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                    Abstract
Purpose
Hereditary periodic fever syndromes have been considered monogenic diseases. However, some recent reports have described patients with co-existence of recurrent fever responsible genes. This study assessed whether a rare variant, found in Japanese children showing atypical autoinflammatory syndrome, located in the leucine-rich repeat domain of Nod-like receptor family, pyrin domain containing 3 (NLRP3) with co-existence of Mediterranean fever (MEFV) haplotype variants may contribute to a proinflammatory phenotype using a systematic approach.
Methods
Cytokine production in serum or from peripheral blood monocytes was measured by ELISA. DNA sequence analysis of genes including NLRP3, MEFV, mevalonate kinase (MVK), and tumor necrosis factor receptor superfamily, member 1A (TNFRSF1A) were performed on patient samples. In vitro functional assays determined the effects of the NLRP3 variants and pyrin using NF-κB activation and speck formation assays.
Results
A heterozygous genetic variant of NLRP3, G809S, was found in samples from both patients. Additionally the previously reported heterozygous MEFV variants (P369S-R408Q or E148Q-P369S-R408Q) were also detected in both patients. Serum IL-1ra and sTNFR1 levels increased in the attack phase of the disease in both patients. The production levels of IL-1β from monocytes isolated from both cases were elevated following LPS and IFN-γ stimulation. The NLRP3 G809S variant demonstrated no increase of NF-κB activity following monosodium urate stimulation, whereas it significantly increased speck formation by interacting with apoptosis-associated speck-like protein with caspase recruitment domain.
Conclusions
The phenotype of atypical autoinflammatory disease in patients could be modified by a synergistic effect with two other variants of autoinflammatory-associated genes.
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                    Abbreviations
	ASC:
	
                    Apoptosis-associated speck-like protein containing a CARD

                  
	CAPS:
	
                    Cryopyrin-associated periodic syndrome

                  
	CINCA:
	
                    Chronic infantile neurologic cutaneous, articular

                  
	FCAS:
	
                    Familial cold-induced autoinflammatory syndrome

                  
	FMF:
	
                    Familial Mediterranean fever

                  
	HEK:
	
                    Human embryonic kidney

                  
	IL:
	
                    Interleukin

                  
	
                    MEFV
                  :
	
                    Mediterranean fever

                  
	
                    MVK
                  :
	
                    Mevalonate kinase

                  
	MWS:
	
                    Muckle–Wells syndrome

                  
	MSU:
	
                    Monosodium urate

                  
	NBS:
	
                    Nucleotide-binding site

                  
	NLRP3:
	
                    Nod-like receptor family pyrin domain containing 3

                  
	NOMID:
	
                    Neonatal-onset multisystem inflammatory disease

                  
	PAMPs:
	
                    Pathogen-associated molecular patterns

                  
	PBMCs:
	
                    Peripheral blood mononuclear cells

                  
	
                    TNFRSF1A
                  :
	
                    Tumor necrosis factor receptor superfamily member 1A

                  
	TRAPS:
	
                    Tumor necrosis factor receptor-associated periodic syndrome

                  



References
	Drenth JP, van der Meer JW. Hereditary periodic fever. N Engl J Med. 2001;345:1748–57.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stojanov S, Kastner DL. Familial autoinflammatory diseases: genetics, pathogenesis and treatment. Curr Opin Rheumatol. 2005;17:586–99.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hoffman HM, Simon A. Recurrent febrile syndromes: what a rheumatologist needs to know. Nat Rev Rheumatol. 2009;5:249–56.
Article 
    PubMed 
    
