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BMP-3A propeptide sequence designed as SEQID NO: 1 (340aa). 

ERPKPPFPELRKAVPGDRTAGGGPDSELQPQDKVSEHMLRLYDRYSTVQAARTPGSLEG 

GSOPWRPRLLREGNTVRSFRAAAAETLERKGLYIFNLTSLTKSENILSATLYFCIGELG 

NISLSCPVSGGCSHHAORKHIQIDLSAWTLKFSRNQSQLLGHLSVDMAKSHRDIMSWLS 

KDITQFLRKAKENEEFLIGFNITSKGRQLPKRRLPFPEPYILVYANDAAISEPESVVSS 

LQGHRNFPTGTVPKWDSHIRAALSIERRKKRSTGVLLPLONNELPGAEYQYKKDEVWEE 

RKPYKTLOAQAPEKSKNKKKQRKGPHRKSOTLQFDEOTLKKARRK 
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Figure 1. BMP-3A propeptide sequence designed as SEQID NO: 1 (340 aa). 

ERPKPPFPELRKAVPGDRTAGGGPDSELOPODKVSEHMLRLYDRYSTVOAARTPGSLEG 

GSOPWRPRLLREGNTVRSFRAAAAETLERKGLYIFNLTSLTKSENILSATLYFCIGELG 

NISLSCPVSGGCSHHAQRKHIQIDLSAWTLKFSRNQSQLLGHLSVDMAKSHRDIMSWLS 

KDITOFLRKAKENEEFLIGFNITSKGRQLPKRRLPFPEPYILVYANDAAISEPESVVSS 

LQGHRNFPTGTVPKWDSHIRAALSIERRKKRSTGVLLPLONNELPGAEYQYKKDEVWEE 

RKPYKTLQAQAPEKSKNKKKQRKGPHRKSQTLQFDEQTLKKARRK 
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Figure 2. BMP-3B/GDF-10 propeptide sequence designed as SEQID NO: 2 (335 aa). 

SHRAPAWSALPAAADGLQGDRDLQRHPGDAAATLGPSAQDMVAVHMHRLYEKYSROGAR 

PGGGNTVRSFRARLEVVDQKAVYFFNLTSMODSEMILTATFHFYSEPPRWPRALEVLCK 

PRAKNASGRPLPLGPPTRQHLLFRSLSQNTATQGLLRGAMALAPPPRGLWQAKDISPIV 

KAARRDGELLLSAOLDSEERDPGWPRPSPYAPYILVYANDLAISEPNSVAVTLORYDPF 

PAGDPEPRAAPNNSADPRVRRAAQATGPLODNELPGLDERPPRAHAQHFHKHQLWPSPF 

RALKPRPGRKDRRKKGOEVFMAASQVLDFDEKTMQKARRK 
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Figure 3. BMP-3A precursor sequence designed as SEQID NO:3 (NP 001192,472 aa). 

MAGASRLLFLWLGCFCVSLAQGERPKPPFPELRKAVPGDRTAGGGPDSELQPQDKVSEH 

MLRLYDRYSTvQAARTPGSLEGGSQPWRPRLLREGNTVRSFRAAAAETLERKGLYIFNL 
TSLTKSENILSATLYFCIGELGNISLSCPVSGGCSHHAQRKHIQIDLSAWTLKFSRNQS 
QLLGHLSVDMAKSHRDIMSWLSKDITQFLRKAKENEEFLIGFINITSKGRQLPKRRLPFP 
EPYLVYANDAAISEPESVVSSLQGHRNFPTGTVPKWDSHIRAALSIERRKKRSTGVLL 

PLONNELPGAEYQYKKDEV WEERKPYKTIQAQAPEKSKNKKKQRKGPHRKSQTLQFDEQ 
3xxxxxxxx 

TLKKARRKQWEEPRN 
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Figure 4. BMP-3B precursor sequence designed as SEQID NO: 4 (NP 004953, 478 aa). 

MAHVPARTSPGPGPOLLLLLLPLFLLLLRDVAGSHRAPAWSALPAAADGLQGDRDIQRH 

PGDAAATLGPSAQDMVAVHMHRLYEKYSRQGARPGGGNTVRSFRARLEVVDQKAVYFFIN 
LTSMQDSEMILTATFHFYSEPPRWPRALEVLCKPRAKNASGRPLPLGPPTRQHLLFRSL 
SQNTATQGLLRGAMALAPPPRGLWOAKDISPIVKAARRDGELLISAQLDSEERDPGVPR 

PSPYAPYILVYANDLAISEPNSvAvTLQRYDPFPAGDPEPRAAPNNSADPRVRRAAQAT 
GPLODNELPGLDERPPRAHAQHFHKHQLWPSPFRALKPRPGRKDRRKKGOEVFMAASQV 

LDFDEKTMQKARRKOWDEPRWGSRRYIKVDFADIGWNEWIE 

DTCAGR & S3883 
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Figure 5. Nucleic acid sequence encoding a BMP-3A propeptide, designed as SEQID 
NO: 5 (1020 bp). 

gagaga.ccgaagccacct ttCCC9gagCtcc.gcaaagctgtgcCagg toga CC9 Cacgg CaggtggtggCCC 

ggactic.cgagctgcagcc.gcaagacaaggtotctgaacacatgctgcggctctatgacagg tacagcacgg 
to cagg.cggcccggacaccgggCtcCctggagggaggctcgcagccCt99.cgc.cctcggctcc tgcgcgaa 
ggcaa.cacggttcgcagctttcggg.cggcagcagcagaaact cittgaaagaaaaggactgtatatottcaa 
tctgacatcgctaaccalagt ctgaaaacattttgttctgccacactgtatt totgt attggagagctaggaa 

a catcagcctgagttgtc.cagtgtctggaggatgcticcCatcatcgcticagaggaalacacatt Cagattgat 
citttctgcatggaccCtcaaattcagoagaaaccaaagttcaactcCttggccatctgtcagtggatatggc 
caaatctoatcgagatattatgtcCtggctgtctaaagatat cacticaattcttgaggaaggccaaagaaa 
atgaagagttcct cataggatttalacattacgtcCaagggacgc.cagctgccaaagaggaggttacct titt 
cCagagcCttatatcttgg tatatgccalatgatgcc.gc.catttctgagccagaaagtgtggitatcaagctt 
acagggacaCCggaattitt CCC actggaactgttcCcaaatgggatagcCacatcagagctg.ccctttcca 
ttgagcggaggaagaag.cgctic tactggggtcttgctgcctctgcagaacaacgagct tcctggggcagaa 

taccagtataaaaaggatgaggtgtgggaggagagaaag.ccttacaagacCCttcaggcticagg.cccctga 
aaagagtaagaataaaaagaaacagagaaaggggcct catcggalaga.gc.ca.gacgctCcaatttgatgagc 

agaccctgaaaaaggcaaggagaaag 
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Figure 7. Nucleic acid sequence encoding the BMP-3A precursor protein, designed as 
SEQID NO: 7 (nucleotides 321-1739 of NM 001201, 1419 bp). 

atggCtgggg.cgagCaggCtgctCtttctgttggCt999CtgCttctgC9tgagcCt99C9 Ca999agagag 

accgaagccacctitt cocggagctcc.gcaaagctgttgcCaggtgaccgcacggcaggtggtggc.ccggact 

cc.gagctgcago.cgcaagacaaggtotctgaacacatgctg.cggctictatgacagg tacagdacggtcCag 
gcggCCCoggacaccoggctcCCtggagggaggct.cgcagcCCtggCgCCCtcggCtCctg.cgcga aggcaa. 

cacggttcgcagct titcggg.cggcagcagcagaaactCttgaaagaaaaggactgtatat Cttcaatctga 

catcgctaaccalagtotgaaaacattttgttctgccacactgt atttctg tattggagagctaggaaa catc 
agcctgagttgtc.cagtgtctggaggatgctcc.cat catgct cagaggaalacacattcagattgat Cttt C 

tgcatggaccCtcaaatticagcagaalaccaaagttcaactCCttggcCatctgtcagtggatatggcCalaat 

cticatc.gagatattatgtc.ctggctgtctaaagatat cact caattcttgaggaaggccaaagaaaatgaa 
gagttcct cataggatttalacattacgtcCaagggacgc.ca.gctgccaaagaggaggttacCttitt CCaga 

gCCttatat Cttgg tatatgcCaatgatgCCgCCatttctgagcCagaaagttggitat caagCttacagg 

gaCaccggaattitt CCCaCtggaactgtt CCCaaatgggatagc.ca catcagagctgCCCtttcCattgag 

cggaggaagaag.cgctic tactggggtottgctgcctctgcagaacaacgagct tcctgggg Cagaatacca 

gtataaaaaggatgaggtgttgggaggagagaaag.cctta CaagaccCtt Caggct CaggccCctgaaaaga 

gtaagaataaaaagaalacagagaaagggg.cCtcatcggalaga.gc.ca.gacgctic caatttgatgagcagaCC 

ctgaaaaaggcaaggagaaag Cagtggattgaacct C9gaattgcgc.caggagatacct Caagg tag actt 
tgCagatattggctggagtgaatggattatctoCCCCaagtCCtttgatgCCtattattgCtctggagcat 

gccagttc.cccatgccaaagt ctittgaa.gc.catcaaatcatgctaccatccagagtatagtgagagctgttg 

gggg togttcCtgggattcCtgagcCttgctgttgtaccagaaaagatgtcCtcacticagtattt tattott 

tgatgaaaataagaatgtag tdCttaaagtataccCtalacatgacagtagagtCttgcgcttgcagataa 





Patent Application Publication Oct. 2, 2008 Sheet 9 of 13 US 2008/0241164 A1 

Figure 9. Human Fc sequence. Mutations are shown in red. 

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD (A) VSHEDPEV 
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK (A) VS 
NKALPVPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA 
VEWESNGQPENNYKTTPPVLDSDGPFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HN (A) HYTOKSLSLSPGK* 
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Figure 10. SDS-PAGE analysis of BMP3 pro-MuIgG2a peptide Fc purified using 
Protein A affinity step. 
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Figure 11. BMP3 pro-MulgG2a peptide binds mature BMP-3. 

- Propeptide Fo 
- Protein A from beads 
- FC 

- Mature BMP-3 
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Figure 12. Purified BMP3 pro-MulgC2a binds to mature BMP-3. 
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Figure 13. Mature BMP-3 binds to Activin Receptor IIa (ActRIIa) and BMP3 pro 
MuIgG2a Fc competes with ActRIIa binding to BMP-3. 
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BMP-3 ANTIBODIES AND RELATED 
METHODS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. Ser. No. 
11/092,353, filed on Mar. 28, 2005, which claims the benefit 
of U.S. Provisional Application No. 60/557,100, filed Mar. 
26, 2004, the specifications of which are incorporated by 
reference herein in their entireties. 

BACKGROUND OF THE INVENTION 

0002 Bone morphogenetic proteins (BMPs) are members 
of the transforming growth factor-B Superfamily. Many 
BMPs are produced in bone and modulate osteogenic activity, 
which suggests that these proteins are involved in building 
bone mass. Members of the BMP family include BMP-2 and 
BMP-3. BMP-2 has been implicated in multiple functions 
associated with bone formation and growth. For example, the 
protein induces differentiation of osteoprogenitor cells into 
osteoblasts, and to enhance healing of bone fractures. 
0003 BMP-3 is also termed BMP-3A. A closely related 
protein termed BMP-3B is also known as growth and differ 
entiation factor 10 (GDF-10). These two proteins show great 
amino acid sequence similarity in the region corresponding to 
the mature (fully processed) form, corresponding the C-ter 
minal portion of the unprocessed protein. The differences 
between the sequences of BMP-3A and BMP-3B are located 
mainly outside the mature peptide regions, with the propep 
tides showing significant sequence divergence. BMP-3A was 
originally purified from bone as osteogenin and is particularly 
abundant in demineralized bone. Recombinant BMP-3A 
showed no osteogenic activity and instead was reported to 
antagonize the osteogenic activity of BMP-2. Zhu et al., Chin 
J. Biotechnol. 1999; 15(3): 153-8. This result was supported 
by an observed increase in bone density and Volume in a 
BMP-3A -f- knock-out mouse. Daluiski et al., Nat. Genet. 
2001 January; 27(1):84-8. 
0004. In view of the above findings, a need exists for a 
manner of regulating BMP-3A activity, particularly in indi 
viduals who are in need of increased bone mass or increased 
bone growth, such as individuals with osteoporosis or bone 
fractures. 

SUMMARY OF THE INVENTION 

0005. In certain aspects, the present disclosure provides 
BMP-3 propeptides. As disclosed herein, BMP-3 propeptides 
bind to mature BMP-3 and competitively inhibit binding to 
Type II receptor. Accordingly, BMP-3 propeptides may be 
used to inhibit BMP-3-Type II receptor mediated signaling. 
BMP-3 propeptides may be used for treating bone disorders, 
and particularly those disorders where increases in bone den 
sity or Volume are desirable, as in the treatment of osteoporo 
sis and bone fractures. Additionally, such propeptides may 
inhibit other members of the BMP family and will be useful in 
the treatment of additional disorders. Likewise, the mature 
BMP-3A and 3B polypeptides may participate in other bio 
logical processes, and a BMP-3 propeptide disclosed herein 
may be used to antagonize BMP-3A and 3B in any BMP-3 
related process. Examples of BMP-3 propeptides include the 
propeptides of BMP-3A and BMP-3B, as well as any func 
tional variants thereof. In certain cases, the BMP-3 propep 
tide inhibits the interaction between a mature BMP-3 
polypeptide and an ActRIIa polypeptide. In other cases, the 
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BMP-3 propeptide inhibits any signaling mediated by inter 
action between a mature BMP-3 polypeptide and an ActRIIa 
polypeptide. Optionally, a BMP-3 propeptide derepresses or 
increases bone growth. Additionally, the disclosure provides 
antibodies that bind a mature BMP-3 peptide in a manner 
similar to a BMP-3 propeptide. Such antibodies may also be 
used to treat bone disorders or other BMP-3 related disorders. 

