







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 03 October 2010



                    Oxidative stress induces angiogenesis by activating TLR2 with novel endogenous ligands

                    	Xiaoxia Z. West1,2Â na1, 
	Nikolay L. Malinin1Â na1, 
	Alona A. Merkulova1, 
	Mira Tischenko1, 
	Bethany A. Kerr1, 
	Ernest C. Borden3, 
	Eugene A. Podrez1, 
	Robert G. Salomon2 & 
	â€¦
	Tatiana V. Byzova1,3Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 467,Â pages 972â€“976 (2010)Cite this article
                    

                    
        
            	
                        6890 Accesses

                    
	
                        340 Citations

                    
	
                            22 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Angiogenesis
	Cell signalling
	Inflammation
	Molecular biology


    


                
    
    

    
    

                
            


        
            Abstract
Reciprocity of inflammation, oxidative stress and neovascularization is emerging as an important mechanism underlying numerous processes from tissue healing and remodelling to cancer progression1,2. Whereas the mechanism of hypoxia-driven angiogenesis is well understood3,4, the link between inflammation-induced oxidation and de novo blood vessel growth remains obscure. Here we show that the end products of lipid oxidation, Ï‰-(2-carboxyethyl)pyrrole (CEP) and other related pyrroles5, are generated during inflammation and wound healing and accumulate at high levels in ageing tissues in mice and in highly vascularized tumours in both murine and human melanoma. The molecular patterns of carboxyalkylpyrroles are recognized by Toll-like receptor 2 (TLR2), but not TLR4 or scavenger receptors on endothelial cells, leading to an angiogenic response that is independent of vascular endothelial growth factor. CEP promoted angiogenesis in hindlimb ischaemia and wound healing models through MyD88-dependent TLR2 signalling. Neutralization of endogenous carboxyalkylpyrroles impaired wound healing and tissue revascularization and diminished tumour angiogenesis. Both TLR2 and MyD88 are required for CEP-induced stimulation of Rac1 and endothelial migration. Taken together, these findings establish a new function of TLR2 as a sensor of oxidation-associated molecular patterns, providing a key link connecting inflammation, oxidative stress, innate immunity and angiogenesis.
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                    Figure 1: 
                        CEP, an end product of lipid oxidation, is present in wounds, is elevated in melanoma and accumulates in ageing tissues.
                      [image: ]


Figure 2: 
                        Proangiogenic effects of oxidized adducts are dependent on pyrrole moiety and are mediated by TLR2 but not VEGFR signalling.
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Figure 3: 
                        CEP-induced angiogenesis 
                        in vivo
                         is mediated by TLR2.
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Figure 4: 
                        Endogenous CEP contributes to wound recovery and melanoma vascularization; TLR2-dependent responses to CEP involve MyD88 and Rac1.
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