







    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

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 24 October 2016



                    PIM1 kinase inhibition as a targeted therapy against triple-negative breast tumors with elevated MYC expression

                    	Dai Horiuchi1,2,3,4, 
	Roman Camarda1, 
	Alicia Y Zhou1Â nAff11, 
	Christina Yau5,6, 
	Olga Momcilovic1, 
	Sanjeev Balakrishnan1Â nAff11, 
	Alexandra N Corella1Â nAff11, 
	Henok Eyob1Â nAff11, 
	Kai Kessenbrock7Â nAff11, 
	Devon A Lawson7Â nAff11, 
	Lindsey A Marsh3,4, 
	Brittany N Anderton1Â nAff11, 
	Julia Rohrberg1, 
	Ratika Kunder3,4, 
	Alexey V Bazarov8Â nAff11, 
	Paul Yaswen8, 
	Michael T McManus9, 
	Hope S Rugo10, 
	Zena Werb2,7 & 
	â€¦
	Andrei Goga1,2,10Â 

Show authors

                    

                    
                        
    Nature Medicine

                        volumeÂ 22,Â pages 1321â€“1329 (2016)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        112 Citations

                    
	
                            66 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Breast cancer


    


                
    
    

    
    

                
            


        
            Abstract
Triple-negative breast cancer (TNBC), in which cells lack expression of the estrogen receptor (ER), the progesterone receptor (PR) and the ERBB2 (also known as HER2) receptor, is the breast cancer subtype with the poorest outcome1. No targeted therapy is available against this subtype of cancer owing to a lack of validated molecular targets. We previously reported that signaling involving MYCâ€”an essential, pleiotropic transcription factor that regulates the expression of hundreds of genesâ€”is disproportionally higher in triple-negative (TN) tumors than in receptor-positive (RP) tumors2. Direct inhibition of the oncogenic transcriptional activity of MYC has been challenging to achieve3. Here, by conducting a shRNA screen targeting the kinome, we identified PIM1, a non-essential serineâ€“threonine kinase, in a synthetic lethal interaction with MYC. PIM1 expression was higher in TN tumors than in RP tumors and was associated with poor prognosis in patients with hormone- and HER2-negative tumors. Small-molecule PIM kinase inhibitors halted the growth of human TN tumors with elevated MYC expression in patient-derived tumor xenograft (PDX) and MYC-driven transgenic mouse models of breast cancer by inhibiting the oncogenic transcriptional activity of MYC and restoring the function of the endogenous cell cycle inhibitor, p27. Our findings warrant clinical evaluation of PIM kinase inhibitors in patients with TN tumors that have elevated MYC expression.
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                    Figure 1: Loss of PIM1 induces synthetic lethality with MYC activation in a model human mammary epithelial cell system.[image: ]


Figure 2: PIM1 expression is disproportionally increased in human primary TN tumor samples and is associated with poor clinical outcomes in patients with HR-negative breast cancer.[image: ]


Figure 3: TNBC cells with increased MYC expression are sensitive to PIM kinase inhibition in vitro and in vivo.[image: ]


Figure 4: The growth suppressive effects of PIM inhibition on TN tumors involve both loss of MYC function and gain of p27 function.[image: ]
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