
MODIFIED AND STABILIZED BMP-11 PROPEPTIDES AND USES THEREOF Field of
the Invention       This invention relates to inhibitors of Growth
Differentiation Factor-8 (GDF8) proteins and methods for their use.
More particularly, the invention provides modified and stabilized
propeptides of GDF-8 proteins which inhibit the activity of GDF-8.
The invention is particularly useful for preventing or treating human
or animal disorders in which an increase in skeletal, muscle tissue
would be therapeutically beneficial. Such disorders include muscle or
neuromuscular disorders (such as amyotrophic lateral sclerosis,
muscular dystrophy, muscle atrophy, congestive obstructive pulmonary
disease, muscle wasting syndrome, sarcopenia, or cachexia), metabolic
diseases or disorders (such as type 2 diabetes, noninsulin- dependent
diabetes mellitus, hyperglycemia, or obesity), adipose tissue
disorders (such as obesity), or bone degenerative diseases (such as
osteoporosis). Baekgnund of the Invention       Growth and
Differentiation factor-8 (GDF-8), also known as myostatin, is a
member of the Transforming Growth Factor-beta (TGF-p) superfamily of
structurally related growth factors, all of which possess important
growth-regulatory and morphogenetic properties (Kingsley et al.
(1994) Genes Dev. 8:133-46; Hoodless et al. (1998) Curr. Topics Micro
biol. Immunol. 228:235-72). GDF-8 is a negative regulator of skeletal
muscle mass, and there is considerable interest in identifying
factors which regulate its biological activity. For example, GDF-8 is
highly expressed in the developing and adult skeletal muscle. The
GDF-8 null mutation in transgenic mice is characterized by a marked
hypertrophy and hyperplasia of the skeletal muscle (McPherron et al.
(1997) Nature 387:83-90). Similar increases in skeletal muscle  mass
are evident in naturally occurring mutations of GDF-8 in cattle
(Ashmore et al. (1974) Growth 38:501-507; Swatland and Kieffer
(1994)J. Anim. Sci. 38:752-757; McPherron and Lee (1997) Proc. NatL
Acad. Set U.S.A. 94:12457-12461; and Kambadur et al. (1997) Genome
.Res. 7:910-915). Recent studies have also shown that muscle wasting
associated with HIV-infection in humans is accompanied by increases
in GDF-8 protein expression (Gonzalez-Cadavid et al. (1998) PNAS
95:14938-43). In addition, GDF-8 can modulate the production of
muscle-specific enzymes (e.g., creatine kinase) and modulate myoblast
cell proliferation (WO 00/43781).       In addition to its
growth-regulatory and morphogenetic properties in skeletal muscle,
GDF-8 may also be involved in a number of other physiological
processes (e.g., glucose homeostasis), as well as abnormal
conditions, such as in the development of type 2 diabetes and adipose
tissue disorders, such as obesity. For example, GDF-8 modulates
preadipocyte differentiation to adipocytes (Kim et al. (2001)
B.B.R.C. 281:902-906).       Like TGF-13-1, -2, and -3, the GDF-8
protein is synthesized as a precursor protein consisting of an
amino-terminal propeptide and a carboxy-terminal mature domain
(McPherron and Lee, 1997, supra) as well as a signal sequence which
directs the protein to the extracellular domain and is also cleaved
from the protein. It is believed that before cleavage of the
propeptide, the precursor GDF-8 protein forms a homodimer. The
amino-terminal propeptide is then cleaved from the mature domain and
the cleaved propeptide may remain noncovalently bound to the mature
domain dimer, inhibiting its biological activity (Miyazono et al.
(1988)J. BioL Chem. 263:6407-6415; Wakefield et al. (1983)J. BioL
Chem. 263:7646-7654; and Brown et al. (1990) Growth Factors 3:35-43).



Derynck et al. (1995) Nature 316:701-705; and Massague (1990) Ann.
Rev. Cell BioL 12:597-641). The mature domain is believed to be
active as a homodimer when the propeptide is removed. Other proteins
are also known to bind to GDF-8 or structurally related proteins and
inhibit their biological activity. Such inhibitory proteins include
follistatin (Gamer etal. (1999) Dev. BioL 208:222-232) and
follistatin-related proteins.       Further, a number of human and
animal disorders are associated with loss of or functionally impaired
muscle tissue, including muscular dystrophy, muscle atrophy,
congestive obstructive pulmonary disease, muscle wasting syndrome,
sarcopenia, and cachexia. To date, very few reliable or effective
therapies exist for these disorders. The terrible symptoms associated
with these disorders could be substantially reduced by employing
therapies that increase the amount of muscle tissue in patients
suffering from the disorders. Such therapies would significantly
improve the quality of life for these patients and could ameliorate
many effects of these diseases. Thus, there is a need in the art to
identify new therapies that contribute to an overall increase in
muscle tissue in patients suffering from these disorders.       The
present invention fills this need by providing modified and
stabilized GDF propeptides or BMP-11 propeptides that retain their
biological activity and inhibit the activity of GDF proteins. The
modified propeptides of the invention may be used to treat human or
animal disorders in which an increase in muscle tissue would be
therapeutically beneficial.  Summary of the Invention        GDF-8 is
involved in the regulation of many critical biological processes. Due
to its key function in these processes, GDF-8 may be a desirable
target for therapeutic intervention. Although naturally occurring
GDF-8 propeptide may be an attractive means of GDF modulation from an
efficacy and toxicity perspective, the present inventors have
discovered that the circulatory half-life of the natural propeptide
may be too short for the molecule to have practical therapeutic or
prophylactic utility.       Accordingly, the present invention is
based, at least in part, on the discovery that the propeptide of
Growth Differentiation Factor-8 (GDF-8) inhibits the activity of
GDF-8 protein, and that other Transforming Growth Factor-beta
(TGF-13) proteins which are related in structure to GDF-8, such as
Bone Morphogenetic Protein-11 (BMP-11; also known as GDF-11), are
also inhibited by GDF-8 propeptide. The present invention thus
provides compositions and methods for inhibiting GDF proteins, as
well as methods for identifying, making and using such inhibitors.
As noted above, the present invention is also based, in part, on the
discovery that the natural GDF-8 propeptide has a relatively short in
vivo half-life, which may prevent practical therapeutic or
prophylactic utility. Thus, the present invention provides modified
GDF-8 propeptides and modified BMP-11 propeptides having improved
pharmacokinetic properties, such as increased circulatory half-life
or increased protection from proteolytic degradation.       The
presently disclosed GDF-8 propeptides or BMP-11 propeptides may be
stabilized by any means known in the art. For example, in one
embodiment, the modified propeptide is a fusion protein comprising a
GDF-8 propeptide and the Fe region of an IgG molecule. GDF-8
propeptidc fusion proteins may comprise, as the active subunit, the
propeptide of a GDF-8 protein, or an active portion of the GDF-8
propeptide, fused to an Fe region of an IgG molecule. In other



In other embodiments, the modified propeptide is a fusion protein
comprising a BMP-1 I propeptide and the Fe region of an IgG molecule.
BMP-11 propeptide fusion proteins may comprise, as the active
subunit, the propeptide of a BMP-1 I protein, or an active portion of
the BMP-1 I propeptide, fused to an Fe region of an IgG molecule. In
other embodiments, or in addition, the BMP-11 propeptide may be
glycosylated, or linked to albumin or a nonproteineous polymer.
The modified GDF-8 propeptides or modified BMP-11 propeptides of the
invention are capable of inhibiting the activity, expression,
processing, or secretion of a GDF-8 protein, mature GDF-8, or a GDF-8
homodimer or other active GDF-8 molecule. The modified GDF-8
propeptides or modified BMP-11 propeptides of the invention may be
administered to a patient, in a therapeutically effective dose, to
treat or prevent medical conditions in which an increase in muscle
tissue would be therapeutically beneficial. Diseases and disorders
that may be treated by the modified GDF-8 propeptides or modified
BMP-1 I propeptides include but are not limited to muscle or
neuromuscular disorders. (such as amyotrophic lateral sclerosis,
muscular dystrophy, muscle atrophy, congestive obstructive pulmonary
disease, muscle wasting syndrome, sarcopenia, or cachexia), metabolic
diseases or disorders (such as such as type 2 diabetes,
noninsulin-dependent diabetes mellitus, hyperglycemia, or obesity),
adipose tissue disorders (such as obesity), and bone degenerative
diseases (such as osteoporosis). Brief Description of the Figures
Figure 1 shows the relative biological activities of GDF-8, BMP-11
and activin in a reporter gene assay.       Figure 2 shows the
binding properties of purified biotinylated human GDF-8 in an AcaTIB
binding assay.        Figure 3 shows induction of pGL3(CAGA)32
reporter activity at the ED50 for GDF-8, BMP-1 I, and activin in the
presence of GDF-8 propeptide.       Figure 4 shows the dose-dependent
inhibition of biotinylated GDF-8 binding to ActRIIB by GDF-8
propeptide. Figure 5 shows the binding of GDF-8 to L6 cells.
Figure 6 shows the dose-dependent inhibition of GDF-8 specific
binding to L6 cells by GDF-8 propeptide.       Figure 7A shows the
amino acid sequence of a murine GDF-8 propeptide-Fc fusion protein.
Figure 7B shows a murine GDF-8 propeptide-Fc fusion protein with a
short glycine-serine-glycine-serine (GSGS) linker separating the
GDF-8 propeptide from the Fc region. 



Figure 8A shows the effects of human GDF-8 propeptide and two murine
GDF-8 propeptide-Fc fusion proteins on GDF-8 binding in an ActRIIB
competition ELI SA.       Figure 8B is a table comparing the IC50's
of human GDF-8 propeptide and two murine GDF-8 propeptide-Fc fusion
proteins.       Figure 9 shows the relative biological activities of
human GDF-8 propeptide and murine GDF-8 propeptide-Fe fusion protein
in a reporter gene assay.       Figure 10 shows the pharmacokinetics
of iodinated GDF-8 propeptide and a GDF-8 propeptide-Fc fusion
protein after a single intravenous administration of 0.2 Rg/mouse or
2 hg/mouse, respectively.       Figure 11A shows the amino acid
sequence of a human GDF-8 propeptideIgG1 Fc fusion protein.
Figure I 1B shows the amino acid sequence of a human GDF-8
propeptideIgG1 Fc fusion protein modified for reduced effector
function.       Figure 12 shows the dose-dependent inhibition of
GDF-8 binding in an ActRIIB competition ELISA by human GDF-8
propeptide and two human GDF-8 propeptide-Fe fusion proteins.
Figure 13 is a graph showing that modified GDF-8 propeptide
administered in vivo increases gastrocnemius and quadricep mass, and
decreases fat mass, but does not effect kidney or liver mass compared
to untreated mice or mice treated with the control protein, IgG2aFc.
Figures 14A-P illustrate the amino acid and nucleic acid sequences
corresponding to SEQ ID NO.s 1-16 and annotations thereto.
Definitions 



The terms "GDF-8", "GDF-8 protein", or "GDF-8 polypeptide" refer to a
specific growth and differentiation factor including but not limited
to that set forth in SEQ ID NO:1, and any now known or later
described homologs thereof, including homologs of other species.
Particularly preferred are mammalian homologs, most preferably human.
The present invention also encompasses GDF-8 molecules and humologs
from all other sources, including but not limited to GDF-8 from
bovine, dog, cat, chicken, murine, rat, porcine, ovine, turkey,
baboon, and fish. Various GDF8 molecules have been described in
MePherron et al. (1997) Proc. Natl. Acad. Sci. USA 94:12457-12461.
Homologs are well known in the art. Homology may be determined by any
method known in the art, or as described herein. The GDF-8 or GDF-8
protein may be naturally occurring or synthetic. These terms include
the full-length unprocessed precursor form of the protein ("GDF-8
precursor protein"), as well as the mature forms resulting from
post-translational cleavage of the propeptide. The terms also refer
to any fragments or variants of GDF-8 that maintain one or more
biological activities associated with a GDF-8 protein, as discussed
herein, including sequences that have been modified with conservative
or non-conservative changes to the amino acid sequence.       "Mature
GDF-8" refers to the protein or polypeptide that is cleaved from the
carboxy-terminal domain of the GDF-8 precursor protein. A human form
of mature GDF-8 protein is provided in SEQ ID NO:3. The mature GDF-8
may be naturally occurring or synthetic. The mature GDF-8 may be
present as a monomer, homodimer,  or may be present in a GDF-8 latent
complex. Depending on the in vivo or in vitro conditions, mature
GDF-8 may establish an equilibrium among any or all of these
different forms. Without limitation as to the mechanism, mature GDF-8
is believed to be biologically active as homodimer. In its
biologically active form, the mature GDF8 is also referred to as
"active GDF-8."       The phrase "GDF-8 activity" refers to one or
more of physiologically growth-regulatory or morphogenetic activities
associated with active GDF-8 protein. For example, active GDF-8 is a
negative regulator of skeletal muscle mass. Active GDF-8 can also
modulate the production of muscle-specific enzymes (e.g., creatine
kinase), stimulate myoblast cell proliferation, and modulate
preadipocyte differentiation to adipocytes. GDF-8 also believed to
increase sensitivity to insulin and glucose uptake in peripherial
tissues, particularly in skeletal muscle or adipocytes. Accordingly,
GDF-8 biologieal activities include but are not limited to inhibition
of muscle formation, inhibition of muscle celi growth, inhibition of
muscle development, decrease in muscle mass, regulation of
muscle-specific enzymes, inhibition of myoblast cell proliferation,
modulation of preadipocyte differentiation to adipocytes, increasing
sensitivity to insulin, regulations of glucose uptake, glucose
hemostasis, and modulate neuronal cell development and maintenance. A
human form of the full length GDF-8 precursor protein is provided in
SEQ ID NO:l.       "GDF-8 propeptide" refers to a polypeptide that is
cleaved from the amino-terminal domain of the GDF-8 precursor
protein. The GDF-8 propeptide is associated with one or more
biological activities including but not limited to the ability to
bind to a mature GDF-8 protein or homodimer, the ability to inhibit
one or more GDF-8 biological activities, the ability to enhance
muscle development, the ability to enhance muscle mass, the ability
to promote muscle formation, and the ability to promote muscle cell



