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            Abstract
Stem cells integrate inputs from multiple sources. Stem cell niches provide signals that promote stem cell maintenance1,2, while differentiated daughter cells are known to provide feedback signals to regulate stem cell replication and differentiation3,4,5,6. Recently, stem cells have been shown to regulate themselves using an autocrine mechanism7. The existence of a â€˜stem cell nicheâ€™ was first postulated by Schofield in 1978 to define local environments necessary for the maintenance of haematopoietic stem cells1. Since then, an increasing body of work has focused on defining stem cell niches1,2,3,4,5,6. Yet little is known about how progenitor cell and differentiated cell numbers and proportions are maintained. In the airway epithelium, basal cells function as stem/progenitor cells that can both self-renew and produce differentiated secretory cells and ciliated cells8,9. Secretory cells also act as transit-amplifying cells that eventually differentiate into post-mitotic ciliated cells9,10 . Here we describe a mode of cell regulation in which adult mammalian stem/progenitor cells relay a forward signal to their own progeny. Surprisingly, this forward signal is shown to be necessary for daughter cell maintenance. Using a combination of cell ablation, lineage tracing and signalling pathway modulation, we show that airway basal stem/progenitor cells continuously supply a Notch ligand to their daughter secretory cells. Without these forward signals, the secretory progenitor cell pool fails to be maintained and secretory cells execute a terminal differentiation program and convert into ciliated cells. Thus, a parent stem/progenitor cell can serve as a functional daughter cell niche.
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                    Figure 1: Secretory progenitor cells differentiate into ciliated cells following basal stem/progenitor cell ablation.


Figure 2: Secretory progenitor cells show tonic Notch2 activity at steady state.


Figure 3: Tonic Notch2 activity is required to maintain secretory cells by preventing their differentiation into ciliated cells.


Figure 4: Basal cell Jagged 2 expression is required to maintain secretory progenitors and prevent their differentiation into ciliated cells.
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Extended data figures and tables

Extended Data Figure 1 Parent stem/progenitor cells can serve as niches for their own daughter cells.
a, Schematic representation of the airway epithelial cell lineage. Basal stem/progenitor cells give rise to secretory progenitor cells that, in turn, give rise to terminally differentiated ciliated cells. b, Basal cells expressing Notch ligands provide a tonic forward Notch signal to neighbouring secretory daughter cells. Blocking this forward signal prevents Notch activation in secretory cells and results in their differentiation into ciliated cells. c, A schematic of the traditional arrangement of a stem cell that is maintained in a stem cell niche (left) and a schematic that further illustrates that stem cells can themselves serve as daughter cell niches, in which the parent stem cell itself is required for the maintenance of its own progeny (right). d, Schematic of the types of signals that occur between cells within a lineage and the theoretical modes of cell regulation that they imply. Blue arrows indicate a lineage relationship. Red arrows represent signals.


