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                    Abstract
Angiotensin II (AngII) induces the development of vascular hypertrophy and hypertension. We have shown previously that overexpression of class III deacetylase SIRT1 inhibits AngII-induced hypertrophy in vascular smooth muscle cells (VSMCs). However, the direct role of SIRT1 in VSMCs in response to AngII infusion in vivo remains unclear. Here, we found that the expression and activity of SIRT1 in mouse aortas was decreased significantly by AngII infusion. VSMC-specific SIRT1 transgene (SV-Tg) prevented the increase in systolic blood pressure (SBP) caused by AngII infusion without affecting heart function in mice. SIRT1 overexpression alleviated vascular remodeling in mouse thoracic and renal aortas induced by AngII infusion, and significantly inhibited reactive oxygen species (ROS) generation, vascular inflammation, and collagen synthesis in arterial walls. Reduced expression of transforming growth factor-β 1 (TGF-β1) was also observed in the aortas of AngII-infused SV-Tg mice. Moreover, SIRT1 overexpression decreased AngII-increased binding of nuclear factor-κB on its specific binding sites on TGF-β1 promoter. Taken together, these data demonstrate that SIRT1 overexpression in VSMCs reduces SBP and inhibits AngII-induced vascular remodeling in mice. The inhibition of vascular remodeling contributes, at least in part, to the antihypertensive effect of SIRT1.
Key message

                  	
                      SIRT1 is reduced in aortas of AngII-infused hypertensive mice.

                    
	
                      SIRT1 VSMC transgene alleviates AngII-increased systolic blood pressure.

                    
	
                      SIRT1 VSMC transgene attenuates AngII-induced vascular remodeling.

                    
	
                      VSMC SIRT1 overexpression inhibits remodeling-related pathological changes.

                    
	
                      VSMC SIRT1 overexpression reduces AngII-induced TGF-β1 expression.

                    


                


                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Dihydroartemisinin alleviates AngII-induced vascular smooth muscle cell proliferation and inflammatory response by blocking the FTO/NR4A3 axis
                                        
                                    

                                    
                                        Article
                                        
                                         21 January 2022
                                    

                                

                                Yan-Bing Huo, Xiang Gao, … Wei Bi

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Resveratrol prevents AngII-induced hypertension via AMPK activation and RhoA/ROCK suppression in mice
                                        
                                    

                                    
                                        Article
                                        
                                         26 June 2014
                                    

                                

                                Xia Cao, Tao Luo, … Zhiyi Tang

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Natriuretic peptide receptor-C activation attenuates angiotensin II-induced enhanced oxidative stress and hyperproliferation of aortic vascular smooth muscle cells
                                        
                                    

                                    
                                        Article
                                        
                                         07 February 2018
                                    

                                

                                Padma Madiraju, Ekhtear Hossain & Madhu B. Anand-Srivastava

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Levy D, Ehret GB, Rice K, Verwoert GC, Launer LJ, Dehghan A, Glazer NL, Morrison AC, Johnson AD, Aspelund T et al (2009) Genome-wide association study of blood pressure and hypertension. Nat Genet 41:677–687
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Intengan HD, Schiffrin EL (2001) Vascular remodeling in hypertension: roles of apoptosis, inflammation, and fibrosis. Hypertension 38:581–587
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Touyz RM (2003) The role of angiotensin II in regulating vascular structural and functional changes in hypertension. Curr Hypertens Rep 5:155–164
Article 
    PubMed 
    
                    Google Scholar 
                

	Feige JN, Auwerx J (2008) Transcriptional targets of sirtuins in the coordination of mammalian physiology. Curr Opin Cell Biol 20:303–309
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhang QJ, Wang Z, Chen HZ, Zhou S, Zheng W, Liu G, Wei YS, Cai H, Liu DP, Liang CC (2008) Endothelium-specific overexpression of class III deacetylase SIRT1 decreases atherosclerosis in apolipoprotein E-deficient mice. Cardiovasc Res 80:191–199
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stein S, Lohmann C, Schafer N, Hofmann J, Rohrer L, Besler C, Rothgiesser KM, Becher B, Hottiger MO, Boren J et al (2010) SIRT1 decreases Lox-1-mediated foam cell formation in atherogenesis. Eur Heart J 31:2301–2309
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gorenne I, Kumar S, Gray K, Figg N, Yu H, Mercer J, Bennett M (2012) Vascular smooth muscle cell sirtuin 1 protects against DNA damage and inhibits atherosclerosis. Circulation 127:386–396
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Li L, Zhang HN, Chen HZ, Gao P, Zhu LH, Li HL, Lv X, Zhang QJ, Zhang R, Wang Z et al (2011) SIRT1 acts as a modulator of neointima formation following vascular injury in mice. Circ Res 108:1180–1189
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Li L, Gao P, Zhang H, Chen H, Zheng W, Lv X, Xu T, Wei Y, Liu D, Liang C (2011) SIRT1 inhibits angiotensin II-induced vascular smooth muscle cell hypertrophy. Acta Biochim Biophys Sin (Shanghai) 43:103–109
Article 
    CAS 
    
