







    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 Reviews Nephrology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews nephrology

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: 03 February 2015



                    Mechanisms of maladaptive repair after AKI leading to accelerated kidney ageing and CKD

                    	David A. Ferenbach1 & 
	Joseph V. Bonventre1Â 



                    

                    
                        
    Nature Reviews Nephrology

                        volumeÂ 11,Â pages 264â€“276 (2015)Cite this article
                    

                    
        
            	
                        9233 Accesses

                    
	
                        513 Citations

                    
	
                            75 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Acute kidney injury
	Cell division
	Chronic kidney disease
	Inflammation
	Renal fibrosis


    


                
    
    

    
    

                
            


        
            Key Points

                	
                  Acute injury to the kidney is often associated with maladaptive repair and incomplete resolution, leading to residual abnormalities in kidney structure and function

                
	
                  Increasing age, and chronic low-grade insults to the tubular epithelium increase epithelial cell sensitivity to episodes of acute kidney injury, leading to maladaptive repair and progression of chronic kidney disease

                
	
                  Maladaptive repair is characterized by fibrosis, vascular rarefaction, tubular loss, glomerulosclerosis and the presence of a chronic inflammatory infiltrate within the kidney

                
	
                  Injured renal tubular epithelial cells become arrested at G2/M and adopt a profibrotic phenotype, which affects other epithelial cells, pericytes and the immune system

                
	
                  Myofibroblasts that likely arise from renal pericytes proliferate and contribute to the deposition of extracellular matrix and resulting fibrosis within the injured kidney

                
	
                  Maladaptive repair after acute kidney insults shares many common features with kidney ageing and can be thought of as a state of accelerated kidney ageing

                


              

Abstract
Acute kidney injury is an increasingly common complication of hospital admission and is associated with high levels of morbidity and mortality. A hypotensive, septic, or toxic insult can initiate a cascade of events, resulting in impaired microcirculation, activation of inflammatory pathways and tubular cell injury or death. These processes ultimately result in acutely impaired kidney function and initiation of a repair response. This Review explores the various mechanisms responsible for the initiation and propagation of acute kidney injury, the prototypic mechanisms by which a substantially damaged kidney can regenerate its normal architecture, and how the adaptive processes of repair can become maladaptive. These mechanisms, which include G2/M cell-cycle arrest, cell senescence, profibrogenic cytokine production, and activation of pericytes and interstitial myofibroblasts, contribute to the development of progressive fibrotic kidney disease. The end result is a state that mimics accelerated kidney ageing. These mechanisms present important opportunities for the design of targeted therapeutic strategies to promote adaptive renal recovery and minimize progressive fibrosis and chronic kidney disease after acute insults.
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                    Figure 1: A summary of some of the mechanisms involved in initial tissue injury and subsequent repair of the kidney after acute kidney injury.[image: ]


Figure 2: The evolution of tissue injury, death and subsequent adaptive repair after AKI.[image: ]


Figure 3: Maladaptive repair of AKI leads to CKD.[image: ]


Figure 4: Common mechanisms in kidney ageing and progressive kidney injury.[image: ]


Figure 5: Replicative and stress-induced premature senescence in kidney injury.[image: ]


Figure 6: Eukaryotic cell-cycle checkpoints.[image: ]
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