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            Abstract
The bcr–abl oncogene, present in 95% of patients with chronic myelogenous leukemia (CML), has been implicated as the cause of this disease. A compound, designed to inhibit the Abl protein tyrosine kinase, was evaluated for its effects on cells containing the Bcr–Abl fusion protein. Cellular proliferation and tumor formation by Bcr–Abl–expressing cells were specifically inhibited by this compound. In colony–forming assays of peripheral blood or bone marrow from patients with CML, there was a 92–98% decrease in the number of bcr–abl colonies formed but no inhibition of normal colony formation. This compound may be useful in the treatment of bcr–abl–positive leukemias.




            
                
                    

    
        
            
                
                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
            
        

        
    



                    
                

                
    

    
    
        
    Additional access options:

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



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        TRBC1-targeting antibody–drug conjugates for the treatment of T cell cancers
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Tushar D. Nichakawade, Jiaxin Ge, … Suman Paul

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The present and future of bispecific antibodies for cancer therapy
                                        
                                    

                                    
                                        Article
                                        
                                         06 March 2024
                                    

                                

                                Christian Klein, Ulrich Brinkmann, … Roland E. Kontermann

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Antibody drug conjugate: the “biological missile” for targeted cancer therapy
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 March 2022
                                    

                                

                                Zhiwen Fu, Shijun Li, … Yu Zhang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Kantarjian, H.M., Deisseroth, A.B., Kurzrock, R., Estrov, Z., & Talpaz, M., Chronic myelogenous leukemia: A concise update. Blood 82, 691–703 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Allan, N.C., Shepard, P.C.A. & Richards, R.M. Interferon alpha prolongs survival for patients with CML in chronic phase: Preliminary results of the UK MRC randomized multicenter trial. Blood 84, 382a (1994).

                    Google Scholar 
                

	The Italian Cooperaticellve Study Group on Chronic Myeloid Leukemia. Interferon alfa-2a as compared with conventional chemotherapy for the treatment of chronic myeloid leukemia. N. Engl. J. Med. 330, 820–825 (1994).

	Ozer, H., et al. Prolonged subcutaneous administration of recombinant alpha 2b interferon in patients with previously untreated Philadelphia chromosome-positive chronic-phase chronic myelogenous leukemia: Effect on remission duration and survival: Cancer and Leukemia Group B Study 8583. Blood. 82, 2975–2984 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	O'Brien, S.G. & Goldman, J.M. Autografting in chronic myeloid leukaemia. Blood Rev. 8, 63–69 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	McGlave, P.B., et al. Autologous transplants for chronic myelogenous leukaemia: Results from eight transplant groups. Lancet 343, 1486–1488 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	O'Brien, S.G. & Goldman, J.M. Current approaches to hematopoietic stem-Cell purging in chronic myeloid leukemia. J. Clin. Oncol. 13, 541–546 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Nowell, P.C. & Hungerford, D.A. A minute chromosome in human chronic granulocytic leukemia. Science 132, 1497–1501 (1960).

                    Google Scholar 
                

	Rowley, J.D. A new consistent abnormality in chronic myelogenous leukaemia identified by quinacrine, fluorescence and Giemsa staining. Nature. 243, 290–293 (1973).
Article 
    CAS 
    
                    Google Scholar 
                

	Heisterkamp, N., et al. Localization of the c-abl oncogene adjacent to a translocation break point in chronic myelocytic leukemia. Nature. 306, 239–242 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Bartram, C.R. et al. Translocation of c-abl correlates with the presence of a Philadelphia chromosome in chronic myelocytic leukemia. Nature. 306, 277–280 (1983).
Article 
    CAS 
    
                    Google Scholar 
                

	Shtivelman, E., Lifshitz, B., Gale, R.P. & Canaani, E. Fused transcript of abl and bcr genes in chronic myelogenous leukaemia. Nature. 315, 550–554 (1985).
Article 
    CAS 
    