Extended Data Figure 2 Ablation of ciliated cells has no effect on airway cell proliferation, mesenchymal cell types, mesenchymal morphology and airway stem and progenitor cell replication over time.
a, Immunostaining for basal (CK5 (green)), ciliated (FOXJ1 (red)), and secretory cells (SCGB1A1 (white)) on either control (left panels) or tamoxifen (Tam)-treated FOXJ1-DTA mice (right panels) 5, 15, 30, 45, 60 and 150 days after ciliated cell ablation (n = 3 mice). b, Quantification of absolute cell numbers of basal CK5+ cells (top graph) and secretory SCGB1A1+ cells (bottom graph) per trachea on control (black bars) or Tam-treated (white bars) mice over time (n = 3 mice). c, Immunostaining for ciliated cells (FOXJ1 (green)) and proliferating cells (Ki67 (red)) on either control (upper panel) or tamoxifen (Tam)-treated FOXJ1-DTA mice (lower panel) (n = 6 mice). On the right, quantification of the percentage of Ki67+ cells per total DAPI+ cells in tracheal sections from control (C) or Tam-treated mice 3 days after cell ablation (n = 3 mice). d, Quantification of the percentage of proliferating Ki67+ cells relative to total DAPI+ cells in control (black bars) or Tam-treated (white bars) mice over time (n = 3 mice). e, Immunostaining for ciliated cells (AcTub (green)) and cells that have undergone proliferation (BrdU (red)) on either control (upper panel) or Tam-treated mice (lower panel) at day 3 (n = 6 mice). On the right, quantification of the percentage of BrdU+ cells per total DAPI+ cells in tracheal sections from control (C) or Tam treated mice (n = 3 mice). f, Haematoxylin & eosin (H&E) staining of tracheal sections 3 days after ciliated cell ablation. g, Immunostaining for CD45+ haematopoietic cells (left panels), CD31+ endothelial cells (middle panels) and SMA+ smooth muscle cells (right panels) (green) three days after cell ablation (n = 6 mice). Nuclei stained with DAPI (blue). The ns indicates that the cell number comparisons are not statistically significant. n = biological replicates/condition (two independent experiments). Data shown in the graphs are means Â± s.e.m. Scale bar, 20 Î¼m.


Extended Data Figure 3 Basal stem/progenitor cell ablation promotes the differentiation of secretory cells into ciliated cells without affecting the mesenchyme.
a, Immunostaining for YFP lineage label (green) and the ciliated cell marker c-MYB (red) in SCGB1A1-YFP; CK5-DTA mice (n = 3 mice). White arrowheads point to double positive cells. b, Immunostaining for YFP lineage label (green) and the ciliated cell marker AcTub (red) using SCGB1A1-YFP; CK5-DTA mice (n = 3 mice). c, Flow cytometry analysis for lineage-labelled YFP+ cells (x axis) and CD24+ ciliated cells (y axis) cells from control iPBS-treated or doxycycline-treated SCG1A1-YFP; CK5-DTA mice. d, Quantification of the percentage of FOXJ1+ cells per total DAPI+ cells in tracheal sections from control iPBS-treated or iDOX-treated SCG1A1-YFP; CK5-DTA mice (n = 3 mice). On the right, absolute numbers of FOXJ1+ cells per tracheal section (n = 3 mice). e, H&E staining of tracheal sections following basal cell ablation. f, Immunostaining for CD45+ haematopoietic cells (left panels), CD31+ endothelial cells (middle panels) and SMA+ smooth muscle cells (right panels) (green) in control or basal cell-ablated trachea (n = 3 mice). All analyses were performed 3 days after cell ablation. Nuclei stained with DAPI (blue). n = biological replicates/condition (two independent experiments). **P < 0.01. Data shown in the graphs are means Â± s.e.m. Scale bar, 20 Î¼m.


Extended Data Figure 4 Characterization of Notch pathway components in the steady-state murine tracheal epithelium.
a, Relative mRNA expression of Notch1, Notch3 and Notch4 assessed by qRTâ€“PCR in pure sorted populations of airway epithelial cells (n = 3 mice). Relative expression is normalized to baseline transcript levels in secretory progenitor cells. b, Immunostaining for N1ICD (red) in combination with the basal cell marker p63 (top panel), the secretory cell marker SSEA-1 (middle panel) and the ciliated cell marker FOXJ1 (bottom panel) (green). c, Immunostaining for N3ICD (red) in combination with the basal cell marker podoplanin (PDPN) (top panel), the secretory cell marker SSEA-1 (middle panel) and the ciliated cell marker FOXJ1 (bottom panel) (green). d, Relative mRNA expression of Hes1, Hey1 and HeyL assessed by qRTâ€“PCR in pure sorted populations of airway epithelial cells (n = 3 mice). Relative expression is normalized to baseline transcript levels in secretory progenitor cells. n = biological replicates/condition. **P < 0.01; ***P < 0.001. nd indicates lack of detection. Data shown in the graphs are means Â± s.e.m. Nuclei stained with DAPI (blue). White arrowheads point to double positive cells. Scale bar, 20 Î¼m.


