





    
  Skip to main content
  




  

    

      
        
          
              
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

          

        

      


      
        
              

      
        
          
                       

         

      

     
    
      
        
          [image: BMJ Journals]

                  

      

      
                  
            
                
    

    
  
    	Subscribe
	Log In 
More
	

    
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    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?




  


  
  



  



  






	Basket 
	Search 
More
	

    
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 






  


  
  



  
      
  
  
    Advanced search  


  
  



  



  







  



  

            

          

                

    
        
      
                [image: Annals of the Rheumatic Diseases]
      

            
          
    

    
  
    	Latest content
	Current issue
	Archive
	Authors
	About
	Podcasts

  





    
  
    
  
    
  
        

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 






  


  
  



  
      
  
  
    Advanced search  


  
  



  



  


  
  


  
        

    
  
  
    	 Close
More
	

    
  
    
  
    
  
        Main menu

    
  
  
    
  	Latest content
	Current issue
	Archive
	Authors
	About
	Podcasts



  


  
  



  



  






	Subscribe
	Log in 
More
	

    
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    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?




  


  
  



  



  






	BMJ Journals

  


  
  




  



  



  

      

          

          
  
        
      
        
          You are here
	Home
	Archive
	Volume 79, Issue 2 
	Adenosine deaminase 2 as a biomarker of macrophage activation syndrome in systemic juvenile idiopathic arthritis


        

       
      
          
            Email alerts
          
        

      

          

            
          
        
          
            
                                                                                                  
    

    
  
    
    
    
    
      
        
  
      
  
  
    
    
  
    
    
      
        
  
      
  
  
    Article Text
  


  
  



      

    

    
    
      
        
  
      
  
  
    Article menu 
  


  
  



      

    

  
  
   
  
  


  


  
  



      

    

  
  
   
    
  
    
    
      
        
  
      
  
  
    	Article 
Text
	Article 
info
	Citation 
Tools
	Share
	Rapid Responses
	Article 
metrics
	Alerts


  


  
  



      

    

    
    
      
        
  
      
  
  
    [image: Download PDF]PDF  


  
  



  
      
  
  
    Paediatric rheumatology


  


  
  



  
      
  
  
    
      Adenosine deaminase 2 as a biomarker of macrophage activation syndrome in systemic juvenile idiopathic arthritis
        
  

  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    	http://orcid.org/0000-0002-5779-4193Pui Y Lee1,2, 
	Grant S Schulert3,4, 
	Scott W Canna5, 
	Yuelong Huang2, 
	Jacob Sundel2, 
	Ying Li2, 
	Kacie J Hoyt1, 
	Rachel B Blaustein2, 
	Alexandra Wactor2, 
	Thuy Do3, 
	Olha Halyabar1, 
	Margaret H Chang1, 
	Fatma Dedeoglu1, 
	Siobhan M Case1, 
	Esra Meidan1, 
	Mindy S Lo1, 
	Robert P Sundel1, 
	Edward T Richardson6, 
	Jane W Newburger7, 
	Michael S Hershfield8, 
	Mary Beth Son1, 
	Lauren A Henderson1, 
	https://orcid.org/0000-0002-2126-3702Peter A Nigrovic1,2

	[bookmark: aff-1]
1
Division of Immunology, Boston Children's Hospital, Harvard Medical School, Boston, Massachusetts, USA


	[bookmark: aff-2]
2
Division of Rheumatology, Immunology and Allergy, Brigham and Women's Hospital, Boston, MA, United States


	[bookmark: aff-3]
3
Division of Rheumatology, Cincinnati Children's Hospital Medical Center, Cincinnati, OH, United States


	[bookmark: aff-4]
4
Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH, United States


	[bookmark: aff-5]
5
RK Mellon Institute for Pediatric Research, Pittsburg, PA, United States


	[bookmark: aff-6]
6
Department of Pathology, Brigham and Women’s Hospital, Boston, MA, United States


	[bookmark: aff-7]
7
Department of Cardiology, Boston Children's Hospital, Boston, MA, United States


	[bookmark: aff-8]
8
Department of Medicine and Biochemistry, Duke University School of Medicine, Durham, NC, United States



	Correspondence to
 Dr Pui Y Lee, Boston Children s Hospital, Boston, Massachusetts, USA; pui.lee{at}childrens.harvard.edu; Dr Peter A Nigrovic; pnigrovic{at}bwh.harvard.edu





  


  
  



  
      
  
  
    Abstract
Objective Macrophage activation syndrome (MAS) is a life-threatening complication of systemic juvenile idiopathic arthritis (sJIA) characterised by a vicious cycle of immune amplification that can culminate in overwhelming inflammation and multiorgan failure. The clinical features of MAS overlap with those of active sJIA, complicating early diagnosis and treatment. We evaluated adenosine deaminase 2 (ADA2), a protein of unknown function released principally by monocytes and macrophages, as a novel biomarker of MAS.

Methods We established age-based normal ranges of peripheral blood ADA2 activity in 324 healthy children and adults. We compared these ranges with 173 children with inflammatory and immune-mediated diseases, including systemic and non-systemic JIA, Kawasaki disease, paediatric systemic lupus erythematosus and juvenile dermatomyositis.

Results ADA2 elevation beyond the upper limit of normal in children was largely restricted to sJIA with concomitant MAS, a finding confirmed in a validation cohort of sJIA patients with inactive disease, active sJIA without MAS or sJIA with MAS. ADA2 activity strongly correlated with MAS biomarkers including ferritin, interleukin (IL)-18 and the interferon (IFN)-γ-inducible chemokine CXCL9 but displayed minimal association with the inflammatory markers C reactive protein and erythrocyte sedimentation rate. Correspondingly, ADA2 paralleled disease activity based on serial measurements in patients with recurrent MAS episodes. IL-18 and IFN-γ elicited ADA2 production by peripheral blood mononuclear cells, and ADA2 was abundant in MAS haemophagocytes.

Conclusions These findings collectively identify the utility of plasma ADA2 activity as a biomarker of MAS and lend further support to a pivotal role of macrophage activation in this condition.
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