingtaamusleippridsnt imtrrest; %EWH‘P% the
nmessenger RNA (nRNA), wherein DNA or RNA may be single
term “gtrinzarti @d useddmn@ihe”efﬂrs dmdesquence lcomprising weadr RN i s
to be used as a tenplate, enzynes, and/or conditions
deoxﬁwdnﬁ@leohéés bRVIBHAECIEHIRISS; Drdferebly Belcastpight,avitioh BBduence is
woul d be utilized. In addition, a DNA-RNA hybrid which

capatﬂ?%tf fénr@f'é/rﬁﬁéé}é‘@fg rﬁ?ér%ﬂ@ﬁ(s@ﬁ p%dddt%l%{ is éuﬁétéhﬂélﬁ/

clds nay I so be enployed, or the nucleic

comFEhiRgH B il R 4o P R A SOt

utilized. The nutant nuc|eotide seque

contalify] $-2B1 el MG UeR A tBRLGH K ADaF BRI IEhes fhigleglides as
can be present initially as a discrete nolecule, such

long astite prirees isedfisufiiciedqpentisity naliow essentially asty thesamplification
nucleic acid. It is not necessary that the sequence to

of thebspewifidallf idedirbe tanges rutleotide sedlignden(i.a.,gbe prifmarig substantially
may be a minor fraction of a conplex m xture, such as

compléfibaiai@d i n whol e human or animal DNA.

[0147]  Primers used according to the method of the invention are designed
to be "substantially" complementary to each strand of mutant nucleotide sequence to
be amplified. Substantially complementary means that the primers must be
sufficiently complementary to hybridize with their respective strands under conditions
which allow the agent for polymerization to function. In other words, the primers
should have sufficient complementarily with the flanking sequences to hybridize
therewith and permit amplification of the mutant nucleotide sequence. Preferably,
the 3' terminus of the primer that is extended has perfectly base paired

complementarity with the complementary flanking strand.
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[0150] The anplified product may be detected by
Sout hern bl ot anal ysis, w thout using radioactive

w@embas23sd n such a process, for exanple, a snaPdT/Bsaopt/@s5012
of DNA containing a very |low | evel of nutant

gmzﬁ i d(g '@qﬁ%‘éﬁe@ﬁiﬁgﬁgﬁ%'{e&aﬂrﬁ% uaé;‘@?jn ?ﬁ&%%‘ﬁﬁcé’ﬂo@w frocess

non-radi oacti ve probes or . ci | | .at ed
that prp@jicasaereased ANkt of ﬁaé%e%l@ai% aC[@ifsf:l\f 1 8P PeraSe chain
target nucleic acid is not anplified, detection usi nrg
reactian. Appicaly, icaeenrimer isdomnripaenasie thmpe%tl\f@eﬁ strargiof the
directly on the separated nucleic acid. In those
mutahtsicesttk sérienceemd thegehenisdosimlementhry $o Hrpposities (+)
detection with the appropriate hybridization probe

stranaDNhHeéa TQQﬁéfﬁPFn’{@Q t@fdeﬂétlﬁéa|n'uEle¢@httGrfolldv@é(5811 e%temon with

pro es O he pr esent invention can be used
on oGS PLEF e b R B rgﬁgfsé.nacgwﬁaq
T IR A e

sequences. [0153] The probes of the |nventiqn(£an be .
contairing dhakargel audeERa tBecavsaiBASS PeVHSERE 29 ALe/g|c acids
nost commonl y using radi onuclides, but also heavy
are aieet @hyplaies, Epeataticydtey of denatadngverimabannerlingbend extension
enpl oyed whi ch provides for an adequate signal and has

resuI@Jﬁféwoﬂ@htlélqirbdbmfcm of@hbeegioale s thetrgetemuizga ndsleotide
can serve as a specific binding pair nenber for

sequ?g%@bﬁéfﬁ%dl B)%teﬁl%&mrﬁé‘rd ﬂ'\@ robki&t of Ah¥iadeplividhiicH béa%ftlon is a

s routl enpl oyed i n | munoassays can be used.
.__Fluorescent

cscrFl 5 b BRI E R LA SRARITATF B, BR0E f o specit

dansyl lifero d so farth. m | um cers
D”mWﬁ(ﬁ"GB@ygg cliess - Skihia B s it gt oRat PRITERE o

(e.g., lumnol). [O1 54% Nucl ei ¢ acids having a CGDF-9
metr@domeawblohaaanaaiso berwitized tnincreasentberropy impeyeof target

i nvention can be further eval uated, detected, cloned,
nuclsiegeiehced, and the like, either in solution or after

binding to a solid support, by any nethod usually

[0149]  The nucleic acid from any tissue specimen, in purified or

nonpurified form, can be utilized as the starting nucleic acid or acids, provided it
contains, or is suspected of containing, the specific nucleic acid sequence containing
the target nucleic acid. Thus, the process may employ, for example, DNA or RNA,
including messenger RNA (mRNA), wherein DNA or RNA may be single stranded or
double stranded. In the event that RNA is to be used as a template, enzymes,
and/or conditions optimal for reverse transcribing the template to DNA would be
utilized. In addition, a DNA-RNA hybrid which contains one strand of each may be

utilized. A mixture of nucleic acids may also be employed, or the nucleic acids

produced in a previous amplification reaction herein, using the same or different
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applied to the detection of a specific DNA sequence
such as PCR, oligoner restriction (Saiki, et al.,
w@ew//Texskhol ogy, 3:1008-1012, 1985), all el e- speCi/iiEm07/065012
ol i gonucl eoti de (ASO) probe analysis (Conner, et al.,
oc. .Nat |

