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(57) ABSTRACT 

A novel class or family of TGF-[3 binding proteins is 
disclosed. Also disclosed are assays for selecting molecules 
for increasing bone mineralization and methods for utilizing 
such molecules. In particular, compositions and methods 
relating to antibodies that speci?cally bind to TGF-beta 
binding proteins are provided. These methods and compo 
sitions relate to altering bone mineral density by interfering 
With the interaction betWeen a TGF-beta binding protein 
sclerostin and a TGF-beta superfamily member, particularly 
a bone morphogenic protein. Increasing bone mineral den 
sity has uses in diseases and conditions in Which loW bone 
mineral density typi?es the condition, such as osteopenia, 
osteoporosis, and bone fractures. 
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COMPOSITIONS AND METHODS FOR 
INCREASING BONE MINERALIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 10/095,248 (?led Mar. 7, 2002), Which 
is a continuation of US. application Ser. No. 09/449,218 
(?led Nov. 24, 1999), noW issued as US. Pat. No. 6,395,511, 
Which claims priority from US. Provisional Application No. 
60/110,283 ?led Nov. 27, 1998. The contents of all the above 
applications are incorporated herein by reference in their 
entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to pharma 
ceutical products and methods and, more speci?cally, to 
methods and compositions suitable for increasing the min 
eral content of bone. Such compositions and methods may 
be utiliZed to treat a Wide variety of conditions, including for 
example, osteopenia, osteoporosis, fractures and other dis 
orders in Which loW bone mineral density are a hallmark of 
the disease. 

BACKGROUND OF THE INVENTION 

[0003] TWo or three distinct phases of changes to bone 
mass occur over the life of an individual (see Riggs, West] 
Med. 154:63-77, 1991). The ?rst phase occurs in both men 
and Women, and proceeds to attainment of a peak bone mass. 
This ?rst phase is achieved through linear groWth of the 
endochondral groWth plates, and radial groWth due to a rate 
of periosteal apposition. The second phase begins around 
age 30 for trabecular bone (?at bones such as the vertebrae 
and pelvis) and about age 40 for cortical bone (e.g., long 
bones found in the limbs) and continues to old age. This 
phase is characteriZed by sloW bone loss, and occurs in both 
men and Women. In Women, a third phase of bone loss also 
occurs, most likely due to postmenopausal estrogen de? 
ciencies. During this phase alone, Women may lose an 
additional 10% of bone mass from the cortical bone and 25% 
from the trabecular compartment (see Riggs, supra). 

[0004] Loss of bone mineral content can be caused by a 
Wide variety of conditions, and may result in signi?cant 
medical problems. For example, osteoporosis is a debilitat 
ing disease in humans characteriZed by marked decreases in 
skeletal bone mass and mineral density, structural deterio 
ration of bone including degradation of bone microarchitec 
ture and corresponding increases in bone fragility and sus 
ceptibility to fracture in afflicted individuals. Osteoporosis 
in humans is preceded by clinical osteopenia (bone mineral 
density that is greater than one standard deviation but less 
than 2.5 standard deviations beloW the mean value for young 
adult bone), a condition found in approximately 25 million 
people in the United States. Another 7-8 million patients in 
the United States have been diagnosed With clinical 
osteoporosis (de?ned as bone mineral content greater than 
2.5 standard deviations beloW that of mature young adult 
bone). Osteoporosis is one of the most expensive diseases 
for the health care system, costing tens of billions of dollars 
annually in the United States. In addition to health care 
related costs, long-term residential care and lost Working 
days add to the ?nancial and social costs of this disease. 
WorldWide approximately 75 million people are at risk for 
osteoporosis. 

Jan. 15, 2004 

[0005] The frequency of osteoporosis in the human popu 
lation increases With age, and among Caucasians is pre 
dominant in Women (Who comprise 80% of the osteoporosis 
patient pool in the United States). The increased fragility and 
susceptibility to fracture of skeletal bone in the aged is 
aggravated by the greater risk of accidental falls in this 
population. More than 1.5 million osteoporosis-related bone 
fractures are reported in the United States each year. Frac 
tured hips, Wrists, and vertebrae are among the most com 
mon injuries associated With osteoporosis. Hip fractures in 
particular are extremely uncomfortable and expensive for 
the patient, and for Women correlate With high rates of 
mortality and morbidity. 

[0006] Although osteoporosis has been de?ned as an 
increase in the risk of fracture due to decreased bone mass, 
none of the presently available treatments for skeletal dis 
orders can substantially increase the bone density of adults. 
There is a strong perception among all physicians that drugs 
are needed Which could increase bone density in adults, 
particularly in the bones of the Wrist, spinal column and hip 
that are at risk in osteopenia and osteoporosis. 

[0007] Current strategies for the prevention of osteoporo 
sis may offer some bene?t to individuals but cannot ensure 
resolution of the disease. These strategies include moderat 
ing physical activity (particularly in Weight-bearing activi 
ties) With the onset of advanced age, including adequate 
calcium in the diet, and avoiding consumption of products 
containing alcohol or tobacco. For patients presenting With 
clinical osteopenia or osteoporosis, all current therapeutic 
drugs and strategies are directed to reducing further loss of 
bone mass by inhibiting the process of bone absorption, a 
natural component of the bone remodeling process that 
occurs constitutively. 

