







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 12 September 2012



                    Small heat-shock proteins protect from heat-stroke-associated neurodegeneration

                    	Nikos Kourtis1, 
	Vassiliki Nikoletopoulou1 & 
	Nektarios Tavernarakis1Â 



                    

                    
                        
    Nature

                        volumeÂ 490,Â pages 213â€“218 (2012)Cite this article
                    

                    
        
            	
                        9437 Accesses

                    
	
                        117 Citations

                    
	
                            21 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Mechanisms of disease
	Molecular neuroscience
	Neurodegeneration


    


                
    
    

    
    

                
            


        
            Abstract
Heat stroke is a life-threatening condition, characterized by catastrophic collapse of thermoregulation and extreme hyperthermia. In recent years, intensification of heat waves has caused a surge of heat-stroke fatalities. The mechanisms underlying heat-related pathology are poorly understood. Here we show that heat stroke triggers pervasive necrotic cell death and neurodegeneration in Caenorhabditis elegans. Preconditioning of animals at a mildly elevated temperature strongly protects from heat-induced necrosis. The heat-shock transcription factor HSF-1 and the small heat-shock protein HSP-16.1 mediate cytoprotection by preconditioning. HSP-16.1 localizes to the Golgi, where it functions with the Ca2+- and Mn2+-transporting ATPase PMR-1 to maintain Ca2+ homeostasis under heat stroke. Preconditioning also suppresses cell death inflicted by diverse insults, and protects mammalian neurons from heat cytotoxicity. These findings reveal an evolutionarily conserved mechanism that defends against diverse necrotic stimuli, and may be relevant to heat stroke and other pathological conditions involving necrosis in humans.
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                    Figure 1: 
                        Heat preconditioning protects against extreme thermal stress through HSF-1 and HSP-16.1.
                      [image: ]


Figure 2: 
                        HSP-16. 1 localizes to the medial Golgi and functions together with PMR-1 to mediate the protective effect of preconditioning against heat stroke.
                      [image: ]


Figure 3: 
                        HSF-1 and HSP-16.1 mediate protection against necrosis inflicted by diverse insults upon preconditioning.
                      [image: ]


Figure 4: 
                        Preconditioning requires PMR-1 to alleviate heat-stroke-induced cytoplasmic Ca
                        2+
                         overload.
                      [image: ]


Figure 5: 
                        Heat preconditioning protects mammalian neurons against extreme thermal stress through crystallin Î±A and PMR1.
                      [image: ]


Figure 6: 
                        HSP-16.1 requires PMR-1 to suppress heat-stroke-induced necrosis and cytoplasmic Ca
                        2+
                         overload.
                      [image: ]
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        Editorial Summary
Protection from heat stroke
Heat stroke triggers necrotic cell death and neurodegeneration in Caenorhabditis elegans. Nektarios Tavernarakis and colleagues show that the small heat-shock protein, HSP-16.1, offers the worm powerful protection against heat cytotoxicity and other necrotic insults. HSP-16.1 localizes exclusively in the medial Golgi, where it functions together with the Golgi-specific PMR-1 pump to prevent cytoplasmic Ca2+ overload under extreme stress. Hormetic induction of HSP-16.1 expression by a brief heat preconditioning is sufficient to fortify cells against diverse insults. Finally, the authors extend their findings to mammalian neurons, suggesting that the protective mechanism to heat stress is evolutionarily conserved, and that damaging effects of heat stroke might be ameliorated by a brief spell of mild heat stress.
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