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            Abstract
Waardenburg syndrome (WS; deafness with pigmentary abnormalities) and Hirschsprung's disease (HSCR; aganglionic megacolon) are congenital disorders caused by defective function of the embryonic neural crest1,2. WS and HSCR are associated in patients with Waardenburg-Shah syndrome (WS4), whose symptoms are reminiscent of the white coat-spotting and aganglionic megacolon displayed by the mouse mutants Dom (Dominant megacolon), piebald-lethal (sl) and lethal spotting (Is). The sl and Is phenotypes are caused by mutations in the genes encoding the Endothelin-B receptor (Ednrb) and Endothelin 3 (Edn3), respectively3,4. The identification of Sox10 as the gene mutated in Dom mice (B.H. et al., manuscript submitted) prompted us to analyse the role of its human homologue SOx10 in neural crest defects. Here we show that patients from four families with WS4 have mutations in SOx10, whereas no mutation could be detected in patients with HSCR alone. These mutations are likely to result in haploinsufficiency of the SOx10 product. Our findings further define the locus heterogeneity of Waardenburg-Hirschsprung syndromes, and point to an essential role of SOx10 in the development of two neural crest-derived human cell lineages.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Haploinsufficiency of SF3B2 causes craniofacial microsomia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 August 2021
                                    

                                

                                Andrew T. Timberlake, Casey Griffin, … Daniela V. Luquetti

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Rare heterozygous GDF6 variants in patients with renal anomalies
                                        
                                    

                                    
                                        Article
                                         Open access
                                         31 July 2020
                                    

                                

                                Helge Martens, Imke Hennies, … Ruthild G. Weber

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Expanding the phenotypic spectrum and clinical severity associated with WLS gene
                                        
                                    

                                    
                                        Article
                                        
                                         28 April 2023
                                    

                                

                                Ghada M. H. Abdel-Salam, Hanan H. Afifi, … Hanno J. Bolz

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Badner, J., Sieber, W., Garver, K. & Chakravarti, A. A genetic study of Hirschsprung disease. Am. J. Hum. Genet. 46, 568–580 (1990).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Read, A.P. & Newton, V.E. Waardenburg syndrome. J. Med. Genet. 34, 656–665 (1997).
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hosoda, K. et al. Targeted and natural (piebald-lthal) mutations of endothelin-B receptor gene produce megacolon associated with spotted coat color in mice. cell 79, 1267–1276 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Baynash, A. et al. Interaction of Endothelin-3 with Endothelin-B receptor is essential for development of epidermal melanocytes and enteric neurons. Cell 79, 1277–1285 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Steel, K. & Barkway, C. Another role for melanocytes; their importance for normal stria vascularis development in the mammalian inner ear. Development 107, 453–463 (1989).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Tassabehji, M. et al. Waardenburg's syndrome patients havemutations in the human homologue of the Pax-3 paired box gene. Nature 355, 635–636 (1992).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Baldwin, C.T., Hoth, C.F., Amos, J.A. Amos, J.A., da-Silva, E.O. & Milunsky, A. An exonic mutation in the HuP2 paired domain gene causes Waardenburg syndrome. Nature 355, 637–638 (1992).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hoth, C. et al. Mutations in the paired domain of the human PAX3 gene cause Klein-Waardenburg syndrome (WS-III) as well as Waardenburg syndrome type 1. Am. J. Hum. Genet. 52, 455–462 (1993).
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tassabehji, M., Newton, V.E. & Read, A.P. Waardenburg syndrome type 2 is caused by mutations in the human microphthalmia (MITF) gene. Nature Genet. 8, 251–255 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chakravarti, A. Endothelin receptor-mediated signaling in Hirschsprung disease. Hum. Mol. Genet. 5, 303–307 (1996).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hofstra, R.M.W., Osinga, J. & Buys, C.H.C.M. Mutations in Hirschsprung disease: when does a mutation contribute to the phenotype. Eur. J. Hum. Genet. 5, 180–185 (1997).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Omenn, G.S. & McKusick, V.A. The association of Waardenburg syndrome and Hirschsprung megacolon. Am. J. Med. Genet.  3, 217–223 (1979).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fried, K. & Beer, S. Waardenburg and Hirschsprung's disease in the same patient. Clin. Genet. 18, 91–92 (1980).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Shah, K.N. et al. White forelock, pigmentary disorder of irides, and long segment Hirschsprung megacolon. Am. J. Med. Genet. 99, 432–435 (1981).
CAS 
    
                    Google Scholar 
                

	Ambani, L.M. Waardenburg and Hirschsprung syndromes. J. Pediatr. 102, 802 (1983).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Meire, F., Standeart, L., De Laey, J.J. & Zeng, L.H. Waardenburg syndrome, nature Hirschsprung megacolon, and Marcus Gunn ptosis. Am. J. Med. Genet. 27, 683–686 (1987).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Puffenberger, E.G. et al. A missense mutation of the Endothelin-B receptor gene in multigenic Hirschsprung's disease. Cell 79, 1257–1266 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Edery, P. et al. Mutation of the endothelin-3 gene in the Waardenburg-Hirschsprung phenotype (Shah-Waardenburg syndrome). Nature Genet. 12, 442–444 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hofstra, R. et al. A homozygous mutation in the endothelin-3 gene associated with a combined Waardenburg type 2 and Hirschsprung phenotype (Shah-Waardenburg syndrome). Nature Genet. 12, 445–447 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kulhbrodt, K., Herbarth, B., Sock, E., Hermans-Bormeyer, I. & Wegner, M., O, a novel transcriptional modulator in glial cells. J. Neurosd. 18 (1) 237–250 (1998).
Article 
    
