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            Abstract
AML1 (RUNX1) encodes a DNA-binding subunit of the CBF transcription factor family and is required for the establishment of definitive hematopoiesis. AML1 is one of the most frequently mutated genes associated with human acute leukemia, suggesting that genetic alterations of the gene contribute to leukemogenesis. Here, we report the analysis of mice carrying conditional AML1 knockout alleles that were inactivated using the Cre/loxP system. AML1 was deleted in adult mice by inducing Cre activity to replicate AML1 deletions found in human MDS, familial platelet disorder and rare de novo human AML. At a latency of 2 months after induction, the thymus was reduced in size and frequently populated by immature double negative thymocytes, indicating defective T-lymphocyte maturation, resulting in lymphatic diseases with 50% penetrance, including atypical hyperplasia and thymic lymphoma. Metastatic lymphomas to the liver and the meninges were observed. Mice also developed splenomegaly with an expansion of the myeloid compartment. Increased Howell-Jolly body counts indicated splenic hypofunction. Thrombocytopenia occurred due to immaturity of mini-megakaryocytes in the bone marrow. Together with mild lymphocytopenia in the peripheral blood and increased fractions of immature cells in the bone marrow, AML1 deficient mice display features of a myelodysplastic syndrome, suggesting a preleukemic state.




            
                
                    

    
        
            
                
                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 50 print issues and online access
$259.00 per year
only $5.18 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[image: ]


Figure 2[image: ]


Figure 3[image: ]


Figure 4[image: ]


Figure 5[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Distinct oncogenic phenotypes in hematopoietic specific deletions of Trp53
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 May 2023
                                    

                                

                                Jayanth Kumar Palanichamy, Tiffany M. Tran, â€¦ Dinesh S. Rao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Cre recombinase expression cooperates with homozygous FLT3 internal tandem duplication knockin mouse model to induce acute myeloid leukemia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 February 2023
                                    

                                

                                Jasmin Straube, Theresa Eifert, â€¦ Steven W. Lane

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Heterozygous variants in GATA2 contribute to DCML deficiency in mice by disrupting tandem protein binding
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 April 2022
                                    

                                

                                Atsushi Hasegawa, Yuki Hayasaka, â€¦ Ritsuko Shimizu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Bourgeois E, Caulier MT, Rose C, Dupriez B, Bauters F, Fenaux P . (2001). Leukemia 15: 950â€“953.

	Buchholz F, Refaeli Y, Trumpp A, Bishop JM . (2000). EMBO Rep 1: 133â€“139.

	Dunnick JK, Hardisty JF, Herbert RA, Seely JC, Furedi-Machacek EM, Foley JF et al. (1997). Toxicol Pathol 25: 533â€“540.

	Fredrickson TN, Harris AW . (2000). Atlas of Mouse Hematopathology. Harwood Academic Publishers: Amsterdam.

                    Google ScholarÂ 
                

	Higuchi M, O'Brien D, Kumaravelu P, Lenny N, Yeoh EJ, Downing JR . (2002). Cancer Cell 1: 63â€“74.

	Hirai H, Kobayashi Y, Mano H, Hagiwara K, Maru Y, Omine M et al. (1987). Nature 327: 430â€“432.

	Hirai H, Okada M, Mizoguchi H, Mano H, Kobayashi Y, Nishida J et al. (1988). Blood 71: 256â€“258.

	Ichikawa M, Asai T, Saito T, Yamamoto G, Seo S, Yamazaki I et al. (2004). Nat Med 10: 299â€“304.

	Imai Y, Kurokawa M, Izutsu K, Hangaishi A, Takeuchi K, Maki K et al. (2000). Blood 96: 3154â€“3160.

	Kogan SC, Ward JM, Anver MR, Berman JJ, Brayton C, Cardiff RD, et al., Hematopathology subcommittee of the Mouse Models of Human Cancers Consortium. (2002). Blood 100: 238â€“245.

	Kuhn R, Schwenk F, Aguet M, Rajewsky K . (1995). Science 269: 1427â€“1429.