.__Proc. Acad. Sci L USA s 1 e

primes gy P blifRG: T dnHsT AusBOLA( Spaddicd to b pmplfieq may be
al ., Science, 241 :1077, 1988), and the |ike. %01%5&

a fractine op adaeger molesweQfGRarbaPesept Biliallyasia discrede molecule, such
detecting altered I evels or variances in GDF-9 and/or

that tiRMVBpdcific sSmadnce corstitutes tharpniireenuclgie abigl. WHE ¢et necegsary that
can be detectably | abeled. Such a probe nay be an

the sétjlidrieady bRy amphfiePbé peesume tifially iher paretfarrgelt mayobeaminor
or fragments thereof, or a target nucleic acid, or

fractidr ggg%?h\;}lé?ﬁﬁﬂﬁre,rs%ﬁ%%tdoﬁéiﬁed WehBle hiiman it =9fhal BNA.
i ndi cati ve, , th GDF- 9

or correlates wt e presenlce of
-1 Lar i .
ol @i Tha Apfibe B 0K peleRied B7 S hern bigt anaysis,

included in a kit and used for exanm ning the presence
withobt Ueing BIGACBIAPIDLSS K} St & Profesacla’ Saamals 4 Siall Sample of

quantitative (relative) degree of binding of the probe
DNA tontaiting ety e téwel of owtarimyslestidepasiuense 43 aawgligd, and

bi ndi ng (hybridi zi ng) sequences, thus indicating the
analyzeleid hSulithen Bottisghpemiqhavirguse opnextiragioaetivet probes or

having altered bone density. [0156] In one enbodi ment,
label$ Lkefakslutatéa' A8 high!RVEI 6f 1B dinpifiedi sigiat i on to det ect

the target nucleic acid, the kit may al so have

. ner L eati de f ol g .

COLGH" SPuBEEYRL PLBE: AP SIS R BB bbieEReh Lag ar

desirable to.anmplify the target nucleic acj :
aorr e WbaienR o e SRSt HELD ol SEHgRETucer

acconpl i shed using ol i gonucl eotide(s) that are prinmers
acid.fln thesepinstansas vdiere g %Vpei RUGRIE B@fﬁa%oﬂfﬁﬁ'ﬂft‘%d{ deteqtiop with the

may provides a container containing antibodi es which
approprate thybedizatige prapeowelld, bepeffor after amptikestionor

vari ants of such a protein, or fragnents thereof.

Thoss2]ja KiThe pRobgot tabrpresénthodkrgionvdanche bised fareexamining the

wi | dt ype
distribution of the specific fragments detected, as well as the quantitative (relative)

degree of binding of the probe for determining the occurrence of specific strongly
binding (hybridizing) sequences.

[0153]  The probes of the invention can be detectably labeled with an atom
or inorganic radical, most commonly using radionuclides, but also heavy metals can
be used. Any radioactive label may be employed which provides for an adequate
signal and has sufficient half-life. Other labels include ligands, which can serve as a
specific binding pair member for a labeled ligand, and the like. A wide variety of
labels routinely employed in immunoassays can be used. Fluorescent compounds

include fluorescein and its derivatives, rhodamine and its derivatives, dansyl,
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GDF-9 or BMP-15 or their variants. Such antibodi es can

be used to distinguish the presence of a particul ar
w@DB7A1386 BMP- 15 variant or the | evel of expreBsi/os001/065012

such vari ants in a specinmen. [01 58] The follow ng

umbelifRe; and et Chetivaie ScBrs FerRel Titeit apd -
recogni ze the nunerous nodifications and variations
dihydropithaniazinrdipres ¢-eedifinohout altering the spirit or

scope of the present invention. Such nodifications and
vioi5]i orsucleie amitohpeng @dGhirt®ion Bd\ﬂi%—1§ocqmn®ﬂetewéed by the
i nvention. The Exanples do not in any way linmt the

methb@é’ SﬂMeQHver&?éN\éE&rE& Rxana e aluatBangetbtiee alonBanséduericed, and
GDF-9 Knockout M ce [0159] The effect of a GDF-9 nul |

oo AT BMER Tl e shpienigy sy

appli i e Felaban pLs sl ChfA e gﬁéﬂ ?? %@%@ﬁef

resm{s"néh?réélhﬁ‘égiht%e?r%w@[ et 22)1%5519@%@%@@

follows. Volunetric bone mneral density (vBMD

oligonycleotie (ASOhprdbef andlysis(Canseeebpliabws. Naitlh§cad. SETUSA,
Research peri pheral Quantitative Conputed Tonography

80: 27T N8By GligohuieeXide liGhtiern assdysdOliAm t(eamiadeen, et al., Science,
Pforzheim Germany). One 0.5 mmthick pQCT slice

241 ﬂ?ﬁaH@%@ 2 themeoxi mal from the distal end of the

! f used to conpute to}al and trabecul ar bone

SpEes igqﬁﬁ% S TR s oD RiRt ik (o yeERRY altored
level3 B yBEaTRas BEDRR aNUoBENr- B 2ovg a6 Gk M BERE GRS

acquisition, the inmges were displayed and the region

whiclis pheasn bgtderteaiaw.la@eleﬁeswh Ao May Boan aadihody gh

was outlined. The soft tissue was automatically
nuclectidevspbcif fog adarget erateiny er flagorants theseof, ohe tagesd nugleic acid,

of the remaining bone (total density) in the first
or frégrhé& tharedlgieepatiety, wWitgepuihertaffetaodidative, or correlates with,
the presence of GDF-9 or BMP-15, or variants thereof. For example, oligonucleotide
probes of the present invention can be included in a kit and used for examining the
presence of GDF-9 or BMP-15 variants, as well as the quantitative (relative) degree
of binding of the probe for determining the occurrence of specific strongly binding
(hybridizing) sequences, thus indicating the likelihood for an subject having or
predisposed to having altered bone density.

[0156]  In one embodiment, the kit utilizes nucleic acid hybridization to

detect the target nucleic acid, the kit may also have containers containing

nucleotide(s) for amplification of the target nucleic acid sequence. When it is

desirable to amplify the target nucleic acid sequence, such as a variant nucleic acid

-55-



bone was then peeled away in a concentric spiral and

the density of the remaining bone (trabecul ar density)
w@boorhessd rst slice was reported in ng/cnB. | nPCTES2007/065012

second slice, the boundary between cortical and

trabec [ .
sequeicgofifit A LAl Bl H s SflctisBbuRe) b ffimers for

det ermi ned. Tabl e 1: Bone Density in 16-week old GDF-9
amplifigaliah-out Fenmale Mce N = 10 a ; Mean (ng/cns) SEM b

: Mean (mMm SEM* : p < 0.05 vs. corresponding wt

vE157] ( Stlndwmetermbadisignt the kit pay poogdes g container containing

corresponding wt val ue (Student T-Test) Table 2:
antibddi& € hicH bigRo 2 thingdt prbtein,i arrrddpnentditheneal, dbeasiants ofrsuch a