0006. In certain aspects, the disclosure provides pharma 
ceutical preparations for promoting bone growth and/or 
inhibiting bone loss. Such preparations may comprise a 
BMP-3 propeptide that binds to a mature BMP-3 polypeptide 
and a pharmaceutically acceptable carrier. In certain cases, 
the BMP-3 propeptide inhibits the interaction between a 
mature BMP-3 polypeptide and an ActRIIa polypeptide. In 
other cases, the BMP-3 propeptide inhibits any signaling 
mediated by interaction between a mature BMP-3 polypep 
tide and an ActRIIa polypeptide. Optionally, a BMP-3 
propeptide derepresses or increases bone growth. Preferably 
the BMP-3 propeptide binds to a mature BMP-3 with a KD 
less than 1 micromolar or less than 100, 10 or 1 nanomolar. A 
BMP-3 propeptide for use in such a preparation may be any of 
those disclosed herein, such as a polypeptide having an amino 
acid sequence of SEQID NO:1 or 2 or having an amino acid 
sequence that is at least 80%, 85%, 90%, 95%, 97% or 99% 
identical to an amino acid sequence of SEQID NO:1 or 2. A 
BMP-3 propeptide may include a functional fragment of a 
natural BMP-3 propeptide. Such as one comprising at least 
10, 20 or 30 amino acids of SEQ ID NO:1 or 2. A BMP-3 
propeptide will generally not contain a full-length or func 
tional portion of a mature BMP-3 polypeptide, and preferably 
a BMP-3 propeptide will include no more than 50, 40, 30, 20, 
10 or 5 amino acids of a mature portion of a BMP-3 polypep 
tide. A BMP-3 propeptide may include an alteration in the 
amino acid sequence relative to a naturally occurring BMP-3 
propeptide. The alteration in the amino acid sequence may 
alter glycosylation of the polypeptide when produced in a 
mammalian, insector other eukaryotic cellor alterproteolytic 
cleavage of the polypeptide relative to the naturally occurring 
BMP-3 polypeptide. A BMP-3 propeptide may be a fusion 
protein that has, as one domain, a BMP-3 propeptide (includ 
ing any of the various truncations or variations described 
herein) and one or more additional domains that provide a 
desirable property, such as improved pharmacokinetics, 
easier purification, targeting to particular tissues, etc. For 
example, a domain of a fusion protein may enhance one or 
more of in vivo stability, in vivo half life, uptake/administra 
tion, tissue localization or distribution, formation of protein 
complexes, multimerization of the fusion protein, and/or 
purification. A BMP-3 propeptide fusion protein may include 
an immunoglobulin Fc domain or a serum albumin. A fusion 
protein may include a purification Subsequence, such as an 
epitope tag, a FLAG tag, a polyhistidine sequence, and a GST 
fusion. Optionally, a BMP-3 propeptide includes one or more 
modified amino acid residues selected from: a glycosylated 
amino acid, a PEGylated amino acid, a farnesylated amino 
acid, an acetylated amino acid, a biotinylated amino acid, an 
amino acid conjugated to a lipid moiety, and an amino acid 
conjugated to an organic derivatizing agent. A pharmaceuti 
cal preparation may also include one or more additional com 
pounds such as: a compound that inhibits bone resorption, a 
compound that stimulates bone formation, and/or a com 
pound that increases bone mineral density. For example, the 
preparation may include a bisphosphonate. Preferably, a 
pharmaceutical preparation is substantially pyrogen free. 
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Preferably, a pharmaceutical composition comprising a 
BMP-3 propeptide will not include, as a separate component, 
an active mature BMP-3 protein. 
0007. In certain aspects, the disclosure provides packaged 
pharmaceuticals comprising a pharmaceutical preparation 
described herein and labeled for use in promoting increased 
bone density or growth or diminishing or preventing bone 
loss or demineralization in a human or non-human patient. 
0008. In certain aspects, the disclosure provides nucleic 
acids encoding a BMP-3 propeptide that do not encode a 
complete, translatable mature portion of a BMP-3. An iso 
lated polynucleotide may comprise a coding sequence for a 
BMP-3 propeptide, such as described above. An isolated 
nucleic acid may include a sequence coding for a BMP-3 
propeptide and a sequence that would code for part or all of a 
mature portion, but for a stop codon positioned within the 
mature portion or positioned between the propeptide and the 
mature portion. For example, an isolated polynucleotide may 
comprise a polynucleotide sequence coding for a polypeptide 
selected from the group consisting of SEQ ID NO:7 and 8. 
said isolated polynucleotide further comprising a transcrip 
tion termination codon at least three hundred nucleotides 
before the 3'-terminus. Nucleic acids disclosed herein may be 
operably linked to a promoter for expression, and the disclo 
Sure provides cells transformed with Such recombinant poly 
nucleotides. Preferably the cell is a mammalian cell such as a 
CHO cell. 
0009. In certain aspects, the disclosure provides methods 
for making a BMP-3 propeptide. Such a method may include 
expressing any of the propeptide encoding nucleic acids dis 
closed herein in a suitable cell. Such as a Chinese hamster 
ovary (CHO) cell. Such a method may comprise: a) culturing 
a cell under conditions Suitable for expression of the propep 
tide, wherein said cell is transformed with a BMP-3 propep 
tide expression construct; and b) recovering the propeptide so 
expressed. 
0010. In certain aspects, the disclosure provides methods 
for treating a Subject having a disorder associated with insuf 
ficient bone mineral density, bone loss, bone damage or insuf 
ficient bone growth, the method comprising administering to 
the subject an effective amount of a BMP-3 propeptide. The 
BMP-3 propeptide may be any of those disclosed herein. The 
Subject may suffer from, for example, lower than normal bone 
mineral density, osteoporosis or a fracture. A method may 
include co-administration with an additional agent, such as a 
bisphosphonate. In certain embodiments, the disclosure pro 
vides methods for increasing bone density and/or bone Vol 
ume in a Subject, the method comprising administering a 
BMP-3 propeptide disclosed herein. 
0011. In further aspects, the disclosure provides methods 
for identifying an agent that increases bone density and/or 
bone volume. A method may comprise: a) identifying a test 
agent that binds a mature BMP-3 polypeptide competitively 
with a BMP-3 propeptide; and b) evaluating the effect of the 
agent on bone growth. A test agent may be, for example, a 
variant BMP-3 propeptide, an antibody, or a small molecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows a BMP-3A propeptide amino acid 
sequence (SEQID NO: 1). 
0013 FIG.2 shows a BMP-3B/GDF-10 propeptideamino 
acid sequence (SEQ ID NO: 2). 
0014 FIG. 3 shows a BMP-3A precursor amino acid 
sequence (SEQID NO:3). The signal peptide (residues 1-22) 
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is underlined; the prodomain (residues 23-362) is in bold, also 
referred to as SEQID NO: 1; and the mature protein (residues 
363-472) is shaded. The potential N-linked glycosylation 
sites are boxed. 
(0015 FIG. 4 shows a BMP-3B/GDF-10 precursor amino 
acid sequence (SEQID NO: 4). The signal peptide (residues 
1-33) is underlined; the prodomain (residues 34-368) is in 
bold, also referred to as SEQID NO: 2; and the mature protein 
(residues 369-478) is shaded. The potential N-linked glyco 
Sylation sites are boxed. 
0016 FIG. 5 shows a nucleic acid sequence encoding a 
BMP-3A propeptide, designed as SEQID NO: 5. 
0017 FIG. 6 shows a nucleic acid sequence encoding a 
BMP-3B propeptide, designed as SEQID NO:6. 
0018 FIG. 7 shows a nucleic acid sequence encoding the 
BMP-3A precursor protein, designed as SEQID NO: 7. 
0019 FIG. 8 shows a nucleic acid sequence encoding the 
BMP-3B precursor protein, designed as SEQID NO: 8. 
0020 FIG. 9 shows a human Fc amino acid sequence. 
Certain optional mutations are shown in red. 
(0021 FIG. 10 shows BMP3A propeptide-Murine IgG2a 
peptide Fc fusion protein (“BMP3 pro-Mulg2a) purified 
using Protein A affinity step. Lane 1 indicates molecular 
weight markers, while Lane 2 shows the BMP3-Pro-MuFc 
fusion purified from conditioned media of cells expressing 
BMP3 pro-MulgG2a by Protein A affinity purification. 
(0022 FIG. 11 shows that BMP3 pro-MulgG2a peptide 
binds mature BMP-3. Lane 1: Molecular Weight Markers. 
Lane 2: Control-incubation of protein A beads with condi 
tioned media from 293 cells transfected with vector alone and 
mature BMP-3. Lane 3: Conditioned media from HEK293 
cell expressing BMP3 pro-MulgG2C-peptide incubated with 
BMP-3 and Protein A. 
(0023 FIG. 12 shows binding of purified BMP3 pro 
MulgG2a to mature BMP-3 using BiaCore CM5 chip analy 
sis. Purified BMP3 pro-MulgG2a was coupled onto a Bia 
Core CM5 chip using the amine coupling procedure. Panel A: 
Mature BMP-3 was flowed over the chip. Panel B: Control 
experiment showing that BSA does not bind to BMP3 pro 
MulgG2a Fc. 
0024 FIG. 13 shows that mature BMP-3 binds to Activin 
Receptor Ia (ActRIIa) and BMP3 pro-MuIgG2a Fc competes 
with ActRIIa binding to BMP-3. ActRIIa was immobilized on 
a BiaCore CM5 chip using standard amine coupling proce 
dure. Trace A: Mature BMP-3 (200ug/ml) was injected on the 
ActRIIa coupled chip. Trace B: BMP3 pro-MulgG2a Fc (100 
ug/ml) was injected onto the ActRIIa chip (no binding). Trace 
C: Mature BMP-3 (200ug/ml) and BMP3 pro-MulgG2a (100 
ug/ml)) were premixed and injected onto the ActRIIa coupled 
chip. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Overview 

0025. The present invention relates to Bone morphoge 
netic protein-3 (BMP-3) propeptides. As used herein, the 
term “BMP-3 refers to the family of bone morphogenetic 
proteins of the type 3, derived from any species. Reference to 
BMP-3 herein is understood to be a reference to any one of the 
currently identified forms, including BMP-3A (also known as 
BMP-3) and BMP-3B (also known as GDF-10), as appropri 
ate from the context. The term “BMP-3 also includes 
polypeptides derived from the sequence of any known BMP-3 
whose mature sequence is at least about 75% homologous 
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with the sequence of a mature BMP-3, and preferably at least 
80%, 85%,90%.95%,97%.99% or greater homology. Mem 
bers of the BMP-3 family are generally encoded as a larger 
precursor, and members of the family share a region of high 
homology near the C-terminus, corresponding generally to 
the mature portion. For example, BMP-3B shares 82% amino 
acid identity with BMP-3A in the mature peptide (mature 
domain), but only 37% in the propeptide. Note that because 
the mature proteins share substantial homology, it is expected 
that the BMP-3A propeptide will bind to either mature pro 
tein. 
0026. A naturally occurring BMP-3 protein is generally 
encoded as a larger precursor that typically contains a signal 
sequence at its N-terminus followed by a dibasic amino acid 
cleavage site and a propeptide, followed by another dibasic 
amino acid cleavage site and a mature domain. Thus, as used 
herein, the term “propeptide' or “prodomain is the portion 
that is N-terminal to the mature domain and C-terminal to the 
signal peptide. Optionally, a BMP-3 propeptide, after cleav 
age, reassociates with its mature peptide covalently or non 
covalently, as in the case of insulin, relaxin, inhibin, activin, 
and TGF-B. The term “BMP-3 propeptide' is used to refer to 
polypeptides comprising any naturally occurring propeptide 
of a BMP-3 family member as well as any variants thereof 
(including mutants, fragments and peptidomimetic forms) 
that retain a useful activity. As used herein, BMP-3 propep 
tides include fragments, functional variants, and modified 
forms (e.g., peptidomimetic forms) of BMP-3 propeptides. A 
“BMP-3 propeptide will not include a full-length mature 
BMP-3 domain, although a BMP-3 propeptide may include 
portions of the mature domain, particularly portions that are 
not fully functional. For example, a BMP-3 propeptide may 
contain fewer than 50, 40, 30, 20, 10 or 5 amino acids of its 
cognate mature domain. Functional variants of a BMP-3 
propeptide may be characterized by, for example, binding to 
mature BMP-3 protein and/or the ability to competitively 
inhibit the binding of BMP-3 to a type II receptor, such as 
ActRIIa. 

0027. BMP-3A and BMP-3B together represent a unique 
subgroup of the BMP family. In osteoblasts, BMP-3A and 3B 
have been shown to antagonize the BMP-2 activity (Hino et 
al., 2004, Front Biosci., 9:1520-9: Daluiskietal, 2001, Nature 
Genetics, 27:84-88). BMP-2 is known to promote bone for 
mation and mineralization: BMP-2 is reported to stimulate 
osteoblasts and is also reported to promote the production of 
osteoblasts from progenitor cells. While not wishing to be 
bound to any particular mechanism, it is expected that a 
BMP-3 propeptide promotes bone growth (meaning 
increased bone density, Volume or other appropriate metric) 
by antagonizing the mature BMP-3, thus dis-inhibiting one or 
more BMP-2 functions. BMP-3 may also have independent 
effects, perhaps stimulating osteoclasts, and thus causing 
increased bone resorbtion. The sequences of BMP-3A and 
BMP-3B precursor proteins (i.e., signal peptide, propeptide, 
and mature peptide) are illustrated in FIG. 3 and FIG. 4. 
respectively. 
0028. As described in the working examples, Applicants 
have demonstrated that a BMP-3 propeptide (e.g., a BMP-3 
Fc fusion protein) binds to mature BMP-3A and competes 
with mature BMP-3A for binding to the Activin Receptor IIa 
(ActRIIa). Accordingly, in certain embodiments, composi 
tions and methods of the present invention are useful for 
inhibiting interaction between mature BMP-3A and ActRIIa. 
In further embodiments, compositions and methods of the 
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present invention are useful for inhibiting any signaling medi 
ated by interaction between mature BMP-3A and ActRIIa. 
0029. The terms used in this specification generally have 
their ordinary meanings in the art, within the context of this 
invention and in the specific context where each term is used. 
Certain terms are discussed below or elsewhere in the speci 
fication, to provide additional guidance to the practitioner in 
describing the compositions and methods of the invention and 
how to make and use them. The scope or meaning of any use 
of a term will be apparent from the specific context in which 
the term is used. 

0030. About and “approximately' shall generally mean 
an acceptable degree of error for the quantity measured given 
the nature or precision of the measurements. Typically, exem 
plary degrees of error are within 20 percent (%), preferably 
within 10%, and more preferably within 5% of a given value 
or range of values. 
0031. Alternatively, and particularly in biological sys 
tems, the terms “about' and “approximately may mean val 
ues that are within an order of magnitude, preferably within 
5-fold and more preferably within 2-fold of a given value. 
Numerical quantities given herein are approximate unless 
stated otherwise, meaning that the term “about' or “approxi 
mately” can be inferred when not expressly stated. 
0032. The terms “bone loss” and “bone growth” are used 
herein to refer to changes (decreases or increases, respec 
tively) in size or density of bone measured in any way, Such as 
changes in bone Volume, density or mineralization. For 
example, these characteristics may be assessed in terms of 
rates of loss or growth or in terms of Snapshot (single time 
point) or equilibrium comparisons. 
0033. The disclosure may refer to the comparison of 
sequences to each other, including the comparison of wild 
type sequence to one or more mutants/sequence variants. 
Such comparisons typically comprise alignments of polymer 
sequences, e.g., using sequence alignment programs and/or 
algorithms that are well known in the art (for example, 
BLAST, FASTA and MEGALIGN, to name a few). The 
skilled artisan can readily appreciate that, in Such alignments, 
where a mutation contains a residue insertion or deletion, the 
sequence alignment will introduce a 'gap' (typically repre 
sented by a dash, or 'A') in the polymer sequence not con 
taining the inserted or deleted residue. 
0034) “Homologous.” in all its grammatical forms and 
spelling variations, refers to the relationship between two 
proteins that possess a "common evolutionary origin.” 
including proteins from Superfamilies in the same species of 
organism, as well as homologous proteins from different 
species of organism. Such proteins (and their encoding 
nucleic acids) have sequence homology, as reflected by their 
sequence similarity, whether interms of percent identity or by 
the presence of specific residues or motifs and conserved 
positions. 
0035. The term “sequence similarity in all its grammati 
cal forms, refers to the degree of identity or correspondence 
between nucleic acid or amino acid sequences that may or 
may not share a common evolutionary origin. 
0036) However, in common usage and in the instant appli 
cation, the term “homologous, when modified with an 
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adverb Such as “highly may refer to sequence similarity and 
may or may not relate to a common evolutionary origin. 