[0008] For example, estrogen is noW being prescribed to 
retard bone loss. There is, hoWever, some controversy over 
Whether there is any long term bene?t to patients and 
Whether there is any effect at all on patients over 75 years 
old. Moreover, use of estrogen is believed to increase the 
risk of breast and endometrial cancer. 

[0009] High doses of dietary calcium, With or Without 
vitamin D has also been suggested for postmenopausal 
Women. HoWever, high doses of calcium can often have 
unpleasant gastrointestinal side effects, and serum and uri 
nary calcium levels must be continuously monitored (see 
Khosla and Rigss, Mayo Clin. Proc. 70:978-982, 1995). 

[0010] Other therapeutics Which have been suggested 
include calcitonin, bisphosphonates, anabolic steroids and 
sodium ?uoride. Such therapeutics hoWever, have undesir 
able side effects (e.g., calcitonin and steroids may cause 
nausea and provoke an immune reaction, bisphosphonates 
and sodium ?uoride may inhibit repair of fractures, even 
though bone density increases modestly) that may prevent 
their usage (see Khosla and Rigss, supra). 

[0011] No currently practiced therapeutic strategy 
involves a drug that stimulates or enhances the groWth of 
neW bone mass. The present invention provides composi 
tions and methods Which can be utiliZed to increase bone 
mineraliZation, and thus may be utiliZed to treat a Wide 
variety of conditions Where it is desired to increase bone 
mass. Further, the present invention provides other, related 
advantages. 
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SUMMARY OF THE INVENTION 

[0012] As noted above, the present invention provides a 
novel class or family of TGF-beta binding-proteins, as Well 
as assays for selecting compounds Which increase bone 
mineral content and bone mineral density, compounds Which 
increase bone mineral content and bone mineral density and 
methods for utilizing such compounds in the treatment or 
prevention of a Wide variety of conditions. 

[0013] Within one aspect of the present invention, isolated 
nucleic acid molecules are provided, Wherein said nucleic 
acid molecules are selected from the group consisting of: (a) 
an isolated nucleic acid molecule comprising sequence ID 
Nos. 1, 5, 7, 9, 11, 13, or, 15, or complementary sequence 
thereof; (b) an isolated nucleic acid molecule that speci? 
cally hybridiZes to the nucleic acid molecule of (a) under 
conditions of high stringency; and (c) an isolated nucleic 
acid that encodes a TGF-beta binding-protein according to 
(a) or Within related aspects of the present invention, 
isolated nucleic acid molecules are provided based upon 
hybridization to only a portion of one of the above-identi?ed 
sequences (e.g., for (a) hybridiZation may be to a probe of 
at least 20, 25, 50, or 100 nucleotides selected from nucle 
otides 156 to 539 or 555 to 687 of Sequence ID No. 1). As 
should be readily evident, the necessary stringency to be 
utiliZed for hybridiZation may vary based upon the siZe of 
the probe. For example, for a 25-mer probe high stringency 
conditions could include: 60 mM Tris pH 8.0, 2 mM EDTA, 
5>< Denhardt’s, 6><SSC, 0.1% (W/v) N-laurylsarcosine, 0.5% 
(W/v) NP-40 (nonidet P-40) overnight at 45 degrees C., 
folloWed by tWo Washes With 0.2><SSC/0.1% SDS at 45-50 
degrees. For a 100-mer probe under loW stringency condi 
tions, suitable conditions might include the folloWing: 5>< 
SSPE, 5>< Denhardt’s, and 0.5% SDS overnight at 42-50 
degrees, folloWed by tWo Washes with 2x SSPE (or 2><SSC)/ 
0.1% SDS at 42-50 degrees. 

[0014] Within related aspects of the present invention, 
isolated nucleic acid molecules are provided Which have 
homology to Sequence ID Nos. 1, 5, 7, 9, 11, 13, or 15, at 
a 50%, 60%, 75%, 80%, 90%, 95%, or 98% level of 
homology utiliZing a Wilbur-Lipman algorithm. Represen 
tative examples of such isolated molecules include, for 
example, nucleic acid molecules Which encode a protein 
comprising Sequence ID NOs. 2, 6, 10, 12, 14, or 16, or have 
homology to these sequences at a level of 50%, 60%, 75%, 
80%, 90%, 95%, or 98% level of homology utiliZing a 
Lipman-Pearson algorithm. 
[0015] Isolated nucleic acid molecules are typically less 
than 100 kb in siZe, and, Within certain embodiments, less 
than 50 kb, 25 kb, 10 kb, or even 5 kb in siZe. Further, 
isolated nucleic acid molecules, Within other embodiments, 
do not exist in a “library” of other unrelated nucleic acid 
molecules (e.g., a subclone BAC such as described in 
GenBank Accession No. AC003098 and EMB No. 
AQ171546). HoWever, isolated nucleic acid molecules can 
be found in libraries of related molecules (e.g., for shuf?ing, 
such as is described in US. Pat. Nos. 5,837,458; 5,830,721; 
and 5,811,238). Finally, isolated nucleic acid molecules as 
described herein do not include nucleic acid molecules 
Which encode Dan, Cerberus, Gremlin, or SCGF (US. Pat. 
No. 5,780,263). 
[0016] Also provided by the present invention are cloning 
vectors Which contain the above-noted nucleic acid mol 
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ecules, and expression vectors Which comprise a promoter 
(e.g., a regulatory sequence) operably linked to one of the 
above-noted nucleic acid molecules. Representative 
examples of suitable promoters include tissue-speci?c pro 
moters, and viral-based promoters (e.g., CMV-based pro 
moters such as CMV I-E, SV40 early promoter, and MuLV 
LTR). Expression vectors may also be based upon, or 
derived from viruses (e.g., a “viral vector”). Representative 
examples of viral vectors include herpes simplex viral 
vectors, adenoviral vectors, adenovirus-associated viral vec 
tors and retroviral vectors. Also provided are host cells 
containing or comprising any of above-noted vectors 
(including for example, host cells of human, monkey, dog, 
rat, or mouse origin). 

