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BACKGROUND OF THE INVENTION

10 Eederal Funding Legend
This invention was produced in part using funds from the
Federal government vunder grant no. HD-13527.  Accordingly, the

Federal government has certain rights in this invention.

15 FEield of the Invention
The present invention relates generally to the fields of
.endocrinology, reproductive  biology and cell biology, especially in
regard to hormone/growth factor signaling. More specifically, the
present invention relates to the identification of an inhibin receptor

20 and uses thereof.

I . f the Related A
Inhibins and activins were initially recognized as protein

hormones of gonadal origin that reciprocally modulate follicle

25 sumulating hormone (FSH) production by the anterior pituitary (1).
These proteins are disulfide-linked dimers of related polypeptides.
Activins consist of two f chains, while inhibins possess a § chain
linked to a related but divergent a chain (2). Activins are now known

to exert important endocrine, paracrine and autocrine actions in both



(1,3). Inhibin generally opposes the actions of activin (4) although 5
there are systens where inhibin is unable to block activin responses
(5,6). 10 Inhibins and activins belong to the transform ng growth '
factor-j3 (TG--J3) superfamly of growth. and differentiation f@&:ﬂmg]%?).
Li ke other characterized nenbers of this famly, activins have been shown
to signal WOHRNGEHR two cl asses of transdenbrane serine/t hr @envussoksnase
receptors (8). In 1991, the Type Il receptor for activin, designated

Act Rll, was c¢l oned and ,characteri ed.éQ). . ActRI'l was the first vertebrate
r ecept of SREPHREUNENa 2R ( BGA-TEBTQAUCII ¥R oy HEFUES; zedl BESenet FLiags { e gulage

| tor_to be descrjibed in 15 nolecul ar .detail f mb the .
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have no ee | | kLed i udj . acti Vi eceptor

(Act R 1 ae” (sretEAn o, Whith, Githe RERRIhACRT, dad Gt aBul T aRLRaLs
for botly ACti YhRiHAS geberalld TdPpdes 13he 2OhidHE BTOQQWHPCM}J%P%&J%E' cal
bi ol ogi cal” “actions of inhibin, ‘activin and related factors as wel'l &
theis congectaen syorqasenthale japfincdsiwonbléonot biodk ea¢ieii Pésponses
reproductive, devel opnental, bone, hepatic, hematopoietic and central
nervous (Sy6fem di sorders together 25 forma conpelling rationale for the
exploration of their receptors, signaling mechanisns, and regul ation.

Col | ectively, thislnkabins ngndvastuvinte belongi fiocahe onraisfiorming e grosmeth

{her ape Rt TappGAha) ARREHAgHIY (Tl PN b A RcBRBSIQey SaaIRIS (7).
”ef’p', asﬂi}%ed&i:t eee}secsliar%c?er%gdzor%%mvl\g?ergllé zl(l)f% 3family, activins have been
10‘ shown to  signal  through two  classes of transmembrane
serine/threonine kinase receptors (8). In 1991, the Type II receptor

for activin, designated ActRIl, was cloned and charactetized (9).
AciRII was the first vertebrate receptor serine kinase‘ (RSK) to be
characterized as well as the first receptor to be described in.

15 molecular detail for any member of the TGF-B superfamily. Over a
dozen receptor serine kinase family members have now been
idcnﬁﬁed including a second Type II activin receptor (ActRIIB)
(10,11), the Type U TGF-$ receptor (12) and Type I receptors for both
activin (13,14) and TGF-p (15).

20 The broad spectrum of critical biological actions of inhibin,
activin and related factors as well as their connection to potential
applications for the treatment of reproductive, developmental, bone,
hepatic, hematopoietic and central nervous system disorders together
form a compelling rationale for the exploration of their receptors,

25 signaling mechanisms, and regulation. Collectively, this work involves
the identification of multiple povel molecular 1argets and should
therefore provide the basis for new therapeutic approaches aimed at

treating endocrine disorders and neoplastic diseases.



PCTNSOO'339 t O Activins (13-a) and inhibins (a-f3) are structurally
related by virtue of a common 14-kDa 1i subunit while the inhibin dinmer
also has a dissimlar 18-kDa a subunit. Isofornms of activin and inhibin
have been isolated fromfollicular fluid. These include activin?AMYPAILA) ,
5 activin B (13B-1B), activin AB (13A-13B), inhibin A (a-13A), and inhibin
10 B(a- (3®)o nBawesl on sequence alignmemt and | ocations of caSEE6RYo10
cystei ne residues, these polypeptides are thought to be structurally
simlar to other TG--1li famly menbers for which crystal structure
information is avaidabtias( 1B-AY)andTénhidies (oafi)kire ftascheenyshelmedo have

activity only in the context of activin responses where it typically

ant agonivdetre hf aacominonsilgrkDa( B, 38b@0)t whilsoulgh infébm adienerecapt heports

in abstract formof activin-independent inhibin effects in bone. It has

been showlissimilarnHi8pkPacatt snpute wisoforans i of nadtovinbiandi nighilin tlsavar get

15 cells and that inhibin-can prevent activist-induced receptor
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activin for binding tqQ type . I| activin receptors although its patency as a
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activi n(é(q ]ﬁo‘% 20, The P subunits present in both activin and inhibin are
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binds ActRlLI. the activin-ActRl | conplex subsequent pronotes the
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| nhi bi ngp ﬁﬂaf&io@p 0 4vheatlle gkl ¥7y) receptors, but the a subunit of the

inhibin nol ecul' e does not support't_e_recruitnenp of type | receptors

(i.1e0 ALK4). This yegdasd,s inhibin rtrsbibeenblshelvsi @ahdwvig activity only in
the context of activin responses where it typically antagonizes the
acuvin signal (5,18-20) although there are recent reports in abstract
form of activin-independent inhibin effects in bone. It has been
shown that inhibin can compete with activin for binding to its target

15 cells and that inhibin can prevent activin-induced receptor

heteromerization (5,19). Unlabeled inhibin directly competes with
labeled activin for binding to type II activin receptors although its
potency as a displacing agent 1is approximately ten-fold lower than
that of unlabeled activin (9,10). |

20 The P subunits present in both activin and inhibin are
.proposed to mediate binding to type II activin receptors. After activin
binds ActRIl, the activin-ActRII complex subsequently promotes the
recruitment and phosphorylation of the type I activin receptor serine
kinase AILK4 (5,8,14). This results in phosphorylation of the cognate

25 type I receptor and the activation of downstream Smad proteins
(21,22). Inhibins also bind to type II activin receptors, but the «
subunit of the inhibin molecule does not support the recruitment of
type I receptors (i.e. ALK4). This suggests that inhibins block signaling

through direct competition for receptor access (5,18,19), thus



t hrough direct conpetition for receptor access (5,18,19), thus 2 5 MAY 2004
WO 01/ 43703 4 PCTI USO0I 33910 preventing activin binding to type 11 activin
receptors (23). However, inhibins fail to antagonize activin in sone'
tissues and cells consistent with the hypothesis that additional?h MAY 2004
conmponents are required for inhibin action (5,24,25). 5 Previous findings
i ndi cat e twavl/a3veaddi ti onal receptor ébnponent may be requr@EUSFBEIONNI bi n
to successfully conpete with activin for access to the type Il activin
receptor and to thereby functionally antagonize activin responses. It is
likely tpeaventipg eactiviiny eindingp? i psn [k aftiwacsseep'®rshed 230t i vilawgper.l |
receptor, hetween_ 10 activin and inhibin is not solely syffigcient to explain
the ef f edtlybins fazhitpi ANAEUVZE YA IVER pHhSOTE |IKFNEY, APRe CaHS| FoPshitent
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effort to identify putative 1nhibin-specific receptor conponents,
cross- | i pinbrer magnbe veqeirpdr ffof mdthibii no piefesifullgbed@dpaed i withand
inhibin to I'abel both wild type K562 20 erythrol eukemc cells and KAR6
cel | s ovacwxir efan ngeodestsRl 1o The typsulll saashvibedet bptoractand ntdi nHerebyt ype
| and tyfe Il receptors in_ both cell lines and that bjnding of |abeled
activi n funethenzily ravagesize \adivinsgiespensesy anlleitelikebf hatapdrenle,
activin or unlabeled.inhibin 5). As ected, the | abeled inhibinis
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inhibin on activin responses. Indeed, the ability of activin to suppress

pituitary ACTH secretion is not antagenized even by a large molar

excess of inhibin (6). In addition, in K562 erythroleukemic cells

engineered to overexpress ActRII (KAR6 cells), increased ActRII

15 expression blocks the ability of inhibin to antagomize activin signaling
even in the presence of a substantial- molar excess of inhibin (5).

In an effort to identify putative inhibin-specific receptor

components, cross-linking experiments were performéd using [!?%]]-

~ labeled activin and inhibin to label both wild type K562

26 erythroleukemic cells and KAR6 cells overexpressing ActRIL.  The

results showed that activin binds to type I and type II receptors in

both cell lines and that binding of labeled activin to the two receptors

was displaced by an excess of unlabeled activin or unlabeled inhibin

(5). As expected, the labeled inhibin is capable of binding the type it

25 .reccplor but not the type I receptor in both cell lines. Inhibin’s

binding to the type Il receptor can be displaced by addition of either

unlabeled activin or inhibin. Interestingly, a high molecular weight

protein cross-linked to labeled inhibin was also cvident in these



binding to the type Il receptor can be displaced by addition of either

unl abel ed activin or inhibin. Interestingly, a high nmolecular weight
protein cross-linked to | abeled inhibin was al so evident in these 2 5 MAY
2904 WD 111/43 763 5 PCT/ USoo/ 33910 experinments that coul d be conpet§ MAY &Y
di spl aced by addition of excess unlabel ed inhibin but not activin (5).
Toget her, WileBa3?@sul ts suggest that i addition to bindi ngpciruséssthl

i nhi bin al so binds anot her putative co-receptor of higher 5 nolecular

wei ght that m ght serve to stabilize the inhibin-ActRIl interaction and
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as the largest of three cell surface receptors shown to
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component in the ovarian tumor cell line KK-1 has been subsequently

confirmed. High affinity inhibin binding to unidentified high
molecular weight proteins has also been reported (24).

Betaglycan is the type III TGF-B receptor and was originaliy

15 identified as the largest of three cell surface receptors shown to bind

TGF-p with high affinity (26). The rat betaglycan cDNA encodes a

protein of 853 amino acids containing a large extracellular domain, a

single transmembrane domain, and a short C-terminal cytoplasmic

. domain that lacks clearly identifiable signaling motifs (27,28).

20 Betaglycan binds all three TGF-p isoforms with high affinity and is

thought to play an accessory role in facilitating access of TGF-fto its

signaling receptors (22,29).

Mature betaglycan is a proteoglycan which contains both

heparan sulfate and chondroitin sulfate glycosaminoglycan (GAG)

25 chains yielding a molecule that migrates between 250 kDa and 350

kDa on SDS-PAGE gels. The betaglycan core polypeptide without

attached glycosaminoglycan chains retains TGF-p binding activity and

migrates as a protein of 100-110 kDa (27,30.31). Recent work has

demonstrated the importance of betaglycan in mediating physiological



kDa on SDS- PAGE gel s. The betagl ycan core pol ypepti de wi thout attached

gl ycosam nogl ycan chains retains TGF-J3 binding activity and mgrates as a
protein of 100-110 kDa (27, 30,31). Recent work has denonstrated the '

i nportance of betaglycan in nediating physiological 2 5 MAY 2004 ROMAY 2004
01/ 43763 6 PCTI USOQ 33910 responses to TGF-P including its autocrine

regul at i oWOH1/43%¥an breast cancer cel 16 proliferation (32, FTEHNI3IING
ability to trigger endocardial cell transfornation (34). The prior art is

def he | fn Gh f h di h
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fulfills this I t d 10 _SU E
Bt e ioam e A b i
descri b%%n/\/n%r q.%)fg?ﬁl L\ﬁdrg tgggced signaling in an inhibin-sensitive cell

may be augrrente Ing the formati on of 15 inhi bin/betaglycan

corrpl exes. An antI*fﬁeughras&yahe:sildcﬂéleﬁt aﬁaltﬂét1ac&no@><émca%lzéﬂ&%oﬁp' bgre
of betaglycan to prevent the binding of inhibin to betaglycan.

Al t eg nathyelprottiie froedidting ofhe i iftiebactibnat agly ¢rlnbiwnplakesthenyadd vin
inhibited by reducing t h e expression of betaglycan in the cells by

ei ther amteptose i Fht bpresantorin@miomufalfdiestiys olongssandingt meedt s gcan
al l el es by such nethods as honol ogous reconbi nation. A potenti al
appllcaﬁkﬁﬁfbﬂnthh% #dthod is to augnent activin signaling in pituitary
cells. This should result in an increase in the production of Follicle
Stimulating Hornmone (FSH) and thus an enhancenent of fertility. The method
can also be applied t o 25 the treatnent of a nunber of pathophysiol ogi cal
conditions including reproductive, devel opnental, skin, bone, hepatic,

hengg opoi eti ¢ and SUMMARY OF THE INVENTION

In one embodiment of the current invention, a method is
described whereby activin-induced signaling in an inhibin-sensitive
cell may be augmented by inhibiting the formation of

15 inhibin/betaglycan complexes. An antiserum may be directed against
an extracellular epitope of betaglycan to prevent the binding of
inhibin to  betaglycan. Alternatively, the  formation of
inhibin/betaglycan  complexes may be inhibited by reducing the
expression of betaglycan in the Eells by either antisense inhibition or

20 by mutagenesis of one or both betaglycan alleles by such methods as
homologous recombination. A potential application of this method is
to angment activin signaling in pituitary cells. This should result in an
increase in the production of Follicle Stimulating Hormone (FSH) and
thus an enhancement of fertility. The method can also be applied to

25 the treatment of a number of pathophysiological conditions including
reproductive, developmental, skin, bone, hepatic, hematopoietic and
central nervous system disorders such as prostrate cancer.