Extended Data Figure 5 Downregulation of Notch signalling transduction following RBPjk deletion in secretory progenitor cells induces their conversion into ciliated cells.
a, Immunostaining for lineage-labelled YFP+ cells (green) in combination with RBPjk (red) in Tam-treated SCGB1A1-RBPjkfl/+ control mice (upper panels) and Tam-treated SCGB1A1-RBPjkfl/fl mice (lower panels). White arrowheads point to lineage-labelled RBPjkâˆ’ cells. The yellow arrows point to lineage-labelled cells that have not undergone recombination. b, Quantification of the percentage of RBPjk+ cells per total YFP+ cells at experimental day 15 following tamoxifen administration to SCGB1A1-RBPjkfl/+ control (black bar) and SCGB1A1-RBPjkfl/fl mice (white bar) (n = 6 mice). c, Relative mRNA expression of Notch signalling component genes (RBPjk, Hes1, HeyL) analysed by qRTâ€“PCR in sorted YFP+ cells from Tam-treated SCGB1A1-RBPjk+/+ control mice (black bars) (n = 3 mice) and Tam-treated SCGB1A1-RBPjkfl/fl mice (white bars) (n = 4 mice). Relative expression is normalized to baseline transcript levels in YFP+ control cells. d, Immunostaining for YFP lineage label (green) and the secretory progenitor cell markers SCGB3A2 (left panels) and SSEA-1 (right panels) (red) in Tam-treated SCGB1A1-RBPjkfl/+ mice (control) (top panels) and SCGB1A1-RBPjkfl/fl mice (bottom panels). e, Immunostaining for YFP lineage label (green) and the ciliated cell markers AcTub (left panels) and c-MYB (right panels) (red) in Tam-treated SCGB1A1-RBPjkfl/+ mice (control) (top panels) and SCGB1A1-RBPjkfl/fl mice (bottom panels). White arrowheads point to lineage-labelled secretory cells that differentiated into ciliated cells following RBPjk deletion. f, Immunostaining for lineage-labelled YFP+ cells (green) and the basal cell marker CK5 (red) on either Tam-treated SCGB1A1-RBPjkfl/+ control mice (upper panel) or Tam-treated SCGB1A1-RBPjkfl/fl mice (lower panel). g, Quantification of the percentage of CK5+ cells per total YFP+ cells in Tam-treated SCGB1A1-RBPjkfl/fl mice compared to control mice. h, Flow cytometry analysis of EpCAM+ YFP+ CD24+ lineage-labelled ciliated cells and EpCAM+YFP+CD24âˆ’ SSEA-1+ lineage-labelled secretory cells or EpCAM+YFP+CD24âˆ’GSIÎ²4+ lineage-labelled basal cells in airways from either control or Tam-treated SCGB1A1-RBPjkfl/fl mice. i, Quantification of the percentage of epithelial (EpCAM+) lineage-labelled (YFP+) basal, secretory and ciliated cells in either Tam-treated SCGB1A1-RBPjk+/+ control or SCGB1A1-RBPjkfl/fl mice by flow cytometry (n = 3 mice). The analysis was performed 10 days after the last tamoxifen injection. Images are representative of n = 6 mice per condition (biological replicates) repeated three times. Nuclei stained with DAPI (blue). **P < 0.01; ***P < 0.001. Data shown in the graphs are means Â± s.e.m. Scale bar, 20 Î¼m.


