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            Abstract
Disorganization of the neurofilament network is a prominent feature of several neurodegenerative disorders including amyotrophic lateral sclerosis (ALS), infantile spinal muscular atrophy and axonal Charcot-Marie-Tooth disease1,2,3,4. Giant axonal neuropathy (GAN, MIM 256850), a severe, autosomal recessive sensorimotor neuropathy affecting both the peripheral nerves and the central nervous system, is characterized by neurofilament accumulation, leading to segmental distension of the axons5,6. GAN corresponds to a generalized disorganization of the cytoskeletal intermediate filaments (IFs), to which neurofilaments belong, as abnormal aggregation of multiple tissue-specific IFs has been reported: vimentin in endothelial cells, Schwann cells and cultured skin fibroblasts, and glial fibrillary acidic protein (GFAP) in astrocytes7,8,9,10,11. Keratin IFs also seem to be alterated, as most patients present characteristic curly or kinky hairs12. We report here identification of the gene GAN, which encodes a novel, ubiquitously expressed protein we have named gigaxonin. We found one frameshift, four nonsense and nine missense mutations in GAN of GAN patients. Gigaxonin is composed of an amino-terminal BTB (for Broad-Complex, Tramtrack and Bric a brac) domain followed by a six kelch repeats, which are predicted to adopt a β-propeller shape13. Distantly related proteins sharing a similar domain organization have various functions associated with the cytoskeleton, predicting that gigaxonin is a novel and distinct cytoskeletal protein that may represent a general pathological target for other neurodegenerative disorders with alterations in the neurofilament network.
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                    Figure 1: Physical map of the GAN region in 16q24.1 and genomic structure of  GAN.[image: ]


Figure 2: Expression of the mouse Gan homologue in different tissues. [image: ]


Figure 3: Gigaxonin sequence.[image: ]


Figure 4: GAN family studies a, Allele segregation of 16q24.1 markers in GAN families.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Digenic inheritance involving a muscle-specific protein kinase and the giant titin protein causes a skeletal muscle myopathy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 March 2024
                                    

                                

                                Ana Töpf, Dan Cox, … Volker Straub

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Triggering typical nemaline myopathy with compound heterozygous nebulin mutations reveals myofilament structural changes as pathomechanism
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 June 2020
                                    

                                

                                Johan Lindqvist, Weikang Ma, … Henk Granzier

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Docking protein 6 (DOK6) selectively docks the neurotrophic signaling transduction to restrain peripheral neuropathy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 February 2024
                                    

                                

                                Yan Guo, Pan Xiang, … Xiaozhong Peng

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Accessions

                
                  GenBank/EMBL/DDBJ
	
                      
                        AC007411
                      

                    
	
                      
                        AC009079
                      

                    
	
                      
                        AC009148
                      

                    
	
                      
                        AF291673
                      

                    


                
              
            

References
	Rouleau, G.A.  et al. SOD1 mutation is associated with accumulation of neurofilaments in amyotrophic lateral sclerosis. Ann. Neurol. 39, 128–131 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Xu, Z., Cork, L.C., Griffin, J.W. & Cleveland, D.W. Involvement of neurofilaments in motor neuron disease. J. Cell Sci. Suppl. 17, 101–108 (1993).
Article 
    CAS 
    
                    Google Scholar 
                

	Lupski, J.R. Axonal charcot-marie-tooth disease and the neurofilament light gene (NF-L) . Am. J. Hum. Genet. 67, 8– 10 (2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Mersiyanova, I.V.  et al. A new variant of charcot-marie-tooth disease type 2 is probably the result of a mutation in the neurofilament-light gene. Am. J. Hum. Genet. 67, 37–46 ( 2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Asbury, A.K., Gale, M.K., Cox, S.C., Baringer, J.R. & Berg, B.O. Giant axonal neuropathy: a unique case with segmental neurofilamentous masses. Acta Neuropathol.  20, 237–247 (1972).
Article 
    CAS 
    
                    Google Scholar 
                

	Ben Hamida, M., Hentati, F. & Ben Hamida, C. Giant axonal neuropathy with inherited multisystem degeneration in a Tunisian kindred. Neurology  40, 245–250 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Prineas, J.W., Ouvrier, R.A., Wright, R.G., Walsh, J.C. & McLeod, J.G. Giant axonal neuropathy: a generalized disorder of cytoplasmic microfilament formation. J. Neuropathol. Exp. Neurol. 35, 458–470 (1976).
Article 
    CAS 
    
                    Google Scholar 
                

	Pena, S.D. Giant axonal neuropathy: an inborn error of organization of intermediate filaments . Muscle Nerve 5, 166–172 (1982).
Article 
    CAS 
    
                    Google Scholar 
                

	Kretzschmar, H.A., Berg, B.O. & Davis, R.L. Giant axonal neuropathy. A neuropathological study. Acta Neuropathol. 73, 138– 144 (1987).
Article 
    CAS 
    
