







    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 Drug Discovery]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews drug discovery

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: 30 August 2013



                    Targeting the unfolded protein response in disease

                    	Claudio Hetz1,2, 
	Eric Chevet3 & 
	Heather P. Harding4Â 



                    

                    
                        
    Nature Reviews Drug Discovery

                        volumeÂ 12,Â pages 703â€“719 (2013)Cite this article
                    

                    
        
            	
                        38k Accesses

                    
	
                        680 Citations

                    
	
                            19 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Drug discovery
	Endoplasmic reticulum


    


                
    
    

    
    

                
            


        
            Key Points

                	
                  The endoplasmic reticulum (ER) is the main organelle involved in protein folding, and different perturbations to its function lead to the accumulation of unfolded proteins, a condition known as ER stress.

                
	
                  The unfolded protein response (UPR) is a signal transduction pathway that mediates adaption to ER stress. Chronic ER stress triggers apoptosis.

                
	
                  ER stress is an emerging feature of many diseases, including cancer, neurodegeneration, diabetes and inflammatory diseases.

                
	
                  Small molecules that inhibit proximal UPR signalling components have proven efficacy in preclinical models of cancer.

                
	
                  Compounds that decrease the load of misfolded proteins at the ER have protective effects in models of ischaemia, neurodegeneration and diabetes.

                
	
                  Targeting the UPR pathway systemically may have undesired side effects in the long term.

                
	
                  Gene therapy is emerging as a valid strategy to locally manipulate ER stress levels in a disease context, with more clear applications on brain pathology.

                
	
                  Genetic manipulation of the UPR in mice revealed that the UPR has important physiological activities in processes that may not be directly related to ER stress, including cell differentiation, lipid and cholesterol metabolism, and inflammatory responses.

                
	
                  More studies are needed to identify the mechanisms that fine-tune the UPR. Moreover, predicting and defining the possible side effects of manipulating the UPR at the systemic level are needed for the validation of the pathway as a drug target and the progression of UPR modulators into clinical trials.

                


              

Abstract
Stress induced by the accumulation of unfolded proteins in the endoplasmic reticulum (ER) is a feature of specialized secretory cells and is also observed in many diseases, including cancer, diabetes, autoimmune conditions, liver disorders, obesity and neurodegenerative disorders. Cellular adaptation to ER stress is achieved by the activation of the unfolded protein response, which is an integrated signal transduction pathway that modulates many aspects of ER physiology. When these mechanisms of adaptation are insufficient to handle the unfolded protein load, cells undergo apoptosis. Here, we discuss recent advances in the design of novel compounds and therapeutic strategies to manipulate levels of ER stress in disease.
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                    Figure 1: The unfolded protein response.[image: ]


Figure 2: Pharmacological modulation of IRE1.[image: ]


Figure 3: Pharmacological modulation of PERK signalling.[image: ]


Figure 4: Therapeutic molecules to target ER proteostasis.[image: ]


Figure 5: Sites of action of therapeutic molecules to target ER proteostasis.[image: ]
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Glossary
	Secretory pathway
	
                  The cell infrastructure dedicated to the folding, maturation and trafficking of transmembrane and secreted proteins.

                
	ER-associated protein degradation
	
                  (ERAD). A mechanism to eliminate misfolded proteins generated at the endoplasmic reticulum (ER) through their retrotranslocation to the cytosol and further degradation by the proteasome.

                
	UPRosome
	
                  A signalling platform assembled at the level of IRE1 that modulates it activity and controls downstream effector responses.

                
	Chaperone addiction
	
                  The dependency of a tumour cell on high chaperone levels and activities to cope with metabolic and environmental demands. This provides the tumour cells with a survival advantage which, when inhibited, might become toxic.
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