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RECEPTOR  AND USES THEREOF 5 BACKGROUND OF TAE INVENTION 10 Federal Funding
Le end. This invention was produced in part using funds from the  Federal
government under grant no. HD-13527. Accordingly, the  Federal government
has certain rights in this invention. 15 Field 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, t h e  present invention relates to the
identification of an inhibin receptor  20- and uses thereof. Description of
the Related Art Inhibits and activins were initially recognized as protein
hormones of gonadal origin that reciprocally modulate follicle  25
stimulating hormone (FSH) production by the anterior pituitary (1). These
proteins are disulfide-linked dimers of related polypeptides.  Activins
consist of two p chains, while inhibins possess a 0 chain  linked to a
related but divergent oc chain (2). Activins are now known  to exert
important endocrine, paracrine and autocrine actions in both 2 5 MAY 2004
W001/43763 2 PCT/US00/33910 reproductive and non-reproductive tissues.
These actions regulate  processes including hormone secretion as well as
cell proliferation'  and differentiation, both during development and in
adult animals  



(1,3). Inhibin generally opposes the actions of activin (4) although 5
there are systems where inhibin is unable to block activin responses
(5,6). 10 Inhibins and activins belong to the transforming growth
factor-j3 (TGF-J3) superfamily of growth. and differentiation factors (7).
Like other characterized members of this family, activins have been  shown
to signal through two classes of transmembrane  serine/threonine kinase
receptors (8). In 1991, the Type II receptor  for activin, designated
ActR1l, was cloned and characterized (9).  ActRII was the first vertebrate
receptor serine kinase (RSK) to b e  characterized as well as the first
receptor to be described in 15 molecular detail for any member of the
TGF--P superfamily. Over a  dozen receptor serine kinase family members
have now been  identified including a second Type Ii activin receptor
(ActRIIB)  (10,11), the Type II TGF-a receptor (12) and Type I receptors
for both  activin (13,14) and TGF-Q (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 25 form a compelling rationale for the
exploration of their receptors,  signaling mechanisms, and regulation.
Collectively, this work involves  the identification of multiple novel
molecular targets and should  therefore provide the basis for new
therapeutic approaches aimed at  treating endocrine disorders and
neoplastic diseases. 2 5 MAY 2004 WO 01/43703 3 



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 dimer
also has  a dissimilar 18-kDa a subunit. Isoforms of activin and inhibin
have  been isolated from follicular fluid. These include activin A (PA-1A),
5 activin B (13B-1B), activin AB (13A-13B), inhibin A (a-13A), and inhibin
10 B(a-(3B). Based on sequence alignment and locations of conserved
cysteine residues, these polypeptides are thought to be structurally
similar to other TGF-1i family members for which crystal structure
information is available (16,17). To date, inhibin has been shown to have
activity only in  the context of activin responses where it typically
antagonizes the  activin 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 activist-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 is 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 ActRII, the activin-ActRII complex subsequently promotes the
recruitment and phosphorylation of the type I activin receptor serine
kinase ALK4 (5,$,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 a  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 2 5 MAY 2004
WO 01/43703 4 PCTIUS00I33910 preventing activin binding to type 11 activin
receptors (23). However,  inhibins fail to antagonize activin in some
tissues and cells consistent  with the hypothesis that additional
components are required for  inhibin action (5,24,25). 5 Previous findings
indicate that an additional receptor  component may be required for inhibin
to successfully compete with  activin for access to the type II activin
receptor and to thereby  functionally antagonize activin responses. It is
likely that simple,  direct competition for access to the activin type II
receptor between 10 activin and inhibin is not solely sufficient to explain
the effects of  inhibin on activin responses. Indeed, the ability of
activin to suppress  pituitary ACTH secretion is not antagonized even by a
large molar  excess of inhibin (6). In addition, in 1(562 erythroleukemic
cells  engineered to overexpress ActRII (KAR6 cells), increased ActRII 15
expression blocks the ability of inhibin to antagonize 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 performed using [12511- labeled activin and
inhibin to label both wild type K562 20 erythroleukemic cells and KAR6
cells overexpressing ActRII. 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 II 25 receptor but not the type I receptor in
both cell lines. Inhibin's  