Extended Data Figure 6 Lineage-labelled ciliated cells demonstrate long term persistence after RBPjk deletion without a change in epithelial cell proliferation and apoptosis.
aâ€“d, Immunostaining for the lineage label YFP (green) in combination with the secretory cell markers SCGB1A1 (a), SCGB3A2 (b) or the ciliated cell markers FOXJ1 (c) and AcTub (d) (red) on either Tam-treated SCGB1A1-RBPjkfl/+ control mice (upper panels) or Tam-treated SCGB1A1-RBPjkfl/fl mice (lower panels) 30 days after the last tamoxifen injection (n = 3 mice). White arrowheads point to lineage-labelled ciliated cells. e, Quantification of the percentage of each cell type per YFP+ cells on either control mice (black bars) or Tam-treated SCGB1A1-RBPjkfl/fl mice (white bars) at day 30. f, Quantification of the percentage of ciliated FOXJ1+ cells that incorporate BrdU after continuous BrdU administration to Tam-treated SCGB1A1-RBPjkfl/fl mice (n = 3 mice). g, Immunostaining for Ki67 (red) to assess overall proliferation in either Tam-treated SCGB1A1-RBPjkfl/+ control mice (upper panel) or Tam-treated SCGB1A1-RBPjkfl/fl mice (lower panel) (n = 3 mice). h, i, Immunostaining for FOXJ1 (green) and BrdU (red) in combination with YFP (cyan) (h) or alone (i) on Tam-treated SCGB1A1-RBPjkfl/fl mice that received continuous BrdU (n = 3 mice). j, Immunostaining to detect apoptotic cells by TUNEL assay (red) in combination with YFP lineage-labelled cells (green) in either Tam-treated SCGB1A1-RBPjkfl/+ control mice (upper panel) or Tam-treated SCGB1A1-RBPjkfl/fl mice (lower panel) (n = 3 mice). k, Immunostaining for activated caspase3 (green) in control and Tam-treated SCGB1A1-RBPjkfl/fl mice (n = 3 mice). fâ€“k, Analysis conducted 10 days after induction. Nuclei stained with DAPI (blue). n = biological replicates per condition. ***P < 0.001. Data shown in the graph are means Â± s.e.m. Scale bar, 20 Î¼m.


Extended Data Figure 7 Efficient deletion of Notch2 in secretory progenitor cells and its effect on cell type distribution.
a, Relative mRNA expression of Notch2 in YFP+ cells from Tam-treated SCGB1A1-Notch2+/+ control mice and Tam-treated SCGB1A1-Notch2fl/fl experimental mice assessed by qRTâ€“PCR (n = 3 mice). b, Relative mRNA expression of the Notch target genes (Hes1, HeyL) in YFP+ cells from control mice and Tam-treated SCGB1A1-Notch2fl/fl experimental mice (n = 3 mice). Relative expression is normalized to baseline transcript levels in lineage-labelled YFP+ control cells. c, Immunostaining for lineage label YFP (green) in combination with N2ICD (red) on control mice (Tam-treated SCGB1A1-Notch2+/+) and experimental airways (Tam-treated SCGB1A1-Notch2 fl/fl). White arrowheads point to lineage-labelled cells that had lost Notch2 and therefore do not show N2ICD expression. d, Quantification of the percentage of N2ICD+ cells per total YFP+ cells in Tam-treated SCGB1A1-Notch2fl/fl mice compared to control (n = 7 mice). e, Immunostaining for YFP lineage label (green) and the secretory progenitor cell markers SCGB3A2 (left panels) and SSEA-1 (right panels) (red) in control (top panels) and experimental (bottom panels) mice. f, Immunostaining for YFP lineage label (green) and the ciliated cell markers AcTub (left panels) and c-MYB (right panels) (red) in control (top panels) and experimental (bottom panels) mice. White arrowheads point to lineage-labelled secretory cells that differentiated into ciliated cells following Notch2 deletion. Yellow arrows point to actual cilia (green) in lineage-labelled cells. g, Flow cytometry analysis of EpCAM+YFP+CD24+ lineage-labelled ciliated cells and EpCAM+ YFP+CD24âˆ’SSEA-1+ lineage-labelled secretory cells or EpCAM+YFP+CD24âˆ’GSIÎ²4+ lineage-labelled basal cells in airways from either Tam-treated SCGB1A1-Notch2+/+ control mice or Tam-treated SCGB1A1-Notch2fl/fl mice. h, Quantification of the percentage of epithelial (EpCAM+) lineage-labelled (YFP+) basal, secretory and ciliated cells in either Tam-treated SCGB1A1-Notch2+/+ control (n = 4 mice) or SCGB1A1-Notch2fl/fl mice (n = 6 mice) by flow cytometry. i, Immunostaining for the basal cell transcription factor p63 (red) on control or SCGB1A1-Notch2fl/fl airways. j, Quantification of the percentage of p63+ cells per total DAPI+ cells on tracheal sections from control or experimental mice (n = 7 mice). Analysis performed 10 days after induction. Images are representative of n = 7 mice per condition (biological replicates) repeated three times (three independent experiments). Nuclei stained with DAPI (blue). *P < 0.05; ***P < 0.001. Data shown in the graphs are means Â± s.e.m. Scale bar, 20 Î¼m.