10 Month A d Fenale Mce N = 8 animal s/group a

proteid!, %P'rr%gﬁ@?ﬁé i»he%éff %GQt a kit oy esmar ammodles(whiBR)bind to wild-

measur enent Student's t-test); sFRP aninals

ovs S STREP IS PLSAT. S AR g
e o Y ) Fogponr

specification provide an illustration of enbodi nents
such giriahls in@spadmAnand shoul d not be construed to limt

the scope of the invention. The skilled artisan

r §atha]yr etlog follbesng baamptesyproviderillgsttadivie resnibadianeats of the

enconpassed by the invention. Al publications,

mved@i@he ise oPORiMErYIsREl i dhe aBOMEREESYIfizd B humefius modifications
di scl osure are incorporated by reference in their

and veeﬂ#a bibRE ¥hat-';ﬂa32 é)l@glbs Edtv{ﬂﬁwdmtaﬁéhﬁétﬁé‘%ﬁp@rr @édiﬁa Shthe

erence con or I's inconsistent with t

presegrl} \fegélag P %&gﬁ?ﬁmﬁﬁ%ﬁh%n@ (/%ﬁ%ﬂb&\ Segr?fé(ﬂrﬁ:ogrﬁ)tasggd ‘W hlm the

references herein is n adm ssion tha
Scopp &f Bmuestiaf e TR /RrIes 85 Hehd: 3t S@Ins By gation.
[0161] Unl ess otherw se indicated, all nunbers

expressing quantities of
EXAMPLES

Example 1: Bone Mineral Density in GDF-9 Knockout Mice
[0159]  The effect of a GDF-9 null mutation on bone mineral density was

analyzed in female mice. GDF-9 knockout mice have previously been described
(Dong et al., Nature 383:531-535 (1996)). Total, trabecular, and cortical volumetric
bone mineral density (vBMD) were determined in 16-week old (Table 1) and 10-
month old (Table 2) female mice as follows. Volumetric bone mineral density
(vBMD, mg/cm?®) of the left femur was evaluated using an XCT Research peripheral
Quantitative Computed Tomography densitometer (pQCT; Stratec Medizinetechnik,
Pforzheim, Germany). One 0.5 mm thick pQCT slice obtained 2.5 mm proximal from

the distal end of the femur was used to compute total and trabecular bone density for
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ingredients, cell culture, treatnent conditions, and

so forth used in the specification, including clains,
wa@e@7tie3ke understood as being nodi fied in allPCT/US2007/065012

i nstances by the term "about." Accordingly, unless

e S o AL bR 100l BRI Yo o oo

upon the desjr ropertl S, SO .
of ther RENseEHed fesecsroriss BeBSbe ntie S op AR RLHER Han in
term"at |east" preceding a series of elenents is to
planelpixelsizer ot 6d rm. rleallowing agquipifiog) edtages were displayed and
Those skilled in the art will recognize, or be able to
the reafidrest iateresinolyding therentiré éemuofarieaehescps waseowttinédn The soft
many equivalents to the specific enmbodinents of the

tissud WA@ Rt ORafeAN reRr cBaisthdlan ﬁ@edmcw?mhgnaﬁd #eedensity of the
I ntended to bé enconpassed by the foll ow ng

remaﬁy@/@ﬁn%al' ngf‘tﬁ VB bkt shee @/aﬁé?é’ﬁmﬁéﬂé HTngr £5% of the

one ISOf er 1n a

conpri sin mnisterin .
bone R NENGERa ABRY n@a&pn%ﬁ@f?@sswrﬁmdaﬂe%aﬁﬁse& W%?@&wa"ﬂmg
peri od of tlme sufficient to treat or pr bh%
bonedtr@be@éar densityhef Ha firstislise Wﬂ%if@ﬁqted/\lﬁéﬁ the second
modul ator of GDF-9 or BMP-1 5 is an inbhi bltor of CGDF-9
slice,ahe BiBndlanapetwelea dootical dinddrabeculas baneovas delgeminest usieg an
di sorder. 3. The nethod of claim2, wherein the
|teratlv@m \Agd)ﬁtﬂfn hfd Ih&BEN Sty dtithbicoatical Bond hestbominet!. cl ai m
erein the inhibitor is a BMP-15 inhibitor. 5 .
The met hod of claim 2, wherein the bone disorder is
selected fromthe group consisting of osteopenia,
ost eonal aci a, osteoporosis, osteonyel ona,
ost eodystrophy, Paget's di sease, osteogenesis
i nperfecta, bone sclerosis, aplastic bone disorder,
hunoral hypercal cem ¢ nyeloma, nultiple nyel oma, and
bone thinning foll owm ng netastasi s.
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6. The nethod of claimb5, wherein the disorder
7. The nmethod of claim6, wherein the

st er oi d- i nduPemPsS2007/065012
or thyroxin-use induced. 8 The nethod of

e BB ndtRRY B TS SRSB4

ki dney di al ysi s,

ost eopor osi s.
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13. The net hod
mass i s determ
N=%1Y%. The nethod

1

t—by—a—tos

S UI UUIIC L

densi t

DO.

2 wherein the | oss of bone
ned by nmeasuri ng bone ni neral
of claim9, wherein the bone

y.

a; Mdaﬁdzmigﬁrm@)iioBEMs characterized by degenerati on of bone
b. Mgalﬁl(mm/) +8EMThe net hod of claim 14, wherein the

p 4€0EN 0 addrrsspehdiRnet vilaes i Student TeText)r ned by

w* HAS BRFSVL oMespOtdih %Wame (Stu88RI Treafy the bone. 16.
pThe &ﬂgo%b %1 or 9, V\,herelnth)e manmal is
hurran. 17. _ The rret hod of claiml1l or 9 , wherein the

Tablénﬁ(:]I Uéf?etc?rof IGQDFQ'SI ﬁl?l} ﬁ%tgt{o%nééﬁg Mineral Density in 10 Month Old

Female Mice

Parameter WT (sFRP) GDF-9 KO

(Mean = SEM) (Mean = SEM)

Bone Mineral Density

(g/cm®)

Total 481.6 +18.1 664.8 +44.7%
Trabecular 109.0+ 7.8 3223+ 62.92
Cortical 1229.2 £ 12.1 1337.6 + 31.4%