                    Google Scholar 
                

	Buissonniere, R.F., Routon, M.C., Robain, O., Ponsot, G. & Arthuis, M. Giant axonal neuropathy: intermediate filament disease with involvement of the peripheral and central nervous system . Rev. Neurol. 145, 355– 361 (1989).
CAS 
    
                    Google Scholar 
                

	Bousquet, O.  et al. Aggregation of a subpopulation of vimentin filaments in cultured human skin fibroblasts derived from patients with giant axonal neuropathy . Cell. Motil. Cytoskeleton 33, 115– 129 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Treiber-Held, S.  et al. Giant axonal neuropathy: a generalized disorder of intermediate filaments with longitudinal grooves in the hair. Neuropediatrics  25, 89–93 ( 1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Ito, N., Phillips, S.E., Yadav, K.D. & Knowles, P.F. Crystal structure of a free radical enzyme, galactose oxidase.  J. Mol. Biol. 238, 794–814 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Ben Hamida, C.  et al. Homozygosity mapping of giant axonal neuropathy gene to chromosome 16q24.1. Neurogenetics 1, 129– 133 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Cavalier, L.  et al. Giant axonal neuropathy locus refinement to a &lt;590 kb critical interval. Eur. J. Hum. Genet . 8, 527– 534 (2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Adams, J., Kelso, R. & Cooley, L. The kelch repeat superfamily of proteins: propellers of cell function. Trends Cell. Biol. 10, 17–24 (2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Bardwell, V.J. & Treisman, R. The POZ domain: a conserved protein-protein interaction motif. Genes Dev.  8, 1664–1677 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Zollman, S., Godt, D., Prive, G.G., Couderc, J.L. & Laski, F.A. The BTB domain, found primarily in zinc finger proteins, defines an evolutionarily conserved family that includes several developmentally regulated genes in Drosophila. Proc. Natl Acad. Sci. USA 91, 10717–10721 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Xue, F. & Cooley, L. kelch encodes a component of intercellular bridges in Drosophila egg chambers. Cell 72, 681–693 (1993).
Article 
    CAS 
    
                    Google Scholar 
                

	Soltysik-Espanola, M.  et al. Characterization of Mayven, a novel actin-binding protein predominantly expressed in brain. Mol. Biol. Cell 10 , 2361–2375 (1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Itoh, K. et al. Keap1 represses nuclear activation of antioxidant responsive elements by Nrf2 through binding to the amino-terminal Neh2 domain.  Genes Dev. 13, 76–86 ( 1999).
Article 
    CAS 
    
                    Google Scholar 
                

	Hernandez, M.C., Andres-Barquin, P.J., Holt, I. & Israel, M.A. Cloning of human ENC-1 and evaluation of its expression and regulation in nervous system tumors. Exp. Cell. Res.  242, 470–477 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Robinson, D.N. & Cooley, L. Drosophila kelch is an oligomeric ring canal actin organizer. J. Cell Biol.  138, 799–810 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Zemmouri, R.  et al. Charcot-Marie-Tooth 2-like presentation of an Algerian family with giant axonal neuropathy. Neuromuscul. Disord. (in press).

	Hernandez, M.C.  et al. ENC-1: a novel mammalian kelch-related gene specifically expressed in the nervous system encodes an actin-binding protein. J. Neurosci.  17, 3038–3051 ( 1997).
Article 
    CAS 
    
                    Google Scholar 
                

	von Bulow, M., Heid, H., Hess, H. & Franke, W.W. Molecular nature of calicin, a major basic protein of the mammalian sperm head cytoskeleton. Exp. Cell. Res. 219, 407–413 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Tu, P.H., Gurney, M.E., Julien, J.P., Lee, V.M. & Trojanowski, J.Q. Oxidative stress, mutant SOD1, and neurofilament pathology in transgenic mouse models of human motor neuron disease. Lab. Invest. 76, 441– 456 (1997).
CAS 
    
                    Google Scholar 
                

	Julien, J.P., Couillard-Despres, S. & Meier, J. Transgenic mice in the study of ALS: the role of neurofilaments . Brain Pathol. 8, 759– 769 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Couillard-Despres, S.  et al. Protective effect of neurofilament heavy gene overexpression in motor neuron disease induced by mutant superoxide dismutase.  Proc. Natl Acad. Sci. USA 95, 9626– 9630 (1998).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank J.-L. Mandel, M. Ben Hamida, C. Yalcinkaya, S. Nizard, R. Zemmouri, J. Mancini, B. Tüysüz, M. Claustres, P. Guicheney, J.M. Garnier, H. Puccio, D. Devys, O. Poch and D. Grid for discussions and sharing of patient material; and N. Lagarde, S. Vicaire, D. Sommer-Stephan, L. Reutenauer, O. Bennour, S. Ben Achour, S. Carles and common services for technical help. This work was supported by funds from the Institut National de la Recherche Médicale (INSERM); the Centre National de la Recherche Scientifique (CNRS) and the Hôpitaux Universitaires de Strasbourg (HUS); and the Secrétariat d'Etat à la Recherche Scientifique et à la Technologie Tunisienne (to C.B.H. and F.H.); and from the International Atomic Energy Agency (F.H.). P.B. was supported by a fellowship from the Association Française contre l'Ataxie de Friedreich (AFAF).