In another embodiment of the instant invention, an

antiserum directed against the extracellular portion of betaglycan is



central nervous system di sorders such as prostrate cancer. |In another
enbodi ment of the instant invention, an antiserumdirected against the
extracel lular portion of betaglycan is 2 5 MAY 2004 WO 01/43763 7

PCT/ USOQ' 33910 provided. This antiseruminhibits the binding of {&MAViZ00it o
bet agl ycan and nmay be incorporated int7o a pharmaceutical conposition. In
yet anot h&¥Oénbdd nent of the instant i‘nvention, a nethod poirubielsssy@
activin-induced signaling is provided. This is 5 acconplished by
augnenting the formation of inhibin/betaglycan conpl exes on the surface of
the targprovders. This saptiservmhoahébitsithe Lindimgasofgnhivén exprieaaigdpcah
betagl ycan,in the target cells to provide extra_ betaglycan for tﬁe

for mat i oAREf MAEhDEoBFRSRATatedh Nlfett cRhatsageassidalr cosipasitienced by t he
adm ni stration of iddi tional i nhibi rb 0 Bet agl ycgn expressi on can be

i ncreased by transfBc?fhg2PREG ar GEIPRAMERT \iafhy the Apstantci Mvessiost.r uat
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conditions including 15 repfoductive, devel opnental , skin, bone,

hemat opot @npleeesd onceht r alrfaes velushe yairgst ekl deDfie ”&Ycl'pemreﬂ?tfd edpidi1khi s
manner. Exanpl es include gonadal cancer, adrenal cancer, and |iver

dyspl asi@creasiognetheo¢xpagssibso dfebataglycenpriontteertakgoercalbgadepas vode Yet
anot her enbodj nent of the instant invention is a 20 nmethod of screening
for conpfotiad I\R)ﬁ?agﬂ%yfzﬁﬂi P {ITFe %%ﬁ?%n oft suchhremplsgesg| yERis Doeti edes
are i nocn o el OBl KRoPE B mIn Gt SioRn oA AR RPBRL oimhRrA.
I nhy @i N WLt POar Ocxpression can be increased by transfecting the target cells
with an artificial construct expressing betaglycan either constitutively
or by an inducible promoter. This method may also be used to
introduce inhibin sensitivity to cells not normally responsive to
inhibin. A number of pathophysiological conditions including
15 reproductive, developmental, skin, bone, hepatic, hematopoietic and
central nervous system disorders may be treated in this manner.
Examples include gonadal cancer, adrenzl cancer, and liver dysplasia.
The method may also be used to promoter liver regeneration.
Yet another embodimeni of the instant invention is a
20 method of screening for compound which inhibit the formation of
inhibin/beraglycan complexes to augment aclivin ~ signaling.
Membranes from cells expressing betaglycan are incubated in the
presence and absence of potential inhibitors of inhibin binding to
betaglycan. | An assay such as a competitive binding assay is
25 performed and the results are compared. A compound which inhibits
the formation of inhibin/betaglycan complexes will result in lower
levels of inhibin binding. Potential compounds may peptides,

proteins, or small molecules.  Alternatively, the method may be

applied to screen compounds which augment the formation of



bet agl ycan. An assay such as a conpetitive binding assay is 25 perforned
and the results are conpared. A conpound which inhibits the formation of

i nhi bi n/ betagl ycan conpl exes will result in |lower |evels of |nngf@g 0

bi ndi ng. Potential conmpounds may peptides, proteins, or snall u g%

Al ternati e nmethod may be applied to screen conpounds whi ch augnent
the for mal ‘ﬁ“&%p‘z 5 MAY 2004 5 WO nl/ 43763 8 PCTI USOQ 339 FET/USM/33910
|nh|b|n/betaglycan conplexes and thus inhibit activin signaling. In this

case, th Y ng ,Q nhi bi.n to t
rrenbranegh?%ﬁ@g@%%%@ %%E %V\N&S %8" E’Hatact[hvé“naﬁlg’é‘ir‘]lmﬁ whiRh

t he abo e e a g o] ti

wel | as*ﬁisrh??é%ﬁ.ll%h%”ﬁ‘iﬁdb‘e*‘é*%%%@c £28 PSR, O shtR, 48 en E°
under st e@dnibrsgegi |, nore particular descriptions of the i nvention
briefly summari zed above may be had by reference to certain enbodi nents
thereof which are illustrated in the appended draw ngs. These draw ngs
forma part of the specification. It is to be noted, however, that the
appénded 15 drawings illustrate preferred enbodi nents of the |nvent|on and
therefore are not to ed limting in their scope. Figures I A and
1B show t hat bet agl yﬁlgg‘%t&dﬁlgmm mhbmmgsand i ncreases
inhibin binding to ActRIl. In Figure 1A, HEK 293 . cells were transfected
using 20 cal ci um phosphate pr ecipitation (35 with ActRII-myc, betaglycan

25 (BG, or both (dgt it eﬁlﬁ 11.8613 kﬂnqkzalﬁgh I $ la&b}qlr H{éggnbfcaari%ies\‘/\ere

I ncubat ed wi t h appr oxi mat I'nhi
advantages and objects of the invention, as well as others which will

1V become clear, are attained and can be understood in detail, more
particular descriptions of the invention briefly summarized above may
be had by reference to certain embodiments thereof which are
illustrated in the appended drawings. These drawings form a part of
the specification. It is 1o be noted, however, that the appended
15 drawings illustrate preferred embodiments of the invention and
therefore are not to be considered limiting in their scope.
Figures 1A and 1B show that betaglycan binds inhibin
with high affinity and increases inhibin binding to ActRIL.
In Figure 1A, HEK 293  cells were transfected using
20 calcium phosphate precipitation (35) with ActRIl-myc, betaglycan
(BG), or both (ActRII + BG), as indicated. Isolated cell membranes
were incubated with approximately 100 pM [!¥])-inhibin A in the
presence or absence of various coﬁceﬁtrations of unlabeled inhibin A
competitor.
25 Figure 1B shows the data of Figure 1A normalized and
presented as % specific binding. Binding data were analyzed using the

Prism software.



presence or absence of various concentrations of unlabeled inhibin A
conpetitor,, Figure | R shows the data of Figure 1A normalized a n d
presented as % specific binding. ]Binding data were anal yzed usi leﬁ & e
prismsoftware 2 5 MAY 2004 WO 01/ 43763 9 PCTI US00133910 Fi gur es {2 AA%+8lioB
Il lustrate coval ent crosslinking of i Z;Ei bin to betaglycan (transfected and
endogenoudYO 8H#BM¥ ovi de evi dence for Act RI | - bet agl ycan ramogso1l n
Figure 2A, covalent crosslinking of inhibin Ato ActRIl 5 is increased by

bet agl ycan. Enpty ctor (p 3 Rl X-myc, betaglycan (BG, or both
ActRI'| and bet agl yﬁﬁ“{rﬁé +220Nfﬁ%¢ﬁ%) Iy ate; ; ga¥ekeat e derass6nking 2961

cells i re.t Lected to.crosslinking with [1251)-inhibin A and
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by i mmunoprecipitation using anti-betaglycan antiserum nc.)
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activin (9). Binding and crosslinking of [**I]-inhibin A to betaglycan

16 expressing cells was performed in the presence or absence of 25 nM
unlabeled inhibin A, 25 nM unlabeled activin A, or S nM unlabeled
TGF-f, as indicated. Crosslinked  complexes isolated by
immunoprecipitation using anti-betaglycan antiserum (R&D Systems,
Inc.) or a monoclonal anti-myc antibody (9E10) (Calbiochem, Inc.).

15 The crosslinked proteins were resolved under reducing conditions by
SDS-PAGE and visualized by autoradiography. The positions of ActRII-
myc, the betaglycan core polypeptide (Core), and betaglycan

containing glycosaminoglycan chains (BG) are indicated. Molecular
weight markers are represented as My x 10-3,

20 Figure 2B shows covalent crosslinking of inhibin A and
activin A to endogenous betaglycan complexes. Binding and
crosslinking of ['**I]-inhibin A and ['*I)-activin A was performed on
KK-1 cells expressing endogenous receptors in the presence or
absence of 25 nM unlabeled inhibin A or 25 nM unlabeled activin A, as

25 indicated.  Crosslinked complexes isolated by immunoprecipitation
using anti-betaglycan antiserum (R&D Systems, Inc.), anti-ActRII
antiserum or normal rabbit serum were resolved under reducing
conditions by SDS-PAGE and visualized by autoradiography. The
positions of ActRII, the betaglycan core polypeptide (BG Core),



crosslinking of [1251]-inhibin A and [1251]-activin A was perforned on

KK-1 cells expressing endogenous receptors in the presence or absence of
25 nM unl abel ed inhibin A or 25 nMunl abel ed activin A as 25 indi ckt B 2004
Crosslinked conpl exes isol ated by inmunoprecipitation using

anti - bet ag{#can antiserum (R&D Systens,.lnc.), anti-ActRIl antiserum or
normal raBbP#3¥m were resol ved undet%reducing conditi onECH{USOMEIOFNGE
and visualized by autoradi ography. The positions of ActRII, the betaglycan

bot aol yeARCHNP R T Bine. - s Rl Rl FRAR B GTiand, Alkd” ar

i ndi cat ed. ,.Mdl ecul ar, I ght nmarkers are represented as .M x_10-3. FLgures
3A- 3F shififlif OCW(?@% f:awell%laglmi‘élf‘?rén A5¢ THIESERLFEansi ﬁ&hd‘r r]fﬁl'éadult
rat brain, pituitary, Qvar testis. Hgh 5 ni.fication bright-field
phot oni cr ogr aphs st%ﬁ%@faé@%gﬁ AT IS W‘P%gﬁ@cﬁgréﬁﬁ‘ﬁaﬂﬁpgmfe
3A)} pityj I gur 3Q)s, i di ): lgqure 3D) ., testis(Fi.gure
35, androayetd iAemp) At IR PURita T BVaRy R SR sty
bet agl ycaih erliPrc@Wd bt ai prik@t-faéiel 1 Nd i rro ar s | m
10 Abbrevi agt I ons i ncl ude:lﬁAL, ant er?%l?@%cﬁgbﬁbaérreﬁlhgbe; m%‘ﬁ‘@conggg%r\}ﬁem%o
tissue, GEmuliestaingeg céhlthe Fbrebruiar ndtigd ee @ AYj tityithppe(Fifuresy s
cells; 0, oocyte; PL, posterior pituitary |obe;, ST, semniferous tubule;

TT, Tenianded@), ERididwmas ce(lﬂlguﬁgarlbé apsuD sHitiguhat 3B aghy c ayy oan
medi at e P15 funcfd, onal, ant agoni sm of activin signaling in corticotrope,

ovari an, (FIgRT ek hr o TolRieM exaamples pf egllsrisnmpnoppsisye dior sbataglycan

(p-caLy Uiavth: nepiagl P IR s e RAr bl o PR sushr haay
Tra'l‘@fechib%?eviations include: AL, anterior pitoitary lobe; CT, connective
ussve; GC, Granulosa cells; IL, intermediate pituitary lobe; LC, leydig
cells; O, oocyte; PL, posterior pituitary lobe; ST, seminiferous tubule;
TT, Tenia Tecta; TC, theca cells.
Figures 4A-4D show that betaglycan can mediate
15 funciional antagonism of activin ;ignaling in corticotrope, ovarian,
and erythroleukemic cells.
In Figure 4A, AtT20 cells were transfected with the
3TPLux-reporter plasmid (7), CMV-.B-galactosidase (B-GAL) and either
. empty vector or betaglycan (BG) cDNA using Superfect Transfection
20 Reagent (Qiagen) under optimized conditions. Cells were treated with
or without 2.5 nM inhibin A (Inh A) and various concentrations of
activin A (Act A) for 15 h and the resulting luciferase activities were
measured.
In Figure 4B, AtT20 cells were transfected, as outlined for
25 Figure 4A, and then treated with or without 1 nM activin A and a
range of inhibin A concentrations.
In Figure 4C, KK-] ovarian [urnbr cells were transfected as
described above and treated with or without 0.3 nM activin A and a

range of inhibin A concentrations.




20 Reagent (Q agen) under optim zed conditions. Cells were treated with or
wi thout 2.5 nMinhibin A (Inh A) and various concentrations of activin A

(Act A) for 15 h and the resulting luciferase activities were neasured. In
Figure 4B, AtT20 cells were transfected, as outlined for 25 Fi guteM&al0&nd

then treated with or wthout 1 nM acti :ln A and a range of inhibin A
concent r aW@MAE4376h Fi gure 4C, KK-1 ovattan tunor cells wererawusmiembed as
descri bed above and treated with or without 0.3 nMactivin A and a range

of inhibin A concentrations. 5 2004 43763, 11 PCT/ USOQ 33910 In
Fi gure 4D, K562-de ?v@bﬂm“iﬁ |%‘rd§fwf‘§3s%édie I§ tWerer pnsfen e B8G)
or enpty ctr,, e | | PTG 1o induce  actiyity re or expression,
+ and treaw\éq‘ V\%%gﬁ‘gﬁﬁmqgg)} \kihlrn KB glec?oéngércafealnﬁ%ﬁfln ofteM4UELONS.
Luci f er ag&; I Pl ' ed [ j t 'n kuchferase. units (L. U.
and nornﬁﬁl% IF?%%%&?@%%\??%‘. a'I;zcli gﬁ?g{ dgﬁrr%yns(%?aﬁ& PRATIA i R Bn Z)f

FSH secr girigen O inhibdh antoecentidioht ary Leekteradd) ddHVIRY NistrkpBkORked 1N
a dose dependent manner in the presence of anti-betaglycan serdm t

ant efi orimpiarbittanyy leeiferaseeneini dsdéatnd nodnalizsddoas-dosLr iderhifyt0) . 10
Four days after plating, the cells were washed and incubated 24 hours in
0. 2% FBS- bPJ (36) . Figareeld sdemoasttainswatthesd inhititioreskfnFdHRe @rdion

treateddg/}nth ei ther normal .rabbit serum (NRS). or antiserumfrom a rabbit

i nj ect ed TR hTUSTENGEIYn PIOPETH (Fliatbbetddbifcad redtloeked 184-a3dose
(050 g bitert POMunhe ' hE S EELGE A Shelilont dn 22 it of
kit ( Eg:de@gﬂoﬁigm?ﬁrfgg?@g LWkl sCoomed Oha Pl4teRas BERGGLES Y3'o4es
10  Four days after plating, the cells were washed and incubated 24 hours
in 0.2% FBS-bPJ (36). The cells were then washed with fresh medium
and treated with either normal rabbit serum (NRS) or antiserum from
a rabbit injected with GST fusion protein to rat betaglycan residues
154-439 (Ab-BG). After 1 hour, the cells were treated with or without
15 25 pM of inhibin A and incubated 48 hr. FSH was measured using a
radioiromunoassay kit (National Hormone and Piwitary Program of
NIADDK). Reported values are represented as the percent of no
inhibin treatment +/- SEM for triplicate wells.
Figure 6 is a schematic illustrating the proposed model in
20  which betaglycan (BG) functions as an inhibin co-receptor. The
presence of betaglycan or a functionally similar inhibin co-receptor
increases inhibin binding to ActRII and may thereby prevent acces§ of
activin to ActRIl. In addition to blocking the activin signaling pathway,
the formation of the inhibin/betaglycan/ActRIlI complex may direct

