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                    Abstract
Vascular calcification is often encountered in advanced atherosclerotic lesions and is a common consequence of aging. Calcification of the coronary arteries has been positively correlated with coronary atherosclerotic plaque burden, increased risk of myocardial infarction, and plaque instability. Chronic kidney disease (CKD) patients have two to five times more coronary artery calcification than healthy age-matched individuals. Vascular calcification is a strong prognostic marker of cardiovascular disease mortality in CKD patients. Vascular calcification has long been considered to be a passive, degenerative, and end-stage process of atherosclerosis and inflammation. However, recent evidence indicates that bone matrix proteins such as osteopontin, matrix Gla protein (MGP), and osteocalcin are expressed in calcified atherosclerotic lesions, and that calcium-regulating hormones such as vitamin D3 and parathyroid hormone-related protein regulate vascular calcification in in vitro vascular calcification models based on cultured aortic smooth muscle cells. These findings suggest that vascular calcification is an actively regulated process similar to osteogenesis, and that bone-associated proteins may be involved in the development of vascular calcification. The pathogenesis of vascular calcification in CKD is not well understood and is almost multifactorial. In CKD patients, several studies have found associations of both traditional risk factors, such as hypertension, hyperlipidemia, and diabetes, and uremic-specific risk factors with vascular calcification. Most patients with progressive CKD develop hyperphosphatemia. An elevated phosphate level is an important risk factor for the development of calcification and cardiovascular mortality in CKD patients. Thus, it is hypothesized that an important regulator of vascular calcification is the level of inorganic phosphate. In order to test this hypothesis, we characterized the response of human smooth muscle cell (HSMC) cultures to inorganic phosphate levels. Our findings indicate that inorganic phosphate directly regulates HSMC calcification through a sodium-dependent phosphate transporter mechanism. After treatment with elevated phosphate, there is a loss of smooth muscle lineage markers, such as α-actin and SM-22α, and a simultaneous gain of osteogenic markers such as cbfa-1 and osteocalcin. Elevated phosphate may directly stimulate HSMC to undergo phenotypic changes that predispose to calcification, and offer a novel explanation of the phenomenon of vascular calcification under hyperphosphatemic conditions. Furthermore, putative calcification inhibitory molecules have been identified using mouse mutational analyses, including MGP, β-glucosidase, fetuin-A, and osteoprotegerin. Mutant mice deficient in these molecules present with enhanced cardiovascular calcification, demonstrating that specific molecules are normally important in suppressing vascular calcification. These findings suggest that the balance of inducers, such as phosphate, and inhibitors, such as MGP, fetuin-A, and others, are likely to control whether or not calcification occurs under pathological conditions.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Pathophysiology of Vascular Calcification
                                        
                                    

                                    
                                        Article
                                        
                                         26 September 2015
                                    

                                

                                Neal X. Chen & Sharon M. Moe

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Vascular Calcification in Uremia: New-Age Concepts about an Old-Age Problem
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2016
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Molecular Mechanisms of Vascular Calcification in Chronic Kidney Disease: The Link between Bone and the Vasculature
                                        
                                    

                                    
                                        Article
                                        
                                         07 May 2015
                                    

                                

                                Chang Hyun Byon & Yabing Chen

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
                  
                    P
                    Raggi
                  
                  
                    A
                    Boulay
                  
                  
                    S
                    Chasan-Taber
                  
                  
                    N
                    Amin
                  
                  
                    M
                    Dillon
                  
                  
                    SK
                    Burke
                  
                  
                    GM
                    Chertow
                  
                  (2002)
                  ArticleTitleCardiac calcification in adult hemodialysis patients. A link between end-stage renal disease and cardiovascular disease?
                  J Am Coll Cardiol
                  39
                  695–701
                  
                  Occurrence
                    Handle11849871
                  
                
PubMed 
    
                    Google Scholar 
                

	
                  
                    SM
                    Moe
                  
                  
                    NX
                    Chen
                  
                  (2004)
                  ArticleTitlePathophysiology of vascular calcification in chronic kidney disease
                  Circ Res
                  95
                  560–567
                  
                  Occurrence
                    Handle10.1161/01.RES.0000141775.67189.98
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD2cXntlyjurw%3D
                  
                  Occurrence
                    Handle15375022
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    M
                    Cozzolino
                  
                  
                    AS
                    Dusso
                  
                  
                    E
                    Slatopolsky
                  
                  (2001)
                  ArticleTitleRole of calcium–phosphate product and bone-associated proteins on vascular calcification in renal failure
                  J Am Soc Nephrol
                  12
                  2511–2516
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3MXotl2ls7Y%3D
                  