[0017] Within other aspects of the present invention, 
methods of producing TGF-beta binding-proteins are pro 
vided, comprising the step of culturing the aforementioned 
host cell containing vector under conditions and for a time 
suf?cient to produce the TGF-beta binding protein. Within 
further embodiments, the protein produced by this method 
may be further puri?ed (e.g., by column chromatography, 
af?nity puri?cation, and the like). Hence, isolated proteins 
Which are encoded by the above-noted nucleic acid mol 
ecules (e.g., Sequence ID NOs. 2, 4, 6, 8, 10, 12, 14, or 16) 
may be readily produced given the disclosure of the subject 
application. 

[0018] It should also be noted that the aforementioned 
proteins, or fragments thereof, may be produced as fusion 
proteins. For example, Within one aspect fusion proteins are 
provided comprising a ?rst polypeptide segment comprising 
a TGF-beta binding-protein encoded by a nucleic acid 
molecule as described above, or a portion thereof of at least 
10, 20, 30, 50, or 100 amino acids in length, and a second 
polypeptide segment comprising a non-TGF-beta binding 
protein. Within certain embodiments, the second polypep 
tide may be a tag suitable for puri?cation or recognition 
(e.g., a polypeptide comprising multiple anionic amino acid 
residues—see US. Pat. No. 4,851,341), a marker (e.g., 
green ?uorescent protein, or alkaline phosphatase), or a 
toxic molecule (e.g., ricin). 

[0019] Within another aspect of the present invention, 
antibodies are provided Which are capable of speci?cally 
binding the above-described class of TGF-beta binding 
proteins (e.g., human BEER). Within various embodiments, 
the antibody may be a polyclonal antibody, or a monoclonal 
antibody (e.g., of human or murine origin). Within further 
embodiments, the antibody is a fragment of an antibody 
Which retains the binding characteristics of a Whole antibody 
(e.g., an F(ab‘)2, F(ab)2, Fab‘, Fab, or Fv fragment, or even 
a CDR). Also provided are hybridomas and other cells Which 
are capable of producing or expressing the aforementioned 
antibodies. 

[0020] Within related aspects of the invention, methods 
are provided detecting a TGF-beta binding protein, com 
prising the steps of incubating an antibody as described 
above under conditions and for a time suf?cient to permit 
said antibody to bind to a TGF-beta binding protein, and 
detecting the binding. Within various embodiments the 
antibody may be bound to a solid support to facilitate 
Washing or separation, and/or labeled. (e.g., With a marker 
selected from the group consisting of enZymes, ?uorescent 
proteins, and radioisotopes). 
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[0021] Within other aspects of the present invention, iso 
lated oligonucleotides are provided Which hybridize to a 
nucleic acid molecule according to Sequence ID NOs. 1, 3, 
5, 7, 9, 11, 13, 15, 17, or 18 or the complement thereto, under 
conditions of high stringency. Within further embodiments, 
the oligonucleotide may be found in the sequence Which 
encodes Sequence ID Nos. 2, 4, 6, 8, 10, 12, 14, or 16. 
Within certain embodiments, the oligonucleotide is at least 
15, 20, 30, 50, or 100 nucleotides in length. Within further 
embodiments, the oligonucleotide is labeled With another 
molecule (e.g., an enZyme, ?uorescent molecule, or radio 
isotope). Also provided are primers Which are capable of 
speci?cally amplifying all or a portion of the above-men 
tioned nucleic acid molecules Which encode TGF-beta bind 
ing-proteins. As utiliZed herein, the term “speci?cally ampli 
fying” should be understood to refer to primers Which 
amplify the aforementioned TGF-beta binding-proteins, and 
not other TGF-beta binding proteins such as Dan, Cerberus, 
Gremlin, or SCGF (US. Pat. No. 5,780,263). 

[0022] Within related aspects of the present invention, 
methods are provided for detecting a nucleic acid molecule 
Which encodes a TGF-beta binding protein, comprising the 
steps of incubating an oligonucleotide as described above 
under conditions of high stringency, and detecting hybrid 
iZation of said oligonucleotide. Within certain embodiments, 
the oligonucleotide may be labeled and/or bound to a solid 
support. 

