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[bookmark: N10A2A]
Summary


In this overview, two separate studies are discussed that emerged from a “discovery-driven” approach to identify genes that play an essential role in atherogenesis. First, by a combination of DNA micro-array and one-way linkage hierachical clustering, we selected genes that are induced in endothelial cells (EC) by prolonged steady- or pulsatile laminar flow, but of which expression is not affected by inflammatory and mitogenic agents (TGF-β, IL-1βTNF-α, VEGF, thrombin). The genes selected accordingly were: cytochrome P450 1B1, diaphorase and the transcription factor lung Krüppel-like factor (LKLF) of which only the latter is truly EC specific. LKLF meets the criteria of an anti-atherosclerotic gene, mainly since expression is restricted to areas subjected to laminar flow as shown by in situ hybridization with anatomically well-defined specimens. Second, neointimal (but not medial) smooth muscle cells (SMC) specifically synthesize the NGFI-B subfamily (TR3, MINOR, NOT) of the nuclear hormone superfamily of transcription factors. Again, evidence is presented, indicating that these proteins serve an anti-atherosclerotic function. Notably, transgenic mice, expressing either TR3 or a dominant-negative mutant TR3ΔTA in arterial SMC, were subjected to carotid artery ligation to induce SMC proliferation. Lesions in TR3-overexpressing transgenic mice were 5-fold smaller than isogenic wild-type mice, while mice overexpressing the TR3ΔTA mutant had a 3-fold larger lesion. It is proposed that (down-stream products of) TR3 inhibit the cell cycle, since adenovirus-mediated expression of TR3ΔTA and TR3, respectively, inhibit and promote the synthesis of the cyclin-dependent kinase inhibitor p27Kip1 in SMC.


Part of this work was presented at the 16th Congress of the International Society on Fibrinolysis and Proteolysis, Munich, Germany, September 2002.





[bookmark: N10A40]
Keywords

Atherosclerosis - 
DNA micro-array - 
lung Krüppel-like factor - 
TR3 - 
p27Kip1
        






 

[bookmark: ]

[bookmark: N10A77]
	
References


	
[bookmark: JR1613383-1]1 
          
            Venter JC, 
          
          
            Adams MD, 
          
          
            Myers EW, 
          
          
            Li PW, 
          
          
            Mural RJ, 
          
          
            Sutton GG. 
          
        et al The sequence of the human genome. Science 2001; 291: 1304-51. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-2]2 
          International Human Genome sequencing Consortium. 
        Initial sequencing and analysis of the human genome. Nature 2001; 409: 860-921. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-3]3 
          
            Liang P, 
          
          
            Pardee AB. 
          
        Differential display of eukaryotic messenger RNA by means of the polymerase chain reaction. Science 1992; 14: 967-71. 





PubMedGoogle Scholar





	
[bookmark: JR1613383-4]4 
          
            Velculescu VE, 
          
          
            Zhang L, 
          
          
            Vogelstein B, 
          
          
            Kinzler KW. 
          
        Serial analysis of gene expression. Science 1995; 270: 484-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-5]5 
          
            Schena M, 
          
          
            Shalon D, 
          
          
            Davis RW, 
          
          
            Brown PO. 
          
        Quantitative monitoring of gene expression patterns with complementary DNA micro-array. Science 1995; 270: 487-90. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-6]6 
          
            Ross R. 
          
        Atherosclerosis is an inflammatory disease. N Eng J Med 1999; 340: 115-26. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-7]7 
          
            Horrevoets AJG, 
          
          
            Fontijn RD, 
          
          
            van Zonneveld A-J, 
          
          
            de Vries CJM, 
          
          
            ten Cate J-W, 
          
          
            Pannekoek H. 
          
        Vascular endothelial genes that are responsive to tumor necrosis factorin vitro are expressed in atherosclerotic lesions, including inhibitor of apoptosis protein-1, stannin, and two novel genes. Blood 1999; 93: 3418-31. 





PubMedGoogle Scholar





	
[bookmark: JR1613383-8]8 
          
            De Vries CJM, 
          
          
            van Achterberg TAE, 
          
          
            Horrevoets AJG, 
          
          
            ten Cate J-W, 
          
          
            Pannekoek H. 
          
        Differential display identification of 40 genes with altered expression in activated human smooth muscle cells: local expression in atherosclerotic lesions of smags, smooth muscle cell activation-specific genes. J Biol Chem 2000; 275: 23939-47. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-9]9 
          
            Van Soest S, 
          
          
            Horrevoets AJG, 
          
          
            Beauchamp NJ, 
          
          
            Pannekoek H. 
          
        Current technologies in gene expression profiling: applications to cardiovascular research. Fibrinolysis & Proteolysis 2000; 14: 73-81. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-10]10 
          
            Dekker RJ, 
          
          
            van Soest S, 
          
          
            Fontijn RD, 
          
          
            Salamanca S, 
          
          
            de Groot PG, 
          
          
            VanBavel E, 
          
          
            Pannekoek H, 
          
          
            Horrevoets AJG. 
          
