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Mounting experimental data demonstrate strong association between activation of osteoblasts and control of myeloma progression.1 Clinical data indicate that bortezomib, which directly acts to stimulate osteoblast differentiation, increases circulating levels of osteoblastic markers and stimulate bone formation in myeloma patients.2  These studies support the notion that although mesenchymal stem cells (MSCs) from patients with myeloma are reportedly abnormal these cells can differentiate into osteoblasts and form bone upon stimulation with osteoblast activating agents.  The clinical drug bortezomib3 or experimental agents such as anti-DKK1,4 Wnt activators,5;6 and inhibitors of TGFβ7 and activin A signaling8 have all been shown to activate osteoblasts in myelomatous bone. These agents also suppressed myeloma growth in bone, particularly when increased bone formation coincided with a reduction in osteoclast activity.

A contrasting scenario has been reported by us demonstrating that the chimeric molecules EhpB4-Fc and ephrinB2-Fc similarly promoted bone formation in myelomatous bone but EphB4-Fc treatment only was associated with reduced tumor growth.9 In contrast to EphB4-Fc, ephrinB2-Fc had no effect on osteoclastogenesis and promoted angiogenesis,9 suggesting that increased bone formation by itself is insufficient to create an inhospitable environment for myeloma. This study also indicates that restraining myeloma by certain bone anabolic agents is not a consequence of a decrease in marrow space due to increased bone volume; rather, it resulted from alteration of multiple cellular and molecular components in the hematopoietic marrow. 

The molecular mechanisms by which osteoblast activating agents restrain myeloma may involve increased production of anti-myeloma, anti-osteoclastogenic, anti-inflammatory and anti-oxidants factors by microenvironmental cells in the bone marrow, and reconstruction of the normal hematopoietic stem cell niche. We have shown that the osteogenic matrix factor, decorin, which is highly secreted during bone formation, exerts anti-myeloma, anti-osteoclastogenesis and anti-angiogenesis properties in myelomatous bone.10 To further explore the association between bone anabolism and myeloma growth we determined therapeutic efficacy and shed light on molecular mechanisms of daily treatment with parathyroid hormone (PTH)11 or MSC cytotherapy.12;13 These two therapeutic approaches have been successfully used in clinical osteoporosis or bone regeneration and for improving hematopoiesis recovery. 
In the SCID-hu and the SCID-rab models, intra-bone injection of MSCs effectively prevented myeloma-induced bone resorption and promoted bone formation in myelomatous bone, and these effects were associated with reduced myeloma growth. The majority of the injected MSCs disappeared within 2-4 weeks, indicating that MSCs exert their effects on bone remodeling as a bystander cells (trophic effect). Using bioluminescence imaging and immunohistochemistry we found that few intravenously injected luciferase/GFP-expressing MSCs were capable of homing to myelomatous bone and that four weekly intravenous injections of MSCs prevented myeloma-induced bone resorption, supporting the clinical relevancy of MSC cytotherapy. To shed light on molecular mechanisms of MSC cytotherapy, global gene expression profiling was performed on whole myelomatous human bone of myeloma-bearing SCID-hu hosts 0 and 24 hours following intra-bone MSCs cytotherapy. MSC cytotherapy resulted in overexpression of extracellular or soluble factors known to mediate wound healing, bone remodeling, oxidative stress and inflammation.
Daily subcutaneous injections of PTH resulted in marked increased in bone mineral density (BMD) of myelomatous bones and attenuated growth of primary myeloma and the Hg myeloma cell line, capable of passaging in experimental animals.11  Myeloma cells do not express PTH receptors indicating that reduced myeloma growth resulted from alteration of the bone marrow microenvironment. Global gene expression profiling on whole myelomatous human bone of myeloma-bearing SCID-hu hosts treated with daily PTH identified changes in molecular pathways regulating osteoblastogenesis, osteoclastogenesis and myeloma growth inhibition. PTH activated multiple bone remodeling pathways of which Wnt signaling was prominent.11 

Certain relevant microenvironmental genes, particularly unique anti-inflammation mediators, were upregulated by PTH or MSC cytotherapy indicating that these two treatment approaches mediate their effects, in part, through certain common molecular pathways. Bone anabolism that creates an effective inhospitable bone marrow environment for tumor cells may also negatively affect myeloma progression.
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