binding to the type II 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 evident in these 2 5 MAY
2904 WO 111/43 763 5 PCT/USoo/33910 experiments that could be competitively
displaced by addition of  excess unlabeled inhibin but not activin (5).
Together, these results suggest that in addition to binding  to ActRH,
inhibin also binds another putative co-receptor of higher 5 molecular
weight that might serve to stabilize the inhibin-ActRII  interaction and
therefore prevent ActRII from binding activin and  mediating activin
responses. The lack of inhibin antagonism of activin  responses in certain
tissues can therefore be explained by the absence  of this or a similar
inhibin binding co-receptor component. The 10 presence of a similar high
molecular weight inhibin-binding  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-j receptor and was originally  15 identified
as the largest of three cell surface receptors shown to bind  TGF a with
high affinity (26). The rat betaglycan cDNA encodes a  protein of 853 amino
acids containing a large extracellu]ar 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-P to 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-J3 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 2 5 MAY 2004 WO
01/43763 6 PCTIUSOO/33910 responses to TGF-P including its autocrine
regulation of human breast  cancer cell proliferation (32,33) and its
ability to trigger endocardial  cell transformation (34). The prior art is
deficient in the lack of characterization of  5 the protein mediating the
interaction of inhibin with the activin  receptor. The present invention
fulfills this longstanding need and  desire in the art. 10 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 t h e  expression of betaglycan in the cells 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 augment 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 t o 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 2 5 MAY 2004 WO 01/43763 7
PCT/USOO/33910 provided. This antiserum inhibits the binding of inhibin to
betaglycan  and may be incorporated into a pharmaceutical composition. In
yet another embodiment of the instant invention, a  method inhibiting
activin-induced signaling is provided. This is  5 accomplished by
augmenting the formation of inhibin/betaglycan complexes on the surface of
the target cells. One such method entails  increasing the expression of
betaglycan in the target cells to provide  extra betaglycan for the
formation of such complexes. This method  can be further enhanced by the
administration of additional inhibin. 10 Betaglycan expression 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 t o  introduce inhibin sensitivity to cells
not normally responsive t o  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, adrenal cancer, and liver
dysplasia,  The method may also be used to promoter liver regeneration. Yet
another embodiment of the instant invention is a  20 method of screening
for compound which inhibit the formation of  inhibin/betaglycan complexes
to augment activin 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 2 5 MAY 2004 5 WO n1/43763 8 PCTIUSOO/33910
inhibin/betaglycan complexes and thus inhibit activin signaling. In  this
case, the compound should increase the binding of inhibin to the
membranes. BRIEF DESCRIPTION OF THE DRAWINGS So that the matter in which
the above-recited features,  advantages and objects of the invention, as
well as others which will 10 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 to 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 IA and
1B show that betaglycan binds inhibin  with high affinity and increases
inhibin binding to ActRII. In Figure 1A, HEK 293 . cells were transfected
using  20 calcium phosphate precipitation (35) with ActRII-myc, betaglycan
25 (BG), or both (ActRH + BG), as indicated. Isolated cell membranes  were
incubated with approximately 100 pM [125I]-inhibin A in the  



presence or absence of various concentrations of unlabeled inhibin A
competitor. Figure I R shows the data of Figure 1A normalized a n d
presented as % specific binding. ]Binding data were analyzed using t h e
prism software 2 5 MAY 2004 WO 01/43763 9 PCTIUS00133910 Figures 2A and 2B
illustrate covalent crosslinking of  inhibin to betaglycan (transfected and
endogenous) and provide  evidence for an ActRII-betaglycan complex. In
Figure 2A, covalent crosslinking of inhibin A to ActRII  5 is increased by
betaglycan. Empty vector (pcDNA3), ActRIX-myc, betaglycan (BG), or both
ActRII and betaglycan (BG + ActRII-myc)  were transfected into HEK 293
cells which were then subjected to  crosslinking with [125I)-inhibin A and
DSS as previously described for  activin (9). Binding and crosslinking of
[1251}-inhibin A to betaglycan  expressing cells was performed in the
presence or absence of 25 nM  unlabeled inhibin A, 25 nM unlabeled activin
A, or 5 nM unlabeled  TGF-01 as indicated. Crosslinked complexes isolated
by immunoprecipitation using anti-betaglycan antiserum (R&D Systems,  Inc.)
or a monoclonal anti-myc antibody (9EI0) (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
glycosarninoglycan chains (BG) are indicated. Molecular  weight markers are
represented as Mr x 10-3. 20 Figure 2B shows covalent crosslinking of
inhibin A and  activin A to endogenous betaglycan complexes. Binding and  



