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                                                            Genetic aberrations affecting kinases have been widely studied in acute myeloid leukemia (AML). However, the role of phosphatases remains underexplored. Protein phosphatase 2A (PP2A) is a major serine/threonine phosphatase that participates in many signaling pathways.1 Transformed cells present a wide variety of mechanisms to inactivate PP2A.2,3 Our group reported that PP2A inhibition is a common event in AML, and that restoration of PP2A activity induces cell growth arrest and caspase-dependent apoptosis. This suggests that PP2A inactivation plays a crucial role in AML4 and confirms the potential of PP2A as a therapeutic target in hematologic malignancies.5 Moreover, we found deregulated expression of PP2A endogenous inhibitors and/or PP2A subunits, including the regulatory subunits PPP2R5B and PPP2R5C, as mechanisms that could contribute to PP2A inhibition in AML.4 However, we did not observe any aberration in several AML cases with inhibited PP2A, suggesting that other unidentified mechanisms might be involved. The regulatory subunit PPP2R5E/B56ɛ is involved in multiple signaling pathways and plays a critical role during early development.6–8 Moreover, PPP2R5E is an essential regulator of apoptosis,9 and acts as a negative regulator of MAP4K3, mediating its ability to signal to mTORC1.10 Thus, we hypothesized that downregulation of PPP2R5E could contribute to PP2A inhibition in AML.
To know the prevalence of PPP2R5E downregulation in AML, we first analyzed 12 cell lines and 41 AML patient samples. PPP2R5E was down-regulated at mRNA and protein level in 4 cell lines (4 of 12, 33%) (Online Supplementary Figure S1). We found PPP2R5E mRNA downregulation in 25 cases (25 of 41, 61%), and decreased levels of the protein in 10 cases (10 of 16, 63%), all with either hyperphosphorylation or reduced expression of the PP2A catalytic subunit (Figure 1A and Online Supplementary Table S1). These results strongly suggest that PPP2R5E downregulation is a common event in AML, and that PP2A activity is affected in these cases. The high prevalence of PPP2R5E downregulation in our AML cases led us to investigate its biological relevance. PP2A is a heterotrimeric complex including catalytic, scaffold, and regulatory subunits. Regulatory subunits determine the substrate specificity and the intracellular location of the PP2A complex.1 Four families of PP2A regulatory subunits have been described, therefore different sets of genomic aberrations in tumor formation require the loss of different PP2A complexes during tumor progression. The actual challenge is not only to explore the potential therapeutic value of PP2A activators,4,5,11 but to identify the particular PP2A complexes affected in each disease in order to develop more efficient therapeutic strategies.12 MTS assays in HEL cells showed decreased proliferation in cells transfected with PPP2R5E (Figure 1B); these results were confirmed in HL-60 and KG-1 (Online Supplementary Figure S2). Moreover, PPP2R5E-expressing cells formed a significantly lower number of colonies than controls (Online Supplementary Figure S3A). Furthermore, consistent with its ability to suppress cell proliferation, PPP2R5E overexpression had a significant caspase-dependent proapoptotic effect (Online Supplementary Figure S3B). The role of PPP2R5E in apoptosis seems to be through p53 regulation.9 Therefore, we analyzed the p53 status in our series. We observed a good correlation between PPP2R5E downregulation and p53 levels, suggesting that the molecular effects of PPP2R5E in AML could occur, at least in part, via p53 (Online Supplementary Figure S4).
[image: ]