N = 8 animals/group

2 Significantly different from respective WT (sFRP) measurement (P < 0.05;

Student’s t-test); sSFRP animals had been exposed transiently to high temperatures
[0160]  The specification is most thoroughly understood in light of the

teachings of the references cited within the specification. The embodiments within
the specification provide an illustration of embodiments of the invention and should

not be construed to limit the scope of the invention. The skilled artisan readily
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group consisting of a conmpound, an anti body, a

protein, a peptide, DNA, RNA, and an RNA interfering
w@genti12388. The net hod of claim 17, wherein thBCT/US2007/065012

nodul ator is an anti body. 19. The nethod of claim 18,

wherein the antibody i.s selected fromth ou .
recogiiesi a1 MEnyOUR SRPPIEISTS A1k EneyBRasser By i Buengon. Al

receptor antibody, an anti-BMP-15 anti body, and an
publications B nts, eaddiiologicahseaunnices ated A NigEiSHRPUWe a8 ai m

18, wherein the antibody is a human anti body or a
incorporaeat By tefdegricedinitineir ehtiretynf To2ha extemd theetaderialfinearaprated by

18, wherein the anti body is nonoclonal.22. The nethod

referéceCbHimdl&@s opMeinebRsikimt aithi the Qem@p%bmahﬁofn,hhe gsesent
to a mature GDF-9 protein. 23. The nethod of claim 18,

soooE LI A HUALE SRERELAUE) P loniq hyTBlates o
o R S Bl B MBS Py

claim17, wherein the nodul ator i nrgbgi ts the si &nal Hﬁg
méQi Gtled bplassiasheryise ndiatadcdll BURPRISSRIPSHBRGHUgRTITES of
and its receptor or the nodulator inhibits the o
ingresliags| defigouttecs, atezdmient conditions,iand sseforkbeses iBNPe specification,
pol ypeptide and its receptor. 26. The nethod of claim

includifg MRS iafe td1Be dEtAbEd ab Detre] mouifiddiinaihindstangeo bp the term
consi sting of a soluble GDF-9 receptor, a protein

« | NG : 3  indi i€ PRhrical
ool ARS8 B el s By g s

pera e arBl P et U AOANE RE  lf brovertes
sougé%m 52 &%&;‘8 %y gtfwe %lrgsiergt |2n7\/en¥}@ﬁ.r ?Jnﬁ]estshgth%i'vﬁglé |ﬁ<§}|8ét%'dt the term
“at least” preceding a series of elements is to be understood to refer to every
element in the series. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific

embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the following claims.
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by transcriptional silencing. 29. The nethod of claim

1 or 9, wherein the nodulator is adm ni stered
weymvamssal | y. 30. The nethod of claim1 or 9, P@hES®TIO6S012

the nodulator is adm ni stered at an effective dose

tke ranges of 1 ng/kg and 20 ng/ kg, 1
WF‘%QO%E%éW%P' / kg, (11 mg/ kg and 1 ngy/ kg 10 rrg/ kg and
ng and 100 and 1
T ko, AmESSP bAoA PTeva Tt D3ne gy wﬁt%w'%wa' the

claim1 or 9, wherein the nodul ator is adm ni ste
methed sontnsising adrminisieieg fod eamMmakin peedthereaka ni%ﬂator of GDF-
weeks. 32. A nmethod of increasing cortical bone
9 or BIIPs15 in an benouet bod fooaperied of time sidficipatitol teedtloy prevent the
effective anount of the nodulator of claim17 to a
bonembr thereby increasing cortical bone density. 33.
net hod of increasing trabecul ar bone density, the

"?‘?‘ﬁgﬁre%&%fﬁr Shei] 5 AReth) E*f’éa’“\’regﬁ-‘i%?“f'% FapgrBMP-151s
an inb{BioF 5 GEF-B o7 B HEr ke s barengiskisi o e el ibdti e
manmmal one or nore bone di sorder treatnent agents

disorder.ected fromthe group consisting of bi sphosphonates,
cal citonin, estrogens, selective estrogen receptor

m&lul atTresmettacoftaiol 8, wWbereim#)e inhibiter isa GIAG-9 inhibitor.
conbi nati ons thereof. 35. The nethod of cl ai m 34,

wWher ei M@ eliitEoiddiaiat dewhéretatine mhilsigend aiBMB-15 inhibitor.
sel ective estrogen receptor nodul ator. 36. The net hod

ofg cl a'fﬂ%ﬁretméfeélﬁlrﬁ Qewflieﬂﬁn %é@bﬁ@@lﬁ@é‘l%@bc@é}?ﬂbm the

|s ‘a bi osphonat e he nmethod of claim1 or 9,

grou%&bggg?%%‘g% e@bgﬁl& g%@ﬁeﬂg&éf‘c%t%Bpr%s’,‘%%mﬁ‘&an
osteodystrophy, Paget’s disease, osteogenesis imperfecta, bone sclerosis, aplastic
bone disorder, humoral hypercalcemic myeloma, multiple myeloma, and bone
thinning following metastasis.

6. The method of claim 5, wherein the disorder is osteoporosis.

7. The method of claim 6, wherein the osteoporosis is post-menopausal,
steroid-induced, senile, or thyroxin-use induced.

8. The method of claim 1, wherein the bone disorder in the mammal is
associated with one or more of: hypercalcemia, chronic renal disease, kidney
dialysis, primary and secondary hyperparathyroidism, inflammatory bowel disease,
Krohn’s disease, and long-term use of corticosteroids or GnRH agonists or
antagonists.

9. A method of slowing bone deterioration, maintaining bone, restoring

lost bone, or stimulating new bone formation in a mammal, the method comprising
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38. The nethod of claim 37, wherein the osteogenic
protein is selected fromthe group consisting of

w®km@721238VP- 4, BMP-5, BMP-6, BMP-7, BMP-9, BMPPCTL0$2007/065012
BMP- 12, BMP-13, and MP52. 39. The nethod of claim 37,

ccmiagi Yo A LA bR g nount o a

treating or preventing a bone disorder in manmal,, .
moduldtor HBIH9 08 BT S5 ARG €A 15 & BetothaaR Shificient to
need thereof an inhibitor of GDF-9 or BMP-15 in an
slow @etetiotationg résioreslopebomal asfstiniuletenew benefrrmaiioflecr ease
fertility and treat or prevent the bone degenerative

di§or dghedndthoding cain@dviedreir tiermdBulatdras ei GDEFBinhibitor.
inhibitor is a GF-9 inhibitor. 42. The net hod of

Zl:]"?' m 49 rﬁ'ﬁfg{gﬁgﬁ cﬁ]ﬁ] & \Dh&elrPine ModulBhdt-ida BMPL D5 irtibitor.