corresponding unmodified- GDF-8 propeptide. In a highly preferred
embodiments the -----  modified GDF-8 propeptide of the invention has
an increased in vivo half life (as measured, for example, by the
method set forth in Example 8). In another embodiment, the modified
GDF-8 propeptide is capable of inhibiting one or more activities of a
mature GDF-8.       The terms "MP-11", "BMP-11 protein", or "BMP-I 1
polypeptide" refer to a specific growth and differentiation factor
including but not limited to that set forth in SEQ ID NO:7, and any
now Icnown or later described homologs thereof, including homologs of
other species. Particularly preferred are mammalian homologs, most
preferably human.. The present invention also encompasses BMP-11
molecules and homologs from all other sources, including but not
limited to BMP-11 from bovine, dog, cat, chicken, murine, rat,
porcine, ovine, turkey, baboon, and fish. Various BMP11 molecules
have been described in McPherron etal. (1997) Proc. Natl. Acad. Sc!.
USA 94:12457-12461. Homologs are well known in the art. Homology may
be determined by any method known in the art, or as described herein.
The BMP-I 1 or BMP-I 1 protein may be naturally occurring or
synthetic. These terms include the full-length unprocessed precursor
form of the protein ("BMP-1I precursor protein"), as well as the
mature forms resulting from post-translational cleavage of the
propeptide. The terms also refer to any fragments or variants of
BMP-11 that maintain one or more biological activities associated
with a BMP-I1 protein, as discussed herein, including sequences that
have been modified with conservative or non-conservative changes to
the amino acid sequence.       "Mature BMP-11" refers to the protein
or polypeptide that is cleaved from the carboxy-terminal domain of
the BMP-Il precursor protein. A human form of mature BMP-11 protein
is provided in SEQ ID NO:9. The mature BMP-11 may be naturally
occurring or synthetic. The mature BMP-11 may be present as a
monomer, homodimer, or may be present in a BMP-11 latent complex.
Depending on the in vivo or in vitro conditions, mature BMP-11 may
establish an equilibrium among any or all of these different forms.
Without limitation as to the mechanism, mature BMP-  11 is believed
to be biologically active as homodimer. In its biologically active
form, the mature BMP-11 is also referred to as "active BMP-11."
"BMP-11 propeptide" refers to a polypeptide that is cleaved from the
amino-terminal domain of the BMP-11 precursor protein. The BMP-11
propeptide is associated with one or more biological activities
including but not limited to the ability to bind to a mature GDF-8
protein or homodimer, the ability to inhibit one or more GDF-8
biological activities, the ability to enhance muscle development, the
ability to enhance muscle mass, the ability to promote muscle
formation, and the ability to promote muscle cell proliferation. The
BMP-11 propeptide may be naturally occurring or synthetic. An example
of a BMP-11 propeptide includes but is not limited to a human form of
BMP-11 provided in SEQ ID 140:11. In one embodiment, the BMP-11
propeptide is capable of binding to the propeptide binding domain of
mature GDF-8. In another embodiment, the BMP-1 I propeptide is
capable of inhibiting onc or more activities of a mature GDF-8.
The term "modified BMP-11 propeptide" refers to a GDF-8 inhibitor
which comprises a modified BMP-11 propeptide, or fragment or variant
thereof, which retains one or more biological activities of a BMP-11
propeptide and further comprises a stabilizing modification as set
forth herein. Variant forms of BMP-11 propeptide, include, but are



The methods and compositions of the invention provide GDF inhibitors
whichreduce the activity of GDF protein relative to the activity of a
GDF protein ascompared to the same GDF protein not bound by an
inhibitor. In certain embodiments, the activity of a GDF protein,
when bound by one or more of the modified GDF propeptides is reduced
at least about 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, or 55%,
preferably at least about 60%, 62%, 64%, 66%, 68%, 70%, 72%, 74%,
76%, 78%, 80%, 82%, 84%, 86%, or 88%, more preferably at least about
90%, 91%, 92%, 93%, or 94%, and even more preferably at least about
95% to 100% relative to the same GDF protein that is not bound by
said modified propeptides. In one preferred embodiment, the GDF
inhibitor is a modified GDF-8 propeptide or a modified BMP-11
propeptide covalently linked to an Fc region of an IgG molecule..
The term "stabilizing modification" is any modification known in the
art or set forth herein capable of stabilizing a protein, enhancing
the in vitro half life of a protein, enhancing circulatory half life
of a protein and/or reducing proteolytic degradation of a protein.
Such stabilizing modifications include but are not limited to fusion
proteins (including, for example, fusion proteins comprising a GDF
propeptide and a second protein), modification of a glycosylation
site (including, for example, addition of a glycosylation site to a
GDP propeptide), and modification of carbohydrate moiety (including,
for example, removal of carbohydrate moieties from a GDF propeptide).
In the case of a stabilizing modification which comprises a fusion
protein (e.g" such that a second protein is fused to a GDF
propeptide), the second protein may be referred to as a "stabilizer
portion" or "stabilzer protein." For example, in one embodiment, a
modified GDF-8 propeptide of the invention comprises a fusion between
a human GDF-8 propeptide (with an inactivated cleavage site) and an
IgG molecule (which IgG acts as the stabilizer protein or stabilizer
portion). As used herein, in addition to referring to a second
protein of a fusion  protein, a "stabilizer portion" also includes
nonproteinaceous modifications such as a carbohydrate moiety, or
nonproteinaceous polymer.       The terms "isolated" or "purified"
refer to a molecule that is substantially free of its natural
environment. For instance, an isolated protein is substantially free
of cellular material or other contaminating proteins from the cell or
tissue source from which it is derived. The phrase "substantially
free of cellular material" refers to preparations where the isolated
protein is at least 70% to 80% (w/w) pure, more preferably at least
80-89% (w/w) pure, even more preferably 90-95% pure, and most
preferably at least 96%, 97%, 98%, 99% or 100% (w/w) pure.       The
term "cleavage site" refers to a proteolytic site in a protein or
polypeptide that is acted upon by a proteolytic enzyme resulting in
the cleavage of the peptide bond. In one embodiment, a cleavage site
of the invention is "RSRR" as represented by the one-letter amino
acid code.       The term "Pc region of an IgG molecule" refers to
the Fc domain of an immunoglobulin of the isotype IgG, as is well
known to those skilled in the art. The Fc region of an IgG molecule
is that portion of IgG molecule (IgGI, IgG2, IgG3, and IgG4) that is
responsible for increasing the in vivo serum half-life of the IgG
molecule. Preferably, the IgG molecule is IgGl.       "In vitro half
life" refers to the stability of a protein measured outside the
context of a living organism. Assays to measure in vitro half life
are well known in the art and include but are not limited to



The term "TGF-p superfamily" refers to a family of structurally
related growth factors, all of which possess physiologically
important growth-regulatory and morphogenetic properties. This family
of related growth factors is well known in the art (Kingsley et al.
(1994) Genes Dev. 8:133-46; and Hoodless et al. (1998) Curr. Topics
Microbiot Immunol. 228:235-72). The TGF-p superfamily includes Bone
Morphogenetic Proteins (BMPs), Activins, Inhibins, Mullerian
Inhibiting Substance, Glial-Derived Neurotrophic Factor, and a still
growing number of Growth and Differentiation Factors (GDFs), such as
GDP-8 (myostatin). Many of these proteins are related in structure to
GDF-8, such as BMP-11 (also known as GDP-11), and/or activity, such
as activin.        The term "treatment" refers to both therapeutic
treatment and prophylactic or preventative measures. Those in need of
treatment may include individuals already - having a particular
medical disorder as well as those who may ultimately acquire the
disorder (i.e., those needing preventative measures).       The terms
"transformation" and "transfection" refer to a variety of
art-recognized techniques for introducing foreign nucleic acid (e.g.,
DNA and RNA) into a host cell, including but not limited to calcium
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofection, and electroporation. SEO ID NO: NAME TYPE
I human GOP-8 precursor protein protein 



2 human GDP-8 precursor protein DNA  3 human GDF-8 mature protein 4
human GDF-8 mature DNA 5 human GDF-8 propeptide 



protein 6 ,human GDF-8 propeptide DNA 7 human BMP-11 precursor
protein protein 8 human BMP-11 precursor protein DNA 9 human BMP-11
mature 



protein 10 human BMP-11 mature DNA 11 human BMP-11 propeptide protein
12 human BMP-11 propeptide DNA 13 GDF-8 signal sequence 



protein 14 BMP-11 signal sequence protein 15 IgG-Fc protein 16 IgG-Fc
modified protein  Detailed Description of the Invention 



The present invention is based, in part, on the discovery that GDF
propeptides have a short in vivo half-life thereby reducing their
effectiveness as pharmocologic inhibitors of GDF-8 or BMP-11
activity. Accordingly, in one aspect, the invention features modified
and stabilized GDF-8 or BMP-11 propeptide having improved
pharmacolcinetic properties, specifically an increased circulatory
half-life.       The present invention provides novel modified GDF
propeptides that form inactive complexes with GDF proteins (for
example GDF-8 and BMP-11 proteins) in vitro and in vivo. The modified
GDF propeptides of the invention preferably bind to a propeptide
binding domain on the mature GDF protein. Accordingly, in certain
embodiments of the invention, the modified GDF propeptide comprises a
fusion protein between a GDF propeptide and a stabilizer protein. A
stabilizer protein may be any protein which enhances the overall
stability of the modified GDF propeptide.   As will be recognized by
one of ordinary skill in the art, such fusion protein may optionally
comprise a linker peptide between the propeptide portion and the
stabilizing portion. As is well known in the art, fusion proteins are
prepared such that the second protein is fused in frame with the
first protein such that the resulting translated protein comprises
both the first and second proteins. For example, in the present
invention, a fusion protein may be prepared such that the GDF
propeptide portion is fused to a second protein (e.g. a stabilizer
protein portion.) Such fusion protein is prepared such that the
resulting translated protein contains both the propeptide portion and
the stabilizer portion.         In other embodiments, the GDF
propeptide comprises a GDF propeptide that is modified to have
greater in vivo circulatory half-life compared to unmodified GDF
propeptide. Although the precise mechanism and timing of modified GDF
propeptide binding is unknown, the modified GDF-8 propeptides and
modified BMP-1 1 propeptides of the invention are believed to bind to
the mature GDF-8 and mature BMP-11. In a preferred embodiment, the
present invention provides modified GDF propeptides that form
inactive complexes with GDF-8 or BMP-11 proteins in vivo or in vitro.
In one embodiment, the GDF propeptides preferably bind to a
propeptide binding domain on the mature GDF-8 or mature BMP-11
protein. Such binding may occur, for example, following release of
native propeptide at the site of GDF-8 and BMP-11 activity, following
displacement of the native propeptide by the modified GDF-8 and
modified BMP-11 propeptide, and/or following cleavage of propeptide
from the GDF-8 and BMP-11 precursor protein. Regardless of the
mechanism, modified GDF-8 propeptide and/or modified BMP-11
propeptide binding results in a reduction in one or more of the
biological activities associated with GDF-8, relative to a mature
GDF-8 protein that is not bound by the same modified propeptide. In
one preferred embodiment, the modified GDF-8 and BMP- I 1 propeptides
reduce GDF-8 and BMP-1 I activity associated with negative regulation
of skeletal muscle mass.       In another preferred embodiment, the
present invention provides modified GDF propeptides that form
inactive complexes with BMP-I 1 proteins in vivo or in   vitro. In
one embodiment, the GDF propeptides preferably bind to a propeptide
binding domain on the mature EMP-11 protein.In yet another
embodiment, the modified ODE propeptide is a fusion protein
comprising a GDF propeptide and an Pc region of an IgG molecule (as a
stabilizing protein). Such GDF inhibitors may comprise a ODE



Critically, in embodiments of the invention involving modified GDF
propeptides comprising fusion proteins, it is essential that the
fusion protein be produced or designed such that the native
proteolytic cleavage site (e.g. RSRR) in the GDF propeptide is
disrupted, destroyed, inactivated or removed in the resulting fusion
protein. As one of skill in the art will recognize, failure to do so
would result in the second protein (e.g., the stabilizer portion) of
the fusion protein being cleaved from the first protein (the
propeptide portion) of the fusion protein. Accordingly, a critical
aspect of the invention provides for inactivating or eliminating the
cleavage site native to GDF propeptides when using such propeptide to
prepare a fusion protein which is a modified GDF propeptide of the
invention. Methods for inactivating such proteolytic cleavage site
are known in the art and include but are not limited to mutation,
deletion, or insertion of the amino acid or nucleotide sequence of
the proteolytic cleavage site.       In yet other embodiments of the
invention, mutations may be made in the GDF sequence to make the
sites less susceptible to proteolytic cleavage. For example, in one
embodiment, such mutant may contain a point mutation at amino acids
45, 46, 49, 50, 52, 53, 63, 64, 65, 66, 98 or 99 of SEQ ID NO: I, or
at amino acids 122, 123, 286 or 287 of SEQ ID NO:7. In another
embodiment, such point mutations can be made in the amino acids of
SEQ ID NO.:11. In a preferred embodiment, the point mutation is a
point mutation at amino acid 99 of SEQ ID NO: 1. In a particularly
preferred embodiment, the point mutation is a point mutation of amino
acid 99 of SEQ ID NO.: I from Asp to Ala. In another preferred
embodiment, such point mutation can be made in the amino acids of SEQ
ID NO.: 11. Computer analysis (using a commercially available
software, e.g., MacVector, Omega, PCGene, Molecular Simulation, Inc.)
can also be used to identify proteolytic cleavage sites. As will be
recognized by one of skill in the art any of the described mutations,
variants or modifications may alternatively be made at the nucleic
acid level. Such techniques are well known in the art. Table 2
Exemplary Amino Acids Mutatahle to Prevent Cleavage of Propeptide:
GDF-8  (Amino acid numbers refer to SEQ ID 140:1) Arg-45 Gln-46
Lys-49 Ser-50 Arg-52 Ile-53 Lys-63 Leu-64 Arg-65 Leu-66 Arg-98 Asp-99
BMP-11 (Amino acids numbers refer to SEQ ID NO:7) Asp-122 Ala-123
Glu-286 Tueu-287; 



