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Yearly % gains in aortic calcification and bone loss in the women (n=157) with vascular 

calcifications at baseline
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Yearly gains in aortic calcification and bone loss as % (A) or  in absolute values (B)
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Significant inverse relationship between total coronary artery

Calcium score and CT-determined vertebral bone density in hemodialysis patients
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High Prevalence of Vertebral Fractures Assessed 

by Quantitative Morphometry in Hemodialysis 

Patients, Strongly Associated with Vascular 

Calcifications

Maria Fusaro, Giovanni Tripepi, Marianna Noale, et al.
Calcified Tissue International, 2013 (ahead of pub.)



Arterial Calcifications and Bone 

Histomorphometry in ESRD

*Determined by ultrasonography
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r p

Osteoid surface -,209 <0.001

Osteoblast number -,144 <0.05

Osteoblast surface -,144 <0.05

Erosion surface -,150 <0.05

Osteoclast number -,145 <0.05

Osteoclast surface -,150 <0.05

Activation frequency -,217 <0.05

Correlation of bone parameters with 

coronary artery calcification

 Several bone parameters showed an inverse correlation with CAC.

Asci G, Ozkahya M, Duman S, Toz H, Savas R, Kayıkcioglu M, 

Celik G, Ozbek SS, Basci A, Monier-Faugere MC, Malluche HH, Ok E
On behalf of ‘EGE STUDY’ and “DIALYSATE CALCIUM STUDY’ GROUPS. ERA-EDTA 2006



Adragao et al CJANS 2009;4:450
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Possible Mechanisms Associating Bone and 

Arterial Disorders

• Common factors: inflammation, tobacco, lipid 

disorders, estrogen deficiency, aging, diabetes, oxidative 

stress, …

• Generalized arterial disease involving bone 

arteries – reduced circulation to bone

• Primary bone alteration affecting systemic 

arteries
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TNF, IL-1, 

RANKL, ROS, 

glucose, AGEs, 

oxLDLTLR2/4
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Doxycyclin
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OPN,OPG

Fetuin, Adiponectin,
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Adapted from Shao et al. Ann NY Acad Sci

And Bostrôm et al. Circ Res 2011

BMP- Msx2-Wnt signaling in arterial calcifications
AOP *** (Accentuated Osteogenic Program)

AOP

***



Aikawa et al. Circulation 2007;116:2841-50

Molecular imaging of atherosclerotic calcifications



Aikawa E Circ Res 2011



Hjortnaes J et al. Eur Heart J 2010;31:1975-1984

Induction of osteogenesis in carotid arteries and aortic valves of apoE−/− and CKD apoE−/− mice, and loss 

of bone mineral density and alterations in microarchitecture in femurs

Osteosense-calcification intravital marker



Inverse correlation of bone tissue mineral density with arterial and aortic valve calcification.

Hjortnaes J et al. Eur Heart J 2010;31:1975-1984



Advanced glycation end products induce calcification of VSMC through 

RAGE/p38MAPK and upregulation of Runx2

Tanikawa T et al.J Vasc Res 2009;46:572-580

AGEs and mRNA expression of Runx2

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2661616/figure/F2/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2661616/figure/F2/




CML-coll: Carboxymethyl lysine modified collagen







Hypothetical role of RANKL and OPG 

in the cross-talk between the skeletal and vascular systems

RANKL

Calcium release

RANK

Calcification

Dendritic

cells

Endothelial 
cells

RANKL

VSMC

OPG

Schoppet et al; Arterioscler Thromb Vasc Biol,  22: 2002.549

T cells

RANK



Effect of Osteoprotegerin on Vit-D induced calcifications

Price PA et al Arterioscl Thromb Vasc Biol 2001;21:1610

Vitamin D

Vitamin D+OSPTG

Control

Panizo, S. et al. Circ Res 2009;104:1041-1048

Effect of the incubation of rat VSMCs with 

RANKL (100 pmol/L) and OPG (100 pmol/L)



Bucay et al. , Genes Dev. 1998 1;12(9):1260-8.

OPG is expressed in major arteries and in VSM cells

Renal artery

OPG+/+

Aorta

OPG-/-

OPG
+/+ +/- OPG

-/-

OPG knock-out induces severe osteoporosis

Mizuno et coll.BBRC, 247, 1998



Klotho levels are reduced in CKD mice and CKD patients, and soft tissue calcification is observed 
in CKD mice.

Hu M C et al. JASN 2011;22:124-136



Kawaguchi H et al. JCI 1999;104:229-37

Plain X-rays and CT of the femur of 7 weeks old wild typeand kl-/kl- mice

Short length

and porosis



Kawaguchi H et al. JCI 1999;104:229-37

Cultures of osteoblasts from wild-type and kl-/kl- mice



Osteoclastogenesis in ex vivo bone marrow cell culture (a), 

and in the coculture of osteoblastic and bone marrow cells

Kawaguchi H et al. JCI 1999;104:229-37



Possible Mechanisms Associating Bone and 

Arterial Disorders

• Common factors: inflammation, tobacco, lipid 

disorders, estrogen deficiency, aging, diabetes, oxidative 

stress, …

• Generalized arterial disease involving bone 

arteries – reduced circulation to bone

• Primary bone alteration affecting systemic 

arteries



65 yrs – dominant periosteal arterial supply

The marrow is ischemic

42 years – robust medullary arteries

Who supply the cortex

Blood supply to human femoral femoral diaphysis in youth and senescence
Bridgeman G and Brookes M J Anat 1996;188:611-21
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Possible Mechanisms Associating Bone and 

Arterial Disorders

• Common factors: inflammation, tobacco, lipid 
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• Primary bone alteration affecting systemic 

arteries



Osteocalcin
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Adiponectin









Fadini GP et al Circulation 2012;125:2772





Molecular and cellular mechanisms

for arterial remodelling in aging

AAASP – age-associated arterial secretory phenotype

Wang M. et al. Current Opin Nephrol Hypertens 2010

Molecular pathways implicated in aging and 

Senescence-associated secretory phenotype

Newgard CB and Sharpless NE  JCI 2013;123

SASP - senescence associated secretory phenotype


