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Table 3. The BMP family of proteins.

BMPs Known Functions Gene Locus

BMP1 BMP1 does not belong to the TGF-β family 
of proteins. It is a metalloprotease that acts 
on procollagen I, II and III. It is involved 
in cartilage development.

8p21

BMP2 Acts as a disulfide-linked homodimer and 
induces bone and cartilage formation. It is 
a candidate as a retinoid mediator. Plays a 
key role in osteoblast differentiation.

20p12

BMP3 Induces bone formation. 14p22

BMP4 Regulates the formation of teeth, limbs 
and bone from mesoderm. It also plays a 
role in fracture repair.

14q22-q23

BMP5 Performs functions in cartilage develop-
ment.

6p12.1

BMP6 Plays a role in joint integrity in adults. 6p12.1

BMP7 Plays a key role in osteoblast differen-
tiation. It also induces the production of 
SMAD1. Also key in renal development 
and repair.

20q13

BMP8a Involved in bone and cartilage develop-
ment.

1p35-p32

BMP8b Expressed in the hippocampus. 1p35-p32

BMP10 May play a role in the trabeculation of the 
embryonic heart.

2p14

BMP15 May play a role in oocyte and follicular 
development.

Xp11.2

10. Bone Morphogenetic Proteins  
and Antagonists (Figure 4)

Bone morphogenetic proteins (BMPs) are a group 
of growth factors known for their ability to induce the 
formation of bone and cartilage.97 Originally, seven 
such proteins were discovered, six of them (BMP2 
through BMP7) belong to the TGF-β super-family. 
Since then, several more BMPs have been discovered 
(Table 3). BMPs interact with specific receptors on 
the cell surface, referred to as bone morphogenetic 
protein receptors (BMPRs).97 Signal transduction 
through BMPRs results in mobilization of mem-
bers of the Smad family (Smad 1,5,8). A family of 
secreted BMP antagonists (Noggin, Chordin, Dan 
and Gremlin) binds BMP ligands and inhibits BMP 
functions.97,98

11. The regulation of 
osteoblastogenesis (Figure 5)  
and interpretation of pertinent 
clinical phenotypes

Mesenchymal progenitors can differentiate into 
a number of cell types, including adipocytes and 
osteoblasts, myoblasts and chondroblasts.99 The exact 

number of factors directing the commitment and 
maturation of the progenitors in osteoblasts is not 
yet known. Nonetheless, after the commitment, and 
probably coordinated by Ror-2 receptor tyrosine 
kinase which induces osterix (a downstream to runx2 
zinc finger containing transcription factor expressed 
by osteoblasts and required for endochondral and 
intramembranous bone formation),100 the critical 
pathway that regulates the reciprocal relationship 
between adipogenesis and osteoblastogenesis works 
through canonical Wnt signaling. This signaling inhib-
its adipogenesis and stimulates osteoblastogenesis of 
bipotential marrow stromal cells. Activation of Wnt 
signaling is induced by a number of factors. Recently, 
the evolving concept of the role of LRP5/6 and its 
antagonist sclerostin, as a point of mechanotransduc-
tion between osteocytes and osteoblast progenitors, 
focused attention again on the Wnt cascade. The Wnt Figure 4. The bone morphogenetic protein signal transduction.