Figure 1.Functional significance of PP2R5E in AML cells. (A) Western blot and densitometric analysis of the expression levels of PPP2R5E in 16 AML patient samples. (B) MTS assay showing proliferation in HEL cells transfected with PPP2R5E compared to mock-transfected cells or cells transfected with an empty vector. (C) Western blot showing the effect of PPP2R5E overexpression on AKT activity and expression in the HEL cell line.
PP2A regulatory subunits PPP2R5B and PPP2R5C dephosphorylate AKT.13 Therefore, we analyzed the effects of PPP2R5E ectopic expression in HEL cells, observing decreased phosphorylation of the PP2A target AKT, without affecting its expression levels (Figure 1C). These results were confirmed in HL-60 and KG-1 (Online Supplementary Figure S2). B56 regulatory subunits are involved in the PI3K/Akt, Wnt/beta-catenin, and Hedgehog pathways.6,7 Interestingly, a recent study shows that low expression of another regulatory subunit, PPP2R2A/B55α, correlates with AKT-T308 dephosphorylation and is an adverse prognostic factor in AML.3 Moreover, Wnt/beta-catenin is required for the development of leukemia stem cells in AML.14 Thus, loss of PPP2R5E function could provide an additional mechanism to activate this pathway in AML cells. It has been shown that PPP2R5E knockdown does not induce a transformed phenotype in HEK-TER cells.12 However, we observed that PPP2R5E negatively affects the clonogenic potential of AML cells (Online Supplementary Figure S3A), indicating that the importance of the PP2A complexes would be different depending on the cellular model. In addition, as we have indicated before, the cases analyzed present several alterations affecting PP2A (Online Supplementary Table S1).4 Altogether, these results would suggest that PPP2R5E downregulation contributes to PP2A inhibition in AML, although it would need other additional alterations.
We had previously shown that downregulation of the PP2A subunits PPP2R1B and PPP2R5B/C by genomic deletions could be mechanisms contributing to PP2A inhibition in AML.4 However, our results showed that this was probably not the mechanism of PPP2R5E downregulation in AML, since only the HEL cell line had downregulation of PPP2R5E and deletion of its locus (14q23.1). In fact, in the case of PPP2R2A, it may involve a post-transcriptional component.3 Therefore we looked for the expression of miRNAs predicted to target PPP2R5E. We found no correlation between the expression of these miRNAs and PPP2R5E in AML cell lines (Online Supplementary Table S2). Recently, Mavrakis et al. found that the oncogenic properties of miR-19b in acute lymphoblastic leukemia were due, at least in part, to its inhibitory effect on PP2A via downregulation of PPP2R5E.15 Thus, we analyzed the expression of miR-19b and PPP2R5E in 12 AML cell lines and in 35 AML patient samples. However, we found no correlation either in cell lines or samples (Figure 1A, Online Supplementary Figure S1, Online Supplementary Tables S1 and S3). In addition, functional studies with miR-19b in HEL, F-36P and KG-1 cells showed that miR-19b, described as a regulator of PPP2R5E in lymphocytes,15 does not regulate PPP2R5E in AML cells (Online Supplementary Figure S5). Further studies are needed to clarify the alternative mechanisms that lead to PPP2R5E downregulation in AML.
In conclusion, the high frequency of PPP2R5E downregulation in AML cell lines and patient samples at both mRNA and protein level, and its functional relevance, suggest that this alteration represents a novel contributing mechanism to PP2A inhibition in this disease. PPP2R5E impairs cell proliferation, induces caspase-dependent apoptosis, affects the activation status of AKT and reduces the colony-forming ability of the leukemic cells. These results indicate that PPP2R5E downregulation has relevance in AML, and could help distinguish a subgroup of patients who might benefit from receiving future treatments with PP2A activators.
References
	Perrotti D, Neviani P. Protein phosphatase 2A: a target for anti-cancer therapy. Lancet Oncol. 2013; 14(6):e229-38. PubMedhttps://doi.org/10.1016/S1470-2045(12)70558-2Google Scholar

	Westermarck J, Hahn WC. Multiple pathways regulated by the tumor suppressor PP2A in transformation. Trends Mol Med. 2008; 14(4):152-60. PubMedhttps://doi.org/10.1016/j.molmed.2008.02.001Google Scholar

	Ruvolo PP, Qui YH, Coombes KR, Zhang N, Ruvolo VR, Borthakur G. Low expression of PP2A regulatory subunit B55alpha is associated with T308 phosphorylation of AKT and shorter complete remission duration in acute myeloid leukemia patients. Leukemia. 2011; 25(11):1711-7. PubMedhttps://doi.org/10.1038/leu.2011.146Google Scholar

	Cristobal I, Garcia-Orti L, Cirauqui C, Alonso MM, Calasanz MJ, Odero MD. PP2A impaired activity is a common event in acute myeloid leukemia and its activation by forskolin has a potent anti-leukemic effect. Leukemia. 2011; 25(4):606-14. PubMedhttps://doi.org/10.1038/leu.2010.294Google Scholar