As noted above, the present inventors have made the discovery that
the GDF propeptides have a short in vivo half-life. Thus, to be
pharmaceutically useful as a therapeutic or prophylactic agent, the
GDF propeptide must be chemically or physically stabilized for
increased longevity under physiological conditions.       GDF
propeptides may be stabilized or modified by any means known in the
art, so long as the modified GDF propeptide maintains an ability to
inhibit a GDF protein or mature GDF protein. In a preferred
embodiment, the modified GDF propeptide maintains its ability to bind
to its target GDF protein or a GDF propeptide binding site. In one
preferred embodiment, the modified GDP propeptide comprises a  GDF-8
propeptide or BMP-I 1 propeptide fused adjacent to or via a linker,
to an Fe region of an IgG molecule. The Fe region of the IgG provides
a protective or stabilizing effect on the propeptide (and therby acts
as a stabilizing modification), as reflected in the improved
pharmacokinetic properties (i.e., increased serum half-life) of the
fusion protein as compared to the corresponding unmodified GDF-8
propeptide or unmodified BMP-11 propeptide.        In a particular
embodiment, the modified GDF-8 propeptide comprises a human GDF-8
propeptide or a mutant of human GDF-8 propeptide, and the IgG
molecule is the Fe region of an IgGI, or an 1gG4, or an Fe region of
IgG1 modified for reduced effector function. In one embodiment, the
IgG fragment is IgG1 (SEQ ID NO: 15). In another embodiment, the IgG
fragment is IgGI modified for reduced effector function (SEQ ID NO:
16). Examples of molecules modified for reduced effector function
include modification of human IgGI-Fc fusion to include alanine (A)
at amino acid positions14 and 17 as set forth in SEQ ID NO.:16.
Modified GDP-8 or BMP-11 propeptides may be isolated or purified
according to standard protein isolation and purification procedures
well known in the art.       In another embodiment, the modified GDF
propeptide comprises a human BMP-11 propeptide or a mutant of human
BMP-11 propeptide, and an IgG molecule which is the Fe region of an
IgGI, or an IgO4, or an IgGI fragment modified for reduced effector
function. In one preferred embodiment, the stabilizer is the Fe
region of human IgG1 (SEQ ID NO: 15) or the Fe region of human IgGI
modified for reduced effector function (SEQ ID NO: 16). The BMP-11
propeptide may be fused adjacent to or via a linker, to an Fe region
of an IgG molecule, as described herein.       The present invention
also provides methods for making modified GDF propeptides having
increased in vivo or in vitro half-life. In one preferred embodiment,
the method comprises preparing a modified GDF propeptide comprising a
GDF-8/IgG1 Fe or BMP-11/IgG1 Fe fusion protein by preparing a cDNA
molecule encoding: (1) a GDF propeptide (for example human GDF-8
propeptide, SEQ ID NO:5),  or human BMP-11 propeptide, SEQ ID NO:11)
which is modified to inactivate the proteolytic cleavage site and the
Fc region of an IgG molecule (for example, human IgG1 Pc region, SEQ
ID NO:15);         (2) expressing the cDNA in an appropriate
prokaryotic or eukaryotic expression system using appropriate
expression plasmids and cells; and 



(3) isolating and purifying the expressed fusion protein containing
the modified GDF propeptide, wherein the modified GDF propeptide has
an increased in vivo or in vitro half-life as compared to an
unmodified GDF propeptide.        An example of such preferred
modified GDF propeptide of the invention is set forth is Figure 11A.
cDNA expression systems are well known in the molecular biology art
as are methods for isolation and purification of the expressed
proteins (Examples 2 and 7, herein, provide examples of such
embodiments).       In an alternate embodiment, the cDNA construct,
used for expression of such fusion proteins may contain nucleotides
encoding a linker peptide between the nucleotides encoding the GDF
propeptide and the IgG Fc region (or stabilizer portion). The
orientation of the linker peptide relative to the GDF or IgG Fc
region is unimportant. The linker peptide may comprise nucleotides
encoding 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24.24, 26, 28,30 or more
amino acids in length. In a particular embodiment, the linker peptide
comprises nucleotides encoding for the amino acid sequence consisting
of glycine-serine-glycine-serine (GSGS).       In another embodiment,
the expression plasmids may optionally contain tags allowing for
convenient isolation and purification of the expressed proteins. The
use of such tagged expression plasmids and the methods for isolating
and purifying the tagged protein products are well known in the art.
The GDF propeptides of the invention specifically include fusion
proteins in which the GDF propeptide portion of the molecule is
identical or greater than 60% homologous to GDF corresponding
sequences from a particular species, while the stabilizer portion,
such as the Fc region of the IgG molecule may be identical or
greater than 60% homologous to IgG corresponding sequences from a
different species. For example, the human GDF-8 propeptide or
fragment thereof may be fused to an Fc region of a mouse IgG
molecule, or vice versa, so long as the resulting fusion protein
exhibits the desired biological activity, namely, the inhibition of
GDF biological activity, as embodied in Examples 3 -6. In preferred
embodiments of the invention, fusion proteins of the invention are
chimeras of human proteins. As will be understood in the art, human
protein chimeric or fusion proteins will be preferred in the
treatment of human subjects.        As an alternative or in addition
to the above-described Fc-fusion proteins, the GDF propeptides may be
stabilized by a variety of other methods and resource materials which
are well known and readily available in the protein art. Such methods
and materials include, for example, glycosylation, or linkage to
albumin or a nonproteineous polymer, as described in detail below.
The modified GDF propeptides may be isolated and purified using
standard protein isolation and purification -techniques well known in
the protein art.        GDF propeptides or modified GDF propeptides
can be produced by a variety of art-known techniques. For example,
such propeptides can be synthesized (e.g., chemically or
recombinantly), isolated and purified, and tested for their ability
to form complexes with mature GDF-8 or mature BMF-11 protein using
the methods described herein or methods known in the art. Propeptides
can be synthesized using standard protein chemistry techniques such
as those described in BodansIcy, M. Principles of Peptide Synthesis,
Springer Verlag, Berlin (1993) and Grant G.A. (ed.), Synthetic
Peptides: A User's Guide, W.H. Freeman and Company, New York (1992),
the contents of which are incorporated herein by reference. In



art. For example, the expressed propeptide of GDF-8 or BMP-I 1 may be
purified by, for example, using the method described in Bottinger et
al. (1996) PNAS 93:5877- 5882 and Gentry and Nash (1990) Biochemistry
29:6851-6857, the contents of which are incorporated herein by
reference, or any other art recognized method for purifying peptides.
Alternatively, the modified or unmodified GDF propeptide or fragment
thereof may be tagged with, for example, FLAG or 6-His for subsequent
purification using protein art-established techniques.       The
modified or unmodified GDF-8 or BMP-11 propeptides may further be
produced by digestion of naturally occurring or recombinantly
produced GDF-8 or BMP-11 using, for example, a protease, e.g.,
trypsin, thermolysin, chymotrypsin, pepsin, or paired basic amino
acid converting enzyme (PACE). Computer analysis (using a
commercially available software, e.g., MacVector, Omega, PCGene,
Molecular Simulation, Inc.) can be used to identify proteolytic
cleavage sites. Alternatively, such GDF propeptides- may be produced
from naturally occurring or recombinantly produced GDF-8 or BMP-11
such as standard techniques known in the art, such as by chemical
cleavage (e.g., cyanogen bromide, hydroxylamine).       The
proteolytic or synthetic GDF-8 and BMP-11 propeptide portions of the
modified GDF propeptide may comprise as many amino acid residues as
are necessary to bind to the target GDF protein, thereby inhibiting,
partially oecompletely, GDF-8 or BMP-I 1 activity. Examples 4 - 6,
herein, illustrate embodiments of binding and inhibition assays. In
particular, functional fragments of GDF-8 and/or BMP-11 propeptide
sequences that maintain the ability to modulate or inhibit GDF-8, are
included within the scope of the invention. The GDF-8 propeptide
portions preferably comprise at least 5, 10, 20, 30, 40, 50, 60, 70,
80, or 90 amino acids; more preferably at least 100, 110, 120, 130,
140, 150, 160, 170, 180, or 190 amino acids; and most preferably at
least 200, 210, 220, 230, or 240 or more amino acids in length. In a
preferred embodiment, the GDF-8 propeptide portion of the modified
GDF-8 propeptide is 243 amino acids in length, i.e., corresponding to
SEQ ID NO:5; and the BMP-11 propeptide portion of the BMP-11
propeptide is 274 amino acids in length,  i.e., corresponding to SEQ
ID NO:11. The signal sequence for human GDF-8 is set forth in qEQ ID
Nall, and includcsthefLrst23 a_mino acids of SEQ ID ND:1. In one
embodiment, the sequence of BMP-11propeptide begins with the amino
acid sequence AEGPAAA.       The signal sequence for human BMP-11 is
set forth in SEQ ID NO.: 14 and includes the first 24 amino acids of
SEQ ID NO.: 7. The identification of a partial GDF-8 or BMP-11
propeptide sequence as a functional fragment of GDF-8 or BMP11
propeptide may readily be determined, for example, using the assays
described in Examples 4-6 herein.       In addition to truncated
propeptide sequences, the propeptide variants herein specifically
include GDF propeptides having point mutations or other modifications
(including insertion, deletion, and substitution); so long as such
variants contain one or more desired biological or inhibitory
activities of a GDF propeptide. Such activity can be measured, for
example, as described in Examples 4-5. Such modifications may be
introduced into the molecule to enhance the activity, circulatory or
storage half-life, or production of the GDF-8 or BMP-11 propeptide.
For example, point mutations may be introduced into one or more
proteolytic cleavage sites to prevent or inhibit proteolytic
degradation of the modified GDF-8 propeptide in vivo. Computer



In another embodiment, the GDF-8 propeptide may be modified to have
an altered glycosylation pattern (i.e., altered from the wild-type
glycosylation pattern). As used herein, "altered" means having one or
more carbohydrate moieties added or deleted,-to/from the wild-type
GDF propeptide. Glycosylation of proteins and polypeptides is
typically either N-linked or 0-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side chain of an
asparagine residue. The tripeptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid except proline, are
the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the presence
of either of these tripeptide sequences in a polypeptide creates a
potential glycosylation site. 0-linked glycosylation refers to the
attachment of one of the sugars N-aceylgalactosamine, galactose, or
xylose to a hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also be used.
Addition or deletion of glycosylation sites to the GDF propeptide is
conveniently accomplished by altering the amino acid sequence such
that it contains or omits one or more of the above-described
tripeptide sequences (for N-linked glycosylation sites). The
alteration may also be made by the addition of, or substitution by,
one or more serine or threonine residues to the sequence of the
wild-type GDF propeptide (for 0-linked glycosylation sites). For
ease, the GDF propeptide amino acid sequence is preferably altered
through changes at the DNA level, which techniques are well known in
the art.       Another means of increasing the number of carbohydrate
moieties on the GDF propeptide is by chemical or enzymatic coupling
of glycosides to the GDF propeptide. These procedures are
advantageous ii that they do not require production of the GDF
propeptide in a host cell that has glycosylation capabilities for N-
or 0-linked glycosylation. Depending on the coupling mode used, the
sugar(s) may be attached to (a) arginine and histidine; (b) free
carboxyl groups; (c) free sulfhydryl groups such as those of
cysteine; (d) free hydroxyl groups such as those of serine,
threonine, or hydroxyproline; (e) aromatic residues such as those of
phenylalanine, tyrosine, or tryptophan; or (f) the amide group of
glutamine. These methods are described in WO 87/05330 published 11
Sep. 1987, and in Aplin and Wriston (1981) CRC Crit. Rev. Biochem.,
pp. 259-306, incorporated by reference herein.       Removal of any
carbohydrate moieties present on the GDF propeptide may be
accomplished chemically or enzymatically. Chemical deglycosylation
requires  exposure of the GDF propeptide to the compound
trifluoromethanesulfonic acid, or an equivalent compound. This
treatment results in the cleavage of most or 211 sugars except the
linking sugar (N-acetylglucosarnine or N-acetylgalactosamine), while
leaving the amino acid sequence intact.       Chemical
deglycosylation is described by Halcimuddin et al. (1987) Arch.
Biochern. Biophys. 259:52 and by Edge et al. (1981) Anal. Biochem.
118:131. Enzymatic cleavage of carbohydrate moieties on GDF
propeptides can be achieved by the use of a variety of endo- and
exo-glycosidases as described by Thotakura et al. (1987) Meth.
Enzymol. 138:350.       When the modified GDF propeptide is a GDF
propeptide-Fc fusion protein, as described above, the Fc region of
the IgG molecule may also be modified to have an altered
glycosylation pattern.       In another embodiment, a GDF propeptide



