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            Abstract
In an effort to find new pharmacological modalities to overcome resistance to ATP-binding-site inhibitors of Bcr–Abl, we recently reported the discovery of GNF-2, a selective allosteric Bcr–Abl inhibitor. Here, using solution NMR, X-ray crystallography, mutagenesis and hydrogen exchange mass spectrometry, we show that GNF-2 binds to the myristate-binding site of Abl, leading to changes in the structural dynamics of the ATP-binding site. GNF-5, an analogue of GNF-2 with improved pharmacokinetic properties, when used in combination with the ATP-competitive inhibitors imatinib or nilotinib, suppressed the emergence of resistance mutations in vitro, displayed additive inhibitory activity in biochemical and cellular assays against T315I mutant human Bcr–Abl and displayed in vivo efficacy against this recalcitrant mutant in a murine bone-marrow transplantation model. These results show that therapeutically relevant inhibition of Bcr–Abl activity can be achieved with inhibitors that bind to the myristate-binding site and that combining allosteric and ATP-competitive inhibitors can overcome resistance to either agent alone.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: NMR spectroscopy provides evidence for GNF-2 binding to the C-terminal myristate pocket of Abl.
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Figure 2: Crystal structure of GNF-2 bound to the Abl myristoyl pocket.
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Figure 3: Location and cellular IC
50 of Bcr–Abl GNF-2 resistance mutations.
[image: ]


Figure 4: Cellular and enzymatic inhibition of wild-type and mutants by combination treatments.
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Figure 5: Hydrogen-exchange mass spectrometry on binding of GNF-5 to Abl.
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Figure 6: In vivo efficacy studies with GNF-5 on wild-type and T315I Bcr–Abl dependent proliferation in xenograft and bone-marrow transplantation models.
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        Editorial Summary
Targeting Bcr–Abl tumours
The success of Bcr–Abl tyrosine kinase inhibitors such as imatinib (Gleevec) in treating chronic myelogenous leukaemia (CML) has generated intense interest in the potential of targeting signal transduction mechanisms to create new anticancer drugs. But the picture is complicated by the emergence of inhibitor-resistant kinase alleles. One way to overcome these resistant mutants is to design new ATP-competitive inhibitors, as demonstrated by the second-generation Bcr–Abl inhibitors nilotinib and dasatinib. Zhang et al. have pursued an alternative approach by developing inhibitors that can regulate kinase activity by binding outside of the ATP-binding site. They now demonstrate that GNF-2, a selective allosteric Bcr–Abl inhibitor, binds to the myristate-binding site of the Abl protein. When GNF-5, an analogue of GNF-2 with improved pharmacokinetic properties, was used in combination with imatinib or nilotinib, the emergence of drug-resistance mutations was suppressed in vitro. In addition, the combination of the two classes of small molecules displayed efficacy in vivo against the recalcitrant T315I Bcr–Abl mutant in a murine bone-marrow transplantation model. These results indicate that the combination of allosteric and ATP-competitive inhibitors can overcome resistance to either agent alone.
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