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Bone marrow transplantation is accepted as an effective 
therapeutic modality for genetic and acquired diseases of 
the hematopoietic system. This cellular therapy is founded 
on the principle that bone marrow contains hematopoietic 
stem cells that can repopulate the blood. Over the past two 
decades, we have recognized that bone marrow also 
contains mesenchymal stem/progenitor cells. In principle, 
then, marrow transplantation as a means of transplanting 
mesenchymal cells could be used to treat disorders of 
mesenchymal tissues, in an analogous fashion to 
hematopoietic cell therapy. Using osteogenesis imperfecta 
(OI), a genetic disorder of bone, as a model system, we 
demonstrated that transplantation of unmanipulated bone 
marrow could functionally engraft in recipient bone and 
provide measurable clinical benefits. Based on the notion 
that mesenchymal stromal cells (MSCs) generated the 
donor-derived osteopoiesis, we subsequently intravenously 
infused allogeneic, gene-marked MSCs obtained 
frommarrow donors. Measured engraftment of the gene-
marked MSCs in bone wasexceedingly low; nonetheless, it 
was associated with an acceleration of growth in the 
children. Animal models of osteopoietic engraftment and 
differentiation suggest that nonadherent marrow cells 
(NAMBCs) are superior to MSCs forosteopoietic 
engraftment and differentiation to osteoblasts as systemic 
cell   therapy  of  bone.    Moreover,   the   mechanism  of 

osteopoietic engraftment may be an important factor 
governing the durability of the osteopoietic graft. This 
animal data led to our third clinical trial which 
unambiguously demonstrated that marrow mononuclear 
cell “boosts” in our OI children can lead to osteopoietic 
engraftmentand striking clinical benefits in a subset of 
patients suggesting potent mesenchymal progenitor 
activity. Moreover, these data suggest that the therapeutic 
benefit of marrow mononuclear cell therapymay be 
collagen-mutation dependent. In an animal model of OI, we 
demonstrate that the NABMCs engraft and differentiate to 
osteoblasts contributing normal collagen to the OI bone 
matrix, consistent with our clinical data suggesting a 
collagen-mutationdependent mechanism. Additional murine 
data suggests that the cytokine therapy may be able to 
induce osteopoietic differentiation of donor marrow cells 
after BMT. Our clinical trials and murine models collectively 
suggest that bone marrow cell therapy is an effective 
strategy for the treatment of OI and possible other 
disorders of bone.  The development of broadly applicable 
marrow cell therapy for bone will depend, in part, on better 
knowledge of the transplantation biology of marrow cells 
and osteopoietic differentiation, which will be most 
effectively uncovered by both innovative laboratory 
research as well as scientifically-based clinical trials. 
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