	Neviani P, Santhanam R, Oaks JJ, Eiring AM, Notari M, Blaser BW. FTY720, a new alternative for treating blast crisis chronic myelogenous leukemia and Philadelphia chromosome-positive acute lymphocytic leukemia. J Clin Invest. 2007; 117(9):2408-21. PubMedhttps://doi.org/10.1172/JCI31095Google Scholar

	Seeling JM, Miller JR, Gil R, Moon RT, White R, Virshup DM. Regulation of beta-catenin signaling by the B56 subunit of protein phosphatase 2A. Science. 1999; 283(5410):2089-91. PubMedhttps://doi.org/10.1126/science.283.5410.2089Google Scholar

	Yang J, Wu J, Tan C, Klein PS. PP2A:B56epsilon is required for Wnt/beta-catenin signaling during embryonic development. Development. 2003; 130(23):5569-78. PubMedhttps://doi.org/10.1242/dev.00762Google Scholar

	Rorick AM, Mei W, Liette NL, Phiel C, El-Hodiri HM, Yang J. PP2A:B56epsilon is required for eye induction and eye field separation. Dev Biol. 2007; 302(2):477-93. PubMedhttps://doi.org/10.1016/j.ydbio.2006.10.011Google Scholar

	Jin Z, Wallace L, Harper SQ, Yang J. PP2A:B56{epsilon}, a substrate of caspase-3, regulates p53-dependent and p53-independent apoptosis during development. J Biol Chem. 2010; 285(45):34493-502. PubMedhttps://doi.org/10.1074/jbc.M110.169581Google Scholar

	Yan L, Mieulet V, Burgess D, Findlay GM, Sully K, Procter J. PP2A T61 epsilon is an inhibitor of MAP4K3 in nutrient signaling to mTOR. Mol Cell. 2010; 37(5):633-42. PubMedhttps://doi.org/10.1016/j.molcel.2010.01.031Google Scholar

	Roberts KG, Smith AM, McDougall F, Carpenter H, Horan M, Neviani P. Essential requirement for PP2A inhibition by the oncogenic receptor c-KIT suggests PP2A reactivation as a strategy to treat c-KIT+ cancers. Cancer Res. 2010; 70(13):5438-47. PubMedhttps://doi.org/10.1158/0008-5472.CAN-09-2544Google Scholar

	Sablina AA, Hector M, Colpaert N, Hahn WC. Identification of PP2A complexes and pathways involved in cell transformation. Cancer Res. 2010; 70(24):10474-84. PubMedhttps://doi.org/10.1158/0008-5472.CAN-10-2855Google Scholar

	Rocher G, Letourneux C, Lenormand P, Porteu F. Inhibition of B56-containing protein phosphatase 2As by the early response gene IEX-1 leads to control of Akt activity. J Biol Chem. 2007; 282(8):5468-77. PubMedhttps://doi.org/10.1074/jbc.M609712200Google Scholar

	Wang Y, Krivtsov AV, Sinha AU, North TE, Goessling W, Feng Z. The Wnt/beta-catenin pathway is required for the development of leukemia stem cells in AML. Science. 2010; 327(5973):1650-3. PubMedhttps://doi.org/10.1126/science.1186624Google Scholar

	Mavrakis KJ, Wolfe AL, Oricchio E, Palomero T, de Keersmaecker K, McJunkin K. Genome-wide RNA-mediated interference screen identifies miR-19 targets in Notch-induced T-cell acute lymphoblastic leukaemia. Nat Cell Biol. 2010; 12(4):372-9. PubMedhttps://doi.org/10.1038/ncb2037Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2013_084731-Contributions.pdf


	    


            

    
        2013_084731-Disclosures.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 98 No. 9 (2013): September, 2013 : Online Only Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2013.084731
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        23812941
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC3762109
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2013-09-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        408

    

    
        PDF Downloads

        135

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Ion Cristóbal, Cristina Cirauqui, Remedios Castello-Cros, Laura Garcia-Orti, María J. Calasanz, María D. Odero. Downregulation of PPP2R5E is a common event in acute myeloid leukemia that affects the oncogenic potential of leukemic cells. Haematologica 2013;98(9):e103-e104; https://doi.org/10.3324/haematol.2013.084731.





                

                

                
                
  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
 





				

			                        

        

    

   
















 