                    Google Scholar 
                

	Miyazaki R, Ichiki T, Hashimoto T, Inanaga K, Imayama I, Sadoshima J, Sunagawa K (2008) SIRT1, a longevity gene, downregulates angiotensin II type 1 receptor expression in vascular smooth muscle cells. Arterioscler Thromb Vasc Biol 28:1263–1269
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Szocs K, Lassegue B, Sorescu D, Hilenski LL, Valppu L, Couse TL, Wilcox JN, Quinn MT, Lambeth JD, Griendling KK (2002) Upregulation of Nox-based NAD(P)H oxidases in restenosis after carotid injury. Arterioscler Thromb Vasc Biol 22:21–27
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wang RH, Zheng Y, Kim HS, Xu X, Cao L, Luhasen T, Lee MH, Xiao C, Vassilopoulos A, Chen W et al (2008) Interplay among BRCA1, SIRT1, and Survivin during BRCA1-associated tumorigenesis. Mol Cell 32:11–20
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Freund C, Schmidt-Ullrich R, Baurand A, Dunger S, Schneider W, Loser P, El-Jamali A, Dietz R, Scheidereit C, Bergmann MW (2005) Requirement of nuclear factor-kappaB in angiotensin II- and isoproterenol-induced cardiac hypertrophy in vivo. Circulation 111:2319–2325
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chen XL, Tummala PE, Olbrych MT, Alexander RW, Medford RM (1998) Angiotensin II induces monocyte chemoattractant protein-1 gene expression in rat vascular smooth muscle cells. Circ Res 83:952–959
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Thybo NK, Mulvany MJ, Jastrup B, Nielsen H, Aalkjaer C (1996) Some pharmacological and elastic characteristics of isolated subcutaneous small arteries from patients with essential hypertension. J Hypertens 14:993–998
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kunieda T, Minamino T, Nishi J, Tateno K, Oyama T, Katsuno T, Miyauchi H, Orimo M, Okada S, Takamura M et al (2006) Angiotensin II induces premature senescence of vascular smooth muscle cells and accelerates the development of atherosclerosis via a p21-dependent pathway. Circulation 114:953–960
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rosenkranz S (2004) TGF-beta1 and angiotensin networking in cardiac remodeling. Cardiovasc Res 63:423–432
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ruiz-Ortega M, Rodriguez-Vita J, Sanchez-Lopez E, Carvajal G, Egido J (2007) TGF-beta signaling in vascular fibrosis. Cardiovasc Res 74:196–206
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhang R, Chen HZ, Liu JJ, Jia YY, Zhang ZQ, Yang RF, Zhang Y, Xu J, Wei YS, Liu DP et al (2010) SIRT1 suppresses activator protein-1 transcriptional activity and cyclooxygenase-2 expression in macrophages. J Biol Chem 285:7097–7110
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Salminen A, Kauppinen A, Suuronen T, Kaarniranta K (2008) SIRT1 longevity factor suppresses NF-kappaB -driven immune responses: regulation of aging via NF-kappaB acetylation? Bioessays 30:939–942
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Salbert G, Fanjul A, Piedrafita FJ, Lu XP, Kim SJ, Tran P, Pfahl M (1993) Retinoic acid receptors and retinoid X receptor-alpha down-regulate the transforming growth factor-beta 1 promoter by antagonizing AP-1 activity. Mol Endocrinol 7:1347–1356
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lee KY, Ito K, Hayashi R, Jazrawi EP, Barnes PJ, Adcock IM (2006) NF-kappaB and activator protein 1 response elements and the role of histone modifications in IL-1beta-induced TGF-beta1 gene transcription. J Immunol 176:603–615
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zimmerman MC, Lazartigues E, Sharma RV, Davisson RL (2004) Hypertension caused by angiotensin II infusion involves increased superoxide production in the central nervous system. Circ Res 95:210–216
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cambien F, Ricard S, Troesch A, Mallet C, Generenaz L, Evans A, Arveiler D, Luc G, Ruidavets JB, Poirier O (1996) Polymorphisms of the transforming growth factor-beta 1 gene in relation to myocardial infarction and blood pressure. The Etude Cas-Temoin de l’Infarctus du Myocarde (ECTIM) Study. Hypertension 28:881–887
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zacchigna L, Vecchione C, Notte A, Cordenonsi M, Dupont S, Maretto S, Cifelli G, Ferrari A, Maffei A, Fabbro C et al (2006) Emilin1 links TGF-beta maturation to blood pressure homeostasis. Cell 124:929–942
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Weigert C, Brodbeck K, Klopfer K, Haring HU, Schleicher ED (2002) Angiotensin II induces human TGF-beta 1 promoter activation: similarity to hyperglycaemia. Diabetologia 45:890–898
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wolf G, Mueller E, Stahl RA, Ziyadeh FN (1993) Angiotensin II-induced hypertrophy of cultured murine proximal tubular cells is mediated by endogenous transforming growth factor-beta. J Clin Invest 92:1366–1372
Article 
    PubMed Central 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kume S, Haneda M, Kanasaki K, Sugimoto T, Araki S, Isshiki K, Isono M, Uzu T, Guarente L, Kashiwagi A et al (2007) SIRT1 inhibits transforming growth factor beta-induced apoptosis in glomerular mesangial cells via Smad7 deacetylation. J Biol Chem 282:151–158
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Simic P, Williams EO, Bell EL, Gong JJ, Bonkowski M, Guarente L (2013) SIRT1 suppresses the epithelial-to-mesenchymal transition in cancer metastasis and organ fibrosis. Cell Rep 3:1175–1186
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Morishita R, Gibbons GH, Horiuchi M, Kaneda Y, Ogihara T, Dzau VJ (1998) Role of AP-1 complex in angiotensin II-mediated transforming growth factor-beta expression and growth of smooth muscle cells: using decoy approach against AP-1 binding site. Biochem Biophys Res Commun 243:361–367
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wang HD, Xu S, Johns DG, Du Y, Quinn MT, Cayatte AJ, Cohen RA (2001) Role of NADPH oxidase in the vascular hypertrophic and oxidative stress response to angiotensin II in mice. Circ Res 88:947–953
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lassegue B, Sorescu D, Szocs K, Yin Q, Akers M, Zhang Y, Grant SL, Lambeth JD, Griendling KK (2001) Novel gp91(phox) homologues in vascular smooth muscle cells : nox1 mediates angiotensin II-induced superoxide formation and redox-sensitive signaling pathways. Circ Res 88:888–894
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Brasier AR, Recinos A 3rd, Eledrisi MS (2002) Vascular inflammation and the renin-angiotensin system. Arterioscler Thromb Vasc Biol 22:1257–1266
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	ten Dijke P, Arthur HM (2007) Extracellular control of TGFbeta signalling in vascular development and disease. Nat Rev Mol Cell Biol 8:857–869
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kovacic JC, Moreno P, Nabel EG, Hachinski V, Fuster V (2011) Cellular senescence, vascular disease, and aging: part 2 of a 2-part review: clinical vascular disease in the elderly. Circulation 123:1900–1910
Article 
    PubMed 
    
