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            Abstract
The clinical efficacy of epidermal growth factor receptor (EGFR) kinase inhibitors in EGFR-mutant non-small-cell lung cancer (NSCLC) is limited by the development of drug-resistance mutations, including the gatekeeper T790M mutation1,2,3. Strategies targeting EGFR T790M with irreversible inhibitors have had limited success and are associated with toxicity due to concurrent inhibition of wild-type EGFR4,5. All current EGFR inhibitors possess a structurally related quinazoline-based core scaffold and were identified as ATP-competitive inhibitors of wild-type EGFR. Here we identify a covalent pyrimidine EGFR inhibitor by screening an irreversible kinase inhibitor library specifically against EGFR T790M. These agents are 30- to 100-fold more potent against EGFR T790M, and up to 100-fold less potent against wild-type EGFR, than quinazoline-based EGFR inhibitors in vitro. They are also effective in murine models of lung cancer driven by EGFR T790M. Co-crystallization studies reveal a structural basis for the increased potency and mutant selectivity of these agents. These mutant-selective irreversible EGFR kinase inhibitors may be clinically more effective and better tolerated than quinazoline-based inhibitors. Our findings demonstrate that functional pharmacological screens against clinically important mutant kinases represent a powerful strategy to identify new classes of mutant-selective kinase inhibitors.
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                    Figure 1: 
                        WZ4002, WZ3146 and WZ8040 are novel EGFR inhibitors, suppress the growth of 
                        EGFR
                        -T790M-containing cell lines and inhibit EGFR phosphorylation.
                      [image: ]


Figure 2: WZ4002 is less potent than quinazoline EGFR inhibitors against WT EGFR  in vitro  and  in vivo. [image: ]


Figure 3: 
                        Crystal structure of WZ4002 bound to EGFR T790M.
                      [image: ]


Figure 4: 
                        WZ4002 inhibits EGFR phosphorylation and induces significant tumour regression in murine models of 
                        EGFR
                         T790M.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Direct and selective pharmacological disruption of the YAP–TEAD interface by IAG933 inhibits Hippo-dependent and RAS–MAPK-altered cancers
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 April 2024
                                    

                                

                                Emilie A. Chapeau, Laurent Sansregret, … Tobias Schmelzle

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The role of APOBEC3B in lung tumor evolution and targeted cancer therapy resistance
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 December 2023
                                    

                                

                                Deborah R. Caswell, Philippe Gui, … Charles Swanton

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Evolutionary trajectories of small cell lung cancer under therapy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Julie George, Lukas Maas, … Roman K. Thomas

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Protein Data Bank
	
                      
                        3IKA
                      

                    


                
              
              
                Data deposits

                Structural data are deposited in Protein Data Bank under accession number 3IKA.

              
            

References
	Mok, T. S. et al. Gefitinib or carboplatin-paclitaxel in pulmonary adenocarcinoma. N. Engl. J. Med. 361, 947–957 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Pao, W. et al. Acquired resistance of lung adenocarcinomas to gefitinib or erlotinib is associated with a second mutation in the EGFR kinase domain. PLoS Med. 2, 1–11 (2005)
Article 
    
                    Google Scholar 
                

	Kobayashi, S. et al. EGFR mutation and resistance of non-small-cell lung cancer to gefitinib. N. Engl. J. Med. 352, 786–792 (2005)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Li, D. et al. Bronchial and peripheral murine lung carcinomas induced by T790M–L858R mutant EGFR respond to HKI-272 and rapamycin combination therapy. Cancer Cell 12, 81–93 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Besse, B. et al. Neratinib (HKI-272), an irreversible pan-ErbB receptor tyrosine kinase inhibitor: preliminary results of a phase 2 trial in patients with advanced non-small cell lung cancer. Eur. J. Cancer Suppl. 6, 64, abstr. 203 (2008)