crosslinking of [125I]-inhibin A and [1251]-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), 2 5 MAY 2004 WO 01/43763 10 PCT1US09/339t o
betaglycan containing glycosaminoglycan chains (BG) and A1k4 are
indicated. Molecular weight markers are represented as Mr x 10-3. Figures
3A-3F show immunocytochemical localization of  betaglycan in normal adult
rat brain, pituitary, ovary, and testis. High  5 magnification bright-field
photomicrographs show betaglycan immunostaining in the forebrain (Figure
3A)} pituitary (Figures 3B  and 3C), epididymis (Figure 3D), testis (Figure
3E), and ovary  (Figure 3F). Typical examples of cells immunopositive for
betaglycan  (brown staining) are indicated by the arrows. Bars depict 50 m.
10 Abbreviations include: AL, anterior pituitary lobe; CT, connective
tissue; GC, Granulosa cells; IL, intermediate pituitary lobe; LC, leydig
cells; 0, oocyte; PL, posterior pituitary lobe; ST, seminiferous tubule;
TT, Tenia Tecta; TC, theca cells. Figures 4A-4D show that betaglycan can
mediate  15 functional antagonism of activin signaling in corticotrope,
ovarian,  and erythroleukemic cells. In Figure 4A, AtT20 cells were
transfected with the  3TPLux--reporter plasmid (7), CMV-R-galactosidase
(p-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-1 ovarian tumor cells were transfected as
described above and treated with or without 0.3 nM activin A and a  range
of inhibin A concentrations. 2 5 MAY 2004 WO 01/43763 11 PCT/USOO/33910 In
Figure 4D, K562-derived KAR6 cells were transfected  with beraglycan (BG)
or empty vector, treated with IPTG to induce  activity receptor expression,
and treated with 0.3 nM activin A and a  range of inhibin A concentrations.
Luciferase activity is represented 5 in arbitrary' luciferase units (L.U.)
and normalized to R-GAL activity.  Figure 5 demonstrates that inhibition of
FSH secretion from rat anterior pituitary cells by inhibin A is blocked in
a dose dependent manner in the presence of anti-betaglycan serum. Rat
anterior pituitary cells were dissociated and plated as described (40). 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 radioimmunoassay
kit (National Hormone and Pituitary 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 access of  activin to ActRII. In addition to blocking the
activin signaling pathway,  the formation of the inhibin/betaglycan/ActRII
complex may direct  25 novel downstream signals. 2 5 MAY 2004 WO 01/43763
12 PCTIU 500!33910 DETAILED DESCRIPTION OF THE INVENTION In accordance with
the present invention there may be  employed conventional molecular
biology, microbiology, and 5 recombinant DNA techniques within the skill of
the art. Such  techniques are explained fully in the literature. See, e.g.,
Maniatis,  Fritsch & Sambrook, "Molecular Cloning: A Laboratory Manual
(1982);  "DNA Cloning: A Practical Approach," Volumes I and II (D.N. Glover
ed.  1985); "Oligonucleotide Synthesis" (M.I. Gait ed. 1984); "Nucleic Acid
10 Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)1; "Transcription
and Translation" [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 "cDNA" 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
to check whether, under the  appropriate conditions, there is a sequence
complementary to the 25 probe present in a particular DNA library. In
addition, "screening a  library" 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 2 5 MAY 2004 wo M/43763 13 PCTfUSOO/3391u
4,683.202 to Mullis, as well as other improvements now known in t h e art.
The amino acids described herein are preferred to be in  the "L" isomeric
form- However, residues in the "D" isomeric form 5 can be substituted for
any L-amino acid residue, as long as the desired  functional property of
immunoglobulin binding is retained by the  polypeptide. NH2 refers to the
free amino group present at the amino  terminus of a polypeptide. COON
refers to the free carboxy group  present at the carboxy terminus of a
polypeptide. In keeping with 10 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 at 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 "replicon" is any genetic element
(e.g., plasmid,  chromosome, virus) that functions as an autonomous 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 attached so as to bring about  the replication
of the attached segment. A "DNA molecule" refers to the polymeric form . of
25 deoxyribonucleotides (adenine, guanine, thymine, or cytosine) in 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 2 5 MAY 2004
WO 01/43763 14 PCTrLJSOO/33910 molecules (e.g., restriction fragments),
viruses, plasmids, and  chromosomes. In discussing the structure herein
according to the  normal convention of giving only the sequence in the 5'
to 3' direction  along the nontranscribed strand of DNA (i.e., the strand
having a  5 sequence homologous to the mRNA). An "origin of replication"
refers to those DNA sequences  that participate in DNA synthesis. A DNA
"coding sequence" is a double-stranded DNA  sequence which is transcribed
and translated into a polypeptide in  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) terminus and a
translation stop codon  at the 3' (carboxyl) terminus. A coding sequence
can include, but i s  not limited to, prokaryotic sequences, cDNA from
eukaryotic mRNA, 15 genomic DNA sequences from eeukaryotic (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 t h e  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 to
initiate transcription at levels detectable above 2 5 MAY 2004 WO 01/43763
15 PCT/US00/33910 background. Within the promoter sequence will be found a
transcription initiation site, as well as protein binding domains
(consensus sequences) responsible for the binding of RNA  polymerase.
Eukaryotic promoters often, but not always, contain 5 ' "TATA" boxes and
"CAT" boxes. Prokaryotic promoters contain Shine- Dalgarno sequences in
addition to the -10 and -35 consensus  sequences. An "expression control
sequence" is a DNA sequence that  controls and regulates the transcription
and translation of another  DNA sequence. A coding sequence is "under the
control" of  transcriptional and translational 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 



20 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 t h e
protein leaves the cell. Signal sequences can be found associated with  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 t h e  25 ultimate function
and use of the oligonucleotide. The term "primer" as used herein refers to
an  oligonucleotide, whether occurring naturally as in a purified
restriction digest or produced synthetically, which is capable of acting
as a point of initiation of synthesis when placed under conditions in z 5
MAY 2604 WO 101/43763 16 PCTTUSN 133910 which synthesis of a primer
extension product, which is  complementary to a nucleic acid strand, is
induced, i.e., in the  presence of nucleotides and an inducing agent such
as a DNA  polymerase and at a suitable temperature and pH. The primer may b
e 5 either single-stranded or double-stranded and must be sufficiently
long to prime the synthesis of the desired extension product in the
presence of the inducing agent. The exact length of the primer will  depend
upon many factors, including temperature, source of primer  and use the
method. For example, for diagnostic applications, 0 depending 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 to be "substantially"  complementary to
different strands of a particular target DNA  15 sequence. This means that
the primers must be sufficiently complementary to hybridize with their
respective strands. Therefore,  the primer sequence need not reflect the
exact sequence of the  template. For example, a non-complementary
nucleotide fragment  may be attached to the 5' end of the primer, with the
remainder of the 0 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
thereby  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 sequence. A cell has been "transformed" by
exogenous or  heterologous DNA when such DNA has been introduced inside the
cell. 2 5 MAY 2004 WO 011-13743 17 PCT/US00/33910 The transforming DNA may
or may not be integrated (covalently  linked) into the genome of the cell.
In prokaryotes, yeast, and  mammalian cells for example, the transforming
DNA may b e  maintained on an episomal element such as a plasmid. With
respect 5 to eukaryotic cells, a stably transformed cell is one in which
the  transforming DNA has become integrated into a chromosome so that  it
is inherited by daughter cells through chromosome replication.  This
stability is demonstrated by the ability of the eukaryotic cell to
establish cell lines or clones comprised of a population of daughter 10
cells containing the transforming DNA. A "clone" is a population of  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 vitro 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 length
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., Maniac-is et al., supra; DNA Cloning, Vols. I & II, supra;
Nucleic Acid Hybridization, supra. 25 A "heterologous' region of the DNA
construct is an  identifiable segment of DNA within a larger DNA molecule
that is not  found in association with the larger molecule in nature. Thus,
when  the heterologous region encodes a mammalian gene, the gene will
usually be flanked by DNA that does not flank the mammalian 2 5 MAY 2004 WO
0143763 18 PCTIUS00133910 genomic DNA in the genome of the source organism.
In another  example, coding sequence, is a construct where the coding
sequence  itself is not found in nature (e.g., a cDNA where the genomic
coding  sequence contains introns, or synthetic sequences having codons 5
different than the native gene). Allelic variations or naturally  occurring
mutational events do not give rise to a heterologous region of DNA as
defined herein. The labels most commonly employed for these studies are  