Extended Data Figure 8 Proliferation and apoptosis following deletion of Notch2 in secretory progenitor cells.
a, Immunostaining for lineage label YFP (green), FOXJ1 (cyan) and N2ICD (red) in Tam-treated SCGB1A1-Notch2fl/fl mice. White arrowhead points to a lineage-labelled cell co-expressing markers for secretory and ciliated cell fates. The inset shows the single stain for FOXJ1 of the indicated region. b, Immunostaining for lineage label YFP (green), FOXJ1 (cyan) and SSEA-1 (red) in Tam-treated SCGB1A1-Notch2fl/fl mice. White arrowhead points to a lineage-labelled transitional cell. c, Immunostaining for BrdU (green), p63 (red) and Ki67 (cyan) to assess overall proliferation on either Tam-treated SCGB1A1-Notch2+/+ control mice (upper panels) or Tam-treated SCGB1A1-Notch2fl/fl mice (lower panels). d, Quantification of the percentage of ciliated FOXJ1+ cells that incorporate BrdU after continuous BrdU administration to Tam-treated SCGB1A1-Notch2fl/fl mice (n = 4 mice). e, Immunostaining for FOXJ1 (green) and BrdU (red) on Tam-treated SCGB1A1-Notch2fl/fl mice that received continuous BrdU (n = 4 mice). f, Immunostaining to detect apoptotic cells by TUNEL assay (green) on either Tam-treated SCGB1A1-Notch2+/+ control mice (upper panel) or Tam-treated SCGB1A1-Notch2fl/fl mice (lower panel). g, Immunostaining for YFP (green) in combination with activated caspase3 (red) on control mice (upper panel) or Tam-treated SCGB1A1-Notch2fl/fl mice (lower panel). Analysis performed 10 days after induction. Images are representative of n = 7 mice per condition (biological replicates) repeated three times (three independent experiments). Nuclei stained with DAPI (blue). Scale bar, 20 Î¼m.


