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PRESENTATION OVERVIEW:
• Vascular smooth muscle cell-mediated calcification

– VSMC phenotypes
– Setting in which it occurs

• Processes that promote or drive vascular calcification
– Hyperphosphatemia, hypercalcemia
– Loss of inhibitory mechanisms
– Oxidative stress

• How CKD specifically leads to vascular calcification
• Are patterns of coronary and/or peripheral calcifications – in a clinical and/or 

pathophysiological way - different in CKD-patients?
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Vascular calcification occurs at two sites

MEDIAL INTIMAL

Stiffness Plaque Rupture

• Major cause of cardiovascular mortality in CKD 
• Increased risk of myocardial infarction and all cause mortality
• Surgical complications and amputations
• Valve calcification

Diabetes 
Renal Disease 

Ageing
Atherosclerosis

EBCT
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Vascular Calcification is a

Cell-Mediated Process similar to

bone calcificationKDIGO



Shanahan, C. M. (2013)

Mechanisms of Vascular Smooth Muscle Cell Calcification

CKD
Diabetes
Ageing

ROS?

DAMAGE/STRESS

LOSS OF INHIBITORS

OSTEOGENIC DIFFERENTIATION

CELL DEATH/VESICLE RELEASE

MINERALIZATION
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Ageing

Hypertension
Vascular Calcification Osteoporosis CKD

Ageing is the Strongest Risk Factor for Defects in
Kidney-Bone-Vascular Axis Tissues

• Elevated Phosphate/FGF23/Klotho
• Low Vitamin D
• DNA damage
• Oxidative Stress
• Systemic Inflammation
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Inhibitors Prevent Vascular Calcification

Mouse gene knockouts develop vascular calcification
and bone defects (eg. osteoporosis).

• MGP (matrix Gla protein)
• Fetuin**
• Osteoprotegerin
• Klotho/ FGF23** - Phosphate and Vit D

metabolism – premature ageing
• Pyrophosphate metabolism (ENPP1)
• carbonic anhydrase
• Smad 6

Luo et al Nature 1997
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Incidence of Vascular Calcification with Age
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Adolescents and young adult with CKD:
– structural and functional abnormalities in the large vessels 
– present even in the second decade of life
– linked to disorders in mineral metabolism

Goodman, NEJM, 2000; Litwin, JASN, 2005; 
Mitsnefes, JASN 2005; Goldsmith, NDT, 2006

Cardiovascular mortality in CKD patients
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¯ GFR Renal 
osteodystrophy

Disease

­Calcium                           
­Phosphate                      
­Ca x PO4                          
Oxidized lipids                      
Inflammation
Hypertension
PTH
Advanced glycation end-
products

Vascular insults

Treatment

Vitamin D
Calcium-based 
phosphate binders
Warfarin

VSMC Damage

• Time on dialysis
• Pre-existing vascular calcification (once present rapidly progresses)
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Vessel Rings from Children in vivo and ex vivo

Studied vessels from children on dialysis who
develop rapid medial vascular calcification
• pristine vessels -no atherosclerosis

• Intact - vascular matrix structure maintained
Measured:  CALCIUM LOAD

VESSEL HISTOLOGY

Correlated with :  VASCULAR MEASURES
BIOCHEMICAL DATA

Alk P

1mM P +
1.8mM Ca

2mM P + 
1.8mM Ca

2mM P + 
2.7mM Ca

ImmunoCa
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Children on Dialysis develop rapid medial calcification

High Circulating Phosphate Levels, Transient Hypercalcemia?
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Calcification correlates with VSMC loss via apoptosis

Normal Pre-dialysis Dialysis
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Loss of Calcification Inhibitors
Non-functional Glu-MGP predominates in

Dialysis vessels
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Dialysis vessels show increased osteogenic differentiation

(Shroff et al 2008,Circulation)
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Ca load is associated with increased 
vesicle deposition by VSMCs

(Shroff et al 2008, Circulation)

b

c

a

d

eKDIGO



Is there Evidence that the VSMCs from Children on 
Dialysis

are Prematurely Aged?

ENVIRONMENTAL TOXINS

DNA DAMAGE 

SENESCENCE
and

CELL DEATH
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Vessels from Children on dialysis have increased senescence markers 
and oxidative DNA damage

Oxidative DNA damage increases
predialysis

p16 is increased in Dialysis
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Calcium and Phosphate Drive Oxidative DNA 
damage in Dialysis Vessels
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Cell growth
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VSMCs from children on dialysis senesce early in culture

Phase SAbG

SAbG = senescence 
associated b-galactosidase
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Calcium and Phosphate Induce DNA damage
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Phosphate treatment promotes VSMC senescence

SAbG
Day 0 + P Day 4 + P
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Shanahan, C. M. (2013)

Senescence Associated Secretory Phenotype (SASP)
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A.