radioactive elements, enzymes, chemicals that fluoresce when  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 radioactive element or  with an enzyme. The
radioactive label can be detected by any of the  currently available
counting procedures. The preferred isotope may  be selected from 3H, '4C,
32P, 35S, 36C1, 5LCr, 57Co, 58Co, 59Fe, 90Y, 1251,  20 1311. and 186Re.
Enzyme labels are likewise useful, and can be detected by  any of the
presently utilized colorimetric, spectrophotometric,
fluorospectrophotometric, amperometric or gasometric techniques.  The
enzyme is conjugated to the selected particle by reaction with 25 bridging
molecules such as carbodiimides, diisocyanates,  glutaraldehyde and the
like. Many such enzymes are known and can  be utilized. The preferred are
peroxidase, R-glucuronidase, P-D- glucosidase, (3-D-galactosidase, urease,
glucose oxidase plus  peroxidase and alkaline phosphatase. U.S. Patent Nos.
3,654,090, 2 5 MAY 2004 WO U1/-t37l3 19 PCrfUSOO/33910 3,850,752, and
4,016,043 are referred to by way of example for their  disclosure of
alternate labeling material and methods. A particular assay system
developed and utilized in the art  is known as a receptor assay. In a
receptor assay, the material to b e  5 assayed is appropriately labeled and
then certain cellular test colonies 



are inoculated with a quantity of both the label after which binding
studies are conducted to determine the extent to which the labeled
material binds to the cell receptors. In this way, differences in affinity
between materials can be ascertained. 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 to evaluate a compound as a ligand for
-a particular  receptor, one of the plasmids would be a 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 t h e
response element and initiate transcription of the luciferase gene.  The
resulting 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 2 5 MAY 2004 WO 01/43763 20
PCT/USOO/3391 U DNA fragment are used in connection with the host. The
expression  vector typically contains an - origin of replication,
promoter(s),  terminator(s), as well as specific genes which are capable of
providing  



phenotypic selection in transformed cells. The transformed hosts can 5 be
fermented and cultured according to means known in the art to  achieve
optimal cell growth. Methods well known to those skilled in the art can b e
used to construct expression vectors containing appropriate
transcriptional and translational control signals. See for example, the 10
techniques described in Sambrook er al., 1989, Molecular Cloning: A
Laboratory Manual (2nd Ed.), Cold Spring Harbor Press, N.Y. A gene  and its
transcription control sequences are defined - as being operably linked" if
the transcription control sequences effectively control the transcription
of the gene. 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  augmenting 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 transcripts 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, 2 5 MAY 2004 WO If 1143763 21 PCTIUSOOI33910
skin, bone, hepatic, hematopoietic and central nervous system  disorders
such as prostrate cancer. 



The instant invention is also directed to the antibetaglycan  antiserum
which inhibits the binding of inhibin to betaglycan. The  5 antiserum may
be combined with a pharmaceutically acceptable 10 carrier to form a
pharmaceutical composition. A method of inhibiting activin-induced
signaling by  enhancing the formation of inhibin/betaglycan complexes is
also  provided. The main method of accomplishing this is by increasing the
expression of betaglycan in said cell. Additional inhibin may also be
administered to promote the formation of the complexes. Expression  can be
enhanced by transfecting an artificial 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 sensitivity to inhibin in cells not normally responsive
to inhibin. The method may be used to treat  a number of pathophysiological
condition including reproductive,  developmental, skin, bone, hepatic,
hematopoietic and central  nervous system disorders. Specific examples
include the treatment of 20 gonadal cancer, adrenal 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 betaglycan is performed on membranes from cells  expressing
betaglycan. If the compound results in a lower level o f  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.            4 5 



W001/43763 22 ICT/U5oo/33910 The method may be used to test a number of
possible compounds  including peptides, proteins, and small molecules.
Alternatively, the  method may be applied to screen compounds which augment
the  formation of inhibin/betaglycan complexes and thus inhibit activin
signaling. In this case, the compound should increase the binding of
inhibin to the membranes. The following examples are given for the purpose
of  illustrating various embodiments of the invention and are not. meant
to limit the present invention in any fashion. EXAMPLE I 15 Recombinant
human activin ' A and inhibin. A were 20 generated using a stable
activin-expressing cell line provided by Dr. J.  Mather (Genentech, Inc.)
and were purified by Wolfgang Fischer (PBL,  Salk Institute).
[1251)-Activin A and ['2S11-Inhibin A were prepared  using the chloramine T
method as previously described (37). For binding studies, cells were
transiently transfected using  DEAE Dextran with 10 gg of ActRII and/or 10
gg 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  37C and 5% CO2 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 MgSO4 and 1.8 mM  CaCl2). Binding
was carried out by incubating -2 x 105 cells with 2 x  10$ cpm [
1251]-inhibin A (approximately 100 pM) for 90 min at room 7 5 MAY 1004  