	Rosell, R. et al. Screening for epidermal growth factor receptor mutations in lung cancer. N. Engl. J. Med. 361, 958–967 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	Yun, C. H. et al. Structures of lung cancer-derived EGFR mutants and inhibitor complexes: mechanism of activation and insights into differential inhibitor sensitivity. Cancer Cell 11, 217–227 (2007)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Carey, K. D. et al. Kinetic analysis of epidermal growth factor receptor somatic mutant proteins shows increased sensitivity to the epidermal growth factor receptor tyrosine kinase inhibitor, erlotinib. Cancer Res. 66, 8163–8171 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Yun, C. H. et al. The T790M mutation in EGFR kinase causes drug resistance by increasing the affinity for ATP. Proc. Natl Acad. Sci. USA 105, 2070–2075 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Engelman, J. A. et al. PF00299804, an irreversible pan-ERBB inhibitor, is effective in lung cancer models with EGFR and ERBB2 mutations that are resistant to gefitinib. Cancer Res. 67, 11924–11932 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Li, D. et al. BIBW2992, an irreversible EGFR/HER2 inhibitor highly effective in preclinical lung cancer models. Oncogene 27, 4702–4711 (2008)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Yuza, Y. et al. Allele-dependent variation in the relative cellular potency of distinct EGFR inhibitors. Cancer Biol. Ther. 6, 661–667 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Godin-Heymann, N. et al. The T790M ‘gatekeeper’ mutation in EGFR mediates resistance to low concentrations of an irreversible EGFR inhibitor. Mol. Cancer Ther. 7, 874–879 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Janne, P. A. et al. Preliminary activity and safety results from a phase I clinical trial of PF-00299804, an irreversible pan-HER inhibitor, in patients (pts) with NSCLC. J. Clin. Oncol. 26 (Suppl.), abstr 8027 (2008)
Article 
    
                    Google Scholar 
                

	Janne, P. A. et al. Multicenter, randomized, phase II trial of CI-1033, an irreversible pan-ERBB inhibitor, for previously treated advanced non small-cell lung cancer. J. Clin. Oncol. 25, 3936–3944 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Hur, W. et al. Clinical stage EGFR inhibitors irreversibly alkylate Bmx kinase. Bioorg. Med. Chem. Lett. 18, 5916–5919 (2008)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Yonesaka, K. et al. Autocrine production of amphiregulin predicts sensitivity to both gefitinib and cetuximab in EGFR wild-type cancers. Clin. Cancer Res. 14, 6963–6973 (2008)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Breault, G. A. et al. Cyclin-dependent kinase 4 inhibitors as a treatment for cancer. Part 2: identification and optimisation of substituted 2,4-bis anilino pyrimidines. Bioorg. Med. Chem. Lett. 13, 2961–2966 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	Alam, M. et al. Synthesis and SAR of aminopyrimidines as novel c-Jun N-terminal kinase (JNK) inhibitors. Bioorg. Med. Chem. Lett. 17, 3463–3467 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Lietha, D. & Eck, M. J. Crystal structures of the FAK kinase in complex with TAE226 and related bis-anilino pyrimidine inhibitors reveal a helical DFG conformation. PLoS One 3, e3800 (2008)
Article 
    ADS 
    PubMed Central 
    
                    Google Scholar 
                

	Ogino, A. et al. Emergence of epidermal growth factor receptor T790M mutation during chronic exposure to gefitinib in a non small cell lung cancer cell line. Cancer Res. 67, 7807–7814 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	Engelman, J. A. et al. Allelic dilution obscures detection of a biologically significant resistance mutation in EGFR-amplified lung cancer. J. Clin. Invest. 116, 2695–2706 (2006)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Tsai, J. et al. Discovery of a selective inhibitor of oncogenic B-Raf kinase with potent antimelanoma activity. Proc. Natl Acad. Sci. USA 105, 3041–3046 (2008)
Article 
    ADS 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	O’Hare, T. et al. SGX393 inhibits the CML mutant Bcr-AblT315I and preempts in vitro resistance when combined with nilotinib or dasatinib. Proc. Natl Acad. Sci. USA 105, 5507–5512 (2008)
Article 
    ADS 
    