. The ne alm 40, wherein the bone di sorder

ig.selected fraom.the | Sif. 1 . ' ;
 JpconRecaliol e e sk Mol BRRRAE thdracterzed
ost eodystrophy, Paget's di sease, osteogenesis

by a logp&f PepedNa%one sclerosis, apl astic bone disorder,

hunor al hypercal cem c mz/el oma, nultiple nyeloma, and .
bdse t Aihenmethadoof alaimh 42 nwbersimesloss g baRe masss geggrmined
claim43, wherein the disorder is osteoporosis. 45.

by m&AsurrR} boske afinetahtendty. wherein the bone disorder in
the mammal is associated with one or nore of:

hyper cateeMethodF o Q8int 9F RRateil tifeBoSe dEtctiveatioh iBlgtairacterized
primary and secondary hyper parathyroidism and

I - ti t ids. 46. A method of
by d?@?&é@ﬁ'ﬂgﬁ@ O{JV@% Ialﬁgssle{)\c/)\/: nz bone de{néri gr a?i on,
Cntai i Cori | b ot S
e borkhe Bt ok R 3ot e BSendtayoh GBS iy i
adm nistering to a mammal in need % ereof a
detetmised fyasseasing reicreiruchgabiraty 8f ePONhi bi t or of

GDF-9 or BMP-15 in an anount )
16. The method of claim 1 or 9, wherein the mammal is human.

17.  The method of claim 1 or 9, wherein the modulator is selected from the
group consisting of a compound, an antibody, a protein, a peptide, DNA, RNA, and
an RNA interfering agent.

18. The method of claim 17, wherein the modulator is an antibody.

19.  The method of claim 18, wherein the antibody is selected from the
group consisting of an anti-GDF-9 antibody, an anti-GDF-9 receptor antibody, an
anti-BMP-15 antibody, and an anti-BMP-15 receptor antibody.

20. The method of claim 18, wherein the antibody is a human antibody or a
humanized derivative thereof.

21. The method of claim 18, wherein the antibody is monoclonal.
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and for a period of time sufficient to decrease

fertility and slow deterioration, restore |ost bone,
w®@eoogtliazed at e new bone formation. 47. The net hedr/v§2007/065012

clai m46, wherein the inhibitor is a GDF-9 inhibitor.

48. The nethod of claim 46, wherein.the inhi.bitor i

. 15T 0a Fiednes ol i iest Rne GRibedy Paencfds b a

the bone deterioration is characterized by a | oss of
maturedneFrhpwteiB0. The net hod of cl aim 49, wherein the

| oss of bone nass is determ ned by nmeasuring bone
npBer aThd emsthog o claim T wietriodhefantibadyrspeécifiodibyrkingds to a
the bone deterioration is characterized by

turdaserey sbigeirof bone quality. 52. The nethod of claim
mau5 1, vvhe?ei n the degeneration of bone quality is

(8- borthE Taghollt BRI, Wi B A RhBEeAlY Bnds 2

bon he “"met hod o al m

th |, is human. 5 t hod of screening for
matur&ngpg?gg?%ﬁb%ﬁ%H‘ag\‘“ieeé%fﬂagﬁéé}gghsi ty in a subj ect
conprising: a) determning the | evel of GDFB or ) .
BRB- 15 Tha raethesiof slatm 7 swhgreimibednepidator inhjpitg he signaling
conparing the level of GDF-9 or BMP-15 in the test
medistetibyeintaratticn betwelencd GRIF9Palypapltide e81d its ieceptaraithe
sanpl e, wherein the presence of an altered | evel of

moduior hrmitAMe-signdlingtriediagsd by apiaetion eaweeh aBMRel 5
control sanple is indicative of an altered bone

j predi sposition to devel opi ng an
polyp%ﬁ@é?tgﬁldg%ﬁ/geggﬁsﬁ ty in the subject. 55. The nethod of

claim wher el v - y i
ciBvat dare BT o 12 Bhein FRlmSgpaE stctsu rom the
subj ect has decrea one density.ar .an.incr
group PaRSANGIal RSBy CHc P daceriob et Ry d 55 CETRG receptor, a
met hod of claim54, wherein the |evel of GDF-9 or
solukBy/BMB- lissregepios.aanshia psptein biading tofRMEoH Feaeriinpl e,
and the subject has increased bone density
27.  The method of claim 17, wherein the RNA interfering agent is a double-
stranded, short interfering RNA (siRNA).
28. The method of claim 27, wherein the siRNA inhibits GDF-9 or BMP-15
by transcriptional silencing.
29.  The method of claim 1 or 9, wherein the modulator is administered
systemically.

30. The method of claim 1 or 9, wherein the modulator is administered at
an effective dose chosen from the ranges of 1 ug/kg and 20 mg/kg, 1 pg/kg and 10
mg/kg, 1 ng/kg and 1 mg/kg, 10 ng/kg and 1 mg/kg, 10 ug/kg and 100 ug/kg, 100
ng/kg and 1 mg/kg, and 500 pg/kg and 1 mg/kg.

