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            Abstract
Stem and progenitor cells use asymmetric cell divisions to balance proliferation and differentiation. Evidence from invertebrates shows that this process is regulated by proteins asymmetrically distributed at the cell cortex during mitosis: Par3â€“Par6â€“aPKC, which confer polarity, and GÎ±iâ€“LGN/AGS3â€“NuMAâ€“dynein/dynactin, which govern spindle positioning. Here we focus on developing mouse skin, where progenitor cells execute a switch from symmetric to predominantly asymmetric divisions concomitant with stratification. Using in vivo skin-specific lentiviral RNA interference, we investigate spindle orientation regulation and provide direct evidence that LGN (also called Gpsm2), NuMA and dynactin (Dctn1) are involved. In compromising asymmetric cell divisions, we uncover profound defects in stratification, differentiation and barrier formation, and implicate Notch signalling as an important effector. Our study demonstrates the efficacy of applying RNA interference in vivo to mammalian systems, and the ease of uncovering complex genetic interactions, here to gain insights into how changes in spindle orientation are coupled to establishing proper tissue architecture during skin development.
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                    Figure 1: Spindle orientation defects after  LGN, Numa1  and  Dctn1  depletion.[image: ]


Figure 2: 
                        Impaired stratification 
                        in vitro
                         and 
                        in vivo
                         when asymmetric cell divisions are impaired.
                      [image: ]


Figure 3: Differentiation defects after  LGN, Numa1  and  Dctn1  depletion.[image: ]


Figure 4: 
                        Loss of 
                        LGN
                         or 
                        Numa1
                         impairs suprabasal Notch activation.
                      [image: ]


Figure 5: 
                        Genetic interaction between asymmetric cell division and Notch pathways.
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Asymmetric cell divisions (ACDs) in stem cells and progenitor cells serve to balance the conflicting need for both proliferation and differentiation. It is not clear whether ACDs function in controlling proper tissue architecture in mammals, but experiments in developing mouse skin, where a switch occurs between mainly symmetric to asymmetric divisions when stratification takes place, suggest that they do. A novel in vivo RNA-interference-based knockdown technique was used to dissect a genetic pathway responsible for epidermal ACDs, revealing that the proteins governing spindle orientation â€” LGN, NuMA and Dctnl â€” promote asymmetric cell divisions regulated by Notch signalling. As well as promoting stratification, ACDs stimulate differentiation through an effect on Notch compartmentalization.
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