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            Abstract
PALB2 was recently identified as a nuclear binding partner of BRCA2. Biallelic BRCA2 mutations cause Fanconi anemia subtype FA-D1 and predispose to childhood malignancies. We identified pathogenic mutations in PALB2 (also known as FANCN) in seven families affected with Fanconi anemia and cancer in early childhood, demonstrating that biallelic PALB2 mutations cause a new subtype of Fanconi anemia, FA-N, and, similar to biallelic BRCA2 mutations, confer a high risk of childhood cancer.
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                    Figure 1: Evidence that PALB2 deficiency causes FA-N.



                


                
                    
                
            

            
                References
	Kutler, D.I. et al. Blood 101, 1249â€“1256 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Niedernhofer, L.J., Lalai, A.S. & Hoeijmakers, J.H.J. Cell 123, 1191â€“1198 (2005).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Taniguchi, T. & D'Andrea, A.D. Blood 107, 4223â€“4233 (2006).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Shivji, M.K. & Venkitaraman, A.R. DNA Repair (Amst.) 3, 835â€“843 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	The Breast Cancer Linkage Consortium. J. Natl. Cancer Inst. 91, 1310â€“1316 (1999).

	Howlett, N.G. et al. Science 297, 606â€“609 (2002).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Offit, K. et al. J. Natl. Cancer Inst. 95, 1548â€“1551 (2003).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hirsch, B. et al. Blood 103, 2554â€“2559 (2004).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wagner, J.E. et al. Blood 103, 3226â€“3229 (2004).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Reid, S. et al. J. Med. Genet. 42, 147â€“151 (2005).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Xia, B. et al. Mol. Cell 22, 719â€“729 (2006).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Lejeune, F. & Maquat, L.E. Curr. Opin. Cell Biol. 17, 309â€“315 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Godthelp, B.C. et al. Mutat. Res. 594, 39â€“48 (2006).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	de Chadarevian, J.P., Vekemans, M. & Bernstein, M. Arch. Pathol. Lab. Med. 109, 367â€“369 (1985).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Chandra, S. et al. Mol. Ther. 12, 976â€“984 (2005).
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We would like to thank all the families with Fanconi anemia for cooperating in this study and the many physicians that have referred families for participation in the research. In particular, we thank the doctors and counselors who provided samples and information from the FA-N cases, including R. Beier, T. Brenn, R.C. Lewandowski, M. Hamre, R.E. Harris, A. Carlson, V.M. Der Kaloustian, N. Wong and M. Buyukpamukcu. We thank B. Xia and D. Livingston for the PALB2 antibody and the pOZC-PALB2 vector; K. Spanova and S. Fielding for technical assistance with PALB2 sequencing; R. Friedl, B. Gottwald and S. Furlan for the flow cytometry analyses and handling of patients' cells and M. Stratton, A. Futreal and R. Scott for comments on the manuscript. We acknowledge use of controls from the British 1958 Birth Cohort DNA collection, funded by the Medical Research Council grant G0000934 and the Wellcome Trust grant 068545/Z/02. This work forms part of the UK Childrens' Cancer and Leukaemia Group's FACT (Factors Associated with Childhood Tumours) Study. The work was supported in part by the following: R37HL32987 and R01CA82678 from the US National Institutes of Health (A.D.A.); the Daniel Ayling Fanconi Anaemia Trust (C.G.M.); the Deutsche Fanconi-Anamie-Hilfe e V., Schroeder-Kurth-Fond and the Fanconi Anemia Research Fund (D.S., H.H.); the Deutsche Forschungsgemeinschaft and Elterninitiative Kinderkrebsklinik Duesseldorf e. V. (H.H.); the Jewish General Hospital Weekend to End Breast Cancer, Rethink Breast Cancer, Canada and Canadian Foundation for Innovation (M.T.); the Breast Cancer Campaign (P.K.) and, primarily, the Institute of Cancer Research and Cancer Research UK (S.R., S.H., K.B., S.S., N.R.).


Author information
Authors and Affiliations
	Section of Cancer Genetics, Institute of Cancer Research, Sutton, SM2 5NG, Surrey, UK
Sarah Reid,Â Karen Barker,Â Sandra Hanks,Â Patrick Kelly,Â Sheila SealÂ &Â Nazneen Rahman

	Department of Human Genetics, University of Wuerzburg, Wuerzburg, D-97074, Germany
Detlev Schindler,Â Reinhard KalbÂ &Â Kornelia Neveling

	Department of Pediatric Oncology, Hematology and Immunology, Heinrich Heine University, Duesseldorf, D-40225, Germany
Helmut Hanenberg,Â Marcel FreundÂ &Â Melanie Wurm

	Herman B. Wells Center for Pediatric Research, Indiana University School of Medicine, Indianapolis, 46202, Indiana, USA
Helmut Hanenberg