	Lagasse E, Weissman IL . (1996). J Immunol Methods 197: 139â€“150.

	Lenny N, Meyers S, Hiebert SW . (1995). Oncogene 11: 1761â€“1769.

	Levanon D, Negreanu V, Bernstein Y, Bar-Am I, Avivi L, Groner Y . (1994). Genomics 23: 425â€“432.

	Lorsbach RB, Moore J, Ang SO, Sun W, Lenny N, Downing JR . (2004). Blood 103: 2522â€“2529.

	Michaud J, Scott HS, Escher R . (2003). Cancer Invest 21: 105â€“136.

	Miller JD, Stacy T, Liu PP, Speck NA . (2001). Blood 97: 2248â€“2256.

	Morohashi K, Tsuboi-Asai H, Matsushita S, Suda M, Nakashima M, Sasano H et al. (1999). Blood 93: 1586â€“1594.

	North T, Gu TL, Stacy T, Wang Q, Howard L, Binder M et al. (1999). Development 126: 2563â€“2575.

	Ogawa E, Inuzuka M, Maruyama M, Satake M, Naito-Fujimoto M, Ito Y et al. (1993a). Virology 194: 314â€“331.

	Ogawa E, Maruyama M, Kagoshima H, Inuzuka M, Lu J, Satake M et al. (1993b). Proc Natl Acad Sci USA 90: 6859â€“6863.

	Okuda T, Cai Z, Yang S, Lenny N, Lyu CJ, van Deursen JM et al. (1998). Blood 91: 3134â€“3143.

	Okuda T, van Deursen J, Hiebert SW, Grosveld G, Downing JR . (1996). Cell 84: 321â€“330.

	Osato M, Asou N, Abdalla E, Hoshino K, Yamasaki H, Okubo T et al. (1999). Blood 93: 1817â€“1824.

	Preudhomme C, Warot-Loze D, Roumier C, Grardel-Duflos N, Garand R, Lai JL et al. (2000). Blood 96: 2862â€“2869.

	Rhoades KL, Hetherington CJ, Harakawa N, Yergeau DA, Zhou L, Liu LQ et al. (2000). Blood 96: 2108â€“2115.

	Roumier C, Fenaux P, Lafage M, Imbert M, Eclache V, Preudhomme C . (2003). Leukemia 17: 9â€“16.

	Rowley JD . (1998). Annu Rev Genet 32: 495â€“519.

	Schiering A, Menschikowski M, Mueller E, Jaross W . (1999). Atherosclerosis 144: 73â€“78.

	Silva FP, Morolli B, Storlazzi CT, Anelli L, Wessels H, Bezrookove V et al. (2003). Oncogene 22: 538â€“547.

	Song WJ, Sullivan MG, Legare RD, Hutchings S, Tan X, Kufrin D et al. (1999). Nat Genet 23: 166â€“175.

	Steensma DP, Gibbons RJ, Mesa RA, Tefferi A, Higgs DR . (2005). Eur J Haematol 74: 47â€“53.

	Sun W, Downing JR . (2004). Blood 104: 3565â€“3572.

	Taketani T, Taki T, Takita J, Tsuchida M, Hanada R, Hongo T et al. (2003). Genes Chromosomes Cancer 38: 1â€“7.

	Taniuchi I, Osato M, Egawa T, Sunshine MJ, Bae SC, Komori T et al. (2002). Cell 111: 621â€“633.

	Wang Q, Stacy T, Binder M, Marin-Padilla M, Sharpe AH, Speck NA . (1996a). Proc Natl Acad Sci USA 93: 3444â€“3449.

	Wang Q, Stacy T, Miller JD, Lewis AF, Gu TL, Huang X et al. (1996b). Cell 87: 697â€“708.

	Wang SW, Speck NA . (1992). Mol Cell Biol 12: 89â€“102.

	Yergeau DA, Hetherington CJ, Wang Q, Zhang P, Sharpe AH, Binder M et al. (1997). Nat Genet 15: 303â€“306.

	Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G, Ogawa M, Leary AG et al. (1997). Blood 90: 5002â€“5012.

