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            Abstract
Haematopoietic stem and progenitor cells (HSPCs) require a specific microenvironment, the haematopoietic niche, which regulates HSPC behaviour1,2. The location of this niche varies across species, but the evolutionary pressures that drive HSPCs to different microenvironments remain unknown. The niche is located in the bone marrow in adult mammals, whereas it is found in other locations in non-mammalian vertebrates, for example, in the kidney marrow in teleost fish. Here we show that a melanocyte umbrella above the kidney marrow protects HSPCs against ultraviolet light in zebrafish. Because mutants that lack melanocytes have normal steady-state haematopoiesis under standard laboratory conditions, we hypothesized that melanocytes above the stem cell niche protect HSPCs against ultraviolet-light-induced DNA damage. Indeed, after ultraviolet-light irradiation, unpigmented larvae show higher levels of DNA damage in HSPCs, as indicated by staining of cyclobutane pyrimidine dimers and have reduced numbers of HSPCs, as shown by cmyb (also known as myb) expression. The umbrella of melanocytes associated with the haematopoietic niche is highly evolutionarily conserved in aquatic animals, including the sea lamprey, a basal vertebrate. During the transition from an aquatic to a terrestrial environment, HSPCs relocated into the bone marrow, which is protected from ultraviolet light by the cortical bone around the marrow. Our studies reveal that melanocytes above the haematopoietic niche protect HSPCs from ultraviolet-light-induced DNA damage in aquatic vertebrates and suggest that during the transition to terrestrial life, ultraviolet light was an evolutionary pressure affecting the location of the haematopoietic niche.
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                    Fig. 1: Melanocytes are spatially associated with the zebrafish kidney marrow.[image: ]


Fig. 2: Melanocytes protect HSPCs from UV-induced DNA damage.[image: ]


Fig. 3: UV exposure is detrimental to unprotected HSPCs.[image: ]


Fig. 4: Melanocytes are present around the haematopoietic niche of aquatic animals.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Melanocytes are spatially associated with the zebrafish kidney but dispensable for steady-state haematopoiesis.
a, Top right panel, schematic of an embryo. The black boxed area contains the kidney and is enlarged in the other panels. Left panel containing 4 images, zebrafish positive for Tg(cdh17:GFP) (green, labelling the kidney tubule) and Tg(runx:mcherry) (red, labelling HSPCs) are depicted at 7 dpf. The boxed areas in the left images are enlarged in the corresponding fluorescence panels in the middle; these panels show the head kidney containing the haematopoietic marrow (indicated by the dashed outline). The white arrow highlights the melanocyte umbrella. Scale bars,100 μm (bright field) and 50 μm (fluorescence). Bottom right panels, the kidney marrow of a 6-dpf larva positive for Tg(mitfa:GFP) (green, labelling melanocytes) and Tg(runx:mcherry) (red, labelling HSPCs) is shown from a lateral view (bottom right, large panel) and from an orthogonal view (transverse section; bottom right, small panel). The scale bar represents 20 μm. b, Whole-mount in situ hybridization of cmyb at different time points, a representative larva at 5 dpf is shown. Arrows indicate (from cranial to caudal) the thymus, the kidney and the caudal haematopoietic tissue; the enlarged portion of the image (dashed box) shows the thymus and the kidney. The experiment was performed with n = 10 wild-type and 10 mitfa−/− larvae at 5 dpf and 10 wild-type and 7 mitfa−/− larvae at 7.5 dpf. c, Flow cytometric analysis of the percentage of HSPCs that were positive for Tg(runx:mCherry) as a proportion of live cells in the kidney marrow of adult fish. Data are mean ± s.d.; n.s., not significant. d–f, Relative abundance of progenitors, myelomonocytes and lymphocytes in adult wild-type fish and mitfa, roy−/− and casper−/− pigment mutants as assessed by flow cytometry as previously described30. c–f, n = 6 wild-type, 6 mitfa−/−, 3 roy−/− and 4 casper−/− fish. Data are mean ± s.d.; analysis by ANOVA.

                          Source Data
                        


Extended Data Fig. 2 Unprotected haematopoietic cells accumulate DNA damage after UV irradiation.
a, Sorted cells that were positive for Tg(runx:mCherry) after anti-CPD immunostaining. Scale bars, 10 μm. b, Dot plot representation of data in Fig. 2b (quantification of immunostaining intensity per cell). Data are mean ± s.d.; for statistics and P values please refer to Fig. 2b. c, Magnification of the thymus (dashed red outline) after anti-CPD immunostaining (counterstaining with haemalum) after UVB irradiation at 5 dpf in pigmented and non-pigmented larvae. Arrows from above indicate melanocytes; arrows from below indicate examples of nuclei with DNA damage.

                          Source Data
                        


Extended Data Fig. 3 UV light is detrimental to exposed haematopoiesis.
a, Experimental layout. b, Reduction in HSPCs in larvae with and without PTU treatment as assessed by cmyb in situ hybridization after UVC irradiation. n = 26, 26, 24 and 19 larvae in from left to right. χ2 test. c, Reduction in HSPCs in tyr−/− larvae and their pigmented siblings as assessed by cmyb in situ hybridization after UVB irradiation at a UV index of 20. n = 38, 33, 29 and 38 larvae from left to right. Results were not significant but note that the pigmented irradiated group seemed to retain more HSPCs in this experiment than in the preceding experiments with a higher UV index. d, Histology of the kidney marrow two days after irradiation. The yellow outline represents the kidney tubules, the red outline shows the aorta and the green outline indicates the haematopoietic marrow. Note the reduced area of the haematopoietic marrow in the non-pigmented, irradiated larvae (bottom right). Scale bars, 20 μm. e, Abundance of thrombocytes positive for Tg(CD41:GFP) two days after irradiation. Each data point represents the number of thrombocytes per vessel area in individual larvae. n = 8, 7, 7 and 7 larvae for treatment groups from left to right. Statistical significance was calculated using ANOVA with post hoc Bonferroni’s multiple comparison test, data are mean ± s.d. f, Schematic of the analysis of the number of thrombocytes that were positive for Tg(CD41:GFP). The boxed area represents the analysed area, in which the circulating cells were counted. The yellow outline represents the area of the vessel, which the number of circulating thrombocytes was normalized to.