2. BMP-3 Propeptides 

0037. In certain aspects, the invention relates to BMP-3 
propeptides. Preferably, these fragments, functional variants, 
and modified forms have biological activities that are similar 
to or the same as that of their corresponding wild-type BMP-3 
propeptides. For example, a BMP-3 propeptide of the inven 
tion binds to and inhibits a function of a mature BMP-3 
protein. In certain cases, the BMP-3 propeptide inhibits the 
interaction between a mature BMP-3 polypeptide and an 
ActRIIa polypeptide. In other cases, the BMP-3 propeptide 
inhibits any signaling mediated by interaction between a 
mature BMP-3 polypeptide and an ActRIIa polypeptide. 
Optionally, a BMP-3 propeptide derepresses or increases 
bone growth. 
0038 Examples of BMP-3 propeptides include a BMP 
3A propeptide (SEQ ID NO: 1) and a BMP-3B propeptide 
(SEQ ID NO: 2). Although the BMP-3A and 3B propeptides 
are only distantly similar in amino acid sequence, each binds 
to a mature polypeptide of similar sequence, and accordingly 
it is expected that BMP-3B propeptide binds BMP-3A and 
Vice versa. 

0039. In one specific example, human BMP-3A cDNA 
(SEQID NO:7, FIG. 7) encodes a 472-amino acid precursor 
protein (SEQ ID NO:3, FIG. 3). Cleavage of the BMP-3A 
precursor protein at a putative polybasic proteolytic cleavage 
site (residues 357-362 of SEQID NO:3) generates a mature 
BMP-3A protein consisting of 110 amino acids (FIG. 3) and 
a BMP-3A propeptide consisting of 340 amino acids (FIGS. 
1 and 3, SEQ ID NO: 1). The BMP-3A propeptide contains 
potential glycosylation sites (FIG.3). See, e.g., WoZney et al., 
1988, Science. 242:1528-34. 
0040. In anotherspecific example, human BMP-3B cDNA 
(SEQID NO: 8, FIG. 8) encodes a 478-amino acid precursor 
protein. Cleavage of the BMP-3B precursor protein at a puta 
tive polybasic proteolytic cleavage site (residues 364-368 of 
SEQID NO: 4) generates a mature BMP-3B protein consist 
ing of 110 amino acids and a BMP-3B propeptide consisting 
of 335 amino acids (FIGS. 2 and 4, SEQID NO: 2). Both the 
BMP-3B propeptide and the BMP-3B mature peptide contain 
potential glycosylation sites (FIG. 4). See, e.g., Hino et al., 
1996, Biochem. Biophys. Res. Commun. 223 (2), 304-310. 
0041. In certain embodiments, isolated fragments of the 
BMP-3 propeptides can be obtained by screening polypep 
tides recombinantly produced from the corresponding frag 
ment of the nucleic acid encoding a BMP-3 propeptide (e.g., 
SEQID NO: 1 or 2). In addition, fragments can be chemically 
synthesized using techniques known in the art Such as con 
ventional Merrifield solid phase f-Moc or t-Boc chemistry. 
The fragments can be produced (recombinantly or by chemi 
cal synthesis) and tested to identify those peptidyl fragments 
that can function to stimulate bone growth, for example, as 
antagonists of the BMP-3 activity or as activator of BMP-2 
activity. 
0042. In certain embodiments, a functional variant of the 
BMP-3 propeptides has an amino acid sequence that is at least 
75% identical to an amino acid sequence as set forth in SEQ 
ID NO: 1 or 2. In certain cases, the functional variant has an 
amino acid sequence at least 80%, 85%, 90%, 95%, 97%, 
98%, 99% or 100% identical to an amino acid sequence as set 
forth in SEQIDNO: 1 or 2. Preferably such variants retain the 
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ability to bind to mature BMP-3 and/or competitively inhibit 
the binding of BMP-3 to a type II receptor. 
0043. In certain embodiments, the present invention con 
templates making functional variants by modifying the struc 
ture of a BMP-3 propeptide. Such modifications may be 
made, for example, for Such purposes as enhancing therapeu 
tic efficacy, or stability (e.g., ex vivo shelflife and resistance 
to proteolytic degradation in vivo). Such modified BMP-3 
propeptides when designed to retain at least one activity of the 
naturally-occurring form of the BMP-3 propeptides, are con 
sidered functional equivalents of the naturally-occurring 
propeptides. Modified BMP-3 propeptides can also be pro 
duced, for instance, by amino acid Substitution, deletion, or 
addition. For instance, it is reasonable to expect that an iso 
lated replacement of a leucine with an isoleucine or valine, an 
aspartate with a glutamate, a threonine with a serine, or a 
similar replacement of an amino acid with a structurally 
related amino acid (e.g., conservative mutations) will not 
have a major effect on the biological activity of the resulting 
molecule. Conservative replacements are those that take 
place within a family of amino acids that are related in their 
side chains. Whether a change in the amino acid sequence of 
a BMP-3 propeptide results in a functional homolog can be 
readily determined by assessing the ability of the variant 
propeptide to produce a response in cells in a fashion similar 
to the wild-type propeptide. 
0044. In certain embodiments, the present invention con 
templates making mutations in the proteolytic cleavage site of 
the BMP-3 propeptide sequence to make the site less suscep 
tible to proteolytic cleavage. Computer analysis (using a 
commercially available Software, e.g., MacVector, Omega, 
PCGene, Molecular Simulation, Inc.) can be used to identify 
proteolytic cleavage sites. As will be recognized by one of 
skill in the art, most of the described mutations, variants or 
modifications may be made at the nucleic acid level or, in 
Some cases, by post translational modification or chemical 
synthesis. Such techniques are well known in the art. 
0045. In certain embodiments, the present invention con 
templates specific mutations of the BMP-3 propeptide 
sequences so as to alter the glycosylation of the polypeptide. 
Such mutations may be selected so as to introduce or elimi 
nate one or more glycosylation sites, such as O-linked or 
N-linked glycosylation sites. Asparagine-linked glycosyla 
tion recognition sites generally comprise a tripeptide 
sequence, asparagine-X-threonine (where “X” is any amino 
acid) which are specifically recognized by appropriate cellu 
lar glycosylation enzymes. 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 BMP-3 
propeptide (for O-linked glycosylation sites). A variety of 
amino acid substitutions or deletions at one or both of the first 
or third amino acid positions of a glycosylation recognition 
site (and/oramino acid deletion at the second position) results 
in non-glycosylation at the modified tripeptide sequence. 
Another means of increasing the number of carbohydrate 
moieties on a BMP-3 propeptide is by chemical or enzymatic 
coupling of glycosides to the BMP-3 propeptide. Depending 
on the coupling mode used, the Sugar(s) may be attached to (a) 
arginine and histidine; (b) free carboxyl groups; (c) free Sulf 
hydryl 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 Sep. 
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11, 1987, and in Aplin and Wriston (1981) CRC Crit. Rev. 
Biochem., pp. 259-306, incorporated by reference herein. 
Removal of one or more carbohydrate moieties present on a 
BMP-3 propeptide may be accomplished chemically and/or 
enzymatically. Chemical deglycosylation may involve, for 
example, exposure of the BMP-3 propeptide to the compound 
trifluoromethanesulfonic acid, or an equivalent compound. 
This treatment results in the cleavage of most or all Sugars 
except the linking Sugar (N-acetylglucosamine or N-acetyl 
galactosamine), while leaving the amino acid sequence 
intact. Chemical deglycosylation is further described by 
Hakimuddin et al. (1987) Arch. Biochem. Biophys. 259:52 
and by Edge et al. (1981) Anal. Biochem. 118:131. Enzy 
matic cleavage of carbohydrate moieties on BMP-3 propep 
tides 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. The nucleic acid and/or amino acid 
sequence of a propeptide may be adjusted, as appropriate, 
depending on the type of expression system used, as mam 
malian, yeast, insect and plant cells may all introduce differ 
ing glycosylation patterns that can be affected by the amino 
acid sequence of the peptide. 
0046. This disclosure further contemplates a method of 
generating mutants, particularly sets of combinatorial 
mutants of the BMP-3 propeptide, as well as truncation 
mutants; pools of combinatorial mutants are especially useful 
for identifying functional variant sequences. The purpose of 
screening such combinatorial libraries may be to generate, for 
example, BMP-3 propeptide variants which can act as either 
agonists or antagonist, or alternatively, which possess novel 
activities all together. A variety of Screening assays are pro 
vided below, and Such assays may be used to evaluate Vari 
ants. For example, a BMP-3 propeptide variant may be 
screened for ability to bind to a mature BMP-3 polypeptide, 
or for the ability to prevent binding of a mature BMP-3 to a 
cell expressing a BMP-3 receptor, such as an ActRII. The 
activity of a BMP-3 may also be tested in a cell-based or in 
vivo assay. For example, the effect of a BMP-3 propeptide on 
the expression of genes involved in bone production in an 
osteoblast or precursor may be assessed. This may, as needed, 
be performed in the presence of recombinant BMP-3 and/or 
BMP-2, and cells may be transfected so as to produce any of 
BMP-2, BMP-3 and the subject BMP-3 propeptide variant. 
Likewise, a BMP-3 propeptide may be administered to a 
mouse or other animal, and one or more bone properties. Such 
as density or Volume may be assessed. The healing rate for 
bone fractures may also be evaluated. 
0047 Combinatorially-derived variants can be generated 
which have a selective potency relative to a naturally occur 
ring BMP-3 propeptide. Such variant proteins, when 
expressed from recombinant DNA constructs, can be used in 
gene therapy protocols. Likewise, mutagenesis can give rise 
to variants which have intracellular half-lives dramatically 
different than the corresponding wild-type propeptide. For 
example, the altered protein can be rendered either more 
stable or less stable to proteolytic degradation or other cellu 
lar process which result in destruction of, or otherwise inac 
tivation of a native BMP-3 propeptide. Such variants, and the 
genes which encode them, can be utilized to alter BMP-3 
propeptide levels by modulating the half-life of the propep 
tide. For instance, a short half-life can give rise to more 
transient biological effects and, when part of an inducible 
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expression system or scheduled dosing regimen, can allow 
tighter control of recombinant BMP-3 propeptide levels in the 
treated subject. 
0048. In a preferred embodiment, the combinatorial 
library is produced by way of a degenerate library of genes 
encoding a library of polypeptides which each include at least 
a portion of potential BMP-3 propeptide sequences. For 
instance, a mixture of synthetic oligonucleotides can be enzy 
matically ligated into gene sequences such that the degener 
ate set of potential BMP-3 propeptide nucleotide sequences 
are expressible as individual polypeptides, or alternatively, as 
a set of larger fusion proteins (e.g., for phage display). 
0049. There are many ways by which the library of poten 

tial homologs can be generated from a degenerate oligonucle 
otide sequence. Chemical synthesis of a degenerate gene 
sequence can be carried out in an automatic DNA synthesizer, 
and the synthetic genes then be ligated into an appropriate 
vector for expression. The synthesis of degenerate oligo 
nucleotides is well known in the art (see for example, Narang, 
SA (1983) Tetrahedron 39:3: Itakura et al., (1981) Recombi 
nant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, 
ed. AG Walton, Amsterdam: Elsevier pp. 273-289; Itakura et 
al., (1984) Annu. Rev. Biochem. 53:323: Itakura et al., (1984) 
Science 198: 1056; Ike et al., (1983) Nucleic Acid Res. 
11:477). Such techniques have been employed in the directed 
evolution of other proteins (see, for example, Scott et al., 
(1990) Science 249:386-390; Roberts et al., (1992) PNAS 
USA 89:2429-2433: Devlin et al., (1990) Science 249:404 
406; Cwirla et al., (1990) PNAS USA87: 6378-6382; as well 
as U.S. Pat. Nos. 5,223,409, 5,198.346, and 5,096,815). 
0050 Alternatively, other forms of mutagenesis can be 
utilized to generate a combinatorial library. For example, 
BMP-3 propeptide variants (both agonist and antagonist 
forms) can be generated and isolated from a library by Screen 
ing using, for example, alanine Scanning mutagenesis and the 
like (Rufetal., (1994) Biochemistry 33:1565-1572; Wang et 
al., (1994).J. Biol. Chem. 269:3095-3099: Balintet al., (1993) 
Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem. 
218:597-601; Nagashima et al., (1993) J. Biol. Chem. 268: 
2888-2892; Lowman et al., (1991) Biochemistry 30:10832 
10838; and Cunningham et al., (1989) Science 244: 1081 
1085), by linker scanning mutagenesis (Gustin et al., (1993) 
Virology 193:653-660; Brown et al., (1992) Mol. Cell. Biol. 
12:2644-2652; McKnight et al., (1982) Science 232:316); by 
saturation mutagenesis (Meyers et al., (1986) Science 232: 
613); by PCR mutagenesis (Leung et al., (1989) Method Cell 
Mol Biol 1:11-19); or by random mutagenesis, including 
chemical mutagenesis, etc. (Miller et al., (1992) A Short 
Course in Bacterial Genetics, CSHL Press, Cold Spring Har 
bor, N.Y.; and Greener et al., (1994) Strategies in Mol Biol 
7:32-34). Linker Scanning mutagenesis, particularly in a 
combinatorial setting, is an attractive method for identifying 
truncated (bioactive) forms of BMP-3 propeptides. 
0051. A wide range of techniques are known in the art for 
screening gene products of combinatorial libraries made by 
point mutations and truncations, and, for that matter, for 
screening cDNA libraries for gene products having a certain 
property. Such techniques will be generally adaptable for 
rapid screening of the gene libraries generated by the combi 
natorial mutagenesis of BMP-3 propeptides. The most widely 
used techniques for screening large gene libraries typically 
comprises cloning the gene library into replicable expression 
vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes 
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under conditions in which detection of a desired activity 
facilitates relatively easy isolation of the vector encoding the 
gene whose product was detected. Each of the illustrative 
assays described below are amenable to high through-put 
analysis as necessary to Screen large numbers of degenerate 
sequences created by combinatorial mutagenesis techniques. 
0052. In certain embodiments, the BMP-3 propeptides of 
the present invention include peptidomimetics. As used 
herein, the term "peptidomimetic' includes chemically modi 
fied peptides and peptide-like molecules that contain non 
naturally occurring amino acids, peptoids, and the like. Pep 
tidomimetics provide various advantages over a peptide, 
including enhanced Stability when administered to a Subject. 
Methods for identifying a peptidomimetic are well known in 
the art and include the screening of databases that contain 
libraries of potential peptidomimetics. For example, the 
Cambridge Structural Database contains a collection of 
greater than 300,000 compounds that have known crystal 
structures (Allen et al., Acta Crystallogr. Section B, 35:2331 
(1979)). Where no crystal structure of a target molecule is 
available, a structure can be generated using, for example, the 
program CONCORD (Rusinko et al., J. Chem. Inf. Comput. 
Sci. 29:251 (1989)). Another database, the Available Chemi 
cals Directory (Molecular Design Limited, Informations Sys 
tems; San Leandro Calif.), contains about 100,000 com 
pounds that are commercially available and also can be 
searched to identify potential peptidomimetics of the BMP-3 
propeptides. 
0053 To illustrate, by employing scanning mutagenesis to 
map the amino acid residues of a BMP-3 propeptide which 
are involved in binding to another protein, peptidomimetic 
compounds can be generated which mimic those residues 
involved in binding. For instance, non-hydrolyzable peptide 
analogs of Such residues can be generated using benzodiaz 
epine (e.g., see Freidinger et al., in Peptides: Chemistry and 
Biology, G. R. Marshall ed., ESCOM Publisher: Leiden, 
Netherlands, 1988), azepine (e.g., see Huffman et al., in Pep 
tides: Chemistry and Biology, G. R. Marshall ed., ESCOM 
Publisher: Leiden, Netherlands, 1988), substituted gamma 
lactam rings (Garvey et al., in Peptides: Chemistry and Biol 
ogy, G. R. Marshall ed., ESCOM Publisher: Leiden, Nether 
lands, 1988), keto-methylene pseudopeptides (Ewenson et 
al., (1986) J. Med. Chem. 29:295; and Ewenson et al., in 
Peptides: Structure and Function (Proceedings of the 9th 
American Peptide Symposium) Pierce Chemical Co. Rock 
land, Ill., 1985), b-turn dipeptide cores (Nagai et al., (1985) 
Tetrahedron Lett 26:647; and Sato et al., (1986) J Chem Soc 
Perkin Trans 1:1231), and b-aminoalcohols (Gordon et al., 
(1985) Biochem Biophys Res Commun 126:419; and Dannet 
al., (1986) Biochem Biophy's Res Commun 134:71). 
0054. In certain embodiments, the BMP-3 propeptides of 
the invention may further comprise post-translational modi 
fications in addition to any that are naturally present in the 
propeptide. Such modifications include, but are not limited to, 
acetylation, carboxylation, glycosylation, phosphorylation, 
lipidation, and acylation. As a result, the modified BMP-3 
propeptides may contain non-amino acid elements, such as 
polyethylene glycols, lipids, poly- or mono-saccharide, and 
phosphates. Effects of Such non-amino acid elements on the 
functionality of a BMP-3 propeptide may be tested as 
described herein for other BMP-3 propeptide variants. When 
a BMP-3 propeptide is produced in cells by cleaving a nascent 
form of the BMP-3 protein, post-translational processing 
may also be important for correct folding and/or function of 
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the protein. Different cells (such as CHO, HeLa, MDCK, 293, 
WI38, NIH-3T3 or HEK293) have specific cellular machin 
ery and characteristic mechanisms for Such post-translational 
activities and may be chosen to ensure the correct modifica 
tion and processing of the BMP-3 protein into a BMP-3 
propeptide. 
0055. In certain aspects, functional variants or modified 
forms of the BMP-3 propeptides include fusion proteins hav 
ing at least a portion of the BMP-3 propeptides and one or 
more fusion domains. Well known examples of such fusion 
domains include, but are not limited to, polyhistidine, Glu 
Glu, glutathione S transferase (GST), thioredoxin, protein A, 
protein G, an immunoglobulin heavy chain constant region 
(Fc), maltose binding protein (MBP), or human serum albu 
min. A fusion domain may be selected so as to confer a 
desired property. For example, some fusion domains are par 
ticularly useful for isolation of the fusion proteins by affinity 
chromatography. For the purpose of affinity purification, rel 
evant matrices for affinity chromatography, such as glu 
tathione-, amylase-, and nickel- or cobalt-conjugated resins 
are used. Many of such matrices are available in “kit' form, 
such as the Pharmacia GST purification system and the 
QIAexpressTM system (Qiagen) useful with (HIS) fusion 
partners. As another example, a fusion domain may be 
selected so as to facilitate detection of the BMP3 propeptide. 
Examples of such detection domains include the various fluo 
rescent proteins (e.g., GFP) as well as “epitope tags, which 
are usually short peptide sequences for which a specific anti 
body is available. Well known epitope tags for which specific 
monoclonal antibodies are readily available include FLAG, 
influenza virus hemagglutinin (HA), and c-myc tags. In some 
cases, the fusion domains have a protease cleavage site. Such 
as for Factor Xa or Thrombin, which allows the relevant 
protease to partially digest the fusion proteins and thereby 
liberate the recombinant proteins therefrom. The liberated 
proteins can then be isolated from the fusion domain by 
Subsequent chromatographic separation. In certain preferred 
embodiments, a BMP-3 propeptide is fused with a domain 
that stabilizes the propeptide in vivo (a "stabilizer” domain). 
By "stabilizing” is meant anything that increases serum half 
life, regardless of whether this is because of decreased 
destruction, decreased clearance by the kidney, or other phar 
macokinetic effect. Fusions with the Fc portion of an immu 
noglobulin are known to confer desirable pharmacokinetic 
properties on a wide range of proteins. In addition, Fc fusions 
tend to dimerize, providing a dimeric BMP-3 propeptide. 
Likewise, fusions to human serum albumin can confer desir 
able properties. Other types of fusion domains that may be 
selected include multimerizing (e.g., dimerizing, tetrameriZ 
ing) domains and functional domains (that confer an addi 
tional biological function, Such as further stimulation of bone 
growth). 
0056. It is understood that different elements of the fusion 
proteins may be arranged in any manner that is consistent 
with the desired functionality. For example, a BMP-3 propep 
tide may be placed C-terminal to a heterologous domain, or, 
alternatively, a heterologous domain may be placed C-termi 
nal to a BMP-3 propeptide. The propeptide domain and the 
heterologous domain need not be adjacent in a fusion protein, 
and additional domains or amino acid sequences may be 
included C- or N-terminal to either domain or between the 
domains. 