                    Google Scholar 
                

	Pingault, V. et al. Human homology and candidate genes for the dominant megacolon locus, a mouse model of Hirschsprung disease. Genomics 39, 86–89 (1997).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Van Houte, L.P.A. et al. Solution structure of the sequence-specific HMG Box of the Lymphocyte Transcriptional Activator Sox-4. J. Biol. Chem. 270, 30516–30524 (1995).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Weir, H.M., Kraulis, P.J., Raine, A.R.C., Laue, E.D. & Thomas, J.O. Structure of the HMG box motif in the B-domain of HMG1. EMBO J. 12, 1311–1319 (1993).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Werner, M., Huth, J., Gronenborn, A. & Clore, G. Molecular basis of human 46 X,Y sex reversal revealed from the three-dimensional solution structure of the human SRY-DNA complex. Cell 81, 705–714 (1995).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fisher, E. & Scambler, P. Human haploinsufficiency - one for sorrow, two for joy. Nature Genet. 7, 5–7 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Romeo, G. & McKusick, V. Phenotypic diversity, allelic series and modifier genes. Nature Genet. 7, 451–453 (1994).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pavan, W.J., Mac, S., Cheng, M. & Tilghman, S.M. Quantitative trait loci that modify the severity of spotting in piebald Mice. Genome Res. 5, 29–41 (1995).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lane, P.W. & Liu, H.M. Association of megacolon with a new dominant spotting gene (Dom) in the mouse. J. Hereof. 75, 435–439 (1984).
Article 
    CAS 
    
                    Google Scholar 
                

	Kapur, R.P. et al. Abnormal microenvironmental signals underlie intestinal aganglionosis in Dominant megacolon mutant mice. Dev. Biol. 174, 360–369 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Puliti, A., Poirier, V., Goossens, M. & Simonneau, M. Neuronal defects in genotyped dominant megacolon (Dom) mouse embryos, a model for Hirschsprung disease. NeuroReport 7, 489–492 (1996).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Southard-Smith, E.M., Kos, L. & Pavan, W.J. SoxlO mutation disrupts neural crest development in Dom Hirschsprung mouse model. Nature Genet.  18, 60–64 (1998).
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	INSERM U468, Hopital Henri Mondor, 94010, Creteil, France
Véronique Pingault, Nadège Bondurand, Marie-Odette Préhu, Aldamaria Puliti & Michel Goossens

	Zentrum für Molekulare Neurobiologie, Universität Hamburg, Martinistr. 52, 20246, Hamburg, Germany
Kirsten Kuhlbrodt, Derk E. Goerich, Beate Herbarth, Irm Hermans-Borgmeyer & Michael Wegner

	Center for Human Genetics, University of Leuven, Campus Gasthuisberg, Herestraat 49, B-3000, Leuven, Belgium
Eric Legius & Gert Matthijs

	INSERM U393, Hôpital des Enfants-Malades, 75743, Paris, France
Jeanne Amiel & Stanislas Lyonnet

	Lab. Genetica Molecolare, Istituto G. Gaslini, 16148, Genoa, Italy
Aldamaria Puliti, Isabella Ceccherini & Giovanni Romeo

	University Department of Medical Genetics, St Mary's Hospital, Manchester, Ml3 OJH, UK
Jill Clayton Smith & Andrew P. Read


Authors	Véronique PingaultView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nadège BondurandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kirsten KuhlbrodtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Derk E. GoerichView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marie-Odette PréhuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aldamaria PulitiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beate HerbarthView author publications
You can also search for this author in
                        PubMed Google Scholar



	Irm Hermans-BorgmeyerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eric LegiusView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gert MatthijsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jeanne AmielView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stanislas LyonnetView author publications
You can also search for this author in
                        PubMed Google Scholar



	Isabella CeccheriniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Giovanni RomeoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jill Clayton SmithView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andrew P. ReadView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael WegnerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michel GoossensView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Michel Goossens.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Pingault, V., Bondurand, N., Kuhlbrodt, K. et al. SOX10 mutations in patients with Waardenburg-Hirschsprung disease.
                    Nat Genet 18, 171–173 (1998). https://doi.org/10.1038/ng0298-171
Download citation
	Received: 24 December 1997

	Accepted: 02 January 1998

	Issue Date: 01 February 1998

	DOI: https://doi.org/10.1038/ng0298-171


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

                
                    	
                            
                                
                                    
                                        mRNA sequencing provides new insights into the pathogenesis of Hirschsprung’s disease in mice
                                    
                                

                            
                                
                                    	Qiwen Yang
	Fuwen Wang
	Ruihua Dang


                                
                                Pediatric Surgery International (2023)

                            
	
                            
                                
                                    
                                        Genetics of Hirschsprung’s disease
                                    
                                

                            
                                
                                    	Clara Sze-man Tang
	Anwarul Karim
	Paul Kwong-hang Tam


                                
                                Pediatric Surgery International (2023)

                            
	
                            
                                
                                    
                                        Waardenburg syndrome type 4 coexisting with open-angle glaucoma: a case report
                                    
                                

                            
                                
                                    	Li Zhang
	Yue Wan
	Ningli Wang


                                
                                Journal of Medical Case Reports (2022)

                            
	
                            
                                
                                    
                                        Gene therapy and gene correction: targets, progress, and challenges for treating human diseases
                                    
                                

                            
                                
                                    	Matthew R. Cring
	Val C. Sheffield


                                
                                Gene Therapy (2022)

                            
	
                            
                                
                                    
                                        SOX10 ablation severely impairs the generation of postmigratory neural crest from human pluripotent stem cells
                                    
                                

                            
                                
                                    	Xingqiang Lai
	Jia Liu
	Boxiong Jiang


                                
                                Cell Death & Disease (2021)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (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


    





        
    
        [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: ]
