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Summary. The division of labor among cells of the 
skeleton is distinct and diverse and the regulation of 
these cells is interdependent. Osteoclasts are the cellular 
source of bone resorption and signals for their 
development and activation come, at least in part, from 
bone and other cells in the local environment. Studies of 
isolated cells have identified some factors in the 
developmental cascade of osteoclasts but there is little 
understanding of the sequence and local concentrations, 
not to mention other factors, needed for both the 
development of competent osteoclasts and for 
coordinated bone resorption. We review the skeletal 
biology of one osteopetrotic mutation in the rat, 
toothless, in which bone resorption is severely reduced 
because of a failure in the development and function of 
osteoclasts. Furthermore, we review the advantages and 
limitations of a relatively new method, differential 
display of mRNA (DD), that identifíes differences in 
gene expression in two or more populations of cells. We 
present a strategy and preliminary data for the 
application of DD to this mutation. We propose 
that application of this method to these and other 
skeletal diseases, with the appropriate controls and 
confirmations, will provide data about pathogenetic 
pathways and has a high probability for identifying new 
regulators of skeletal development and tumover. 
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A. Bone cells and the regulation of bone resorption 

The skeleton is largely a mineralized connective 
tissue permeated and covered by cells which regulate its 
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formation, mineralization and tumover in response to a 
variety of factors whose precise mechanisms and even 
identities remain unknown (Marks and Hermey, 1996). 
These bone cells and their environment in the skeleton 
are illustrated in Fig. 1. 

Osteoblasts, the progeny of local mesenchymal 
osteoprogenitor cells, produce the extracellular matrix of 
bone and regulate its mineralization. Some osteoblasts 
are surrounded by matrix to become osteocytes. Bone 
lining cells are relateú to osteoblasts and cover inactive 
bone surfaces. Osteoclasts are large multinucleated cells 
that arise from the fusion of specific circulating 
mononuclear cells of CFU-GM lineage. The production 
of osteoclasts is dependent upon a number of factors, 
including the local production of colony-stimulating 
factor- 1 (CSF-l), a cytokine produced by osteoblasts 
and other mensenchymal cells (Felix et al., 1996). CSF-1 
is also required for the production of some but not al1 
tissue-specific macrophages (Cecchini et al., 1994), and 
this may be the case for site-specific osteoclasts as well 
(Sundquist et al., 1995a). Osteoclasts resorb bone in 
discrete sites and are directeú to these sites by factors in 
the local and systemic environments (for review see: 
Marks, 1983; Marks and Popoff, 1988; Athanasou, 1996; 
Marks and Hermey, 1996). 

The activities of osteoblasts (bone formation) and 
osteoclasts (bone resorption) are coupled by a variety of 
mechanisms (Fig. 2) and their relative activities are 
variable. During skeletal development the activity of 
osteoblasts is much greater than that of osteoclasts in 
order to produce a skeleton. During the decades of 
skeletal maintenance these activities are equal and 
during episodes of skeletal pathology they become 
unbalanced (Marks and Hermey, 1996). While the 
activities of resorption and formation are interdependent 
there is little general agreement on the specific 
mechanisms and mediators. 

Bone is resorbed by osteoclasts, again by 
mechanisms that are incompletely understood. Active 
osteoclasts are large cells (Fig. 3) that have ultra- 
