0057. In certain embodiments, the BMP-3 propeptides of 
the present invention contain one or more modifications that 
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are capable of stabilizing the BMP-3 propeptides. For 
example, such modifications enhance the in vitro half life of 
the propeptides, enhance circulatory half life of the propep 
tides or reducing proteolytic degradation of the propeptides. 
Such stabilizing modifications include, but are not limited to, 
fusion proteins (including, for example, fusion proteins com 
prising a BMP-3 propeptide and a stabilizer domain), modi 
fications of a glycosylation site (including, for example, addi 
tion of a glycosylation site to a BMP-3 propeptide), and 
modifications of carbohydrate moiety (including, for 
example, removal of carbohydrate moieties from a BMP-3 
propeptide). In the case of fusion proteins, a BMP-3 propep 
tide is fused to a stabilizer domain Such as an IgG molecule 
(e.g., an Fc domain). As used herein, the term 'stabilizer 
domain not only refers to a fusion domain (e.g., Fc) as in the 
case of fusion proteins, but also includes nonproteinaceous 
modifications such as a carbohydrate moiety, or nonproteina 
ceous polymer, such as polyethylene glycol (PEG). PEG may 
be affixed to BMP-3 propeptides in a variety of sizes, ranging 
from 1000D to 50,000D or more molecular weight polymers. 
PEG polymers may be affixed to propeptides in a selective, 
residue specific manner, particularly when directed against 
the N-terminal amine or an engineered cysteine. PEG poly 
mers may also be affixed in a relatively uncontrolled reaction, 
in which primary amines and/or Sulfhydryl groups may be 
reacted. The stoichiometry may range from 1:1 (PEG: 
Propeptide) to 2:1 and higher. 
0058. In certain embodiments, the BMP-3 propeptide is 
fused with an immunoglobulin Fc domain. In a preferred 
embodiment, the Fc domain is an IgG1 Fc fragment. An IgG1 
Fc fragment may include various alterations, including, for 
example, mutations that reduce binding to Fcy Receptor and 
mutations that decreased binding to MHC class I-related Fc 
receptor (FcRN). Examples of mutations include mutations 
in the an Fc portion at positions 265 (Asp to Ala), 322 (Lys to 
Ala), and 434 (ASn to Ala). An example of an Fc sequence is 
shown in FIG. 9. 

0059. In certain embodiments, the present invention 
makes available isolated and/or purified forms of the BMP-3 
propeptides, which are isolated from, or otherwise Substan 
tially free of other proteins. 
0060. In certain embodiments, BMP-3 propeptides (un 
modified or modified) of the invention can be produced by a 
variety of art-recognized techniques. For example, Such 
BMP-3 propeptides can be synthesized using standard pro 
tein chemistry techniques such as those described in Bodan 
sky, 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). In addition, automated peptide synthesizers are com 
mercially available (e.g., Advanced ChemTech Model 396; 
Milligen/Biosearch 9600). Alternatively, the BMP-3 propep 
tides, fragments or variants thereof may be recombinantly 
produced using various expression systems (e.g., E. coli, 
Chinese Hamster Ovary cells, COS cells, baculovirus) as is 
well known in the art (also see below). In a further embodi 
ment, the modified or unmodified BMP-3 propeptides may be 
produced by digestion of naturally occurring or recombi 
nantly produced BMP-3 by 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. Alterna 
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tively, Such propeptides may be produced from naturally 
occurring or recombinantly produced BMP-3 such as stan 
dard techniques known in the art, Such as by chemical cleav 
age (e.g., cyanogen bromide, hydroxylamine). 
0061. In certain embodiments, the present invention con 
templates making mutations in the proteolytic cleavage site of 
the BMP-3 sequence to make the site less susceptible to 
proteolytic cleavage. The result is a BMP-3 polypeptide con 
taining both propeptide and mature portion, which may be 
useful as a BMP-3 antagonist. More preferably, the mature 
portion is engineered with a stop codon, such that the BMP-3 
propeptide is produced with some portion of the mature pep 
tide attached. In one specific embodiment, a mutant may 
contain a point mutation at amino acids 357, 358, 359, 360, 
361 or 362 of SEQID NO:3, oratamino acids 335,336,337, 
338,339 or 340 of SEQID NO: 1. In another specific embodi 
ment, such mutant may contain a point mutation at amino 
acids 364,365,366,367 or 368 of SEQIDNO: 4, or atamino 
acids 331, 332, 333,334 or 335 of SEQID NO: 2. 

3. Nucleic Acids Encoding BMP-3 Propeptides 
0062. In certain aspects, the invention provides isolated 
and/or recombinant nucleic acids encoding any of the BMP-3 
propeptides, including functional variants, disclosed herein. 
For example, SEQID NOs: 5 and 6 encode BMP-3 propep 
tides. The Subject nucleic acids may be single-stranded or 
double stranded. Such nucleic acids may be DNA or RNA 
molecules. These nucleic acids are may be used, for example, 
in methods for making BMP-3 propeptides or as direct thera 
peutic agents (e.g., in a gene therapy approach). 
0063. The subject nucleic acids encoding BMP-3 propep 
tides are further understood to include nucleic acids that are 
variants of SEQ ID NOs: 5 and 6. Variant nucleotide 
sequences include sequences that differ by one or more nucle 
otide Substitutions, additions or deletions, such as allelic vari 
ants; and will, therefore, include coding sequences that differ 
from the nucleotide sequence of the coding sequence desig 
nated in SEQID NOs: 5 and 6. 
0064. In certain embodiments, the invention provides iso 
lated or recombinant nucleic acid sequences that are at least 
80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to 
SEQ ID NO: 5 or 6. One of ordinary skill in the art will 
appreciate that nucleic acid sequences complementary to 
SEQID NO:5 or 6, and variants of SEQID NO:5 or 6 are also 
within the scope of this invention. In further embodiments, 
the nucleic acid sequences of the invention can be isolated, 
recombinant, and/or fused with a heterologous nucleotide 
sequence, or in a DNA library. 
0065. In other embodiments, nucleic acids of the invention 
also include nucleotide sequences that hybridize under highly 
stringent conditions to the nucleotide sequence designated in 
SEQID NO: 5 or 6, complement sequence of SEQID NO: 5 
or 6, or fragments thereof. As discussed above, one of ordi 
nary skill in the art will understand readily that appropriate 
stringency conditions which promote DNA hybridization can 
be varied. One of ordinary skill in the art will understand 
readily that appropriate stringency conditions which promote 
DNA hybridization can be varied. For example, one could 
perform the hybridization at 6.0x sodium chloride/sodium 
citrate (SSC) at about 45° C., followed by a wash of 2.0xSSC 
at 50° C. For example, the salt concentration in the wash step 
can be selected from a low stringency of about 2.0xSSC at 50° 
C. to a high stringency of about 0.2xSSC at 50°C. In addition, 
the temperature in the wash step can be increased from low 
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stringency conditions at room temperature, about 22°C., to 
high stringency conditions at about 65° C. Both temperature 
and salt may be varied, or temperature or salt concentration 
may be held constant while the other variable is changed. In 
one embodiment, the invention provides nucleic acids which 
hybridize under low stringency conditions of 6xSSC at room 
temperature followed by a wash at 2xSSC at room tempera 
ture. 

0.066 Isolated nucleic acids which differ from the nucleic 
acids as set forth in SEQID NOs: 5-6 due to degeneracy in the 
genetic code are also within the scope of the invention. For 
example, a number of amino acids are designated by more 
than one triplet. Codons that specify the same amino acid, or 
synonyms (for example, CAU and CAC are synonyms for 
histidine) may result in “silent mutations which do not affect 
the amino acid sequence of the protein. However, it is 
expected that DNA sequence polymorphisms that do lead to 
changes in the amino acid sequences of the Subject proteins 
will exist among mammalian cells. One skilled in the art will 
appreciate that these variations in one or more nucleotides (up 
to about 3-5% of the nucleotides) of the nucleic acids encod 
ing a particular protein may exist among individuals of a 
given species due to natural allelic variation. Any and all Such 
nucleotide variations and resulting amino acid polymor 
phisms are within the scope of this invention. 
0067. In certain embodiments, the recombinant nucleic 
acids of the invention may be operably linked to one or more 
regulatory nucleotide sequences in an expression construct. 
Regulatory nucleotide sequences will generally be appropri 
ate to the host cell used for expression. Numerous types of 
appropriate expression vectors and Suitable regulatory 
sequences are known in the art for a variety of host cells. 
Typically, said one or more regulatory nucleotide sequences 
may include, but are not limited to, promoter sequences, 
leader or signal sequences, ribosomal binding sites, transcrip 
tional start and termination sequences, translational start and 
termination sequences, and enhancer or activator sequences. 
Constitutive or inducible promoters as known in the art are 
contemplated by the invention. The promoters may be either 
naturally occurring promoters, or hybrid promoters that com 
bine elements of more than one promoter. An expression 
construct may be present in a cell on an episome, such as a 
plasmid, or the expression construct may be inserted in a 
chromosome. In a preferred embodiment, the expression vec 
tor contains a selectable marker gene to allow the selection of 
transformed host cells. Selectable marker genes are well 
known in the art and will vary with the host cell used. 
0068. In certain aspects of the invention, the subject 
nucleic acid is provided in an expression vector comprising a 
nucleotide sequence encoding a BMP-3 propeptide and oper 
ably linked to at least one regulatory sequence. Regulatory 
sequences are art-recognized and are selected to direct 
expression of the BMP-3 propeptide. Accordingly, the term 
regulatory sequence includes promoters, enhancers, and 
other expression control elements. Exemplary regulatory 
sequences are described in Goeddel; Gene Expression Tech 
nology. Methods in Enzymology, Academic Press, San Diego, 
Calif. (1990). For instance, any of a wide variety of expres 
sion control sequences that control the expression of a DNA 
sequence when operatively linked to it may be used in these 
vectors to express DNA sequences encoding a BMP-3 
propeptide. Such useful expression control sequences, 
include, for example, the early and late promoters of SV40. 
tet promoter, adenovirus or cytomegalovirus immediate early 
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promoter, RSV promoters, the lac system, the trp system, the 
TAC or TRC system, T7 promoter whose expression is 
directed by T7 RNA polymerase, the major operator and 
promoter regions of phage lambda, the control regions for fa 
coat protein, the promoter for 3-phosphoglycerate kinase or 
other glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast C.-mating factors, the 
polyhedron promoter of the baculovirus system and other 
sequences known to control the expression of genes of 
prokaryotic or eukaryotic cells or their viruses, and various 
combinations thereof. It should be understood that the design 
of the expression vector may depend on Such factors as the 
choice of the host cell to be transformed and/or the type of 
protein desired to be expressed. Moreover, the vector's copy 
number, the ability to control that copy number and the 
expression of any other protein encoded by the vector, such as 
antibiotic markers, should also be considered. 
0069. A recombinant nucleic acid of the invention can be 
produced by ligating the cloned gene, or a portion thereof, 
into a vector suitable for expression in either prokaryotic 
cells, eukaryotic cells (yeast, avian, insector mammalian), or 
both. Expression vehicles for production of a recombinant 
BMP-3 propeptides include plasmids and other vectors. For 
instance, Suitable vectors include plasmids of the types: 
pBR322-derived plasmids, pFMBL-derived plasmids, pFX 
derived plasmids, pFBTac-derived plasmids and puC-derived 
plasmids for expression in prokaryotic cells, such as E. coli. 
0070. Some mammalian expression vectors contain both 
prokaryotic sequences to facilitate the propagation of the 
vector in bacteria, and one or more eukaryotic transcription 
units that are expressed in eukaryotic cells. The pcDNAI/ 
amp, pcDNAI/neo, pRc/CMV, pSV2gpt, pSV2neo, pSV2 
dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg 
derived vectors are examples of mammalian expression vec 
tors suitable for transfection of eukaryotic cells. Some of 
these vectors are modified with sequences from bacterial 
plasmids, such as pBR322, to facilitate replication and drug 
resistance selection in both prokaryotic and eukaryotic cells. 
Alternatively, derivatives of viruses such as the bovine pap 
illoma virus (BPV-1), or Epstein-Barr virus (pHEBo, pREP 
derived and p205) can be used for transient expression of 
proteins in eukaryotic cells. Examples of other viral (includ 
ing retroviral) expression systems can be found below in the 
description of gene therapy delivery systems. The various 
methods employed in the preparation of the plasmids and 
transformation of host organisms are well known in the art. 
For other suitable expression systems for both prokaryotic 
and eukaryotic cells, as well as general recombinant proce 
dures, see Molecular Cloning A Laboratory Manual, 2nd Ed., 
ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor 
Laboratory Press, 1989) Chapters 16 and 17. In some 
instances, it may be desirable to express the recombinant 
SLC5A8 polypeptide by the use of a baculovirus expression 
system. Examples of Such baculovirus expression systems 
include pVL-derived vectors (such as pVL 1392, pVL 1393 
and pVL941), p AcOW-derived vectors (such as pacUW1), 
and pBlueBac-derived vectors (such as the B-gal containing 
pBlueBac III). 
0071. In a preferred embodiment, a vector will be 
designed for production of a subject BMP-3 propeptide in 
CHO cells, such as a Pemv-Script vector (Stratagene, La 
Jolla, Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.) 
and pCI-neo vectors (Promega, Madison, Wis.). As will be 
apparent, the Subject gene constructs can be used to cause 
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expression of the subject BMP-3 propeptide in cells propa 
gated in culture, e.g., to produce proteins, including fusion 
proteins or variant proteins, for purification. 
0072 This invention also pertains to a host cell transfected 
with a recombinant gene including a coding sequence (e.g., 
SEQ ID NO: 5 or 6) for one or more of the subject BMP-3 
propeptides. The host cell may be any prokaryotic or eukary 
otic cell. For example, a BMP-3 propeptide of the invention 
may be expressed in bacterial cells such as E. coli, insect cells 
(e.g., using a baculovirus expression system), yeast, or mam 
malian cells. Other suitable host cells are known to those 
skilled in the art. 
0073. Accordingly, the present invention further pertains 