[0023] Within other aspects of the present invention, 
riboZymes are provided Which are capable of cleaving RNA 
Which encodes one of the above-mentioned TGF-beta bind 
ing-proteins (e.g., Sequence ID NOs. 2, 6, 8, 10, 12, 14, or 
16). Such riboZymes may be composed of DNA, RNA 
(including 2‘-O-methyl ribonucleic acids), nucleic acid ana 
logs (e.g., nucleic acids having phosphorothioate linkages) 
or mixtures thereof. Also provided are nucleic acid mol 
ecules (e. g., DNA or cDNA) Which encode these riboZymes, 
and vectors Which are capable of expressing or producing 
the riboZymes. Representative examples of vectors include 
plasmids, retrotransposons, cosmids, and viral-based vectors 
(e.g., viral vectors generated at least in part from a retrovi 
rus, adenovirus, or, adeno-associated virus). Also provided 
are host cells (e.g., human, dog, rat, or mouse cells) Which 
contain these vectors. In certain embodiments, the host cell 
may be stably transformed With the vector. 

[0024] Within further aspects of the invention, methods 
are provided for producing riboZymes either synthetically, or 
by in vitro or in vivo transcription. Within further embodi 
ments, the riboZymes so produced may be further puri?ed 
and/or formulated into pharmaceutical compositions (e.g., 
the riboZyme or nucleic acid molecule encoding the 
riboZyme along With a pharmaceutically acceptable carrier 
or diluent). Similarly, the antisense oligonucleotides and 
antibodies or other selected molecules described herein may 
be formulated into pharmaceutical compositions. 

[0025] Within other aspects of the present invention, anti 
sense oligonucleotides are provided comprising a nucleic 
acid molecule Which hybridiZes to a nucleic acid molecule 
according to Sequence ID NOs. 1, 3, 5, 7, 9, 11, 13, or 15, 
or the complement thereto, and Wherein said oligonucleotide 
inhibits the expression of TGF-beta binding protein as 
described herein (e.g., human BEER). Within various 
embodiments, the oligonucleotide is 15, 20, 25, 30, 35, 40, 
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or 50 nucleotides in length. Preferably, the oligonucleotide 
is less than 100, 75, or 60 nucleotides in length. As should 
be readily evident, the oligonucleotide may be comprised of 
one or more nucleic acid analogs, ribonucleic acids, or 
deoxyribonucleic acids. Further, the oligonucleotide may be 
modi?ed by one or more linkages, including for example, 
covalent linkage such as a phosphorothioate linkage, a 
phosphotriester linkage, a methyl phosphonate linkage, a 
methylene(methylimino) linkage, a morpholino linkage, an 
amide linkage, a polyamide linkage, a short chain alkyl 
intersugar linkage, a cycloalkyl intersugar linkage, a short 
chain heteroatomic intersugar linkage and a heterocyclic 
intersugar linkage. One representative example of a chi 
meric oligonucleotide is provied in US. Pat. No. 5,989,912. 

[0026] Within yet another aspect of the present invention, 
methods are provided for increasing bone mineraliZation, 
comprising introducing into a Warm-blooded animal an 
effective amount of the riboZyme as described above. Within 
related aspects, such methods comprise the step of intro 
ducing into a patient an effective amount of the nucleic acid 
molecule or vector as described herein Which is capable of 
producing the desired riboZyme, under conditions favoring 
transcription of the nucleic acid molecule to produce the 
riboZyme. 

[0027] Within other aspects of the invention transgenic, 
non-human animals are provided. Within one embodiment a 
transgenic animal is provided Whose germ cells and somatic 
cells contain a nucleic acid molecule encoding a TGF-beta 
binding-protein as described above Which is operably linked 
to a promoter effective for the expression of the gene, the 
gene being introduced into the animal, or an ancestor of the 
animal, at an embryonic stage, With the proviso that said 
animal is not a human. Within other embodiments, trans 
genic knockout animals are provided, comprising an animal 
Whose germ cells and somatic cells comprise a disruption of 
at least one allele of an endogenous nucleic acid molecule 
Which hybridiZes to a nucleic acid molecule Which encodes 
a TGF-binding protein as described herein, Wherein the 
disruption prevents transcription of messenger RNA from 
said allele as compared to an animal Without the disruption, 
With the proviso that the animal is not a human. Within 
various embodiments, the disruption is a nucleic acid dele 
tion, substitution, or, insertion. Within other embodiments 
the transgenic animal is a mouse, rat, sheep, pig, or dog. 

[0028] Within further aspects of the invention, kits are 
provided for the detection of TGF-beta binding-protein gene 
expression, comprising a container that comprises a nucleic 
acid molecule, Wherein the nucleic acid molecule is selected 
from the group consisting of (a) a nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NOS: 1, 3, 
5, 7, 9, 1 1, 13, 15, 100, or 101; (b) a nucleic acid molecule 
comprising the complement of the nucleotide sequence of 
(a); (c) a nucleic acid molecule that is a fragment of (a) or 
(b) of at least 15, 20 30, 50, 75, or, 100 nucleotides in length. 
Also provided are kits for the detection of a TGF-beta 
binding-protein Which comprise a container that comprise 
one of the TGF-beta binding protein antibodies described 
herein. 