                  Occurrence
                    Handle11675430
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    GA
                    Block
                  
                  
                    FK
                    Port
                  
                  (2000)
                  ArticleTitleRe-evaluation of risks associated with hyperphosphatemia and hyperparathyroidism in dialysis patients: recommendations for a change in management
                  Am J Kidney Dis
                  35
                  1236–1237
                  
                

                    Google Scholar 
                

	
                  
                    WG
                    Goodman
                  
                  
                    G
                    London
                  
                  
                    K
                    Amann
                  
                  
                    GA
                    Block
                  
                  
                    C
                    Giachelli
                  
                  
                    KA
                    Hruska
                  
                  
                    M
                    Ketteler
                  
                  
                    A
                    Levin
                  
                  
                    Z
                    Massy
                  
                  
                    DA
                    McCarron
                  
                  
                    P
                    Raggi
                  
                  
                    CM
                    Shanahan
                  
                  
                    N
                    Yorioka
                  
                  (2004)
                  ArticleTitleVascular calcification in chronic kidney disease
                  Am J Kidney Dis
                  43
                  572–579
                  
                  Occurrence
                    Handle10.1053/j.ajkd.2003.12.005
                  
                  Occurrence
                    Handle14981617
                  
                
Article 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    GA
                    Block
                  
                  
                    TE
                    Hulbert-Shearon
                  
                  
                    NW
                    Levin
                  
                  
                    FK
                    Port
                  
                  (1998)
                  ArticleTitleAssociation of serum phosphorus and calcium × phosphate product with mortality risk in chronic hemodialysis patients: a national study
                  Am J Kidney Dis
                  31
                  607–617
                  
                  Occurrence
                    Handle1:STN:280:DyaK1c7ovFKlsw%3D%3D
                  
                  Occurrence
                    Handle9531176
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Jono
                  
                  
                    MD
                    McKee
                  
                  
                    CE
                    Murry
                  
                  
                    A
                    Shioi
                  
                  
                    Y
                    Nishizawa
                  
                  
                    K
                    Mori
                  
                  
                    H
                    Morii
                  
                  
                    CM
                    Giachelli
                  
                  (2000)
                  ArticleTitlePhosphate regulation of vascular smooth muscle cell calcification
                  Circ Res
                  87
                  E10–17
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3MXhslOisbs%3D
                  
                  Occurrence
                    Handle11009570
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    SA
                    Steitz
                  
                  
                    MY
                    Speer
                  
                  
                    G
                    Curinga
                  
                  
                    HY
                    Yang
                  
                  
                    P
                    Haynes
                  
                  
                    R
                    Aebersold
                  
                  
                    T
                    Schinke
                  
                  
                    G
                    Karsenty
                  
                  
                    CM
                    Giachelli
                  
                  (2001)
                  ArticleTitleSmooth muscle cell phenotypic transition associated with calcification: upregulation of Cbfa1 and downregulation of smooth muscle lineage markers
                  Circ Res
                  89
                  1147–1154
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3MXptFKmtrs%3D
                  
                  Occurrence
                    Handle11739279
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Jono
                  
                  
                    C
                    Peinado
                  
                  
                    CM
                    Giachelli
                  
                  (2000)
                  ArticleTitlePhosphorylation of osteopontin is required for inhibition of vascular smooth muscle cell calcification
                  J Biol Chem
                  275
                  20197–20203
                  
                  Occurrence
                    Handle10.1074/jbc.M909174199
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3cXkslags70%3D
                  
                  Occurrence
                    Handle10766759
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    A
                    Shioi
                  
                  
                    M
                    Katagi
                  
                  
                    Y
                    Okuno
                  
                  
                    K
                    Mori
                  
                  
                    S
                    Jono
                  
                  
                    H
                    Koyama
                  
                  
                    Y
                    Nishizawa
                  
                  (2002)
                  ArticleTitleInduction of bone-type alkaline phosphatase in human vascular smooth muscle cells: roles of tumor necrosis factor-alpha and oncostatin M derived from macrophages
                  Circ Res
                  91
                  9–16
                  
                  Occurrence
                    Handle10.1161/01.RES.0000026421.61398.F2
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD38XlsFKksLk%3D
                  
                  Occurrence
                    Handle12114316
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Jono
                  
                  
                    Y
                    Nishizawa
                  
                  
                    A
                    Shioi
                  
                  
                    H
                    Morii
                  
                  (1998)
                  ArticleTitle1,25-dihydroxyvitamin D3 increases in vitro vascular calcification by modulating secretion of endogenous parathyroid hormone-related peptide
                  Circulation
                  98
                  1302–1306
                  