to methods of producing the subject BMP-3 propeptides. For 
example, a host cell transfected with an expression vector 
encoding a BMP-3 propeptide can be cultured under appro 
priate conditions to allow expression of the BMP-3 propep 
tide to occur. The BMP-3 propeptide may be secreted and 
isolated from a mixture of cells and medium containing the 
propeptide. Alternatively, the propeptide may be retained 
cytoplasmically or in a membrane fraction and the cells har 
vested, lysed and the protein isolated. A cell culture includes 
host cells, media and other byproducts. Suitable media for 
cell culture are well known in the art. The propeptide can be 
isolated from cell culture medium, host cells, or both using 
techniques known in the art for purifying proteins, including 
ion-exchange chromatography, gel filtration chromatogra 
phy, ultrafiltration, electrophoresis, and immunoaffinity puri 
fication with antibodies specific for particular epitopes of the 
propeptide. In a preferred embodiment, the BMP-3 propep 
tide is a fusion protein containing a domain which facilitates 
its purification. 
0074. In another embodiment, a fusion gene coding for a 
purification leader sequence, Such as a poly-(His)/enteroki 
nase cleavage site sequence at the N-terminus of the desired 
portion of the recombinant BMP-3 propeptide, can allow 
purification of the expressed fusion protein by affinity chro 
matography using a Ni" metal resin. The purification leader 
sequence can then be subsequently removed by treatment 
with enterokinase to provide the purified BMP-3 propeptide 
(e.g., see Hochuli et al., (1987).J. Chromatography 4.11:177; 
and Janknecht et al., PNAS USA 88:8972). 
0075 Techniques for making fusion genes are well 
known. Essentially, the joining of various DNA fragments 
coding for different polypeptide sequences is performed in 
accordance with conventional techniques, employing blunt 
ended or stagger-ended termini for ligation, restriction 
enzyme digestion to provide for appropriate termini, filling-in 
of cohesive ends as appropriate, alkaline phosphatase treat 
ment to avoid undesirable joining, and enzymatic ligation. In 
another embodiment, the fusion gene can be synthesized by 
conventional techniques including automated DNA synthe 
sizers. Alternatively, PCR amplification of gene fragments 
can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene 
fragments which can Subsequently be annealed to generate a 
chimeric gene sequence (see, for example, Current Protocols 
in Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 
1992). 

4. Antibodies 

0076 Another aspect of the invention pertains to antibod 
ies. An antibody that is specifically reactive with a mature 
BMP-3 polypeptide and which binds competitively with the 
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BMP-3 propeptide may be used as a BMP-3 antagonist. For 
example, by using immunogens derived from a BMP-3 
mature peptide, anti-protein/anti-peptide antisera or mono 
clonal antibodies can be made by standard protocols (see, for 
example, Antibodies: A Laboratory Manual ed. by Harlow 
and Lane (Cold Spring Harbor Press: 1988)). A mammal, 
Such as a mouse, a hamster or rabbit can be immunized with 
an immunogenic form of the BMP-3 peptide, an antigenic 
fragment which is capable of eliciting an antibody response, 
or a fusion protein. In a preferred embodiment, the inoculated 
mouse does not express endogenous BMP3, thus facilitating 
the isolation of antibodies that would otherwise be eliminated 
as anti-self antibodies. Techniques for conferring immunoge 
nicity on a protein or peptide include conjugation to carriers 
or other techniques well known in the art. An immunogenic 
portion of a BMP-3 peptide can be administered in the pres 
ence of adjuvant. The progress of immunization can be moni 
tored by detection of antibody titers in plasma or serum. 
Standard ELISA or other immunoassays can be used with the 
immunogen as antigen to assess the levels of antibodies. 
0077. Following immunization of an animal with an anti 
genic preparation of a BMP-3, antisera can be obtained and, 
if desired, polyclonal antibodies can be isolated from the 
serum. To produce monoclonal antibodies, antibody-produc 
ing cells (lymphocytes) can be harvested from an immunized 
animal and fused by standard somatic cell fusion procedures 
with immortalizing cells such as myeloma cells to yield 
hybridoma cells. Such techniques are well known in the art, 
and include, for example, the hybridoma technique (origi 
nally developed by Kohler and Milstein, (1975) Nature, 256: 
495-497), the human B cell hybridoma technique (Kozbaret 
al., (1983) Immunology Today, 4: 72), and the EBV-hybri 
doma technique to produce human monoclonal antibodies 
(Cole et al., (1985) Monoclonal Antibodies and Cancer 
Therapy, Alan R. Liss, Inc. pp. 77-96). Hybridoma cells can 
be screened immunochemically for production of antibodies 
specifically reactive with BMP-3 and monoclonal antibodies 
isolated from a culture comprising Such hybridoma cells. 
(0078. The term “antibody” as used herein is intended to 
include fragments thereof which are also specifically reactive 
with a subject BMP-3 peptide. Antibodies can be fragmented 
using conventional techniques and the fragments screened for 
utility in the same manner as described above for whole 
antibodies. For example, F(ab) fragments can be generated 
by treating antibody with pepsin. The resulting F(ab) frag 
ment can be treated to reduce disulfide bridges to produce Fab 
fragments. The antibody of the present invention is further 
intended to include bispecific, single-chain, and chimeric and 
humanized molecules having affinity for a BMP-3 peptide 
conferred by at least one CDR region of the antibody. In 
preferred embodiments, the antibody further comprises a 
label attached thereto and able to be detected (e.g., the label 
can be a radioisotope, fluorescent compound, enzyme or 
enzyme co-factor). 
0079. In certain preferred embodiments, an antibody of 
the invention is a monoclonal antibody, and in certain 
embodiments, the invention makes available methods for 
generating novel antibodies. For example, a method for gen 
erating a monoclonal antibody that binds specifically to a 
BMP-3 peptide may comprise administering to a mouse an 
amount of an immunogenic composition comprising the 
BMP-3 propeptide effective to stimulatea detectable immune 
response, obtaining antibody-producing cells (e.g., cells from 
the spleen) from the mouse and fusing the antibody-produc 
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ing cells with myeloma cells to obtain antibody-producing 
hybridomas, and testing the antibody-producing hybridomas 
to identify a hybridoma that produces a monocolonal anti 
body that binds specifically to the BMP-3 peptide. Once 
obtained, a hybridoma can be propagated in a cell culture, 
optionally in culture conditions where the hybridoma-derived 
cells produce the monoclonal antibody that binds specifically 
to the BMP-3 peptide. The monoclonal antibody may be 
purified from the cell culture. 
0080. The adjective “specifically reactive with as used in 
reference to an antibody is intended to mean, as is generally 
understood in the art, that the antibody is sufficiently selective 
between the antigen of interest (e.g., a BMP-3 peptide) and 
other antigens that are not of interest that the antibody is 
useful for, at minimum, detecting the presence of the antigen 
of interest in a particular type of biological sample. In certain 
methods employing the antibody, Such as therapeutic appli 
cations, a higher degree of specificity in binding may be 
desirable. Monoclonal antibodies generally have a greater 
tendency (as compared to polyclonal antibodies) to discrimi 
nate effectively between the desired antigens and cross-react 
ing polypeptides. One characteristic that influences the speci 
ficity of an antibody:antigen interaction is the affinity of the 
antibody for the antigen. Although the desired specificity may 
be reached with a range of different affinities, generally pre 
ferred antibodies will have an affinity (a dissociation con 
stant) of about 10, 107, 10, 10 or less. 
0081. In addition, the techniques used to screen antibodies 
in order to identify a desirable antibody may influence the 
properties of the antibody obtained. For example, if an anti 
body is to be used for binding an antigen in Solution, it may be 
desirable to test solution binding. A variety of different tech 
niques are available for testing interaction between antibodies 
and antigens to identify particularly desirable antibodies. 
Such techniques include ELISAS, Surface plasmon resonance 
binding assays (e.g., the Biacore binding assay, Bia-core AB, 
Uppsala, Sweden), Sandwich assays (e.g., the paramagnetic 
bead system of IGEN International, Inc., Gaithersburg, Md.). 
western blots, immunoprecipitation assays, and immunohis 
tochemistry. 
0082 In certain aspects, the disclosure provides antibod 
ies that bind to a BMP-3 propeptide. Such antibodies may be 
generated much as described above, using a propeptide or 
fragment thereofas an antigen. Antibodies of this type can be 
used, e.g., to detect BMP-3 propeptides in biological samples 
and/or to monitor BMP-3 propeptide levels in an individual. 
The level of BMP-3 propeptides maybe measured in a variety 
of sampletypes such as, for example, in cells, and/or in bodily 
fluid, such as in whole blood samples, blood serum, blood 
plasma and urine. An antibody that binds to a BMP-3 propep 
tide can be used to stimulate BMP-3 activity, encouraging 
decreased bone growth or bone resorption. This may be desir 
able in various disorders, such as any hyperostosis, 
osteopoikilosis, osteopetrosis, osteosclerosis (e.g., resulting 
from renal insufficiency), pyknodysostosis, osteomyeloscle 
rosis, and hyperphosphatasia. 

5. Screening Assays 

0083. In certain aspects, the present invention relates to the 
use of the subject BMP-3 propeptides to identify compounds 
(agents) which are agonist or antagonists of the BMP-3 
propeptides. Compounds identified through this screening 
can be tested in bone and/or cartilage tissues to assess their 
ability to modulate bone/cartilage growth invitro. Optionally, 
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these compounds can further be tested in animal models to 
assess their ability to modulate bone/cartilage growth in vivo. 
I0084. There are numerous approaches to screening for 
therapeutic agents for modulating bone growth by targeting 
the BMP-3 propeptides. In certain embodiments, high 
throughput screening of compounds can be carried out to 
identify agents that perturb BMP-3A propeptide-mediated 
effects on bone or cartilage growth, Such by assessing the 
effects of such compounds on BMP-3 propeptide-mediated 
effects on the osteogenic activity of BMP-2. In certain 
embodiments, the assay is carried out to screen and identify 
compounds that specifically inhibit or reduce binding of a 
BMP-3 propeptide to its binding partner (e.g., a BMP-3 
mature peptide). Alternatively, the assay can be used to iden 
tify compounds that enhance binding of a BMP-3 propeptide 
to its binding protein (e.g., a BMP-3 mature peptide). In a 
further embodiment, the compounds can be identified by their 
ability to interact with a BMP-3 propeptide. 
I0085. A variety of assay formats will suffice and, in light 
of the present disclosure, those not expressly described herein 
will nevertheless be comprehended by one of ordinary skill in 
the art. As described herein, the test compounds (agents) of 
the invention may be created by any combinatorial chemical 
method. Alternatively, the Subject compounds may be natu 
rally occurring biomolecules synthesized in Vivo or in vitro. 
Compounds (agents) to be tested for their ability to act as 
modulators of bone or cartilage growth can be produced, for 
example, by bacteria, yeast, plants or other organisms (e.g., 
natural products), produced chemically (e.g., Small mol 
ecules, including peptidomimetics), or produced recombi 
nantly. Test compounds contemplated by the present inven 
tion include non-peptidyl organic molecules, peptides, 
polypeptides, peptidomimetics, Sugars, hormones, and 
nucleic acid molecules. In a specific embodiment, the test 
agent is a small organic molecule having a molecular weight 
of less than about 2,000 daltons. 
I0086. The test compounds of the invention can be pro 
vided as single, discrete entities, or provided in libraries of 
greater complexity, Such as made by combinatorial chemis 
try. These libraries can comprise, for example, alcohols, alkyl 
halides, amines, amides, esters, aldehydes, ethers and other 
classes of organic compounds. Presentation of test com 
pounds to the test system can be in either an isolated form or 
as mixtures of compounds, especially in initial Screening 
steps. Optionally, the compounds may be optionally deriva 
tized with other compounds and have derivatizing groups that 
facilitate isolation of the compounds. Non-limiting examples 
of derivatizing groups include biotin, fluorescein, digoxyge 
nin, green fluorescent protein, isotopes, polyhistidine, mag 
netic beads, glutathione S transferase, photoactivatible 
crosslinkers or any combinations thereof. 
I0087. In many drug screening programs which test librar 
ies of compounds and natural extracts, high throughput 
assays are desirable in order to maximize the number of 
compounds Surveyed in a given period of time. Assays which 
are performed in cell-free systems, such as may be derived 
with purified or semi-purified proteins, are often preferred as 
“primary Screens in that they can be generated to permit 
rapid development and relatively easy detection of an alter 
ation in a molecular target which is mediated by a test com 
pound. Moreover, the effects of cellular toxicity or bioavail 
ability of the test compound can be generally ignored in the in 
vitro system, the assay instead being focused primarily on the 
effect of the drug on the molecular target as may be manifest 
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in an alteration of binding affinity between a BMP-3 propep 
tide and its binding protein (e.g., a BMP-3 mature peptide). 
0088 Merely to illustrate, in an exemplary screening 
assay of the present invention, the compound of interest is 
contacted with an isolated and purified BMP-3 propeptide 
which is ordinarily capable of binding to a BMP-3 mature 
peptide, as appropriate for the purpose of the assay. To the 
mixture of the compound and BMP-3 propeptide is then 
added a composition containing a BMP-3 mature peptide. 
Detection and quantification of BMP-3 propeptide com 
plexes provides a means for determining the compound's 
efficacy at inhibiting (or potentiating) complex formation 
between the BMP-3 propeptide and its binding protein (e.g., 
a BMP-3 mature peptide). The efficacy of the compound can 
be assessed by generating dose response curves from data 
obtained using various concentrations of the test compound. 
Moreover, a control assay can also be performed to provide a 
baseline for comparison. For example, in a control assay, 
isolated and purified BMP-3 mature peptide is added to a 
composition containing the BMP-3 propeptide, and the for 
mation of BMP-3 propeptide/mature peptide complex is 
quantitated in the absence of the test compound. It will be 
understood that, in general, the order in which the reactants 
may be admixed can be varied, and can be admixed simulta 
neously. Moreover, in place of purified proteins, cellular 
extracts and lysates may be used to render a suitable cell-free 
assay system. 
I0089 Complex formation between the BMP-3 propeptide 
and its binding protein may be detected by a variety of tech 
niques. For instance, modulation of the formation of com 
plexes can be quantitated using, for example, detectably 
labeled proteins such as radiolabelled (e.g., P. S., C or 
H), fluorescently labeled (e.g., FITC), or enzymatically 
labeled BMP-3 propeptide or its binding protein, by immu 
noassay, or by chromatographic detection. 
0090. In certain embodiments, the present invention con 
templates the use of fluorescence polarization assays and 
fluorescence resonance energy transfer (FRET) assays in 
measuring, either directly or indirectly, the degree of interac 
tion between a BMP-3 propeptide and its binding protein 
(e.g., a BMP-3 mature peptide). Further, other modes of 
detection such as those based on optical waveguides (PCT 
Publication WO 96/26432 and U.S. Pat. No. 5,677,196), sur 
face plasmon resonance (SPR) (the mode employed by Bia 
Core systems used in the Examples, below), Surface charge 
sensors, and Surface force sensors are compatible with many 
embodiments of the invention. 