IL6

NEG    POS 

POS  NEG

B.
GRO, GROα

OPG

SASP factors

Interleukins and chemokines IL6,IL8, GRO,GROα, MCP-1,-2,-3, ENA78, GCP-2 

Growth factors and regulators Angiogenin, IGFBP-4,-6,VEGF, BMP2

Proteases TIMP-1,-2 

Soluble or shed receptors or 
ligands

OPG, Fas, uPAR, ICAM-1

Array analysis shows VSMCs secrete pro-osteogenic
cytokines in response to prelamin A accumulation

Drugs that block the DDR reduce secretion of SASP factors and calcification.
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VSMCs from children on dialysis have increased levels of DNA damage and 
osteogenic differentiation in vitro

Pilar Sanchis et al, KI 2019
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ATM inhibition blocks calcification and Inflammation
in VSMCs from Children on Dialysis

Control

Dialysis

Baseline       Ca/P      Ca/P + iATM
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BMP2, IL6 and OPG are elevated in children on dialysis 
and correlate with vascular stiffness
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Circulating cytokines were significantly increased in children with 
calcification

KDIGO



Tissue ageing is driven by DNA damage and inflammatory mediators released from 
senescent tissues

KlothoFGF23
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 Progressive Development of Aberrant 
Smooth Muscle Cell Phenotype in 
Abdominal Aortic Aneurysm Disease  

 Kirsten Riches    a, e     Emily Clark    b, c     Rebecca J. Helliwell    a     Timothy G. Angelini    f     
Karen E. Hemmings    a, c     Marc A. Bailey    a, c, d     Katherine I. Bridge    a, c, d     
D. Julian A. Scott    a, c, d     Karen E. Porter    a, c   

  a    Leeds Institute of Cardiovascular and Metabolic Medicine (LICAMM),  b    Institute of Medical and Biological 
Engineering, School of Mechanical Engineering, and  c    Multidisciplinary Cardiovascular Research Centre 
(MCRC), University of Leeds, and  d    Leeds Vascular Institute, Leeds General Infirmary,  Leeds ,  e    Faculty of Life 
Sciences,    University of Bradford,  Bradford , and  f    Royal London Hospital,  London , UK

 

exhibited higher levels of the DNA damage marker γH2AX 
(3.9-fold,  p  < 0.01, vs. control SMC). These features did not 
correlate with patients’ chronological age and are therefore 
potential markers for pathological premature vascular ag-
ing. Early-stage PCA-SMC (control and aneurysmal) were in-
distinguishable from one another across all parameters. The 
principal limitation of human studies is tissue availability 
only at the end stage of the disease. Refinement of a porcine 
bioreactor model would facilitate the study of temporal 
modulation of SMC behaviour during aneurysm develop-
ment and potentially identify therapeutic targets to limit 
AAA progression.  © 2017 S. Karger AG, Basel 

 Introduction 

 Abdominal aortic aneurysm (AAA) is a progressive, 
generally asymptomatic dilatation of the aorta affecting 
 ̌  5.5% of the population. Risk factors for AAA include 
male gender, increasing age, and smoking  [1] . Rupture is 

 Keywords 
 Abdominal aortic aneurysm, human · Smooth muscle cells · 
Aging · DNA damage · Senescence 

 Abstract 
 Abdominal aortic aneurysm (AAA) is a silent, progressive dis-
ease with a high mortality and an increasing prevalence with 
aging. Smooth muscle cell (SMC) dysfunction contributes to 
gradual dilatation and eventual rupture of the aorta. Here we 
studied phenotypic characteristics in SMC cultured from 
end-stage human AAA ( ˰  5 cm) and cells cultured from a por-
cine carotid artery (PCA) model of early and end-stage aneu-
rysm. Human AAA-SMC presented a secretory phenotype 
and expressed elevated levels of the differentiation marker 
miR-145 (2.2-fold,  p  < 0.001) and the senescence marker 
SIRT-1 (1.3-fold,  p  < 0.05), features not recapitulated in aneu-
rysmal PCA-SMC. Human and end-stage porcine aneurysmal 
cells were frequently multi-nucleated (3.9-fold,  p  < 0.001, 
and 1.8-fold,  p  < 0.01, respectively, vs. control cells) and dis-
played an aberrant nuclear morphology. Human AAA-SMC 
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Increased DNA Damage and Senescence in AAA

Age-Associated Sirtuin 1 Reduction in Vascular Smooth Muscle 
Links Vascular Senescence and Inflammation to Abdominal 
Aortic Aneurysm

Hou-Zao Chen*, Fang Wang*, Peng Gao*, Jian-Fei Pei*, Yue Liu, Ting-Ting Xu, Xiaoqiang 
Tang, Wen-Yan Fu, Jie Lu, Yun-Fei Yan, Xiao-Man Wang, Lei Han, Zhu-Qin Zhang, Ran 
Zhang, Ming-Hui Zou, and De-Pei Liu
Department of Biochemistry and Molecular Biology, State Key Laboratory of Medical Molecular 
Biology, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, China

Abstract
Rationale: Uncontrolled growth of abdominal aortic aneurysms (AAAs) is a life-threatening 
vascular disease without an effective pharmaceutical treatment. AAA incidence dramatically 
increases with advancing age in men. However, the molecular mechanisms by which aging 
predisposes individuals to AAAs remain unknown.

