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            Abstract
Alzheimer’s disease is the world’s most common dementing illness. Deposition of amyloid-β peptide drives cerebral neuroinflammation by activating microglia1,2. Indeed, amyloid-β activation of the NLRP3 inflammasome in microglia is fundamental for interleukin-1β maturation and subsequent inflammatory events3. However, it remains unknown whether NLRP3 activation contributes to Alzheimer’s disease in vivo. Here we demonstrate strongly enhanced active caspase-1 expression in human mild cognitive impairment and brains with Alzheimer’s disease, suggesting a role for the inflammasome in this neurodegenerative disease. Nlrp3−/− or Casp1−/− mice carrying mutations associated with familial Alzheimer’s disease were largely protected from loss of spatial memory and other sequelae associated with Alzheimer’s disease, and demonstrated reduced brain caspase-1 and interleukin-1β activation as well as enhanced amyloid-β clearance. Furthermore, NLRP3 inflammasome deficiency skewed microglial cells to an M2 phenotype and resulted in the decreased deposition of amyloid-β in the APP/PS1 model of Alzheimer’s disease. These results show an important role for the NLRP3/caspase-1 axis in the pathogenesis of Alzheimer’s disease, and suggest that NLRP3 inflammasome inhibition represents a new therapeutic intervention for the disease.
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                    Figure 1: 
                        Protective effects of NLRP3 gene deficiency in APP/PS1 mice on memory and behaviour.
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Figure 2: 
                        NLRP3 gene deficiency leads to decreased amyloid-β amounts and deposition.
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Figure 3: 
                        NLRP3 or caspase-1 deficiency increases microglial amyloid-β phagocytosis.
                      [image: ]


Figure 4: 
                        NLRP3 gene deficiency conveys a M2 microglial phenotype, decreases NOS2 expression and strongly reduces 3NTyr-amyloid-β formation.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        APOE4/4 is linked to damaging lipid droplets in Alzheimer’s disease microglia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Michael S. Haney, Róbert Pálovics, … Tony Wyss-Coray

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Xenografted human microglia display diverse transcriptomic states in response to Alzheimer’s disease-related amyloid-β pathology
                                        
                                    

                                    
                                        Article
                                         Open access
                                         27 March 2024
                                    

                                

                                Renzo Mancuso, Nicola Fattorelli, … Bart De Strooper

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mitochondrial complex I activity in microglia sustains neuroinflammation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                L. Peruzzotti-Jametti, C. M. Willis, … S. Pluchino

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Change history
	30 January 2013
Minor corrections were made to Fig. 2d and the legend to Fig. 3.





References
	Prinz, M., Priller, J., Sisodia, S. S. & Ransohoff, R. M. Heterogeneity of CNS myeloid cells and their roles in neurodegeneration. Nature Neurosci. 14, 1227–1235 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Lucin, K. M. & Wyss-Coray, T. Immune activation in brain aging and neurodegeneration: too much or too little? Neuron 64, 110–122 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Halle, A. et al. The NALP3 inflammasome is involved in the innate immune response to amyloid-β. Nature Immunol. 9, 857–865 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Martinon, F., Mayor, A. & Tschopp, J. The inflammasomes: guardians of the body. Annu. Rev. Immunol. 27, 229–265 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Jankowsky, J. L. et al. Co-expression of multiple transgenes in mouse CNS: a comparison of strategies. Biomol. Eng. 17, 157–165 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Bliss, T. V. & Collingridge, G. L. A synaptic model of memory: long-term potentiation in the hippocampus. Nature 361, 31–39 (1993)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Ho, V. M., Lee, J.-A. & Martin, K. C. The cell biology of synaptic plasticity. Science 334, 623–628 (2011)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Walker, J. M. et al. Spatial learning and memory impairment and increased locomotion in a transgenic amyloid precursor protein mouse model of Alzheimer’s disease. Behav. Brain Res. 222, 169–175 (2011)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Heneka, M. T. & O’Banion, M. K. Inflammatory processes in Alzheimer’s disease. J. Neuroimmunol. 184, 69–91 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Lee, C. Y. D. & Landreth, G. E. The role of microglia in amyloid clearance from the AD brain. J. Neural Transm. 117, 949–960 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Nalbantoglu, J. et al. Impaired learning and LTP in mice expressing the carboxy terminus of the Alzheimer amyloid precursor protein. Nature 387, 500–505 (1997)
Article 
    CAS 
    