In making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in
conferring interactive biological function on a protein is generally
understood in the art (Kyte and   Doolittle (1982)1 Mol. Biol.
157:105-132). It is accepted that the relative hydropathic character
of the amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates,
receptors, DNA, antibodies, antigens, and the like.       Each amino
acid has been assigned a hydropathic index on the basis of its
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982,
supra); these are isoleucine (+4.5), valine (+4.2), leucine (-1-3.8),
phenylalanine (+2.8), cysteine/cystine (+2.5), methionine (+1.9),
alanine (+1.8), glycine (-0.4), threonine (-0.7), serine (-0.8),
tryptophan (-0.9), tyrosine (-1.3), proline (-1.6), histidine (-3.2),
glutamate (-3.5), glutamine (-3.5), aspartate (-3.5), asparagine
(-3.5), lysine (-3.9), and arginine (-4.5).        In making such
changes, the substitution of amino acids whose hydropathic indices
are within 2 is preferred, those which are within 1 are particularly
preferred, and those within th.0.5 are even more particularly
preferred.       It is also understood in the art that the
substitution of like amino acids can be made effectively on the basis
of hydrophilicity. For example, U.S. Patent 4,554,101 states that the
greatest local average hydrophilicity of a protein, as govern by the
hydrophilicity of its adjacent amino acids, correlates with a
biological property of the protein.       As detailed in U.S. Patent
No. 4,554,101, the following hydrophilicity values have been assigned
to amino acid residues: arginine (+3.0), lysine (+3.0), aspartate
(+3.01), glutamate (+3.01), serine (+0.3), asparagine (+0.2),
glutamine (+0.2), glycine (0), threonine (-0.4), proline (-0.51),
alanine (-0.5), histidine (-0.5), cysteine (-1.0), methionine (-1.3),
valine (-1.5), leucine (-1.8), isoleucine (-1.8), tyrosine (-2.3),
phenylalanine (-2.5), and tryptophan (-3.4).       In making such
changes, the substitution of amino acids whose hydrophilicity values
are within 2 is preferred, those which are within 1 are particularly
preferred, and those within 0.5 are even more particularly preferred.
The modifications may be conservative such that the structure or
biological  function of the protein is not affected by the change.
Such conservative amino acid modifications are based on the relative
similarity of the amino acid side-chain substituents, for example,
their hydrophobicity, hydrophilicity, charge, size, and the like.
Exemplary conservative substitutions which take various of the
foregoing characteristics into consideration are well known to those
of skill in the art and include: arginine and lysine; glutamate and
aspartate; serine and threonine; glutamine and asparagine; and
valine, leucine, and isoleucine. The amino acid sequence of the
modified GDF propeptides may be modified to have any number of
conservative changes, so long as the binding of the modified GDF
propeptide to its target GDF protein is not adversely affected.
Relative sequence similarity or identity (also known in the protein
and molecular biology arts as sequence homology) is preferably
determined using the "Best Fit" or "Gap" programs of the Sequence
Analysis Software PackageTM (Version 10; Genetics Computer Group,
Inc., University of Wisconab Biotechnology Center, Madison, WI).
"Gap" utilizes the algorithm of Needleman and Wunsch (Needleman and



The Sequence Analysis Software Package described above contains a
number of other useful sequence analysis tools for identifying
homologues of the presently disclosed nucleotide and amino acid
sequences. For example, the "BLAST" program (Altschul, et aL, 1990)
searches for sequences similar to a query sequence (either peptide or
nucleic acid) in a specified database (e.g., sequence databases
maintained at the National Center for Biotechnology Information
(NCBI) in Bethesda, Maryland, USA); "FastA" (Lipman and Pearson,
1985; see also Pearson and Lipman, 1988; Pearson, et aL, 1990)
performs a Pearson and Lipman search for similarity between a  query
sequence and a group of sequences of the same type (nucleic acid or
protein); "TfastA" performs a Pearson and Lipman search for
similarity between a protein query sequence and any group of
nucleotide sequences (it translates the nucleotide sequences in all
six reading frames before performing the comparison); "FastX"
performs a Pearson and Lipman search for similarity between a
nucleotide query sequence and a group of protein sequences, taking
frameshifts into account. "TfastX" performs a Pearson and Lipman
search for similarity between a protein query sequence and any group
of nucleotide sequences, taking frameshifts into account (it
translates both strands of the nucleic sequence before performing the
comparison).        One of skill in the art will recognize that the
modified or unmodified GDF propeptides may contain any number of
substitutions to their amino acid sequences without altering their
biological properties. In a preferred embodiment, such changes are
conservative amino acid substitutions, that are well known in the
art. Exemplary conservative substitutions which take various of the
foregoing characteristics into consideration are well known to those
of skill in the protein biochemistry art and include but are not
limited to: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine, and
isoleucine.       In certain embodiments of the invention, the in
vivo stability of a protein can be measured in a number of ways. In
one embodiment, serum or tissue samples are harvested at a variety of
time points following delivery of the protein either ' intravenously
or intraperitoneally or the protein is radiolabeled, i.e. with
iodine-125, using methods well known to those in the art. The amount
of radioactivity present in each serum or tissue sample can be
determined using a gamma-counter. In another embodiment, the
integrity/stability of the protein in the serum can be assessed by
SDS-PAGE followed by either autoradiography or Westem blot analysis.
In another embodiment, the biological activity of the protein can be
measured using any one of a number of functional assays, including an
ELISA or cell-based assay known in the art. Methods of Treatin2
Disease:        The GDF propeptides of the present invention are
useful to prevent or treat various medical disorders in humans or
animals. The GDF propeptides are preferably used to inhibit or reduce
one or more activities associated with a GDF protein. In one hidhly
preferred embodiment, the modified GDF propeptide inhibits or
reduces- one or more of the activities of mature GDF-8 relative to a
mature GDF-8 protein that is not bound by the same propeptide. In a
preferred embodiment, the activity of the mature GDF-8 protein, when
bound by one or more of the modified GDF propeptides, is inhibited at
least 50%, preferably at least 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, 86, or 88%, more preferably at least 90, 91, 92, 93,



so that GDF propeptides are given at a dose between 50 jig/kg and 20
mg/kg. Preferably, the GDF propeptides are-given as a bolus dose, to
maximize the circulating levels of GDF propeptides for the greatest
length of time after the dose. Continuous infusion may also be used
after the bolus dose.        The present invention also provides
methods for preventing or treating metabolic diseases or disorders
resulting from abnormal glucosehomeostasis. Normal glucose
homeostasis requires, inter alia, the finely tuned orchestration of
insulin secretion by pancreatic beta cells in response to subtle
changes in blood glucose levels. One of the fundamental actions of
insulin is to stimulate uptake of glucose from the blood into
tissues, especially muscle and fat.       Accordingly, in one
embodiment, the present invention provides a method for treating
diabetes mellitus and related disorders, such as obesity or
hyperglycemia, by administering to a subject a modified GDF
propeptide or modified GDF propeptide composition in an amount
sufficient to ameliorate the symptoms of the disease. Type 2 or
noninsulin-dependent diabetes mellitus (NIDDM), in particular, is
characterized by a triad of (1) resistance to insulin action on
glucose uptake in peripheral tissues,  especially skeletal muscle and
adipocytes, (2) impaired insulin action to inhibit hepatic glucose
production, and (3) dysreeulated insulin secretion (DeFronzo, (1997)
Diabetes Rev.5:177-269). Therefore, subjects suffering from type 2
diabetes can be treated according to the present invention by
administration of a modified GDF propeptide, which increases
sensitivity to insulin and glucose uptake by cells.       Similarly,
other diseases and metabolic disorders characterized by insulin
dysfunction (e.g., resistance, inactivity, or deficiency) and/or
insufficient glucose transport into cells also can be treated
according to the present invention by administration of a modified
GDF propeptide, which increases sensitivity to insulin and glucose
uptake by cells.       The modified GDF propeptide or modified GDF
propeptide compositions of the present invention are administered in
therapeutically effective amounts. When used for the treatment of
diabetes and related disorders, an "effective amount" of the
modified-CDF propeptide is a dosage which is sufficient to reduce the
activity of GDF proteins to achieve one or more desired therapeutic
results, such as, for example, an increase in insulin sensitivity or
glucose uptake by cells, a decrease in fat body mass or a desired
change in serum lipids, serum leptin, serum glucose, glycated
hemoglobin, glucose tolerance, or improvement in the secondary
complication of diabetes. Generally, a therapeutically effective
amount may vary with the subject's age, condition, and sex, as well
as the severity of the insulin dysfunction in the subject. The dosage
may be determined by a physician and adjusted, as necessary, to suit
observed effects of the treatment. Generally, the compositions are
administered so that GDF propeptides are given at a dose between 50
ug/Icg and 20 mg/kg. Preferably, the GDF propeptides are given as a
bolus dose, to maximize the circulating levels of GDF propeptides for
the greatest length of time after the dose. Continuous infusion may
also be used after the bolus dose.       The present invention also
provides gene therapy for the in vivo production of GDF propeptides.
Such therapy would achieve its therapeutic effect by introduction of
the GDF propeptide polynucleotide sequences into cells or tissues
having the._..  disorders as listed above. Delivery of GDF propeptide



Various viral vectors which can be utilized for gene therapy as
taught herein include adenovirus, herpes virus, vaccinia, or,
preferably, an RNA virus such as a retrovirus. Preferably, the
retroviral vector is a derivative of a murine or avian retrovims.
Examples of retroviral vectors in which a single foreign gene can be
inserted include, but are not limited to: Moloney murine leukemia
virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine mammary
tumor virus (MuMTV), and Rous Sarcoma Virus (RSV). A number of
additional retroviral vectors can incorporate multiple genes. All of
these vectors can transfer or incorporate a gene for a selectable
marker so that transduced cells can be identified and generated By
inserting a GDF propeptide polynucleotide sequence of interest into
the viral vector, along with another gene which encodes the ligand
for a receptor on a specific target cell, for example, the vector is
now target specific. Retroviral vectors can be made target specific
by attaching, for example, a sugar, a glycolipid, or a protein.
Preferred targeting is accomplished by using an antibody. Those of
skill in the art will recognize that specific polynucleotide
sequences can be inserted into the retroviral genome or attached to a
viral envelope to allow target specific delivery of the retroviral
vector containing the GDF propeptide polynucleotide. In one preferred
embodiment, the vector is targeted to muscle cells or muscle tissue.
Since recombinant retroviruses are defective, they require helper
cell lines that contain plasmids encoding all of the structural genes
of the retrovirus under the control of regulatory sequences within
the LTR. These plasmids are missing a nucleotide sequence which
enables the packaging mechanism to recognize an RNA transcript for
encapsidation. Helper cell lines which have deletions of the
packaging signal include, but are not limited to .PSI.2, PA317 and PA
12, for example. These cell lines produce empty virions, since no
genome is packaged. If a retroviral vector is   introduced into such
cells in which the packaging signal is intact, but the structural
genes are replaced by other genes of interest, the vector can be
packaged and vector virion produced.       Alternatively, other
tissue culture cells can be directly transfected with plasmids
encoding the retroviral structural genes gag, poi and env, by
conventional calcium phosphate transfection. These cells are then
transfected with the vector plasmid containing the genes of interest.
The resulting cells release the retroviral vector into the culture
medium       Another targeted delivery system for GDP propeptide
polynucleotide is a colloidal dispersion system. Colloidal dispersion
systems include macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including oilin-water emulsions,
micelles, mixed micelles, and liposomes. The preferred colloidal
system of this invention is a liposome. Liposomes are artificial
membrane vesicles which are useful as delivery vehicles in vitro and
in vivo. RNA, DNA and intact virions can be encapsulated within the
aqueous interior and be delivered to cells in a biologically active
form (See e.g., Fraley, et al., Trends Biochem. Sci., 6:77, 1981).
Methods for efficient gene transfer using a lipsosome vehicle, are
known in the art, see e.g., Mannino, et al., Biotechniques, 6:682,
1988. The composition of the liposome is usually a combination of
phospholipids, usually in combination with steroids, especially
cholesterol. Other phospholipids or other lipids may also be used.
The physical characteristics of liposomes depend on pH, ionic



excipient. As used herein, the phrase "pharmaceutic:01y acceptable
excipient" includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying
agents, and the like, that are compatible with pharmaceutical
administration. The use of such media and agents for pharmaceutically
active substances is well }mown in the art. Exemplary
pharmaceutically acceptable excipients can be found in "The Handbook
of Pharmaceutical Excipients" 3' Ed. 2000, Am. Pharmaceutical Press,
A.E. Kibbe, ed.. The compositions may also contain other active
compounds providing supplemental, additional, or enhanced therapeutic
functions. The pharmaceutical compositions may also be included in a
container, pack, or dispenser together with instructions for
administration.       A pharmaceutical composition of the invention
is formulated to be compatible with its intended route of
administration. Methods to accomplish the administration are known to
those of ordinary skill in the art. It may also be possible to obtain
compositions which may be topically or orally administered, or which
may be capable of transmission across mucous membranes. The
administration may, for example, be _  intravenous (IV.) ,
intraperitoneal (LP.), intramuscular (I.M.), intracavity,
subcutaneous (S.C.) or transdermal. Preferred embodiments include
I.V., I.P., I.M. and S.C. injection. In one preferred embodiment, the
pharmaceutical compositions of the invention are administered
intravenously.        Solutions or suspensions used for intradermal
or subcutaneous application typically include one or more of the
following components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents
such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates
or phosphates; and agents for the adjustment of tonicity such as
sodium chloride or dextrose. The pH can be adjusted with acids or
bases, such as hydrochloric acid or sodium hydroxide. Such
preparations may be enclosed in ampoules, disposable syringes or
multiple dose vials made of glass or plastic.       Pharmaceutical
compositions suitable for injection include sterile aqueous solutions
or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. For intravenous
administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor EL" (BASF, Parsippany, NJ) or
phosphate buffered saline (PBS). In all cases, the composition must
be sterile and should be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyetheylene glycol, and the like), and suitable mixtures thereof.
The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, ascorbic acid, thimerosal, and   the like. In