[0029] For example, Within one aspect of the present 
invention methods are provided for determining Whether a 
selected molecule is capable of increasing bone mineral 
content, comprising the steps of (a) mixing one or more 
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candidate molecules With TGF-beta-binding-protein 
encoded by the nucleic acid molecule according to claim 1 
and a selected member of the TGF-beta family of proteins 
(e.g., BMP 5 or 6), (b) determining Whether the candidate 
molecule alters the signaling of the TGF-beta family mem 
ber, or alters the binding of the TGF-beta binding-protein to 
the TGF-beta family member. Within certain embodiments, 
the molecule alters the ability of TGF-beta to function as a 
positive regulator of mesenchymal cell differentiation. 
Within this aspect of the present invention, the candidate 
molecule(s) may alter signaling or binding by, for example, 
either decreasing (e.g., inhibiting), or increasing (e.g., 
enhancing) signaling or binding. 

[0030] Within yet another aspect, methods are provided 
for determining Whether a selected molecule is capable of 
increasing bone mineral content, comprising the step of 
determining Whether a selected molecule inhibits the bind 
ing of TGF-beta binding-protein to bone, or an analogue 
thereof. Representative examples of bone or analogues 
thereof include hydroxyapatite and primary human bone 
samples obtained via biopsy. 

[0031] Within certain embodiments of the above-recited 
methods, the selected molecule is contained Within a mix 
ture of molecules and the methods may further comprise the 
step of isolating one or more molecules Which are functional 
Within the assay. Within yet other embodiments, TGF-beta 
family of proteins is bound to a solid support and the binding 
of TGF-beta binding-protein is measured or TGF-beta bind 
ing-protein are bound to a solid support and the binding of 
TGF-beta proteins are measured. 

[0032] UtiliZing methods such as those described above, a 
Wide variety of molecules may be assayed for their ability to 
increase bone mineral content by inhibiting the binding of 
the TGF-beta binding-protein to the TGF-beta family of 
proteins. Representative examples of such molecules 
include proteins or peptides, organic molecules, and nucleic 
acid molecules. 

[0033] Within other related aspects of the invention, meth 
ods are provided for increasing bone mineral content in a 
Warm-blooded animal, comprising the step of administering 
to a Warm-blooded animal a therapeutically effective amount 
of a molecule identi?ed from the assays recited herein. 
Within another aspect, methods are provided for increasing 
bone mineral content in a Warm-blooded animal, comprising 
the step of administering to a Warm-blooded animal a 
therapeutically effective amount of a molecule Which inhib 
its the binding of the TGF-beta binding-protein to the 
TGF-beta super-family of proteins, including bone morpho 
genic proteins (BMPs). Representative examples of suitable 
molecules include antisense molecules, riboZymes, 
riboZyme genes, and antibodies (e.g., a humaniZed antibody) 
Which speci?cally recogniZe and alter the activity of the 
TGF-beta binding-protein. 

[0034] Within another aspect of the present invention, 
methods are provided for increasing bone mineral content in 
a Warm-blooded animal, comprising the steps of (a) intro 
ducing into cells Which home to the bone a vector Which 
directs the expression of a molecule Which inhibits the 
binding of the TGF-beta binding-protein to the TGF-beta 
family of proteins and bone morphogenic proteins (BMPs), 
and (b) administering the vector-containing cells to a Warm 
blooded animal. As utiliZed herein, it should be understood 
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that cells “home to bone” if they localiZe Within the bone 
matrix after peripheral administration. Within one embodi 
ment, such methods further comprise, prior to the step of 
introducing, isolating cells from the marroW of bone Which 
home to the bone. Within a further embodiment, the cells 
Which home to bone are selected from the group consisting 
of CD34+ cells and osteoblasts. 

[0035] Within other aspects of the present invention, mol 
ecules are provided (preferably isolated) Which inhibit the 
binding of the TGF-beta binding-protein to the TGF-beta 
super-family of proteins. 
[0036] Within further embodiments, the molecules may be 
provided as a composition, and can further comprise an 
inhibitor of bone resorption. Representative examples of 
such inhibitors include calcitonin, estrogen, a bisphospho 
nate, a groWth factor having anti-resorptive activity and 
tamoxifen. 

[0037] Representative examples of molecules Which may 
be utiliZed in the aforementioned therapeutic contexts 
include, e.g., riboZymes, riboZyme genes, antisense mol 
ecules, and/or antibodies (e.g., humaniZed antibodies). Such 
molecules may depending upon their selection, used to alter, 
antagoniZe, or agoniZe the signalling or binding of a TGF 
beta binding-protein family member as described herein. 

[0038] Within various embodiments of the invention, the 
above-described molecules and methods of treatment or 
prevention may be utiliZed on conditions such as osteoporo 
sis, osteomalasia, periodontal disease, scurvy, Cushing’s 
Disease, bone fracture and conditions due to limb immobi 
liZation and steroid usage. 