25 novel downstream signals,




i nhibin treatnment +/- SEMfor triplicate wells. Figure 6 is a schematic
Illustrating the proposed nodel in 20 which betaglycan (BG functions as
an inhibin co-receptor. The presence of betaglycan or a functi @hdiAf
simlar inhibin co-receptor increases inhibin binding to ActRIl and nmay

t hereby prevent access of activin to AGtRII. In addition to bl ocking the
activin gY%HHH"ﬁb pat hway, the formatien of the inhibin/ bBEEHYSHBINCt R |
conplex may direct 25 novel downstream signals. 2 5 MAY 2004 WD 01/ 43763

12 PCTI U 500! 3391 AN ﬁs;l lnaccordance with
the present i nvenﬁ%ﬂ%&g m&%g‘@ﬁm il%glnqil‘I | ecul ar '
bi ol ogy, m crobi ol ogy, and 5 reconbi nant DNA techniques within the skill of
the art. Such techniques are explained fully in the literature. See, e.g.,

Mani atis, FritsclinéaSeobd@nde "Wheadkarprekom Ngnveéh iR OrBees v uye
(1982); "DNA doning: A Practical Approach,” Volunes | and Il (D.N. 4 over
ed. 198mployelli gonunienticdel Synnbalecsla M biolGayt ednicre®ddlogy\ucl aind Aci d
10 Hybridization" [B.D. Hanmes & S.J. H ggi ns eds. &1985) 1; "Transcription
andS Tr aresiamberan] B PNAptechmiayes  ryybitms thes.skilogf) | the paitoml  Saldh

" b TR o S R T S 1
the derFfistore Santysioe BinehleSaShiei A L Pl NERER JIH$2)0rer
der i vod S no i iRt SRR, Ty SRBEE T ] D N HloRer S8 1T
det elrm'r@@SP,y "Ciegongcldridd i P ethesis” (M.). Gait ed. 1984); "Nucleic Acid
10‘ Hybridization” [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription
and Transladon” [B.D. Hames & S.J. Higgins eds. (1984)]; "Animal Cell
Culture” [R.I. Freshney, ed. (1986)]; "Immobilized Cells And Enzymes”
[IRL Press, (1986)]; B. Perbal, "A Practical Guide To Molecular Cloning"
(1984).
15 Therefore, if appearing herein, the following terms shall
have the definitions set out below.
As used herein, the term “c¢DNA” shall refer to the DNA
copy of the mRNA transcript of a gene.
As used herein, the term *“derived amino acid sequence”
20 shall mean the amino acid sequence determined by reading the triplet
sequence of nucleotide bases in the cDNA.

As used herein the term “screening a library” shall refer to
the process of using a labeled probe 10 check whether, under the
appropriate conditions, there is a sequence complementary to the

25 probe present in a particular DNA library. In addition, “screeming a
hbrary” could be performed by PCR.

As used herein, the term “PCR” refers to the polymerase

chain reaction that is the subject of U.S. Patent Nos. 4,683,195 and




sequence of nucleotide bases in the cDNA. As used herein the term
‘screening a library” shall refer to the process of using a |abel ed ﬁ’cObe
to check whether, under the appropriate conditions, there is a i)
conplenmentary to the 25 probe present in a particul ar DNA I|brary In
addition, "screening a library" could ge performed by PCR. As used herein,
the term WRRudgters to the pol ymerasé chain reaction tthTE%?P d%ljbj ect
of U S. Patent Nos. 4,683,195 and 2 5 MAY 2004 wo M 43763 3391u
4,683.202 to Mullis, as well as other inprovenments now known int h e art.
The ani o, 6&3i. 232 des Miubésd hereeH as eotheef empedvemenes | mow Nendwh i§OMPEI C
form However, residues in the "D' isonmeric formb5 can be substituted for
any L-am¥iio aci d resi due, as long as the desired functional property of

I mmunogl obul in binding is retai. ed by the Iypeptlde NH2 ‘refers to the
free am no group p&bgeﬁf“ 18P 37 %mijﬁ rllE’%':l’m §ES00farg Ieyppdi do woow

ol ypept e, o i BTaEE CTHTR SSRw LS it yBbshete B i hgﬁﬁiq??ci 958 ol
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in the art. It should be note am no-aci d resi e Se égre re

repr eserfugdtiterali nphypdrey nubfeimhnsso glebland Bihakig oid e{@[@i"déﬂ” 'b§v et he
conventional direction of am no-term nus to carboxy-term nus.

Fur t her pslypeptidshoulNiHpe rafaredta the fredasiming giompbegesenitngt Qheeﬁlfh]cn‘o an
am no aci d residue sequence indicates a peptide bond to a further sequence
of one dermwnwas ardfne- aelxpfrfelsdduesCOOHrmers:om the dyge geashdxy elggarrp
(e.qg., plasm d, chronmosone, virus) that functions_as an_autononous unit of
DNA 20 PIEFFREt Abnthen carbexyi termipnpatmife 2opolepsptide onlunkeapings wih

ot ol standard polypeptide nomenclature, J Biol. Chem., 243:3552-59
(1969), abbreviations for amino acid residues are known in the art.

It should be noted that all amino-acid residue sequences
are represented herein by formulae whose left and right orientation is
in the conventional direction of amino-terminus to carboxy-terminus.

15 Furthermore, it should be noted that a dash ar the beginning or end of
an amino acid residue sequence indicates a peptide bond to a further
sequence of one or more amino-acid residues.

A Treplicon” is amny genetic element (e.g., plasmid,
chromosome, virus) that functions as an auronomous unit of DNA

20 replication in vivo; i.e., capable of replication under its own control.

A "vector" is a replicon, such as plasmid, phage or cosmid,
to which another DNA segment may be artached so as to bring about
the replication of the attached segment.

A "DNA molecule” refers to the polymeric form of

25 deoxyribonucieotides (adenine, guanine, thymine, or cytosine) im its
either single stranded form, or a double-stranded helix. This term
refers only to the primary and secondary structure of the molecule,
and does not limit it to any particular tertiary forms. Thus, this term

includes double-stranded DNA found, inter alia, in linear DNA




A "vector" is a replicon, such as plasm d, phage or cosmd, to which

anot her DNA segnent may be attached so as to bring about the replzi5cmi 0
of the attached segnent. A "DNA nol ecule” refers to the polyneric form. of
25 deoxyri bonucl eoti des (adeni ne, guanine, thymne, or cytosine) inits
either single stranded form or a doub:l "- stranded helix. This term
refers onT"’& Hbre primary and secondag structure of the nBfEE§3%1%and
does not limt it to any particular tertiary fornms. Thus, this term
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to 3' did@ehilorondkeation bé ponhg apaly ithedssduddet oh B¥A £ (83" Uil Stifkand
having a 5 sequence honol ogous to the nRNA). An "origin of replication”
refers taongosbeDibrsegussribed tstaangar of cDPéAe(i.e, Dike syidiesi havih ONA
"codi ng sequence"” is a double-stranded DNA sequence which is transcribed
and 1 r arf§qxeage MOsBAIGEAUSEPt the MRNWvo when pl aced under the control of
appropri ate regul atory, sequggces. The bpundaries of the caodi ng sequence

5

are deternined by AR SPHEID c8h e PAicatiRn 5 TEERSndP (et niNangequences
transl at[hggﬁ%ﬁ&iﬁgg@rﬁn %Fﬁﬁeﬁyz‘éhég'%r boxyl) term nus. A coding seguence

can inclu not . prokaryotic sequences, cDNA from

eukaryotic nmRNA, 13 geRAM GCM@?%%%%%%ef'rO% e%uk&BMBFéFs &%a%onms'f‘gnal

manmmal i an) DNA, and even syntheétic sequences. A pol yadeny
and tr aegueingei owhieh minatrawserileadensed Witdnstswd | intee 4 ogalyskbpiidd O ithe

codi ng sequence.
10" vivo when placed under the control of appropriate regulatory
sequences. The boundaries of the coding sequence are determined by
a start codon at the 5° (amino) fterminus and a wanslation stop codon
at the 3' (carboxyl) termizus. A coding sequence can inciude, but is
not limited to, prokaryotic sequences, cDNA from eukaryotic mRNA,
15 genomic DNA sequences from eukaryotic (e.g., mammalian) DNA, and
even synthetic DNA sequences. A polyadenylation signal and
transcription termination sequence will usually be located 3' to the
coding sequence.
Transcriptional and translational control sequences are
20 DNA regulatory  sequences, such as promoters, enhancers,
polyadenylation signals, terminators, and the like, that provide for the
expression of a coding sequence in a host cell. |
A "promoter sequence” is a DNA regulatory region capable
of binding RNA polymerase in a cell and initiating transcription of a
25 downstream (3' direction) coding sequence. For purposes of defining
the present invention, the promoter sequence is bounded at its 3°
terminus by the transcription initiation site and extends upstream {5

direction) to include the minimum number of bases or elements

necessary o initiate transcription at levels deteciable above




Transcriptional and translational control sequences are 20 DNA regul atory
sequences,, such as pronoters, enhancers, polyadenylation signals,
termnators, and the like, that provide for t h e expression of o]
sequence in a host cell. A "pronoter sequence” is a DNA regulato?@”&ggé n
capabl e of binding RNA polynerase in cell and initiating transcription
of a 25 ¥R ®aAm (3' direction) codfﬁg sequence. For purpoOBesowdz910
defining the present invention, the pronoter sequence is bounded at its 3

t erm nus anscrypid:Qn |wpi tiation site and extends upstream (5

di rectiortl)?a(gp:&rl\%hde t eIHthni H{f’m RIERP IS AR ngE el"éﬁént heerdsany to
initiatetaARSH Ok OfnAlati&ye! et.act ghl oV, a Y_2004 01/43763
15 PCT/ UGOT S30h backgroau% Yol n%fhggéfo%t BofeiluotiBomE | GRmAne o
transcri piopsernisust i atseqieftéH, ase dsiBfe Pr i n Qi ndi gglmal n

(consensus sequences) rqesponsi bl e %‘Mgir t he bi g&?ng ogf. Rﬁigdp yné’?ase%NA
Eukar yot polymerater s dukanyotiut protmaiessysofeant &m ot Jl@ra?s b A

" CAT"_boxes. Prokaryotic pronoters contain Shine- Dalgarno s quences 1'n
addi £ on"TaEAé baxcsnand- 36Adonbensus Psekpryoties prdmoiexpr esatfn i<
sequence,. is a DNA sequence that . controls and reg‘t)JI ates the transcription

and t r anS2ABRIAP ofS g8 PNA288yaeAce 10A Bsdi nl0 seandnedSi scbnsdarsushe

control ™ é)éUFLr %rgscri ptional and translational control sequences in a cell
u .

when RNAS yrcferase transcri bes the codi ng sequence into mRNA, which is

(el 1 A SRRt RS S SR NGRS ™
encodes eomirghal ap@pticgelatdst ahgi Mdndcqiptin  and translation of another
10 DNA sequence. A coding sequence is "under the control" of
transcriptional and transiational control sequences in a cell when RNA
polymerase transcribes the coding sequence into mRNA, which is then
translated into the protein encoded by the coding sequence.

A "signal sequence” can be included near the coding

15 sequence. This sequence encodes a signal peptide, N-terminal to the
polypeptide, that communicates to the host cell to direct the
polypeptide to the cell surface or secrete the polypeptide into the
media, and this signal peptide is clipped off by the host cell before the
protein leaves the cell. Signal sequences can be found associated with

20 a variety of proteins native to prokaryotes and eukaryotes.

The term "oligonucleotide”, as used herein in referring to
the probe of the present invention, is defined as a molecule comprised
of two or more ribonucleotides, preferably more than three. Its exact
size will depend upon many factors which, in turn, depend upon the

25 ultimate function and use of the oligonucleotide.

The term “primer" as wused herein refers to amn
oligonucleotide, whether occurring naturally as in é purified
restriction digest or produced synthetically, which is capable of acting

as a point of initiation of synthesis when placed under conditions in




20 pol ypepti de, that conmunicates to the host cell to direct the

pol ypeptide to the cell surface or secrete the pol ypeptide into the nedia,
and this signal peptide is clipped off by the host cell before 2 ?Mfz l
protein |leaves the cell. Signal sequences can be found associ at é tw a
variety of I.ns native to prokaryotes and eukaryotes. The term
"oligonucrggﬁﬁégb as used herein in réPerring to the probRCTHESWREYYr esent
i nvention, is defined as a nol ecule conprised of tw or nore
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upon many factors which, in turn, “depend upon t mat e ncti-on
and use amiplieme@nitgpyuct@ota deucléhe wetdn spander “jsasndsedd henel n fefeps to
an ol igonucl eotide, whether occurring naturally as in a purified

restri ctpresedicgestf omynleduded syndheancahdycinghi cirens capabl asofa apINAY
as a point of initiation of synthesis when placed under conditions in z 5
MAY 260Pokpmerssasand ab Poritie 1 sapperatire nd miesi Thofprmeri meay be

t ' duct ich i I t | ei id st d, i
nduved SBG UnglentiSRasde B8 GeuRIE detRaed ant aksidues nguBGEMnYNCh
| : Jitabl g t t d pH_ T I, b
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upon namdefeaad ouponi mehnyli fgctogppeimivdig s@ihperfurd! | %ﬁrcé‘”@fufﬁiﬁﬁ?
nmet hod.  For exanple, for diagnostic applications, 0 depending on e

conpl exiamg ofuse hethear getthedquender témampld,gofiorc| didgritestiy i reppliypticald,y
contai ns, 15-25 or nore nucl eotides, . although it may contain fewer
nucl@ot id¢Pending on  the complexity of ~the target sequence, the
oligonucleotide primer typically contains 15-25 or more nucleotides,
although it may contain fewer nucleotides.
The primers herein are selected w0 be “"substantially”
complementary to different strands of a particolar target DNA
15 sequence. This means that the primers must be sufficiently
complementary to hybridize with their respective strands. Therefore,
the prhner' sequence need not reflect the exact sequence of the
template. For example, 2 non-complementary nucleotide fragment
may be attached to the 5' end of the primer, with the remainder of the
20 primer sequence being complementary to the strand. Alternatively,
non-complementary bases or longer sequences can be interspersed
into the primer, provided that the primer sequence has sufficient
complementary with the sequence or hybridize therewith and thc'reby
form the template for the synthesis of the extension product.
25 As used herein, the terms “restriction endonucleases" and
"restriction enzymes" refer to enzymes, each of which cut double-
stranded DNA at or near a specific nucleotide seguence.

