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Introduction: Each year more than 6.3 million people in the U.S. experience bone fractures, of which in approximately 10% the defect is too large for the body's natural healing response, and delayed unions or non-unions develop at the fracture site. In these cases, supplementary bone material may be required to fill in the defect and restore structure and function.In a former study we showed that transplantion of autologous, ex-vivo expanded EPC into a critical size bone defect created in sheep tibia results in a complete bridging by new bone formation in a period of 12 weeks. This dramatic potential of EPC to heal a critical size bone defect in sheep tibia led us to investigate whether EPC were not solely helping to establish a new vasculature but potentially were also able to undergo transformation into osteogenic cells. 
Materials and Methods: Mononuclear cells were isolated from sheep or human peripheral blood by Ficoll (LymphoprepTM (Axis-Shield, Oslo, Norway))density gradient and plated on fibronectin coated plates. Cells were cultured in endothelial basal medium supplemented with fetal bovine serum, vascular endothelial growth factor, fibroblast growth factor-2, epidermal growth factor, insulin-like growth factor-1 and ascorbic acid. After 6 days of culture, non-adherent cells were discarded and the attached cells were continually cultured and split when confluent. The endothelial nature of adherent colonies was identified by incorporation of Dil-acetylated-LDL (Molecular Probes, Oregon, USA), tube formation on Matrigel (BD Labware, MA, USA) and immunostaining for von Willebrand factor (Dako, Glostrup, Denmark). EPC were expanded and cultured in plastic dishes or seeded into polyethylene glycol/fibrinogen hydrogel scaffolds. Cultures were incubated either in DMEM/F12 (1:1) containing 10% FCS or in an osteogenic differentiation media - DMEM/F12 (1:1) containing 10% FCS, Dexamethasone 10-7 M/L, ascorbic acid 5x10-5 M/L and β-glycerophosphate 10-2 M/L. Changes in cell morphology, nodule formation, von Kossa (vK) and alizarin red (AR) staining as well as osteocalcin (OC) immunohistochemistry served to identify osteoblastic differentiation. 
Results: Nodular aggregates formation was evident in osteogenic media-incubated sheep EPC already by 1 week. These nodular aggregates stained positively by vK, AR and OC (Figures 1 & 2). However, human EPC, when cultured in the same conditions showed very intensive staining of equal intensity over all the confluent culture by AR with many more intensively-stained small noduli. vK staining showed many granular deposits dispersed all over the culture plate. In contrast to sheep transformed EPC, not only the nodular aggregates but most of human transformed EPC stained by both vK and AR. Control cultures of both human and sheep EPC showed minimal background staining. Phase contrast microscopy of sheep EPC-seeded scaffolds demonstrated that the cells were distributed homogenously throughout the scaffold and formed tube-like structures by 1 week in both media. However the cell-seeded scaffolds cultured in osteogenic media showed prominent nodular aggregates (Figure 3). vK and AR staining were not informative because the scaffold itself retained the stain.



Figure 1: Osteogenic differentiation demonstrated by AR and vK staining of mineralized foci of sheep (left) and human (right) transformed EPC after 14-day culture




Figure 2: Upper panel: Osteogenic differentiation of sheep and human EPC, assessed by AR (left) and vK (right) staining after 21-day culture. Lower panel: sheep EPC staining for OC after 14-day culture




Figure 3: Sheep EPC cultures seeded on PEG-Fibrinogen scaffolds
(No Table Selected)
Discussion: The dramatic potential of EPC to heal a critical size bone defect in sheep tibia led us to speculate that EPC were not solely helping to establish a new vasculature, but probably were also able to undergo transformation into bone cells. To clarify this possibility, EPC were sub-cultured under osteogenic conditions. Following 1-2 weeks incubation, EPC changed their morphology and formed nodules that were immuno-positive for OC and stained positively with vK and AR. Our results support a possible mechanism that explains the potential of EPC in bone regeneration. In future studies we will follow the capacity of EPC grown under endothelial conditions and of osteogenically transformed EPC to form ectopic bone while seeded unto scaffolds and transplanted subcutaneously in immunodeficient mice. Understanding these events will reflect on the understanding of the plasticity of stem and progenitor cells in general and also help to develop new strategies for bone tissue engineering specifically. 
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