        Prolonged fluid shear stress induces a distinct set of endothelial cell genes most specifically lung Krüppel-like factor (KLF2). Blood 2002; 100: 1689-98. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-11]11 
          
            Van Gelder RN, 
          
          
            von Zastrow ME, 
          
          
            Yool A, 
          
          
            Dement WC, 
          
          
            Barchas JD, 
          
          
            Eberwine JH. 
          
        Amplified RNA synthesized from limited quantities of heterogeneous cDNA. Proc Natl Acad Sci USA 1990; 87: 1663-7. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-12]12 
          
            Eisen MB, 
          
          
            Spellman PT, 
          
          
            Brown PO, 
          
          
            Botstein D. 
          
        Cluster analysis and display of genome-wide expression patterns. Proc Natl Acad Sci USA 1998; 95: 14863-8. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-13]13 
          
            Philipsen S, 
          
          
            Suske G. 
          
        A tale of three fingers: the family of mammalian Sp/XKLF transcription factors. Nucleic Acids Res 1999; 27: 2991-3000. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-14]14 
          
            Kuo CT, 
          
          
            Veselits ML, 
          
          
            Leiden JM. 
          
        LKLF: A transcriptional regulator of single-positive T cell quiescence and survival. Science 1997; 277: 1986-90. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-15]15 
          
            Kuo CT, 
          
          
            Veselits ML, 
          
          
            Barton KP, 
          
          
            Lu MM, 
          
          
            Clendenin C, 
          
          
            Leiden JM. 
          
        The LKLF transcription factor is required for normal tunica media formation and blood vessel stabilization during murine embryogenesis. Genes Dev 1997; 11: 2996-3006. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-16]16 
          
            Monajemi H, 
          
          
            Arkenbout EK, 
          
          
            Pannekoek H. 
          
        Gene expression in atherogenesis. Thromb Haemost 2001; 86: 404-12. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR1613383-17]17 
          
            Maruyama K, 
          
          
            Tsukada T, 
          
          
            Ohkura N, 
          
          
            Bandoh S, 
          
          
            Hosono T, 
          
          
            Kamaguchi K. 
          
        The NGFI-B subfamily of the nuclear receptor superfamily. Int J Oncol 1998; 12: 1237-43. 





PubMedGoogle Scholar





	
[bookmark: JR1613383-18]18 
          
            Arkenbout EK, 
          
          
            de Waard V, 
          
          
            van Bragt M, 
          
          
            van Achterberg TAE, 
          
          
            Grimbergen JM, 
          
          
            Pichon B, 
          
          
            Pannekoek H, 
          
          
            de Vries CJM. 
          
        Protective function of transcription factor TR3 orphan receptor in atherogenesis: decreased lesion formation in carotid artery ligation model in TR3 trans-genic mice. Circulation 2002; 106: 1530-5. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-19]19 
          
            Sladek R, 
          
          
            Giguere V. 
          
        Orphan nuclear receptors: an emerging family of metabolic regulators. Adv Pharmacol 2000; 47: 23-87. 





PubMedGoogle Scholar





	
[bookmark: JR1613383-20]20 
          
            Woronicz JD, 
          
          
            Calnan B, 
          
          
            Ngo V, 
          
          
            Winoto A. 
          
        Requirement for the orphan steroid receptor Nur77 in apoptosis of T-cell hybridomas. Nature 1994; 367: 277-81. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-21]21 
          
            Liu ZG, 
          
          
            Smith SW, 
          
          
            McLaughlin KA, 
          
          
            Schwartz LM, 
          
          
            Osborne BA. 
          
        Apoptotic signals delivered through the T-cell receptor of a T-cell hybrid require immediate-early gene Nur77. Nature 1994; 367: 281-4. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-22]22 
          
            Zhang XK. 
          
        Vitamin A and apoptosis in prostate cancer. Endocr Relat Cancer 2002; 9: 87-102. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-23]23 
          
            Cheng LE, 
          
          
            Chan FK, 
          
          
            Cado D, 
          
          
            Winoto A. 
          
        Functional redundancy of the Nur77 and Nor-1 orphan steroid receptors in T-cell apoptosis. EMBO J 1997; 16: 1865-75. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-24]24 
          
            Li L., 
          
          
            Miano JM, 
          
          
            Mercer B, 
          
          
            Olson EN. 
          
        Expression of the SM22 promoter in transgenic mice provides evidence for distinct transcriptional regulatory programs in vascular and visceral smooth muscle cells. J Cell Biol 1996; 132: 849-59. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-25]25 
          
            Solway J, 
          
          
            Seltzer J, 
          
          
            Samaha FF, 
          
          
            Kim S, 
          
          
            Alger LE, 
          
          
            Niu Q. 
          
        et al Structure and expression of a smooth muscle cell-specific gene, SM22a. J Biol Chem 1995; 270: 13460-9. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-26]26 
          
            Kumar A, 
          
          
            Lindner V. 
          
        Remodeling with neointima formation in the mouse carotid artery after cessation of blood flow. Arterioscler Thromb Vasc Biol 1997; 17: 2238-44. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR1613383-27]27 
          
            Von der Thüsen JH, 
          
          
            van Berkel TJC, 
          
          
            Biessen EAL. 
          
        Induction of rapid atherogenesis by perivascular carotid collar placement in ApoE-/-and LDLr-/-mice. Circulation 2001; 103: 1164-70. 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 107.21.139.153
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  