A cell has been “transformed" by exogenous or

heterologous DNA when such DNA has been introduced inside the cell.




The prinmers herein are selected to be "substantially"” conplenentary to
different strands of a particular target DNA 15 sequence. This neans that
the primers nmust be sufficiently conplementary to hybridize w th 25higiYr 2004
respective strands. Therefore, the primer sequence need not reflect the
exact sequence of the tenplate. For eﬁxrrpl e, a non-conplenentary

nucl eot i deMO&FdEt nay be attached to’the 5 end of the ppciRsodoih t he
remai nder of the O priner sequence being conplenentary to the strand.

Al ternati-yely nen-conpl e ary bases or |onger seguences can be
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sufficientpié : n Yo\ the,s e or thybridize therewith and
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near a sprairtatnediclonotaindepiauehcelerfemel Juchaasbgepashi;anst Qg de
exogenous or heterol ogous DNA when such DNA has belgln ir%trodg{:{eig 1;%%( ce:tthe
cel I .52 sonvevkaopatipD 0ells.1374gably POHiS00MEd910ellhds t pasSHiar RHighDNA Ry

or may not be. integr (covalently linked) into the genone of the cell.
In pr okar“;/%‘ﬁft-:fé’}"r%}égstab?\g‘h(f’asn&ﬁﬁﬁm%n”ﬁégr%teﬂorln&mlu',ommmleansd ot ng
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0% nhor TS fTaBRity A dEmRSERE B0 e Guillly 8 SHEPHRRRITOSE T 1o
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establish cell lines or clones conprised of a popu I on
cel U9 copelsncogtaihing r sinsf ransfigrbilg DN ong™clene’ pepY! pbpaTatiin &t | S
derived frgma single cell or ancestor by mtosis. A "cell Tine" iIs

cells derived from a single cell or ancestor by mitosis. A "cell line” is
a clone of a primary cell that is capable of stable growth in vitre for
many generations.

Two DNA sequences are “substantially homologous” when

15 at least about 75% (preferably at least about 80%, and most
preferably at least about 90% or 95%) of the nucleotides match over
the defined Ilength of the DNA sequences. Sequences that are
substantially homologous can be identified by comparing the
sequences using standard software available in sequence data banks,

20 or in a Southern hybridization experiment under, for example,
stringent conditions as defined for that particular system. Defining
appropriate hybridization conditions is within the skill of the art. See,
e.g., Mamiatis er al., supra; DNA Cloning, Vols. I & II, supra; Nucleic
Acid Hybridization, supra.

25 A "heterologous' region of the DNA construct is ap
identifiable segment of DNA within a larger DNA molecule that is not
found in association with the larger molecule in natre. Thus, when
the heterologous region encodes a mammalian gene, the gene will

usually be flanked by DNA that does not flank the mammalian




a clone of a primary cell that is capable of stable growmh in vitro for
many generati-ons. Two DNA sequences are "substantially honol ogous” when 15
at | east about 75% (preferably at | east about 80% and nost preigrﬂl ‘at
| east about 90% or 95% of the nucleotides match over the defin XE"[h

of the DN§, es. Sequences that a substantially ho us _can be
I dentifie %@ﬂi&:@ﬁpari ng the sequencesigsi ng standard soft\r;\%-@%g‘v’éﬁ?’éfbl ein
sequence data banks, 20 or in a Southern hybridization experinent under,

for exanpdmomist DNaenh eandickhonit asf defd neshier & niB?rK.t'C‘lt?‘? DA
Defining appropriate hybridization conditions is wthin the ski or “the
art. Seesxampie, ddingc-seguencal .is supmstriNA @hent nthe Vobdingd fedhensipr a;
Nucl ei ¢ Acid Hybridization, supra. 25 A "heterol ogous' region of {he DNA
const r udtsdlg ksnnop desmnd i @hinatsregnieng., oh CRINAv where atheargremoivd sodényl e
that is not found in association with the |arger nolecule in nature. Thus,

when t REGVERSLo| 683 MSegi B OBRco®Es SYTHHAHEI | SBAUPAFES t AaviRrge andbns
usually flanke that. does not flank.the manmalian 2 5 MAY 2004 WO
0143763 #?%&ﬁ?us%tf%&% %6¥r‘?fc in t%@c&énowlggﬂot‘ﬁe ur BaEHaNi sm
I n anot IR ek ast r.yc I odin
sequencgpd’ciutrseig @tﬁ%@%ﬂﬂ%ﬁﬁ?nﬂ%@ﬁ%ﬁ@%a{?%a Ig errgtlaagﬁgggéﬁgﬂ?e

codi ng gfeDIYRAC asCAdrFididds hiepdimons, or synthetic sequences havi ng codons 5
different than the native gene). Allelic variations or naturally occurring

nut ati onal events Thenhibeys viasi seotninenhet emplloged's foeaherRe Ofnidifs agre
defined herein. The | abels nmost commonly enpl oyed for these studies are
radiocactive elements, enzymes, chemicals that fluoresce when

1(5 exposed to ultraviolet light, and others. A number of fluorescent
materials are known and can be utilized as labels. These include, for
example, fluorescein, rhodamine, auramine, Texas Red, AMCA blue
and Lucifer Yellow. A particular detecting material is anti-rabbit
antibody prepared in goats and conjugated with fluorescein through

15 an isothiocyanate.

Proteins can also be labeled with a radicactive element or
with an enzyme. The radioactive label can be detected by any of the
currently available counting procedures. The preferred isotope mmay

~ be selected from 3H, 14C, 32P, 33§, 36C], 51Cr, S7Co, 38Co, *9Fe, 90Y, 125],

26 131, and 186Re.

Enzyme labels are likewise useful, and can be detected by
any of the presently uiilized colorimetric, spectrophotometric,

" fluorospectrophotometric, amperometric or gasometric techniques.
The enzyme 1is conjugated to the selected particle by reaction with

25 bndging molecules such as  carbodiimides, diisocyanates,
glutaraldehyde and the like. Many such enzymes are known and can
be utilized.  The preferred are peroxidase, B-glucuronidase, B-D-

glucosidase, B-D-galactosidase, urease, glucose oxidase  plus

peroxidase and alkaline phosphatase. U.S. Patemt Nos. 3,654,090,




radi oactive el enments, enzynes, chem cals that fluoresce when exposed to
ultraviolet light, and others. A nunber of fluorescent materials are known
and can be utilized as | abels. These include, for exanple, fluorescein,
rhodami ne, auranine, Texas Red, AMCA blue and Lucifer Yellow A et & ar
detecting material is anti-rabbit antwody prepared in goats and
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4, 016, 043udies refeerqaniiueieldy mydestrmimeplike f oxtenheits wdiisk| oer Fal9éled
al ternat e Iabelu g mater al and met hods. A particul ar_assay system
devel opdBatgizal binds &9 ithet pell aFacepiarskndinn this ¥ayecdifferenass dyp. affinaty

recept on, 4534 eriLa 0 b e sayed is appropriately | abel ed and
then- cerl hedoi e|‘P§?%ﬁ’at es‘farbofjﬁnfl%‘"se“ame%

10 An assay useful in the art is known as a "cis/trans” assay.
Briefly, this assay employs two genetic constructs, one of which is
typically a plasmid that continually expresses a particular receptor of
interest when transfected into an appropriate cell line, and the second
of which is a plasmid that expresses a reporter such as luciferase,

15 under the control of a receptor/ligand complex. Thus, for example, if
it is desired 10 evaluate a compound as a ligand for -a particular
receptor, one of the plasmids would be 2 construct that results in
expression of the receptor in the chosen cell line, while the second

,  plasmid would possess a promoter linked to the luciferase gene in

20  which the response element to the particular receptor is inserted. If
the compound under test is an agonist for the receptor, the ligand will
complex with the receptor, and the resulting complex will bind the
response element and initiate franscription of the luciferase gene.
The resuliing chemiluminescence is then measured photometrically,

25 and dose response curves are obtained and compared to those of
known ligands. The foregoing protocol is described in detail in U.S.
Patent No. 4,981,784.

In general, expression vectors containing promoter

sequences which facilitate the efficient transcription of the inserted




are inoculated with a quantity of both the | abel after which binding
studies are conducted to determ ne the extent to which the | abel ed

material binds to the cell receptors. In this way, differences i'n affinity
bet ween materials can be ascertained. 10 An assay useful in the a§MAY S00¢
known as a "cis/trans" assay. Briefly,.this assay enpl oys two genetic
const r uct¥¥O 04i4&76df which is typicall yZQ pl asmi d that cont PaDaB0/338XPr esses
a particular receptor of interest when transfected into an appropriate

cell [i apd t he second f.which is.a plasm d that expresses a reporter
such as TJ8) PASRERT 158 M3el’ i ARG oI  B8efO8H/ | | GRRCE KBRES SN
Thus, fqr L& i t..1.5:.4desired .eval yate a.c ound as a |igand for
-a part?gﬁfﬁmr}'&%ﬂg!%r,goodr@r%f tak]e &trg%lr?ﬁ ds‘:’lfmoiﬁpgl%ag] conBE PG L& éS=
resul t s tdiinimXBF@YSIaAN wlll the shEETRL Oferdd hggen ligge,r 40145 4 he
second pl alsm' d (\%?)ul d possess g pr ono eer lin gg ?ggt%ﬁdt}gi foer%lé%%% I n
20 whi ciphehetyprpardecitbenntirinsfomauir §¢1¢3l aTheeteRlsPorined NSSEked |+f
the conpound under test is an agonist for the receptor, the |igan vvlal
conPl ex bei fermhetedcepdorculbmddt teeauedimg i ig aoyapisexkndwh bionechd kree to
response elenent and initiate transcription of the luciferase gene. The
resul ti AGNGNSY IRIMIEsEBBCET9W R -hen neasured photometrical |y, 25 and. dose

response curves ar bt ai ned.,.and conpared, to th f. known |ligands. The
f or egoi ng pr ot ocolﬁleg“ﬁfgssc}viegeg(qoﬁ"'aettai thpse U.sgﬁ?e atlerieNrt 4CoB1, 84, In

I [ [-ni which facilitat
The cf SEdD: 00 SOnERER D SPRERIBI PEAITS s s IERE hpprarragteo
PCT/ USOR'23:38ipl dahh Eﬁ_agfmgiaaf&mq_seeninrblceggrlﬁgg.i Onsed 'farl afRk: JRE

expriession vector typically contains an - In replicati
pr 00ot etdchniquiesr ndesatibeds)in Samintdolas espdc] 1989 gehRselash GloRik@PI! € of

provi di ng
Laboratory Manual (2nd Ed.), Cold Spring Harbor Press, N.Y. A gene
and s transcription  control  sequences are defined 'as being
"operably linked" if the transcription control sequences effectively
control the transcription of the geme. Vectors of the invention
15 include, but are not limited to, plasmid vectors and viral vectors.

The current invention is directed to a method of
augmenung activin-induced signaling by inhibiting the formation of
inhibin/betaglycan complexes. An antiserum against an extracellular
epitope of betaglycan can be used to inhibit the formation of such
20 complexes.  Alternatively, the amount of betaglycan available for

forming the complexes may be limited by reducing the expression of
betaglycan in the cells. The expression of betaglycan may be reduced
by anti-betaglycan antisense {(ranscripts or by mutagenesis of one or
both betaglycan alleles in the cells. Homologous recombination is one
25 method which may be used to mutate betaglycan. Pituitary cells are a
potential target of this method wherein augmentation of activin
signaling increases the production of Follicle Stimulating Hormone

(FSH) and enhances fertility. Alternatively, the method may be

applied to the treatment of a number of reproductive, developmental,




phenotypic selection in transforned cells. The transforned hosts can 5 be
fermented and cul tured according to nmeans known in the art to achieve
optimal cell growh. Methods well known to those skilled in the art can b e
used to construct expression vectors containing appropriate 15 MAY 2004
transcriptional and transl ati onal contﬁ?l signals. See for exanple, the 10
t echni quesvalesesisbed i n Sanmbrook er al4; 1989, Ml ecul ar Clpe#ii@o 10
Laboratory Manual (2nd Ed.), Cold Spring Harbor Press, N.Y. A gene and its
transcription control sequences are defined - as being operably |inked" if
the tran¥df pt PORECcoMEPSLiCs eqlemasapeiFiéet i wady @ontrragl Déry qusansoy s et on

of the gqe,%e. Vectors of the invention 15 include, but are not |limted to,
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met hod of augnenti LI n=l d.signal iing by, inhibiting,the formation
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epi tope plribetiagl YERIcHE & itdSefl t QiddiR0I Lr t:he.d.ar nat i f uch2]?]

conpl exes. lAI ternativel f/ﬁlh'? le[kla?rgeum?lﬂoqmget%%l@gggnﬁacig’i |b(a%g?§lyfc§p. fo ng
the Sonphmvissrurmy leay i et ecodbineducivie t he SXAESSi NN b in
the cells. The expr-es)!si on of betaglycan may blgpfreduced @zyant‘aik?%ggg%can
ant i sensmarrreansior ifors oz  pharmtageries! scofmpaséion. both betagl ycan alleles
in the cells. Honol ogous reconbination is one 25 nmethod which may be used
to mutate betaglycén. mathapt ardf cénhibidpg a agsotientridalcedar geignalinghi Sy
met hod wherein_augnentation .of actidvin., signaling increases the production
of Fol | {MARGIRg, | ¢ SO IBAHSe O(Fquﬁﬂa berpelices f famplexes 1s also

PSS i S A L R o R e T R A
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such as prostrate cancer.
administered to promote the formation of the complexes. Expression
can be enhanced by transfecting an artficial construct containing a
betaglycan gene. The betaglycan gene may be either constitutively
expressed or placed under the control of an inducible promoter. This
15 method may also be used to introduce sepsitivity to inhibin in cells
not normally responsive to inhibin. The method may be used to treat
a number of pathophysiclogical condition including reproductive,
developmental, skin, bone, hepatic, hematopoietic and central
nervous system disorders. Specific examples include the treatment of
20 gonadal cancer, adrepal cancer, or liver dysplasia. The method can
also be used to promote the regeneration of damaged liver tissue
The instant invention is also directed to methods screening
for compounds which inhibit formation of inhibin/betaglycan -
complexes and thus augment activin signaling.  An assay for inhibin
25 binding to Dbetaglycan is performed on -membranes from cells
expressing betaglycan. If the compound results in a lower level of
inhibin binding in membranes from cell treated with the compound

than those from untreated cells, the compound inhibits the formation

of inhibin/betaglycan complexes and will augment activin signaling.




