
    



                        
            
    
        
                
            
        

    


        

        
                        

                        
                                                    
                                
                    [image: Haematologica. Open access journal of the Ferrata-Storti Foundation, a no profit organization]
                
                
                Open access journal of the Ferrata-Storti Foundation, a non-profit organization
                


                            

                        
            

                        
                
                                        
                        
                        
                        
                        
                    

                
                
                                                        
                                
                    [image: Haematologica. Open access journal of the Ferrata-Storti Foundation, a no profit organization]
                
                
                Open access journal of the Ferrata-Storti Foundation, a non-profit organization
                


                            

                        
                

                
                    
                

                
                                                                                
                                    	
                    
                
	
                
                Home
                
            
	
                                                    Current Issue
                                            
	
                                                                            Early view
                                            
	
                                                    Review Series
                                            
	
                                                    Archive
                                            
	
                        
                            About Us
                        
                        
                                                                                                
                                        About Hematologica
                                    
                                                                                                                                
                                        Editorial Team
                                    
                                                                                                                                
                                        Our Policies
                                    
                                                                                    

                    
	
                        
                            Contact
                        
                        
                                                                                                
                                        Advertising
                                    
                                                                                                                                
                                        Rights & Permissions
                                    
                                                                                    

                    
	
                        
                            Submit a Manuscript
                        
                        
                                                                                                
                                        Author Guidelines
                                    
                                                                                                                                
                                        Reviewer Guidelines
                                    
                                                                                                                                
                                        Submit a manuscript
                                    
                                                                                                                                
                                        Track a Manuscript
                                    
                                                                                    

                    
	
                                                    
                        
                                            


    
                    

                    
                

                           
            
            
            Open access journal of the Ferrata-Storti Foundation, a non-profit organization
            

                                

                

		                            
                            
                                                            
                                                                                                                                            

                                                                
                                    
                                    

                                    


                                                                                

                                                                                                                         


		
			
				Vol. 95 No. 10 (2010): October, 2010
			
		
	
									IDH1 R132H mutation is a rare event in myeloproliferative…
						



                                                                            

                                                                    
                             

                            
                                

                                                                        

                                    




                                                                                                            
                                        
                                                                                                                                                                            

                                                                                                                        
                                            Letters to the Editor
                                        

                                                                                
                                                                                                                                    
                                                                                                IDH1 R132H mutation is a rare event in myeloproliferative neoplasms as determined by a mutation specific antibody
                                            

                                                                                    

                                        
                                            
                                                    	Mindaugas Andrulis
	David Capper
	Jochen Meyer
	Roland Penzel
	Christian Hartmann
	Hanswalter Zentgraf
	Andreas von Deimling


                    
                    
                                
                                            

                    
                                
                                            

                    
                                
                                            

                    
                                
                                            

                    
                                
                                            

                    
                                
                                            

                    
                                
                                            

        


    

            
                                            


                                            
                                                
                                                                                                                                                            
                                                                                                                Vol. 95 No. 10 (2010): October, 2010
                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                        
                                                            
                                                                                                                                                                                                                                                                https://doi.org/10.3324/haematol.2010.024430
                                                            
                                                        
                                                    
                                                                                                                                                                    
                                                                                                        
                                                                                                                                                        

                                            


                                                                                                                                                                                
                                                                                    

                                        
                                        
                                            
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                        

                                        
                                            
                                                
                                                    
                                                        ARTICLE
                                                        FIGURES AND DATA
                                                        INFO AND METRICS
                                                    

                                                

                                                

                                                    
                                                        