                    Google Scholar 
                

	Clark, S.S., et al. Expression of a distinctive BCR-ABL oncogene in Ph1-positive acute lymphocytic leukemia (ALL). Science. 239, 775–777 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Scott, M.L., Van Etten, R., Daley, G.Q. & Baltimore, D. v-abl causes hematopoietic disease distinct from that caused by bcr-abl. Proc. Natl. Acad. Sci. USA. 88, 6506–6510 (1991).
Article 
    CAS 
    
                    Google Scholar 
                

	Kelliher, M.A., McLaughlin, J., Witte, O.N. & Rosenberg, N. Induction of a chronic myelogenous leukemia-like syndrome in mice with v-abl and BCR/ABL. Proc. Natl. Acad. Sci. USA. 87, 6649–6653 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Daley, G.Q., Van Etten, R.A. & Baltimore, D. Induction of chronic myelogenous leukemia in mice by the P210bcr/abl gene of the Philadelphia chromosome. Science. 247, 824–830 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Oda, T., Tamura, S., Matsuguchi, T., Griffin, J.D. & Druker, B.J. The SH2 domain of Abl is not required for factor independent growth induced by Bcr-Abl in a murine myeloid Cell line. Leukemia. 9, 295–301 (1995).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lugo, T.G., Pendergast, A.M., Muller, A.J. & Witte, O.N. Tyrosine kinase activity and transformation potency of bcr-abl oncogene products. Science. 247, 1079–1082 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Yaish, P., Gazit, A., Gilon, C. & Levitzki, A. Blocking of EGF-dependent cell proliferation by EGF receptor kinase inhibitors. Science 242, 933–935 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Levitzki, A. & Gazit, A. Tyrosine kinase inhibition: An approach to drug development. Science. 267, 1782–1788 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Kaur, G., et al. Tyrphostin induced growth inhibition: Correlation with effect on p210bcr-abl autokinase activity in K562 chronic myelogenous leukemia. Anti-Cancer Drugs. 5, 213–222 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Anafi, M., Gazit, A., Zehavi, A., Ben-Neriah, Y. & Levitzki, A. Tyrphostin-induced inhibition of p210bcr-abl tyrosine kinase activity induces K562 to differentiate. Blood. 82, 3524–3529 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Furet, P., et al. Modeling study of protein kinase inhibitors – binding mode of staurosporine and origin of the selectivity of CGP 52411. J Comput. Aided Mol. Des. 9, 465–472 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Laneuville, P., Heisterkamp, N. & Groffen, J. Expression of the chronic myelogenous leukemia-associated p210bcr/abl oncoprotein in a murine IL-3 dependent myeloid Cell line. Oncogene 6, 275–282 (1991).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Matulonis, U., Salgia, R., Okuda, K., Druker, B. & Griffin, J.D. IL-3 and p210BCR/ABL activate both unique and overlapping pathways of signal transduction in a factor-dependent myeloid Cell line. Exp. Hematol. 21, 1460–1466 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Daley, G.Q. & Baltimore, D. Transformation of an interleukin 3-dependent hematopoietic Cell line by the chronic myelogenous leukemia-specific P210bcr/abl protein. Proc. Natl. Acad. Sci. USA. 85, 9312–9316 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Honma, Y., Okabe, K.J., Hozumi, M., Uehara, Y. & Mizuno, S. Induction of ery-throid differentiation of K562 human leukemic cells by herbimycin A, an inhibitor of tyrosine kinase activity. Cancer Res. 49, 331–4 (1989).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Schwartzberg, P.L., et al. Mice homozygous for the ablm1 mutation show poor viability and depletion of selected B and T Cell populations. Cell. 65, 1165–1175 (1991).
Article 
    CAS 
    
                    Google Scholar 
                

	Sawyers, C.L., McLaughlin, J., Goga, A., Havlik, M. & Witte, O. The nuclear tyrosine kinase c-Abl negatively regulates Cell growth. Cell. 77, 121–131 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Silvennoinen, O., et al. Structure of the murine Jak2 protein-tyrosine kinase and its role in interleukin 3 signal transduction. Proc. Natl. Acad. Sci. USA. 90, 8429–8433 (1993).
Article 
    CAS 
    