WO 01/43763 23 PCT/US00/33910 temperature in the presence Qr absence of
various concentrations of  unlabeled inhibin or activin in a final volume
of 0.4 ml binding buffer.  Following binding, the cells were pelleted by
centrifugation and  washed twice in binding buffer. Bound [12511-inhibin A
was quantitated 5 using a gamma counter and analysis of binding data was
carried o u t  using the Prism program. EXAMPLE 2 10 Cr , ss11g Stndies
Crosslinking studies were carried out in cells grown t o  -40-60%
confluence in 5% CO2 in complete DMEM (with 10% bovine  calf serum,
penicillin, streptomycin and L-glutanune). The cells were 15 grown in 10 cm
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% CO2 for 4 8  hours. Cell were
harvested by rinsing each plate once with Hepes  Dissociation Buffer and
then. 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 -106 cells  resuspended in Hepes Dissociation Buffer with
-2 x 106 cpm [125I]- activin A in a total of 500 l for I hour at room
temperature 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 p.1 HDB, brought to 0.5  rnM
disuccinylsuberate (DSS) and incubated 30 rain on ice. Each  reaction was
quenched by adding 1 ml TBS to each tube. The cells 2 5 MAY 2004 WO
01/43763 24 



PCTIUSOO/33910 were then pelleted by centrifugation, aspirated, and pellets
solubilized  in 1 ml lysis buffer (20 mM Tris-HCI pH 7.5, 0.2 mM EDTA, 1%
Triton  X-100, ImM AEBSF, 1mM EDTA, 10 g/ml leupeptin, 10 gg/ml  pepstatin,
and I pg/mi aprotinin) on ice for 30 min. TX-100-insoluble 5 material was
removed by centrifugation, and 2 g anti-betaglycan or 2  g anti-myc
antibody was added to each supernatant. Tubes were  incubated for 16 hours
at 4C, and immune complexes were  precipitated by adding 10 l of 50%
protein G agarose (PGA) slurry to  each tube, incubating an additional 1
hour at 4C, 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 l SDS sample buffer
and resolved via SDS- PAGE. All SDS-PAGE was carried out under reducing
conditions on  polyacrylarnide 3-8 % Tris-Acetate NuPAGE gels (Novex). Gels
were  15 dried and bands were detected via autoradiography. FX AMPT "F 20 T
_uciferase assays in ArT2Q and Kj,<-l cells The function of betaglycan was
evaluated in transient  transfection experiments using a well-characterized
activin/TGF-0- responsive luciferase reporter plasmid, 3TPLux (14). Two
mouse cell  lines were tested; AtT20 corticotropic cells (grown in DMEM,
10% FBS, 25 2 mM L-glutamine and gentamycin) and KK-1 ovarian cells (grown
in  DMEM:F12 with 10% FBS, L-glutamine, penicillin and streptomycin).  The
cells were trypsinized 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 g of 2 5 MAY 2004 WO 911-13763 25 



PCT/ JSOO/33910 3TPLux. 0.1-0.2 g cytomegalovirus (CMV)-p-galactosidase
(5-GAL)  and 0.1-0.3 g of either vector or betaglycan plasmid DNA.
Transfections were under optimized conditions using the  commercially
available Superfect Transfection Reagent (Qiagen; 5 Hilden, Germany), After
an incubation period of 2.5 h, the cells were  washed with medium
containing 2% FBS and allowed to recover for 5  hours. The cells were
treated with inhibin A and/or activin A for 15  hours and then harvested in
lysis buffer (117o Triton X-100, 25 m M  Glycyiglycine (pH 7.8), 15 mM
MgSO4, 4 mM EGTA and 1 mM DTT). 10 Luciferase reporter activity was
determined by, normalizing to relative  a-GAL activities. EXAMPLE 4 15
Normal adult male and female Sprague-dawley rats (175- 250 g; Harlan
Sprague Dawley) were kept under standard housing,  feeding, and lighting
conditions (23C, 12 hours light, 12 hours dark 20 cycle with lights on at
0600 h). Immunocytochemistry (ICC) was  carried out as previously described
(MacConell et al., 1998). Briefly,  rats were deeply anesthetized and
perfused transcardially with 4%  paraformaldehyde. Tissues (brain,
pituitary, testes or ovaries) were  removed and post-fixed for 1 hour in
the same fixative. Brains were 25 transferred to 10% sucrose/0.02 M
potassium phosphate buffered- saline (KPBS) and stored overnight at 4C.
Thirty pm frozen coronal  sections were cut on a sliding microtome and
free-floating sections  processed for ICC analysis as described below.
Pituitary, testis and  ovary tissues were embedded in paraffin and 10 gm
paraffin sections 2 5 MAY 2004 WO 0]143763 26 PCTfUS001339I 0 



were cut, mounted onto Superfrost Plus slides (Fisher Scientific), and
processed for ICC analysis. All procedures involving the use of  animals
were performed in accordance with federal, state. and local  laws and
institutional and NIH regulations, 5 To reduce background staining, tissue
sections were  incubated for 20 min in 1% H202 and rinsed with KPBS
followed by a I  hour room temperature incubation in KPBS with 0.3% Triton
X-100,  10% normal rabbit serum, and 2% BSA. Sections were incubated with
betaglycan primary antisera (R&D) at a concentration of 25 p.g/ml in 10
KPBS plus 0.3% Triton-X, 2% normal rabbit serum, and 2% BSA  overnight at
4C (as a control, adjacent sections were incubated with  normal goat IgG or
secondary antibody alone). Tissue sections were  then rinsed in KPBS
followed by an 1 hour incubation with a 1: 1,000  dilution of biotinylated
rabbit anti-goat 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  and 0.015% H202 in O.1M Tris--HC], 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. EXAMPLE 5 25 an nLcig inriio n y+~~n n~gn arr~nr[v iic
aninir binding to ActRfl In the process of screening for potential inhibin
binding  proteins, inhibin binding was detected in cells expressing
betaglycan. 2 5 MAY 2004 WC} 021J37G3 



