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            Abstract
Haematopoietic stem cells (HSCs) circulate in the bloodstream under steady-state conditions, but the mechanisms controlling their physiological trafficking are unknown. Here we show that circulating HSCs and their progenitors exhibit robust circadian fluctuations, peaking 5 h after the initiation of light and reaching a nadir 5 h after darkness. Circadian oscillations are markedly altered when mice are subjected to continuous light or to a ‘jet lag’ (defined as a shift of 12 h). Circulating HSCs and their progenitors fluctuate in antiphase with the expression of the chemokine CXCL12 in the bone marrow microenvironment. The cyclical release of HSCs and expression of Cxcl12 are regulated by core genes of the molecular clock through circadian noradrenaline secretion by the sympathetic nervous system. These adrenergic signals are locally delivered by nerves in the bone marrow, transmitted to stromal cells by the β3-adrenergic receptor, leading to a decreased nuclear content of Sp1 transcription factor and the rapid downregulation of Cxcl12. These data indicate that a circadian, neurally driven release of HSC during the animal’s resting period may promote the regeneration of the stem cell niche and possibly other tissues.
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                    Figure 1: 
                        Circadian traffic of HSCs and their progenitors is entrained by photic input.
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Figure 2: 
                        Bone marrow 
                        Cxcl12
                         expression oscillates in antiphase with circulating progenitors.
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Figure 3: 
                        Adrenergic innervation of the bone marrow regulates oscillations in 
                        Cxcl12
                         expression and circulating HSCs.
                      [image: ]


Figure 4: 
                        β
                        
                        3
                        -Adrenergic receptor activation decreases 
                        Cxcl12
                         mRNA levels in bone marrow stromal cells and triggers HSC/progenitor mobilization.
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Figure 5: 
                        The central clock regulates 
                        Cxcl12
                         in bone marrow stromal cells through signals from the sympathetic nervous system.
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        Editorial Summary
Stem cells got rhythm
Haematopoietic stem cells (HSCs) circulate in the blood, where they can home to sites throughout the body. The release of these cells into the blood stream has now been found to be regulated by circadian rhythms. In mice, HSCs undergo pronounced fluctuations corresponding to circadian oscillations induced by continuous light or by a 12-hour time-shift or 'jet lag'. Timing of the expression of the chemokine CXCL12 in the stem cell niche was also in step with the oscillations in response to adrenergic signals delivered locally by nerves in the bone marrow. The rhythmic release of stem cells into the blood during the animal's resting period suggests a possible role in regeneration.
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