Systemic administration can also be by transmucosal or transdermal
means. Fortransmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art, and
include, for example, for transmucosal administration, detergents,
bile salts, and fusidic acid derivatives. Transmucosal administration
can be accomplished through the use of nasal sprays or suppositories.
For transdermal administration, the active compounds are formulated
into ointments, salves, gels, or creams as generally known in the
art. The GDF propeptides may also be prepared in the form of
suppositories (e.g.,  with conventional suppository bases such as
cocoa butter and other glycerides) or retention enemas for rectal
delivery.       In one embodiment, the modified GDF propeptides are
prepared with carriers that will protect the compound against rapid
elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Methods for preparation of such
formulations will be apparent to those skilled in the art. The
materials can also be obtained commercially from Alza Corporation and
Nova Pharmaceuticals, Inc. Liposomal suspensions containing the
modified GDF propeptides can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known
to those skilled in the art, for example, as described in U.S. Patent
No. 4,522,811.       It is especially advantageous to formulate oral
or parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages
for the subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical
carrier. The specification for the dosage -unit forms of the
invention are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art of
compounding such an active compound for the treatment of individuals.
Toxicity and therapeutic efficacy of such compounds can be determined
by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal
to 50% of the population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed
as the ratio LD50/ED50. GDF propeptides which exhibit large
therapeutic indices are preferred.         The data obtained from the
cell culture assays and animal studies can be used in formulating a
ranee of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include
the ED50 with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the route of
administration utilized. For any modified GDF propeptide used in the
present invention, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose may be
formulated in animal models to achieve a circulating plasma
concentration range that includes the IC50 (i.e., the concentration



Example 1: Purification of GDF-8       Conditioned media from a
selected cell line expressing recombinant human GDF-8 protein (mature
GDF-8 + GDF-8 propeptide) was acidified to p1-1 6.5 and   applied to
a 80 x 50 mm FORDS HQ anion exchange column in tandem to a 80 x 50 mm
FORDS SP cation exchange column (Perseptive Biosystems). The flow
through was adjusted to pH 5.0 and applied to a 75 x 20 mm POROS SP
cation exchange coltunn (Perseptive Biosystems) and eluted with a
NaC1 gradient. Fractions containing the GDF-8, as indicated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), were
pooled, acidified with trifluoroacetic acid (TFA) to pH 2-3, then
brought up to 200 ml with 0.1% TFA to lower the viscosity. The pool
was then applied to a 250 x 21.2 nun C5 column (Phenomenex) preceded
by a 60 x 21.2 mm guard column (Phenomenex) and eluted with a
TFA/CH3CN gradient, to separate mature GDP-8 from GDF-8 propeptide.
Pooled fractions containing mature GDF-8 were concentrated by
lyophilization to remove the acetonitrile and 20 ml of 0.1% TFA was
added. The sample was then applied to a 250 x 10 mm C5 column
(Phenomenex) heated to 60C to aid in separation. This was repeated
until further separation could no longer be achieved. Fracticns
containing mature GDF-8 were then pooled and brought up to 40%
acetonitrile and applied to a 600 x 21.2 BioSep 5-3000 size exclusion
column (Phenomenex) preceded by a 60 x 21.2 guard column. Fractions
containing purified mature GDF-8 were pooled and concentrated for use
in subsequent experiments. Typical yields of the mature GDF-8 dimer
was 0.33 mg of protein-per liter of conditioned media.        C5
column fractions containing GDF-8 propeptide were pooled, the
acetonitrile was removed by evaporation, 20 ml of 0.1% TFA was added,
and the sample was then injected onto the 250 x 10 mm C5 column at
60C. This was repeated until further separation could no longer be
achieved. Fractions containing the GDF-8 propeptide were then pooled
and brought up to 40% acetonitrile and applied to a 600 x 21.2 BioSep
5-3000 size exclusion column (Phenomenex) preceded by a 60 x 21.2
guard column. Fractions containing the purified GDF-8 propeptide were
pooled and concentrated for use in subsequent experiments. A typical
yield of the GDF-8 propeptide was 0.24 mg protein per liter of
conditioned media. On SDS-PAGE, purified mature GDF-8 migrated as a
broad band at 25 IcDa  under nonreducing conditions and 13 kDa under
reducing conditions. A similar SDSPAGE profile has been reported for
murine GDF-8 (McPherron et al. (1997) Nature 387:83-90), and reflects
the dimeric nature of the mature protein.       The apparent
molecular weight of purified GDF-8 propeptide was 38 lcDa under both
reducing and nonreducing conditions. This indicates that the GDF-8
propeptide is monomeric. The difference between the apparent
molecular weight and the predicted molecular weight of GDF-8
propeptide, - 26 kDa, may reflect the addition of carbohydrate, since
its amino acid sequence contains a potential N-linked glycosylation
site (McPherron etal. (1997) Proc. NatL Acad. ScL USA 94:12457-
12461). Thus, the above process led to the production of purified and
active mature GDF-8 dimer and GDF-8 propeptide. Example 2:
Characteristics of Purified Recombinant Human GDF-8        50 ug each
of purified mature GDF-8 and purified GDF-8 propeptide were , mixed
and dialyzed into 50 mM sodium phosphate, pH 7.0, and cluomatographed
on a 300 x 7.8 mm BioSep S-3000 size exclusion column (Phenomenex).
Molecular weight of the mature GDF-8/propeptide complex was
determined from elution time, using molecular weight standards



When purified GDF-8 propeptide was incubated with purified mature
GDF-8 at neutral pH, the two proteins appeared to complex, as
indicated by the size exclusion profile. The primary protein peak
eluted at 12.7 minutes had an estimated molecular weight of 78 IcDa
from molecular weight standards (Bio-Rad Laboratories, Hercules, CA)
chromatographed on the same column. The size of the complex is most
consistent with one dimer of the mature GDF-8 associating with two
monomers of propeptide, thus forming a tetrameric complex.       To
confirm this observation, a preparation containing both mature GDF-8
and GDF-8 propeptide was incubated with or without 100 mM 1-Ethyl
343- dimethylaminopropyl]carbodiamide hydrochloride (EDC, Pierce) for
1 hour at room   temperature, acidified with HCI to pH 2-3, and
concentrated with a Micron-10 concentrator (Arnicon) for SDS-PAGE,
using a tricine buffered 10% acrylamide gel. Proteins were visualized
by Coomassie blue staining. A band corresponding to a molecular
weight of about 75 k.D was observed only in the sample EDC was added
and not in the control lane, confirming the presence of the GDF-8
mature/GDP-8 propeptide complex. This valides the assay as useful for
measuring the activity and concentration of purified mature GDF-8
dimer. Example 3: In Vitro Biological Activity of Purified GDF-8
To demonstrate the activity of GDF-8, a reporter gene assay (RGA) was
developed using a reporter vector pGL3(CAGA)12 sequence coupled to
luciferase. The CAGA sequence was previously reported to be a
TGF-p-responsive sequence within the promoter of the TGF-p- induced
gene, PAT-I (Dennler et al. (1998) EMBO J. 17:3091-3100).       The
reporter vector containing 12 CAGA boxes was made using the basic
reporter plasmid, pGL3 (Promega Corporation, Madison, WI, USA, Cat.
No. El 751). The TATA box and transcription initiation site from the
adenovims major late promoter (-35/-F10) was inserted between the
Bg111 and Hindi"! sites. Oligonucleotides containing twelve repeats
of the CAGA boxes AGCCAGACA were annealed and cloned into the Xhol
site. The human rhabdomyosarcoma cell line, A204 (ATCC HTB-82), was
transiently transfected with pGL3(CAGA)12 using FuGENE 6 transfection
reagent (Roche Diagnostics, Indianapolis, USA, Cat. No.1814443).
Following transfection, cells were cultured on 48-well plates in
McCoy's 5A medium (Life Technologies, Rockville, Maryland, USA, Cat.
No. 21500-079) supplemented with 2 mM glutamine, 100 Um!
streptomycin, 100 k2g/m1 penicillin and 10% fetal calf serum for 16
h. Cells were then treated with GDF-8, BMP-11 or activin in McCoy's
SA media with glutamine, streptomycin, penicillin and 1 mg/ml bovine
serum albumin for 6 h at 37 C. Luciferase was quantified in the
treated cells using the Luciferase Assay System (Prornega
Corporation, Madison, WI, USA, Cat. No.  E1483). The assay results
are illustrated in Figure 1. For GDF-8, results are expressed as mean
S.E. for three separate experiments. For BMP-I I and activin, results
are representative of two separate experiments.       The results
show that GDF-8 maximally activated the reporter construct 10-fold,
with an ED50 of 10 ng/ml GDF-8, indicating that the purified
recombinant GDF-8 was biologically active. BMP-11, which is 90%
identical to GDF-8 at the amino acid level (Gamer et al. (1999)Dev.
Biol. 208:222-232 and Nakashima et al. (1999) Mech. Dev. 80:185-189),
and activin elicited a similar biological response, indicating that
the reporter gene assay is a suitable assay to detect the in vitro
biological activity of GDF-8, BMP-11 or activin. 



Example 4: Binding Properties of Purified GDF-8       The GDF-8
latent complex was biotinylated at a ratio of 20 moles of EZ-link
Sulfo-NHS-Biotin (Pierce, Rockford, Illinois, USA, Cat. NO. 21217) to
I mak of the GDF-8 complex for 2 hours on ice, inactivated with 0.5 %
TFA, and subjected to chromatography on a C4 Jupiter 250 x 4.6 mm
column (Phenomenex) to separate mature ODE-8 from GDF-8 propeptide.
Biotinylated mature ODE-8 fractions eluted with a TFA/CH3CN gradient
were pooled, concentrated and quantitated by MicroBCA protein Assay
Reagent Kit (Pierce, Rockford, IL, USA, Cat. No. 23235).
Recombinant ActRIIB-Fc chimera (R&D Systems, Minneapolis, MN, USA
Cat. No. 339-RB/CF) was coated on 96-well flat-bottom assay plates
(Costar, NY, Cat. No. 3590) at I pg/ml in 0.2 M sodium carbonate
buffer overnight at 4C. Plates were then blocked with 1 mg/ml bovine
serum albumin and washed following standard ELISA protocol. 100 jJ.1
of biotinylated GDF-8 aliqouts at various concentrations were added
to the blocked ELISA plate, incubated for 1 hr, washed, and the
amount of bound GDF-8 was detected by Streptavidin-Horseradish
peroxidase (SA-HRP, BD PharMingen, San Diego, CA, USA, Cat.
No.13047E) followed by the addition of TMB (KPL, Gaithersburg,
Maryland, USA, Cat. No. 50-76-04). Col orimetric measurements were
done at 450 riM in a Molecular Devices microplate  reader.        As
shown in Figure 2, biotinylated GDF-8 bound to ActRIIB, the putative
GDF-8 type II receptor with an ED50 of 12 ng/ml, indicating that the
ActRII binding assay is a sensitive in vitro binding assay for GDF-8.
Example 5: Inhibition of GDF-8 and BMP-11 by GDF-8 Propeptide
When GDF-8 was preincubated with GDF-8 propeptide for 1 hour at room
temperature, the biological activity of GDF-8 was reduced. Figure 3
shows induction of pGL3(CAGA)12 reporter activity at the ED50 for
GDF-8, 10 ng/ml, in the presence of GDF-8 propeptide. GDF-8
propeptide reduced the GDF-8 induction in a dose-responsive manner,
with an IC50 of 25 ng/ml (0.6 nM). GDF-8 propeptide also inhibited
the biological activity of BMP-11 to the same extent. In contrast,
the activity of activin in this assay was not affected by GDF-8
propeptide, presumably due to the relatively low homology between
GDF-8 and activin, as compared to GDF-8 and BMP-11.       Likewise,
Figure 4 shows that preincubation of GDF-8 propeptide with the
biotinylated GDF-8 at 5 ng/ml inhibited GDF-8 binding to ActRIIB in
the ActRIIB binding assay, as described in Example 4, with an IC50 of
0.3 riM. In conclusion, the GDF-8 propeptide of the invention is a
potent subnanomolar inhibitor of GDF-8 and BMP-11 activity in vitro,
as measured in the reporter gene assay and the ActRIIB binding assay.
Accordingly, this assay shows that the GDF-8 propeptide is active and
is a potent inhibitor of GDF-8 activity in this assay. Example 6:
Inhibition of GDF-8-Receptor Binding by GDF-8 Propeptide 