                    Google Scholar 
                

	Chapman, P. F. et al. Impaired synaptic plasticity and learning in aged amyloid precursor protein transgenic mice. Nature Neurosci. 2, 271–276 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Murray, C. A. & Lynch, M. A. Evidence that increased hippocampal expression of the cytokine interleukin-1β is a common trigger for age- and stress-induced impairments in long-term potentiation. J. Neurosci. 18, 2974–2981 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	El Khoury, J. et al. Ccr2 deficiency impairs microglial accumulation and accelerates progression of Alzheimer-like disease. Nature Med. 13, 432–438 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Bamberger, M. E., Harris, M. E., McDonald, D. R., Husemann, J. & Landreth, G. E. A cell surface receptor complex for fibrillar β-amyloid mediates microglial activation. J. Neurosci. 23, 2665–2674 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Hickman, S. E., Allison, E. K. & Khoury, J. E. Microglial dysfunction and defective β-amyloid clearance pathways in aging Alzheimer’s disease mice. J. Neurosci. 28, 8354–8360 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Heneka, M. T. et al. Locus ceruleus controls Alzheimer’s disease pathology by modulating microglial functions through norepinephrine. Proc. Natl Acad. Sci. USA 107, 6058–6063 (2010)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Shaftel, S. S. et al. Sustained hippocampal IL-1β overexpression mediates chronic neuroinflammation and ameliorates Alzheimer plaque pathology. J. Clin. Invest. 117, 1595–1604 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Shaftel, S. S. et al. Chronic interleukin-1β expression in mouse brain leads to leukocyte infiltration and neutrophil-independent blood brain barrier permeability without overt neurodegeneration. J. Neurosci. 27, 9301–9309 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Mildner, A. et al. Distinct and non-redundant roles of microglia and myeloid subsets in mouse models of Alzheimer’s disease. J. Neurosci. 31, 11159–11171 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Malito, E., Hulse, R. E. & Tang, W.-J. Amyloid β-degrading cryptidases: insulin degrading enzyme, neprilysin, and presequence peptidase. Cell. Mol. Life Sci. 65, 2574–2585 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Leissring, M. A. et al. Enhanced proteolysis of β-amyloid in APP transgenic mice prevents plaque formation, secondary pathology, and premature death. Neuron 40, 1087–1093 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Mawuenyega, K. G. et al. Decreased clearance of CNS β-amyloid in Alzheimer’s disease. Science 330, 1774 (2010)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Raes, G. et al. FIZZ1 and Ym as tools to discriminate between differentially activated macrophages. Dev. Immunol. 9, 151–159 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	Kummer, M. P. et al. Nitration of tyrosine 10 critically enhances amyloid β aggregation and plaque formation. Neuron 71, 833–844 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	Wang, Q., Rowan, M. J. & Anwyl, R. β-Amyloid-mediated inhibition of NMDA receptor-dependent long-term potentiation induction involves activation of microglia and stimulation of inducible nitric oxide synthase and superoxide. J. Neurosci. 24, 6049–6056 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	Kanneganti, T.-D. et al. Bacterial RNA and small antiviral compounds activate caspase-1 through cryopyrin/Nalp3. Nature 440, 233–236 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Li, P. et al. Mice deficient in IL-1 β-converting enzyme are defective in production of mature IL-1β and resistant to endotoxic shock. Cell 80, 401–411 (1995)
Article 
    CAS 
    
                    Google Scholar 
                

	Bevins, R. A. & Besheer, J. Object recognition in rats and mice: a one-trial non-matching-to-sample learning task to study ‘recognition memory’. Nature Protocols 1, 1306–1311 (2006)
Article 
    
                    Google Scholar 
                

	Jäger, S. et al. alpha-secretase mediated conversion of the amyloid precursor protein derived membrane stub C99 to C83 limits Aβ generation. J. Neurochem. 111, 1369–1382 (2009)
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was funded by the Dana Foundation (E.L.), the National Institutes of Health (E.L., D.T.G.) and the Deutsche Forschungsgemeinschaft (E.L., M.T.H.). We thank G. Nuñez and V. M. Dixit for providing anti-caspase-1 Abs. We thank B. De Strooper and L. Serneels for the BACE1 knockout mice and discussion. We also thank H. Jacobsen for the BACE1 transgenic mice.


Author information
Author notes	Michael T. Heneka, Eicke Latz and Douglas T. Golenbock: These authors contributed equally to this work.


