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            Abstract
Microglia, the immune cells of the brain, can have a beneficial effect in Alzheimer's disease by phagocytosing amyloid-Î². Two-photon in vivo imaging of neuron loss in the intact brain of living Alzheimer's disease mice revealed an involvement of microglia in neuron elimination, indicated by locally increased number and migration velocity of microglia around lost neurons. Knockout of the microglial chemokine receptor Cx3cr1, which is critical in neuron-microglia communication, prevented neuron loss.
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                    Figure 1: Microglial CX3CR1-dependent neuron loss in 5xTg mice.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Formation of memory assemblies through the DNA-sensing TLR9 pathway
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Vladimir Jovasevic, Elizabeth M. Wood, â€¦ Jelena Radulovic

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        APOE4/4 is linked to damaging lipid droplets in Alzheimerâ€™s diseaseÂ microglia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Michael S. Haney, RÃ³bert PÃ¡lovics, â€¦ Tony Wyss-Coray

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Disease-associated astrocyte epigenetic memory promotes CNS pathology
                                        
                                    

                                    
                                        Article
                                        
                                         20 March 2024
                                    

                                

                                Hong-Gyun Lee, Joseph M. Rone, â€¦ Francisco J. Quintana

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Nimmerjahn, A., Kirchhoff, F. & Helmchen, F. Science 308, 1314â€“1318 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hanisch, U.K. & Kettenmann, H. Nat. Neurosci. 10, 1387â€“1394 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Grathwohl, S.A. et al. Nat. Neurosci. 12, 1361â€“1363 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wyss-Coray, T. Nat. Med. 12, 1005â€“1015 (2006).
CASÂ 
    
                    Google ScholarÂ 
                

	London, J.A., Biegel, D. & Pachter, J.S. Proc. Natl. Acad. Sci. USA 93, 4147â€“4152 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Giulian, D. et al. J. Neurosci. 16, 6021â€“6037 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Oddo, S. et al. Neuron 39, 409â€“421 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fuhrmann, M. et al. J. Neurosci. 27, 6224â€“6233 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Harrison, J.K. et al. Proc. Natl. Acad. Sci. USA 95, 10896â€“10901 (1998).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chapman, G.A. et al. J. Neurosci. 20, RC87 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bolmont, T. et al. J. Neurosci. 28, 4283â€“4292 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cardona, A.E. et al. Nat. Neurosci. 9, 917â€“924 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	DÃ©nes, A. et al. J. Cereb. Blood Flow Metab. 28, 1707â€“1721 (2008).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Davalos, D. et al. Nat. Neurosci. 8, 752â€“758 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jung, S. et al. Mol. Cell. Biol. 20, 4106â€“4114 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank S. Oddo for generously providing the 3xTg-AD mice and P. Thevnaz and E. Meijering for the development of the ImageJ plugins stackreg and MTrackJ. This work was supported by grants from the Deutsche Forschungsgemeinschaft (SFB 596, A13), the German Federal Ministry of Education and Research (Bundesministerium fÃ¼r Bildung und Forschung, 01GZ0713, 13N9268), the German Federal Ministry of Economics and Technology (Bundesministerium fÃ¼r Wirtschaft und Technologie, 16IN0675) and the European Union (Neuro.GSK3, FP-7-223276).


Author information
Author notes	Martin Fuhrmann and Tobias Bittner: These authors contributed equally to the work.


Authors and Affiliations
	Center of Neuropathology and Prion Research, Ludwig-Maximilians-University, Munich, Germany
Martin Fuhrmann,Â Tobias Bittner,Â Christian K E Jung,Â Steffen Burgold,Â Gerda Mitteregger,Â Hans KretzschmarÂ &Â Jochen Herms

	German Center for Neurodegenerative Diseases Munich, Ludwig-Maximilians-University, Munich, Germany
Richard M PageÂ &Â Christian Haass

	Department of Neurobiology and Behavior, University of California, Irvine, California, USA
Frank M LaFerla


Authors	Martin FuhrmannView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tobias BittnerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Christian K E JungView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Steffen BurgoldView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Richard M PageView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gerda MittereggerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Christian HaassView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Frank M LaFerlaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hans KretzschmarView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jochen HermsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
M.F. and T.B. conducted the experiments and wrote the manuscript. C.K.E.J. and S.B. provided technical assistance. R.M.P. performed AÎ² measurements. G.M., H.K., C.H. and F.M.L. provided mouse models and helpful discussion. J.H. coordinated the research and supervised the project.
Corresponding author
Correspondence to
                Jochen Herms.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Figures 1â€“5 and Supplementary Methods (PDF 4731 kb)


Supplementary Video 1
Example of a z stack acquired by two-photon in vivo imaging. Z stack from 650 Î¼m depth to the surface in a living mouse brain. Neurons are labeled with YFP and microglia with GFP. (MOV 3683 kb)


Supplementary Video 2
Tracking of microglia migration in vivo. 5-week time-lapse example of microglia migration around a neuron. Colored lines representing the tracks of the microglia are superimposed. (MOV 1518 kb)


Supplementary Video 3
Screening behavior of microglia with extension and retraction of fine processes. The video consists of z stack projections (40 Î¼m) of fluorescence images recorded with a time interval of 5 min 150 Î¼m below the brain surface. (MOV 1826 kb)


Supplementary Video 4
Turnover rate (TOR) of microglia. Red/green overlay of subsequent time points to visualize gained (green) and lost (red) as well as stable (yellow) areas of microglial processes. (MOV 1623 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Fuhrmann, M., Bittner, T., Jung, C. et al. Microglial Cx3cr1 knockout prevents neuron loss in a mouse model of Alzheimer's disease.
                    Nat Neurosci 13, 411â€“413 (2010). https://doi.org/10.1038/nn.2511
Download citation
	Received: 15 October 2009

	Accepted: 28 January 2010

	Published: 21 March 2010

	Issue Date: April 2010

	DOI: https://doi.org/10.1038/nn.2511


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

                
                    	
                            
                                
                                    
                                        Long-term oral administration of curcumin is effective in preventing short-term memory deterioration and prolonging lifespan in a mouse model of Alzheimerâ€™s disease
                                    
                                

                            
                                
                                    	Hiroko Maruyama
	Takahito Ooizumi
	Tohoru Takeda


                                
                                Advances in Traditional Medicine (2024)

                            
	
                            
                                
                                    
                                        Tau and neuroinflammation in Alzheimerâ€™s disease: interplay mechanisms and clinical translation
                                    
                                

                            
                                
                                    	Yijun Chen
	Yang Yu


                                
                                Journal of Neuroinflammation (2023)

                            
	
                            
                                
                                    
                                        Molecular subtypes of ALS are associated with differences in patient prognosis
                                    
                                

                            
                                
                                    	Jarrett Eshima
	Samantha A. Oâ€™Connor
	Barbara S. Smith


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Effect of Proinflammatory S100A9 Protein on Migration and Proliferation of Microglial Cells
                                    
                                

                            
                                
                                    	Qiao Bai
	Dan Sun
	Ludmilla A. Morozova-Roche


                                
                                Journal of Molecular Neuroscience (2023)

                            
	
                            
                                
                                    
                                        Nicotinamide reverses deficits in puberty-born neurons and cognitive function after maternal separation
                                    
                                

                            
                                
                                    	Keke Hao
	Huiling Wang
	Gaohua Wang


                                
                                Journal of Neuroinflammation (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            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
                                
                            
	
                                
                                    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 Neuroscience (Nat Neurosci)
                
                
    
    
        ISSN 1546-1726 (online)
    
    


                
    
    
        ISSN 1097-6256 (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: ]