GDF-8 was iodinated with chloramine T as described by Frolik et al.
(1984),I. Biol. Chem. 259:10995-10999 to a specific activity of
100-200 ACi/i2g. IodinatedGDF-8 showed comparable biological activity
to unlabeled GDF-8 in the (CAGA)32 reporter assay described in
Example 3. 'I-labeled GDF-8 was evaluated for specific binding to a
myoblast cell line, L6.        L6 myoblast cells (ATCC CRL-1458) were
grown to confluence in Dulbecco's modified Eagle's medium
supplemented with 10% heat-inactivated fetal calf serum on
gelatinized 24-well plates. Equilibrium binding was performed as
described in Song et al. (1995) Endocrinology 136:4293-4297, which is
incorporated by reference in its entirety herein. 1 ng/ml 125I GDF-8
(with or without unlabeled GDF-8) was incubated with confluent L6
cells for 4 hours at 40 C. After washing cells, bound VIJGDF-8 was
extracted and quantified with a gamma counter. Results are expressed
as mean  S.E. of triplicate determinations and are representative of
three separate experiments.       As shown in Figure 5, '25I-GDF-8
bound to L6 cells with high affinity. Notably, BMP-11, but not
TGF-f31, displaced "I-GDP-8 binding, indicating that GDF-8 and BMP-11
(but not TGF-131) share a common receptor on these cells (data not
shown). From a Scatchard analysis of the GDF-8 binding, the Kd was
estimated to be 140 pM. Furthermore, when 1 ng/ml '25I-GDF-8 was
preincubated with GDF-8 propeptide for 1 hour at room temperature,
specific GDF-8 binding to L6 cells could be inhibited with increasing
concentrations of unlabelled GDF-8 propeptide (Figure 6). Results are
expressed as mean th S.E. of triplicate determinations and are
representative of two separate experiments. The IC50 for 1 ng/ml
GDF-8 was 140 ng/ml GDF-8 propeptide. As evidenced by these data,
GDF-8 propeptide inhibits GDF-8 biological activity by blocking GDF-8
receptor binding. Example 7: Inhibition of GDF-8 Activity by GDF-8
Propeptide-Fe Fusion Proteins       As shown in Example 8 below,
murine GDF-8 propeptide has a relatively short in vivo half-life. To
increase the bioavailability of the GDF-8 propeptide, fusions between
the GDF-8 propeptide and a murine IgG2a Fc region were constructed
using standard genetic engineering techniques.       Four mutations
were introduced into the Fc region to reduce effectnr function, as
described in Steurer et. al. (1995) J. Immunol. 155:1165-1174. Using
standard PCR methodology, two fusion constructs were prepared by
fusing a cDNA encoding  the murine GDF-8 propeptide (amino acids
1-267) to the murine IgG2a Fc region (Figure 7). Fusion 1 (Figure 7A)
encodes the first 265 amino acids of the murine GDF-8 propeptide
(including a 24 amino acid secretory leader) fused in frame to 233
amino acids of the murine IgG2a Fc region starting at the first amino
acid in the hinge section. Fusion 2 (Figure 7B) is constructed in a
manner similar to Fusion 1, except that a short
glycine-serine-glycine-serine (GSGS) linker separates the GDF-8
propeptide from the murine Fc region.       The two chimera were
introduced into an eulcaryotic expression vector, pED (Kaufman et al.
(1991) Nucleic Acids Res. 19:4485-4490) and transiently expressed in
COS-1 M6 cells (Horowitz et al. (1983) Journal of Molecular and
Applied Genetics 2:147-159), using Lipofectamine 2000 transfection
reagent (Gibco BRL, Life Technologies, Rockville, Maryland, USA, Cat.
No.11668-019 ) according to manufacturer's protocol. After 24 hours
incubation, RI CD1 (a modified DMEM/F12 serum-free culture medium)
was added. Conditioned medium (CM)-was pooled, fresh R1CD1 replaced,
and CM was harvested again 60 hours later. Conditioned media was then



A stable cell line (PF-4/0.02) was established by selecting cells in
0.02 M methotrexate. Conditioned medium containing the GDF-8
propeptide-Fc fusion protein from a selected line was harvested and
its p1-1 was adjusted by addition of 10% v/v 1M Tris pH 8,0 and
purified over Pharmacia rProteinA Sepharose Fast Flow (Amersham
Pharmacia Biotech, Buckinghamshire, HP7 9NA, England, Cat. No. 17-
1279-02) previously equilibrated with 50mM Tris 150mM NaCl pH 7.5.
Fractions were eluted with 100mM Acetic Acid, 150mM NaC1 pH 2.5 and
immediately neutralized by adding 5% v/v 3M 'his pH 9.0. Peak
fractions were pooled and loaded onto a Pharrnacia Superdex 200 Size
Exclusion Column (Amersham Pharmacia Biotech, Buckinghamshire, HP7
9NA, England, Cat. No. 17-1069-01). 0.05 % Tween 80 was added to the
fractions to prevent aggregation. Fractions were evaluated by
SDS-PAGE on Novex 10% Tricine gels (Novex, San Diego, CA, USA, Cat.
No. EC66755).       Pooled fractions were quantitated by
spectrophotometry and assayed for activity in the ActRIIB binding
assay as described in Example 4, as well as in the reporter gene
assay (Figure 9). The IC50 of the purified GDF-8 propeptide-Fc fusion
was 1.3 nM. The data shows that the modified GDF propeptide of the
invention comprising a GDF-8 propeptide-Fc fusion protein has
retained potent inhibitory (neutralizing) activity compared to GDF-8
propeptide. Example 8: Pharmacokinetics       The pharrnacokinetics
(PK) of GDF-8 propeptide (referred to herein as "GDF8-Pro") and GDF-8
propeptide-Fe fusion protein (referred to herein as "GDF8- ProFc")
were evaluated in C57B1/6J mice at a dose of 0.2 ug/mouse (GDF8-Pro)
or 2 ug/mouse (GDF8-ProFc) after a single intravenous administration.
The animals received a mixture of unlabelled and w1-labeled-GDF8-Pro
or GDF8-ProFc at the  doses listed above and serum concentrations
were determined based on I'25 radioactivity in the serum and the
specific activity of the injected dose. Figure 10 shows the serum
concentration versus time curves for both the GDF8-Pro and GDF8-
ProFc. Table 1 shows the PK parameters for GDF8-Pro and GDF8-ProFc
after a single intravenous administration of 2 mg/mouse. The serum
concentrations and PK parameters for the GDF8-Pro are normalized to a
dose of 2 pg/mouse for comparative purposes. TABLE 1  T 1/2 Cmax
Clearance MRT 



V1 V s s  (hrs) (ng/mL) (mL/hr) (hrs) (mL) (mL)    



, GDF8-ProFc 232 1392 0.03 286 1.4 8.7 GDF-8-Pro 



2.2 390 12.4 2.3 5.1 28.3  th: half life during the terminal
elimination phase. Crn", :peak serum concentration MRT: mean
residence time VI: initial volume of distribution V": volume of
distribution at steady state Note: GDF8-Pro PK parameters normalized
to a dose of 2 ug/mouse. 



As can be seen in Figure 10, the clearance is 400-fold slower, and
the half-life is 100-fold longer for the GDF8-ProFc as compared to
the GDF8-Pro. Both the initial volume of distribution and the volume
of distribution at steady state are approximately 3-fold greater for
the GDF8-Pro compared to the GDF8-ProFc, indicating that the GDF8-Pro
distributes to a larger extent outside the vascular space compared to
the GDF8-ProFc.       Although the stabilizing effect of the Fc
region of an IgG molecule on a GDF propeptide is exemplified using
the mouse GDF propeptide-Fc fusion protein (i.e.,- -  both components
derived from mouse), the methods of the present invention can be
applied to any combination of GDF propeptide and IgG components,
regardless of the particular precursor protein or animal species from
which the components are derived, provided the fusion protein is
properly constructed to retain activity (i.e., as described herein).
Example 9: Derivation and Activity of Two Human GDF-8 Propeptide Fe
Fusions       Two GDF-8 propeptide-Fc fusion constructs were
prepared, using standard PCR methodology, for evaluation of
therapeutic potential. A cDNA encoding the human GDF-8 propeptide
(SEQ ID NO:5) was fused to the human IgG1 Fc region (SEQ ID NO:15;
Figure 11A) or human IgGIFc modified for reduced effector function
(SEQ ID NO:16; Figure 11B). 1. Human GDF-8 propeptide-IgG1 wt Pc
fusion protein (Figure 11A):       The first 264 amino acids of the
human GDF-8 propeptide (including amino acids 1-241 of SEQ ID NO.: 5
and the 23-amino acid signal peptide as set forth in SEQ ID NO: 13)
were fused in frame with the 232 amino acids of the human IgGI
consc,Int region, starting at the first amino acid in the hinge
region (SEQ ID NO.:15). 2. Human GDF-8 propeptide-IgG1 mutant (Figure
11B):       The first 264 amino acids of the human GDF-8 propeptide,
as described above, were fused in frame with the 227 amino acids of a
mutated human IgG1 Fc region (SEQ ID NO.: 16). Two mutations, alanine
residues (Ala-I4 and Ma-17) at set forth in SEQ ID. NO.: 16 were
introduced in order to reduce effector function as described in Lund
etal. (1991)J. Immun. 147:2657-2662 and Morgan etal. (1995)
Immunology 86:319-324.  



The two fusion proteins were introduced into an eukaryotic expression
vector, pED (Kaufman et al. (1991) Nucleic Acids Res. 19:4485-4490)
and transiently expressed in COS-1 M6 cells (Horowitz et al. (1983)
Journal of Molecular and Applied Genetics 2:147-159), using
Lipofectamine 2000 transfection reagent (Gibco BRL, Life
Technologies, Rockville, Maryland, USA, Cat. No.11668-019 ) according
to manufacturer's protocol. After 24 hours incubation, R1CD1 (a
modified DMEMJF12 serum-free culture medium) was added. Conditioned
medium (CM) was pooled, fresh R1CD1 replaced, and CM was harvested
again 60 hours later. Conditioned media was then pooled and purified
over Protein A Sepharose CL-4B (Amersham Pharmacia Biotech,
Buckinghamshire, HP7 9NA, England, Cat. No. 17- 07080-01) after
addition of 1110th volume of 1 M Tris pH 8.0. The purified protein
was eluted in 0.1 M acetic acid, 150 in.M NaC1 and immediately
neutralized with 1120th volume of 3M Tris pH 9.0. Proteins were
quantitated using a standard human IgG ELISA protocol, and assayed in
the ActRIIB binding assay along with a purified human GDF-8
propeptide, as described in Example 5. The results are shown in
Figure 12. In conclusion, both human propeptide-Fc fusion proteins
are potent inhibitors of GDF-8 binding to ActRIIB. Example 10: In
Vivo Testing of GDF-8 Propeptide-Fe Fusion Protein       The murine
GDF-8 propeptide-Fc fusion protein (from Example 9) was tested in
adult mice. Seven to nine week old, adult, female BALB/c mice were
randomized with respect to body weight and placed into groups of
seven (except for the no treatment group, which had six mice). Mice
were dosed twice weekly by I.P. injection with a total weekly dose of
10 ug, 100 ug, or 1000 ug per animal for five weeks. Control
injections were murine IgG2a-Fc at a molar equivalent to the high
dose of propeptide-Fc. At the end of the study, gastrocnemius,
quadriceps, epididymal fat pad, kidney, and liver were removed and
weighed. Figure 13 shows the average tissue mass, with the error bars
indicating the standard error of the mean. The asterisk (*) indicates
a statistically significant difference (p<0.01 using a students T
test) when   compared with the mice treated with the control protein,
IgG2aFc. Blocking GDF-8 activity in vivo by I.P. injection of GDF-8
propeptide-Fc fusion protein at 1 mg/week (treated mice) resulted in
a 6.2% increase in gastrocnemius and 11.3% increase in quadricep
muscle mass compared to control mice not receiving GDF-8
propeptide-Fe fusion protein. In addition, blocking GDF-8 activity in
vivo by I.P. injection of GDF-8 propeptide-Fc fusion protein at 100
ug/week (treated mice) results in 23.0% increase in fat pad mass. The
high dose (lmg/week) treatement also led to a decrease in fat pad
mass, but due to the variability in pat pad mass, the difference was
not highly statistically significant (p=0.047). There was no effect
of treatment on the mass of other tissues tested, including liver and
kidney. In summary, the modified GDF-8 propeptide blocked GDF-8
activity in vivo and lead to an increase in muscle mass and a
decrease in fat mass. In summary, blocking GDF-8 activity in vivo by
I.P. injection of GDF-8 propeptide-Fc fusion protein (treated mice)
resulted in increased gastrocnemious and quadricep muscle mass
compared to control mice not receiving GDF-8 propeptide-Fc fusion
protein. Equivalents       Those skilled in the art will fecognize,
or be able to ascertain using no more than routine experimentation,
many equivalents to the specific embodiments of fife invention
described herein. Such equivalents are intended to be encompassed by



3. The modified BMP-11 pro-peptide of claim 1, wherein the amino acid
sequence is at least 95% identical to SEQ ID NO:11, and is capable of
inhibiting a BMP-11 or GDF-8 activity.  4. The modified BMP-11
pro-peptide of any one of claims 1-3, wherein the modified BMP-11
pro-peptide comprises a fragment of the amino acids of SEQ ID NO:11,
wherein the fragment is capable of inhibiting a BMP-11 or GDF-8
activity, and wherein the fragment has a mutation at the residue
corresponding to position 98 of SEQ ID NO:11.  5. The modified BMP-11
pro-peptide of claim 1, wherein the modified BMP-11 pro-peptide
comprises the amino acid sequence of SEQ ID NO:11, except that it has
a mutation at the residue corresponding to position 98 of SEQ ID
NO:11.  6. The modified BMP-11 pro-peptide of any one of claims 1-5,
wherein the mutation that modifies the amino acid sequence at the
residue corresponding to position 98 of SEQ ID NO:11 is a
substitution mutation.   7. The modified BMP-11 pro-peptide of any
one of claims 1-5, wherein the mutation that modifies the amino acid
sequence at the residue corresponding to position 98 of SEQ ID NO:11
is a deletion mutation.  8. The modified BMP-11 pro-peptide of any
one of claims 1-5, wherein the mutation that modifies the amino acid
sequence at the residue corresponding to position 98 of SEQ ID NO:11
is an insertion mutation.  9. The modified BMP-11 pro-peptide of any
one of claims 1-8, wherein the residue corresponding to position 98
of SEQ ID NO:11 is alanine.  10.The modified pro-peptide according to
any one of claims 1 to 9, wherein the modified pro-peptide further
comprises a stabilizing modification.  11. The modified pro-peptide
of claim 10, wherein the stabilizing modification comprises an Fe
region of an IgG molecule fused to the pro-peptide.  12. The modified
pro-peptide of claim 11, wherein the IgG molecule comprises an IgG1
or IgG4 Fc region. 



