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    Abstract

        Noncholinergic neurons contribute to innate airway defenses by releasing vasoactive intestinal peptides (VIP), which stimulates the submucosal glands to produce a bicarbonate-rich fluid containing mucins and antimicrobial factors. VIP elevates cAMP and activates cystic fibrosis transmembrane conductance regulator (CFTR) channels; however, its effects on surface expression have not been investigated. We studied CFTR levels in the apical membrane of polarized Calu-3 cell monolayers, a widely used model for submucosal gland serous cells. Biotinylation during VIP exposure revealed a significant increase in apical CFTR within 10 min, which reached a maximal 3.3-fold increase after 30 min. Total CFTR content of cell lysates was not altered during this time period; therefore, the increase in surface CFTR reflects redistribution from intracellular pools. Internalization assays revealed that apical accumulation was due, at least in part, to a reduction in the rate of CFTR endocytosis. VIP-induced accumulation of apical CFTR was mimicked by phorbol ester but not by forskolin, and it was blocked by the protein kinase (PK)C inhibitors bisindolylmaleimide X (BisX) or chelerythrine chloride but not by the PKA inhibitor N-[2-(p-bromocinnamylamino)ethyl]-5-isoquinolinesulfonamide dihydrochloride (H89). Increases in surface expression were paralleled by enhanced iodide effluxes during cAMP stimulation. BisX inhibition of VIP responses was abrogated when monolayers were pretreated with tannic acid to inhibit endosome recycling. Thus, PKC increases the surface expression of CFTR channels in addition to potentiating their responsiveness to PKA phosphorylation. Integrated regulation through multiple signaling pathways may be a common feature of VIP and other physiological secretagogues.

      
Footnotes
	
        This work was supported by grants from the Canadian Institutes of Health Research (CIHR)/Nova Scotia Health Research Foundation Regional Partnership and Dalhousie Medical Research Foundation (to V.C.) and by grants from the Canadian Cystic Fibrosis Foundation (to J.W.H. and V.C.). V.C. is a CIHR scholar.

      
	
        Parts of this work were previously presented as follows: Chappe V (2006) VIP increases insertion of active CFTR channels in the apical membrane of Calu-3 cells by stimulating PKC signaling pathway. 20th Annual North American Cystic Fibrosis Conference; Denver, CO. Cystic Fibrosis Foundation.

      
	
        Article, publication date, and citation information can be found at http://jpet.aspetjournals.org.

      
	
        doi:10.1124/jpet.108.141143.

      
	
        ABBREVIATIONS: CFTR, cystic fibrosis transmembrane conductance regulator; R, regulatory; PK, protein kinase; VIP, vasoactive intestinal peptide; sulfo-NHS-SS-biotin, sulfosuccinimidyl 2-(biotinamido)-ethyl-1,3-dithiopropionate; BisX, bisindolylmaleimide X; ChCl, chelerythrine chloride; PMA, phorbol 12-myristate 13-acetate; H89, N-[2-(p-bromocinnamylamino)ethyl]-5-isoquinolinesulfonamide dihydrochloride; cpt-cAMP, 8-(4-chlorophenylthio) adenosine-3′,5′-cyclic monophosphosphate; IBMX, 3-isobutyl-1-methylxanthine; CFTRinh172, 3-[(3-trifluoromethyl)phenyl]-5-[(4-carboxyphenyl)methylene]-2-thioxo-4-thiazolidinone; Gö6976, 12-(2-cyanoethyl)-6,7,12,13-tetrahydro-13-methyl-5-oxo-5H-indolo(2,3-a)-pyrrolo(3,4-c)-carbazole.

      
	
        
        ↵1 Current affiliation: Department of Anaesthesiology, Pharmacology and Therapeutics, University of British Columbia, Vancouver, British Columbia, Canada.

      
		Received May         14, 2008.
	Accepted July         18, 2008.




	The American Society for Pharmacology and Experimental Therapeutics



View Full Text
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    
  
      
  
    	
			JPET articles become freely available 12 months after publication, and remain freely available for 5 years. 


			Non-open access articles that fall outside this five year window are available only to institutional subscribers and current ASPET members, or through the article purchase feature at the bottom of the page. 