0091 Moreover, the present invention contemplates the 
use of an interaction trap assay, also known as the “two hybrid 
assay.” for identifying agents that disrupt or potentiate inter 
action between a BMP-3 propeptide and its binding protein 
(e.g., a BMP-3 mature peptide). See for example, U.S. Pat. 
No. 5.283,317; Zervos et al. (1993) Cell 72:223-232; Madura 
et al. (1993) Biol Chem 268: 12046-12054: Bartel et al. 
(1993) Biotechniques 14:920-924; and Iwabuchietal. (1993) 
Oncogene 8:1693-1696). In a specific embodiment, the 
present invention contemplates the use of reverse two hybrid 
systems to identify compounds (e.g., Small molecules or pep 
tides) that dissociate interactions between a BMP-3 propep 
tide and its binding protein (e.g., a BMP-3 mature peptide). 
See for example, Vidal and Legrain, (1999) Nucleic Acids 
Res 27:919-29; Vidal and Legrain, (1999) Trends Biotechnol 
17:374-81; and U.S. Pat. Nos. 5,525,490; 5,955,280; 5,965, 
368. 
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0092. In one specific example, interaction between a 
BMP-3 propeptide and a mature BMP-3 peptide can be 
assayed by making a construct which expresses a FLAG 
tagged BMP-3 precursor protein. The FLAG-tagged precur 
sor protein is expressed in cells and processed into a BMP-3 
propeptide and a FLAG-tagged mature BMP-3 peptide. The 
protein lysates prepared from the cells are then affinity-puri 
fied by antibodies against FLAG. Complexes containing a 
BMP-3 propeptide and a mature BMP-3 peptide can be deter 
mined by the presence of a BMP-3 propeptide in these affin 
ity-purified protein samples (e.g., by immunoblot). 
0093. In certain embodiments, the subject compounds are 
identified by their ability to interact with a BMP-3 propeptide 
of the invention. The interaction between the compound and 
the BMP-3 propeptide may be covalent or non-covalent. For 
example, such interaction can be identified at the protein level 
using in vitro biochemical methods, including photo 
crosslinking, radiolabeled ligand binding, and affinity chro 
matography (Jakoby W B et al., 1974, Methods in Enzymol 
ogy 46: 1). In certain cases, the compounds may be screened 
in a mechanism based assay, Such as an assay to detect com 
pounds which bind to a BMP-3 propeptide. This may include 
a solid phase or fluid phase binding event. Alternatively, the 
gene encoding a BMP-3 propeptide can be transfected with a 
reporter system (e.g., B-galactosidase, luciferase, or green 
fluorescent protein) into a cell and screened against the library 
preferably by a high throughput Screening or with individual 
members of the library. Other mechanism based binding 
assays may be used, for example, binding assays which detect 
changes in free energy. Binding assays can be performed with 
the target fixed to a well, bead or chip or captured by an 
immobilized antibody or resolved by capillary electrophore 
sis. The bound compounds may be detected usually using 
colorimetric or fluorescence or Surface plasmon resonance. 
0094. In certain aspects, the present invention provides 
methods and agents for stimulating bone formation and 
increasing bone mass. Therefore, any compound identified 
using a cell-free system, or any other compound that is 
expected to affect BMP-3 function (e.g., antagonizing the 
osteogenic activity of BMP-2), can be tested in whole cells or 
tissues, in vitro or in vivo, to confirm their ability to modulate 
bone or cartilage growth. Various methods known in the art 
can be utilized for this purpose. 
(0095 For example, BMP-3A inhibits BMP2-mediated 
induction of MSX2 and blocks BMP2-mediated differentia 
tion of osteoprogenitor cells into osteoblasts. Thus, the effect 
of the BMP-3 propeptides or the test compounds on bone or 
cartilage growth can be determined by their effect on the 
osteogenic activity of BMP-2, for example, by measuring 
induction of MSX2 or differentiation of osteoprogenitor cells 
into osteoblasts in cell based assays (see, e.g., Daluiski et al., 
Nat. Genet. 2001, 27(1):84-8; Hino et al., Front Biosci. 2004, 
9:1520-9). 
0096. Another example of cell-based assays includes ana 
lyzing the osteogenic activity of the subject BMP-3 propep 
tides and test compounds in mesenchymal progenitor and 
osteoblastic cells. To illustrate, recombinant adenoviruses 
expressing a human BMP-3 propeptide were constructed to 
infect pluripotent mesenchymal progenitor C3H10T1/2 cells, 
preosteoblastic C2C12 cells, and osteoblastic TE-85 cells. 
Osteogenic activity is then determined by measuring the 
induction of alkaline phosphatase, osteocalcin, and matrix 
mineralization (see, e.g., Cheng et al., Jbone Joint Surg. Am. 
2003, 85-A(8): 1544–52). 
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0097. Further, the present invention contemplates in vivo 
assays to measure bone or cartilage growth. For example, 
Namkung-Matthai et al., Bone, 28:80-86 (2001) discloses a 
rat osteoporotic model in which bone repair during the early 
period after fracture is studied. Kubo et al., Steroid Biochem 
istry & Molecular Biology, 68:197-202 (1999) also discloses 
a rat osteoporotic model in which bone repair during the late 
period after fracture is studied. These references are incorpo 
rated by reference herein in their entirety for their disclosure 
of rat model for study on osteoporotic bone fracture. In cer 
tain aspects, the present invention makes use of fracture heal 
ing assays that are known in the art. These assays include 
fracture technique, histological analysis, and biomechanical 
analysis, which are described in, for example, U.S. Pat. No. 
6,521,750, which is incorporated by reference in its entirety 
for its disclosure of experimental protocols for causing as 
well as measuring the extent of fractures, and the repair pro 
CCSS, 

0098. It is understood that the screening assays of the 
present invention apply to not only the subject BMP-3 
propeptides and variants of the BMP-3 propeptides, but also 
any test compounds including agonists and antagonist of the 
BMP-3 propeptides. Further, these screening assays are use 
ful for drug target verification and quality control purposes. 

6. Methods of Administration 

0099. In certain embodiments, compositions (e.g., BMP-3 
propeptides and compositions comprising such propeptides) 
of the present invention can be used for inducing bone and/or 
cartilage formation, preventing bone loss, increasing bone 
mineralization or preventing the demineralization of bone. 
For example, the subject BMP-3 propeptides and compounds 
identified in the present invention have application in treating 
osteoporosis and the healing of bone fractures and cartilage 
defects in humans and other animals. BMP-3 propeptides 
may be useful in patients that are diagnosed with Subclinical 
low bone density, as a protective measure against the devel 
opment of osteoporosis. 
0100. In a certain embodiment, the present invention pro 
vides methods of treating or preventing an individual Suffer 
ing from a disease (disorder or condition) that is related to 
bone/cartilage defects through administering to the indi 
vidual atherapeutically effective amount of a BMP-3 propep 
tideas described above. These methods are particularly aimed 
at therapeutic and prophylactic treatments of animals, and 
more particularly, humans. 
0101. In certain embodiment, methods and compositions 
of the present invention may find medical utility in the healing 
of bone fractures and cartilage defects in humans and other 
animals. The Subject methods and compositions may also 
have prophylactic use in closed as well as open fracture 
reduction and also in the improved fixation of artificial joints. 
De novo bone formation induced by an osteogenic agent 
contributes to the repair of congenital, trauma-induced, or 
oncologic resection induced craniofacial defects, and also is 
useful in cosmetic plastic Surgery. Further, methods and com 
positions of the invention may be used in the treatment of 
periodontal disease, and in other tooth repair processes. In 
certain cases, the subject BMP-3 propeptides may provide an 
environment to attract bone-forming cells, stimulate growth 
of bone-forming cells or induce differentiation of progenitors 
of bone-forming cells. BMP-3 propeptides of the invention 
may also be useful in the treatment of osteoporosis. Further, 
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BMP-3 propeptides may be used in cartilage defect repair and 
prevention/reversal of osteoarthritis. 
0102. In certain embodiment, methods and compositions 
of the invention may also be used in wound healing and 
related tissue repair. The types of wounds include, but are not 
limited to, burns, incisions and ulcers. See e.g., PCT Publi 
cation No. WO84/O1106. 

0103) In certain embodiment, the invention provides a 
therapeutic method and composition for repairing fractures 
and other conditions related to cartilage and/or bone defects 
or periodontal diseases. The invention further provides thera 
peutic methods and compositions for wound healing and 
tissue repair. Such compositions comprise a therapeutically 
effective amount of at least one of the BMP-3 propeptide of 
the invention in admixture with a pharmaceutically accept 
able vehicle, carrier or matrix. 
0104. In certain specific embodiments, methods and com 
positions (e.g., BMP-3 propeptides) of the invention can be 
applied to conditions causing bone loss Such as osteoporosis, 
hyperparathyroidism, Cushing's disease, thyrotoxicosis, 
chronic diarrheal state or malabsorption, renal tubular acido 
sis, or anorexia nervosa. Many people know that being 
female, having a low body weight, and leading a sedentary 
lifestyle are risk factors for osteoporosis (loss of bone mineral 
density, leading to fracture risk). However, osteoporosis can 
also result from the long-term use of certain medications. 
Osteoporosis resulting from drugs or another medical condi 
tion is known as secondary osteoporosis. In a condition 
known as Cushing's disease, the excess amount of cortisol 
produced by the body results in osteoporosis and fractures. 
The most common medications associated with secondary 
osteoporosis are the corticosteroids, a class of drugs that act 
like cortisol, a hormone produced naturally by the adrenal 
glands. Although adequate levels of thyroid hormones (which 
are produced by the thyroid gland) are needed for the devel 
opment of the skeleton, excess thyroid hormone can decrease 
bone mass over time. Antacids that contain aluminum can 
lead to bone loss when taken in high doses by people with 
kidney problems, particularly those undergoing dialysis. 
Other medications that can cause secondary osteoporosis 
include phenyloin (Dilantin) and barbiturates that are used to 
prevent seizures; methotrexate (Rheumatrex, Immunex, 
Folex PFS), a drug for some forms of arthritis, cancer, and 
immune disorders; cyclosporine (Sandimmune, Neoral), a 
drug used to treat some autoimmune diseases and to suppress 
the immune system in organ transplant patients; luteinizing 
hormone-releasing hormone agonists (Lupron, Zoladex), 
used to treat prostate cancer and endometriosis; heparin (Cal 
ciparine, Liquaemin), an anticlotting medication; and 
cholestyramine (Questran) and colestipol (Colestid), used to 
treat high cholesterol. Gum disease causes bone loss in part 
because of the effects of bacterial toxins and in part because 
of the effects of prolonged inflammation. 
0105. In certain embodiments, the present invention pro 
vides methods and therapeutic agents, for example, antago 
nists of BMP-3 propeptides, for treating diseases or disorders 
associated with abnormal or unwanted bone growth. For 
example, patients having the disease known as Fibrodyspla 
sia Ossificans Progressiva (FOP) grow an abnormal 'second 
skeleton' that prevents any movement. Additionally, abnor 
mal bone growth can occur after hip replacement Surgery and 
thus ruin the Surgical outcome. This is a more common 
example of pathological bone growth and a situation in which 
antagonists of BMP-3 propeptides may be therapeutically 
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useful. Antagonists of BMP-3 propeptides may also be useful 
for treating otherforms of abnormal bone growth, Such as the 
pathological growth of bone following trauma, burns or spi 
nal cord injury. In addition, antagonists of BMP-3 propep 
tides may be useful for treating or preventing the undesirable 
actions of BMPs associated with the abnormal bone growth 
seen in connection with metastatic prostate cancer or osteosa 
rcoma. Examples of these antagonists of BMP-3 propeptides 
include, but are not limited to, compounds that disrupt inter 
action between a BMP-3 propeptide and its binding partner 
(e.g., a BMP-3 mature peptide) and antibodies that specifi 
cally bind to a BMP-3 propeptide. 
0106. In certain embodiments of the subject methods, one 
or more BMP-3 propeptides can be administered, together 
(simultaneously) or at different times (sequentially or over 
lapping). In addition, BMP-3 propeptides can be adminis 
tered with another type of osteogenic, cartilage-inducing or 
bone-inducing factor. The two types of compounds may be 
administered simultaneously or at different times. It is 
expected that the BMP-3 propeptides of the invention may act 
in concert with or perhaps synergistically with other osteo 
genic, cartilage-inducing or bone-inducing factors. A variety 
of osteogenic, cartilage-inducing and bone-inducing factors 
have been described, particularly bisphosphonates. See e.g., 
European Patent Application Nos. 148,155 and 169.016. For 
example, other factors that can be combined with the subject 
BMP-3 propeptides include various growth factors such as 
epidermal growth factor (EGF), platelet derived growth fac 
tor (PDGF), transforming growth factors (TGF-C. and TGF 
B), and insulin-like growth factor (IGF). 