                                                            
                                                            Myeloproliferative neoplasms (MPN) are clonal hematopoietic disorders characterized by proliferation and hyperplasia of maturing myeloid cells in bone marrow (BM). Characteristic genetic alterations are found in the majority of MPN patients, including BCR-ABL1 fusion in all chronic myelogeneous leukemia (CML) mutations in Janus kinase 2 (JAK2) present in 90% of polycythemia vera (PV) and in 50–60% of both patients with essential thrombocytosis (ET) and primary myelofibrosis (PMF).1 Approximately 5% of patients with PV or ET and 15–30% of patients with PMF2 transform to acute myeloid leukemia (AML). Interestingly, the JAK2 mutation is frequently lost in the transformed leukemic blasts. However, many MPN are wild type for the above mentioned genes and genetic events leading to MPN are unknown.
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Table 1.Characteristics of IDH1 R132H positive patients.
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Figure 1.Detection of IDH1R132H mutation in myeloproliferative neoplasms. BM biopsies of MPN cases stained with IDH1R132H mutation specific antibody (upper row; magnification x400; colors corrected with Adobe Photoshop), corresponding IDH1 DNA sequences (middle row; the position of IDH1 R132 mutated base and corresponding amino acid exchange is indicated by the DNA and amino acid sequences above) and amplification products of normal and V617F-mutant alleles of JAK2 (lower row) assessed using the amplification refractory mutation system (ARMS) as previously described;10 lane 1 – positive control for JAK2V617F with mut/wt allele ratio of >90%; lane 2 – the JAK2V617F ARMS product of our corresponding cases; lane 3 – b-actin control of our corresponding cases; the products of mutated allele and wt allele are indicated by mut and wt. Almost all hematopoietic cells demonstrate strong binding of the antibody in consecutive bone marrow biopsies from case A taken at diagnosis (A1) and two years later (A2) and the R132H mutation is detectable by direct sequencing in both lesions. In contrast, the JAK2V617F allele is not detectable in the bone marrow biopsy taken at diagnosis (A1) whereas JAK2V617F allele is dominant in the follow-up biopsy (A2). In cases B and C, the antibody binding is evident in few positive cells (arrowheads) but no R132H mutation is found by direct sequencing.
The R132H mutation in IDH1 encoding cytosolic NADP+-dependent isocitrate dehydrogenase 1 is very frequent in human glioma diffuse astrocytoma and oligodendroglioma,3 common in AML,4 infrequent in myelodysplastic syndrome,5 but extremely rare in other solid tumors. So far, all IDH1 mutations in gliomas affect codon 132 and more than 90% of the mutations are of the R132H type. In contrast, just over half of the detected IDH1 mutations in AML were of the R132C type, followed by R132H mutations while the other exchanges are rare. IDH1 mutated protein produces 2-hydroxyglutarate (2-HG). However, the role of 2-HG in tumor initiation and growth is not understood.6–7 Recently, somatic IDH1 mutations have been found using direct sequencing in AML secondary to preexisting MPN, but not in chronic phase of MPN suggesting a role of IDH1 mutation in conversion from chronic MPN to acute leukemia.8–9
In order to test whether MPN also carries IDH1 mutations, we investigated 160 BM biopsies of MPN patients, including CML (n=13), ET (n=73), PV (n=33), PMF (n=35) and unclassifiable MPN (n=6) using the IDH1 mutation specific antibody. We found 2 ET and one PMF case with positive hematopoietic cells (Table 1). Thus IDH1 mutations occur not only in AML but can also be infrequently found in the chronic MPN.
IDH1 was detectable in the cytoplasm of granulocyte precursors, megakaryocytes and single erythroblasts. The number of IDH1 positive cells varied between almost 100% in case A and 1–3% in cases B and C (Table 1 and Figure 1). Sequencing the IDH1 gene of the 3 immunohistochemically positive cases confirmed the presence of R132H mutation in case A but not in cases B and C (Figure 1). The fraction of IDH1 mutant cells in cases B and C is below the sensitivity threshold of direct sequencing which requires the presence of approximately 20% of mutant allele. Thus our data indicate that immunohistochemistry with the mutation specific antibody is a more sensitive method for detection of bone marrow cells harboring IDH1 when compared to direct sequencing.11
For case A we were able to assess the chronology of IDH1 and JAK2 mutations based on the analyses of two consecutive bone marrow biopsies: the first taken at the initial diagnosis and the second two years later. The IDH1 mutation was detectable by immunohistochemistry and direct sequencing in both the initial and the recurrent lesion (Figure 1 A1, A2). In contrast, the JAK2 V617F mutation was absent in the initial BM biopsy but detectable in the follow-up biopsy. Furthermore, in the later biopsy the majority of bone marrow cells harbor the JAK2 allele (Figure 1, A2, lower row). This indicates that IDH1 R132H and JAK2V617F mutations are present in the same cells and not in two different cell clones. This also clearly demonstrates that IDH1 mutation, similar to TET2 mutation,12 can occur early in the course of MPN and precede the JAK2 mutation. Additionally, this case shows that IDH1 was present for more than two years in virtually all hematopoietic cells but the patient did not progress to AML.
Notably, none of IDH1 harboring cases progressed to AML within the follow-up period of 26, 16 and 118 months for cases A, B and C, respectively. This finding indicates that IDH1 mutation alone may not be sufficient for conversion of MPN to AML.
Taken together, our data demonstrate the presence of IDH1 R132H mutation in MPN with a lower frequency than that reported in AML. Because other IDH2 mutations are more frequent in AML, additional studies need to be carried out in order to find IDH1 and IDH2 mutations in chronic phase of MPN.
Furthermore, we demonstrate that standard immunohistochemistry with antibody H9 (Dianova, Hamburg, Germany) is a sensitive and reliable method to detect IDH1 R132H mutation in MPN.
Footnotes
	
Funding: this work was supported by the Bundesministerium für Bildung und Forschung grants BMBF01ES0730 and BMBF01GS0883.
	