			 


				Click here for information on institutional subscriptions.
	Click here for information on individual ASPET membership.


			



 

  




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




Purchase access
You may purchase access to this article. This will require you to create an account if you don't already have one.

  


  
  



			

		

	
	
 	
	
	


  


  
  



  





  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      [image: Journal of Pharmacology and Experimental Therapeutics: 389 (1)]

  
  
      
      
          Journal of Pharmacology and Experimental Therapeutics      
      
        	Vol. 389, Issue 1 1 Apr 2024 


      
      
        		Table of Contents
	Table of Contents (PDF)
	About the Cover
	Index by author
	Editorial Board (PDF)
	Front Matter (PDF)




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for sharing this Journal of Pharmacology and Experimental Therapeutics article.
NOTE: We request your email address only to inform the recipient that it was you who recommended this article, and that it is not junk mail. We do not retain these email addresses.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Vasoactive Intestinal Peptide Increases Cystic Fibrosis Transmembrane Conductance Regulator Levels in the Apical Membrane of Calu-3 Cells through a Protein Kinase C-Dependent Mechanism



  Message Subject 
 (Your Name) has forwarded a page to you from Journal of Pharmacology and Experimental Therapeutics



  Message Body 
 (Your Name) thought you would be interested in this article in Journal of Pharmacology and Experimental Therapeutics.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
      Research ArticleCELLULAR AND MOLECULAR

  
  
      Vasoactive Intestinal Peptide Increases Cystic Fibrosis Transmembrane Conductance Regulator Levels in the Apical Membrane of Calu-3 Cells through a Protein Kinase C-Dependent Mechanism
  
    	 Frédéric Chappe, Matthew E. Loewen, John W. Hanrahan and Valérie Chappe


  
    	Journal of Pharmacology and Experimental Therapeutics October 1, 2008,  327 (1) 226-238; DOI: https://doi.org/10.1124/jpet.108.141143 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
        

    
  
  
    
  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
      Research ArticleCELLULAR AND MOLECULAR

  
  
      Vasoactive Intestinal Peptide Increases Cystic Fibrosis Transmembrane Conductance Regulator Levels in the Apical Membrane of Calu-3 Cells through a Protein Kinase C-Dependent Mechanism
  
    	 Frédéric Chappe, Matthew E. Loewen, John W. Hanrahan and Valérie Chappe


  
    	Journal of Pharmacology and Experimental Therapeutics October 1, 2008,  327 (1) 226-238; DOI: https://doi.org/10.1124/jpet.108.141143 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: Mendeley logo]
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Materials and Methods
	Results
	Discussion
	Footnotes
	References



	Figures & Data
	Info & Metrics
	eLetters
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles


 Cited By...


 More in this TOC Section
	
  
  
  
  
      N-Acetylcysteine Effects on Mouse Pre–B-ALL Progression  
  
  
  
  




	
  
  
  
  
      Effect of CBG and EAA on UVA-Irradiated Keratinocytes  
  
  
  
  




	
  
  
  
  
      Detecting Cancer-Immune Intercellular Interactions  
  
  
  
  






Show more Cellular and Molecular

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    Advertisement



  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    

	Home
	Alerts




Facebook   Twitter   LinkedIn   RSS
  




  


  
  



  

  
    
  
        Navigate

    
  
  
    	Current Issue
	Fast Forward by date
	Fast Forward by section
	Latest Articles
	Archive
	Search for Articles
	Feedback
	ASPET

  


  
  



  

  
    
  
        More Information

    
  
  
    	About JPET
	Editorial Board
	Instructions to Authors
	Submit a Manuscript
	Customized Alerts
	RSS Feeds
	Subscriptions
	Permissions
	Terms & Conditions of Use

  


  
  



  

  
    
  
        ASPET's Other Journals

    
  
  
    	Drug Metabolism and Disposition
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives

  


  
  



  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    ISSN 1521-0103 (Online)


Copyright © 2024 by the American Society for Pharmacology and Experimental Therapeutics

  




  


  
  



  



    

  


  


  

  
    
  
      







  