
    
      Skip to main content
    

    


  
      


    
      
    
  
    
  
    
  
                
    
      Advertisement



  



    

  


  


  


  
  
    
  
    
  
                
    
      
  
    
  
        Main menu

    
  
  
    
  
    
  
      
  
  
    
  	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit



  


  
  



  
      
  
  
    
  	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET





  


  
  



  



  


  
  


  
        User menu

    
  
  
    
  
    
  
      
  
  
    
  	My alerts
	Log in
	 My Cart



  


  
  



  
      
  
  
    
  


  
  



  



  


  
  


  
        Search

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    	Advanced search

  


  
  



  



  


  
  




  



    

  



  
                
    
      
  
    
  
      
  
  
    [image: Molecular Pharmacology]  


  
  



  



    

  


  


  


  
      
  	    
  
    
  
                
    
      	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET




    

  


  



  
    
  
                
    
      
  
    
  
      
  
  
    
  


  
  


  
      
  
  
    	My alerts
	Log in
	 My Cart

  


  
  



  



    

  


  


  


  
  
    
  
        
            
        [image: Molecular Pharmacology]      

                

          



  
    
  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search
  


  
  



  



    

  


  


  

  
  
    
  
        
  
                
    
      	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit


    

  



  
                
    
      	 Visit molpharm on Facebook
	 Follow molpharm on Twitter
	 Follow molpharm on LinkedIn

    

  


  



  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
		
		
			
			  
  
      
  
  
    
  
  
      Research ArticleArticle

  
      

  
      Bcrp1;Mdr1a/b;Mrp2 Combination Knockout Mice: Altered Disposition of the Dietary Carcinogen PhIP (2-Amino-1-Methyl-6-Phenylimidazo[4,5-b]Pyridine) and Its Genotoxic Metabolites
  
    	 Maria L. H. Vlaming, Sebastiaan F. Teunissen, Evita van de Steeg, Anita van Esch, Els Wagenaar, Luc Brunsveld, Tom F. A. de Greef, Hilde Rosing, Jan H. M. Schellens, Jos H. Beijnen and Alfred H. Schinkel


  
    	Molecular Pharmacology March 2014,  85 (3) 520-530; DOI: https://doi.org/10.1124/mol.113.088823 

  
  
  


Maria L. H. Vlaming 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Sebastiaan F. Teunissen 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Evita van de Steeg 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Anita van Esch 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Els Wagenaar 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Luc Brunsveld 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Tom F. A. de Greef 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Hilde Rosing 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Jan H. M. Schellens 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Jos H. Beijnen 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Alfred H. Schinkel 
Divisions of Molecular Oncology (M.L.H.V., E.v.d.S., A.v.E., E.W., A.H.S.) and Clinical Pharmacology (J.H.M.S.), The Netherlands Cancer Institute, Amsterdam, The Netherlands; Division of Pharmacy & Pharmacology, Slotervaart Hospital, Amsterdam, The Netherlands (S.F.T., H.R., J.H.B.); Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands (L.B., T.F.A.d.G.); and Department of Pharmaceutical Sciences, Science Faculty, Utrecht University, Utrecht, The Netherlands (J.H.M.S., J.H.B.)

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    	Article
	Figures & Data
	Info & Metrics
	eLetters
	 PDF + SI
	 PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
The multidrug transporters breast cancer resistance protein (BCRP), multidrug-resistance protein 1 (MDR1), and multidrug-resistance–associated protein (MRP) 2 and 3 eliminate toxic compounds from tissues and the body and affect the pharmacokinetics of many drugs and other potentially toxic compounds. The food-derived carcinogen PhIP (2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine) is transported by BCRP, MDR1, and MRP2. To investigate the overlapping functions of Bcrp1, Mdr1a/b, and Mrp2 in vivo, we generated Bcrp1;Mdr1a/b;Mrp2−/− mice, which are viable and fertile. These mice, together with Bcrp1;Mrp2;Mrp3−/− mice, were used to study the effects of the multidrug transporters on the pharmacokinetics of PhIP and its metabolites. Thirty minutes after oral or intravenous administration of PhIP (1 mg/kg), the PhIP levels in the small intestine were reduced 4- to 6-fold in Bcrp1;Mdr1a/b;Mrp2−/ − and Bcrp1;Mrp2;Mrp3−/− mice compared with wild-type mice. Fecal excretion of PhIP was reduced 8- to 20-fold in knockouts. Biliary PhIP excretion was reduced 41-fold in Bcrp1;Mdr1a/b;Mrp2−/− mice. Biliary and small intestine levels of PhIP metabolites were reduced in Bcrp1;Mrp2-deficient mice. Furthermore, in both knockout strains, kidney levels and urinary excretion of genotoxic PhIP-metabolites were significantly increased, suggesting that reduced biliary excretion of PhIP and PhIP metabolites leads to increased urinary excretion of these metabolites and increased systemic exposure. Bcrp1 and Mdr1a limited PhIP brain accumulation. In Bcrp1;Mrp2;Mrp3−/−, but not Bcrp1;Mdr1a/b;Mrp−/− mice, the carcinogenic metabolites N2-OH-PhIP (2-hydroxyamino-1-methyl-6-phenylimidazo[4,5-b]pyridine) and PhIP-5-sulfate (a genotoxicity marker) accumulated in liver tissue, indicating that Mrp3 is involved in the sinusoidal secretion of these compounds. We conclude that Bcrp1, Mdr1a/b, Mrp2, and Mrp3 significantly affect tissue disposition and biliary and fecal elimination of PhIP and its carcinogenic metabolites and may affect PhIP-induced carcinogenesis as a result.
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