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                    Abstract
Induction of cytochrome P450 2E1 (CYP2E1) by ethanol appears to be one of the central pathways by which ethanol generates a state of oxidative stress. Glutathione (GSH) is critical in preserving the proper cellular redox balance and for its role as a cellular protectant. The goal of the present study was to characterize the GSH homeostasis in human hepatocarcinoma cells (HepG2-E47 cells) that overexpress CYP2E1. Toxicity in the E47 cells was markedly enhanced after GSH depletion by buthionine sulfoximine (BSO) treatment. The antioxidant trolox partially prevented the apoptosis and necrosis, while diallylsulfide, a CYP2E1 inhibitor, was fully protective. Damage to mitochondria appears to play a role in the CYP2E1- and BSO-dependent toxicity. CYP2E1-overexpressing cells showed increases in total GSH levels, GSH synthetic rate and in γ-glutamylcysteine synthetase (GCS) mRNA. This GCS increase was due to transcriptional activation of the GCS gene and could be blocked by certain antioxidants. Activity, protein and mRNA levels for other antioxidants such as catalase, α- and microsomal glutathione transferases were also increased in the E47 cells. Up-regulation of these antioxidant genes may reflect an adaptive mechanism to remove CYP2E1-derived oxidants. These oxidants are diffusable and were able to elevate collagen type I protein in a co-culture system consisting of the E47 cells + rat hepatic stellate cells. Such interactions between CYP2E1, mitochondria and altered GSH homeostasis, and elevation of collagen levels, may play a role in alcohol-induced liver injury.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Nrf2 and Antioxidant Defense Against CYP2E1 Toxicity
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2013
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Oxidative stress caused by a SOD1 deficiency ameliorates thioacetamide-triggered cell death via CYP2E1 inhibition but stimulates liver steatosis
                                        
                                    

                                    
                                        Article
                                        
                                         27 June 2016
                                    

                                

                                Takaya Shirato, Takujiro Homma, … Junichi Fujii

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        CYP2E1- and TNFalpha/LPS-Induced Oxidative Stress and MAPK Signaling Pathways in Alcoholic Liver Disease
                                        
                                    

                                    
                                        Article
                                        
                                         01 October 2015
                                    

                                

                                Arthur I. Cederbaum

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bedossa P, Houglum K, Trautwien C, Holstege A, Chojkier M. Stimulation of collagen α1(1) gene expression is associated with lipid peroxidation in hepatocellular injury. Hepatology 19:1262–1271;1994.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bell LC, Guengerich FP. Oxidation kinetics of ethanol by human cytochrome P4502E1. J Biol Chem 272:29643–29651;1997.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bondy SC. Ethanol toxicity and oxidative stress. Toxicol Lett 63:231–241;1992.
PubMed 
    
                    Google Scholar 
                

	Brenner DA, Westwick J, Breindl M. Type I collagen gene regulation and the molecular pathogenesis of cirrhosis. Am J Physiol 264:G589-G595;1993.
PubMed 
    
                    Google Scholar 
                

	Castillo T, Koop DR, Kamimura S, Triadafilopoulos G, Tsukamoto H. Role of cytochrome P4502E1 in ethanol-, carbon tetrachloride-, and iron-dependent microsomal lipid peroxidation. Hepatology 16:992–996;1992.
PubMed 
    
                    Google Scholar 
                

	Cederbaum AI. Microsomal generation of reactive oxygen species and their possible role in alcohol hepatotoxicity. Alcohol Alcohol Suppl 1:291–296;1991.
PubMed 
    
                    Google Scholar 
                

	Chen Q, Galleano M, Cederbaum AI. Cytotoxicity and apoptosis produced by arachidonic acid in HepG2 cells overexpressing human cytochrome P450 2E1. J Biol Chem 272:14532–14541;1997.
PubMed 
    
                    Google Scholar 
                

	Chen Q, Cederbaum AI. Cytotoxicity and apoptosis produced by cytochrome P450 2E1 in Hep G2 cells. Mol Pharmacol 53:638–648;1998.
PubMed 
    
