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The recognition of the crucial role of the bone marrow (BM) microenvironment as a potential target for novel therapeutical approaches in Multiple Myeloma (MM) has recently provided several promising strategies and a number of novel therapeutics are presently in advanced preclinical or early clinical evaluation. According to the modern view of MM pathophysiology, the interaction with heterogeneous normal populations of the human BM microenvironment (huBMM) supports the growth, the survival and induce a drug resistant phenotype of MM cells. In the last decades, however, the lack of preclinical models recapitulating the natural BM milieu, where the disease takes place, has been the major limitation for the study of the molecular interactions of MM cells with the huBMM and for the rational design and validation of novel therapeutics. Most of the early in vivo models of murine or human MM do not indeed reproduce the huBMM and therefore are not suitable systems for the study of the antitumor activity of novel agents targeting not only MM cells but also the specific huBMM. Essentially, these models involve transplantation and engraftment of established murine or human cell lines respectively in syngeneic or immunocompromised mice. These models are useful tools as first drug-screening and serve as useful filter for defining the anti-tumor activity and the pharmacokinetic properties of innovative drugs but should not be viewed as ideal models for development of anti-MM drugs. On the other hand, engineered models of human MM allow the definition of biological steps in the pathogenesis of MM and provide optimal models to test molecules that specifically target the underlying genetic lesions, but are not suited for large-scale screening of investigational drugs and do not completely recapitulate the human disease. Innovative models based on the engraftment of human primary MM cells within a huBMM obviously retain advantages over other models for the study of the pathophysiology of the disease and for preclinical evaluation of investigational drugs targeting not only the tumor compartment but also the huBMM. The development of the SCID-hu model
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, which is based on the implantation of a human fetal bone chip in immunocompromised (SCID) mice, is still one of the most important experimental resources and has represented a significant advancement since it reproduces an in vivo huBMM suitable for engraftment of freshly-explanted primary MM cells. Even if this model represents a powerful system for the screening of investigational drugs, there are some weaknesses associated with a limited availability of human fetal bone chips, the allogeneic nature of the fetal BM milieu versus patient-derived MM cells and the obvious differences of the fetal bone versus the elderly bone, where in the most of cases the disease takes place.

In the aim to overcome the limitations of the SCID-hu system, a new model, called SCID-synth-hu,  recently developed by us  [4]. This model is based on the implantation into a SCID mouse of a three-dimensional (3D) bone-like poly-ε-caprolactone polymeric scaffold (PCLS). This synthetic recipient, which finely reproduces the micro architecture of a normal human femur adult bone, allows efficient coating of the 3D scaffold internal surface with human bone marrow stromal cells (BMSCs) and the successful engraftment of human primary explanted MM cells within an allogeneic huBMM in vivo. Most importantly, the injection within the biosynthetic scaffold of the whole unselected BM population from  patient BM aspirate, containing both primary CD138+ MM cells and their autologous BMSCs, demonstrated a successful engraftment of all patient samples. Therefore this latter approach indeed allows the recapitulation of the human disease in its natural BM milieu. Moreover, vasculogenetic  events occur within the reconstituted huBMM and we have demonstrated that this SCID-synth-hu model is suitable for investigational drug screening simply by monitoring the human paraprotein in the mouse serum. Using a  sequential addition of normal or genetic engineered huBMM cell components, this system allows the dissection of biological events occurring within the huBMM, therefore providing a finely tunable innovative tool for more appropriate studies on the role of the BM milieu in the MM. In addition, preliminary results demonstrated that the polymeric scaffold can be improved by addition of hydroxyapatite, providing an optimal instrument for the study of biological events involved in the MM-related bone disease in a well defined system. An additional important point is the plasticity of this platform that can allow investigation of molecular variants of human disease by the use of personalized models. This may be relevant in the light that MM drug development cannot rely on the “one-fits-all” concept, taking in account the molecular heterogeneity of the disease. The rising interest for novel therapeutics based on the interference with molecular microenviromental networks which also involves immunological cells, strongly underscore the need of preclinical models able to recapitulate the MM cell/autologous huBMM interaction. In conclusion, more efforts are needed to further improve these preclinical platforms and allow routinely use of these models for the definition of new anti-MM therapeutic agents. 
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