The instant invention is also directed to the anti betaglycan antiserum
whi ch inhibits the binding of inhibin to betaglycan. The 5 antiserum may
be conbined with a pharmaceutically acceptable 10 carrier to forma

phar maceuti cal conposition. A nethod of inhibiting activin-induc@g MAY 2004
si gnal i ng eppancing the formation gérpi nhi bi n/ bet agl ycan_conpl exes is

al so proﬂ%‘é. Tﬁe mai n met hod of accefplishing this is bypqwn?@gé?Wg t he
expression of betaglycan in said cell. Additional inhibin nmay al so be

adni ni stEhedmieahpdonBiay the hesdraid osef at Remyp! K resgi be
enhanced by tr ansfect_ia?\/g an artificial construct conteigcfsrﬁﬁé(\% a('sétﬁ:{ba%ﬁ?/gan
gene. Thachedarg ypeptidese peytdigsei btbér smalistribléculed.y %Héfﬁ:ﬁ?ﬂ:l?r p‘%@ced
under the control of an inducible promoter. This 15 nethod nay al 50 be
-used to metheduc@ayenbet mppiigdt otd nkénsen | romglonndsot wirehaldug m@sponEkve
to inhibin. The method y be used to treat a nunber of pathophysi ol ogical
condi t i JPFMAUORI n§F r dPHSanRetalyc iy APRIgNes | arki thuhomehibiepatiivin
he opoi.eti ¢ _and central —neryous systemdisorders. Specific exanples

i ncl tde SRBaREL: finthsy <385y dABSPTIRARAG | Shakkhalncsaavr therbinditg of
dyspl asi:a,:\’lhe t ﬁﬁ!}" be used to pronote the regeneration of
damaged 1ﬁ|h\1/%-i?1 t@sﬂg@ e |lrjls rge%f I nvention is also directed to nethods
screening for conmppendsYéwede | R S1eEOr I gn,of ieahi b n/ bet agl ycan
conpl exes and thus augnent ag'Eg[vi na??%r?gl i%% Rnﬂée;lssg/pf glln’@i rﬁﬁngﬁXZSOf

bi ndi ng illeshehay yvands panbodimdnes HMHANS chtoR CaAd Sa:e%gfte%gl-,ggt
bet agl ycan. If the conpound results in a lower level o f inhibin binding

i n nmenbrandgaitr ohe cprésentesnechtivn hint lmycdagloiond t han those from untreat ed
cells, the conpound inhibits the formation of inhibin/betaglycan conpl exes

and % | | augnent activin signaling. . 4 5
EXAMPLE 1
~ .. Bindi Studi
15 Recombinant human activin * A and inhibin A were

generated using a stable activin-expressing cell line provided by Dr. J.

Mather (Genentech, Inc.) and were purified by Wolfgang Fischer (PBL,

Salk Institute). ['#I}-Activin A and ['*T]-Inhibin A were prepared

using the chloramine T method as previously described (37).

20 For binding studies, cells were transiently transfected vsing
DEAE Dextran with 10 pg of ActRII and/or 10 pg of betaglycan plasmid
DNA. The cells were incubated with the DNA for 4 hours, shocked
with 10% DMSO in Hepes Dissociation Buffer (HDB), and incubated at
37°C and 5% CO, for 48 hours in DMEM containing 10% fetal calf

25 serum and L-glutamine. Confluent monolayers were washed twice
with Hepes Dissociation Buffer and resuspended in binding buffer
(Hepes Dissociation Buffer with 0.1% BSA, 5 mM MéSOd and 1.8 mM
CaCly). Binding was carried out by incubating ~2 x 105 cells with 2 x

10% cpm ['*’[]-inhibin A (approximately 100 pM) for 90 min at room



W01/ 43763 22 | CT/ U500/ 33910 The nethod may be used to test a nunber of
possi bl e conpounds including peptides, proteins, and small nol ecul es.
Alternatively, the nethod nmay be applied to screen conpounds whi ckzﬁ\a;ly ment
the formation of inhibin/betaglycan conpl exes and thus inhibit act 2004
signaling. In this case, the conpound Qould I ncrease the binding of

I nhi bi n tWQHe3A\Sbr anes. The fol | ow ng exanpl es are gi venpCorusbhdissopur pose
of illustrating various enmbodiments of the invention and are not. neant

tolimt the present invention in any fashion. EXAMPLE | 15 Reconbi nant
human acdtMRST2LUEE ard mﬂ'npéi"—ﬁe“%@m@Fea@@lﬁéné?faﬁ/éﬂ%is‘n fpcestedtiens of

and X;P@réﬁﬁr?% B T0oPT iR Lhrrinpavoloms of dr mlu?é;‘cﬁﬂtge%:&ff'e?" )
1251 T

Lret hozzl as prew%uymc‘%neé }% ryf?f) é}I'Eor cﬁfg éh)‘g etf)ﬁd:églgt ltégﬁ‘e%g\}\e?r@% e

transi enpdgheld aasé@cme%lﬁéﬂﬂw buPFAE g?eshﬁan[lwq InihiBig9ac ﬁtqt%'ha[g@(g{eg{) r 10

gg of betaglycan plasnid DNA The cells were incubate

hour®, sBatkes gasnidn 1060A0E0 dmd Hepelysidl sEFobimdingn dAdh f ras( ERRjed 2R ¢

I ncubated at 37C and 5% CO2 for 48 hours in DMEM containing 10%fetal calf
25 ser umsamgl LhEQIEntlam reregcamf.| uent nonol ayers were washed twice wth
Hepes Di ssociation Buffer and resuspended in binding buffer (Hepes

Di ssociation Buffer with 0.1%BSA, 5 MM MgSH and 1.8 nM Cad 2). Bi ndi ng
was carried out by incubating -2 x 105 cells with 2 x 10$% cpm |
1251]-inhibin A (approxinmately 100 pM for 90 mn at room7 5 MAY 1004

EXAMPLE?2
10

Crosslinking studies were carried out in cells grown to
~40-60% confluence in 5% CO; in complete DMEM (with 10% bovine
calf serum, penicillin, streptomycin and L-gluotamine). The cells were
15 grown in 10 c¢m culture dishes and then transfected using the calcium
phosphate precipitation method using Hepes-buffered saline " (pH
7.07). Following transfection, cells were incubated at 5% CO, for 48
hours. Cell were harvested by rinsing each plate once with Hepes
. Dissociation Buffer and t(hen incubating each plate in Hepes
20 Dissociation Buffer containing 1 mM EDTA for 10 min to release the

cells.

Covalent crosslinking was carried out by incubating ~10° cells
resuspended in Hepes Dissociation Buffer with -2 x 10¢ cpm ['?5])-
activin A in a total of 500 pul for 1 hour at room tempcratﬁre with

25 gentle rocking. Following this incubation, 1 ml cold Hepes
Dissociation Buffer was added to each tube and cells were then
pelleted by centrifugation, resuspended in 500 ui HDB, brought to 0.5
mM disuccinylsuberate (DSS) and incubated 30 min on ice. Each

reaction was quenched by adding 1! ml TBS to each tube. The cells




WO 01/ 43763 23 PCT/ US00/ 33910 tenperature in the presence Q absence of
various concentrations of unlabeled inhibin or activin in a final vol une
of 0.4 nl binding buffer. Follow ng binding, the cells were pel | e?&dily200¢
centrifugation and washed twi ce in binding buffer. Bound [12511-inhibin A
was quant IVJLPat gd g usi ng a gamma counter ,and anal ysis of binding data was
carried o"P Y& ng the Prismprogra 4EXAVPLE 2 10 O sBEIYSeY 3810 s
Crosslinking studies were carried out in cells growmmt o -40-60%

peni ol 1115 ot Dl el MRt SselBetedy o8 piflels SRMRLlizeso com

cul ture jgi $has apdst barretr@usiept qqisugmggwq_gal(ﬁhuﬁ);ﬂplggjgg?fl%oﬁmnng

preci pitation nethod using. Hepes-buffered saliThe’;

transf ecXi poo, cemd WAEBSPCUbahed EBTAY (92 fo/mP Qeubedfis: ! b
harvested by rinsing each plate once with Hep}(lag mDi sgg?i gt@éncggff%\g/gln}d

then. i npepsaating &edhl phgimli spridejpdsn) 26h Dcesosd BO aniBuf TOL- QUi gk Bl MM
EDTA for 10 min to release the cells. Coval ent crosslinking was carried

out by imetdraal nyas 1.08nortidsbyr eentsiferpdeibn, nahidp2s pRi snGcbetagdPcBuf forr 2wi th
-2 x 106 cpm [1251]- activin Ain a total of 500 | for I hour at room

t enper athg AN tAYL5 atabeadyr dedd naldah| roweach t hiipeimatabat i orTulest! waaled
Hepes Dissociation Buffer was added to each tube and cells were then ‘
pel | et edDBybaged r i faHati®n haWsuspendel. i mBdo Immuaes, ¢rmpdtxes o G.c5e rnM

Quenchedbo Bty B O%iRE 18 GGH ShBe. PrAREILer: B8P aseNKN oD wEY 10
01/4?76%21%?5 tube, incubating an additional 1 hour at 4°C, and pelleting
10 immobilized immune complexes by centrifugation. ~Each protein G
agarose pellet was washed three times with 1 ml lysis buffer and then
"boiled 10 min, eluted in 25 pl SDS sample buffer and resolved via SDS-
PAGE. All SDS-PAGE was carried out under reducing conditions on
polyacrylamide 3-8 % Tris-Acetate NuPAGE gels (Novex). Gels were

15 dried and bands were detected via autoradiography.

EXAMPILE3

20  Luciferase assays in ArT20 and KK-1 cells
The function of betaglycan was evaluated in transient
transfection experiments using a well-characterized activin/TGF-p-
responsive luciferase reporter plasmid, 3TPLux (14). Two mouse cell
lines were tested; AtT20 corticotropic cells (grown in DMEM, 10% FBS,
25 2 mM L-glotamine and gentamycin) and KK-1 ovarian cells (grown in
DMEM:F12 with 10% FBS, L-glutamine, penicillin and streptomycin).
The cells were uypsinized and plated at a density of 1.5-2 x 105
cells/well _in 6-well plates 24 hours before transfection. The cells

were transfected in complete medium with approximately 1 pg of



PCTI USOQO' 33910 were then pelleted by centrifugation, aspirated, and pellets
solubilized in 1 m lysis buffer (20 "M Tris-HCl pH 7.5, 0.2 nM EDTA, 1%
Triton X-100, |mM AEBSF, 1mM EDTA, 10 g/m |eupeptin, 10 gg/m pepstatin,
and | pg/m aprotinin) on ice for 30 min. TX-100-insoluble 5 natelh §AY Mo
renoved by centrifugation, and 2 g ant'b-bet aglycan or 2 g anti-nyc

anti body W0EHdéH t o each supernat ant23Tubes were I ncubatmrrfgm/sisiehour s
at 4C, and i nmune conpl exes were precipitated by adding 10 | of 50%

protein ar osg ,( ) slurry to ach tube, jncubating an additional 1
hour at ¢ “Hfu' EpléBrCﬁti"h% &b‘s{lfﬁﬁ%ﬁﬁ‘iié\é‘d i@%\g)d&ﬁ?ﬂ@s@@mﬂse (B-GAL)
centri fuqq_ga i ct?.l_ﬁasch Br otein % agarose .pell et was washed three tines with
1 |yt putdel-AndPBhe®l  GOMEED YECHITh, oI ub&teslNcas | mpsmidinplNAuf f er
and res Vi S- P . Al SDS- PAGE was ,carri ed,.out under ,reduci ng
condi t i gtga%gEXEggﬁgacry\?%ni d&SEE o PPPUIIAEG: ar SN Sgel UsiRBvexihecel s
were 1 | ba ; d Vi L.ogr . EX AMRT "F 20 T
uci fer g:scgﬁggés}acsgﬂrn ﬁé@ﬁd %t"‘%(;etrf&clel ?I;%g&ﬁgér)l%t i gﬁ‘l}%’ﬁenﬁet ééﬁ)?&?ﬁ‘;was

eval siat gdilden} rGegheny). t PHEE eat | PEUBNPER E@Ho% Us§ 95 aq)gﬁh%( %é}% %G[?gg zed

activin/ TGF-0- responsive luciferase report plasmd, 3

nouse cevashdd nedthvenediwst edintAtiiag @ft FBStamepialloetd sid deevhies NTHVEM
10% FBS, 25 2 mM L-gl utam ne and gentanycin) and KK-1 ovarian cells (grown
in DVEMGHS. wi tlhel gedlspgere - freatedi math pohilkinl |A mradidr staceptimmacion .1 5 The

cells re trypsjni,zed .and plated af a density of 1.5-2 x_105 «cells/well .
in 6-wel O“dFayp thelqo[}?asrv&g;q# e“ﬁ‘rL)ffé? 3&‘%&%?’(1‘% Tater X d08, t 2angh dt ed

n complghgyiBRidHE AH 3PS, OXs Rl bsh Ofa SnRe METZO244"E S TR 25
10  Luciferase reporter activity was determined by normalizing 1o relative

B-GAL activities.