27 PCTIUSOO133910 Figure 1 shows that isolated membranes from HEK 293 cells
transfected with betaglycan exhibited specific, high affinity inhibin
binding [Ki=0.6 (0.5-0.9) nM] whereas membranes from cells  transfected
with empty vector had undetectable specific inhibin  5 binding. To further
characterize inhibin binding in isolated  membranes from cells expressing
ActRll or co-expressing ActRII and  betaglycan, cDNAs encoding these
receptors were transfected into I  293 cells and competition binding assays
were performed. The inhibin 10 binding affinity was quite low when ActRII
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 IB). 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 IA). Experiments performed with betaglycan and  ActRIIB
had similar results; however, the effects of betaglycan on  increasing
inhibin affinity and the number of inhibin binding sites 20 were less
dramatic (data not shown). Activin binding to betaglycan  was not detected
during expression in I-JEK 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 ActRIi expression.
25 2 5 MAY 2004 WO 01/43763 28 EXAMPLE 



PCT/USoo/3393 U crosslinking of inhibin to the ActRTT-hetaglycan cormlex 5
To determine whether inhibin is capable of binding and  forming a complex
with betaglycan expressed either with or without  ActRiI, both receptors
were expressed in HEK 293 cells. The cells were  treated with
['251]-inhibin followed by the covalent crosslinking  reagent
disuccinylsuberate (DSS). Crosslinked inhibin-receptor 10 complexes were
then immunoprecipitated with an antibody directed  against either the
ActRrl 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
['2fl- inhibin did not yield any visible complexes on SDS-PAGE analysis i n
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 inhibiniactivin-ActRII (8,9,18,19).
Crosslinking of [121l]-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 [121I]- TGF-(3
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   5 MAY 2004 W001/43743
29 PCT1uSoo13391o kDa). Therefore, the bands seen following inhibin
labeling contain the  predicted forms of betaglycan. 



Similar high molecular weight inhibin complexes of the  same size range as
those present in cells expressing betaglycan have  5 been previously
reported (5,24,38). The addition of 25 nM unlabeled inhibin or 5 nM
unlabeled TGF-[i prevented crosslinking of inhibin to  betaglycan (Figure
2A, lanes 4 and 6). By contrast, 25 nM unlabeled  activity had no effect
(Figure 2A, lane 5). These results are consistent  with activin's lack of
affinity for this proteoglycan and the possibility 10 that betaglycan binds
the a subunit of inhibin. The ability of TGF-P t o  block inhibin
crosslinking indicates that the binding site for inhibin  overlaps with at
least one of the TGF-p binding sites on betaglycan. When ActRII and
betaglycan were co-expressed, the levels  of inhibin-crosslinked receptor
complexes were dramatically  15 increased and covalent complexes between
[i251]-inhibin and both ActRII and betaglycan were evident (Figure 2A, lane
7). Inhibin- labeled complexes in the expected size range for betaglycan
were c o - immunoprecipitated with an anti-myc antibody directed against
ActRII (Figure 2A, lane 7), providing evidence that inhibin, ActRRI1 and
20 betaglycan interact to form an oligomeric inhibin receptor complex. The
presence of 25 nM unlabeled inhibin completely blocked [1251]_  inhibin
labeling of both ActRi and betaglycan in cells expressing both  receptors
(Figure 2A, lane 8). By contrast, the addition of 25 nM  activin or 5 nM
TGF-3 had little effect on the intensity of the bands 25 that were labeled
with [125l]-inhibin (Figure 2A, lanes 9 and 10). The  inability of
unlabeled TGF-P to block inhibin crosslinking to betaglycan  co-expressed
with ActRII is consistent with the presence of an  ActRII/betaglycan
complex that binds inhibin but not TGF-. 2 5 MAY 2004 r WO 01/43763 30
PCTIUS001333910 



In addition to its ability to form a crosslinked complex with recombinant
betaglycan and ActRiI in transfected cells, inhibin also binds and forms
crosslinked complexes with endogenous  betaglycan and ActRII in the ovarian
mouse cell line KK-1 (Figure 2B) 5 (38). These complexes can be visualized
following 10 immunoprecipitation with either anti-betaglycan antiserum
(lane 2) or  anti-ActRII antiserum (lane4). The formation of labeled
complexes is  blocked by incubating with an excess of unlabeled inhibin A
(Figure  2B). Immunoprecipitated complexes include the betaglycan core
protein, betaglycan with glycosaminoglycan chains, and ActRII while  the
activin type I receptor Alk4 is not present in the complex (Figure  2B).
Labeling of KK-1 cells with 1251-activin followed by crosslinking  and
immunoprecipitation 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-ActRII antibody, ActRII and A1k4, but  not betaglycan, are
visualized (lane 9). 20 EXAMPLE 7 Expression of betaglycan in
inhibin-responsive tissues  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-3 receptor  for quite some time, the tissue
distribution of betaglycan in viva 2 5 MAY 2004 



WO 01(43763 31 PCTIUSOO/33910 remains largely unexplored. The
immunocytochemical localization of  betaglycan in the normal adult rat
brain, pituitary, ovary, and testis is  summarized in Figure 3. Perhaps the
best known function of inhibin is its selective  5 inhibition of anterior
pituitary FSH secretion (1,40-42). As shown in  Figure 3B, consistent with
a role of betaglycan in mediating the inhibin  response, strong
betaglycan-ir was observed in a subset of cells  throughout the anterior
lobe of the normal adult male rat pituitary  gland, exhibiting a
predominantly cytoplasmic localization. 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 pituitary (Figure 3C). While 15 an inhibin effect on cells within this
lobe has not been documented, 20 TGF-13I 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). 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 betaglycan to Leydig
cells is consistent with the fact that inhibin,  secreted by testicular
Sertoli cells, acts locally to modulate  steroidogenesis in Leydig cells
(47,48) and the fact that inhibin- specific binding sites have been
localized to this cell type (49). 