Extended Data Figure 9 Loss of Notch ligands in basal stem cells promotes secretory cell differentiation into ciliated cells without affecting proliferation or apoptosis.
a, Quantification of the percentage of basal PDPN+ cells that express Mib1 (left graph) on either Dox-treated CK5-Mib1+/+ control mice or Dox-treated CK5-Mib1fl/fl mice (n = 4 mice). Right graph, percentage of basal cells in which Mib1 was deleted in Dox-treated CK5-Mib1fl/fl mice (n = 4 mice). b, Immunostaining for Mib1 (red) and the basal cell marker CK5 (green). White arrowheads point to Mib1+ basal cells. c, Immunostaining for the secretory cell markers SCGB3A2 (left panels) and SSEA-1 (right panels) (red) in control (top panels) and experimental (bottom panels) mice. d, Immunostaining for the ciliated cell markers AcTub (left panels) and c-MYB (right panels) (green) in control (top panels) and experimental (bottom panels) mice. e, Flow cytometry analysis of EpCAM+ CD24+ ciliated cells and EpCAM+ SSEA-1+ secretory cells from control and experimental mice. f, Percentage of epithelial (EpCAM+) basal, secretory and ciliated cells on both groups by flow cytometry (n = 3 mice). g, Immunostaining for Ki67 (green) and the secretory cell marker SCGB1A1 (red) on control (top panel) or Dox-treated CK5-Mib1fl/fl mice (bottom panel). h, Immunostaining for BrdU (green) in combination with the basal cell transcription factor p63 (red) on both groups. i, Immunostaining for FOXJ1 (green) and BrdU (red) on Dox-treated CK5-Mib1fl/fl mice that received continuous BrdU. j, Percentage of ciliated FOXJ1+ cells that incorporate BrdU after continuous BrdU administration to Dox-treated CK5-Mib1fl/fl mice (n = 4 mice). k, Immunostaining to detect apoptotic cells by TUNEL assay (green) on either control (upper panel) or experimental mice (lower panel). l, Immunostaining for activated caspase3 (green) on both groups). m, Immunostaining for N2ICD (red), SCGB1A1 and SCGB3A2 (red), or FOXJ1 and AcTub (green) in control (top panels) or experimental mice (bottom panels) after five weeks of continuous doxycycline treatment (n = 4 mice). aâ€“l, Analysis performed 2 weeks after the beginning of Dox induction. Images are representative of n = 4 mice per condition (biological replicates) repeated twice. *P < 0.05; ***P < 0.001. Data shown in the graphs are means Â± s.e.m. Nuclei, DAPI (blue). Scale bar, 20 Î¼m.


Extended Data Figure 10 Disruption of Jag2 in basal stem/progenitor cells causes the differentiation of secretory progenitor cells into ciliated cells without affecting proliferation or apoptosis.
a, Schematic representation of Jag2 inhibition using lentiviruses (LV) carrying shRNAs. Infected GFP+ cells were cultured in ALI culture system for 23 days, when they were collected, sorted and analysed. b, Relative mRNA expression of Jag2 in tracheal epithelial cells infected with mock vector (control) or with vectors carrying 4 different shRNAs targeting Jag2 72 h after infection. c, Relative mRNA expression of Jag2 in tracheal epithelial basal cells infected with mock vector (control) or with lentivirus targeting Jag2 (shJag2 877) after 23 days in ALI. d, Relative mRNA expression of the secretory genes (Scgb1a1 and Scgb3a2) and the ciliated cell genes (FoxJ1 and c-myb) in mock (black bars) and shJag2 877 (grey bars) infected cells 23 days after ALI initiation. Relative expression is normalized to baseline transcript levels in mock-infected cells. e, Relative mRNA expression of Jag2 on sorted recombined (YFP+) basal cells and unrecombined YFPâˆ’ basal cells from Tam-treated CK5-Jag2fl/fl mice (n = 3 mice). Relative expression is normalized to baseline transcript levels in YFPâˆ’ cells. f, Percentage of YFP+ cells per total DAPI+ cells (efficiency of recombination) on either Tam-treated CK5-Jag2+/+ control (black bars) or Tam-treated CK5-Jag2fl/fl (white bars) mice assessed by manual counting (left graph) (n = 5 mice) or by flow cytometry (right graph) (n = 3 mice). g, Immunostaining for SCGB3A2 (left panels) and SSEA-1 (right panels) (red) in combination with YFP (green) in control (top panels) and experimental (bottom panels) mice. h, Immunostaining for AcTub (left panels) and c-MYB (right panels) (red) in combination with YFP (green) in control (top panels) and experimental (bottom panels) mice. i, Flow cytometry analysis of EpCAM+CD24+ ciliated cells and EpCAM+SSEA-1+ secretory cells in control and experimental mice. j, Percentage of epithelial (EpCAM+) basal, secretory and ciliated cells from both groups assessed by flow cytometry (n = 3 mice). k, Immunostaining for p63 (red) on control (top panel) and experimental mice (bottom panel). l, Percentage of p63+ cells per total DAPI+ cells on both groups. m, Immunostaining for FOXJ1 (green), N2ICD (red) and SCGB1A1 (cyan). n, Immunostaining for BrdU (green), p63 (red) and Ki67 (cyan) in either control (upper panels) or experimental mice (lower panels). o, Percentage of ciliated FOXJ1+ cells that incorporate BrdU after continuous administration of BrdU to Tam-treated CK5-Jag2fl/fl mice (n = 3 mice). p, Immunostaining for FOXJ1 (green) and BrdU (red) on Tam-treated CK5-Jag2fl/fl mice that received continuous BrdU (n = 3 mice). q, Immunostaining to detect apoptotic cells by TUNEL assay (green) on both groups. r, Immunostaining for YFP (green) in combination with activated caspase3 (red) on control (upper panel) or experimental mice (lower panel). fâ€“r, Analysis performed 10 days after induction. Images are representative of n = 5 mice per condition (biological replicates) repeated three times. *P < 0.05; **P < 0.01; ***P < 0.001. Data shown in the graphs are means Â± s.e.m. Nuclei, DAPI (blue). Scale bar, 20 Î¼m.