                    Google Scholar 
                

	Milhavet F, Cuisset L, Hoffman HM, Slim R, El-Shanti H, Aksentijevich I, et al. The infevers autoinflammatory mutation online registry: update with new genes and functions. Hum Mutat. 2008;29:803–8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Manji GA, Wang L, Geddes BJ, Brown M, Merriam S, Al-Garawi A, et al. PYPAF1, a PYRIN-containing Apaf1-like protein that assembles with ASC and regulates activation of NF-kappa B. J Biol Chem. 2002;277:11570–5.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jeru I, Marlin S, Le Borgne G, Cochet E, Normand S, Duquesnoy P, et al. Functional consequences of a germline mutation in the leucine-rich repeat domain of NLRP3 identified in an atypical autoinflammatory disorder. Arthritis Rheum. 2010;62:1176–85.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Albrecht M, Domingues FS, Schreiber S, Lengauer T. Structural localization of disease-associated sequence variations in the NACHT and LRR domains of PYPAF1 and NOD2. FEBS Lett. 2003;554:520–8.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Aksentijevich I, Remmers EF, Goldbach-Mansky R, Reiff A, Kastner DL. Mutational analysis in neonatal-onset multisystem inflammatory disease: comment on the articles by Frenkel et al. and Saito et al. Arthritis Rheum. 2006;54:2703–4.
Article 
    PubMed 
    
                    Google Scholar 
                

	Ohnishi H, Teramoto T, Iwata H, Kato Z, Kimura T, Kubota K, et al. Characterization of NLRP3 Variants in Japanese Cryopyrin-Associated Periodic Syndrome Patients. J Clin Immunol. 2012;32:221–9.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dode C, Le Du N, Cuisset L, Letourneur F, Berthelot JM, Vaudour G, et al. New mutations of CIAS1 that are responsible for Muckle-Wells syndrome and familial cold urticaria: a novel mutation underlies both syndromes. Am J Hum Genet. 2002;70:1498–506.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Matsubayashi T, Sugiura H, Arai T, Oh-Ishi T, Inamo Y. Anakinra therapy for CINCA syndrome with a novel mutation in exon 4 of the CIAS1 gene. Acta Paediatr. 2006;95:246–9.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yu JW, Wu J, Zhang Z, Datta P, Ibrahimi I, Taniguchi S, et al. Cryopyrin and pyrin activate caspase-1, but not NF-kappaB, via ASC oligomerization. Cell Death Differ. 2006;13:236–49.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kambe N, Satoh T, Tanizaki H, Fujisawa A, Saito MK, Nishikomori R. Enhanced NF-kappaB activation with an inflammasome activator correlates with activity of autoinflammatory disease associated with NLRP3 mutations outside of exon 3: comment on the article by Jeru et al. Arthritis Rheum. 2010;62(10):3123–4.
Article 
    PubMed 
    
                    Google Scholar 
                

	Hoffman HM, Scott P, Mueller JL, Misaghi A, Stevens S, Yancopoulos GD, et al. Role of the leucine-rich repeat domain of cryopyrin/NALP3 in monosodium urate crystal-induced inflammation in mice. Arthritis Rheum. 2010;62:2170–9.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hugot JP, Chamaillard M, Zouali H, Lesage S, Cezard JP, Belaiche J, et al. Association of NOD2 leucine-rich repeat variants with susceptibility to Crohn’s disease. Nature. 2001;411:599–603.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, Ramos R, et al. A frameshift mutation in NOD2 associated with susceptibility to Crohn’s disease. Nature. 2001;411:603–6.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rivas MA, Beaudoin M, Gardet A, Stevens C, Sharma Y, Zhang CK, et al. Deep resequencing of GWAS loci identifies independent rare variants associated with inflammatory bowel disease. Nat Genet. 2011;43:1066–73.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ayesh S, Abu-Rmaileh H, Nassar S, Al-Shareef W, Abu-Libdeh B, Muhanna A, et al. Molecular analysis of MEFV gene mutations among Palestinian patients with Behcet’s disease. Scand J Rheumatol. 2008;37:370–4.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ryan JG, Masters SL, Booty MG, Habal N, Alexander JD, Barham BK, et al. Clinical features and functional significance of the P369S/R408Q variant in pyrin, the familial Mediterranean fever protein. Ann Rheum Dis. 2010;69:1383–8.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Shimizu M, Tone Y, Toga A, Yokoyama T, Wada T, Toma T, et al. Colchicine-responsive chronic recurrent multifocal osteomyelitis with MEFV mutations: a variant of familial Mediterranean fever? Rheumatology (Oxford). 2010;49:2221–3.
Article 
    CAS 
    