Objective: In this study, we investigated the role of SIRT1 (Sirtuin 1), a class III histone 
deacetylase, in AAA formation and the underlying mechanisms linking vascular senescence and 
inflammation.

Methods and Results: The expression and activity of SIRT1 were significantly decreased in 
human AAA samples. SIRT1 in vascular smooth muscle cells was remarkably downregulated in 
the suprarenal aortas of aged mice, in which AAAs induced by angiotensin II infusion were 
significantly elevated. Moreover, vascular smooth muscle cell–specific knockout of SIRT1 
accelerated angiotensin II–induced formation and rupture of AAAs and AAA-related pathological 
changes, whereas vascular smooth muscle cell–specific overexpression of SIRT1 suppressed 
angiotensin II–induced AAA formation and progression in Apoe−/− mice. Furthermore, the 
inhibitory effect of SIRT1 on AAA formation was also proved in a calcium chloride (CaCl2)–
induced AAA model. Mechanistically, the reduction of SIRT1 was shown to increase vascular cell 
senescence and upregulate p21 expression, as well as enhance vascular inflammation. Notably, 
inhibition of p21-dependent vascular cell senescence by SIRT1 blocked angiotensin II–induced 

Correspondence to De-Pei Liu, PhD, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences, No. 5 Dong Dan 
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Association of relative telomere length with cardiovascular disease in
a large chronic kidney disease cohort: The GCKD study
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a b s t r a c t

Background: Chronic kidney disease (CKD) affects 10e15% of the general population and affected in-
dividuals are at an increased risk for cardiovascular disease (CVD). Since telomere length is considered to
be involved in biological aging, we tested whether relative telomere length (RTL) might be a marker for
these two diseases.
Methods: The German Chronic Kidney Disease (GCKD) study is an ongoing prospective cohort study
including patients with CKD of moderate severity. RTL was measured by qPCR in 4955 out of 5217 GCKD
patients at baseline.
Results: RTL was distributed in the cohort with a mean ± SD of 0.95 ± 0.19. CVD was present in 1266
patients. Each decrease of RTL by 0.1 unit was associated with a higher probability for prevalent CVD:
OR ¼ 1.06, 95% CI 1.02e1.11, p ¼ 0.007 (adjusted for age, sex, eGFR, BMI, ln-CRP, smoking, hypertension,
diabetes, and lipids). Similar findings were observed for history of specific CVD entities, such as coronary
artery disease (OR ¼ 1.05, p ¼ 0.025), myocardial infarction (OR ¼ 1.08, p ¼ 0.013) and percutaneous
transluminal coronary angioplasty (OR ¼ 1.06, p ¼ 0.032). The strongest associations were found for
interventions at the carotid arteries (OR ¼ 1.25, p ¼ 0.001) as well as aortic aneurysms (OR ¼ 1.22,
p ¼ 0.001).
Conclusions: In the presence of CKD there is a significant association between shorter RTL and CVD
manifestations. RTL appears to be a marker reflecting changes in homeostasis associated with CKD that
may contribute to the excess CVD risk.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chronic kidney disease (CKD) is a highly prevalent disease. Data
from the United States and Europe report about 10e15% of the

general population have signs of impaired kidney function or
structure. This prevalence increases even to 50% in high-risk sub-
populations [1,2]. Patients with CKD are at high risk for cardio-
vascular disease (CVD). This risk increases with decreasing
glomerular filtration rate (GFR) and increasing albuminuria. In
patients with advanced CKD the risk for total and cardiovascular
mortality [3,4] is higher than the risk for kidney failure requiring
dialysis. The high prevalence of CVD in CKD patients can only partly
be attributed to traditional CVD risk factors. The CKD phenotype is
characterized by age-related characteristics such as atherosclerosis,

* Corresponding author. Division of Genetic Epidemiology, Department of Med-
ical Genetics, Molecular and Clinical Pharmacology, Medical University of Inns-
bruck, Sch€opfstr. 41, A-6020 Innsbruck, Austria.

E-mail address: Florian.Kronenberg@i-med.ac.at (F. Kronenberg).
1 These authors contributed equally.
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0021-9150/© 2015 Elsevier Ireland Ltd. All rights reserved.
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Diabetes is Associated with a high Prevalence of Vascular 
Calcification in Peripheral Arteries

Peripheral Artery Calcification in Diabetes

Associated with increased CV mortality, amputation and ulcers, 
surgical complications
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Mechanisms of Calcification in Diabetes/Charcot Foot

Premature Ageing

Oxidative stress

NeuropathyVascular Calcification

Diabetes 

AGE/ RAGEInflammation

Osteogenesis Matrix change +
osteogenesis
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Neuropathy as a Novel Cause of Vascular Calcification in the 
Extremities

Mechanisms Unknown:

Loss of Trophic Factors?

Calcium Metabolism?

Edmonds, ME et al 1982
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