7. Pharmaceutical Compositions 

0107. In certain embodiments, compounds (e.g., BMP-3 
propeptides) of the present invention are formulated with a 
pharmaceutically acceptable carrier. For example, a BMP-3 
propeptide (including, for example, an Fc fusion protein 
thereof) can be administered alone or as a component of a 
pharmaceutical formulation (therapeutic composition). The 
Subject compounds may be formulated for administration in 
any convenient way for use in human or veterinary medicine. 
0108. In certain embodiments, the therapeutic method of 
the invention includes administering the composition topi 
cally, systemically, or locally as an implant or device. When 
administered, the therapeutic composition for use in this 
invention is generally in a pyrogen-free, physiologically 
acceptable form. Further, the composition may desirably be 
encapsulated or injected in a viscous form for delivery to the 
site of bone, cartilage or tissue damage. Topical administra 
tion may be suitable for wound healing and tissue repair. 
Therapeutically useful agents other than the BMP-3 propep 
tides which may also optionally be included in the composi 
tion as described above, may alternatively or additionally, be 
administered simultaneously or sequentially with the BMP-3 
propeptides in the methods of the invention. Preferably for 
bone and/or cartilage formation, the composition would 
include a matrix capable of delivering the BMP-3 propeptides 
or other therapeutic compounds to the site of bone and/or 
cartilage damage, providing a structure for the developing 
bone and cartilage and optimally capable of being resorbed 
into the body. For example, the matrix may provide slow 
release of the BMP-3 propeptides. Such matrices may be 
formed of materials presently in use for other implanted 
medical applications. 
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0.109 The choice of matrix material is based on biocom 
patibility, biodegradability, mechanical properties, cosmetic 
appearance and interface properties. The particular applica 
tion of the subject compositions will define the appropriate 
formulation. Potential matrices for the compositions may be 
biodegradable and chemically defined calcium sulfate, trical 
ciumphosphate, hydroxyapatite, polylactic acid and polyan 
hydrides. Other potential materials are biodegradable and 
biologically well defined, such as bone or dermal collagen. 
Further matrices are comprised of pure proteins or extracel 
lular matrix components. Other potential matrices are non 
biodegradable and chemically defined, such as sintered 
hydroxyapatite, bioglass, aluminates, or other ceramics. 
Matrices may be comprised of combinations of any of the 
above mentioned types of material. Such as polylactic acid 
and hydroxyapatite or collagen and tricalciumphosphate. The 
bioceramics may be altered in composition, such as in cal 
cium-aluminate-phosphate and processing to alter pore size, 
particle size, particle shape, and biodegradability. 
0110. In certain embodiments, methods of the invention 
can be administered for orally, e.g., in the form of capsules, 
cachets, pills, tablets, lozenges (using a flavored basis, usu 
ally Sucrose and acacia or tragacanth), powders, granules, or 
as a solution or a suspension in an aqueous or non-aqueous 
liquid, or as an oil-in-water or water-in-oil liquid emulsion, or 
as an elixir or syrup, or as pastilles (using an inert base. Such 
as gelatin and glycerin, or Sucrose and acacia) and/or as 
mouth washes and the like, each containing a predetermined 
amount of an agent as an active ingredient. An agent may also 
be administered as a bolus, electuary or paste. 
0111. In solid dosage forms for oral administration (cap 
Sules, tablets, pills, dragees, powders, granules, and the like), 
one or more therapeutic compounds of the present invention 
may be mixed with one or more pharmaceutically acceptable 
carriers, such as sodium citrate or dicalcium phosphate, and/ 
or any of the following: (1) fillers or extenders, such as 
starches, lactose. Sucrose, glucose, mannitol, and/or silicic 
acid; (2) binders, such as, for example, carboxymethylcellu 
lose, alginates, gelatin, polyvinyl pyrrolidone. Sucrose, and/ 
or acacia; (3) humectants, such as glycerol; (4) disintegrating 
agents, such as agar-agar, calcium carbonate, potato or tapi 
oca starch, alginic acid, certain silicates, and Sodium carbon 
ate; (5) Solution retarding agents. Such as paraffin; (6) absorp 
tion accelerators, such as quaternary ammonium compounds; 
(7) wetting agents, such as, for example, cetyl alcohol and 
glycerol monostearate; (8) absorbents, such as kaolin and 
bentonite clay; (9) lubricants, such a talc, calcium Stearate, 
magnesium Stearate, Solid polyethylene glycols, sodium lau 
ryl Sulfate, and mixtures thereof, and (10) coloring agents. In 
the case of capsules, tablets and pills, the pharmaceutical 
compositions may also comprise buffering agents. Solid 
compositions of a similar type may also be employed as fillers 
in Soft and hard-filled gelatin capsules using Such excipients 
as lactose or milk Sugars, as well as high molecular weight 
polyethylene glycols and the like. 
0112 Liquid dosage forms for oral administration include 
pharmaceutically acceptable emulsions, microemulsions, 
Solutions, Suspensions, syrups, and elixirs. In addition to the 
active ingredient, the liquid dosage forms may contain inert 
diluents commonly used in the art, Such as water or other 
Solvents, Solubilizing agents and emulsifiers, such as ethyl 
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propylene glycol. 1,3-buty 
lene glycol, oils (in particular, cottonseed, groundnut, corn, 
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germ, olive, castor, and sesame oils), glycerol, tetrahydrofu 
ryl alcohol, polyethylene glycols and fatty acid esters of Sor 
bitan, and mixtures thereof. Besides inert diluents, the oral 
compositions can also include adjuvants such as wetting 
agents, emulsifying and Suspending agents, Sweetening, fla 
Voring, coloring, perfuming, and preservative agents. 
0113 Suspensions, in addition to the active compounds, 
may contain Suspending agents such as ethoxylated isostearyl 
alcohols, polyoxyethylene Sorbitol, and Sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bento 
nite, agar-agar and tragacanth, and mixtures thereof. 
0114 Certain compositions disclosed herein may be 
administered topically, either to skin or to mucosal mem 
branes. The topical formulations may further include one or 
more of the wide variety of agents known to be effective as 
skin or stratum corneum penetration enhancers. Examples of 
these are 2-pyrrolidone, N-methyl-2-pyrrolidone, dimethy 
lacetamide, dimethylformamide, propylene glycol, methyl or 
isopropyl alcohol, dimethylsulfoxide, and azone. Additional 
agents may further be included to make the formulation cos 
metically acceptable. Examples of these are fats, waxes, oils, 
dyes, fragrances, preservatives, stabilizers, and Surface active 
agents. Keratolytic agents such as those known in the art may 
also be included. Examples are salicylic acid and Sulfur. 
0115 Dosage forms for the topical or transdermal admin 
istration include powders, sprays, ointments, pastes, creams, 
lotions, gels, Solutions, patches, and inhalants. The active 
compound may be mixed under sterile conditions with a 
pharmaceutically acceptable carrier, and with any preserva 
tives, buffers, or propellants which may be required. The 
ointments, pastes, creams and gels may contain, in addition to 
a subject compound of the invention (e.g., a BMP-3 propep 
tide), excipients, such as animal and vegetable fats, oils, 
waxes, paraffins, starch, tragacanth, cellulose derivatives, 
polyethylene glycols, silicones, bentonites, silicic acid, talc 
and Zinc oxide, or mixtures thereof. 
0116 Powders and sprays can contain, in addition to a 
Subject compound, excipients such as lactose, talc, silicic 
acid, aluminum hydroxide, calcium silicates, and polyamide 
powder, or mixtures of these substances. Sprays can addition 
ally contain customary propellants, such as chlorofluorohy 
drocarbons and Volatile unsubstituted hydrocarbons, such as 
butane and propane. 
0117. In certain embodiments, pharmaceutical composi 
tions suitable for parenteral administration may comprise one 
or more BMP-3 propeptides in combination with one or more 
pharmaceutically acceptable sterile isotonic aqueous or non 
aqueous solutions, dispersions, Suspensions or emulsions, or 
sterile powders which may be reconstituted into sterile inject 
able Solutions or dispersions just prior to use, which may 
contain antioxidants, buffers, bacteriostats, Solutes which 
render the formulation isotonic with the blood of the intended 
recipient or Suspending or thickening agents. Examples of 
Suitable aqueous and nonaqueous carriers which may be 
employed in the pharmaceutical compositions of the inven 
tion include water, ethanol, polyols (such as glycerol, propy 
lene glycol, polyethylene glycol, and the like), and Suitable 
mixtures thereof, vegetable oils, such as olive oil, and inject 
able organic esters, such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of coating materials, such 
as lecithin, by the maintenance of the required particle size in 
the case of dispersions, and by the use of Surfactants. 
0118. The compositions of the invention may also contain 
adjuvants, such as preservatives, wetting agents, emulsifying 
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agents and dispersing agents. Prevention of the action of 
microorganisms may be ensured by the inclusion of various 
antibacterial and antifungal agents, for example, paraben, 
chlorobutanol, phenol sorbic acid, and the like. It may also be 
desirable to include isotonic agents, such as Sugars, sodium 
chloride, and the like into the compositions. In addition, pro 
longed absorption of the injectable pharmaceutical form may 
be brought about by the inclusion of agents which delay 
absorption, Such as aluminum monostearate and gelatin. 
0119. It is understood that the dosage regimen will be 
determined by the attending physician or veterinarian consid 
ering various factors which modify the action of the subject 
compounds of the invention (e.g., BMP-3 propeptides). The 
various factors include, but are not limited to, amount of bone 
weight desired to be formed, the site of bone damage, the 
condition of the damaged bone, the size of a wound, type of 
damaged tissue, the patient's age, sex, and diet, the severity of 
any infection, time of administration, and other clinical fac 
tors. Optionally, the dosage may vary with the type of matrix 
used in the reconstitution and the types of compounds in the 
composition. The addition of other known growth factors to 
the final composition, may also effect the dosage. Progress 
can be monitored by periodic assessment of bone growth 
and/or repair, for example, X-rays, histomorphometric deter 
minations, and tetracycline labeling. 

EXEMPLIFICATION 

0.120. The invention now being generally described, it will 
be more readily understood by reference to the following 
examples, which are included merely for purposes of illus 
tration of certain embodiments and embodiments of the 
present invention, and are not intended to limit the invention. 

Example 1 

Construction Expression, and Purification of BMP3 
pro-MulgG2a (BMP3 pro) Fusion 

I0121. A BMP3 propeptide (BMP3-pro) sequence was 
PCR amplified from a full length BMP3 cDNA and cloned 
into a human CMV derived expression vector in such a way 
that upon ligation it gave a fusion peptide with murine IgG2a. 
This construct (referred to as BMP3 pro-MulgG2a) was tran 
siently transfected in HEK293 cells using polyethylenimine 
(PEI). After seven days, cells were harvested and conditioned 
media was collected for purification. 
0.122 Recombinant murine BMP3 pro-MuIgG2a fusion 
was expressed in HEK293 cells and purified by protein A 
affinity chromatography. 1 liter batch of conditioned media 
was filtrated, concentrated and loaded on a 4 ml rProtein A 
Sepharose Fast Flow column (Amersham Biosciences) pre 
viously equilibrated with TBS (pH 8.0). After protein load 
ing, the column was washed with 20 column volumes (CV) of 
TBS, 10 CV of TBS-0.05% Tween 20, followed by additional 
wash with 10 CV of TBS to remove non-specifically bound 
proteins. Bound BMP3 pro-MulgG2a protein was eluted with 
100 mM Glycine (pH 3.0). Eluted fraction was immediately 
neutralized by addition of 1 M Tris and dialyzed against PBS 
(pH 8.0). Protein concentration was determined by BSA Pro 
tein Assay (Pierce). Protein purity was determined by 4-12% 
SDS-PAGE using pre-cast gels (Invitrogen) followed by Sure 
Blue staining (Invitrogen). The purified BMP3 pro-MulgG2a 
migrates as a broad band on 4-12% SDS-PAGE gel, which 
indicates high degree of glycosylation. Purified protein was 
additionally analyzed by size exclusion chromatography on 
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Superose TM column (Pharmacia Biotech). LAL assay was 
performed on the purified BMP3 pro-MulgG2a and the 
amount of endotoxin detected was <0.5 U. 
(0123 FIG. 10 shows BMP3 pro-MuIgG2a peptide Fc 
purified using Protein A affinity step. Lane 1 indicates 
molecular weight markers, while Lane 2 shows BMP3 pro 
MulgG2a peptide Fc purified from conditioned media 
expressing BMP3 pro-MulgG2a peptide Fc using Protein A. 

Example 2 
BMP3 pro-MulgG2a Fusion Peptide Binds to 

Mature BMP-3 

0.124 Immunoprecipitation studies were first carried out. 
Conditioned media was incubated with protein A beads, 
washed (3x) with Tris buffered saline containing 0.5% Tween 
20 (TBST) to remove unbound protein. Mature BMP-3 was 
added and incubated overnight at 4° C. The beads were 
washed (3x) with TBST. The beads were resuspended in SDS 
sample buffer containing reducing agent and western blot 
analysis was performed with an anti-mature BMP-3 mono 
clonal antibody and detected with a HRP labeled anti-mouse 
IgG. As shown in FIG. 11, BMP3 pro-MulgG2apeptide binds 
to mature BMP-3. Lane 1: Molecular Weight Markers. Lane 
2: Control-incubation of protein A beads with conditioned 
media from 293 cells transfected with vector alone and 
mature BMP-3. Lane 3: Conditioned media from HEK293 
cell expressing BMP3 pro-MulgG2a-peptide incubated with 
BMP-3 and Protein A. 
0.125 BiaCore chip analysis was also carried out. Purified 
BMP3 pro-MuIgG2a was coupled onto a BiaCore CM5 chip 
using the amine coupling procedure. As shown in FIG. 12, 
purified BMP3 pro-MulgG2a binds to mature BMP-3 using 
BiaCore CM5 chip analysis. Mature BMP-3 was flowed over 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 9 

<210 SEQ ID NO 1 
<211 LENGTH: 34 O 
&212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 1 

Glu Arg Pro Llys Pro Pro Phe Pro Glu Lieu. Arg Lys Ala 
1. 5 1O 

Asp Arg Thr Ala Gly Gly Gly Pro Asp Ser Glu Lieu. Glin 
2O 25 

Llys Val Ser Glu. His Met Lieu. Arg Lieu. Tyr Asp Arg Tyr 
35 4 O 45 

Glin Ala Ala Arg Thr Pro Gly Ser Lieu. Glu Gly Gly Ser 
SO 55 60 

Arg Pro Arg Lieu. Lieu. Arg Glu Gly Asn Thr Val Arg Ser 
65 70 7s 

Ala Ala Ala Glu Thir Lieu. Glu Arg Lys Gly Lieu. Tyr Ile 
85 90 

Thir Ser Lieu. Thir Lys Ser Glu Asn Ile Leu Ser Ala Thr 
1OO 105 
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the chip and bound to BMP3 pro-MulgG2a Fc (Panel A). In a 
control experiment, BSA was flowed over the chip but did not 
bind to BMP3 pro-MulgG2a Fc (Panel B). 

Example 3 
Mature BMP-3 Binds to Activin Receptor Ia (Ac 
tRIIa) and BMP3 pro-MuIgG2a Fc Competes with 

ActRIIa binding to BMP-3 
0.126 ActRIIa was immobilized on a BiaCore CM5 chip 
using standard amine coupling procedure. As shown in FIG. 
13, mature BMP-3 (200 ug/ml) was injected on the ActRIIa 
coupled chip. BMP3 pro-MulgG2a Fc (100 ug/ml) was 
injected onto the ActRIIa chip. Mature BMP-3 (200 ug/ml) 
and BMP3 pro-MulgG2a (100 g/ml)) were premixed and 
injected onto the ActRIIa coupled chip. As shown in FIG. 13, 
mature BMP-3 binds to ActRIIa (Trace A); BMP3 pro 
MulgG2a does not bind to ActRIIa (Trace B); and BMP3 
pro-MulgG2a Fc competes with ActRIIa binding to BMP-3 
(Trace C). 

INCORPORATION BY REFERENCE 

I0127. All publications and patents mentioned herein are 
hereby incorporated by reference in their entirety as if each 
individual publication or patent was specifically and indi 
vidually indicated to be incorporated by reference. 
I0128. While specific embodiments of the subject matter 
have been discussed, the above specification is illustrative 
and not restrictive. Many variations will become apparent to 
those skilled in the art upon review of this specification and 
the claims below. The full scope of the invention should be 
determined by reference to the claims, along with their full 
Scope of equivalents, and the specification, along with Such 
variations. 