The information provided by the authors about contributions from persons listed as authors and in acknowledgments is available with the full text of this paper at www.haematologica.org.
	
Financial and other disclosures provided by the authors using the ICMJE (www.icmje.org) Uniform Format for Disclosure of Competing Interests are also available at www.haematologica.org.

References
	Campbell PJ, Green AR. The myeloproliferative disorders. N Engl J Med. 2006; 355(23):2452-66. PubMedhttps://doi.org/10.1056/NEJMra063728Google Scholar

	Beer PA, Delhommeau F, Lecouedic JP, Dawson MA, Chen E, Bareford D. Two routes to leukemic transformation following a JAK2 mutation-positive myeloproliferative neoplasm. Blood. 2010; 115(14):2891-900. PubMedhttps://doi.org/10.1182/blood-2009-08-236596Google Scholar

	Hartmann C, Meyer J, Balss J, Capper D, Mueller W, Christians A. Type and frequency of IDH1 and IDH2 mutations are related to astrocytic and oligodendroglial differentiation and age: a study of 1,010 diffuse gliomas. Acta Neuropathol. 2009; 118(4):469-74. PubMedhttps://doi.org/10.1007/s00401-009-0561-9Google Scholar

	Chou WC, Hou HA, Chen CY, Tang JL, Yao M, Tsay W. Distinct clinical and biological characteristics in adult acute myeloid leukemia bearing isocitrate dehydrogenase 1 (IDH1) mutation. Blood. 2010; 115(14):2749-54. PubMedhttps://doi.org/10.1182/blood-2009-11-253070Google Scholar

	Andrulis M, Capper D, Luft T, Hartmann C, Zentgraf H, von Deimling A. Detection of isocitrate dehydrogenase 1 mutation R132H in myelodysplastic syndrome by mutation-specific antibody and direct sequencing. Leuk Res. 2010; 34(8):1091-3. PubMedhttps://doi.org/10.1016/j.leukres.2010.02.014Google Scholar

	Dang L, White DW, Gross S, Bennett BD, Bittinger MA, Driggers EM. Cancer-associated IDH1 mutations produce 2-hydroxyglutarate. Nature. 2009; 462(7274):739-44. PubMedhttps://doi.org/10.1038/nature08617Google Scholar

	Ward PS, Patel J, Wise DR, Abdel-Wahab O, Bennett BD, Coller HA. The common feature of leukemia-associated IDH1 and IDH2 mutations is a neomorphic enzyme activity converting alpha-ketoglutarate to 2-hydroxyglutarate. Cancer Cell. 2010; 17(3):225-34. PubMedhttps://doi.org/10.1016/j.ccr.2010.01.020Google Scholar

	Abdel-Wahab O, Manshouri T, Patel J, Harris K, Yao J, Hedvat C. Genetic analysis of transforming events that convert chronic myeloproliferative neoplasms to leukemias. Cancer Res. 2010; 70(2):447-52. PubMedhttps://doi.org/10.1158/0008-5472.CAN-09-3783Google Scholar

	Green A, Beer P. Somatic mutations of IDH1 and IDH2 in the leukemic transformation of myeloproliferative neoplasms. N Engl J Med. 2010; 362(4):369-70. PubMedhttps://doi.org/10.1056/NEJMc0910063Google Scholar

	Jones AV, Kreil S, Zoi K, Waghorn K, Curtis C, Zhang L. Widespread occurrence of the JAK2 V617F mutation in chronic myeloproliferative disorders. Blood. 2005; 106(6):2162-8. PubMedhttps://doi.org/10.1182/blood-2005-03-1320Google Scholar

	Capper D, Weissert S, Balss J, Habel A, Meyer J, Jager D. Characterization of R132H mutation-specific IDH1 antibody binding in brain tumors. Brain Pathol. 2010; 20(1):245-54. PubMedhttps://doi.org/10.1111/j.1750-3639.2009.00352.xGoogle Scholar

	Delhommeau F, Dupont S, Della Valle V, James C, Trannoy S, Masse A. Mutation in TET2 in myeloid cancers. N Engl J Med. 2009; 360(22):2289-301. PubMedhttps://doi.org/10.1056/NEJMoa0810069Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2010_024430-Contributions.pdf


	    


            

    
        2010_024430-Disclosures.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 95 No. 10 (2010): October, 2010 : Letters to the Editor
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2010.024430
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        20534697
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC2948109
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2010-10-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        573

    

    
        PDF Downloads

        91

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Mindaugas Andrulis, David Capper, Jochen Meyer, Roland Penzel, Christian Hartmann, Hanswalter Zentgraf, Andreas von Deimling. IDH1 R132H mutation is a rare event in myeloproliferative neoplasms as determined by a mutation specific antibody. Haematologica 2010;95(10):1797-1798; https://doi.org/10.3324/haematol.2010.024430.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

