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            Abstract
Maintenance of body temperature is essential for the survival of homeotherms. Brown adipose tissue (BAT) is a specialized fat tissue that is dedicated to thermoregulation1. Owing to its remarkable capacity to dissipate stored energy and its demonstrated presence in adult humans2,3,4,5, BAT holds great promise for the treatment of obesity and metabolic syndrome1. Rodent data suggest the existence of two types of brown fat cells: constitutive BAT (cBAT), which is of embryonic origin and anatomically located in the interscapular region of mice; and recruitable BAT (rBAT), which resides within white adipose tissue (WAT)6 and skeletal muscle7, and has alternatively been called beige8, brite9 or inducible BAT10. Bone morphogenetic proteins (BMPs) regulate the formation and thermogenic activity of BAT10,11,12. Here we use mouse models to provide evidence for a systemically active regulatory mechanism that controls whole-body BAT activity for thermoregulation and energy homeostasis. Genetic ablation of the type 1A BMP receptor (Bmpr1a) in brown adipogenic progenitor cells leads to a severe paucity of cBAT. This in turn increases sympathetic input to WAT, thereby promoting the formation of rBAT within white fat depots. This previously unknown compensatory mechanism, aimed at restoring total brown-fat-mediated thermogenic capacity in the body, is sufficient to maintain normal temperature homeostasis and resistance to diet-induced obesity. These data suggest an important physiological cross-talk between constitutive and recruitable brown fat cells. This sophisticated regulatory mechanism of body temperature may participate in the control of energy balance and metabolic disease.




            
                
                    

    
        
            
                
                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 51 print issues and online access
$199.00 per year
only $3.90 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
        



    

                
                    Figure 1: 
                        Loss of 
                        Bmpr1a
                         impairs cBAT formation by decreasing embryonic progenitor proliferation.
                      [image: ]


Figure 2: 
                        Ablation of 
                        Bmpr1a
                         in brown pre-adipocytes derived from the Myf5
                        +
                         lineage inhibits differentiation.
                      [image: ]


Figure 3: 
                        Specific ablation of cBAT results in a compensatory response of increased browning by enhanced sympathetic input to WAT.
                      [image: ]


Figure 4: 
                        Loss of sympathetic innervation causes atrophy of cBAT and compensatory browning of white fat.
                      [image: ]
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There are two types of brown adipose tissue (BAT), the fat specialized for thermoregulation. Constitutive BAT (cBAT) is of embryonic origin and shares developmental ancestry with skeletal muscle, and recruitable BAT (rBAT) is found within white adipose tissue and skeletal muscle but derives from a non-myogenic lineage. These authors show that a shortage of cBAT ensues in mice when brown adipogenic progenitor cells lack a particular type of BMP receptor, but this leads to an increase in sympathetic input to white adipose tissue and a compensatory browning of white fat depots. This compensatory mechanism suffices to maintain normal temperature homeostasis and resistance to diet-induced obesity. Targeting these mechanisms, for instance by modifying BMP signalling to regulate BAT mass and activity, could be a feasible approach to the treatment of obesity.
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