                    Google Scholar 
                

	Caracciolo, D., et al. Lineage-specific requirement of c-abl function in normal hematopoiesis. Science. 245, 1107–1110 (1989).
Article 
    CAS 
    
                    Google Scholar 
                

	Martiat, P., et al. Retrovirally transduced antisense sequences stably suppress p210BCR-ABL expression and inhibit the proliferation of BCR/ABL-containing Cell lines. Blood. 81, 502–509 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Oda, T., et al. CRKL is the major tyrosine phosphorylated protein in neutrophils from patients with chronic myelogenous leukemia. J. Biol. Chem. 269, 22925–22928 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Evans, C.A., Owen-Lynch, P.J., Whetton, A.D. & Dive, C. Activation of the Abelson tyrosine kinase activity is associated with suppression of apoptosis in hemopoietic Cells. Cancer Res. 53, 1735–1738 (1993).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bedi, A., Zehnbauer, B.A., Barber, J.P., Sharkis, S.J. & Jones, R.J. Inhibition of apoptosis by BCR-ABL in chronic myeloid leukemia. Blood. 83, 2038–2044 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Heldin, C.H. & Westermark, B. Platelet-derived growth factor: Mechanism of action and possible in vivo function. Cell Regul. 1, 555–566 (1990).
Article 
    CAS 
    
                    Google Scholar 
                

	Kanakura, Y., et al. Signal transduction of the human granulocyte-macrophage colony-stimulating factor and interleukin-3 receptors involves a common set of cytoplasmic proteins. Blood. 76, 706–715 (1990).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Greenberger, J.S., Sakakeeny, M.A., Humphries, R.K., Eaves, C.J., & Eckner, R.J. Demonstration of permanent factor-dependent multipotential (erythroid/neu-trophil/basophil) hematopoietic progenitor cell lines. Proc. Natl. Acad. Sci. USA. 80, 2391–2395 (1983).
Article 
    
                    Google Scholar 
                

	Avanzi, G.C., et al. Selective growth response to IL-3 of a human leukaemic Cell line with megakaryoblastic features. Br. J. Haematol. 69, 359–366 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Matsuguchi, T., et al. SHC phosphorylation in myeloid cells is regulated by GM-CSF, IL-3, and steel factor and is constitutively increased by p210BCR-ABL. J. Biol. Chem. 269, 5016–5021 (1994).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Erwin, J.L. & Anderson, S.M. Analysis of phosphotyrosine-containing proteins present in v-src-infected myeloid progenitor cells. Oncogene 7, 1101–1107 (1992).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Mossman, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays. J. Immunol. Methods 65, 55–63 (1983).
Article 
    
                    Google Scholar 
                

	Orkin, S.H., Harosi, F.I. & Leder, P. Differentiation in erythroleukemia cells and their somatic hybrids. Proc. Natl. Acad. Sci. USA. 72, 98–102 (1975).
Article 
    CAS 
    
                    Google Scholar 
                

	Buchdunger, E., et al. 4,5-Dianilinophthalimide: A protein-tyrosine kinase inhibitor with selectivity for the epidermal growth factor receptor signal transduction pathway and potent in vivo antitumor activity. Proc. Natl. Acad. Sci. USA. 91, 2334–2338 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Buchdunger, E., et al. Selective inhibition of the platelet-derived growth factor signal transduction pathway by a protein-tyrosine kinase inhibitor of the 2-phenylaminopyrimidine class. Proc. Natl. Acad. Sci. USA 92, 2558–2562 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Arion, D., Meijer, L., Brizuela, L. & Beach, D. cdc2 is a component of the M phase-specific histone HI kinase: Evidence for identity with MPF. Cell. 55, 371–378 (1988).
Article 
    CAS 
    