[0039] The present invention also provides antibodies that 
speci?cally bind to a TGF-beta binding protein, sclerostin 
(SOST), and provides immunogens comprising sclerostin 
peptides derived from regions of sclerostin that interact With 
a member of the TGF-beta superfamily such as a bone 
morphogenic protein. In one embodiment, the invention 
provides an antibody, or an antigen-binding fragment 
thereof, that binds speci?cally to a sclerostin polypeptide, 
said sclerostin polypeptide comprising an amino acid 
sequence set forth in SEQ ID NOS: 2, 6, 8, 14, 46, or 65, 
Wherein the antibody competitively inhibits binding of the 
SOST polypeptide to at least one of a bone morphogenic 
protein (BMP) Type I Receptor binding site and (ii) a BMP 
Type II Receptor binding site, Wherein the BMP Type I 
Receptor binding site is capable of binding to a BMP Type 
I Receptor polypeptide comprising an amino acid sequence 
set forth in GenBank Ace. Nos. NMi004329 (SEQ ID NO: 
102); D89675 (SEQ ID NO: 103); NMi001203 (SEQ ID 
NO: 104); S75359 (SEQ ID NO: 105); NMi030849 (SEQ 
ID NO: 106); D38082 (SEQ ID NO: 107); NPi001194 
(SEQ ID NO: 108); BAA19765 (SEQ ID NO: 109); or 
AAB33865 (SEQ ID NO: 110) and Wherein the BMP Type 
II Receptor binding site is capable of binding to a BMP Type 
II Receptor polypeptide comprising the amino acid sequence 
set forth in GenBankAce. NOS. U25110 (SEQ ID NO: 111); 
NMi033346 (SEQ ID NO: 112); Z48923 (SEQ ID NO: 
114); CAA88759 (SEQ ID NO: 115); or NMi001204 (SEQ 
ID NO: 113). In another embodiment, the invention provides 
an antibody, or an antigen-binding fragment thereof, that 
binds speci?cally to a sclerostin polypeptide and that 
impairs formation of a sclerostin homodimer, Wherein the 
sclerostin polypeptide comprises an amino acid sequence set 
forth in SEQ ID NOS: 2, 6, 8, 14, 46, or 65. 
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[0040] In certain particular embodiments of the invention, 
the antibody is a polyclonal antibody. In other embodiments, 
the antibody is a monoclonal antibody, Which is a mouse, 
human, rat, or hamster monoclonal antibody. The invention 
also provides a hybridoma cell or a host cell that is capable 
of producing the monoclonal antibody. In other embodi 
ments of the invention, the antibody is a humaniZed antibody 
or a chimeric antibody. The invention further provides a host 
cell that produces the humaniZed or chimeric antibody. In 
certain embodiments the antigen-binding fragment of the 
antibody is a F(ab‘)2, Fab‘, Fab, Fd, or Fv fragment. The 
invention also provides an antibody that is a single chain 
antibody and provides a host cell that is capable of eXpress 
ing the single chain antibody. In another embodiment, the 
invention provides a composition comprising such antibod 
ies and a physiologically acceptable carrier. 

[0041] In another embodiment, the invention provides an 
immunogen comprising a peptide comprising at least 21 
consecutive amino acids and no more than 50 consecutive 
amino acids of a SOST polypeptide, said SOST polypeptide 
comprising an amino acid sequence set forth in SEQ ID 
NOS: 2, 6, 8, 14, 46, or 65, Wherein the peptide is capable 
of eliciting in a non-human animal an antibody that binds 
speci?cally to the SOST polypeptide and that competitively 
inhibits binding of the SOST polypeptide to at least one of 
(i) a bone morphogenic protein (BMP) Type I Receptor 
binding site and (ii) a BMP Type II Receptor binding site, 
Wherein the BMP Type I Receptor binding site is capable of 
binding to a BMP Type I Receptor polypeptide comprising 
an amino acid sequence set forth in GenBank Ace. Nos. 
NMi004329 (SEQ ID NO: 102); D89675 (SEQ ID NO: 
103); NMi001203 (SEQ ID NO: 104); S75359 (SEQ ID 
NO: 105); NMi030849 (SEQ ID NO: 106); D38082 (SEQ 
ID NO: 107); NPi001194 (SEQ ID NO: 108); BAA19765 
(SEQ ID NO: 109); or AAB33865 (SEQ ID NO: 110) and 
Wherein the BMP Type II Receptor binding site is capable of 
binding to a BMP Type II Receptor polypeptide comprising 
the amino acid sequence set forth in GenBank Ace. NOs. 
U25110 (SEQ ID NO: 111); NMi033346 (SEQ ID NO: 
112); Z48923 (SEQ ID NO: 114); CAA88759 (SEQ ID NO: 
115); or NMi001204 (SEQ ID NO: 113). The invention 
also provides an immunogen comprising a peptide that 
comprises at least 21 consecutive amino acids and no more 
than 50 consecutive amino acids of a SOST polypeptide, 
said SOST polypeptide comprising an amino acid sequence 
set forth in SEQ ID NOS: 2, 6, 8, 14, 46, or 65, Wherein the 
peptide is capable of eliciting in a non-human animal an 
antibody that binds speci?cally to the SOST polypeptide and 
that impairs formation of a SOST homodimer. 

[0042] In certain particular embodiments, the subject 
invention immunogens are associated With a carrier mol 
ecule. In certain embodiments, the carrier molecule is a 
carrier polypeptide, and in particular embodiments, the 
carrier polypeptide is keyhole limpet hemocyanin. 