15

Immnnocytachemistry
Normal adult male and female sprague-dawiey rats (175-
250 g; Harlan Sprague Dawley) were kept under siandard housing,
feeding, and lighting conditions (23°C, 12 hours light, 12 hours dark
20 cycle with lights on at 0600 h). Immunocytochemistry (ICC) was
carried out as previously described (MacConell ez al., 1998). Briefly,
rats were deeply amesthetized and perfused transcardially with 4%
paraformaldehyde. Tissues (brain, pituitary, restes or ovaries) were
removed and post-fixed for 1 hour in the same fixative. Brains were
25 transferred 1o 10% sucrose/0.02 M potassium phosphate buffered-
‘ saline (KPBS) and stored overnight at 4°C. Thirty pm frozen coronal
sections were cut on a sliding microtome and free-floating sections
processed for ICC analysis as described below. Pitnitary, testis and

ovary lissues were embedded in paraffin and 10 pum paraffin sections




PCT/ JSOO 33910 3TPLux. 0.1-0.2 g cytonegal ovirus (CW)-p-gal act osi dase
(5-GAL) and 0.1-0.3 g of either vector or betaglycan plasm d DNA
Transfections were under optim zed conditions using the comrercia ¥l .

avai |l abl e Superfect Transfection Reagent (Q agen; 5 Hilden, Ger rran% h A\Aﬂﬂﬂér
an incubation period of 2.5 h, the cel ég were washed with nmedium

cont ai ni ng PH+EE and all owed to recov for 5 hours. The REIUS0EsY14
treated with inhibin A and/or activin A for 15 hours and then harvested in

| ysis buffer 179 Tritan X-100, 25 M cyi.qlycine (pH 7.8),,. 15 mM

My SO4, Z&ﬁf\:ﬁ If((';'lI[A ﬁjnod‘"ilcﬁl\/l .Sl.’LBef_fg]Bf‘f eﬁééegt“gi%r(ﬁé]ﬁ’e&ctscﬁ’wf%s and
determ or | Z¢ ativ - | vi.ties.. EXAMPLE 4 15

Nor mal g&ﬂ’lc'?)éﬁ%{je gi?llld ?Egglatéﬁégﬁggue-lggm;&%f&%ﬁg % 175}’0;"%539;['}\{;%'1’% of
Sprague JAMAY) Weree KaForiider 18t AAERIAnRRUS LA in nd, | ighting
conditions (23C, 12 hoursrl [ ght,1 12 hoursrl ar klgTO fgggﬁfei’wgliaﬁal ?23}1481 &?rfat
0600 h) .lawsmanakyineteniontt yarid QSITHWasgulaidnsed out as previously descri bed
(MacConel |l et al., 1998). Briefly, rats were deeply anesthetized and
perfRsed transcardifal | seduach 4bacipgroafiat nebdéhigys. Tissselessddi@is), were

pituitar,%, éestez or (gvar,i, es) Wer%¥ renoved, and post-fixed for 1 hour in
the samdNFrRaked, dor gQi min\dy d %5 HaQunandr risged owidokRRS feldowed2 byl a |

i Tty Ry d3Bec P BIRTOtGER | e BASIAD it RRES LRhangam Briemon-440.
Lo LA RCaR Pl 5SS d o5l SRS oA SR By,

par af f i beiggly s prignddyY 20Q4eMO RE4D7E8 2R ACLhHURVIB3Y 95 pg/ml in

10 KPBS plus 0.3% Triton-X, 2% normal rabbit serum, and 2% BSA

overnight at 4°C (as a control, adjacent sections were incubated with

normal goat IgG or secondary antibody alome), Tissue sections were

then rinsed in KPBS followed by an 1 hour incubation with a 1:1,000

dilution of biotinylated rabbit anti-goar secondary (Vector) at room

15 temperature. KPBS-washed tissue was incubated in an avidin-biotin-

horseradish peroxidase complex (Vector) for 1 hour at room

temperature. The peroxidase reaction was then visualized as a brown

reaction product with a 3-5 min incubation in a mixture of 0.03% DAB

y and 0.015% H202 in 0.IM Tris-HCl, pH 7.4. The free-floating brain

20  sections were mounted onto Superfrost/Plus slides (Fisher Scientific)

and light microscopy employed for visualization of immunoreactivity.

25

bindi ActRTT
In the process of screening for potential inhibin binding

proteins, inhibin binding was detected in cells expressing betaglycan.




were cut, mounted onto Superfrost Plus slides (Fisher Scientific), and
processed .for I CC analysis. Al procedures involving the use of aninmals
were perforned in accordance with federal, state. and | ocal Ia\/v?z aﬁl(}
institutional and NIH regul ations, 5 To reduce background st ai ni é AT Blue
sections were incubated for 20 mn in _}% H202 and rinsed with KPBS

fol | oned BYO&W376hour room t enper at ure2¥ncubation in KPBS W truSoerde1pr i t on
X-100, 10% normal rabbit serum and 2% BSA. Sections were incubated with

bet agl yc rimary antisera (R&D), at a concentration of 25 p.g/m in 10
KPBS pl uginﬁiﬁ'g%nﬁr S, BatnorsRlrlethbpmembrangs antfomys BEK 0285 ni gelsat

4C (as ontraql .. adj.gcent sections e incubated with normal goat 19G or
seconda?vggﬁf‘?cgsgy ‘é‘i@he?‘?[ ﬁ}égi‘ﬂe ﬁi’b‘ﬁﬁl V\é?"é:lachermgh ngédnity Krbgbin

f ol | owedy;y; 1houp 4 n e ' a i .1,000 dilution of_biotiny]ated
r abbi t g‘?\lﬁﬁ}ggat [gggghddaﬁﬁ&ég?o%hgl r%gﬁ{éﬂ‘f‘ t SRSEICENES.  PR® washHd
tissue wasnifudibat edvith agmawy diviedibPt | flag h |0 PErXjgase ; . ex
(Vector) for 1 hour at roomﬁv:{enperatur?dTﬁgnﬁ%?gaﬁgsesﬁéggﬁsoﬂ &’é ¥hen
vi sual i Zmchdasiga brown reaction product with a 3-5 nin incubation in a

m xture of 0.03% DAB and 0.015% H202 in O 1M Tris--HC], pH 7.4. The
free-floating brai A020Terder onshacaetarbzmt ednbiltio Suhadingst 4P Us olhidés

(Fisher Scientific),. and Iight m croscopy enpl oyed for visualization of
i mrunor e'EEf’}et?/’iW.s EmLEebgzsxamsmsg ;?Y‘Fiﬂr}?d)rn cpreXpressirg arvetRI wandc

bi i ng VPERa e, BT PhsPOn o HEE" abr eliEe TiareeiRas Besroting HEK |
betagl yoms ceibs MhG 2Mpfti P biddE}k assays were performed. The inhibin
10 binding affinity was quite low when ActRIl was expressed alone [Ki=6.3
nM (2.9-13.4) nM], consistent with previous results (9), but increased
approximately 30-fold when ActRII and betaglycan were co-expressed
[Ki=0.2 (0.1-0.3) nM] (Figure 1B). Moreover, co-expression of ActRII
and betaglycan increased the number of inhibin binding sites
15 approximately twelve-fold or six-fold relative to the number of
binding sites in cells expressing ActRII or betaglycan alone,
respectively Figure 1A). Experiments performed with betaglycan and
ActRIIB had similar results; however, the effects of betaglycan on
increasing inhibin affinity and the number of inbibin binding sites
20 were less dramalic (data not shown). Activin binding to betaglycan
was not detected during expression in HEK 293 cells. Also, betaglycan
did not increase binding of activin to ActRII (data not shown),

indicating that betaglycan did not increase inhibin binding by means

of increasing ActRIl expression.




27 PCTIUSOOL33910 Figure 1 shows that isolated nenbranes from HEK 293 cells
transfected with betaglycan exhibited specific, high affinity inhibin
binding [Ki=0.6 (0.5-0.9) nM whereas nenbranes fromcells transgﬁfchﬁj
Wi th enpty vector had undetectable specific inhibin 5 binding. T gﬂg’f
characterize inhibin binding in isolat g menbranes fromcells expressing
Act R | or WQ0E&Hb8ssing ActRII and beg gl ycan, cDNAs encodPGH/UShEs®I
receptors were transfected into |l 293 cells and conpetition binding assays
were performed. The inhibin 10 bi nw Nty was quite | ow when ActRI |
was expressed alone (Ki=6.3 nM (2. . , consistent with previous
results (9), but increased approximately 30-fold when ActRI I and
bet agl ycan wer e co expressed [KI =0.2 (0. 1-0. 3) nl\/] (Figure I1B). Moreover,
S O oo nmbe |
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bi nd| ng S|tes 15 apprOX| mat € y twe ve-
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respectivel y F| gure IA) Experl rrents perforrre wi th bet agl ycan and Act RIB
had §imlar result<so hieterminet hwehetlimtmlnbnbehsagia;pabﬁre of biwdigasi ae d

I nhi bin aff|n|ty and the nunber of inhibin binding sites 20 were | ess
dramat i COFEINE ndtCURBIRY . WA | betagly ern ngxpectsmdageijben Wikks orotw tidieet ed
n,in l-JEK 293 cells di d_not increase
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reagent disuccinylsuberate (DSS). Crosslinked inhibin-receptor

10 complexes were ther immunoprecipitated with an antibody directed
against either the ActRIl myc epitope of the extracellular domain of
betaglycan.  The crosslinked, immunoprecipitated = complexes were
resolved by SDS-PAGE and visualized by autoradiography.

Figure 2A shows the results of such a crosslinking

15 experiment in which cells were transfected with either vector alone
(lane 1), ActRII alone (lane 2), betaglycan alone (lanes 3-6), or
betaglycan and ActRII together (lanes 7-10). Crosslinking with ['?5]}-
inhibin did not yield any visible complexes on SDS-PAGE anpalysis in

. cells transfected with empty vector (Figure 2A, lane 1). A covalent

20 complex of approximately 75-85 kDa was detected in cells transfected
with ActRII alone (Figure 2A, lane 2), a size consistent with previously
reported crosslinked complexes of inhibin/activin-ActRII (8,9,18,19).
Crosslinking of ['?’I]-inhibin to cells transfected with betaglycan alone
yielded a complex at approximately 110 kDa and another diffuse band

25 at 175-250 kDa (Figure 2A, lane 3). Previous experiments with ['2]]-

TGF-B crosslinked to betaglycan have demonstrated complexes with
similar mobility (27,28) representing the betaglycan core protein

(~110 kDa) and betaglycan with glycosaminoglycan chains (200-300




PCT/ USoo/ 3393 U crosslinking of inhibin to the Act RTT-hetaglycan cormlex 5
To determ ne whether inhibin is capable of binding and formng a conpl ex
wi th betaglycan expressed either with or without ActRi |, both re?FHEP§®4
were expressed in HEK 293 cells. The cells were treated with
['251]-inhibin foll owed by the covalen? crosslinking reagent

di succi nyMsiBEtHéE (DSS). Crosslinked %hibin-receptor 10 crampisHRasnIver e

t hen i nmunoprecipitated with an anti body directed against either the

Act Rrl epi e of the extracellular domain of  betaglycan. The
crossli %a) i mfﬁiﬁg'?ré’ci 'S‘ict 2aggs .Serﬁfhﬁlroél%gl%rléhimés&ww&)ycmmm and
vi sual i ﬁ%i%ﬁg&e%gt rrﬂ,ldsi O%%F‘nylﬁl i ?lure 2A shows the results of such a

crossli XPper i ¢ch cells were transfected with either -
vector alone (I ang; Ag I | apg.: adl y | qne (! S
3-6), or betagl ycgln]ﬁgﬁ{j A%:étﬂRl ]In%ltlggglt er%lgnteshﬁ{@%‘.%%l?rbéllﬁ%fzﬁki?g}\jﬁh
['2f1- igamhdi §izdi £h ¥ ehes@nyredesitblia eenp! exgfe sQihoDH: fﬁg ahysie |1
cells transfected vlvfgt%l enpty velci:‘tor (Fi gure 2A, ﬁgﬁe 1 .gﬁFc‘o g?@nthy 0

conp$ ex tferapmesiowsiyelryp@fieds (kD ,885. deThet edditivrcebi 93 mMShaF B eqv th
ActRIl alone (Figure 2A, lane 2), a size consistent with previously

repor t ednbiliss|arnReaM omlebriesd of GFrpirievieaced vicnosdisking 808, ihRilia) .t o
Crosslinking of [121l]-inhibin to cells transfected with betaglycan al one
yi el ded betaghiady Gigapproti henes) v 210 KDa By camstassr  @5f mdM eu bhable RS at

75250 SRR P S0 Brak b SIS o TR el Pt BT
oD Sk SR SPABSE SR R Y R ERER A B ol PSRl
29 RET1ukao 154941y deBa)bindheme! of Gubuit sMdshitern fTHd QBilng idTRIME to
| abeling contain the predicted forns of betaglycan.
block inhibin crosslinking indicates that the binding site for inhibin
overlaps with at least one of the TGF-B binding sites on betaglycan.
When ActRII and Eetaglycan were co-expressed, the levels
of inhibin-crosslinked  receptor complexes were  dramatically
15 increased and covalent complexes between ['?I)-inhibin and both
ActRIT and betaglycan were evident (Figure 2A, lane 7). Inhibin-
labeled complexes in the expected size range for betaglycan were co-
immunoprecipitated with an anti-myc antibody directed apainst ActRIX
i (Figure 2A, lane 7), providing evidence that inhibin, ActRII and
20  betaglycan interact to form an oligomeric inhibin receptor complex.
The presence of 25 nM unlabeled inhibin completely blocked ['”I]-
inbibin labeling of both ActRII and betaglycan in cells expressing both
receptors (Figure 2A, lane 8). By contrast, the addition of 25 nM
activin or 5 nM TGF-B had little effect on the intensity of the bands
25 that were labeled with ['#*[)-inhibin (Figure 2A, lanes 9 and 10). The
inability of unlabeled TGF-B to' block inhibin crosslinking to betaglycan
co-expressed with ActRIl is consistent with the presence of an

ActRII/betaglycan complex that binds inhibin but not TGF-f.




Sim | ar high nolecul ar weight inhibin conplexes of the sane size range as
those present in cells expressing betaglycan have 5 been previousl M MAY 2004
reported (5, 24,38). The addition of 25 nM unl abeled inhibin or 5 nl\;l

unl abel ed TG--[i prevented crosslinking of inhibin to betaglycan (Figure
2A, | anes n . By contrast, 25 n nl abel ed activity had no effect
(Figure Zﬁ%‘ﬂéﬂé@) These results argg@onsi stent with actPOT/HSM/IPAGK of
affinity for this proteoglycan and the possibility 10 that betagl ycan binds
the a subuni,t of itnhi.bys.: rthe,ability: TGF- 0 I .inhibin

crossl i nking i ndi cg?e%cpﬁa%?t H%I it)[|g né%‘lr%gg’si[tg; fP{)IFn i %h?ﬂﬁ%’hlﬁﬁ | SFERIER at
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bet agl ycan were co-expressed, the levels of inhibin-crosslin éU receﬁpor
conpl exedsoerteindisamatnidcalfoyms15 drossiéaked andmpkaeant &onp! %%@ﬁ%@n
[i251] -inhibin and both ActRII and betaglycan were evident (Figure 2A, |ane
7). | nhilsitaglycae| aud c4epRBxizs they ¢varierpenoest sceld liaﬂgKK-dr(HighﬁngBQn
were_c Q- i mmu recipitated with an anti-nmyc antibody directed agai nst
Act R 1 (BBure 2MeiGne PPMPlegisdi ng @R dend€ t hatviswlined, ActatRvwiagd
20 betaglycan.interact.to for,man,oligonmeric iinhibin receptor _ conplex. The
presenc kﬁ?uﬁgpﬁ%ﬁ%@ﬁ&o{bﬁ e&"F‘thBPﬁfcgﬂﬂr@?@ig}yﬁmcEBHSFig@l]Qanq nd} bP K

| abel i n f ' yCafm.lLN Xp i bot h ecept.ors
(Fi gur eg?%, AP%%EI g‘?ﬁ%%ﬁc}gn??&arg%)'t hpgd%%ﬁo f éﬁié‘i{ﬁ%&mﬁ’ﬁc&f“s im

TGF- 3 hadotkéd! eyefiheabatin gt it Sixicés9f of Nenkandsqd 2 r @ iloake! ed
wth [125?] - i nhi g?ri (Fi Sureg 2A,1 Iazﬁgs 9 gﬁdogol)gr.l Theédi ﬁgbm?]t ;Ro@:!g%l?g

unl abel €B)TGF-Entmuibbprécipitatbdn comspleixelsi nindladeet i ybefagigeafXPe8seed
with ActRIl is consistent with the presence of an ActRII/betaglycan
cordf! ex Prataing; Resaghigas nwilt glycoseminoglgcamy cobas, Gl 0AciRT6svise
PCTI USO(%IZ]L33391O. . .

e activin type Ireceptor Alk4 is not present in the complex (Figure
2B). Labeling of KK-1 cells with !*5l-activin followed by crosslinking
and 1mmunoprecipitation with anti-betaglycan antibody demonstrates
that endogenous betaglycan does not form a covalent complex with

15 activin  (lanes 7 and 9), When activin-crosslinked cells are
immunoprecipitated with anti-ActRIl antibody, ActRII and Alk4, but

not betaglycan, are visualized (lane 9).

