







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 October 2017



                    Sympathetic neuron–associated macrophages contribute to obesity by importing and metabolizing norepinephrine

                    	Roksana M Pirzgalska1 na1, 
	Elsa Seixas1 na1, 
	Jason S Seidman2, 
	Verena M Link2,3, 
	Noelia Martínez Sánchez1, 
	Inês Mahú1, 
	Raquel Mendes1, 
	Vitka Gres1, 
	Nadiya Kubasova1, 
	Imogen Morris1, 
	Bernardo A Arús1,4, 
	Chelsea M Larabee1, 
	Miguel Vasques1,5, 
	Francisco Tortosa6, 
	Ana L Sousa7, 
	Sathyavathy Anandan1, 
	Erin Tranfield7, 
	Maureen K Hahn8, 
	Matteo Iannacone 
            ORCID: orcid.org/0000-0002-9370-26719, 
	Nathanael J Spann2, 
	Christopher K Glass2 & 
	…
	Ana I Domingos1,10 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 23, pages 1309–1318 (2017)Cite this article
                    

                    
        
            	
                        22k Accesses

                    
	
                        309 Citations

                    
	
                            155 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Immunology
	Metabolic disorders
	Neuroimmunology


    


                
    
    

    
    

                
            


        
            Abstract
The cellular mechanism(s) linking macrophages to norepinephrine (NE)-mediated regulation of thermogenesis have been a topic of debate. Here we identify sympathetic neuron–associated macrophages (SAMs) as a population of cells that mediate clearance of NE via expression of solute carrier family 6 member 2 (SLC6A2), an NE transporter, and monoamine oxidase A (MAOA), a degradation enzyme. Optogenetic activation of the sympathetic nervous system (SNS) upregulates NE uptake by SAMs and shifts the SAM profile to a more proinflammatory state. NE uptake by SAMs is prevented by genetic deletion of Slc6a2 or inhibition of the encoded transporter. We also observed an increased proportion of SAMs in the SNS of two mouse models of obesity. Genetic ablation of Slc6a2 in SAMs increases brown adipose tissue (BAT) content, causes browning of white fat, increases thermogenesis, and leads to substantial and sustained weight loss in obese mice. We further show that this pathway is conserved, as human sympathetic ganglia also contain SAMs expressing the analogous molecular machinery for NE clearance, which thus constitutes a potential target for obesity treatment.
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                    Figure 1: Sympathetic neuron–associated Cx3cr1-GFP+ cells exhibit differentiated morphology for specific association with SNS neurons.[image: ]


Figure 2: SAMs highly express macrophage-associated markers and possess the machinery for uptake and degradation of norepinephrine.[image: ]


Figure 3: SAMs import and metabolize norepinephrine via SLC6A2 and MAOA, respectively, to regulate extracellular norepinephrine availability.[image: ]


Figure 4: Obesity-induced accumulation of SAMs.[image: ]


Figure 5: Loss of Slc6a2 function in SAMs rescues the thermogenic capacity of ob/ob mice.[image: ]


Figure 6: SAMs in the human sympathetic nervous system.[image: ]
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