	Yuan Y, Zhou L, Miyamoto T, Iwasaki H, Harakawa N, Hetherington CJ et al. (2001). Proc Natl Acad Sci USA 98: 10398â€“10403.


Download references




Acknowledgements
We thank Roland Naumann, Maxi Oelsner, Sigrid Balschukat, Irena Konstantinova, and the Department of Internal Medicine I of the Carl Gustav Carus University Hospital Dresden for providing technical assistance, Jussi Helppi, Anke Muench-Wuttke, and Anja Klieman for biomedical services. Thanks also to Ralf Kittler, Carol Stocking and Joerg Cammenga for scientific discussion. We are grateful to Dennis Corbeil for providing us with the Prominin-1 antibody. This study was supported by the Max Planck Society, the Deutsche JosÃ© Carreras Leukaemie-Stiftung e.V., and the Deutsche Forschungsgemeinschaft (SFB 655 and BA1433/4-2).


Author information
Authors and Affiliations
	Max-Planck-Institute for Molecular Cell Biology and Genetics, Pfotenhauerstrasse, Dresden, Germany
G Putz,Â I Nuesslein,Â N SchmitzÂ &Â F Buchholz

	Klinik und Poliklinik fuer Strahlentherapie und Radioonkologie, Experimentelles Zentrum, Medizinische Fakultaet Carl Gustav Carus, Technische Universitaet Dresden, Fetscherstr., Dresden, Germany
A Rosner


Authors	G PutzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A RosnerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	I NuessleinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	N SchmitzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	F BuchholzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                F Buchholz.


Additional information
Supplementary Information accompanies the paper on Oncogene website (http://www.nature.com/onc).


Supplementary information

Supplemental Materials (DOC 5400 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Putz, G., Rosner, A., Nuesslein, I. et al. AML1 deletion in adult mice causes splenomegaly and lymphomas.
                    Oncogene 25, 929â€“939 (2006). https://doi.org/10.1038/sj.onc.1209136
Download citation
	Received: 24 March 2005

	Revised: 06 July 2005

	Accepted: 23 August 2005

	Published: 10 October 2005

	Issue Date: 09 February 2006

	DOI: https://doi.org/10.1038/sj.onc.1209136


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
                        


Keywords
	AML1
	conditional allele
	hematopoiesis
	splenomegaly
	lymphoma







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Evidence for a role of RUNX1 as recombinase cofactor for TCRÎ² rearrangements and pathological deletions in ETV6-RUNX1 ALL
                                    
                                

                            
                                
                                    	V. Seitz
	K. Kleo
	M. Hummel


                                
                                Scientific Reports (2020)

                            
	
                            
                                
                                    
                                        Application of the automated haematology analyzer XN-30 in an experimental rodent model of malaria
                                    
                                

                            
                                
                                    	Takahiro Tougan
	Yuhgi Suzuki
	Toshihiro Horii


                                
                                Malaria Journal (2018)

                            
	
                            
                                
                                    
                                        Blockage of the NLRP3 inflammasome by MCC950 improves anti-tumor immune responses in head and neck squamous cell carcinoma
                                    
                                

                            
                                
                                    	Lei Chen
	Cong-Fa Huang
	Zhi-Jun Sun


                                
                                Cellular and Molecular Life Sciences (2018)

                            
	
                            
                                
                                    
                                        Mouse models for core binding factor leukemia
                                    
                                

                            
                                
                                    	D W L Chin
	N Watanabe-Okochi
	M Osato


                                
                                Leukemia (2015)

                            
	
                            
                                
                                    
                                        Developmental-stage-dependent transcriptional response to leukaemic oncogene expression
                                    
                                

                            
                                
                                    	Kakkad Regha
	Salam A. Assi
	Constanze Bonifer


                                
                                Nature Communications (2015)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & 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


    





        
    
        
            

            
                
                    Oncogene (Oncogene)
                
                
    
    
        ISSN 1476-5594 (online)
    
    


                
    
    
        ISSN 0950-9232 (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




    

    
    
    











    [image: ]







[image: ]
