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            Abstract
Pediatric brainstem gliomas often harbor oncogenic K27M mutation of histone H3.3. Here we show that GSKJ4 pharmacologic inhibition of K27 demethylase JMJD3 increases cellular H3K27 methylation in K27M tumor cells and demonstrate potent antitumor activity both in vitro against K27M cells and in vivo against K27M xenografts. Our results demonstrate that increasing H3K27 methylation by inhibiting K27 demethylase is a valid therapeutic strategy for treating K27M-expressing brainstem glioma.
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                    Figure 1: GSKJ4 increases K27 methylation, inhibits K27M glioma cell growth and prevents K27M colony formation.[image: ]


Figure 2: GSKJ4 treatment shows K27M antitumor activity in vivo.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Direct and selective pharmacological disruption of the YAPâ€“TEAD interface by IAG933 inhibits Hippo-dependent and RASâ€“MAPK-altered cancers
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2024
                                    

                                

                                Emilie A. Chapeau, Laurent Sansregret, â€¦ Tobias Schmelzle

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        KRAS mutation: from undruggable to druggable in cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 November 2021
                                    

                                

                                Lamei Huang, Zhixing Guo, â€¦ Liwu Fu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mechanisms of action and resistance in histone methylation-targeted therapy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         21 February 2024
                                    

                                

                                Makoto Yamagishi, Yuta Kuze, â€¦ Kaoru Uchimaru

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Gene Expression Omnibus
	
                    
                        GSE59497
                      

                  


                
              
            

References
	Wu, G. et al. Nat. Genet. 44, 251â€“253 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schwartzentruber, J. et al. Nature 482, 226â€“231 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chan, K.M. et al. Genes Dev. 27, 985â€“990 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lewis, P.W. et al. Science 340, 857â€“861 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bender, S. et al. Cancer Cell 24, 660â€“672 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Venneti, S. et al. Brain Pathol. 23, 558â€“564 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Grimm, S.A. & Chamberlain, M.C. Curr. Neurol. Neurosci. Rep. 13, 346 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Hashizume, R. et al. J. Neurooncol. 110, 305â€“313 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Mueller, S. et al. Neuro-oncol. 16, 352â€“360 (2014).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cao, R. et al. Science 298, 1039â€“1043 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lund, A.H. & van Lohuizen, M. Curr. Opin. Cell Biol. 16, 239â€“246 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Agger, K. et al. Nature 449, 731â€“734 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kruidenier, L. et al. Nature 488, 404â€“408 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McCabe, M.T. et al. Nature 492, 108â€“112 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Aoki, Y. et al. J. Neurooncol. 108, 29â€“35 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Sarkaria, J.N. et al. Clin. Cancer Res. 12, 2264â€“2271 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bjerke, L. et al. Cancer Discov. 3, 512â€“519 (2013).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Langmead, B. & Salzberg, S.L. Nat. Methods 9, 357â€“359 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kharchenko, P.V., Tolstorukov, M.Y. & Park, P.J. Nat. Biotechnol. 26, 1351â€“1359 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zhu, L.J. et al. BMC Bioinformatics 11, 237 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
Supported by US National Institutes of Health (NIH) Brain Tumor SPORE grant CA97257 (R.H., C.D.J.), the Pediatric Brain Tumor Foundation (R.H., N.G., C.D.J.), the Matthew Larson Foundation (R.H.), the Bear Necessities Pediatric Cancer Foundation (R.H.) and Rally Foundation (R.H.), American Cancer Society IRG-97-150-13 (R.H.), NIH CA157489 (Z.Z.), the Childhood Brain Tumor Foundation (C.P.), the Voices Against Brain Tumor Foundation (C.P.) and NIH CA164746 (C.P.).


Author information
Authors and Affiliations
	Department of Neurological Surgery, Feinberg School of Medicine, Northwestern University, Chicago, Illinois, USA
Rintaro HashizumeÂ &Â C David James

	Department of Neurological Surgery, University of California, San Francisco, San Francisco, California, USA., 
Noemi Andor,Â Yuichiro Ihara,Â Robin Lerner,Â Maxwell W Tom,Â Sabine Mueller,Â Claudia PetritschÂ &Â Nalin Gupta

	Department of Biochemistry and Molecular Biology, Mayo Clinic, Rochester, Minnesota, USA
Haiyun Gan,Â Xiaoyue Chen,Â Dong FangÂ &Â Zhiguo Zhang

	Department of Physiology, University of California, San Francisco, San Francisco, California, USA., 
Xi Huang

	Department of Urology, University of California, San Francisco, San Francisco, California, USA., 
Vy NgoÂ &Â Pamela L Paris

	Department of Pathology, University of California, San Francisco, San Francisco, California, USA., 
David Solomon

	Lombardi Comprehensive Cancer Center, Georgetown University School of Medicine, Washington, DC, USA
David SolomonÂ &Â Todd A Waldman

	Department of Neurology, University of California, San Francisco, San Francisco, California, USA., 
Sabine Mueller

	Department of Pediatrics, University of California, San Francisco, San Francisco, California, USA., 
Sabine Mueller


Authors	Rintaro HashizumeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Noemi AndorView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Yuichiro IharaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robin LernerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Haiyun GanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xiaoyue ChenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Dong FangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Xi HuangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Maxwell W TomView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Vy NgoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David SolomonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sabine MuellerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Pamela L ParisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Zhiguo ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Claudia PetritschView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nalin GuptaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Todd A WaldmanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	C David JamesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
R.H. designed and conducted all of the experiments and wrote the manuscript. N.A. performed bioinformatics analysis for the data from gene expression and ChIP-seq. Y.I. performed the in vitro studies and provided valuable discussion. R.L. performed the cell cycle analysis, flow cytometry analysis and quantitative RT-PCR. H.G., X.C. and D.F. performed the ChIP-seq experiments. X.H. provided valuable discussion and intellectual input. M.W.T. performed the in vitro studies. V.N. performed microarray analysis. D.S. provided valuable material and intellectual input. S.M. provided clinical information and conceptual advice. P.L.P. supervised microarray analysis and provided valuable discussion and intellectual input. Z.Z. supervised ChIP-seq experiments and provided valuable discussion. C.P. supervised the in vitro experiments and provided valuable discussion and intellectual input. N.G. provided clinical information and supervised the projects. T.A.W. provided valuable discussion and intellectual input and edited the manuscript. C.D.J. supervised the projects, provided valuable discussion and conceptual advice and edited the manuscript.
Corresponding author
Correspondence to
                Rintaro Hashizume.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Figures 1â€“11 and Supplementary Tables 1â€“3 (PDF 7557 kb)





Rights and permissions
Reprints and permissions


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



Cite this article
Hashizume, R., Andor, N., Ihara, Y. et al. Pharmacologic inhibition of histone demethylation as a therapy for pediatric brainstem glioma.
                    Nat Med 20, 1394â€“1396 (2014). https://doi.org/10.1038/nm.3716
Download citation
	Received: 24 April 2014

	Accepted: 11 September 2014

	Published: 17 November 2014

	Issue Date: December 2014

	DOI: https://doi.org/10.1038/nm.3716


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
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    An epigenetic therapy for diffuse intrinsic pontine gliomas
                

                
	Vijay Ramaswamy
	Marc Remke
	Michael D Taylor



                
    
        
            Nature Medicine
        
        News & Views
        
        
            04 Dec 2014
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    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 Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (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 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
            
        


    









    [image: ]







[image: ]