                    Google Scholar 
                

	Colell A, García-Ruiz C, Miranda M, Ardite E, Marí M, Morales A, Corrales F, Kaplowitz N, Fernández-Checa JC. Selective glutathione depletion of mitochondria by ethanol sensitizes hepatocytes to tumor necrosis factor. Gastroenterology 115:1541–1551;1998.
PubMed 
    
                    Google Scholar 
                

	Dai Y, Rashba-Step J, Cederbaum AI. Stable transfection of human cytochrome P4502E1 in HepG2 cells: Characterization of catalytic activities and production of reactive oxygen intermediates. Biochemistry 32:6928–6937;1993.
PubMed 
    
                    Google Scholar 
                

	Dianzani MU. Lipid peroxidation in ethanol poisoning: A critical reconsideration. Alcohol Alcohol 20:161–173;1985.
PubMed 
    
                    Google Scholar 
                

	Emanus RK, Grunwald R, Lemasters JJ. Rhodamine 123 as a probe of transmembrane potential in isolated rat liver mitochondria. Biochim Biophys Acta 850:436–448;1986.
PubMed 
    
                    Google Scholar 
                

	Fernández-Checa JC, García-Ruiz C, Ookhtens M, Kaplowitz N. Impaired uptake of GSH by mitochondria from ethanol-fed rats. J Clin Invest 87:397–405;1991.
PubMed 
    
                    Google Scholar 
                

	Friedman SL. Molecular regulation of hepatic fibrosis, an integrated cellular response to tissue injury. J Biol Chem 275:2247–2250;2000.
Article 
    PubMed 
    
                    Google Scholar 
                

	Guengerich FP, Kim DH, Iwasaki M. Role of human cytochrome P450 IIE1 in the oxidation of many low molecular weight cancer suspects. Chem Res Toxicol 14:168–179;1990.

                    Google Scholar 
                

	Hampton MB, Orrenius S. Dual regulation of caspase activity by hydrogen peroxide: Implications for apoptosis. Febs Lett 414:552–556;1997.
Article 
    PubMed 
    
                    Google Scholar 
                

	Houglum K, Bedossa P, Chojkier M. TGFB1 and collagen-α(I) gene expression are increased in hepatic acinar zone 1 of rats with iron overload. Am J Physiol 267:G908-G913;1994.
PubMed 
    
                    Google Scholar 
                

	Iimuro Y, Bradford BU, Yashamina S, Rusyn I, Nakagami M, Enomoto N, Kono H, Frey W, Forman D, Brenner D, Thurman RG. The glutathione precursor L-2-oxothiazolidine-4 carboxylic acid protects against liver injury due to chronic enteral ethanol exposure in the rat. Hepatology 31:391–398;2000.
PubMed 
    
                    Google Scholar 
                

	Kim Y, Ratziu V, Choi SG, Lalazar A, Theiss G, Kim SJ, Friedman SL. Transcriptional activation of TGFB1 and its receptor by the Kruppel-like factor Zf9/CPBP and Sp1: Potential mechanisms for autocrine fibrogenesis in response to injury. J Biol Chem 273:33750–33758;1998.
Article 
    
                    Google Scholar 
                

	Koop DR. Oxidative and reductive metabolism by cytochrome P4502E1. FASEB J 6:724–730;1992.
PubMed 
    
                    Google Scholar 
                

	Lemasters JJ, Qian T, Bradham CA, Brenner DA, Cascion WE, Trost LC, Nishimura Y, Nieminen AL, Herman B. Mitochondrial dysfunction in the pathogenesis of necrotic and apoptotic cell death. J Bioenerg Biomembr 31:305–319;1999.
Article 
    PubMed 
    
                    Google Scholar 
                

	Li YZ, Li CJ, Pinto AV, Pardee AB. Release of mitochondria cytochrome C in both apoptosis and necrosis induced by beta-lupachone in human carcinoma cells. Mol Med 5:232–239;1999.
PubMed 
    
                    Google Scholar 
                

	Lu SC. Regulation of hepatic glutathione synthesis: Current concepts and controversies. FASEB J 13:1169–1183;1999.
PubMed 
    
                    Google Scholar 
                

	Lu SC, Huang AA, Yang JM, Tsukamoto H. Effects of ethanol and high fat feeding on hepatic γ-glutamylcysteine synthetase subunit expression in the rat. Hepatology 30:209–214;1999.
Article 
    PubMed 
    