Author information
Authors and Affiliations
	Institut de Génétique et de Biologie Moléculaire et Cellulaire, CNRS/INSERM/ULP, B.P. 163, 67404 Illkirch cedex, C.U. de Strasbourg, France
Pascale Bomont, François Blondeau & Michel Koenig

	Laboratoire de Génétique Moléculaire et Chromosomique, Institut de Génétique Humaine, Institut de Biologie, Montpellier, France
Laurent Cavalier

	Laboratoire de Neuropathologie et Neurobiologie Moléculaire, Institut National de Neurologie, La Rabta, Tunis, Tunisia
Christiane Ben Hamida, Samir Belal & Fayçal Hentati

	Service de Neurologie, CHU Mustapha, Alger, Algeria
Meriem Tazir

	Department of Pediatric Neurology, Hacettepe Üniversitesi, Ankara, Turkey
Ercan Demir & Haluk Topaloglu

	Abteilung Neuropädiatrie und Muskelerkrankungen, Universitäts-Kinderklinik, Freiburg, Germany
Rudolf Korinthenberg

	Department of Pediatrics, Division of Genetics, Cerrahpasa Tip Fakültesi, Istanbul Üniversitesi, Istanbul, Turkey
Beyhan Tüysüz

	Département de Pédiatrie, Service de Neurologie, Hôpital Universitaire de Bicêtre, Kremlin-Bicêtre, France
Pierre Landrieu


Authors	Pascale BomontView author publications
You can also search for this author in
                        PubMed Google Scholar



	Laurent CavalierView author publications
You can also search for this author in
                        PubMed Google Scholar



	François BlondeauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christiane Ben HamidaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Samir BelalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Meriem TazirView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ercan DemirView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haluk TopalogluView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rudolf KorinthenbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beyhan TüysüzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pierre LandrieuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fayçal HentatiView author publications
You can also search for this author in
                        PubMed Google Scholar



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





Corresponding author
Correspondence to
                Michel Koenig.


Supplementary information

Table A (DOC 20 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Bomont, P., Cavalier, L., Blondeau, F. et al. The gene encoding gigaxonin, a new member of the cytoskeletal BTB/kelch repeat family, is mutated in giant axonal neuropathy.
                    Nat Genet 26, 370–374 (2000). https://doi.org/10.1038/81701
Download citation
	Received: 09 August 2000

	Accepted: 18 September 2000

	Issue Date: November 2000

	DOI: https://doi.org/10.1038/81701


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

                
                    	
                            
                                
                                    
                                        Axonal Transport Defect in Gigaxonin Deficiency Rescued by Tubastatin A
                                    
                                

                            
                                
                                    	Banshi Nath
	Daniel Phaneuf
	Jean-Pierre Julien


                                
                                Neurotherapeutics (2023)

                            
	
                            
                                
                                    
                                        Lnc-GAN1 expression is associated with good survival and suppresses tumor progression by sponging mir-26a-5p to activate PTEN signaling in non-small cell lung cancer
                                    
                                

                            
                                
                                    	Rui-Qi Wang
	Xiao-Ran Long
	Hui-Yun Wang


                                
                                Journal of Experimental & Clinical Cancer Research (2021)

                            
	
                            
                                
                                    
                                        Sequencing of neurofilament genes identified NEFH Ser787Arg as a novel risk variant of sporadic amyotrophic lateral sclerosis in Chinese subjects
                                    
                                

                            
                                
                                    	Feng Lin
	Wanhui Lin
	Huapin Huang


                                
                                BMC Medical Genomics (2021)

                            
	
                            
                                
                                    
                                        Giant axonal neuropathy with novel GAN pathogenic variant in a patient of consanguineous origin from Poonch Jammu and Kashmir-India
                                    
                                

                            
                                
                                    	Yaser Rafiq Mir
	Xue Zeng
	Raja A. H. Kuchay


                                
                                Molecular Biology Reports (2021)

                            
	
                            
                                
                                    
                                        Identification of novel pathogenic copy number variations in Charcot-Marie-Tooth disease
                                    
                                

                            
                                
                                    	J. Mortreux
	J. Bacquet
	N. Bonello-Palot


                                
                                Journal of Human Genetics (2020)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Of giant axons and curly hair
                

                
	Vincent Timmerman
	Peter De Jonghe
	Christine Van Broeckhoven



                
    
        
            Nature Genetics
        
        News & Views
        
        
            01 Nov 2000
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