20 EXAMPLE 7

E T e E] ] . .].]-- . .

Substantial evidence implicates inhibin as an important
paracrine/autocrine regulator of the hypothalamic-pituitary-gonadal

25 axis (39). Therefore, immunocytochemistry was employed to assess
whether the tissue-specific distribution of betaglycan protein matches

that of tissues documented to be inhibin-responsive.  Surprisingly,
despite the fact that betaglycan has been known as a TGF-B receptor

for quite some time, the tissue distribution of betaglycan in vivo




In addition to its ability to forma crosslinked conplex wth reconbi nant
betagl ycan and ActRil in transfected cells, inhibin also binds anﬂgfmyrm,'
crosslinked conpl exes with endogenous betaglycan and ActRIl in the ovarian
nouse cell line KK-1 (Figure 2B) 5 (38). These conpl exes can be visualized
followi ng 10 i rmunopreci pitation withgither anti-betaglycan antiserum
(lane 2) YO OHMTIACtRII antiserum (|l aned4). The formation ofcCTedmimssho
conpl exes is blocked by incubating with an excess of unl abeled inhibin A
(Figure 2B). | nopr eci pi tate Cﬂ, | exes i ncl ud%th,e bet agl ycan core

pr ot ei n, TUBEERY ;Egﬁc tUrP%R/]&SE m g§| VEENLRPGY WRcheapiradct galimitian  offe
activin eceptpor Al k4 is resent in.the conplex (Figure . 2B).
Label i ngé%@%@ c@o |‘§EmPPH“fE5ﬁ€‘§it\p%}i T3 | Bli4tagy rcTBES%%H'i ARAn&eStENdS

[ m‘runoprg%gﬁégi'@njﬁm}f-%u@gt k-betagl ycan anti body denonstrates that
endogenous bet agl ycan of es not forma covalent conplex with 15 activin:

(lanes 7 and 9). Wpeph | BeN-Hek0eidwie i €inH; napr.gci.pi -
with anti-ActRII anti bag%%/, ActRI'l and Alﬁﬁﬁ@ﬂégﬁ Q{r{o{n 1ét“fwag yég'n,sggé‘gagg
vi sull i zerthibiaor 9f. ap@riotAMPLIRItArEX FSESseartiain bel,49-423n i As shown in
I nhi bi n-respongive tissues Substantial evidence inplicates inhibin as an
i npor t ank1gusgr 4By i FRPESEREr WA rdegoleaodr betaglyean in mediating the inhibin

hypot hal am _c-pi tuitary-ggnadal 25 axis (39), Therefore, imunocytochem stry
was errplr(%?&?"gﬁ’ asttede Mﬁb’caﬂﬁé" t %3 eLbsRNied ¢ 1B & rsuhser orofof cells

PehoR Y iRl R SRSt TAbLR of | BRSO TRANES hRItrar pitmitany

i nhi bi n-r'espénsi ve. Surprisingly, espite

ST, LYo S OO, SRR DEahLAE.  These
10 betaglycan-immunopositive cell types within the anterior pituitary
may represent gonadotropes and lactotropes as these pituitary cell
types .are major inhibin- and TGF-B-targets, respectively (43-45).
Interestingly, intense betaglycan-ir was also found in a majority of
cells. within the intermediate lobe of the pitaitary (Figure 3C). While

15 an inhibin effect on cells within this lobe has not been documented,
TGF-p, has been reported to co-localize with the melanotropes of the
intermediate lobe, indicating it may play a role in regulation of this
cell type (46). Positive immunostaining for betaglycan was not

,  detected in the posterior lobe of the pituitary (Figure 3C).

20 Within the testes, moderate betaglycan immunostaining is
observed in the rat Leydig cells with no discernible staining for
betaglycan within either Sertoli or germ cells visible at any stage
(Figure 3D). In addition, the interstitium - of the epididymis stained
positive for betaglycan (Figure 3E). The immunolocalization of

25 Dbetaglycan to Leydig cells is consistent with the fact that inhibin,
secreted by testicular Sertoli cells, acts locally 10 modulate

steroidogenesis in Leydig cells (47,48) and the fact that inhibin-

specific binding sites have been localized to this cell type (49).




WD 01(43763 31 PCTIUSOCO 33910 remains | argely unexpl ored. The

I mmunocyt ochem cal |ocalization of betaglycan in the normal adult rat
brain, pituitary, ovary, and testis is sunmarized in Figure 3. 'Pe?r%mn’szugpe
best known function of inhibinis its selective 5 inhibition of anterior

pituitary etion (1,40-42). As own in Figure 3B, consistent with
arole of“@gﬁéélgﬁ:an in mediating the sﬂhi bin response, stfdggSe033910
bet agl ycan-ir was observed in a subset of cells throughout the anterior

| obe of a - L Wtar I , ILhjting a

predom nlgﬁﬁeg"%wtqg& g%serg cdl?ggaéflﬁ{zg‘aﬁ%%e l‘l?lh)eéét:'(la]g18‘[}%&S gé‘{kyvgf&%t- [ ﬁﬂﬁﬁBSS%ng ve
cell t I tdH Nyet t eFf bt Yl ; @éﬁ.{g‘o opes and
| act ot ?/g%?scwasdﬁ kr:resﬁelﬁggsi&{mui {ﬂgr%s (de)eif Phh{ﬁygeg@ﬁeﬁlﬁgf or | r?ﬁ?b{gr?ggg 'dp

TGF-B-targets, respesitivel ynfriithekipininknt fresidiagiyear NieNeR bAY Wear-ir
was also found in a majority of cells . within the internmedi ate obe of
the pitubsaryedrilgugeeB@osavhibeals and iinbéisiinidf foeedls of drl |(Figdriehi3FY.hi s
| obe hai_not beeg_ docunented, 20 TGF- 13l has been reported to co-localize
wi t bt hd-iigl ahet thilgéf thehei destiteditis e loealézatinai cist iangneidemy miah a

role in yegulation .of .this ell type (46). Positive inmunostaining for

bet agl yc‘{;ﬂ‘?q'\mgn#&{] m&ét’é‘bt%q%f:ﬁ tor{g iw(gpg%popr?%euep e 18F ¢ thecal yeeHsgur e
30). Wt( i4% the testes, noderate betaglycan i mmunostaining is observed in
the rat 'Leydig cells with no discernible staining for betaglycan within

either Sertoli or werRlsel | Gevi Sidud at @8k Staga (K e 3 I _
addition, the interstitium- of the epididyms stai neéQHE)’osi El?:?/ggpgrcan

bet agl ydarm@bioyeaetisE) . (e filersnoveeal drsairved ofn 3hebetmal yeat t of Lexdi 9
cells is consistent with the fact that inhibin, secreted by testicular
Serlt®| i forebrrinac(EigwisaliA) .t oBatrglyeareir sfiberd dogemealse dntdoegdi gncehks
(47,48) and the fact that i nhibin- ?p cific hinding sites have been

| ocal i z88PFY {WRPEATPR) pdiYcAgys of the rat forebrain (data not shown).

Notably, this central localization of betaglycan in the tenia tecta
corresponds -with the presence of inhibin/activin «- and PA-subunit
mRNAs in this same region (52). Therefore, it is possible that mature
15 . inhibin secreted in this brain region interacts with similarly localized
betaglycan. While the a, BA, and BB subunit proteins and mRNAs are
widely distributed throughout the rostrocaudal extent of the rat brain
(albeit at low levels), detection of betaglycan-ir fibers was limited to
these two brain regions and perikaryal staining for betaglycan was not
20 observed in any area of the rat brain. It is possible that expression of
betaglycan in other brain regions may be below the detection level of
immunocytochemistry due to Jow translation, rapid protein
degradation, or rapid transport of the protein, indicating that
colchicine treatment of rats may be necessary to visnalize cell bodies
25 immunopositive for betaglycan. [t is also possible that related inhibin
receptor components distinct from betaglycan are expressed in these

regions performing a function similar to that of betaglycan to mediate

inhibin responses.
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germcells was sonewhat unexpected based on reported effects of inhibin on
ganet ogenesi s (50,51). Positive i munostaining for betaglycan i ﬁ fry
was observed in granulosa, thecal, and interstitial cells of t i@)j e

3F). 5 Like the findings in the testidf% this localization is coincident
g

with docuMdh#ied7¢hhi bin effects on an
(47). Wthin the adult male rat brain, betaglycan- imunoreactive (ir)

en production by PaET/USKE®I0 cel | s

3A).

fibers. were observed in the teni agmme 1 0 forebrain, (Figure
Bet agl ycan-ir fibers were al so det ' h e septal hippocanpal nucl eus

of the rat forebrain (data not shown). Notably, this central |ocalizat
of betaglycan in the tenia tecta corresponds -with the presence of
i nhi bi nfRGLIN 5% d;i kit 1 ATRNAS; 2l0 R o & 4 : el .

Therefore, Tt° 1S possiDb
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and PB subunit proteins and nmRNAs are w  dely distributed throughout the
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betagl ycan-ir fibers was |limted to these two brain regions and periKkaryal
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It is possihle that, expression taglyc i n other brain regions may be
bel ow t [F& dg"tfecﬁ‘?%ﬁm eggpqﬂse i g‘lfh?nggysta‘gche (s d1ay Dt oSHEWN: r WhsK&on,
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activin A to suppress basal ACTH secretion in the corticotrope cell line
AtT20 has been previously described where inhibin was similarly

found to have no effect on the activin response (6).
To directly test whether betaglycan can mediate the ability

15 of inhibin to block activin signaling, the rat betaglycan c¢DNA and the

ng
ed

3TPLux reporter plasmid were transfected into AtT20 cells. to-

determine whether betaglycan can confer inhibin responsiveness to

these cells. Following transfection, the resulting ability of inhibin to

block activin 1nduction of luciferase was measured. ,

20 Figure 4A shows that when AtT20 cells are co-transfected
with either empty 3TPLux vector or 3TPLux vector expressing the
betaglycan cDNA, increasing concentrations of activin A result in a
;:lose-dependent increase in 3TPLux activity. However, when the cells
are additionally treated with 2.5 oM iphibin, the activin response in

25 Dbetaglycan-transfected cells is substantially decreased while the
activin response in cells transfected with empty vector is una'ffccted
by inhibin (Figure 4A).

To measure the dose-dependency of this betaglycan-

mediated inhibin effect, cells were again transfected with empty
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n-c EXAMPLE 8 aragpnlsm P-na n$ aC 5 Wiile many activin responses are
potently blocked b y inhibin, there are also cases in which inhj le ﬂ@ no
nmeasurabl e effect on the activin response (5,6,53,54). It has bk Ys

I n K562 erythrol eukem c cells overexp gssi ng ActRIl1, for exanple, that
activin- YWEN&ESEF i nduction of the 3TPEUx reporter plasm d BGTASMBsEEt ed by
10 the addition of high concentrations of inhibin (5). The ability of
activin A
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resulting ability of inhibin to block activin induction of |uciferase was

meastr edlepzmdringur end Aregbiwsst hagtaghepam: T2Fheeleffecar eofc dinthibitsf @it edllswi t h

e rsSing “betaglycan® was | Concentiation dbpendent’ with an estimated

IC50 of 8-10 pM inhibin (Figure 4B).
| The effects of betaglycan on the inhibin responsiveness of
two additional cell lines were also tested. While it was found that the
10  ovarian cell line KK-1 is weakly inhibin-responsive (data not shown),
KK-1 cells transfected with betaglycan c¢DNA became highly sensitive
to inhibin.  Activin-induced 3TPLux activity was blocked by co-
treatment with inhibin (Figure 4C). In K562 erythroleukemic celis
overexpressing activin receptors (KAR6), activin-mediated induction
15 of the 3TPLux reporter plasmid is largely unaffected by the addition of .
high concenirations of inhibin (5). Figure 4D shows that KARG6 cells
also displayed an inhibin-dependent reduction of activin-induced
luciferase reporter activity following transfection \&ith betaglycan
cDNA but not following transfection with empty vector.

20 Together with the binding and crosslinking results, these
results further support a model in which betaglycan acts as an inhibin
receptor to facilitate jnhibin binding to ActRIl thereby restricting the
access of activin to ActRIl and aﬁtagonizing activin - signaling. It is
noteworthy that although the estimated affinity of inhibin for

25 betaglycan/ActRIl was ~200 pM, the range of ICs, values (5-50 pM) for
inhibin responses of the three cell types tested in the functional
experiments was much lower. In some experiments, over-expression

~ of betaglycan variably suppressed activin-induced reporter activity in

the absence of added inhibin, suggesting that betaglycan might
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i nhi bi n-responsive (data not shown), KK-1 cells transfected w '

bet agl ycan cDNA becane highly sensitive to inhibin. Activin-induced 3TPLux
activity was bl ocked by co- treatnment with inhibin (Figure 4C). In K562
erythrol eukem c cells overexpressing activin receptors (KARG),

activin-nedi ated i nduction 15 of tmeporter plasmd is |largely
unaffected by the addition of hig tions of inhibin (5). Figure.
4D shows that KAR6 cells also displayed an inhibin-dependent reduction of
activin-induced luciferase reporter activity followng transfection with
bet agl ycaniichiih o b @i c GRSd ©GE | i

To study the possible physiclogic  importance of
endogenous belaglycan in mediating iohibin action, antibodies were
raised against a portion of the extracellular domain of betaglycan, and
the effect of these antibodies on the biological response to inhibin was

15 examined. Anii-betagiycan antiserum (Ab-BG) was raised in rabbits
against a sequence previously reported to yield aﬁtibodies capable of
blocking betaglycan-dependent TGF- signaling (34). Figure 5 shows
that inhibin reduces FSH secretion to approximately 30% of that
measured for control or normal rabbit serum (NRS) treated cells.