                    Google Scholar 
                

	Marampon F, Gravina GL, Scarsella L, Festuccia C, Lovat F, Ciccarelli C, Zani BM, Polidoro L, Grassi D, Desideri G et al (2013) Angiotensin-converting-enzyme inhibition counteracts angiotensin II-mediated endothelial cell dysfunction by modulating the p38/SirT1 axis. J Hypertens 31:1972–1983
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Zhou S, Chen HZ, Wan YZ, Zhang QJ, Wei YS, Huang S, Liu JJ, Lu YB, Zhang ZQ, Yang RF et al (2011) Repression of P66Shc expression by SIRT1 contributes to the prevention of hyperglycemia-induced endothelial dysfunction. Circ Res 109:639–648
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by grants from the National Natural Science Foundation of China (nos. 31271227, 30121091, and 81161120551), the National Basic Research Program (nos. 2011CB503902 and 2013CB5300700), the Beijing Nova Program (No. XX2013064) and the Fundamental Research Funds for the Central Universities.

                Conflict of interest

                All authors confirm that there is no conflict of interest associated with this publication.

              

Author information
Authors and Affiliations
	State Key Laboratory of Medical Molecular Biology, Department of Biochemistry and Molecular Biology, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences & Peking Union Medical College, No.5 Dong Dan San Tiao, Beijing, 100050, People’s Republic of China
Peng Gao, Ting-Ting Xu, Jie Lu, Li Li, Jing Xu, De-Long Hao, Hou-Zao Chen & De-Pei Liu


Authors	Peng GaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ting-Ting XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jie LuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Li LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jing XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	De-Long HaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hou-Zao ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	De-Pei LiuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Hou-Zao Chen or De-Pei Liu.


Additional information
Peng Gao and Ting-Ting Xu contributed equally to this work.


Electronic supplementary material

Below is the link to the electronic supplementary material.
                        
ESM 1
(DOC 2045 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Gao, P., Xu, TT., Lu, J. et al. Overexpression of SIRT1 in vascular smooth muscle cells attenuates angiotensin II-induced vascular remodeling and hypertension in mice.
                    J Mol Med 92, 347–357 (2014). https://doi.org/10.1007/s00109-013-1111-4
Download citation
	Received: 19 July 2013

	Revised: 25 November 2013

	Accepted: 28 November 2013

	Published: 19 December 2013

	Issue Date: April 2014

	DOI: https://doi.org/10.1007/s00109-013-1111-4


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
	SIRT1
	Hypertension
	Vascular remodeling
	Vascular smooth muscle cell








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.231.243.76
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    