                  Occurrence
                    Handle1:CAS:528:DyaK1cXmslCntrg%3D
                  
                  Occurrence
                    Handle9751679
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    G
                    Luo
                  
                  
                    P
                    Ducy
                  
                  
                    MD
                    McKee
                  
                  
                    GJ
                    Pinero
                  
                  
                    E
                    Loyer
                  
                  
                    RR
                    Behringer
                  
                  
                    G
                    Karsenty
                  
                  (1997)
                  ArticleTitleSpontaneous calcification of arteries and cartilage in mice lacking matrix GLA protein
                  Nature
                  386
                  78–81
                  
                  Occurrence
                    Handle10.1038/386078a0
                  
                  Occurrence
                    Handle1:CAS:528:DyaK2sXhslCnsLk%3D
                  
                  Occurrence
                    Handle9052783
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    C
                    Schafer
                  
                  
                    A
                    Heiss
                  
                  
                    A
                    Schwarz
                  
                  
                    R
                    Westenfeld
                  
                  
                    M
                    Ketteler
                  
                  
                    J
                    Floege
                  
                  
                    W
                    Muller-Esterl
                  
                  
                    T
                    Schinke
                  
                  
                    W
                    Jahnen-Dechent
                  
                  (2003)
                  ArticleTitleThe serum protein alpha-2-Heremans–Schmid glycoprotein/fetuin-A is a systemically acting inhibitor of ectopic calcification
                  J Clin Invest
                  112
                  357–366
                  
                  Occurrence
                    Handle10.1172/JCI200317202
                  
                  Occurrence
                    Handle12897203
                  
                
Article 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    N
                    Bucay
                  
                  
                    I
                    Sarosi
                  
                  
                    CR
                    Dunstan
                  
                  
                    S
                    Morony
                  
                  
                    J
                    Tarpley
                  
                  
                    C
                    Capparelli
                  
                  
                    S
                    Scully
                  
                  
                    HL
                    Tan
                  
                  
                    W
                    Xu
                  
                  
                    DL
                    Lacey
                  
                  
                    WJ
                    Boyle
                  
                  
                    WS
                    Simonet
                  
                  (1998)
                  ArticleTitleOsteoprotegerin-deficient mice develop early-onset osteoporosis and arterial calcification
                  Genes Dev
                  12
                  1260–1268
                  
                  Occurrence
                    Handle1:CAS:528:DyaK1cXjtVejsrs%3D
                  
                  Occurrence
                    Handle9573043
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    PA
                    Price
                  
                  
                    MK
                    Williamson
                  
                  (1985)
                  ArticleTitlePrimary structure of bovine matrix Gla protein, a new vitamin K-dependent bone protein
                  J Biol Chem
                  260
                  14971–14975
                  
                  Occurrence
                    Handle1:CAS:528:DyaL2MXlslCht7c%3D
                  
                  Occurrence
                    Handle3877721
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    KL
                    Tyson
                  
                  
                    JL
                    Reynolds
                  
                  
                    R
                    McNair
                  
                  
                    Q
                    Zhang
                  
                  
                    PL
                    Weissberg
                  
                  
                    CM
                    Shanahan
                  
                  (2003)
                  ArticleTitleOsteo/chondrocytic transcription factors and their target genes exhibit distinct patterns of expression in human arterial calcification
                  Arterioscler Thromb Vasc Biol
                  23
                  489–494
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3sXhslWhsb0%3D
                  
                  Occurrence
                    Handle12615658
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    K
                    Mori
                  
                  
                    A
                    Shioi
                  
                  
                    S
                    Jono
                  
                  
                    Y
                    Nishizawa
                  
                  
                    H
                    Morii
                  
                  (1998)
                  ArticleTitleExpression of matrix Gla protein (MGP) in an in vitro model of vascular calcification
                  FEBS Lett
                  433
                  19–22
                  
                  Occurrence
                    Handle10.1016/S0014-5793(98)00870-9
                  
                  Occurrence
                    Handle1:CAS:528:DyaK1cXltlemsrY%3D
                  
                  Occurrence
                    Handle9738924
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Jono
                  
                  
                    Y
                    Ikari
                  
                  
                    C
                    Vermeer
                  
                  
                    P
                    Dissel
                  
                  
                    K
                    Hasegawa
                  
                  
                    A
                    Shioi
                  
                  
                    H
                    Taniwaki
                  
                  
                    A
                    Kizu
                  
                  
                    Y
                    Nishizawa
                  
                  
                    S
                    Saito
                  
                  (2004)
                  ArticleTitleMatrix Gla protein is associated with coronary artery calcification as assessed by electron-beam computed tomography
                  Thromb Haemost
                  91
                  790–794
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD2cXjsVGrsLo%3D
                  