Authors and Affiliations
	Department of Neurology, Clinical Neuroscience Unit, University of Bonn, Sigmund-Freud-Strasse 25, 53127 Bonn, Germany, 
Michael T. Heneka, Markus P. Kummer, Stephanie Schwartz, Ana Vieira-Saecker, Angelika Griep & Daisy Axt

	Deutsches Zentrum für Neurodegenerative Erkrankungen (DZNE), Bonn, 53175, Germany
Michael T. Heneka & Eicke Latz

	Institute of Innate Immunity, University of Bonn, Bonn, 53127, Germany
Andrea Stutz & Eicke Latz

	Division of Cellular Neurobiology, Zoological Institute, Technische Universität Braunschweig, Braunschweig, 38106, Germany
Andrea Delekate, Anita Remus & Martin Korte

	Department of Medicine and Division of Infectious Diseases and Immunology, University of Massachusetts Medical School, Worcester, 01605, Massachusetts, USA
Te-Chen Tzeng, Eicke Latz & Douglas T. Golenbock

	Neurological Tissue Bank, University of Barcelona-Hospital Clinic, IDIBAPS, 08036 Barcelona, Spain, 
Ellen Gelpi

	Center for Advanced European Studies and Research-CAESAR, Bonn, 53175, Germany
Annett Halle

	Helmholtz-Center for Infection Research, HZI, AG NIND, 38124 Braunschweig, Germany, 
Martin Korte


Authors	Michael T. HenekaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Markus P. KummerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andrea StutzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andrea DelekateView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stephanie SchwartzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ana Vieira-SaeckerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Angelika GriepView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daisy AxtView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anita RemusView author publications
You can also search for this author in
                        PubMed Google Scholar



	Te-Chen TzengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ellen GelpiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Annett HalleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Martin KorteView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eicke LatzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Douglas T. GolenbockView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
M.T.H, M.P.K, A.S., A.D., S.S., A.V.-S., A.G., D.A., A.R., T.T. and E.L. performed experiments and analysed data, E.G. provided human samples and analysed data, A.H. was involved in study design and analysed data, E.L., M.T.H., M.K. and D.T.G. designed the study and wrote the paper. All authors discussed results and commented on the manuscript.
Corresponding authors
Correspondence to
                Michael T. Heneka, Eicke Latz or Douglas T. Golenbock.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Figures
This file contains Supplementary Figures 1-31. (PDF 3593 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Heneka, M., Kummer, M., Stutz, A. et al. NLRP3 is activated in Alzheimer’s disease and contributes to pathology in APP/PS1 mice.
                    Nature 493, 674–678 (2013). https://doi.org/10.1038/nature11729
Download citation
	Received: 26 February 2012

	Accepted: 30 October 2012

	Published: 19 December 2012

	Issue Date: 31 January 2013

	DOI: https://doi.org/10.1038/nature11729


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

                
                    	
                            
                                
                                    
                                        Hotspots and trends of microglia in Alzheimer's disease: a bibliometric analysis during 2000–2022
                                    
                                

                            
                                
                                    	Lijie Zhang
	Qiuru Yao
	Qing Zeng


                                
                                European Journal of Medical Research (2024)

                            
	
                            
                                
                                    
                                        The role of NLRP3 inflammasome in aging and age-related diseases
                                    
                                

                            
                                
                                    	Ruikai Liang
	Xinrui Qi
	Peng Yu


                                
                                Immunity & Ageing (2024)

                            
	
                            
                                
                                    
                                        Inhibition of MMP8 effectively alleviates manic-like behavior and reduces neuroinflammation by modulating astrocytic CEBPD
                                    
                                

                            
                                
                                    	Tzu-Yun Wang
	Eddie Feng-Ju Weng
	Shao-Ming Wang


                                
                                Journal of Neuroinflammation (2024)

                            
	
                            
                                
                                    
                                        Exercise mimetics: a novel strategy to combat neuroinflammation and Alzheimer’s disease
                                    
                                

                            
                                
                                    	Renqing Zhao


                                
                                Journal of Neuroinflammation (2024)

                            
	
                            
                                
                                    
                                        Drugging the NLRP3 inflammasome: from signalling mechanisms to therapeutic targets
                                    
                                

                            
                                
                                    	Lieselotte Vande Walle
	Mohamed Lamkanfi


                                
                                Nature Reviews Drug Discovery (2024)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Inflammasome a target in Alzheimer's disease
Alzheimer's disease is associated with activation of the innate immune system. It is known that amyloid-β can activate the NLRP3 inflammasome in vitro in microglia, and here it is shown that the inflammasome has a critical role in Alzheimer's disease pathology in a mouse model in vivo. In the absence of NLRP3 or caspase-1, amyloidosis and neuropathology in mice is reduced, and cognition and associated electrophysiological parameters improved. Examination of post-mortem human Alzheimer's brains supports the link between NLRP3 and brain inflammation. Taken together, these results suggest that amyloid-β-induced activation of NLRP3 enhances the progression of Alzheimer's disease by mediating a harmful chronic inflammatory tissue post-mortem response, and that agents that block the activity of the NLRP3 inflammasome, or inflammasome-derived cytokines, might slow the progression of Alzheimer's disease.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For 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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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: ]