13. The modified pro-peptide of claim 11, wherein the amino acid
sequence of the IgG molecule is at least 75% identical to SEQ ID NO:
15.  14. The modified pro-peptide of claim 11, wherein the amino acid
sequence of the IgG molecule is SEQ ID NO: 15.  15. The modified
pro-peptide of claim 11, wherein the amino acid sequence of the IgG
molecule is at least 75% identical to SEQ ID NO: 16.  16. The
modified pro-peptide of claim 11, wherein the amino acid sequence of
the IgG molecule is SEQ ID NO: 16.   17. The modified pro-peptide of
claim 11, wherein the pro-peptide is fused to the Fe region of the
IgG molecule via a linker peptide.  18. The modified pro-peptide of
claim 10, wherein the stabilizing modification comprises albumin or a
derivative of albumin fused to the propeptide.  19. The modified
pro-peptide of claim 10, wherein the stabilizing modification
comprises a non-proteinaceous polymer linked to the propeptide.  20.
The modified pro-peptide according to any one of claims 1 to 9,
wherein the modified pro-peptide has an altered glycosylation site. 



21. The modified pro-peptide according to any one of claims 1 to 9,
wherein the modified pro-peptide comprises at least one carbohydrate
moiety.  22. The modified pro-peptide according to any one of claims
1 to 9, wherein the modified pro-peptide further comprises a
purification tag.  23. An isolated nucleic acid molecule encoding the
modified BMP-11 pro-peptide of any one of claims 1 to 22.  24. A
pharmaceutical composition comprising the modified pro-peptide of any
one of claims 1 to 22 and a pharmaceutically acceptable excipient.
25. A pharmaceutical composition comprising the nucleic acid molecule
of claim 23 and a pharmaceutically acceptable carrier or vector.  26.
An isolated recombinant cell comprising a nucleic acid encoding a
modified BMP- 11 pro-peptide according to any one of claims 1 to 22. 



27. The isolated recombinant cell of claim 26, wherein said nucleic
acid comprises a nucleic acid sequence encoding a stabilizing
modification.  28. A modified BMP-11 pro-peptide according to any one
of claims 1 to 22 for use as a medicament.  29. Use of a modified
BMP-11 pro-peptide according to any one of claims 1 to 22 in the
preparation of a medicament for the treatment of one or more
conditions selected from muscular disorder, neuromuscular disorder,
diabetes mellitus obesity, hyperglycemia and bone degenerative
disorder.  30. Use of a modified BMP-11 pro-peptide according to any
one of claims 1 to 22 in the preparation of a medicament for the
treatment of one or more conditions selected from amyotrophic lateral
sclerosis, muscular dystrophy, muscle atrophy, congestive obstructive
pulmonary disease, muscle wasting syndrome, sarcopenia and cachexia.
31. Use of a modified BMP-11 pro-peptide according to any one of
claims 1 to 22 in the preparation of a medicament for the treatment
of osteoporosis.  SEQUENCE LISTING <110> American Home Products
Corporation <120> Modified and Stabilized GDF Propeotides and Uses
Thereof <130> 01997.002000 <140: Not-Yet-Assigned ---141-> 2001-02-07



<150: US 60/267,509 <151> 9001-02-06 <160> 16 <170> PatentIn version
3.1- <21n> 1 <211> 375 <919> PRT <213> Homo sapiens <400> 1 Met Gin
Lys Leu Gin Leu Cys Val Tyr Ile Tyr Leu Phe Met Leu Ile 51015 Val Ala
Gly Pro Val Asp Leu Asn Glu Asn Ser Glu Gin Lys Glu Asn 90.2530 Val
Glu Lys Glu Gly Leu Cys Asn Ala Cys Thr Trp Arg Gin Asn Thr 



354045 Lys Sex Sex Arg Ile Glu Ala Ile Lys Ile Gin Ile Leu Ser Lys
Lau 505560 Arg Leu Giu Thr Ala Pro Asn Ile Ser Lys Asp Val Ile Mg Gin
Leu 65707560 teu Pro Lys Ala Pro Pro Leu Arg Giu Leu Ile Asp Gin Tyr
Asp Val 659095 Gin Arg Asp Asp Ser Sex Asp Gly Ser Leu Glu Asp Asp
Asp Tyr His 100105110  Ala Thr hr Giu Thr Ile Ile Thr Net Pro Thr Glu
Set Asp Phe Leo 115120125 



Met Gin Val Asp Gly Lvs Pro Lvs Cs Cvs Phe Phe Lys Phe Set Set
130135140 Lvs Ile Gin Tyr Asn Lys Val Val Lys Ala Gin Leo Trp Ile Tyr
Leu 145150155160 Arg Pro Val Glu Thr Pro Thr Thr Val Phe Val Gin Ile
Leo Arg Leu 165170175 Ile Lys Pro Net Lys Asp Gly Thr Arg Tyr Thr Glv
Ile Arg Set Leo 180185190 Lys Leo Asp Net Asn Pro Gly Thr Giy Ile Trp
Gin Set Ile Asp Val 195200205 Lys Thr Val Leu Gin Asn Trp Leo Lys Gin
Pro Glu Set Asn Leu Gly 210215220 



Ile Glu Ile Lys Ala Leo Asp Glu'Asn Gly His Asp Leu Ala Val Tin
275230235240 Phe Pro Glv Pro Gly Glu Asp Gly Leu Asn Pro Phe Leo Glu
Val Lys 945250255 Val Thr Asp Thr Pro Lys Arg Ser Arg Arg Asp Phe Gly
Leu Asp Cys 260965970 Asp Giu His Set Thr Glu Set Arg Cys Cys Mg Tyr
Pro Leu Thr Val 275280285 Aso Phe Glu Ala Phe Gly Trp Asp Trp Ile Ile
Ala Pro Lys Arg Tyr 290295300 Lys Ala Asn Tyr Cvs Set Gly Glu Cys Glu
Phe Val Phe Leo Gin Lys  



Tyr Pro His Tin His Leu Val His Gin Ala Asn Pro Arg Gly Ser Ala
325330335 Glv Pro Cvs Cys Thr Pro Thr Lys Met Set Pro Ile Asn Met Leu
Tyr 340345350 Ph= ..sn Glv Lvs Glu Gin Ile Ile Tyr Gly Lys Ile Pro
Ala Met Val 355360365 Val Asp Arc Cys Glv Cys Set 370375 <210> 2
<211> 1125 <212> DNA <213> Homo sapiens 



<400> 2 augcaaaaac tgcaactctg tgtttatatt tacctgttta tgctgattgt
tgctggtcca 60 gtggatctaa atgagaacag tgagcaaaaa gaaaatgtgg aaaaagaggg
gctgtgtaat 120 gcatgtactt ggagacaaaa cactaaatct tcaagaatag aagccattaa
gatacaaatc 180  ctcagtaaac ttcgtcrgga aacagctcct aacatcagca
aagatgttat aagacaactt 240 ttacccaaag ctcctccact ccgggaactg attgatcagt
atgatgtcca gagggatgac 300 aocagcgatg octcttrgga agatgacgat tatcacgcta
caacggaaac aatcattacc 360 atgcctacag agtctgattt tctaatgcaa gtggatggaa
aacccaaatg ttgcttcttt 420 aaatttagct ctaaaataca atacaataaa gtagtaaagg
cccaactatg gatatatttg 480 agacccgtcg agactcctac aacagtgttt gtgcaaatcc
tgagactcat caaacctatg 540  aaagacggta caaggtatac tggaatccga
tctctgaaac ttgacatgaa cccaggcact 600 



ggtatttgac agagcattga tgtgaagaca gtgttgcaaa attggctcaa acaacctgaa 660
tccaacttac gcattgaaat aaaagcttta gatgagaatg gtcatgatct tgctgtaacc 720
ttcccaggac caggagaaga tgggctgaat ccgtttttag aggtcaaggt aacagacaca 760
ccaaaaagat ccagaaggga ttttggtctt gactgtgatg agcactcaac agaatcacga 640
tgctgtcgtt accctctaac tgtggatttt gaagcttttg gatgggattg gattatcgct 900
cctaaaagat dtaaagccaa ttactgctct ggagagtgtg aatttgtatt tttacaaaaa 960
tatcctcata ctcatctggt acaccaagca aaccccagag gttcagcagg cccttgctgt1
020 actcccacaa agatgtctcc aattaatatg ctatatttta atggcaaaga
acaaataata1 080 tatggaaaaa ttccagcgat ggtagtagac cgctgtgggt gctca1
125 



<210> 3 <211> 109 <212> PRT <213> Homo sapiens <400> 3 Asp Phe Gly
Lea Asp Cvs Asp Glu His Set Thr Glu Set Mg Cys Cys 151015: Arg Tyr
Pro Leo Thr Val Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile 202530 Ile
Ala Pro Lys Mg Tyr Lys Ala Ash Tyr Cys Set Gly Glu Cys Glu 354045  Ph
e Val Phe Leu Gin Lys Tyr Pro His Thr His Leu Val His Gln Ala 505560 



Asn Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro Thr Lys Met Sex
65707580 Pro Ile Asn Met Leu Tyr Phe Asn.Gly Lys Gin Gin Ile Ile Tyr
Gly 859095 Lys Ile Pro Ala Met Val Val Asp Arg Cys Gly Cys Ser 100105
<210> 4 <911> 327 <919> DNA <213> Homo sapiens <400> 4 clatrztggtc
ttgactgrga tgagcactca acagaatcac gatgctgtcg ttaccctcta 60 actgtggatt
ttgaagcttt tggatgggat tggattatcg ctcctaaaag atataaggcc 120 aattactgct
ctggagagtg tgaatttgta tttttacaaa aatatcctca tactcatctg 180 



9tacaccaag caaaccccag aggttcagca ggcccttgct gtactcccac aaagatgtct 240
ccaattaata tgctatattt taatggcaaa gaacaaataa tatatgggaa aattccagcg 300
atggtagtag accgctgtgg gtgctca 327 <210> 5 <211> 243 <219> PRT <213>
Homo sapiens <400> 5 Asn Glu Asn Ser Glu Gin Lys Glu Asn Val Gin Lys
Gin Gly Len Cys 1015  Asn Ala Cvs Thr Trp Arg Gin Asn Thr Lys Sex Sex
Arg Ile Glu Ala 907c. 30 Ile Lys Ile Gin Ile Leu Sex Lys Leu Arg Leu
Gin Thr Ala Pro Asn 



354045 Ile Sex Lys Asp Val Ile Arg Gin Leu-Leu Pro Lys Ala Pro Pro
Len 50.5560 Art; Glu Len Ile Asp Gin Tyr Asp Val Gin Arg Asp Asp Sex
Ser Asp 65707580 Gly Ser Len Gin Asp Asp Asp Tyr His Ala Thr Thr Gin
Thr Ile Ile 859095 Th./ Met Pro Thr Gin Sex Asp Phe Len Met Gin Val
Asp Gly Lys Pro 100105110 Lys Cvs Cvs Phe Phe Lys Phe Sex Sex Lys Ile
Gin Tyr Asn Lys Val 115120125 Val Lys Ala Gin Len Trp Ile Tyr Len
Arg"Pro Val Glu Thr Pro Thr 



130135140 Tin Val Phe-Val Gin Ile Leu Arg Len Ile Lys Pro Met Lys Asp
Gly 145150155160 - Tin- Mg Tyr Thr Gly Ile Arg Sex Len Lys Len Asp
Met Asn Pro Gly 165170175 Tin Gly Ile Trp Gin Sex Ile Asp Val Lys Thr
Val Len Gin Asn Trp 180185190 Len Lys Gin Pro Gin Sex Asn Len Gly Ile
Gin Ile Lys Ala Len Asp 195900205 Gin Asn Glv His Asp Len Ala Val Thr
Phe Pro Gly Pro Gly Gin Asp 210915220  



Glv Leu Asn Pro Phe Lau Glu Val Lys Val Thr Asp .Thr Pro Lys Arg
230'935240 Ser Arg Mg <210> 6   <911> 799 - <912> DNA <213> Homo
sapiens <400> 6 aatgagaaca gtgagcaaaa agaaaatgtg gaaaaagagg
ggctgtgtaa tgcatgtact 60 tggagacaaa acactaaatc ttcaagaata gaagccatta
agatacaaat cctcagtaaa 120 cttcgtctgg aaacagottc taacatcagc aaagatgtta
taagacaact tttacccaaa 180 gctcctccac tccgggaact gattgatcag tatgatgtcc
agagggatga cagcagcgat 240 ggctcEttgg aagatgacga ttatcacgct acaacggaaa
caatcattac catgcctaca 300 



gagtctgatt ttctaatgca agtggatgga aaacccaaat gttgcttctt taaatttagc 360
tctaaaatac aatacaataa agtagtaaag gcccaactat ggatatattt gagacccgtc 490
gagacEctta caacagtgtt tgtgcaaatc ctgagactca tcaaaCCtat gaaagacggt 480
acaaggtata ctggaatccg atctctgaaa cttgacatga acccaggcac tggtatttgg 540
cagagcattg atgtgaagac agtgttgcaa aattggctca aacaacctga atccaactta 600
ggcattgaaa taaaagcttt agatgagaat ggtcatgatc ttgctgtaac ctteccagga 660
ccaggagaag atgggctgaa tccgttttta gaggtcaagg taacagacac accaaaaaga 720
tocaciaaaa 729 <910> 7 <211> 407 <212> PRT <213> HOMO sapiens <400> 7



Met Val Lea Ala Ala Pro Leu Leu Lea Gly Phe Lea Leu Lea Ala Lea
1510,15 Giu Lea Mg Pro Arg Gly Glu Ala Ala Glu Gly Pro Ala Ala Ala
Ala 909530 Ala Ala Ala, Ala Ala Ala Ala Ala Ala Gly Val Gly Gly Glu
Amg Ser 354045 Ser Ara Pro Ala Pro Ser Val Ala Pro Glu Pro Asp Gly
Cys Pro Val 505560 Cvs Val Trp Arg Gin His Ser Arg Glu Lea Arg Leu
Glu Ser Ile Lys 65707580 Ser Gln Ile Lea Ser Lys Lea Arg Lea Lys Glu
Ala Pro Asn Ile Set 8590 '95 