                          Source Data
                        


Extended Data Fig. 4 Sunlight exposure in fish living in the wild.
Example of small fish swimming in clear and shallow water on a sunny day (photo taken at Titisee, Germany, July 2016). Field of view approximately 25–30 cm wide.


Extended Data Fig. 5 HSPCs relocated into the bone marrow before the transition to a terrestrial environment.
a, Top, a developmental time line of D. tinctorius. Tadpoles were staged according to Gosner34. Animals (from left to right) represent Gosner stage 25, 30, 41 and 42, as well as a froglet five days after losing its tail. Stage-specific histology analyses are shown in panels b–f as indicated. Bottom, the habitat of D. tinctorius at the different developmental stages. b–f, Haematopoietic niches analysed by haematoxylin and eosin staining. Scale bars, 100 μm (b–f) and 1 cm (a).


Extended Data Fig. 6 Cortical bone protects from UV-induced DNA damage.
a, Paraffin section of a D. tinctorius hind leg (from Extended Data Fig., specimen e) after irradiation with UVB post mortem; the leg was severed from the body and irradiated with UVB. The dashed outline represents the cortical bone. Note the higher staining intensity of the anti-CPD antibody in nuclei within the muscle tissue compared to nuclei within the bone marrow. This part of the leg is not yet haematopoietic (compare to Extended Data Fig. 5e, which shows the haematopoietic marrow in the other leg), but contains chondrocytes. Note that even the chondrocyte nuclei closest to the cortical bone are stained much less than the cells outside the cortical bone (arrows from below and from above, respectively). The triangle represents the direction of the UV source; white tip towards UV source. Scale bar, 50 μm. b, Quantification of grey scale values of nuclei inside (n = 17) and outside (n = 41) the cortical bone. Each data point represents the mean grey value of a 16 × 16 pixel circle inside the nucleus, the difference is highly significant (unpaired Student’s two-tailed t-test, P < 0.0001); data are mean ± s.d.

                          Source Data
                        


Extended Data Fig. 7 Experimental setup during irradiation.
Fish were placed in a Petri dish inside the upper cardboard box to focus the light from above, because the Waldmann UV 801 BL unit has a curved lamp carrier. The lower cardboard box was used to place the larvae at the recommended distance from the lamps.


Extended Data Table 1 List of causes for lack of pigmentationFull size table





Supplementary information
Supplementary Figure 1.
Flow cytometry gating strategy


Reporting Summary

Video 1 Melanocytes are spatially associated with kidney marrow HSPCs.
The kidney marrow of a 6 dpf larva positive for Tg(mitfa:GFP) (green, labelling melanocytes) and Tg(runx:mcherry) (red, labelling HSPCs) is shown from a lateral view (left panel). A 360° view was reconstructed using FIJI from the z-stacks





Source data
Source Data Figure 2

Source Data Figure 3
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Source Data Extended Data Figure 3
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Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kapp, F.G., Perlin, J.R., Hagedorn, E.J. et al. Protection from UV light is an evolutionarily conserved feature of the haematopoietic niche.
                    Nature 558, 445–448 (2018). https://doi.org/10.1038/s41586-018-0213-0
Download citation
	Received: 03 July 2017

	Accepted: 15 May 2018

	Published: 13 June 2018

	Issue Date: 21 June 2018

	DOI: https://doi.org/10.1038/s41586-018-0213-0


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

                
                    	
                            
                                
                                    
                                        Why are haematopoietic stem cells in the bone marrow: ontology recapitulates phylogeny
                                    
                                

                            
                                
                                    	Robert Peter Gale
	James Welsh
	P. Andrew Karam


                                
                                Leukemia (2023)

                            
	
                            
                                
                                    
                                        Effects of the environment on the evolution of the vertebrate urinary tract
                                    
                                

                            
                                
                                    	Scott V. Wiener


                                
                                Nature Reviews Urology (2023)

                            
	
                            
                                
                                    
                                        Propolis inspired sunscreens for efficient UV-protection and skin barrier maintenance
                                    
                                

                            
                                
                                    	Yu Fu
	Ruoyu Wan
	Yiwen Li


                                
                                Nano Research (2022)

                            
	
                            
                                
                                    
                                        Tissue clearing
                                    
                                

                            
                                
                                    	Douglas S. Richardson
	Webster Guan
	Jeff W. Lichtman


                                
                                Nature Reviews Methods Primers (2021)

                            
	
                            
                                
                                    
                                        Knochenmarkveränderungen am kindlichen Skelett
                                    
                                

                            
                                
                                    	Sebastian Berg


                                
                                Der Radiologe (2021)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: 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
	protocols.io
	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 Middle East


            


        

    

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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — 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
            
        


    









    [image: ]







[image: ]