Val Pro Gly 
15 

Pro Glin Asp 
3 O 

Ser Thir Wall 

Gln Pro Trp 

Phe Arg Ala 
8O 

Phe Asn Lieu. 
95 

Lieu. Tyr Phe 
110 
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- Continued 

Cys Ile Gly Glu Lieu. Gly Asn. Ile Ser Lieu. Ser Cys Pro Val Ser Gly 
115 12 O 125 

Gly Cys Ser His His Ala Glin Arg Llys His Ile Glin Ile Asp Lieu. Ser 
13 O 135 14 O 

Ala Trp Thir Lieu Lys Phe Ser Arg Asn Glin Ser Glin Lieu. Lieu. Gly His 
145 150 155 160 

Lieu. Ser Val Asp Met Ala Lys Ser His Arg Asp Ile Met Ser Trp Lieu. 
1.65 17O 17s 

Ser Lys Asp Ile Thr Glin Phe Lieu. Arg Lys Ala Lys Glu Asn. Glu Glu 
18O 185 19 O 

Phe Lieu. Ile Gly Phe Asn. Ile Thir Ser Lys Gly Arg Glin Lieu Pro Llys 
195 2OO 2O5 

Arg Arg Lieu Pro Phe Pro Glu Pro Tyr Ile Lieu Val Tyr Ala Asn Asp 
21 O 215 22O 

Ala Ala Ile Ser Glu Pro Glu Ser Val Val Ser Ser Lieu. Glin Gly His 
225 23 O 235 24 O 

Arg Asn Phe Pro Thr Gly Thr Val Pro Llys Trp Asp Ser His Ile Arg 
245 250 255 

Ala Ala Lieu. Ser Ile Glu Arg Arg Llys Lys Arg Ser Thr Gly Val Lieu 
26 O 265 27 O 

Lieu Pro Lieu. Glin Asn. Asn. Glu Lieu Pro Gly Ala Glu Tyr Glin Tyr Lys 
27s 28O 285 

Lys Asp Glu Val Trp Glu Glu Arg Llys Pro Tyr Llys Thr Lieu. Glin Ala 
29 O 295 3 OO 

Glin Ala Pro Glu Lys Ser Lys Asn Llys Llys Lys Glin Arg Lys Gly Pro 
3. OS 310 315 32O 

His Arg Llys Ser Glin Thr Lieu. Glin Phe Asp Glu Glin Thr Lieu Lys Llys 
3.25 330 335 

Ala Arg Arg Llys 
34 O 

<210 SEQ ID NO 2 
<211 LENGTH: 335 
&212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 2 

Ser His Arg Ala Pro Ala Trp Ser Ala Lieu Pro Ala Ala Ala Asp Gly 
1. 5 1O 15 

Lieu. Glin Gly Asp Arg Asp Lieu. Glin Arg His Pro Gly Asp Ala Ala Ala 
2O 25 3O 

Thr Lieu. Gly Pro Ser Ala Glin Asp Met Val Ala Val His Met His Arg 
35 4 O 45 

Lieu. Tyr Glu Lys Tyr Ser Arg Glin Gly Ala Arg Pro Gly Gly Gly Asn 
SO 55 6 O 

Thr Val Arg Ser Phe Arg Ala Arg Lieu. Glu Val Val Asp Gln Lys Ala 
65 70 7s 8O 

Val Tyr Phe Phe Asn Lieu. Thir Ser Met Glin Asp Ser Glu Met Ile Leu 
85 90 95 

Thr Ala Thr Phe His Phe Tyr Ser Glu Pro Pro Arg Trp Pro Arg Ala 
1OO 105 11 O 

Lieu. Glu Val Lieu. Cys Llys Pro Arg Ala Lys Asn Ala Ser Gly Arg Pro 
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115 12 O 125 

Lieu Pro Lieu. Gly Pro Pro Thr Arg Glin His Lieu Lleu Phe Arg Ser Lieu. 
13 O 135 14 O 

Ser Glin Asn. Thir Ala Thr Glin Gly Lieu. Lieu. Arg Gly Ala Met Ala Lieu. 
145 150 155 160 

Ala Pro Pro Pro Arg Gly Lieu. Trp Glin Ala Lys Asp Ile Ser Pro Ile 
1.65 17O 17s 

Val Lys Ala Ala Arg Arg Asp Gly Glu Lieu. Lieu Lleu Ser Ala Glin Lieu 
18O 185 19 O 

Asp Ser Glu Glu Arg Asp Pro Gly Val Pro Arg Pro Ser Pro Tyr Ala 
195 2OO 2O5 

Pro Tyr Ile Lieu Val Tyr Ala Asn Asp Lieu Ala Ile Ser Glu Pro Asn 
21 O 215 22O 

Ser Val Ala Val Thir Lieu. Glin Arg Tyr Asp Pro Phe Pro Ala Gly Asp 
225 23 O 235 24 O 

Pro Glu Pro Arg Ala Ala Pro Asn. Asn. Ser Ala Asp Pro Arg Val Arg 
245 250 255 

Arg Ala Ala Glin Ala Thr Gly Pro Lieu. Glin Asp Asn. Glu Lieu Pro Gly 
26 O 265 27 O 

Lieu. Asp Glu Arg Pro Pro Arg Ala His Ala Gln His Phe His Llys His 
27s 28O 285 

Gln Lieu. Trp Pro Ser Pro Phe Arg Ala Lieu Lys Pro Arg Pro Gly Arg 
29 O 295 3 OO 

Lys Asp Arg Arg Llys Lys Gly Glin Glu Val Phe Met Ala Ala Ser Glin 
3. OS 310 315 32O 

Val Lieu. Asp Phe Asp Glu Lys Thr Met Glin Lys Ala Arg Arg Llys 
3.25 330 335 

<210 SEQ ID NO 3 
<211 LENGTH: 472 
&212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 3 

Met Ala Gly Ala Ser Arg Lieu. Lieu. Phe Lieu. Trp Lieu. Gly Cys Phe Cys 
1. 5 1O 15 

Val Ser Leu Ala Glin Gly Glu Arg Pro Llys Pro Pro Phe Pro Glu Lieu. 
2O 25 3O 

Arg Lys Ala Val Pro Gly Asp Arg Thr Ala Gly Gly Gly Pro Asp Ser 
35 4 O 45 

Glu Lieu. Glin Pro Glin Asp Llys Val Ser Glu. His Met Lieu. Arg Lieu. Tyr 
SO 55 6 O 

Asp Arg Tyr Ser Thr Val Glin Ala Ala Arg Thr Pro Gly Ser Lieu. Glu 
65 70 7s 8O 

Gly Gly Ser Glin Pro Trp Arg Pro Arg Lieu. Lieu. Arg Glu Gly Asn. Thir 
85 90 95 

Val Arg Ser Phe Arg Ala Ala Ala Ala Glu Thir Lieu. Glu Arg Lys Gly 
1OO 105 11 O 

Lieu. Tyr Ile Phe Asn Lieu. Thir Ser Lieu. Thir Lys Ser Glu Asn. Ile Lieu. 
115 12 O 125 

Ser Ala Thr Lieu. Tyr Phe Cys Ile Gly Glu Lieu. Gly Asn. Ile Ser Lieu. 
13 O 135 14 O 
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Ser Cys Pro Val Ser Gly Gly Cys Ser His His Ala Glin Arg Llys His 
145 150 155 160 

Ile Glin Ile Asp Lieu. Ser Ala Trp Thir Lieu Lys Phe Ser Arg Asin Glin 
1.65 17O 17s 

Ser Glin Lieu. Lieu. Gly His Lieu. Ser Val Asp Met Ala Lys Ser His Arg 
18O 185 19 O 

Asp Ile Met Ser Trp Lieu. Ser Lys Asp Ile Thr Glin Phe Lieu. Arg Llys 
195 2OO 2O5 

Ala Lys Glu Asn. Glu Glu Phe Lieu. Ile Gly Phe Asn. Ile Thir Ser Lys 
21 O 215 22O 

Gly Arg Glin Lieu Pro Lys Arg Arg Lieu Pro Phe Pro Glu Pro Tyr Ile 
225 23 O 235 24 O 

Lieu Val Tyr Ala Asn Asp Ala Ala Ile Ser Glu Pro Glu Ser Val Val 
245 250 255 

Ser Ser Leu Gln Gly His Arg Asn Phe Pro Thr Gly Thr Val Pro Llys 
26 O 265 27 O 

Trp Asp Ser His Ile Arg Ala Ala Lieu. Ser Ile Glu Arg Arg Llys Llys 
27s 28O 285 

Arg Ser Thr Gly Val Lieu Lleu Pro Lieu. Glin Asn. Asn. Glu Lieu Pro Gly 
29 O 295 3 OO 

Ala Glu Tyr Glin Tyr Llys Lys Asp Glu Val Trp Glu Glu Arg Llys Pro 
3. OS 310 315 32O 

Tyr Lys Thr Lieu. Glin Ala Glin Ala Pro Glu Lys Ser Lys Asn Llys Llys 
3.25 330 335 

Lys Glin Arg Lys Gly Pro His Arg Llys Ser Glin Thr Lieu. Glin Phe Asp 
34 O 345 35. O 

Glu Glin Thir Lieu Lys Lys Ala Arg Arg Lys Glin Trp Ile Glu Pro Arg 
355 360 365 

Asn. Cys Ala Arg Arg Tyr Lieu Lys Val Asp Phe Ala Asp Ile Gly Trip 
37 O 375 38O 

Ser Glu Trp Ile Ile Ser Pro Llys Ser Phe Asp Ala Tyr Tyr Cys Ser 
385 390 395 4 OO 

Gly Ala Cys Glin Phe Pro Met Pro Llys Ser Leu Lys Pro Ser Asn His 
4 OS 41O 415 

Ala Thr Ile Glin Ser Ile Val Arg Ala Val Gly Val Val Pro Gly Ile 
42O 425 43 O 

Pro Glu Pro Cys Cys Val Pro Glu Lys Met Ser Ser Leu Ser Ile Leu 
435 44 O 445 

Phe Phe Asp Glu Asn Lys Asn Val Val Lieu Lys Val Tyr Pro Asn Met 
450 45.5 460 

Thr Val Glu Ser Cys Ala Cys Arg 
465 470 

<210 SEQ ID NO 4 
<211 LENGTH: 478 
&212> TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OO SEQUENCE: 4 

Met Ala His Val Pro Ala Arg Thr Ser Pro Gly Pro Gly Pro Glin Leu 
1. 5 1O 15 

Lieu. Lieu. Lieu. Lieu Lleu Pro Lieu. Phe Lieu. Lieu. Lieu. Lieu. Arg Asp Val Ala 
2O 25 3O 
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Gly Ser His Arg Ala Pro Ala Trp Ser Ala Lieu Pro Ala Ala Ala Asp 
35 4 O 45 

Gly Lieu. Glin Gly Asp Arg Asp Lieu. Glin Arg His Pro Gly Asp Ala Ala 
SO 55 6 O 

Ala Thr Lieu. Gly Pro Ser Ala Glin Asp Met Val Ala Val His Met His 
65 70 7s 8O 

Arg Lieu. Tyr Glu Lys Tyr Ser Arg Glin Gly Ala Arg Pro Gly Gly Gly 
85 90 95 

Asn Thr Val Arg Ser Phe Arg Ala Arg Lieu. Glu Val Val Asp Gln Lys 
1OO 105 11 O 

Ala Val Tyr Phe Phe Asn Lieu. Thir Ser Met Glin Asp Ser Glu Met Ile 
115 12 O 125 

Lieu. Thir Ala Thr Phe His Phe Tyr Ser Glu Pro Pro Arg Trp Pro Arg 
13 O 135 14 O 

Ala Lieu. Glu Val Lieu. Cys Llys Pro Arg Ala Lys Asn Ala Ser Gly Arg 
145 150 155 160 

Pro Leu Pro Leu Gly Pro Pro Thr Arg Glin His Leu Lleu Phe Arg Ser 
1.65 17O 17s 

Lieu. Ser Glin Asn. Thir Ala Thr Glin Gly Lieu. Lieu. Arg Gly Ala Met Ala 
18O 185 19 O 

Lieu Ala Pro Pro Pro Arg Gly Lieu. Trp Glin Ala Lys Asp Ile Ser Pro 
195 2OO 2O5 

Ile Val Lys Ala Ala Arg Arg Asp Gly Glu Lieu Lleu Lleu Ser Ala Glin 
21 O 215 22O 

Lieu. Asp Ser Glu Glu Arg Asp Pro Gly Val Pro Arg Pro Ser Pro Tyr 
225 23 O 235 24 O 

Ala Pro Tyr Ile Lieu Val Tyr Ala Asn Asp Lieu Ala Ile Ser Glu Pro 
245 250 255 

Asn Ser Val Ala Val Thr Lieu. Glin Arg Tyr Asp Pro Phe Pro Ala Gly 
26 O 265 27 O 

Asp Pro Glu Pro Arg Ala Ala Pro Asn. Asn. Ser Ala Asp Pro Arg Val 
27s 28O 285 

Arg Arg Ala Ala Glin Ala Thr Gly Pro Lieu. Glin Asp Asn. Glu Lieu Pro 
29 O 295 3 OO 

Gly Lieu. Asp Glu Arg Pro Pro Arg Ala His Ala Glin His Phe His Lys 
3. OS 310 315 32O 

His Glin Leu Trp Pro Ser Pro Phe Arg Ala Leu Lys Pro Arg Pro Gly 
3.25 330 335 

Arg Lys Asp Arg Arg Llys Lys Gly Glin Glu Val Phe Met Ala Ala Ser 
34 O 345 35. O 

Glin Val Lieu. Asp Phe Asp Glu Lys Thr Met Glin Lys Ala Arg Arg Llys 
355 360 365 

Glin Trp Asp Glu Pro Arg Val Cys Ser Arg Arg Tyr Lieu Lys Val Asp 
37 O 375 38O 

Phe Ala Asp Ile Gly Trp Asn Glu Trp Ile Ile Ser Pro Llys Ser Phe 
385 390 395 4 OO 

Asp Ala Tyr Tyr Cys Ala Gly Ala Cys Glu Phe Pro Met Pro Lys Ile 
4 OS 41O 415 

Val Arg Pro Ser Asn His Ala Thir Ile Glin Ser Ile Val Arg Ala Val 
42O 425 43 O 
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Val Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu 
85 90 95 

Tyr Lys Cys Llys Val Ser Asn Lys Ala Lieu Pro Val Pro Ile Glu Lys 
1OO 105 11 O 

Thir Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr 
115 12 O 125 

Lieu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Glin Val Ser Lieu. Thr 
13 O 135 14 O 

Cys Lieu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu 
145 150 155 160 

Ser Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. 
1.65 17O 17s 

Asp Ser Asp Gly Pro Phe Phe Lieu. Tyr Ser Lys Lieu. Thr Val Asp Llys 
18O 185 19 O 

Ser Arg Trp Glin Glin Gly Asn Val Phe Ser Cys Ser Val Met His Glu 
195 2OO 2O5 

Ala Lieu. His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly 
21 O 215 22O 

Lys 
225 

We claim: 3. The antibody of claim.1, wherein the antibody comprises 
1. An antibody that binds to a mature BMP3 peptide and iVis' i SPR region that confers binding to the mature 

competes with BMP3 propeptide for binding to the mature 4. E. antibody of claim 1, wherein the antibody is a 
BMP3 peptide. humanized or fully human antibody. 

5. A pharmaceutical preparation comprising an antibody of 
2. The antibody of claim 1, wherein the mature BMP3 

peptide consists of the sequence of amino acids 363-472 of 
SEQID NO:3. ck 

claim 1. 