31. The method of claim 1 or 9, wherein the modulator is administered

repeatedly over a period of time of at least two weeks.
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or an increased |ikelihood of devel oping increased
bone density. 57. The nethod of claimb54, wherein the

wo ewel1m86 GDF-9 or BMP-15 is determ ned usi ng BCTHRLOOT/@5012
reagent. 58. The nmethod of claim57, wherein the

S SR 4B 00 od 0,58 By

60. The net hod cl aim 54, wherejn. detectable
therapauiaally el AU BhINGBOUNBY I GHITSLT Hya SFammal thereby

radi oi sotope, a fluorescent conpound, a biol um nescent
increasing coriitahbhdn@a dehsity.| uni nescent conpound. 6 1. A

di agnostic kit conprising a capture reagent specific
f 33. a EDhethdebbhiperiasitg) wabecubbdite gersityetite method comprising
reagents and instructions for use. 62. A nethod of

a theﬁééfnpr Eél@eﬁ%’égv@'érﬁé&q S19RE nilsiiBAtoY of Blafin Stfttb%@ﬁnammal thereby

I'si'ng determning the presence or absence of
east variance in a polynucl eoti de
'“Cfe%ﬁ'eaafaﬁ’ﬁgeﬁz%e%%"@%w15 in a test san‘pl e fromthe
sub ect, wherein t [res e of at |east
v aineametacdon Rt Ar o6 Fines somm Bk BB HERg I e
and/or a predisposition to devel oping an altered bone
mamde oneyorimotereonaudiserder teRtmeAbagents selested frapmihegroup
wherein the presence or the absence of at |east one
consitinh @f bisphiodphanatescealtitoniet esttoge nbyselectivecestragerheceptor
sanple with an oligonucl eotide probe that hybridizes

mod@l@ﬁﬁé ‘;pbé?ré{HyYoW HtmanBOolYatHse ahd deniitatibnagh&ldof 9 or
he met hod of claim 63, wherein the

gluéc ggt"ﬂ :ﬁ%’g‘?ﬁ @L cﬂgffn g@g@ﬁé%‘?ﬁtﬁé bbi§&alsopdUtedmbnt agent is

nucl eot1 de encodi ng a
«sobEhudesieB et MR 22 ST M 1 e

36 s 'IShe method of claim 34, wherein the bone disorder treatment agent is
a bisphosphonate.

37. The method of claim 1 or 9, further comprising administering to the
mammal one or more osteogenic proteins.

38. The method of claim 37, wherein the osteogenic protein is selected
from the group consisting of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-9, BMP-
10, BMP-12, BMP-13, and MP52.

39. The method of claim 37, wherein the osteogenic protein is an inhibitor
of BMP-3.

40. A method of decreasing fertility and treating or preventing a bone
disorder in a mammal, the method comprising administering to a mammal in need
thereof an inhibitor of GDF-9 or BMP-15 in an amount and for a period of time

sufficient to decrease fertility and treat or prevent the bone degenerative disorder.
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65. The nethod of claim 62, wherein the pol ynucl eoti de

is selected fromthe group consisting of DNA, genom c
wONA71CBBA, an RNA, and a nRNA. 66. The net hodpof/usioai/easo12

62, wherein the pol ynucl eoti de encodes a variant GDF-9

iy R P B
B9 15718 TaShethst SR A ah B nBoRg a GUIP-3p ihibitor

nodul at or of GDF-9 or BMP-1 5 for manufacture of a

médi caifbatmeibodiaf slaimmp, ovheseinibethang disewies isiseleeigsfrom the

in a manmmal in need thereof. 70. The use of claim]1,
group\bersisting dfeostooid rid osstedbmaiei®) astediddrodis, osteamyeloma,

i nhi bitor of GDF-9 or BMP-15 and the bone disorder is

9 Gafidoased| hesié ipefiBetal penef 5i8) aplasti
osecy SR AR Bl aolness hpoloine ol apas

2
_ ¢ o 7 : L . !
bone SiFRrt3E SftmdjathiRetCalctc RIS, BONER, hYoidria Sriltbore
. disorder is selected fromthe group consisting of
thmn@&ﬁ@[&%\%ﬁﬂa{?e el aci a, osteoporosis, osteonyel ong,
ost eodystrophy, Paget's di sease, osteogenesis .
i der f dheametinckofsdaiar 3i whergi i disowstends aslsopawasis.
hunor al hypercal cem ¢ nyel oma, nultiple nyel onma, and
baie t Aihenmethddodfl adaim40 mehersirathesbormtdistrderis éhefnammal is
claim 73, wherein the bone disorder is osteoporosis.

assodiatedTARh @$e dHfméledfmhyidercaleenta nchirbricashaldgissasd, kidriey
post - mrenopausal , steroid-induced, senile, or

Lhy C . oy N

dialyp P FERD 478 S A ryRgal Sy el o G PR e
ols re of: hypercal cem a, chronic renal disease,

CO”"%HS&FT@ di al ysis, primary and secondary

hyéPG(?r pa}l{ arger%l‘\{cr)g Iop éggr]eaisirr]wfglfgmh te% src))(\;vvi\ﬁglj bging %%?eerioration,

maintaining bone, restoring lost bone, or stimulating new bone formation in a
mammal, the method comprising administering to a mammal in need thereof a
therapeutically effective amount of an inhibitor of GDF-9 or BMP-15 in an amount
and for a period of time sufficient to decrease fertility and slow deterioration, restore
lost bone, or stimulate new bone formation.

47. The method of claim 46, wherein the inhibitor is a GDF-9 inhibitor.

48. The method of claim 46, wherein the inhibitor is a BMP-15 inhibitor.

49. The method of claim 46, wherein the bone deterioration is
characterized by a loss of bone mass.

50. The method of claim 49, wherein the loss of bone mass is determined

by measuring bone mineral density.
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Krohn's di sease, and | ong-termuse of corticosteroids
or GnRH agoni sts or antagonists. 77. Use of a

woreaahiga3eé of GDF-9 or BMP-1 5 for manuf act ur eP@f/Us2007/065012
medi canment for slow ng bone deterioration, maintaining

el J@%Wﬁﬁh@% Fl %Z&?@é‘“ﬁh‘%ﬁ“&' piggameRie
charaEioRzg by SaPnerHiT QP Bhal 77 whor oi n ¢ he

nmodul ator is a BWMP-15 inhibitor. 80. The use of claim

752. whéheimethae obelemdat, avheseiatheriagenerationcafhianecqaliy is

a loss of bone mass. 8 1. The use of claim80, wherein
deterinireed loyp assdsdimanmicrastudtsral éttegriiyafdheyponeasur i ng bone

m neral density. 82. The use of claim 77, wherein the

bese d?h@%@lh@ﬂ'd?'&ldiﬁ\ m@fa@t»«?heréadtri@ymdﬁgﬁaﬁsmw of
bone quality. 83. The use of claim82, wherein the

ggene%‘%b%a%f %& @éﬁlﬂgﬁ)ﬂ dRa/bedid ESélﬁb{éﬁ% %{Y) bone density in a

sessing mcrostructu I nt egrl

. im 70.o0r r
subiob FaBeaBl: 51 GHELANAS legdl SHP A PRI st samole
nmodul ator is selected fromthe rouB I stin
from thenpdiest; aa@ biseMmpaang the lavs! ef DFa &é&'\ﬁﬁéﬁ 'D%he tfmﬁample
and an RNA interfering agent. 86. The use of clai m 85,
to thenlegeleofGDRed opBMRx brin iascantrohsamiplal ywheazin theeorasenass of an
clai m 86, wherein the antibody is selected fromthe

alteredf l@U@I STABBFsY bNBMH-181n &d tesBBEmMPlerodinparbd tosthe control sample
anti - CGDF-9 receptor antibody, an anti-BMP- 15

o i 9 s B e Aoy s et n
alterdBOPO4enSly A tHEPB|eLed derivative thereof.