                    Google Scholar 
                

	Pendergast, A.M., et al. Evidence for regulation of the human ABL tyrosine kinase by a cellular inhibitor. Proc. Natl. Acad. Sci. USA. 88, 5927–5931 (1991).
Article 
    CAS 
    
                    Google Scholar 
                

	Kharbanda, S., et al. Activation of the c-abl tyrosine kinase in stress response to DNA-damaging agents. Nature. 376, 785–788 (1995).
Article 
    CAS 
    
                    Google Scholar 
                

	Evans, B.D., Smith, I.E., Shorthouse, A.J. & Millar, J.L. A comparison of the response of human lung carcinoma xenografts to vindesine and vincristine. Br. J. Cancer. 45, 466–468 (1982).
Article 
    CAS 
    
                    Google Scholar 
                

	Segal, G.M., et al. Repression of Fanconi anemia gene (FACC) expression inhibits growth of hematopoietic progenitor Cells. J. Clin. Invest. 94, 846–852 (1994).
Article 
    CAS 
    
                    Google Scholar 
                

	Hernandez, A., et al. Detection of the hybrid BCR/ABL messenger RNA in single CFU-GM colonies using the polymerase chain reaction. Exp. Hematol. 18, 1142–1144 (1990).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dunn, O.J. Multiple comparisons using rank sums. Technometrics 6, 241–252 (1964).
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Division of Hematology and Medical Oncology, Oregon Health Sciences University, 3181 S.W. Sam Jackson Park Road, Portland, Oregon, USA
Brian J. Druker, Shu Tamura, Sayuri Ohno, Gerald M. Segal & Shane Fanning

	Ciba Pharmaceuticals Division, Oncology Research Department, Ciba-Geigy Limited, CH-4002, Basel, Switzerland
Elisabeth Buchdunger, Jürg Zimmermann & Nicholas B. Lydon


Authors	Brian J. DrukerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shu TamuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Elisabeth BuchdungerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sayuri OhnoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gerald M. SegalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shane FanningView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jürg ZimmermannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicholas B. LydonView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Druker, B., Tamura, S., Buchdunger, E. et al. Effects of a selective inhibitor of the Abl tyrosine kinase on the growth of Bcr–Abl positive cells.
                    Nat Med 2, 561–566 (1996). https://doi.org/10.1038/nm0596-561
Download citation
	Received: 16 November 1995

	Accepted: 01 April 1996

	Issue Date: 01 May 1996

	DOI: https://doi.org/10.1038/nm0596-561


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

                
                    	
                            
                                
                                    
                                        State-transition modeling of blood transcriptome predicts disease evolution and treatment response in chronic myeloid leukemia
                                    
                                

                            
                                
                                    	David E. Frankhouser
	Russell C. Rockne
	Guido Marcucci


                                
                                Leukemia (2024)

                            
	
                            
                                
                                    
                                        Targeting KRAS-Mutated Gastrointestinal Malignancies with Small-Molecule Inhibitors: A New Generation of Breakthrough Therapies
                                    
                                

                            
                                
                                    	Bennett A. Caughey
	John H. Strickler


                                
                                Drugs (2024)

                            
	
                            
                                
                                    
                                        Effects of ABCG2 C421A and ABCG2 G34A genetic polymorphisms on clinical outcome and response to imatinib mesylate, in Iranian chronic myeloid leukemia patients
                                    
                                

                            
                                
                                    	Negar Nouri
	Valiollah Mehrzad
	Mansoor Salehi


                                
                                Egyptian Journal of Medical Human Genetics (2023)

                            
	
                            
                                
                                    
                                        FISH-negative BCR::ABL1-positive e19a2 chronic myeloid leukaemia: the most cryptic of insertions
                                    
                                

                            
                                
                                    	Philippa C. May
	Alistair G. Reid
	Andrew J. Innes


                                
                                BMC Medical Genomics (2023)

                            
	
                            
                                
                                    
                                        15 years after a giant leap for cancer genomics
                                    
                                

                            
                                
                                    	Sheng F. Cai
	Ross L. Levine


                                
                                Nature (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (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: ]