                    Google Scholar 
                

	Matsuda M, Kishida D, Tsuchiya-Suzuki A, Fukushima K, Shimojima Y, Yazaki M, et al. Periodic peritonitis due to familial Mediterranean fever in a patient with systemic lupus erythematosus. Intern Med. 2010;49:2259–62.
Article 
    PubMed 
    
                    Google Scholar 
                

	Chae JJ, Cho YH, Lee GS, Cheng J, Liu PP, Feigenbaum L, et al. Gain-of-function Pyrin mutations induce NLRP3 protein-independent interleukin-1beta activation and severe autoinflammation in mice. Immunity. 2011;34:755–68.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Dowds TA, Masumoto J, Chen FF, Ogura Y, Inohara N, Nunez G. Regulation of cryopyrin/Pypaf1 signaling by pyrin, the familial Mediterranean fever gene product. Biochem Biophys Res Commun. 2003;302:575–80.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Papin S, Cuenin S, Agostini L, Martinon F, Werner S, Beer HD, et al. The SPRY domain of Pyrin, mutated in familial Mediterranean fever patients, interacts with inflammasome components and inhibits proIL-1beta processing. Cell Death Differ. 2007;14:1457–66.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Singh-Grewal D, Chaitow J, Aksentijevich I, Christodoulou J. Coexistent MEFV and CIAS1 mutations manifesting as familial Mediterranean fever plus deafness. Ann Rheum Dis. 2007;66:1541.
Article 
    PubMed 
    
                    Google Scholar 
                

	Touitou I, Perez C, Dumont B, Federici L, Jorgensen C. Refractory auto-inflammatory syndrome associated with digenic transmission of low-penetrance tumour necrosis factor receptor-associated periodic syndrome and cryopyrin-associated periodic syndrome mutations. Ann Rheum Dis. 2006;65:1530–1.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Verma D, Lerm M, Blomgran Julinder R, Eriksson P, Soderkvist P, Sarndahl E. Gene polymorphisms in the NALP3 inflammasome are associated with interleukin-1 production and severe inflammation: relation to common inflammatory diseases? Arthritis Rheum. 2008;58:888–94.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
We thank the members of the families who agreed to participate in the study. We thank Dr. Ozaki T for the initial treatment of case 2. We thank K. Kasahara and M. Yamamoto for their technical help. This work was supported by Grants-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science and Technology of Japan, and by Health and Labour Science Research Grants for Research on Intractable Diseases from the Ministry of Health, Labour and Welfare.

                Conflict of Interest

                The authors have declared no conflicts of interest.

              

Author information
Authors and Affiliations
	Department of Pediatrics, Graduate School of Medicine, Gifu University, 1-1 Yanagido, Gifu, 501-1194, Japan
Kazuo Kubota, Hidenori Ohnishi, Takahide Teramoto, Eiko Matsui, Zenichiro Kato & Naomi Kondo

	Department of Dermatology, Graduate School of Medicine, Gifu University, Gifu, Japan
Kana Murase, Hiroyuki Kanoh & Mariko Seishima

	Department of Clinical Research, Nagara Medical Center, Gifu, Japan
Hideo Kaneko


Authors	Kazuo KubotaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hidenori OhnishiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Takahide TeramotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eiko MatsuiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kana MuraseView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hiroyuki KanohView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zenichiro KatoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hideo KanekoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mariko SeishimaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Naomi KondoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hidenori Ohnishi.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Kubota, K., Ohnishi, H., Teramoto, T. et al. In Vitro Analysis of the Functional Effects of an NLRP3 G809S Variant with the co-Existence of MEFV Haplotype Variants in Atypical Autoinflammatory Syndrome.
                    J Clin Immunol 33, 325–334 (2013). https://doi.org/10.1007/s10875-012-9805-x
Download citation
	Received: 24 July 2012

	Accepted: 17 September 2012

	Published: 27 September 2012

	Issue Date: February 2013

	DOI: https://doi.org/10.1007/s10875-012-9805-x


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
                        


Keywords
	NLRP3
	leucine-rich repeat domain
	autoinflammatory disease
	ASC








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.237.17.92
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    