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The presence of osteolytic bone lesions is the hallmark of multiple myeloma (MM) and results in bone fragility and fractures in MM patients. Bone lesions are characterized by a severely unbalanced and uncoupled bone remodeling process in the area of plasma cell infiltration due to an increase in the osteoclast (OC) formation and activity and osteoblast (OB) suppression. In turn, bone microenvironment seems to have a critical role in the regulation of MM cells growth and survival. Blocking OC formation and activity through RANKL inhibition induces MM cell apoptosis in vitro and caused a marked reduction of tumor burden in vivo. Consistently it has been reported that OCs produce several MM cell growth factors as IL-6, osteopontin, BAFF and APRIL. On the other hand it has been shown that OB activation attenuates the stimulatory effect of OC cells on MM cell survival in vitro. Moreover, in the SCID-hu MM model it has been reported that the stimulation of bone formation either by the injection of mesenchymal stem cells or through the stimulation of Wnt signaling resulted in an inhibition of MM growth.  Overall these results suggest that either blocking OC formation and activation or increasing bone formation in MM patients could result in a reduction in tumor burden and that bone microenvironment cells could be potential therapeutic targets in MM. 

In line with these observations recent data suggest that the new anti-myeloma drugs recently introduced in the therapeutic armamentarium of MM patients may affect both OC and OB cell function and activity. It has been shown that the proteaosome inhibitor Bortezomib stimulates OB differentiation and bone formation both in vitro and in vivo in mice. This evidence is strongly supported by the in vivo observations obtained in MM patients treated with Bortezomib, An increase of total alkaline phosphatase and bone specific alkaline phosphatase has been also reported in MM patients that respond to the treatment with Bortezomib. Moreover, our data indicate that Bortezomib induce osteoblast phenotype in OB progenitors increasing Runx2 activity and consequently stimulates the expression of OB markers. Consistently bortezomib stimulates bone regeneration in mice and it is able to rescue bone loss in a mouse model of osteoporosis. Interestingly it has been also reported that proteasome inhibitors including Bortezomib also inhibit OC formation and differentiation through the block of NK-kB activity in osteoclast progenitors. All these data suggest that either the anti-MM effect of Bortezomib could be de due, at least in part, to its effect on OBs and OCs or this drugs may have a positive effect on MM bone disease.
Thalidomide and its derivative immunomodulatory drug (IMiD®) lenalidomide may also affect bone microenvironment. It has been shown that thalidomide and IMiD® directly inhibit OC formation and maturation. In addition we have recently investigated the potential effects of lenalidomide and the more potent IMiD® pomalidomide on MM-induced OC formation. First in a cell-to-cell contact co-culture system we found that both IMiDs® significantly blunted the production of the critical osteoclastogenic factor RANKL by human osteoprogenitor cells induced by MM cells decreasing the RANKL/OPG ratio level. Consistently the pro-osteoclastogenic property of the conditioned medium of the co-cultures was reduced in the presence of IMiDs®. Interestingly, by microarray analysis (Affymetrix®), among the genes significantly modulated by lenalidomide and pomalidomide in MM cells we identified the downregulation of the adhesion molecules ITGA4 (CD49d), ITGA8 and ICAM2 (CD102). By flow cytometry we confirmed the capacity of IMiDs® to inhibit the expression of adhesion molecules by MM cells showing that this effect was involved in the inhibition of RANKL/OPG ratio by IMiDs in co-culture. These data strongly suggest that IMiDs® affect MM-induced OC formation through the inhibition of RANKL/OPG ratio targeting the expression of adhesion molecules by MM cells. 

