







    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: 24 April 2017



                    Pyruvate kinase M2 activation may protect against the progression of diabetic glomerular pathology and mitochondrial dysfunction

                    	Weier Qi1, 
	Hillary A Keenan1, 
	Qian Li1, 
	Atsushi Ishikado1, 
	Aimo Kannt2, 
	Thorsten Sadowski2, 
	Mark A Yorek3, 
	I-Hsien Wu1, 
	Samuel Lockhart4, 
	Lawrence J Coppey3, 
	Anja Pfenninger2, 
	Chong Wee LiewÂ 
            ORCID: orcid.org/0000-0001-9904-09585, 
	Guifen Qiang5,6, 
	Alison M Burkart1, 
	Stephanie Hastings1, 
	David Pober1, 
	Christopher Cahill1, 
	Monika A NiewczasÂ 
            ORCID: orcid.org/0000-0003-2371-595X1, 
	William J Israelsen7, 
	Liane Tinsley1, 
	Isaac E Stillman8, 
	Peter S Amenta1, 
	Edward P Feener1, 
	Matthew G Vander Heiden9, 
	Robert C Stanton1 & 
	â€¦
	George L King1Â 

Show authors

                    

                    
                        
    Nature Medicine

                        volumeÂ 23,Â pages 753â€“762 (2017)Cite this article
                    

                    
        
            	
                        17k Accesses

                    
	
                        303 Citations

                    
	
                            79 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Glomerular diseases
	Metabolic diseases


    


                
    
    

    
    

                
            


        
            Abstract
Diabetic nephropathy (DN) is a major cause of end-stage renal disease, and therapeutic options for preventing its progression are limited. To identify novel therapeutic strategies, we studied protective factors for DN using proteomics on glomeruli from individuals with extreme duration of diabetes (Å‚50 years) without DN and those with histologic signs of DN. Enzymes in the glycolytic, sorbitol, methylglyoxal and mitochondrial pathways were elevated in individuals without DN. In particular, pyruvate kinase M2 (PKM2) expression and activity were upregulated. Mechanistically, we showed that hyperglycemia and diabetes decreased PKM2 tetramer formation and activity by sulfenylation in mouse glomeruli and cultured podocytes. Pkm-knockdown immortalized mouse podocytes had higher levels of toxic glucose metabolites, mitochondrial dysfunction and apoptosis. Podocyte-specific Pkm2-knockout (KO) mice with diabetes developed worse albuminuria and glomerular pathology. Conversely, we found that pharmacological activation of PKM2 by a small-molecule PKM2 activator, TEPP-46, reversed hyperglycemia-induced elevation in toxic glucose metabolites and mitochondrial dysfunction, partially by increasing glycolytic flux and PGC-1Î± mRNA in cultured podocytes. In intervention studies using DBA2/J and Nos3 (eNos) KO mouse models of diabetes, TEPP-46 treatment reversed metabolic abnormalities, mitochondrial dysfunction and kidney pathology. Thus, PKM2 activation may protect against DN by increasing glucose metabolic flux, inhibiting the production of toxic glucose metabolites and inducing mitochondrial biogenesis to restore mitochondrial function.
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                    Figure 1: Elevation of glucose metabolic enzymes in glomeruli from individual with diabetes, but without DN.[image: ]


Figure 2: Regulation of PKM2 activity by high glucose and diabetes.[image: ]


Figure 3: Pkm2 deletion in podocytes accelerates DN progression.[image: ]


Figure 4: PKM2 activation normalizes abnormalities in glucose metabolism and mitochondrial function and prevents podocyte apoptosis induced by high glucose.[image: ]


Figure 5: PKM2 activation reverses diabetes-induced defects in glucose metabolism and mitochondrial function in a mouse model of DN.[image: ]


Figure 6: Pharmacologically activating PKM2 by TEPP-46 prevents the development of glomerular pathology.[image: ]
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