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Integrin signaling plays an essential role in 
osteoclast (OC) function. The importance of 
the αvβ3 integrin in osteoclastic bone 
resorption is well established (1-3), and now 
new evidence indicates a critical role for the 
α9β1 integrin receptor in osteoclast 
formation and function (4). Studies from α9(-
/-) mice and human OC precursors infected 
with α9 shRNA revealed decreased 
numbers of mature osteoclasts with 
disrupted actin rings. α9 was shown to be 
the only receptor for ADAM8 (A Disintegrin 
and Metalloproteinase 8). The importance of 
the ADAM8/α9β1 interaction was 
demonstrated by increased OC numbers in 
WT, but not α9 null cultures treated with 
soluble ADAM8. Mechanistically, the 
disintegrin motif of ADAM8 formed a 
complex with the tyrosine kinase Pyk2 and 
modulated paxillin phosphorylation. Thus, 
these data indicate that interaction between 
the α9β1 integrin and its ligand ADAM8 is 
critical for OC activity by activating a PYK2-
dependent signaling pathway. The 
importance of PYK2 in bone homeostasis 
was also unveiled through demonstration 
that PYK2 deletion led to high bone mass 
through a positive balance between bone 
formation and bone erosion in aged mice (5). 
Furthermore, another recent study 
underscores an important role of Pyk2 in 
microtubule-dependent podosome 
organization, bone resorption, and other 
osteoclast functions (6).  
  
New insights into activation of OC-mediated 
bone resorption were elegantly presented 
(7) in work using Cdc42 gain-of-function and 
Cdc42 flox/flox mice. While Cdc42 null mice 
are embryonic lethal, rendering difficult the 

analysis of their bone phenotype, Cdc42 
gain-of-function mice (Cdc42GAP), which 
lack the GTPase-activating proteins, thereby 
allowing prolonged activation of Cdc42, die 
soon after birth. Transplant studies of 
Cdc42GAP(-/-) bone marrow cells into 
lethally irradiated WT mice induced lower 
bone mass, increased OC numbers and 
higher levels of bone resorption. This in vivo 
finding correlated with accelerated M-CSF 
dependent proliferation and RANKL-induced 
differentiation in vitro. Conversely, bone 
marrow macrophages (BMMs) from 
cdc42(flox/flox) mice treated in vitro with 
retroviral Cre to delete Cdc42 displayed a 
decreased response to M-CSF, increased 
apoptosis and diminished OC differentiation. 
This is the first report indicating an important 
role for the Cdc42 GTPase in both OC 
differentiation and bone resorption. 
 
NFκB activation is critical for osteoclast 
development and survival. Both RANKL and 
TNFα can induce NFκB activation and both 
cytokines activate the canonical (p65 and 
p50) and non-canonical (p52 and RelB) 
NFκB pathways. However, their effect on 
osteoclast development is different. RANKL 
strongly promotes OC differentiation, while 
TNFα does so only in the presence of 
permissive levels of RANKL (8). Intriguing 
findings were presented suggesting that 
TNFα, independent of RANKL, can promote 
OC differentiation, albeit to a lesser extent 
than the osteoclastogenic cytokine (9). A 
possible mechanism explaining the 
differential effect of these two cytokines on 
NFκB-mediated osteoclast differentiation 
relies on the capacity of TNFα to induce 
upregulation of both p52 and its precursor 
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protein p100 (NFκB2), while RANKL 
increased protein levels of p52 by promoting 
p100 degradation (10). Interestingly, 
deletion of NFκB2 augmented the capacity 
of TNFα to promote OC differentiation at 
similar rates to RANKL. Exit from cell cycle 
is a required step for OC terminal 
differentiation and involves NFκB. TNFα 
promoted cell proliferation via activation of 
cyclinD1 and similarly to NFκB2(-/-) cells, 
deletion of cyclin D1 stimulated TNF-
induced OC differentiation. These data 
suggest that TNFα may limit OC 
differentiation through a mechanism 
involving NFκB2 and cyclinD1. 
 