                  Occurrence
                    Handle15045141
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    SM
                    Herrmann
                  
                  
                    C
                    Whatling
                  
                  
                    E
                    Brand
                  
                  
                    V
                    Nicaud
                  
                  
                    J
                    Gariepy
                  
                  
                    A
                    Simon
                  
                  
                    A
                    Evans
                  
                  
                    JB
                    Ruidavets
                  
                  
                    D
                    Arveiler
                  
                  
                    G
                    Luc
                  
                  
                    L
                    Tiret
                  
                  
                    A
                    Henney
                  
                  
                    F
                    Cambien
                  
                  (2000)
                  ArticleTitlePolymorphisms of the human matrix gla protein (MGP) gene, vascular calcification, and myocardial infarction
                  Arterioscler Thromb Vasc Biol
                  20
                  2386–2393
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3cXptVSisL8%3D
                  
                  Occurrence
                    Handle11073842
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    AF
                    Zebboudj
                  
                  
                    M
                    Imura
                  
                  
                    K
                    Bostrom
                  
                  (2002)
                  ArticleTitleMatrix GLA protein, a regulatory protein for bone morphogenetic protein. 2
                  J Biol Chem
                  277
                  4388–4394
                  
                  Occurrence
                    Handle10.1074/jbc.M109683200
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD38XhsFSqsbs%3D
                  
                  Occurrence
                    Handle11741887
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    HM
                    Spronk
                  
                  
                    BA
                    Soute
                  
                  
                    LJ
                    Schurgers
                  
                  
                    JP
                    Cleutjens
                  
                  
                    HH
                    Thijssen
                  
                  
                    JG
                    De Mey
                  
                  
                    C
                    Vermeer
                  
                  (2001)
                  ArticleTitleMatrix Gla protein accumulates at the border of regions of calcification and normal tissue in the media of the arterial vessel wall
                  Biochem Biophys Res Commun
                  289
                  485–490
                  
                  Occurrence
                    Handle10.1006/bbrc.2001.5996
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3MXosFGitb0%3D
                  
                  Occurrence
                    Handle11716499
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    M
                    Ketteler
                  
                  
                    P
                    Bongartz
                  
                  
                    R
                    Westenfeld
                  
                  
                    JE
                    Wildberger
                  
                  
                    AH
                    Mahnken
                  
                  
                    R
                    Bohm
                  
                  
                    T
                    Metzger
                  
                  
                    C
                    Wanner
                  
                  
                    W
                    Jahnen-Dechent
                  
                  
                    J
                    Floege
                  
                  (2003)
                  ArticleTitleAssociation of low fetuin-A (AHSG) concentrations in serum with cardiovascular mortality in patients on dialysis: a cross-sectional study
                  Lancet
                  361
                  827–833
                  
                  Occurrence
                    Handle10.1016/S0140-6736(03)12710-9
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3sXitVKmtLo%3D
                  
                  Occurrence
                    Handle12642050
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    WS
                    Simonet
                  
                  
                    DL
                    Lacey
                  
                  
                    CR
                    Dunstan
                  
                  
                    M
                    Kelley
                  
                  
                    MS
                    Chang
                  
                  et al.
                  (1997)
                  ArticleTitleOsteoprotegerin: a novel secreted protein involved in the regulation of bone density
                  Cell
                  89
                  309–319
                  
                  Occurrence
                    Handle10.1016/S0092-8674(00)80209-3
                  
                  Occurrence
                    Handle1:CAS:528:DyaK2sXislCgtLc%3D
                  
                  Occurrence
                    Handle9108485
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    P
                    Collin-Osdoby
                  
                  (2004)
                  ArticleTitleRegulation of vascular calcification by osteoclast regulatory factors RANKL and osteoprotegerin
                  Circ Res
                  95
                  1046–1057
                  
                  Occurrence
                    Handle10.1161/01.RES.0000149165.99974.12
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD2cXpvVGmtb0%3D
                  
                  Occurrence
                    Handle15564564
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    CR
                    Dhore
                  