55.  The method of claim 54, wherein the level of GDF-9 or BMP-15 is
elevated relative to the control sample, and the subject has decreased bone density
or an increased risk of developing decreased bone density.

56. The method of claim 54, wherein the level of GDF-9 or BMP-15 is
decreased relative to the control sample, and the subject has increased bone density
or an increased likelihood of developing increased bone density.

57. The method of claim 54, wherein the level of GDF-9 or BMP-15 is
determined using a capture reagent.

58. The method of claim 57, wherein the capture reagent is an antibody.

59. The method of claim 58, wherein the antibody comprises a detectable

label.
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89. The use of claim 86, wherein the antibody is
monocl onal . 90. The use of claim86, wherein the

waedorhasye speci fically binds to a mature CGDF- 9PQI/USBDTIO65012
9 1. The use of claim86, wherein the anti body

speci fical ' Tl
B0 of TR 4Bl S, T R PRI EBE s etectpd fom the
bi nds a ture tein or.,a nmatur

GrOURRISHNG G TaFIISIOR o TPISeRRs CoRRBHEF A Bﬁéum'nescem
nodul ator inhibits the signaling nediated by

componndreacta ohemiuminascantarmpowl.ypept i de and its
receptor or the nodulator inhibits the signaling
med| at @ddibgnosticekinedrmprisingtaveapiuee BlsBehbspedifjpipta GBF-9
and its receptor. 94. The use of claim85, wherein the

lypoeBfY %WBN’AP Fb6bEptdd, FEnhERs HrRURsEesRngtibndsef a
poypgg % GDF- 9 rgclg%tgtrl a p?otgl n bi ?]dl ng to GD?: 9

S e I8 il g
L

95, wherein the siRNA inhibits GDF-9 or BM
polynuclaedileiancoging GBFt At BMP-1§7n atiest @%@p@rfr@néhﬁnswéle&it
77, wherein the nodul ator is adm ni stered
whersinstheiresénog. ofaf leadtenesruadéic @lcid varnosris Tiicativer &fian altered
the nodulator is to be adnm nistered at an effective

boneQRéi%nt? hosiest  preaispesitibangeiveloplndrah kite rsttlo@fe density inlthe
ng/ kg and 10 rrg/kg 1 ng/ kg and 1 ng/ kg, 10 ng/ kg and
subjébt"g/ kg, 10 ng/ kg and 100 ng/ kg, 100 ng/ kg and 1
ny/ kg, and 500 nmg/ kg and 1 ng/kg. 99. The use of claim

TP Thie WAGIS & il BBANhEH tHesp2LBhEL Bt fieSbsence of at

least one nucleic acid variance is detected by contacting the sample with an
oligonucleotide probe that hybridizes specifically with a polynucleotide encoding
GDF-9 or BMP-15.

64. The method of claim 63, wherein the oligonucleotide probe comprises
at least about a 15 nucleotide portion of a polynucleotide encoding a GDF-9 or BMP-
15 polypeptide selected from the group of polynucleotides set forth as SEQ ID NO:
1, and SEQ ID NO: 3.

65. The method of claim 62, wherein the polynucleotide is selected from
the group consisting of DNA, genomic DNA, cDNA, an RNA, and a mRNA.

66. The method of claim 62, wherein the polynucleotide encodes a variant
GDF-9 or BMP-15.

67. The method of claim 62, wherein the polynucleotide encodes a mutant

GDF-9 or BMP-15.
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repeatedly over a period of tinme of at |east two

weeks. 100. Use of a nodul ator of GDF-9 or BWP-1 5 for
woreafiessar e of a nedi cament for increasing copCT/Us1007/065012

bone density in a manmal in need thereof, wherein the

ul a ' I heh A
Bipounte mangfiof B0 7, Wide Rl R T I 0t PG, o
an interfering agent.10 1. Use of a nodul at or

”U”C@?Q@SE@@?{B&WPJ 5 for manufacture of a nmedi cament
for increasing trabecul ar bone density in a manmmal in

abfarmmblseiaf anmedulaterral &EDFher BMP-{ Adormanutachireiof a

selected fromthe group consisting of a conmpound, an
medicarhémiofdy treatipg ot praveniing epbortedisOider imRBlAnNasumial am nesy thereof.
interfering agent. 102. The use of claim70 or 77,

Wier ei TN ReCoaMIR 1, WhReldit tHeemoBI0m6 SGDPF@opBMMAIE is an
bone di sorder treatment agents selected fromthe group

inhibi oqrb‘cfi(@?i:@oro@w@ﬁ@ ROASRAS %%B@Srgé%djﬁbpistéjﬁbﬂe d%?%ﬁ@%gé disorder.

el'ective estrogen receptor ators, parathyro

hgr. non Vi tam ns. d conbi pati ons. e r ol <Jhe
1da"of Thedsn ggaim s b IR Ret 156 Sor oiinigh:
agent is a selective estrogen receptor tor,. 104.
THE. usd hetusa o c*rwlsnjfomta@@lwh%@h@ﬁﬁ% %5%3?’%-3:5 inhibitor.
treatnment agent is a bisphosphonate. 105. The use of

cl78i. m Theouserdt, claime7 @i whetein tunbore diserddris saiscted from the
conprises one or nore osteogenic proteins. 106. The

group86n&ibtiy 8 63t46penivhestebmalduia asteop@0sis, psigbeiyelorna,
sel ected fromthe group consisting of BWMP-2, BMP-4,

oste@%&@ah&'@%&etf@@é%%e, BYR Yo nBAR-ith gerfeBi, bbnd scidtdBislaplastic

e use of claim 105, wherein the

bone Fi5&RLF HifnBlaPhibdichiteic hIdhh ChufipiEMyetoma, and bone

thinning following metastasis.