Interesting results on NFκB-induced 
osteoclast differentiation were also 
presented (11). NFκB activity is controlled 
by 2 upstream kinases, IKKα and IKKβ. In 
this study, the authors examined the role of 
IKKβ in in vivo and in vitro 
osteoclastogenesis by generating myeloid 
lineage-specific deletion of IKKβ using the 
Cre-lox system. Deletion of IKKβ in 
osteoclast progeny was responsible for 
developmental and survival defects, since 
knockout bone marrow macrophages 
formed less OCs in response to RANKL and 
apoptosis was more sensitive to RANKL and 
the pro-inflammatory cytokine, TNFα. 
Interestingly, the deletion of IKKβ in 
splenocytes was not sufficient to block their 
differentiation into osteoclasts, suggesting 
that the microenvironment in the spleen pre-
programs OC precursors to differentiate into 
mature OCs independently from IKKβ 
activity. 
 
A recent report indicated that RANKL co-
stimulatory signals mediated by ITAM-
containing receptors FcRγ and Dap12 are 
critical for osteoclast development in vitro 
and in vivo (12). FcRγ and DAP12 modulate 
calcium influx from the ER through the 
PLCγ2 pathway (4;5) and thereby mediate 
upregulation of the osteoclastogenic gene 
NFATc1 (12). Mechanisms mediating the 
activation of PLCγ are still under 
investigation. Investigators elegantly 
demonstrated the need for Tec tyrosine 
kinases during osteoclast differentiation to 
modulate PLCγ1 and PLCγ2 
phosphorylation (13). Specifically, Tec(-/-) 
Btk(-/-) mice exhibited an osteopetrotic 

phenotype due to severe impairment of OC 
differentiation. In vitro analysis showed that 
the two Tec family members were recruited 
to lipid rafts upon RANKL stimulation and 
formed a complex with RANK, the adapter 
protein BLNK and the ITAM-harboring 
adaptors, which mediated PLCγ-mediated 
NFATc1 upregulation during 
osteoclastogenesis. Importantly, in vivo 
studies showed that these mice are 
protected from ovariectomy-induced bone 
loss. In light of these findings, results from 
another group appeared very intriguing (14). 
In fact, in contrast to Tec(-/-)Btk(-/-) mice, 
ITAM-containing receptor FcRγ/Dap12 
double null mice, which have a severe 
osteopetrotic phenotype due to a blockade 
in OC development, responded to 
ovariectomy with bone loss in both femurs 
and tibias of approximately 40% relative to 
basal bone volumes. Thus, this study 
suggests that whereas ITAM signaling is 
critical for basal bone remodeling, estrogen 
deficiency induces an ITAM-independent 
bypass mechanism allowing for increased 
osteoclastogenesis and activation in specific 
bony microenvironments.  
 
The interaction between the immune and 
bone systems is becoming increasingly 
recognized. New research demonstrated 
that T-lymphocytes amplify the anabolic 
action of intermittent PTH (iPTH) treatment 
by regulating OC formation (15). 
Mechanistically, using T cell receptor β 
(TCRβ)(-/-) mice, researchers demonstrated 
that the deficient mice had decreased bone 
mineral density (BMD) measured by DEXA 
and less of an increase in BV/TV when 
treated with intermittent PTH than WT mice. 
4-point bending tests also showed that iPTH 
increased femoral stiffness in WT mice but 
not in TCRβ null animals. These 
observations correlated with decreased 
numbers of CFU-ALP colonies, an index of 
the number of stromal cells (SC) with 
osteogenic potentials and a 3-fold lower 
increase in ex-vivo formation of OCs in 
TCRβ(-/-) mice as compared to WT, 
indicating that T cells potentiated the 
capacity of iPTH to stimulate both 
osteoblasts and OCs. Importantly, the paper 
showed that iPTH stimulated RANKL 
expression of T cells by targeting stromal 
cells. This work is another demonstration of 
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the importance of T cells in modulating bone 
cell development. 
 
Overall, several intriguing findings were 
reported at the 2007 ASBMR annual 
meeting in Honolulu. These exciting studies 
will certainly open new roads toward 
understanding the mechanisms of osteoclast 
recruitment, differentiation and activation in 
pathological conditions of bone loss, with the 
hope of soon finding new effective anti-
osteoclastogenic therapeutic targets.  
 
Conflict of Interest: None reported. 
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