Less Oxygen Better Bone Healing?

Bone formation and resorption, ensured by osteoblasts originating from mesenchymal stem cells (MSCs) and osteoclasts originating from haematopoietic stem/progenitor cells (HSCs/HPCs) respectively, maintain the skeletal system. This system is affected by several environmental factors, with hypoxia being of therapeutic interest as low oxygen improves HSC fate and survival [1] and induces the mobilization of MSCs into the peripheral blood from where they can induce bone repair [2, 3]. The group of Xavier Holy at the Institut de Recherche Biomédicale des Armées (IRBA), France, have now studied the effects of delayed hypoxic treatment in bone repair using a mouse model of femoral bone defect alongside hind-limb unloading, which mimics human plaster cast immobilization, generally applied to patients suffering from bone fractures [4].

The experimental design outlined in the adjoining figure describes the conditions utilised after bone-defect surgery (Day 0):

· NC (normoxia control) mice - normoxia until day 11 (sacrifice)

· NS (normoxia suspended) mice - hind-limb unloading for 7 days (days 4–11) under normoxia

· HC (hypoxia control) mice - hypoxia for 4 days before sacrifice

· HS (hypoxia suspended) mice - hypoxia for 4 days with hind-limb unloading


While hypoxia mediated an increase in both the efficiency of defect closing and filling of the cavity with newly mineralized bone, tail suspension (to induce hind-limb unloading) did not affect either. The researchers quantified bone formation and resorption parameters in the cavity of lesioned femurs, demonstrating that hypoxia induced osteoclast number (resorption) and reduced osteoblast number (formation) at the time of sacrifice. In all experimental cases, MSC number was higher in lesioned femurs than the contralateral femur, while hind-limb unloading, regardless of oxygen status, induced a global 29% decrease in MSCs. However, the researchers observed a 50% drop in contralateral femur myeloid-derived HPCs number during hypoxia suggesting a massive mobilization of HPCs from intact bone to the bloodstream, confirmed by a huge increase in myeloid-derived HPCs in the blood and spleen after 4 days of hypoxia. At the protein level, hypoxia led to a decrease in the level of Dkk1, a protein involved in the regulation of bone-metabolism balance, and an increase in MIP-1(, a pro-inflammatory cytokine promoting osteoclastogenesis. Interestingly, addition of a Dkk1 antibody delivery to bone fractures improved repair efficiency and biomechanical strength properties [3].

This altogether suggests that delayed hypoxic treatment improves bone healing through an enhancement on the natural bone-healing process, as evidenced by improved myeloid-derived HPC mobilization from undamaged bone, lack of MSC mobilization, increased osteoclast numbers in the bone, and from the proteomic analysis. This refutes other studies in which mice were faced with hypoxia for the entire recovery period, and not a delayed 4 day period before sacrifice [5, 6]. Furthermore, this study suggests that hind-limb unloading does not influence bone-healing efficiency in both normoxic and hypoxic mice, despite previous studies showing such an effect (e.g. [7]). Unfortunately, this hypoxic effect cannot be translated to humans at this moment and so further assessment of levels, time courses or pharmacological compounds that mimic hypoxia are required for the clinical application of such a strategy.
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