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            Abstract
Generation of induced pluripotent stem cells (iPSCs) by somatic cell reprogramming involves global epigenetic remodelling1. Whereas several proteins are known to regulate chromatin marks associated with the distinct epigenetic states of cells before and after reprogramming2,3, the role of specific chromatin-modifying enzymes in reprogramming remains to be determined. To address how chromatin-modifying proteins influence reprogramming, we used short hairpin RNAs (shRNAs) to target genes in DNA and histone methylation pathways, and identified positive and negative modulators of iPSC generation. Whereas inhibition of the core components of the polycomb repressive complex 1 and 2, including the histone 3 lysine 27 methyltransferase EZH2, reduced reprogramming efficiency, suppression of SUV39H1, YY1 and DOT1L enhanced reprogramming. Specifically, inhibition of the H3K79 histone methyltransferase DOT1L by shRNA or a small molecule accelerated reprogramming, significantly increased the yield of iPSC colonies, and substituted for KLF4 and c-Myc (also known as MYC). Inhibition of DOT1L early in the reprogramming process is associated with a marked increase in two alternative factors, NANOG and LIN28, which play essential functional roles in the enhancement of reprogramming. Genome-wide analysis of H3K79me2 distribution revealed that fibroblast-specific genes associated with the epithelial to mesenchymal transition lose H3K79me2 in the initial phases of reprogramming. DOT1L inhibition facilitates the loss of this mark from genes that are fated to be repressed in the pluripotent state. These findings implicate specific chromatin-modifying enzymes as barriers to or facilitators of reprogramming, and demonstrate how modulation of chromatin-modifying enzymes can be exploited to more efficiently generate iPSCs with fewer exogenous transcription factors.




            
                
                    

    
        
            
                
                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 51 print issues and online access
$199.00 per year
only $3.90 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: 
                        Screening for inhibitors and enhancers of reprogramming.
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Figure 2: 
                        DOT1L inhibition enhances reprogramming efficiency and substitutes for KLF4 and Myc.
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Figure 3: 
                        NANOG and LIN28 are required for enhancement of reprogramming by DOT1L inhibition.
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Figure 4: 
                        Genome-wide analysis of H3K79me2 marks during reprogramming.
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A study of the role of chromatin-modifying enzymes in the reprogramming of human fibroblasts to induced pluripotent stem (iPS) cells suggests that such enzymes can act as facilitators â€” but also as barriers â€” to epigenetic remodelling. By knocking down 22 selected genes involved in DNA and histone methylation pathways, George Daley and colleagues identified both positive and negative regulators of iPS-cell generation. In particular, inhibition of DOT1L, the H3K79 histone methyltransferase, increased reprogramming and substituted for KLF4 and c-Myc, two of the factors needed in the reprogramming cocktail. The effect of DOT1L inhibition seems to be associated with increase in the reprogramming factors NANOG and LIN28. This work demonstrates that specific chromatin modifiers can be modulated to generate iPS cells more efficiently and with fewer exogenously introduced transcription factors.
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