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    Abstract
Heart failure is a syndrome currently affecting almost one million people in the UK. Abnormal calcium handling is one the characteristic features of heart failure. The plasma membrane calcium pump (PMCA) is one of the calcium transporters in the cardiomyocytes. Two isoforms of PMCA, PMCA1 and 4, are expressed in the myocardium. Our group has shown previously that PMCA4 modulates the beta-adrenergic response in the heart through its interaction with nNOS. Currently, in order to elucidate the physiological importance of both PMCA isoforms in the modulation of cardiac contractility we generated mice carrying a genetic deletion of either PMCA1 or PMCA4.
Given that PMCA4 is a calcium extrusion pump it was unexpected that in vivo basal contractility was enhanced in PMCA4 KO mice (dP/dtmax in 8049±628 vs 6604±296 mmHg/s in KO and WT respectively, p<0.05, n=10). This enhanced contractility was imitated in WT mice by injecting the nNOS specific inhibitor (L-NPA). Ca2+ transients in cardiomyocytes from PMCA4 KO mice showed an increase in amplitude (298.8±24.3 nM calcium vs 492.2±28.2 nM calcium in WT and KO respectively; p<0.05, n=8) with no change in the rate of Ca2+ decay. Again, this phenotype was imitated by nNOS specific inhibition in WT adult CMC. Although, there is no difference in total nNOS protein expression between PMCA4 KO and WT, the nNOS localisation and activity at the sarcolemmal membrane was decreased by 52% in PMCA4 KO. Intracellular cardiac cGMP levels in PMCA4 KO were markedly decreased (619±16.7 fmol/mg protein in KO vs 713.4±24.2 fmol/mg protein in WT) suggesting that the phenotype was likely through nNOS modulation. Since the global deletion of PMCA1 is embryonic lethal, we generated PMCA1 cardiac-specific knockout mice (PMCA1cko) using Cre/LoxP technology. PMCA1cko showed a reduction in the rate of relaxation (logistic τ; 6.9±0.34 vs 5.8±0.29 ms in PMCA1cko and PMCA1flox/flox control respectively; p<0.05, n=11) without any change in cardiac contractility. On the contrary to PMCA4 KO, cardiomyocytes from PMCA1cko revealed a decreased rate of Ca2+ decay (τ, 0.201±0.009 vs 0.164±0.006 ms in PMCA1cko and PMCA1flox/flox respectively; p<0.05, n=16), while Ca2+ transient amplitude remained unchanged. The nNOS protein expression, localisation and activity in PMCA1cko mice were similar to those in PMCA1flox/flox.
In conclusion, our results suggest differential rather than redundant roles of the cardiac PMCAs. PMCA4 regulates cardiac signalling through modulation of membrane nNOS activity, while PMCA1 modulates fine tuning of diastolic calcium in the excitation-contraction coupling. The use of non-isoform-specific inhibitors in previous work was unable to detect these differential roles as the effects of PMCA1 and 4 inhibition cancel each other out, at least in part.

	PMCA
	cardiac contractility
	heart failure




  


  
  



  
      
  
  
    


  



  


  
  



  
      
  
  
    https://doi.org/10.1136/hrt.2010.195941.12

  


  
  



  
        Statistics from Altmetric.com

    
  
  
    
  


  
  



  
      
  
  
    


  


  
  



  
        Request Permissions

    
  
  
    If you wish to reuse any or all of this article please use the link below which will take you to the Copyright Clearance Center’s RightsLink service. You will be able to get a quick price and instant permission to reuse the content in many different ways.

  


  
  



  
        

    
  
  
    
  


  
  



  
      
  
  
    	PMCA
	cardiac contractility
	heart failure




  


  
  



  
      
  
  
    

  


  
  



  
        Read the full text or download the PDF:

    
  
  
    
  
    
  
    
    
      
        
  
      
  
  
      


  
  



      

    


    
      
        
  
      
  
  
    Subscribe  


  
  



      

    

    
    
      
        
  
      
  
  
    Log in   


  
  



  
      
  
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
Log in via BCS  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



  





  


  
  



  
        Read the full text or download the PDF:

    
  
  
    
  
    
  
    
    
      
        
  
      
  
  
      


  
  



      

    


    
      
        
  
      
  
  
    Subscribe  


  
  



      

    

    
    
      
        
  
      
  
  
    Log in   


  
  



  
      
  
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
Log in via BCS  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



      

      
    

    
    
      
        
  
      
  
  
      


  
  



      

    

  
  
   
    
    
    
      
        
  
      
  
  
    
  
      
  
     
          

          

          

          

          




  


  
  



      

    

  
  
   
  


  



  

          

        


        
        
      

    

   

 


    
    
      
          
    

    
  
    
  
    
  
      
  
  
    	[image: British Cardiovascular Society]

  


  
  



  



  



  

      

    

  
    
    
      
          
    

    
  
    
  	Content	Latest content
	Current issue
	Archive
	Browse by collection
	Most read articles
	Top cited articles
	Responses


	Journal	About
	Editorial board
	Sign up for email alerts
	Subscribe
	Education in heart
	Best Research Paper Award
	Thank you to our reviewers


	Authors	Instructions for authors
	Submit an article
	Editorial policies
	Open Access at BMJ
	BMJ Author Hub


	Help	Contact us
	Reprints
	Permissions
	Advertising
	Feedback form





  



  

      
            
        
            
    

    
  
    
  
    
  
      
  
  
    	 RSS
	 Twitter
	 Facebook
	 SoundCloud
	 YouTube

  


  
  



  



  



  

        
      

          

  
      
    
      
    

    
      
        	Website Terms & Conditions
	Privacy & Cookies
	Contact BMJ


        
        Cookie Settings
        
        Online ISSN: 1468-201XPrint ISSN: 1355-6037

        Copyright © 2023 BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved.

      

    

  
      
    
        
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

    

  

  
  