                  
                    JP
                    Cleutjens
                  
                  
                    E
                    Lutgens
                  
                  
                    KB
                    Cleutjens
                  
                  
                    PP
                    Geusens
                  
                  
                    PJ
                    Kitslaar
                  
                  
                    JH
                    Tordoir
                  
                  
                    HM
                    Spronk
                  
                  
                    C
                    Vermeer
                  
                  
                    MJ
                    Daemen
                  
                  (2001)
                  ArticleTitleDifferential expression of bone matrix regulatory proteins in human atherosclerotic plaques
                  Arterioscler Thromb Vasc Biol
                  21
                  1998–2003
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD38XjtVOg
                  
                  Occurrence
                    Handle11742876
                  
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Jono
                  
                  
                    Y
                    Ikari
                  
                  
                    A
                    Shioi
                  
                  
                    K
                    Mori
                  
                  
                    T
                    Miki
                  
                  
                    K
                    Hara
                  
                  
                    Y
                    Nishizawa
                  
                  (2002)
                  ArticleTitleSerum osteoprotegerin levels are associated with the presence and severity of coronary artery disease
                  Circulation
                  106
                  1192–1194
                  
                  Occurrence
                    Handle10.1161/01.CIR.0000031524.49139.29
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD38XntVKksrk%3D
                  
                  Occurrence
                    Handle12208791
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    M
                    Schoppet
                  
                  
                    AM
                    Sattler
                  
                  
                    JR
                    Schaefer
                  
                  
                    M
                    Herzum
                  
                  
                    B
                    Maisch
                  
                  
                    LC
                    Hofbauer
                  
                  (2003)
                  ArticleTitleIncreased osteoprotegerin serum levels in men with coronary artery disease
                  J Clin Endocrinol Metab
                  88
                  1024–1028
                  
                  Occurrence
                    Handle10.1210/jc.2002-020775
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD3sXit1egtbc%3D
                  
                  Occurrence
                    Handle12629080
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    S
                    Kiechl
                  
                  
                    G
                    Schett
                  
                  
                    G
                    Wenning
                  
                  
                    K
                    Redlich
                  
                  
                    M
                    Oberhollenzer
                  
                  
                    A
                    Mayr
                  
                  
                    P
                    Santer
                  
                  
                    J
                    Smolen
                  
                  
                    W
                    Poewe
                  
                  
                    J
                    Willeit
                  
                  (2004)
                  ArticleTitleOsteoprotegerin is a risk factor for progressive atherosclerosis and cardiovascular disease
                  Circulation
                  109
                  2175–2180
                  
                  Occurrence
                    Handle10.1161/01.CIR.0000127957.43874.BB
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD2cXjs1eisrk%3D
                  
                  Occurrence
                    Handle15117849
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	
                  
                    M
                    Schoppet
                  
                  
                    N
                    Al-Fakhri
                  
                  
                    FE
                    Franke
                  
                  
                    N
                    Katz
                  
                  
                    PJ
                    Barth
                  
                  
                    B
                    Maisch
                  
                  
                    KT
                    Preissner
                  
                  
                    LC
                    Hofbauer
                  
                  (2004)
                  ArticleTitleLocalization of osteoprotegerin, tumor necrosis factor-related apoptosis-inducing ligand, and receptor activator of nuclear factor-kappaB ligand in Mönckeberg's sclerosis and atherosclerosis
                  J Clin Endocrinol Metab
                  89
                  4104–4112
                  
                  Occurrence
                    Handle10.1210/jc.2003-031432
                  
                  Occurrence
                    Handle1:CAS:528:DC%2BD2cXmslKlsrY%3D
                  
                  Occurrence
                    Handle15292354
                  
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Metabolism, Endocrinology and Molecular Medicine, Osaka City University Graduate School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, Osaka, 545-8585, Japan
Shuichi Jono & Yoshiki Nishizawa

	Department of Cardiovascular Medicine, Osaka City University Graduate School of Medicine, Osaka, Japan
Atsushi Shioi

	Department of Cardiovascular Medicine, Tokai University School of Medicine, Tokyo, Japan
Yuji Ikari


Authors	Shuichi JonoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Atsushi ShioiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuji IkariView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yoshiki NishizawaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Shuichi Jono.


About this article
Cite this article
Jono, S., Shioi, A., Ikari, Y. et al. Vascular calcification in chronic kidney disease.
                    J Bone Miner Metab 24, 176–181 (2006). https://doi.org/10.1007/s00774-005-0668-6
Download citation
	Received: 02 September 2005

	Accepted: 02 September 2005

	Issue Date: March 2006

	DOI: https://doi.org/10.1007/s00774-005-0668-6


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
                        


Key words
	vascular calcification
	bone-associated protein
	phosphate
	matrix Gla protein
	osteoprotegerin








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					23.20.235.102
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    