[0043] The invention also provides a method for produc 
ing an anti-body that speci?cally binds to a SOST polypep 
tide, comprising immuniZing a non-human animal With an 
immunogen comprising a peptide comprising at least 21 
consecutive amino acids and no more than 50 consecutive 
amino acids of a SOST polypeptide, Wherein (a) the SOST 
polypeptide comprises an amino acid sequence set forth in 
SEQ ID NOS: 2, 6, 8, 14, 46, or 65; (b) the antibody 
competitively inhibits binding of the SOST polypeptide to at 
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least one of a bone morphogenic protein (BMP) Type I 
Receptor binding site and (ii) a BMP Type II Receptor 
binding site; (c) the BMP Type I Receptor binding site is 
capable of binding to a BMP Type I Receptor polypeptide 
comprising the amino acid sequence set forth in GenBank 
Ace. Nos. NMi004329 (SEQ ID NO: 102); D89675 (SEQ 
ID NO: 103); NMi001203 (SEQ ID NO: 104); S75359 
(SEQ ID NO: 105); NMi030849 (SEQ ID NO: 106); 
D38082 (SEQ ID NO: 107); NPi001194 (SEQ ID NO: 
108); BAA19765 (SEQ ID NO: 109); or AAB33865 (SEQ 
ID NO: 110); and (d) the BMP Type II Receptor binding site 
is capable of binding to a BMP Type II Receptor polypeptide 
comprising the amino acid sequence set forth in GenBank 
Ace. NOs. U25110 (SEQ ID NO: 111); NMi033346 (SEQ 
ID NO: 112); Z48923 (SEQ ID NO: 114); CAA88759 (SEQ 
ID NO: 115); or NMi001204 (SEQ ID NO: 113). 

[0044] In another embodiment, the invention provides a 
method for producing an antibody that speci?cally binds to 
a SOST polypeptide, said SOST polypeptide comprising an 
amino acid sequence set forth in SEQ ID NOS: 2, 6, 8, 14, 
46, or 65, comprising immuniZing a non-human animal With 
an immunogen comprising a peptide that comprises at least 
21 consecutive amino acids and no more than 50 consecu 
tive amino acids of a SOST polypeptide, said SOST 
polypeptide comprising an amino acid sequence set forth in 
SEQ ID NOS: 2, 6, 8, 14, 46, or 65, Wherein the antibody 
impairs formation of a SOST homodimer. 

[0045] These and other aspects of the present invention 
Will become evident upon reference to the folloWing detailed 
description and attached draWings. In addition, documents 
including various references set forth herein that describe in 
more detail certain procedures or compositions (e.g., plas 
mids, etc.), are incorporated by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a schematic illustration comparing the 
amino acid sequence of Human Dan; Human Gremlin; 
Human Cerberus and Human Beer. ArroWs indicate the 
Cysteine backbone. 

[0047] FIG. 2 summariZes the results obtained from sur 
veying a variety of human tissues for the expression of a 
TGF-beta binding-protein gene, speci?cally, the Human 
Beer gene. A semi-quantitative Reverse Transcription-Poly 
merase Chain Reaction (RT-PCR) procedure Was used to 
amplify a portion of the gene from ?rst-strand cDNA 
synthesiZed from total RNA (described in more detail in 
EXAMPLE 2A). 

[0048] FIGS. 3A-3D summariZe the results obtained from 
RNA in situ hybridiZation of mouse embryo sections, using 
a cRNA probe that is complementary to the mouse Beer 
transcript (described in more detail in EXAMPLE 2B). 
Panel 3A is a transverse section of 10.5 dpc embryo. Panel 
3B is a sagittal section of 12.5 dpc embryo and panels 3C 
and 3D are sagittal sections of 15.5 dpc embryos. 

[0049] FIGS. 4A-4C illustrate, by Western blot analysis, 
the speci?city of three different polyclonal antibodies for 
their respective antigens (described in more detail in 
EXAMPLE 4). FIG. 4A shoWs speci?c reactivity of an 
anti-H. Beer antibody for H. Beer antigen, but not H. Dan or 
H. Gremlin. FIG. 4B shoWs reactivity of an anti-H. Gremlin 
antibody for H. Gremlin antigen, but not H. Beer or H. Dan. 
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FIG. 4C shows reactivity of an anti-H. Dan antibody for H. 
Dan, but not H. Beer or H. Gremlin. 

[0050] FIG. 5 illustrates, by Western blot analysis, the 
selectivity of the TGF-beta binding-protein, Beer, for 
BMP-5 and BMP-6, but not BMP-4 (described in more 
detail in EXAMPLE 5). 

[0051] FIG. 6 demonstrates that the ionic interaction 
betWeen the TGF-beta binding-protein, Beer, and BMP-5 
has a dissociation constant in the 15-30 nM range. 

[0052] FIG. 7 presents an alignment of the region con 
taining the characteristic cystine-knot of a SOST (sclerostin) 
polypeptide and its closest homologues. Three disulphide 
bonds that form the cystine-knot are illustrated as solid lines. 
An extra disulphide bond, shoWn by a dotted line, is unique 
to this family, Which connects tWo [3-hairpin tips in the 3D 
structure. The polypeptides depicted are SOST: sclerostin 
(SEQ ID NO: 126); CGHB: Human Chorionic Gonadotro 
pin [3 (SEQ ID NO: 127); FSHB: follicle-stimulating hor 
mone beta subunit (SEQ ID NO: 128); TSHB: thyrotropin 
beta chain precursor (SEQ ID NO: 129); VWF: Von Will 
ebrand factor (SEQ ID NO: 130); MUC2: human mucin 2 
precursor (SEQ ID NO: 131); CER1: Cerberus 1 (Xenopus 
laevis homolog) (SEQ ID NO: 132); DRM: gremlin (SEQ 
ID NO: 133); DAN: (SEQ ID NO: 134); CTGF: connective 
tissue groWth factor precursor (SEQ ID NO: 135); NOV: 
NovH (nephroblastoma overexpressed gene protein 
homolog) (SEQ ID NO: 136); CYR6: (SEQ ID NO: 137). 
[0053] FIG. 8 illustrates a 3D model of the core region of 
SOST (SOST_Core). 
[0054] FIG. 9 presents a 3D model of the core region of 
SOST homodimer. 