                    Google Scholar 
                

	Mari M, Cederbaum AI. CYP2E1 overexpression in HepG2 cells induces glutathione synthesis by transcriptional activation of γ-glutamylcysteine synthetase. J Biol Chem 275:15563–15571;2000.
PubMed 
    
                    Google Scholar 
                

	Morimoto M, Zern MA, Hagbjork AL, Ingelman-Sundberg M, French SW. Fish oil, alcohol, and liver pathology: Role of cytochrome P450 2E1. Proc Soc Exp Biol Med 207:197–205;1994.
PubMed 
    
                    Google Scholar 
                

	Morton S, Mitchell MC. Effects of chronic ethanol feeding on glutathione turnover in the rat. Biochem Pharmacol 34:1559–1563;1985.
Article 
    PubMed 
    
                    Google Scholar 
                

	Nanji AA, Zhao S, Sadrzadeh SMH, Danneenberg AJ, Tahan SR, Waxman DJ. Markedly enhanced cytochrome P4502E1 induction and lipid peroxidation is associated with severe liver injury in fish oil-ethanol-fed rats. Alcohol Clin Exp Res 18:1280–1285;1994.
PubMed 
    
                    Google Scholar 
                

	Nieto N, Friedman SL, Greenwel P, Cederbaum AI. CYP2E1-mediated oxidative stress induces collagen type I expression in rat hepatic stellate cells. Hepatology 30:987–996;1999.
Article 
    PubMed 
    
                    Google Scholar 
                

	Nieto N, Greenwel P, Friedman SL, Zhang F, Dannenberg AJ, Cederbaum AI. Ethanol and arachidonic acid increase a2[1] collagen expression in rat hepatic stellate cells overexpressing cytochrome P450 2E1. J Biol Chem 275:20136–20145;2000.
PubMed 
    
                    Google Scholar 
                

	Oh SI, Kim CI, Chun HJ, Park SC. Chronic ethanol consumption affects glutathione status in rat liver. J Nutr 128:758–763;1998.
PubMed 
    
                    Google Scholar 
                

	Samali A, Nordgren H, Zhivotovsky B, Peterson E, Orrenius S. A comparative study of apoptosis and necrosis in HepG2 cells: Oxidant-induced caspase inactivation leads to necrosis. Biochem Biophys Res Commun 255:6–11;1999.
Article 
    PubMed 
    
                    Google Scholar 
                

	Speisky H, MacDonald A, Giles G, Orrego H, Israel Y. Increased loss and decreased synthesis of hepatic glutathione after acute ethanol administration. Biochem J 225:565–572;1985.
PubMed 
    
                    Google Scholar 
                

	Wu D, Cederbaum AI. Ethanol toxicity to transfected HepG2 cells expressing human cytochrome P450 2E1. J Biol Chem 271:23914–23919;1996.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yang CS, Yoo JSH, Ishizaki H, Hong J. Cytochrome P450IIE1: Roles in nitrosamine metabolism and mechanism of regulation. Drug Metab Rev 22:147–159;1990.
PubMed 
    
                    Google Scholar 
                

	Zoratti M, Szabo I. Mitochondrial permeability transition. Biochim Biophys Acta 1241:139–176;1995.
PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Biochemistry and Molecular Biology, Mount Sinai School of Medicine, Box 1020, 10029, New York, NY, USA
Montserrat Marí, Defeng Wu, Natalia Nieto & Arthur I. Cederbaum


Authors	Montserrat MaríView author publications
You can also search for this author in
                        PubMed Google Scholar



	Defeng WuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Natalia NietoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Arthur I. CederbaumView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Marí, M., Wu, D., Nieto, N. et al. CYP2E1-dependent toxicity and up-regulation of antioxidant genes.
                    J Biomed Sci 8, 52–58 (2001). https://doi.org/10.1007/BF02255971
Download citation
	Issue Date: January 2001

	DOI: https://doi.org/10.1007/BF02255971


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Key words
	CYP2E1
	Glutathione
	Antioxidants
	Toxicity
	HepG2 cells
	Stellate cells
	Collagen type I








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.236.90.211
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    