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            Abstract
X-linked mental retardation (XLMR) is a complex human disease that causes intellectual disability1. Causal mutations have been found in approximately 90 X-linked genes2; however, molecular and biological functions of many of these genetically defined XLMR genes remain unknown. PHF8 (PHD (plant homeo domain) finger protein 8) is a JmjC domain-containing protein and its mutations have been found in patients with XLMR and craniofacial deformities. Here we provide multiple lines of evidence establishing PHF8 as the first mono-methyl histone H4 lysine 20 (H4K20me1) demethylase, with additional activities towards histone H3K9me1 and me2. PHF8 is located around the transcription start sites (TSS) of âˆ¼7,000 RefSeq genes and in gene bodies and intergenic regions (non-TSS). PHF8 depletion resulted in upregulation of H4K20me1 and H3K9me1 at the TSS and H3K9me2 in the non-TSS sites, respectively, demonstrating differential substrate specificities at different target locations. PHF8 positively regulates gene expression, which is dependent on its H3K4me3-binding PHD and catalytic domains. Importantly, patient mutations significantly compromised PHF8 catalytic function. PHF8 regulates cell survival in the zebrafish brain and jaw development, thus providing a potentially relevant biological context for understanding the clinical symptoms associated with PHF8 patients. Lastly, genetic and molecular evidence supports a model whereby PHF8 regulates zebrafish neuronal cell survival and jaw development in part by directly regulating the expression of the homeodomain transcription factor MSX1/MSXB, which functions downstream of multiple signalling and developmental pathways3. Our findings indicate that an imbalance of histone methylation dynamics has a critical role in XLMR.




            
                
                    

    
        
            
                
                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: PHF8 and KIA1718 demethylate multiple lysines of histone 3 and 4  in vitro. [image: ]


Figure 2: 
                        PHF8 differently regulates H4K20me1, H3K9me1 and H3K9me2.
                      [image: ]


Figure 3: Depletion of PHF8 increases  H3K9me1, H4K20me1  and  L3MBTL1  expression at TSS-bound PHF8 target genes.[image: ]


Figure 4: zPHF8  regulates brain and craniofacial development in part through regulation of  msxb. [image: ]
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Histone demethylase activity of PHF8
Mutations in the PHF8 gene, which encodes the plant homeo domain (PHD) finger protein 8, are connected to X-linked mental retardation associated with cleft lip and cleft palate. Two groups now report that the PHF8 protein is a histone demethylase with activity against H4K20me1 (histone H4 lysine 20). Qi et al. report a role for PHF8 in regulating gene expression, as well as in neuronal cell survival and craniofacial development in zebrafish. The results suggest there may be a link between histone methylation dynamics and X-linked mental retardation. Liu et al. show that PHF8 is linked to two distinct events during cell-cycle progression. PHF8 is recruited to the promoters of G1/S-phase genes where it removes H4K20me1 and contributes to gene activation, whereas dissociation of PHF8 from chromatin in prophase allows H4K20me1 to accumulate during mitosis.
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