Mg Glu Val Val Lys Gln Lea Lea Pro Lys Ala Pro Pro Lea Gin Gln
100105110 Ile Leu Asp Leu His Asp Phe Gln Gly Asp Ala Lea Gln Pro Glu
Asp 115120125 Phe Lea Glu Glu Asp Glu Tyr His Ala Thr Thr Glu Thr Val
Ile Set 130135140 Met Ala Gin Glu Thr Asp Pro Ala Val Gin Thr Asp Gly
Ser Pro Lea 145150155160  rvs Cvs His Phe His Phe Set Pro Lys Vol Met
Phe Thr Lys Vol Leo 165170175 Lys Ala Gin. Len Trp Vol Tyr Leu Arg
Pro Vol Pro Arg Pro Ala Thr 



180185190 Val Tyr Len Gin Ile Leu Arg Len Lys Pro Len Thr Glv Gin Gly
Thr 195900205 Ala Giv Gly Gly Giv Glv Gly Arg Arg His Ile Arg Ile Arg
Set Len 710215220 Lys lie Gin Len His Set Arg Set Gly His Tip Gin Set
Ile Asp Phe 225230235240 Lys Gin Vol Len His Set Trp Phe Arg Gin Pro
Gin Set Asn Trp Gly 245250255 Ile Gin Ile Asn Ala Phe Asp Pro Set Gly
Thr Asp -Leu Ala Vol Thr 260265270 Set Len Glv Pro Gly Ala Gin Gly
Len His Pro Phe Met Glu Leu Arg 



975280285 Vol Len Gin Asn Thr Lys Arg Set Mg Arg Asn Len Gly Len Asp
Cys 290995300 Asp Glu His Set Set Gin Set Arg Cys Cys Arg Tyr Pro
Lc..,u Thr Vol 305310315320 Asp Phe Gin Ala Phe Gly Trp Asp Trp Ile
Ile Ala Pro Lys Mg Tyr. 325330335 Lvs Ala-Asn Tyr Cvs Set Gly Gin Cvs
Gin Tyr Met Phe Met Gin Lys 340345350 Tyr Pro His Thr His Len Vol Gln
Gin Ala Asn Pro Arg Gly Set Ala 355-360365  



Giv Pro Cvs Cvs Thr Pro Tin Lys Met Ser Pro Ile Asn Met Leu Tyr
310375380 Phe Asn Asp Lys Gin Gin Ile Ile Tyr Gly Lys Ile Pro Glv Met
Val 385390395400 Val Asp Arg Cys Gly Cys Ser .405 <210> 8 <211> 1221
<212> DNA <213> Homo sapiens <400> 8 atggtgctcg cggccccgct gctgctgggc
ttcctgctcc tcgccctgga gctgcggccc 60 



cggggggagg cggccgaggg ccccgcggcg gcggcggcgg cggcggcggc ggcggcagcg 120
gcgggggtcg ggggggagcg ctccagccgg ccaqccccgt ccgtggcgcc cgagccggac 180
ggctgccccg tgtgcgtttg gcggcagcac agccgcgagc tgcgcctaga gagcatcaag 240
tcgcagatct tgagcaaact gcggctcaag gaggcgccca acatcagccg cgaggtggtg 300
aagcagctgc tgcccaaggc gccgccgctg cagcagatcc tggacctaca cgacttccag,
360 ggcgacgcgc tgcagcccga ggacttcctg gaggaggacg agtaccacgc caccaccgag
420 accgtcatta gcatagccca ggagacggac ccagcagtac agacagatgg cagccctctc
480 tactgccazt ttcacttcag ccccaaggtg atgttcacaa aggtactgaa ggcccagctg
540 tgggtgtacc tacggcctgt accccgccca gccacagtct acctgcagat cttgcgacta
600 aaacccctaa ctggggaagg gaccgcaggg ggagggggcg gaggccggcg tcacatccgt
660 



atccgctcac tgaagattga gctgcactca cgctcaagcc attggcagag catcgacttc 720
aagcaagtgc tacacagctg gttccgccag ccacagagca actggggcat cgagatcaac 780
aLLLLLaatu ccagtggcac agacctggct gtcacctccc tggggccggg agccgagagg 840
ctgcatccat tcatggagct tcgagtccta gagaacacaa aacgttcccg gcggaacctg 900
ggtctggact gcgacgagca ctcaagcgag tcccgctgct gccgatatcc cctcacagtg 960
gacttrgagg ctr.tcggctg ggactggatc atcgcaccta agcgctacaa ggccaactac1
020 tgctccggcc agtgcgagta catgttcatg caaaaatatc cgcataccca
tttggtgcag1 080 caggccaatc caagaggctc tgctgggccc tgttgtaccc
ccaccaagat gtccccaatc1 140 aacatgctct acttcaatga caagcagcag
attatctacg gceagatocc tggcatggtg1 



200 gtggatcgct gtggctgctc t1 <710> 9 <211> 109 <91'> PRT <213> Homo
sapiens <400>9. Asn Len Gly Leu Asp Cys Asp Glu His Ser Ser Glu Ser
Arg Cys Cys 151015 Arg Tyr Pro Len Thr Val As Phe Gin Ala Phe Gly Trp
Asp Trp Ile 902530 Ile Ala Pro Lys Arg Tyr Lys Ala Asn Tyr Cys Ser
Gly Gin Cys Gin 354045  



Tyr Met Phe Met Gin L')s Tyr Pro His Thr His Len Val Gin Gin Ala
505560 Asn Pro Aro, Gly Ser Ala Gly Pro Cys Cys Tin Pro Tin Lys Met
Ser 65707580 Pro Ile Asn Met Len Tyx Phe AsnAsp Lys Gin  Gln Ile Ile
Tyr Gly 859095 Lys Ile Pro Gly Met Val Val Asp Arg Cys Gly Cys Ser
100105 <910> 10 <211> 327 <919> DNA <213> Homo sapiens 



<400> 10 aacctgagtc tggactgcga cgagcactca:agcgagtccc gctgctgccg
atatcccctc 60 acagr_ggact ttgaggcEtt cggctgggac tggatcatcg cacctaagcg
ctacaaggcc 190 aactactgct ccggccagtg cgagtacatg ttcatgcaaa aatatccgca
tacccatttg 180 gtgcaocagg ccaatccaag aggctctgct gggccctgtt gtacccccac
caagatgtcc 240 ccaatcaaca tgctctactt.caatgacaag cagcagatta tctacggcaa
gatccctggc 300 atggtggtgg atcgctgtgg ctgctct 327 <210> 11 <211> 974
<212> PRT 



<213> Homo sapiens <400> 11 Ala Glu Gly Pro Ala Ala Ala Ala Ala Ala
Ala Ala Ala Ala Ala Ala 151015 Page 12  Ala Gly Val Glv Glv Glu Arg
Ser Sex Arg Pro Ala Pro Ser Val Ala 209530 Pro Glu Pro Asp Gly Cys
Pro Val Cys Val Trp Arg Gin His Ser Arg 354045 Giu Leo Arg Leo Glu
Sex Ile Lys Sex Gin Ile Leu Sex Lys Leo Arg 505560 



Leo Lvs Glu Ala Pro Asn Ile Sex Mg Glu Val Val Lys Gin Leo Leo
65707580 Pro Lys ,Ala Pro Pro Leo Gin Gin Ile Leo Asp Leo His Asp Phe
Gin 659095 Gly Asp Ala Leo Gin Pro Glu Asp Phe Leo Glu Glu Asp Glu
Tyr His 100105110 Ala Thr Thr Glu Thr Val Ile Sex Met Ala Gin Glu Thr
Asp Pro Ala 115120125 Val Gln Thr Asp Gly Sex Pro Leo Cys Cys His Phe
His Phe Sex Pro 130135140 Lys Val Met Phe Thr Lys Val Leo Lys Ala Gin
Leo Tip Val Tyr Leo 145150155160 



Aro, Pro Val Pro Arg Pro Ala Thr Val Tyr Leo Gin Ile Leu Arg Leo
165170175 Lys Pro Leo Thr Glv Glu Gly Thr Ala Gly Glv Gly Gly Gly Gly
Arg 180185190 Arg His Ile Arg Ile Arg Sex Leo Lys Ile Glu Leo His Ser
Arg Ser 195200205 Gly His Tr p Gin Sex Ile Asp Phe Lys Gin Val Leo
His Sex Trp Phe  910215990 Arg-Gln Pro Gin Ser Asn Trp Glv Ile Glu
Ile Asn Ala Phe Asp Pro 995930235240 Ser Glv Thr Asp Leo Ala Val Thr
Ser Leo Gly Pro Gly Ala Glu Gly 



945250955 Leo His Pro Phe Met flu Leo Arg Val Leo Glu Asn Thr Lys Arg
Ser 960265270 Arg Arg (I<910> 19 <911> 822 <212> DNA <213> Homo
sapiens <400> 12 gccgagggcc ccgcggcggc ggcggcggcg gcggcggcgg
cggcagcggc gggggtcggg 60 ggggagcgct ccagccggcc agccccgtcc gtggcgcccg
agccggacgg ctgccccgtg 120 tgcgtttggc ggcagcacag ccgcgagctg cgcctagaga
gcatcaagtc gcagatcttg 180 



agcaaactgc ggctcaaoga ggcgcccaac atcagccgcg aggtggtgaa gcagctgctg 240
cccaagocgc cgccgctgca gcagatcctg gacctacacg acttecaggg cgacgcgctg 300
cagcccgagg acttcctgga ggaggacgag taccacgcca ccaccgagac cgtcattagc 360
atggcccagg agacggaccc agcagtacag acagatggca gccctctctg ctgccatttt 420
cacttcagcc ccaaggtgat gttcacaaag gtactgaagg cccagctgtg ggtgtaccta 480
cggcctgtac cccgcccagc cacagtctac ctgcagatct tgcgactaaa acccctaact 540
ggggaaggga ccgcaagggg agggggcgga ggccggcgrc acatccgtat ccgctcactg 600
aagattgaac rgcactcacg ctcaggccat tggcagagca tcgacttcaa gcaagtgcta .
660 cacagctggi: tccgccagcc acagagcaac tggggcatcg agatcaacgc
ctttaatccc 720 agtagcacag acctggctgt cacctccctg gggccgggag ccgaggggct
gcatccattc 780 atggagcttc gagtcctaga gaacacaaaa cgttcccggc gg 



on,) C10> 13 <211> 23 <212> PRT <213> Homo sapiens <400> 13 Met Gin
Lys Leu Gin Leu Cys Val Tyr Ile Tyr Leu Phe Met lieu Ile 51015  Val
Ala GIN/ Pro Val Asp Leu 90 <210> 14 <911> 94 <912> PRT <213> Homo
sapiens <400> 14 Met Val Leu Ala Ala Pro Leu Leu Leu GIN/ Phe Leo Leu
Leu Ala Leu 151015 Glu Leu Arg pro Arg Gly Glu Ala 90 



<210> 15 <911> 932 <212> PAT <213> Homo sapiens Page 15  <400> 15 Glu
Pro Lvs Ser Cvs Asp Lys Thr His Thr Cvs Pro Pro Cvs Pro Ala 151015
Pro Glu Leu Leu Gly Glv Pro Ser Vol ?he Leu Phe Pro Pro Lys Pro
909530 Lvs Asp Thr Leu Met Ile Sex Arg Tin Pro Glu Vol Thr Cys Vol
Vol 354045 Vol Asp Vol Ser His Glu Asp Pro Glu Vol Lys Phe Asn Trp
Tyr Val 505560 



ASP Gly Vol Glu Vol His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin
65707580 Tyr Asn Sex Thr Tyr Arg Val Vol Ser Vol Leu Thr Vol Leu His
Gin 859095 Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Ls Vol Ser Asn Lys
Ala 100105110 Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
Gin Pro 115120125 Arg Glu Pro Gln Vol Tyr Thr Leu Pro Pro Sex Arg Glu
Glu Net Thr 130135140 Lvs Asn Gln Val Ser Leu Thr Cys Leu Vol Lys Gly
Phe Tyr Pro Sex 145150155160 



Asp Ile Ala Vol Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
165170175 Lys Thr Thr Pro Pro Vol Leu Asp Sex Asp Gly Sex Phe Phe Leu
Tyr 180185190  Ear Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Glv
Asn Val Phe 195200205 Ear Cvs Ser Val Net His Glu Ala Leo His Ash His
Tyr Thr Gin Lys 210215220 Ser Leo Ser Leo Ser Pro Glv Lys 225230
<210> 16 <211> 227 <912> PRT <213> Homo sapiens 



<400> 16 Asp Lys Thr His Thr Cys PTO Pro Cys Pro Ala Pro Glu Ala Leo
Gly 151015 Ala Pro Set Val Phe Leo Phe Pro Pro Lys Pro Lys Asp Thr
Leo Met 202530 Ile Ser Arg Thr Pro Glu Val Thr Cvs Val Val Val Asp
Val Ser His 354045 Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
Gly Val Glu Val 5055GO His Asn Ala:Lys Thr Lvs Pro Arg Glu Glu Gin
Tyr Asn Ser Thr,Tyr 657075BO Ara Val Val Ser Val Leo Thr Val Leo His
Gin Asp Trp Leo Asn Gly 859095 Lys Glu Tvr Lys Cys Lys Val Ear Asn
Lys Ala Leo Pro Ala Pro Ile 



100105110 Glu Lys Thr Ile Set Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin
Val 115120125 Page 17  Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
Lys Mn Gin Val Ser 130135140 Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
Set Asp lie Ala Val Glu 145150155160 Trp Glu Set Asn Gly Gin Pro Glu
Asn Asn Tyr Lys Thr Mx Pro Pro 165170175 Val Lau Asp Set Asp Gly Set
Phe Phe Leu Tyr Set Lys Len Thr Val 



180185190 Asp Lvs Set- Ara Trp Gin Gin Gly Asn Val Phe Ser Cys Ser
Val Met 195200205 His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Set Leu Ser 210215220 Pro Gly Lys 975 Page 18 


