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            Abstract
We previously reported that loss of heterozygosity (LOH) on chromosome 9p21 correlates with poor prognosis of neuroblastoma and the p16 gene is not expressed in approximately two thirds of neuroblastoma cell lines. Here we demonstrated that p16 expression was induced by 5-aza-2-deoxycytidine treatment in cell lines with 5â€² CpG island methylation but not in cell lines without methylation. Furthermore, the cell cycle of neuroblastoma cell lines significantly delayed with accumulation of cells in G1 phase by transfection of a wild-type p16 expression vector. These results indicate that p16 is inactivated in part by DNA methylation and its expression is involved in the growth of neuroblastoma cells in vitro. To assess the biological and clinical significance of p16 expression in primary tumors, we undertook immunohistochemical analysis in 74 paraffin sections of neuroblastomas. p16 protein was undetectable in 45 of 74 cases (61%) and lack of p16 expression significantly correlated with poor prognosis of patients and advanced stage of the disease. There was no correlation between loss of p16 expression and N-myc amplification in these tumors. These results indicate that inactivation of the p16 gene is involved in the progression of neuroblastoma independently of N-myc amplification.




            
                
                    

    
        
            
                
                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 50 print issues and online access
$259.00 per year
only $5.18 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: ]

                                
                                
                                    
                                        Evolutionary trajectories of small cell lung cancer under therapy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Julie George, Lukas Maas, â€¦ Roman K. Thomas

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        KRAS mutation: from undruggable to druggable in cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 November 2021
                                    

                                

                                Lamei Huang, Zhixing Guo, â€¦ Liwu Fu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Extrachromosomal DNA in cancer
                                        
                                    

                                    
                                        Article
                                        
                                         26 February 2024
                                    

                                

                                Xiaowei Yan, Paul Mischel & Howard Chang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                
Author information
Authors and Affiliations
	Biology Division, National Cancer Center Research Institute, 1-1, Tsukiji 5-chome, Chuo-ku, Tokyo, 104, Japan
Junko Takita,Â Jun-ichi AdachiÂ &Â Jun Yokota

	Cancer Information and Epidemiology Division, National Cancer Center Research Institute, 1-1, Tsukiji 5-chome, Chuo-ku, Tokyo, 104, Japan
Naohito Yamaguchi

	Department of Pediatrics, Faculty of Medicine, University of Tokyo, 3-1, Hongo 7-chome, Bunkyo-ku, Tokyo, 113, Japan
Junko TakitaÂ &Â Yasuhide Hayashi

	Department of Pathology, School of Medicine, University of Gunma, 39-22, Showa-cho 3-chome, Maebashi, 371, Japan
Takashi Nakajima

	Clinical Pediatrics Research Division of National Kure Hospital, 3-1, Aoyama-cho, Kure, 737, Japan
Takeo Tanaka

	Division of Pathology, Saitama Children's Medical Center, 2100, Magome, Iwatsuki, 339, Japan
Yoshihiro Ogawa

	Division of Hematology/Oncology, Saitama Children's Medical Center, 2100, Magome, Iwatsuki, 339, Japan
Ryoji HanadaÂ &Â Keiko Yamamoto


Authors	Junko TakitaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yasuhide HayashiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takashi NakajimaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jun-ichi AdachiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Takeo TanakaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Naohito YamaguchiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yoshihiro OgawaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ryoji HanadaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Keiko YamamotoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jun YokotaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Takita, J., Hayashi, Y., Nakajima, T. et al. The p16 (CDKN2A) gene is involved in the growth of neuroblastoma cells and its expression is associated with prognosis of neuroblastoma patients.
                    Oncogene 17, 3137â€“3143 (1998). https://doi.org/10.1038/sj.onc.1202232
Download citation
	Received: 30 March 1998

	Revised: 22 June 1998

	Accepted: 22 June 1998

	Published: 17 December 1998

	Issue Date: 17 December 1998

	DOI: https://doi.org/10.1038/sj.onc.1202232


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
                        


Keywords
	p16
	neuroblastoma
	G1 arrest
	methylation
	prognosis







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Comprehensive exploration of the involvement of cuproptosis in tumorigenesis and progression of neuroblastoma
                                    
                                

                            
                                
                                    	Rui Zhou
	Dongmei Huang
	Fangpeng Shu


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        Aberrant activation of ALK kinase by a novel truncated form ALK protein in neuroblastoma
                                    
                                

                            
                                
                                    	J Okubo
	J Takita
	S Ogawa


                                
                                Oncogene (2012)

                            
	
                            
                                
                                    
                                        Expression and Methylation Pattern of p16 in Neuroblastoma Tumorigenesis
                                    
                                

                            
                                
                                    	Safiye Aktas
	Aydan Cavusoglu Celebiler
	Nur Olgun


                                
                                Pathology & Oncology Research (2010)

                            
	
                            
                                
                                    
                                        Escape from p53-mediated tumor surveillance in neuroblastoma: switching off the p14ARF-MDM2-p53 axis
                                    
                                

                            
                                
                                    	T Van Maerken
	J Vandesompele
	F Speleman


                                
                                Cell Death & Differentiation (2009)

                            
	
                            
                                
                                    
                                        Comprehensive analysis of the 9p21 region in neuroblastoma suggests a role for genes mapping to 9p21â€“23 in the biology of favourable stage 4 tumours
                                    
                                

                            
                                
                                    	J Mora
	M Alaminos
	W L Gerald


                                
                                British Journal of Cancer (2004)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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 Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & 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


    





        
    
        
            

            
                
                    Oncogene (Oncogene)
                
                
    
    
        ISSN 1476-5594 (online)
    
    


                
    
    
        ISSN 0950-9232 (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




    

    
    
    











    [image: ]







[image: ]