20  Addition of Ab-BG reverses this inhibin effect in a dose-dependent
manner while normal rabbit serum (NRS) added at equivalent doses
had  no effect. These data indjcate that betaglycan
immunoneutralization inhibits the ability of inhibin to suppress FSH
secretion from primary pitoitary cells. This supports the hypothesis

25 that betaglycan or an immunologically related protein is involved in

the action of inhibin on the pituitary.



20 Together with the binding and crosslinking results, these results
further support a nodel in which betaglycan acts as an inhibin receptor to
facilitate inhibin binding to ActRIl thereby restricting the aigm? Zﬁq}
activin to ActRIl and antagoni zing activin signaling. It is no t

t hat alt%WJE% estimated affinity oé i nhibin for 25 betaglycan/ ActRI |
was -200 pMCR&3range of | Csa val ues 18-50 pM for i nhi bift YEOREEs of
the three cell types tested in the functional experinments was nuch | ower:
In sonme experinments, over-expr essim%lm{._ﬁpl ycan vari ably suppressed
activin-induced reporter activity In e absence of added i nhi bin,
suggesting that betaglycan mght 2 5 MAY 2004 WO 01/43763 35

P1yT/ USOQ 33910 interact with ActRIl in the absence of inhibin to interfere
\Mth acts - R d = Lrhim i AR ;“ ‘a . :- ¢ ' v hat
the inhibin/ActR |/betaglycan conplex might also initiate novel signals
that are distinct $eveRad hasewtlhdiee®wrby anet ioptakinesgersspdre celli burfabe
responses Ehat are independent of activjn or its receptor conplex. EXAMPLE
o 12 PYBoAEIRRSaglY CERTAAGCESE LiPcAhEiT] FERPECHNE s (UEmaling posspibes
physi ol QgiscC .| ange, of. ndogenous betagl yean i,n nmedi ating, i nhi bin

acti on, ggﬂt i['jBo |gs[ \Béﬁeog]?afsrecéggélé?ﬁst(%zﬁpor onddla tH&sentadichere | are
domai n y n f t.hesea .ant i podi es..on t he bj ol ogi cal
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that: measured for control or normal rabbit serum (NRS) treated cells. 20
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whi | e na; mal _rabbit serum (NRS) added at ecﬂtii val ent, doses )
€ actlvin signaling cascade. 1s mode!l 1s similar in mechanism, but

not in consequence, to that proposed for TGF-B signaling in which
betaglycan is thought to concentrate TGF-B at the cell surface and
present it to its cognate type II receptors to enhance signaling (56).
15 The role recently proposed for the proteoglycan mahogany to
facilitate binding of the MSH antagonist, agouti, to the MSH receptor
(57,58) may be the most analogous to the effects of betagilycan on
inhibin action reported here.
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10 Changes therein and other uses will occur 10 those skilled in the art
which are encompassed within the spirit of the invention as defined by

the scope of the claims.
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2. The method of claim 1, wherein said formation of

i
i

10 inhibin/betaglycan cdmplexes is inhibited with amn anti-betaglycan

antiserum directed against an extracellular epitope of betaglycan.

3. The method of claim 1, wherein expression of

15 betaglycan in said cell is inhibited.

4. The method of claim 3, wherein expression of

betaglycan is inhibited by an antisense tramscript of betaglycan.

20
5. The method of claim 3, wherein expression of
betaglycan is inhibited by mutagenesis of at least one betaglycan
alleles in said cell
25

6. The method of claim 5, wherein said betaglycan

allele is mutated by homologous recombination.



The present exanples along with the nmethods, procedures, treatnents,
nol ecul es, and specific conpounds descri bed herein are presently
representative of preferred enbodi nents, are exenplary, and are @'(Wﬁ 2004
intended- as limtations on the scope of the invention. 10 Changgs therein
and other uses will occur to those sk451 led in the art v\,hip h‘l’ 0813910
enconpassggeh/Wskhin the spirit of the I'nvention as defined Ey 'K scope of
the clains. 2 5 MAY 2004 5 WD 01143763 WHAT IS CLAIMED | S: 44
PCTI US00133910 1. A nethod of augneniing.activin-induced_si,gnaling. n, a
cell conprising the stEpe ofmelihmﬂgbi@i n(jfg We flor ??%eﬁﬁof S?‘rﬁjhi EH%/ glé?t a%;l ycan
conpl exes on the surface of said cell. 2. The nethod of claim1, wherein
sai d fgq(rm;;jrgn afl]l. 10 i nhi bi nl bet agl ycan conplexes is inhibited with an
anti-betaglycan antiserumdirected against an extracel lul ar epitope of
bet agl ycan. 3. The nmethod of claim 1, wherein expression of 15 betaglycan
in said cell is inhibited. 20 25 4. The nethod of claim 3, wherein
expression of betaglycan is inhibited by an antisense transcript of
bet agl ycan. 5, The netppd ?ﬁeﬁx‘o"ﬁ M, obereim exiprressi omugmentatiagl ydah is
i nh? bi ted by nutagenesis of at |east one betaglycan alleles _in said ccel | .
acivin  signaling increases the production of Follicle Stimulatng

Hormone (FSH) by said cell.

| 10 9 The method of claim 8, wherein said method
enhances fertulity.
10 The method of claim 1, wherein said augmentation of
activin sigpaling alleviates a pathophysiclogical condition in said cell.
15

11 The method of claim 10, wherein said

pathophysiological condition is selected from the group consisting of

i 1 i 1 a.Dd
IﬁprdUC[iVC dcvclopmental, Sk.ll'l., bOl’lC, hepatlc, hcmalopoxeuc
)

20 centra] nervous system disorders.

12. The method of claim 11, wherein said
pathophysiological condition 1s prostate cancer.

25

. o 430 of
A ] 1 i 1ino acid residues 154-439 0
13. An antiserum directed against the an

can.
betaglycan wherein said antiserum inhibits inhibin binding to betagly



6. The nethod of claim5, wherein said betaglycan allele is nmutated by
honol ogous reconbi nation. 2 5 MAY 2004 WO U -31G 45 PCT/US001339 so .7. The
met hod of claim1, wherein said cell is a pituitary cell. 5 8. ThEh Mt Ble
of claim?7, wherein augnentation of activin signaling increases the
production of Follicle Stinulating rmone (FS14) by sai Sy The
met hod &0 ¢l/4i’7A 8, wherein said net hgg 10 enhances ferti FF?@HU‘M The

nmet hod of claim 1, wherein said augnentation of activin signaling

al l eviates a pat hophysj ol ogi capdiaii onchhsAidonel | cobdpdisindhe okrehod
of claim 10, wheﬂe‘?h sé’}ti dgg%a hgphysi ol ogi calﬁ?ondi tion is selected from
the group consi gki of 1seppraductiiematevelcpmentradr. skin, bone, hepatic,
henmat o%ﬁ%?ﬁggﬁaﬁ}g rag%)l.central nervﬂous system di sorders. 12. The net hod of
claim1l, wherein said pathophysiological condition is prostate cancer 25
13. An antiserumdirected against the am no acid residues 154-439 of

bet agl ycan, wherein said antiseruminhibits inhibin binding to betaglycan.

2 5 M AY 2004 WD 01/43763 46 PCTIUSUQ 3391.0 . . . . . )
5 15 A method of inhibiting activin-induced signaling in a

cell comprising the step Of:_

augmenting the formation of inhibin/betaglycan

complexes on the surface of said cell.

10 ‘

16. The method of claim 15, wherein formation of said
iphibin/betaglycan  complexes is augmented by increasing the
expression of betaglycan in said cell.

15

17. The method of claim 16, further comprising the step

of administering additional inhibin to said cell.

i. - a

20 18. The method of claim 16 wherein betaglycan
expression is increased by transfecting  said cell with an artificial
construct containing a betaglycan gene.

25 19. The method of claim 18, wherein said betaglycan

gene is constitutively expressed.




1 4. A pharmaceutical conposition conprisingt h e antiserumof claim13
and a pharnmaceutical carrier. 5 15. A nethod of inhibiting activin-induced

signaling in a cell conprising the step of: augmenting [he format?%HAO200
i nhi bi n/ betagl ycan conplexes on the surface of said cell. 10 15 20 25 16.

The method of claim 15, wherein fornmgj4on of said inhibi
conpl exd¥o pE+HAent ed by i ncreasing the expression of bp{:g@% ?ré?@n sai d
cell 17 . The nethod of claim 16, further conprising the step of

adm ni stering addj iongllP g_ﬂop LA tOF sakfn eigb *Bereihe 8mHhOGe of e &g 16

wher ei n betagl yc n1s incr eased y transfecting sal ell with

an artifi CI al eécpq,ggé&rc%‘écgﬂtﬁidud;glﬁa ARiAgleycan gene. 19. The nethod of

cl ai m £8R€ wier Sard can gene is constitutively expressed. 2 5
MAY 2004 WD 01/ 43763 47 PCTI USOO’ 33910 20. The method of claim 18, wherein

sai d betaglycan gene is expressed by an inducible pronoter. 21. The net hod
of claim18, wherein said nethod is used to introduce i ncreased

sensitivity to inhibinin a cell in ich activin nal i i,S. hot
norsral |y affected by iThhebingthad of? clage tl"f"cf’c?rﬁrn csl g n\"’ﬁpﬁo%@r &t $e dai d

inhibition of activin si naIrn aIIelat a patho si ol al tion
i n sai doci@trodys: Tﬁ‘érer?éteﬁod’cafl b\fléym réﬁngsa%]g in u?lgfc% actlo(iil‘x

signaling is not normally affected by mhlb:n.

10 | 272 . The method of claim 15, wherein said inhibition of

activin signaling alleviates a pathophysiological condition in said cell.

23. The  method of claim 22, wherein said
15 pathophysiological condition is selected from the group consisting of

reproductive, developmental, skin, bone, hepauc, hematopoietic and

central nervous system disorders.

20 24. The method of claim 23, wherein said
pathophysiological condition is selected from the group consisting of

gonadal cancer, adrenal cancet, and liver dysplasia.

25 25. The method of claim 23 used to promoter liver

regeneration in a damaged liver.



15 pat hophysi ol ogi cal condition is selected fromthe group consisting of
reproducti ve, devel opnental, skin, bone, hepatic, hematopoietic and
central nervous system disorders. 20 24. The net hod of claim 23 \(mzrzﬁqan
sai d 25 pat hophysi ol ogi cal condition is selected fromthe gr oup7é it ng
of gonadal cancer, adrenal cancer, gpd liver dysplasia. pgguyshhgssm@t hod of
cl ai m 280u5é¥é¢ 0o pronoter liver regeneration in a damaged |iver. WD
01113763 48 2 5 MAY 2004 PCTIUSOO 339103 26. A nethod of screening for a

conpound which _nhibits th or nat i.0p. of i dnhi i/ hetaghpyead conpliexes to
augrment activi r?—éi gnﬁ’l ilﬁﬁtﬁ%{jrpr |g§i nsg rE’he1 steps of: a) i ﬁcubati ng nmenbranes

{rom bet aglvean cxprRse0 of oalkingedslfidie presenrss an abgmos o

said ¢8 orm ng an assay which measures the binding of

i nhi bin to betaql N: o @prEQApatiaicstepe ofsults of said assay on cell
incuba&céléfmvmgt@%sléf% %oﬁ%’ounggto untreated cells, wherein a conpound which

10 inhibits the §prmaii@rbafing nhinkini keeagl JEAR cBRAXERN wiTIPYESURE i n
| ower | evels of inhibin binding. 27. The nethod, of claim.26 wherein said is

Cogpounq)si $n Botiseltect paksknom the g‘?%ﬁﬁ‘;‘?ecd}{fsisé’cq ngPBPOBBPt i des, proteins,
and small ol ecttJJI)es. p%?for'rnq?ngrretagogssoafy cl gk M 26 wherel nisai g 588y 48 2

inhibin to betaglycan;
c) comparing the results of said assay on cell incubated

with said compound to untrcated cells, wherein a compound which
10 inhibits the formation of inhibin/betaglycan complexes will result in

lower levels of inhibin binding.

27. The method of claim 26 wherein said is compound is
15 selected from the group consisting of peptides, proteins, gnd small

molecules.

278. The method of claim 26 wherein said assay 15 a

20 competition binding assay between labeled and uniabeled inhibin.

26, A method of screening for a compound which
aucments the formation of inhibin/betaglycan complexes to inhibxt
=]

activin signaling comprising the steps of:



20 conpetition binding assay between | abel ed and unl abel ed i nhibin. 29. A
net hod of screening for a conpound which augnents the formation of

i nhi bi n/ betagl ycan conpl exes to inhibit activin signaling conprishiioillhe
steps of: 7 5 MAY 2004 WO sf11t37(,3 49 PCT/ SOO' 33910 a) incubating
menbranes from bet agl ycan expressing 4&ells in both the presence and
absencewg$nﬁghﬁ conpound; b } performhg an assay whi ch nfE&auP¥s 3 He

bi ndi ng inhibin to betaglycan. 5 ¢) conparing the results of said assay

on cells incubated with said conpound to uptreated cells i
conpound whi ch aupnenins utediKDr MREMHH 28F S| n i%nl%%?ﬁ&@%%n%%ﬁ%ﬁé@é wi l |

result in higher levels of inhibin binding., 10 30. t hod of claim29
wher ei geipaiid bsticampoids¢BCe s&} c?%@?o%\ith@dgrcgﬁ g%ﬁgi sting of

peptides. proteins, and smal] nolecules. 31, T d Bidifge2S |
wherein sai d assy i sPerforsRigmaf f1¥r b‘lm:f |hngll}§§gg§/ et[k\?/\é)een Ia{ggl ed and

unl abel ed i nhi bi n.
inhibin to betaglycan.

S c) comparing the results  of said assay on cells
incubated with said compound to unireated cells, wherein a
compound which augments the formation of inhibin/betaglycan

s will result in higher levels of iphibin binding.

complexe

10 30. The method of claim 29 wherein said is compound is

selected from

: . _ .
1 1St eptides. proteins, and small
the group consislung of pep . P

molecules.

31. The method of claim 29 wherein said assay is 2

1S competilion binding assay between labeled and unlabeled inhibin.