2 5 MAY 2004 WO 0)/43763 32 PCTNS00/339 U However, the lack of staining on
germ cells was somewhat unexpected  based on reported effects of inhibin on
gametogenesis (50,51). Positive immunostaining for betaglycan in the ovary
was  observed in granulosa, thecal, and interstitial cells of the (Figure
3F).  5 Like the findings in the testis, this localization is coincident
with documented inhibin effects on androgen production by rat thecal cells
(47). Within the adult male rat brain, betaglycan- immunoreactive (ir)
fibers. were observed in the tenia tecta of the 1 0 forebrain, (Figure 3A).
Betaglycan-ir fibers were also detected in t h e septal hippocampal nucleus
of the rat forebrain (data not shown).  Notably, this central localization
of betaglycan in the tenia tecta  corresponds -with the presence of
inhibin/activin a- 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 (x, PA,
and PB 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 n o t 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 low translation,
rapid protein  degradation, or rapid transport of the protein, indicating
that  colchicine treatment of rats may be necessary to visualize cell
bodies 25 immunopositive for betaglycan. It 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. 2 5 MAY 2004 WO 0//43763 meaiaie 33 PCTIUSOO/33910 H Dnr
n-c EXAMPLE 8 aragpn1sm P-na n$ aC 5 While many activin responses are
potently blocked b y  inhibin, there are also cases in which inhibin has no
measurable effect  on the activin response (5,6,53,54). It has been shown
in K562  erythroleukemic cells overexpressing ActRII, for example, that
activin- mediated induction of the 3TPLux reporter plasmid is unaffected by
10 the addition of high concentrations of inhibin (5). The ability of
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 cDNA and the  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 induction 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
dose-dependent increase in 3TPLux activity. However, when the cells  are
additionally treated with 2.5 nM inhibin, the activin response in 25
betaglycan-transfected cells is substantially decreased while the  activin
response in cells transfected with empty vector is unaffected  by inhibin
(Figure 4A). To measure the dose-dependency of this betaglycan- mediated
inhibin effect, cells were again transfected with empty WO 11 1 143 763 2 5
MAY 2004 34 PCTNSOI}/33910 vector or 3TPLux plasmid containing betaglycan.
The transfected cells  were treated with a range of concentrations of
inhibin A (Figure 4B) in  both the presence and absence of 1 nM activin A.
As shown in Figure  4B, the ability of inhibin to block activin induction
of 3TPLux is dose 5 dependent and requires betaglycan. The effect of
inhibin in cells  expressing betaglycan was concentration-dependent 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-l is weakly
inhibin-responsive (data not shown),  KK-1 cells transfected with
betaglycan cDNA became highly sensitive  to inhibin. Activin-induced 3TPLux
activity was blocked by co- treatment with inhibin (Figure 4C). In K562
erythroleukemic cells  overexpressing activin receptors (KAR6),
activin-mediated induction 15 of the 3TPLux reporter plasmid is largely
unaffected by the addition of  high concentrations of inhibin (5). Figure.
4D shows that KAR6 cells  also displayed an inhibin-dependent reduction of
activin-induced  luciferase reporter activity following transfection with
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 inhibin binding to ActRII thereby restricting the  access of
activin to ActRII and antagonizing activin signaling. It is  noteworthy
that although the estimated affinity of inhibin for 25 betaglycan/ActRII
was -200 pM, the range of IC5a 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 2 5 MAY 2004 WO 01/43763 35
P1yT/US0O/33910 interact with ActRII in the absence of inhibin to interfere
with activin  signaling. It cannot be ruled out that it is possible that
the  inhibin/ActRll/betaglycan complex might also initiate novel signals
that are distinct from those induced by activin to generate inhibin  5
responses that are independent of activin or its receptor complex. EXAMPLE
9       10 Anti-betaglycan antiserum experiments To study the possible
physiologic importance of  endogenous betaglycan in mediating inhibin
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. Anti-betaglycan antiserum (Ab-BG) was
raised in rabbits  against a sequence previously reported to yield
antibodies capable of  blocking betaglycan-dependent TGF-P 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 indicate that betaglycan  immunoneutralization
inhibits the ability of inhibin to suppress FSH  secretion from primary
pituitary cells. This supports the hypothesis 25 that betaglycan or an
immunologically related protein is involved in  the action of inhibin on
the pituitary. 2 5 MAY 2004 WO 01/43763 36 PCT/US0O/33910 EXAMPLE Several
growth factors and cytokines require cell surface  5 proteoglycans to gain
access to their respective signaling receptors and to exert biological
responses (55). The data presented here are consistent with a model (Figure
6) in which the inhibin/betaglycan  complex competes with activin for
access to ActRII. This may  therefore prevent the formation of the
activin/ActRII complex that is  required for the subsequent recruitment of
ALK4 and the initiation of  the activin signaling cascade. This model is
similar in mechanism, b u t  not in consequence, to that proposed for
TGF-J3 signaling in which  betaglycan is thought to concentrate TGF-ji at
the cell surface and  present it to its cognate type IT 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 betaglycan on
inhibin action reported here. The following references were cited herein:
20 I. Vale et al., 1988 Chemical and biological characterization of the
inhibin family of protein hormones. In: Laurentian  Hormone Conference 1988
Clark JH (ed) Recent Progress  