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Pardo-Saganta, A., Tata, P., Law, B. et al. Parent stem cells can serve as niches for their daughter cells.
                    Nature 523, 597â€“601 (2015). https://doi.org/10.1038/nature14553
Download citation
	Received: 09 December 2014

	Accepted: 01 May 2015

	Published: 06 July 2015

	Issue Date: 30 July 2015

	DOI: https://doi.org/10.1038/nature14553


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Regeneration of tracheal neotissue in partially decellularized scaffolds
                                    
                                

                            
                                
                                    	Zheng Hong Tan
	Sayali Dharmadhikari
	Tendy Chiang


                                
                                npj Regenerative Medicine (2023)

                            
	
                            
                                
                                    
                                        CDC42 governs normal oviduct multiciliogenesis through activating AKT to ensure timely embryo transport
                                    
                                

                            
                                
                                    	Ruiwei Jiang
	Xiaofang Tang
	Shuangbo Kong


                                
                                Cell Death & Disease (2022)

                            
	
                            
                                
                                    
                                        Stem cell progeny liaisons in regeneration
                                    
                                

                            
                                
                                    	Stephanie J. Ellis
	Elaine Fuchs


                                
                                Nature Cell Biology (2021)

                            
	
                            
                                
                                    
                                        An inflammatory switch for stem cell plasticity
                                    
                                

                            
                                
                                    	Jaymin J. Kathiriya
	Tien Peng


                                
                                Nature Cell Biology (2021)

                            
	
                            
                                
                                    
                                        A system-level mechanistic explanation for asymmetric stem cell fates: Arabidopsis thaliana root niche as a study system
                                    
                                

                            
                                
                                    	MÃ³nica L. GarcÃa-GÃ³mez
	Diego Ornelas-Ayala
	Elena R. Ã�lvarez-Buylla


                                
                                Scientific Reports (2020)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Maintaining a balance of stem cells
How the balance between progenitor and differentiated cells numbers is maintained in a self-renewing adult tissue at steady state is unclear. Jayaraj Rajagopal and colleagues show that the progenitor cells send a 'feed-forward' signal to direct the fate of their daughter cells in the airway epithelium of the mouse trachea. In the system under study, basal progenitor cells self-renew and differentiate to secretory cells and ciliated cells, both required for the airway to function. Secretory cells can also act as progenitors and become ciliated cells. The authors have now found that basal cells send a Notch-based signal to the secretory cells to prevent their untimely differentiation to ciliated cells; this signal is essential for maintenance of the secretory daughter cells. The authors speculate that stem cells could use forward regulatory mechanisms to orchestrate tissue-wide changes, as well as acting as a source of new cells.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