74.  The use of claim 73, wherein the bone disorder is osteoporosis.

75.  The use of claim 74, wherein the osteoporosis is post-menopausal,
steroid-induced, senile, or thyroxin-use induced.

76.  The use of claim 70, wherein the bone disorder in the mammal is
associated with one or more of: hypercalcemia, chronic renal disease, kidney
dialysis, primary and secondary hyperparathyroidism, inflammatory bowel disease,
Krohn’s disease, and long-term use of corticosteroids or GnRH agonists or
antagonists.

77. Use of a modulator of GDF-9 or BMP-15 for manufacture of a
medicament for slowing bone deterioration, maintaining bone, restoring lost bone, or
stimulating new bone formation in @ mammal in need thereof.

78.  The use of claim 77, wherein the modulator is a GDF-9 inhibitor.
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86. The use of claim 85, wherein the modulator is an antibody.

87. The use of claim 86, wherein the antibody is selected from the group
consisting of an anti-GDF-9 antibody, an anti-GDF-9 receptor antibody, an anti-BMP-
15 antibody, and an anti-BMP-15 receptor antibody.

88. The use of claim 86, wherein the antibody is a human antibody or a
humanized derivative thereof.

89. The use of claim 86, wherein the antibody is monoclonal.

90. The use of claim 86, wherein the antibody specifically binds to a
mature GDF-9 protein.

91. The use of claim 86, wherein the antibody specifically binds to a

mature BMP-15 protein.
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92. The use of cVar{% 85, wherein the modulator specifically binds a mature

GDF-9 protein or a mature BMP-15 protein.

93. The use of claim 85, wherein the modulator inhibits the signaling
mediated by interaction between a GDF-9 polypeptide and its receptor or the
modulator inhibits the signaling mediated by interaction between a BMP-15
polypeptide and its receptor.

94. The use of claim 85, wherein the modulator is selected from the group
consisting of a soluble GDF-9 receptor, a protein binding to GDF-9 receptor, a
soluble BMP-15 receptor, and a protein binding to BMP-15 receptor.

95. The use of claim 85, wherein the RNA interfering agent is a double-
stranded, short interfering RNA (siRNA).

96. The use of claim 95, wherein the siRNA inhibits GDF-9 or BMP-15 by
transcriptional silencing.

97. The use of claim 70 or 77, wherein the modulator is administered
systemically.

98. The use of claim 70 or 77, wherein the modulator is to be administered
at an effective dose chosen from the ranges of 1 ug/kg and 20 mg/kg, 1 ug/kg and
10 mg/kg, 1 ug/kg and 1 mg/kg, 10 ug/kg and 1 mg/kg, 10 ug/kg and 100 ug/kg, 100
ug/kg and 1 mg/kg, and 500 pg/kg and 1 mg/kg.

99. The use of claim 70 or 77, wherein the modulator is administered
repeatedly over a period of time of at least two weeks.

100. Use of a modulator of GDF-9 or BMP-15 for manufacture of a
medicament for increasing cortical bone density in a mammal in need thereof,
wherein the modulator is selected from group consisting of a compound, an

antibody, a protein, a peptide, DNA, RNA, and an RNA interfering agent.
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101. Use of a modulator of GDF-9 or BMP-15 for manufacture of a
medicament for increasing trabecular bone density in a mammal in a mammal in
need thereof, wherein the modulator is selected from the group consisting of a
compound, an antibody, a protein, a peptide, DNA, RNA, and an RNA interfering
agent.

102. The use of claim 70 or 77, wherein the composition further comprises
one or more bone disorder treatment agents selected from the group consisting of
bisphosphonates, calcitonin, estrogens, selective estrogen receptor modulators,
parathyroid hormone, vitamins, and combinations thereof.

103. The use of claim 102, wherein the bone disorder treatment agent is a
selective estrogen receptor modulator.

104. The use of claim 34, wherein the bone disorder treatment agent is a
bisphosphonate.

105. The use of claim 70 or 77, wherein the composition further comprises
one or more osteogenic proteins.

106. The use of claim 105, wherein the osteogenic protein is selected from
the group consisting of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-9, BMP-10,
BMP-12, BMP-13, and MP52.

107. The use of claim 105, wherein the osteogenic protein is an inhibitor of
BMP-3.

108. Use of a modulator of GDF-9 or BMP-15 for manufacture of a
medicament for decreasing fertility and treating or preventing a bone disorder in a
mammal in need thereof.

109. The use of claim 108, wherein the inhibitor is a GDF-9 inhibitor.

110. The use of claim 108, wherein the inhibitor is a BMP-15 inhibitor.
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111. The use of claim 108, wherein the bone disorder is selected from the
group consisting of osteopenia, osteomalacia, osteoporosis, osteomyeloma,
osteodystrophy, Paget’s disease, osteogenesis imperfecta, bone sclerosis, aplastic
bone disorder, humoral hypercalcemic myeloma, multiple myeloma, and bone
thinning following metastasis.

112. The use of claim 111, wherein the disorder is osteoporosis.

113. The use of claim 108, wherein the bone disorder in the mammal is
associated with one or more of: hypercalcemia, chronic renal disease, kidney
dialysis, primary and secondary hyperparathyroidism, and long-term use of
corticosteroids.

114. Use of an inhibitor of GDF-9 or BMP-15 for manufacture of a
medicament for decreasing fertility and slowing bone deterioration, maintaining bone,
restoring lost bone, or stimulating new bone formation in a mammal in need thereof.

115. The use of claim 114, wherein the inhibitor is a GDF-9 inhibitor.

116. The use of claim 114, wherein the inhibitor is a BMP-15 inhibitor.

117. The use of claim 114, wherein the bone deterioration is characterized
by a loss of bone mass.

118. The use of claim 117, wherein the loss of bone mass is determined by
measuring bone mineral density.

119. The use of claim 114, wherein the bone deterioration is characterized
by degeneration of bone quality.

120. The use of claim 119, wherein the degeneration of bone quality is
determined by assessing microstructural integrity of the bone.

121. The use of claim 108 or 114, wherein the mammal is human.
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