in Hormone Research, Academic Press, Inc., San Diego. vol  44, 1-34 25 2.
Vale et al., 1998 Activins, inhibins and the receptor serine  kinase
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The present examples along with the methods, procedures,  treatments,
molecules, and specific compounds described herein are  presently
representative of preferred embodiments, are exemplary,  and are not
intended- as limitations on the scope of the invention. 10 Changes therein
and other uses will occur to those skilled in the art  which are
encompassed within the spirit of the invention as defined by  the scope of
the claims.  2 5 MAY 2004 5 WO 01143763 WHAT IS CLAIMED IS: 44
PCTIUS00133910 1. A method of augmenting activin-induced signaling in  a
cell comprising the step of: inhibiting the formation of inhibin/betaglycan
complexes  on the surface of said cell. 2. The method of claim 1, wherein
said formation of  10 inhibinlbetaglycan complexes is inhibited with an
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. 20 25 4. The method of claim 3, wherein
expression of  betaglycan is inhibited by an antisense transcript of
betaglycan. 5, The method of claim 3, wherein expression of  betaglycan is
inhibited by mutagenesis of at least one betaglycan  alleles in said cell. 



6. The method of claim 5, wherein said betaglycan  allele is mutated by
homologous recombination. 2 5 MAY 2004 WO U!-31G) 45 PCT/US001339 so 7. The
method of claim 1, wherein said cell is a  pituitary cell. 5 8. The method
of claim 7, wherein augmentation of  activin signaling increases the
production of Follicle Stimulating  Hormone (FS14) by said cell. 9. The
method of claim 8, wherein said method  10 enhances fertility. 10. The
method of claim 1, wherein said augmentation of  activin signaling
alleviates a pathophysiological condition in said cell. 15 1 . The method
of claim 10, wherein said  pathophysiological condition is selected from
the group consisting of  reproductive, developmental, skin, bone, hepatic,
hematopoietic and  20 central nervous system disorders. 12. The method of
claim 11, wherein said  pathophysiological condition is prostate cancer 25
13. An antiserum directed against the amino acid residues 154-439 of
betaglycan, wherein said antiserum inhibits inhibin binding to betaglycan.
2 5 MI AY 2004 WO 01/43763 46 PCTIUSUO/3391.0 



1 4. A pharmaceutical composition comprising t h e  antiserum of claim 13
and a pharmaceutical carrier. 5 15. A method of inhibiting activin-induced
signaling in a  cell comprising the step of: augmenting [he formation of
inhibin/betaglycan  complexes on the surface of said cell. 10 15 20 25 16.
The method of claim 15, wherein formation of said  inhibinlbetaglycan
complexes is augmented by increasing the  expression of betaglycan in said
cell 17 . The method of claim 16, further comprising the step  of
administering additional inhibin to said cell. 18. The method of claim 16
wherein betaglycan  expression is increased by transfecting said cell with
an artificial  construct containing a betaglycan gene. 19. The method of
claim 18, wherein said betaglycan  gene is constitutively expressed. 2 5
MAY 2004 WO 01/43763 47 PCTIUSOO/33910 20. The method of claim 18, wherein
said betaglycan  gene is expressed by an inducible promoter. 21. The method
of claim 18, wherein said method is used  to introduce increased
sensitivity to inhibin in a cell in which activin  signaling is not
normally affected by inhibin. 10 22. 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, hepatic, hematopoietic and
central nervous system disorders. 20 24. The method of claim 23, wherein
said 25 pathophysiological condition is selected from the group consisting
of  gonadal cancer, adrenal cancer, and liver dysplasia. 25. The method of
claim 23 used to promoter liver  regeneration in a damaged liver. WD
01113763 48 2 5 MAY 2004  PCTIUSOO/339103 26. A method of screening for a
compound which  inhibits the formation of inhibin/betagl.ycan complexes to
augment  activin signaling comprising the steps of: a) incubating membranes
from betaglycan expressing  5 cells in both the presence and absence of
said compound; b) performing an assay which measures the binding of
inhibin to betaglycan; c) comparing the results of said assay on cell
incubated  with said compound to untreated 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,
and small  molecules. 28. The method of claim 26 wherein said assay is a  



20 competition binding assay between labeled and unlabeled inhibin. 29. A
method of screening for a compound which  augments the formation of
inhibin/betaglycan complexes to inhibit  activin signaling comprising the
steps of: 7 5 MAY 2004 WO sf11t37(,3 49 PCT/ SOO/33910 a) incubating
membranes from betaglycan expressing  cells in both the presence and
absence of said compound; b } performing an assay which measures the
binding of  inhibin to betaglycan. 5 c) comparing the results of said assay
on cells  incubated with said compound to untreated cells, wherein a
compound which augments the formation of inhibinlbetaglycan  complexes will
result in higher levels of inhibin binding. 10 30. The method of claim 29
wherein said is compound is  selected from the group consisting of
peptides. proteins, and small  molecules. 31. The method of claim 29
wherein said assay is a  15 competition binding assay between labeled and
unlabeled inhibin. 