                    Google Scholar 
                

	Gontarewicz, A. et al. PHA-680626 exhibits anti-proliferative and pro-apoptotic activity on imatinib-resistant chronic myeloid leukemia cell lines and primary CD34+ cells by inhibition of both Bcr-Abl tyrosine kinase and Aurora kinases. Leuk. Res. 32, 1857–1865 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Engelman, J. A. et al. MET amplification leads to gefitinib resistance in lung cancer by activating ERBB3 signaling. Science 316, 1039–1043 (2007)
Article 
    ADS 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                

	Ji, H. et al. The impact of human EGFR kinase domain mutations on lung tumorigenesis and in vivo sensitivity to EGFR-targeted therapies. Cancer Cell 9, 485–495 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	Bradeen, H. A. et al. Comparison of imatinib mesylate, dasatinib (BMS-354825), and nilotinib (AMN107) in an N-ethyl-N-nitrosourea (ENU)-based mutagenesis screen: high efficacy of drug combinations. Blood 108, 2332–2338 (2006)
Article 
    CAS 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgements
This study is supported by grants from the National Institutes of Health RO1CA11446 (P.A.J.), R01CA135257 (P.A.J.), R01CA080942 (M.J.E.), R01CA130876-02 (N.S.G.), R01CA116020 (M.J.E.), R01AG2400401 (K.-K.W.), R01 CA122794 (K.-K.W.), R01GM070590 (J.R.E.), National Cancer Institute Lung SPORE P50CA090578 (P.A.J. and K.-K.W.), the Cecily and Robert Harris Foundation (K.-K.W.), Uniting Against Lung Cancer (K.-K.W.), the Flight Attendant Medical Research Institute (K.-K.W.)., the Hazel and Samuel Bellin Research Fund (P.A.J.) and the Damon Runyon Foundation Cancer Innovation Award (N.S.G.). This work is contribution 948 from the Barnett Institute. The authors thank Sai Advantium Pharma for performing the pharmacokinetic studies.
Author Contributions W.Z., D.E., Li.C., C.-H.Y., D.L., M.C. A.B.C. designed experiments, conducted studies and analysed data. R.E.I. and J.R.E. performed and analysed the mass spectrometry studies. Lu.C. and R.P. performed the histological and immunohistochemistry analyses. M.J.E., K.-K.W., N.S.G. and P.A.J. designed the experiments, analysed data and wrote the manuscript. The Wong, Eck, Gray and Jänne laboratories contributed equally to this work.


Author information
Author notes	Wenjun Zhou, Dalia Ercan, Liang Chen and Cai-Hong Yun: These authors contributed equally to this work.


Authors and Affiliations
	Department of Cancer Biology,, 
Wenjun Zhou, Cai-Hong Yun, Michael J. Eck & Nathanael S. Gray

	Department of Biological Chemistry and Molecular Pharmacology,, 
Wenjun Zhou, Cai-Hong Yun, Michael J. Eck & Nathanael S. Gray

	Lowe Center for Thoracic Oncology,, 
Dalia Ercan, Liang Chen, Danan Li, Marzia Capelletti, Alexis B. Cortot, Kwok-Kin Wong & Pasi A. Jänne

	Department of Medical Oncology, Dana-Farber Cancer Institute, 44 Binney Street, Boston, Massachusetts 02115, USA, 
Dalia Ercan, Liang Chen, Danan Li, Marzia Capelletti, Alexis B. Cortot, Kwok-Kin Wong & Pasi A. Jänne

	Department of Pathology, Brigham and Women’s Hospital, Boston, Massachusetts 02115, USA, 
Lucian Chirieac & Robert Padera

	The Barnett Institute of Chemical & Biological Analysis,, 
Roxana E. Iacob & John R. Engen

	Department of Chemistry and Chemical Biology, Northeastern University, Boston, Massachusetts 02115, USA, 
Roxana E. Iacob & John R. Engen

	Department of Medicine, Brigham and Women's Hospital and Harvard Medical School, Boston, Massachusetts 02115, USA, 
Kwok-Kin Wong & Pasi A. Jänne

	 Ludwig Center at Dana-Farber/Harvard Cancer Center, Boston, Massachusetts 02115, USA , 
Kwok-Kin Wong


Authors	Wenjun ZhouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dalia ErcanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Liang ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cai-Hong YunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Danan LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marzia CapellettiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alexis B. CortotView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lucian ChirieacView author publications
You can also search for this author in
                        PubMed Google Scholar



	Roxana E. IacobView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert PaderaView author publications
You can also search for this author in
                        PubMed Google Scholar



	John R. EngenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kwok-Kin WongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael J. EckView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nathanael S. GrayView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pasi A. JänneView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Nathanael S. Gray or Pasi A. Jänne.


