







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Reviews Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews genetics

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: January 2009



                    The many roles of histone deacetylases in development and physiology: implications for disease and therapy

                    	Michael Haberland1, 
	Rusty L. Montgomery1 & 
	Eric N. Olson1Â 



                    

                    
                        
    Nature Reviews Genetics

                        volumeÂ 10,Â pages 32â€“42 (2009)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        1891 Citations

                    
	
                            18 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Key Points

                	
                  Mammalian genomes encode eleven proteins of the classical histone deacetylase (HDAC) family. They are numbered HDAC1 to HDAC11 and can be classified into four distinct groups (class I, IIa, IIb and IV), which differ in structure, enzymatic function, subcellular localization and expression patterns.

                
	
                  Class I HDACs (HDAC1, 2, 3 and 8) are ubiquitously expressed highly active enzymes which localize predominantly to the nucleus. Genetic deletion is lethal in all cases with phenotypes ranging from gastrulation defects to cardiovascular malformation.

                
	
                  Class IIa HDACs (HDAC4, 5, 7 and 9) are signal-responsive transcriptional repressors that interact with the transcription factor myocyte enhancer factor 2 (MEF2) and have minimal enzymatic activity towards classical histone substrates, owing to a conserved amino-acid change in the catalytic pocket. Genetic deletion leads to superactivation of MEF2 with resulting phenotypes in the heart, skeleton and endothelial cells.

                
	
                  HDAC6 and HDAC10 form the class IIb HDAC family, with HDAC6 being the main cytoplasmic deacetylase in mammalian cells. HDAC6 has numerous targets, including tubulin and intracellular chaperones. Genetic deletion of HDAC6 does not lead to an overt phenotype.

                
	
                  HDAC11 is the sole member of the class IV HDACs. Little is known about its function.

                
	
                  Genetic deletion of individual HDACs leads to surprisingly specific phenotypes. Analysis of the resulting mutants has shown that HDACs control specific gene expression programmes.

                
	
                  One major challenge for the future will be to decipher the role of individual HDACs in specific disease processes and to develop isoform-specific inhibitors. It is expected that this will lead to a broader therapeutic window of HDAC inhibitors, and possibly to a clinical application in non-oncological disease states.

                


              

Abstract
Histone deacetylases (HDACs) are part of a vast family of enzymes that have crucial roles in numerous biological processes, largely through their repressive influence on transcription. The expression of many HDAC isoforms in eukaryotic cells raises questions about their possible specificity or redundancy, and whether they control global or specific programmes of gene expression. Recent analyses of HDAC knockout mice have revealed highly specific functions of individual HDACs in development and disease. Mutant mice lacking individual HDACs are a powerful tool for defining the functions of HDACs in vivo and the molecular targets of HDAC inhibitors in disease.
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                    Figure 1: The histone deacetylase (HDAC) superfamily, showing protein domains, loss-of-function phenotypes in mice and time point of lethality of the knockouts.[image: ]


Figure 2: Control of heart development by histone deacetylase 1 (HDAC1) and HDAC2.[image: ]


Figure 3: Control of chondrocyte hypertrophy by histone deacetylase 4 (HDAC4).[image: ]


Figure 4: Control of pathological cardiac hypertrophy by class IIa histone deacetylases (HDACs).[image: ]


Figure 5: Control of slow myofibre gene expression by class IIa histone deacetylases (HDACs).[image: ]


Figure 6: Control of endothelial integrity by histone deacetylase 7 (HDAC7).[image: ]
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	Transition state
	
                  A particular state corresponding to the highest energy in a chemical reaction.

                
	Morpholino
	
                  A stable antisense oligonucleotide that is commonly used in zebrafish and Xenopus laevis to inhibit either the translation or splicing of mRNAs.

                
	Gene trap
	
                  A mutation strategy that uses insertion vectors to trap or isolate transcripts from flanking genes.

                
	Gastrulation
	
                  The process in animal embryos in which the endoderm and mesoderm move from the outer surface of the embryo to the inside, where they give rise to the internal organs.

                
	Interstitial fibrosis
	
                  Proliferation of fibroblasts resulting in increased collagen production and consequent organ dysfunction.

                
	Chondrocyte
	
                  The type of cell that produces and maintains the cartilaginous matrix.

                
	Osteoblast
	
                  The type of cell that is responsible for bone formation by secreting and mineralizing the bone matrix.

                
	Ossification
	
                  The process of bone formation in which soft connective tissue is converted into mineralized tissue.

                
	Endochondral bone
	
                  The parts of the skeleton which form by endochondral ossification, a process in which cartilage is replaced by bone.

                
	Rheostat
	
                  A module for fine tuning a molecular circuit.

                
	IC50
	
                  Inhibition concentration 50%. The concentration of inhibitor that is required to inhibit 50% of the activity of an enzyme compared with an uninhibited control.
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