
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    
    
        
            
                Advertisement

                
                    
                        
                            [image: Advertisement]
                        
                    

                

            

        

    



    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Archives of Toxicology

	
                        Article

The histone deacetylases HDAC1 and HDAC2 are required for the growth and survival of renal carcinoma cells


                    	Molecular Toxicology
	
                            Published: 29 May 2018
                        


                    	
                            Volume 92, pages 2227–2243, (2018)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Archives of Toxicology
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Nicole Kiweler1, 
	Boris Brill2, 
	Matthias Wirth3,4, 
	Ines Breuksch5,6, 
	Teresa Laguna7, 
	Cornelia Dietrich1, 
	Susanne Strand8, 
	Günter Schneider3, 
	Bernd Groner2, 
	Falk Butter7, 
	Thorsten Heinzel9, 
	Walburgis Brenner5,6 & 
	…
	Oliver H. Krämer1 

Show authors
                        
    

                        
                            	
            
                
            1288 Accesses

        
	
            
                
            46 Citations

        
	
                
                    
                35 Altmetric

            
	
            
                
            6 Mentions

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
Novel therapies are required for the treatment of metastatic renal cell carcinoma (RCC), which is associated with inoperable disease and patient death. Histone deacetylases (HDACs) are epigenetic modifiers and potential drug targets. Additional information on molecular pathways that are altered by histone deacetylase inhibitors (HDACi) in RCC cells is warranted. It should equally be delineated further which individual members of the 18 mammalian HDACs determine the survival and tumor-associated gene expression programs of such cells. Most importantly, an ongoing dispute whether HDACi promote or suppress metastasis-associated epithelial-to-mesenchymal transition (EMT) has to be resolved before HDACi are considered further as clinically relevant drugs. Here we show how HDACi affect murine and primary human RCC cells. We find that these agents induce morphological alterations resembling the metastasis-associated EMT. However, individual and proteomics-based analyses of epithelial and mesenchymal marker proteins and of EMT-associated transcription factors (EMT-TFs) reveal that HDACi do not trigger EMT. Pathway deconvolution analysis identifies reduced proliferation and apoptosis induction as key effects of HDACi. Furthermore, these drugs lead to a reduction of the cell adhesion molecule E-cadherin and of the platelet-derived growth factor receptor-β (PDGFRβ), which is a key driver of RCC metastasis formation. Accordingly, HDACi reduce the pulmonary spread of syngeneic transplanted renal carcinoma cells in mice. Specific genetic elimination of the histone deacetylases HDAC1/HDAC2 reflects the effects of pharmacological HDAC inhibition regarding growth suppression, apoptosis, and the downregulation of E-cadherin and PDGFRβ. Thus, these epigenetic modifiers are non-redundant gatekeepers of cell fate and precise pharmacological targets.
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204_2018_2229_MOESM1_ESM.tif
Supplementary material 1 Morphological changes in Renca cells upon HDACi treatment. Renca cells were treated with the indicated concentrations of VPA (mM) and MS-275 (µM) for 24–48 h and analyzed for morphological changes with phase-change light microscopy. Images are representative for four independent experiments. Shown are the same, complete pictures of Fig. 1B. (TIF 25509 KB)


204_2018_2229_MOESM2_ESM.tif
Supplementary material 2 Regulation of EMT associated factors. (A) Renca cells were treated with the indicated concentrations of MS-275 (µM) for 24–48 h. Four independent replicates were analyzed for global protein expression by label-free quantitation (LFQ) via mass spectrometry. Heatmap lists changes in LFQ expression levels of the indicated proteins. (B) Renca cells were treated with the indicated concentrations of MS-275 (µM) for 24–48 h. Four independent replicates were analyzed for global protein expression by label-free quantitation (LFQ) via mass spectrometry. Heatmap lists changes in LFQ expression levels of the indicated proteins. (C) Renca cells were treated with 1.5 and 5 µM MS-275 for 24–48 h and independent triplicates were analyzed for quantitative mRNA expression of Cdh1 encoding E-cadherin by qPCR. Graph shows mean ± SD (n = 3); one-way ANOVA; Dunnett multiple comparisons test; **P<0.01) (TIF 25509 KB)


204_2018_2229_MOESM3_ESM.tif
Supplementary material 3 HDACi reduce proliferation of Renca cells in vitro. (A) Graph depicts percentage of cells in S phase and G2 phase of Fig. 4c. (n = 4; one-way ANOVA; Dunnett multiple comparisons test; *P <0.05, ***P <0.001, ****P  <0.0001). (B) Representative pictures for quantification of Giemsa staining in Fig. 4 F (TIF 25509 KB)


204_2018_2229_MOESM4_ESM.tif
Supplementary material 4 Quantification of HDAC1 and HDAC2 expression and morphological changes in Renca cells transfected with siRNAs against HDAC1 and HDAC2. (A) Densitometric analysis of HDAC1 levels detected by Western blot in Fig. 7a. Data were normalized to the respective loading controls. Results display relative amount of HDAC1 as mean ± SD (n = 3). (B) Densitometric analysis of HDAC2 levels detected by Western blot in Fig. 7a. Data were normalized to the respective loading controls. Results display relative amount of HDAC2 as mean ± SD (n = 3). (C) Cells were transfected with siRNAs against HDAC1 and HDAC2 and analyzed for morphological changes with phase-change light microscopy. Images are representative for three independent experiments. Shown are the same, complete pictures of Fig. 7b (TIF 25509 KB)
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Supplementary material 5 Table S1 Primer sequences for qPCR analyses shown in Fig. 3a, b and Supplemental Figure S2C (PDF 19 KB)
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Supplementary material 7 (PDF 581 KB)
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Supplementary material 6 Table S2 Complete raw data set acquired by mass-spectrometry showing global protein expression (as log2 LFQ values) of Renca cells in response to 24–48 h treatment with 1.5 and 5 µM MS-275. (XLSX 107 KB)
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