Ethics declarations

              
                Competing interests

                P.A.J. receives royalties as a co-inventor on a patent awarded for the discovery of EGFR mutations, licensed to Genzyme Genetics, which was not involved in this study. M.J.E. is a consultant for and receives research support from Novartis Institutes for Biomedical Research. N.S.G., M.J.E. and P.A.J. are co-inventors on a provisional patent application covering the inhibitors described in the manuscript which have been licensed to Gatekeeper Pharmaceuticals of which N.S.G., K.-K.W. and P.A.J. are co-founders.

              
            

Supplementary information

Supplementary Information
This file contains Supplementary Methods, Supplementary Tables S1- S10, Supplementary Figures S1-S11 with Legends and Supplementary References. (PDF 1228 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
Cite this article
Zhou, W., Ercan, D., Chen, L. et al. Novel mutant-selective EGFR kinase inhibitors against EGFR T790M.
                    Nature 462, 1070–1074 (2009). https://doi.org/10.1038/nature08622
Download citation
	Received: 16 April 2009

	Accepted: 29 October 2009

	Issue Date: 24 December 2009

	DOI: https://doi.org/10.1038/nature08622


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        A facile and efficient one-pot procedure for the synthesis of 2-amino-4,8-dihydropyrano[3,2-b]pyran-3-carbonitriles in PEG-400 and glycerol
                                    
                                

                            
                                
                                    	Arun D. Kale
	Rahul H. Pawara
	Dipak S. Dalal


                                
                                Research on Chemical Intermediates (2024)

                            
	
                            
                                
                                    
                                        In-Silico Investigation of Osimertinib Based Compounds as Potential Double Mutant EGFR Kinase Inhibitors Against H1975 Cell Line: Integrating QSAR Modeling, Molecular Docking, MD Simulations, and ADME/Tox Studies
                                    
                                

                            
                                
                                    	Salma El Bahi
	Meryem Boutalaka
	Tahar Lakhlifi


                                
                                Chemistry Africa (2024)

                            
	
                            
                                
                                    
                                        Recent advances in targeting the “undruggable” proteins: from drug discovery to clinical trials
                                    
                                

                            
                                
                                    	Xin Xie
	Tingting Yu
	Gu He


                                
                                Signal Transduction and Targeted Therapy (2023)

                            
	
                            
                                
                                    
                                        Design, synthesis and biological evaluation of aminopyrimidine derivatives bearing dihydroquinoxalinone as novel EGFRL858R/T790M kinase inhibitors against non-small-cell lung cancer
                                    
                                

                            
                                
                                    	Liping Fu
	Yu Cao
	Chongmei Tian


                                
                                Medicinal Chemistry Research (2023)

                            
	
                            
                                
                                    
                                        Emerging strategies to overcome resistance to third-generation EGFR inhibitors
                                    
                                

                            
                                
                                    	Kunyu Shi
	Guan Wang
	Weimin Li


                                
                                Journal of Hematology & Oncology (2022)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Antitumour drugs: novel EGFR inhibitors
Non-small-cell lung tumours with activating mutations in the epidermal growth factor receptor (EGFR) often show a clinical response to receptor inhibitors, but tend to develop resistance due to the additional EGFR T790M mutations. Pasi Jänne and colleagues now have developed a new class of EGFR inhibitor that selectively inhibits the mutant receptor, rather that the wild type, and also inhibits the T790M mutant. These compounds reduce tumour growth in a mouse model and may prove more clinically effective and better tolerated than current EGFR kinase inhibitors in clinical use.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