	Laboratory of Human Genetics and Hematology, The Rockefeller University, 1230 York Ave., New York, 10021, New York, USA
Sat Dev Batish,Â Francis P LachÂ &Â Arleen D Auerbach

	Department of Pathology and Laboratory Medicine, Weill Medical College of Cornell University, New York, 10021, New York, USA
Sat Dev Batish

	Division of Pediatric Hematology, Hacettepe University, Ihsan Dooramacy Children Hospital, Ankara, 06100, Turkey
Sevgi Yetgin

	Department of Human Genetics CharitÃ©-Universitaetsmedizin, Berlin, D-13353, Germany
Heidemarie Neitzel

	Paediatric Haematology-Oncology Unit, University of Malaya Medical Centre, Kuala Lumpur, Malaysia
Hany Ariffin

	Cancer Prevention Center, The Sir Mortimer B. Davis Jewish General Hospital, Montreal, H3T 1E2, Quebec, Canada
Marc Tischkowitz

	Departments of Oncology and Human Genetics, Program in Cancer Genetics, McGill University, Montreal, H3A 1B1, Quebec, Canada
Marc Tischkowitz

	Department of Medical and Molecular Genetics, Kings College London School of Medicine, Guy's Hospital, London, SE1 9RT, UK
Christopher G Mathew


Authors	Sarah ReidView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Detlev SchindlerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Helmut HanenbergView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Karen BarkerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sandra HanksView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Reinhard KalbView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Kornelia NevelingView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Patrick KellyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sheila SealView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Marcel FreundView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Melanie WurmView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sat Dev BatishView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Francis P LachView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sevgi YetginView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Heidemarie NeitzelView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hany AriffinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Marc TischkowitzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Christopher G MathewView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Arleen D AuerbachView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nazneen RahmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
The study was designed by N.R. The mutational and PALB2 protein blot analyses were performed by S.S., K.B., S.H., P.K. and S.S. under the direction of N.R. The cellular, protein blot and complementation analyses and investigation of effects of splicing mutations were performed by D.S., H.H., R.K., K.N., M.F., M.W. and H.N. The phenotypic assessment, sample collection and characterization with respect to Fanconi anemia subgroups was performed by D.S., H.H., S.D.B., F.P.L., S.Y., H.A., M.T., C.G.M. and A.D.A. The manuscript was written by N.R with contributions from the other authors.
Corresponding author
Correspondence to
                Nazneen Rahman.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Fig. 1
Cellular phenotype of PALB2 deficiency. (PDF 1458 kb)


Supplementary Table 1
Primers and PCR conditions for PALB2 coding exons. (PDF 27 kb)


Supplementary Methods (PDF 94 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Reid, S., Schindler, D., Hanenberg, H. et al. Biallelic mutations in PALB2 cause Fanconi anemia subtype FA-N and predispose to childhood cancer.
                    Nat Genet 39, 162â€“164 (2007). https://doi.org/10.1038/ng1947
Download citation
	Received: 14 August 2006

	Accepted: 27 November 2006

	Published: 31 December 2006

	Issue Date: 01 February 2007

	DOI: https://doi.org/10.1038/ng1947


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

                
                    	
                            
                                
                                    
                                        Germline mutations in cancer predisposition genes among pediatric patients with cancer and congenital anomalies
                                    
                                

                            
                                
                                    	Gustavo D. Dangoni
	Anne Caroline B. Teixeira
	Ana Cristina V. Krepischi


                                
                                Pediatric Research (2024)

                            
	
                            
                                
                                    
                                        Pathological consequences of DNA damage in the kidney
                                    
                                

                            
                                
                                    	Juan I. Garaycoechea
	Catherine Quinlan
	Martijn S. Luijsterburg


                                
                                Nature Reviews Nephrology (2023)

                            
	
                            
                                
                                    
                                        Mutational signatures reveal mutual exclusivity of homologous recombination and mismatch repair deficiencies in colorectal and stomach tumors
                                    
                                

                            
                                
                                    	Amir Farmanbar
	Robert Kneller
	Sanaz Firouzi


                                
                                Scientific Data (2023)

                            
	
                            
                                
                                    
                                        PALB2 germline mutations in a large cohort of Middle Eastern breast-ovarian cancer patients
                                    
                                

                            
                                
                                    	Abdul K. Siraj
	Rong Bu
	Khawla S. Al-Kuraya


                                
                                Scientific Reports (2023)

                            
	
                            
                                
                                    
                                        Pembrolizumab activity in patients with Fanconi anemia repair pathway competent and deficient tumors
                                    
                                

                            
                                
                                    	Miguel A. Villalona-Calero
	John P. Diaz
	Hao Vuong


                                
                                Biomarker Research (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Fanconi anemia and breast cancer susceptibility
                

                
	Ketan J Patel



                
    
        
            Nature Genetics
        
        News & Views
        
        
            01 Feb 2007
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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


    





        
    
        
    
    © 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
            
        


    









    








