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ARTICLE INFO ABSTRACT

Artic{e history: Bone morphogenetic proteins (BMPs) are cytokines belonging to the transforming growth factor-p (TGF-{3)
Received 22 December 2014 superfamily. They play multiple functions during development and tissue homeostasis, including regulation of
Revised 11 April 2015 the bone homeostasis. The BMP signaling pathway consists in a well-orchestrated manner of ligands, membrane
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Available online 5 June 2015 receptors, co-receptors and intracellular mediators, that regulate the expression of genes controlling the normal

functioning of the bone tissues. Interestingly, BMP signaling perturbation is associated to a variety of low and
high bone mass diseases, including osteoporosis, bone fracture disorders and heterotopic ossification. Consistent

—Il%/;‘flg 1o with these findings, in vitro and in vivo studies have shown that BMPs have potent effects on the activity of cells
BMP regulating bone function, suggesting that manipulation of the BMP signaling pathway may be employed as a
Bone therapeutic approach to treat bone diseases. Here we review the recent advances on BMP signaling and bone
Osteoblast homeostasis, and how this knowledge may be used towards improved diagnosis and development of novel

Osteoclast treatment modalities. This article is part of a Special Issue entitled “Muscle Bone Interactions”.
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Introduction It consists of OBs and OCs, but also osteocytes, bone lining cells and cap-

Bone remodeling, resorption and formation

Bone remodeling occurs throughout life and involves the coordina-
tion between bone resorption and new bone formation. Interestingly,
resorption and formation are regulated by systemic and local release
of cytokines and growth factors, including the bone morphogenetic
proteins (BMPs). As we will describe throughout this review article,
BMPs have been unveiled as crucial regulators of bone homeostasis.
BMPs coordinate anabolic and catabolic processes by affecting the
differentiation and activity of osteoblasts (OBs) and osteoclasts (OCs),
which are the main cell types responsible for bone formation and
resorption, respectively.

BMPs and other growth factors such as transforming growth factor-
B (TGF-B) and insulin growth factor (IGF) are released from the
digested bone matrix as well as delivered from OC-like cells to activate
osteogenesis, which is initiated with the recruitment of mesenchymal
OB precursors. Next, differentiated chondrocytes and active OBs
generate the organic bone matrix that will be further maturated with
the incorporation of inorganic salts. Finally, mature OBs embedded in
the mineralized bone undergo apoptosis or differentiate into quiescent
osteocytes [1]. Such anabolic and catabolic activities are coupled
through basic multicellular units (BMU) (Fig. 1), which resemble
anatomical microenvironments where bone remodeling takes place.

illaries [2]. This whole multicellular assembly moves in three dimen-
sions throughout the bone matrix to rebuild the bone architecture.
Interestingly, the cells in the BMU are not directly in contact with the
bone marrow, but covered by a canopy of bone lining/OB-like cells
intimately associated with capillaries, comprising the bone remodeling
compartment (BRC). This structure is thought to be of crucial importance
since it facilitates the release of certain molecules (such as thyroid
hormone, estrogen, vitamin D, parathyroid hormone and circulating
BMPs) from the blood vessels [3]. Interestingly, disruption of the canopy
leads to disorders in bone homeostasis [4], partially due to a decrease in
the recruitment and differentiation of OCs and OBs.

Bone remodeling requires the formation of new blood vessels or
angiogenesis, which provides the bone remodeling site with osteogenic
precursors, as well as cytokines and growth factors that regulate the
activity of OBs and OCs [5-9]. Capillaries also facilitate the diffusion of
the growth factors and minerals delivered from the degraded bone
matrix [10] to the peripheral blood. In fact, disruption in angiogenesis
usually leads to defects in bone remodeling and repair [11]. Noteworthy,
OBs, osteocytes and OCs secrete molecules such as vascular endothelial
growth factor (VEGF) and epidermal growth factor (EGF) to modulate
the angiogenic response [3], suggesting that there is a bilateral commu-
nication between blood vessels and bone tissues to regulate each other.
Finally, although not directly involved in bone remodeling, the bone tis-
sue is continuously invaded by immune cells, that modulate the activity
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Fig. 1. Basic multicellular units (BMU). BMU represent functional bone remodeling entities where the main cell types involved in bone remodeling (i.e., mesenchymal progenitors that will
differentiate into osteoblasts and osteocytes, osteoclasts and osteoclast progenitors and blood vessels consisting of endothelial cells and pericytes) are represented. A canopy made of
mesenchymal cells (in humans) or osteomacs (in mice) facilitates the interchange of molecules between the bone tissue and the vasculature. HSC, hematopoeitic stem cell; ECM,

extra-cellular matrix; MSC, mesenchymal stem cell.
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