[0055] FIGS. 10A and 10B provide an amino acid 
sequence alignment of Noggin from ?ve different animals: 
human (NOGG_HUMAN (SEQ ID NO: 138); chicken 
(NOGG_CHICK, SEQ ID NO: 139); African claWed frog 
(NOGG_XENLA, SEQ ID NO: 140); NOGG_FUGRU, 
SEQ ID NO: 141); and Zebra?sh (NOGG_ZEBRA, SEQ ID 
NO: 142); and SOST from human (SOST_HUMAN, SEQ 
ID NO: 46), rat (SOST_RAT, SEQ ID NO: 65), and mouse 
(SOST Mouse, SEQ ID NO: 143). 
[0056] FIG. 11 illustrates the Noggin/BMP-7 complex 
structure. The BMP homodimer is shoWn on the bottom 
portion of the ?gure in surface mode. The Noggin 
homodimer is shoWn on top of the BMP dimer in cartoon 
mode. The circles outline the N-terminal binding region, the 
core region, and the linker betWeen the N-terminal and core 
regions. 
[0057] FIG. 12 depicts a 3D model of the potential 
BMP-binding fragment located at the SOST N-terminal 
region. A BMP dimer is shoWn in surface mode, and the 
potential BMP-binding fragment is shoWn in stick mode. A 
phenylalanine residue ?tting into a hydrophobic pocket on 
the BMP surface is noted. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0058] De?nitions 
[0059] Prior to setting forth the invention in detail, it may 
be helpful to an understanding thereof to set forth de?nitions 
of certain terms and to list and to de?ne the abbreviations 
that Will be used hereinafter. 
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[0060] “Molecule” should be understood to include pro 
teins or peptides (e.g., antibodies, recombinant binding 
partners, peptides With a desired binding af?nity), nucleic 
acids (e.g., DNA, RNA, chimeric nucleic acid molecules, 
and nucleic acid analogues such as PNA); and organic or 
inorganic compounds. 
[0061] “TGF-beta” should be understood to include any 
knoWn or novel member of the TGF-beta super-family, 
Which also includes bone morphogenic proteins (BMPs). 

[0062] “TGF-beta receptor” should be understood to refer 
to the receptor speci?c for a particular member of the 
TGF-beta super-family (including bone morphogenic pro 
teins (BMPs)). 
[0063] “TGF-beta binding-protein” should be understood 
to refer to a protein With speci?c binding af?nity for a 
particular member or subset of members of the TGF-beta 
super-family (including bone morphogenic proteins 
(BMPs)). Speci?c examples of TGF-beta binding-proteins 
include proteins encoded by Sequence ID Nos. 1, 5, 7, 9, 11, 
13, 15, 100, and 101. 

[0064] Inhibiting the “binding of the TGF-beta binding 
protein to the TGF-beta family of proteins and bone mor 
phogenic proteins (BMPs)” should be understood to refer to 
molecules Which alloW the activation of TGF-beta or bone 
morphogenic proteins (BMPs), or alloW the binding of 
TGF-beta family members including bone morphogenic 
proteins (BMPs) to their respective receptors, by removing 
or preventing TGF-beta from binding to TGF-binding-pro 
tein. Such inhibition may be accomplished, for example, by 
molecules Which inhibit the binding of the TGF-beta bind 
ing-protein to speci?c members of the TGF-beta super 
family. 
[0065] “Vector” refers to an assembly that is capable of 
directing the expression of desired protein. The vector must 
include transcriptional promoter elements that are operably 
linked to the gene(s) of interest. The vector may be com 
posed of deoxyribonucleic acids (“DNA”), ribonucleic acids 
(“RNA”), or a combination of the tWo (e.g., a DNA-RNA 
chimeric). Optionally, the vector may include a polyadeny 
lation sequence, one or more restriction sites, as Well as one 

or more selectable markers such as neomycin phosphotrans 
ferase or hygromycin phosphotransferase. Additionally, 
depending on the host cell chosen and the vector employed, 
other genetic elements such as an origin of replication, 
additional nucleic acid restriction sites, enhancers, 
sequences conferring inducibility of transcription, and 
selectable markers, may also be incorporated into the vectors 
described herein. 

[0066] An “isolated nucleic acid molecule” is a nucleic 
acid molecule that is not integrated in the genomic DNA of 
an organism. For example, a DNA molecule that encodes a 
TGF-binding protein that has been separated from the 
genomic DNA of a eukaryotic cell is an isolated DNA 
molecule. Another example of an isolated nucleic acid 
molecule is a chemically-synthesized nucleic acid molecule 
that is not integrated in the genome of an organism. The 
isolated nucleic acid molecule may be genomic DNA, 
cDNA, RNA, or composed at least in part of nucleic acid 
analogs. 

[0067] An “isolated polypeptide” is a polypeptide that is 
essentially free from contaminating cellular components, 












































































































































































































































































