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  1- 6 x 1013 endothelial cells lining a total surface area of 

4000-7000 m2 (six tennis courts) 

 
 

 
 

 

 

 

 

 

 

ENDOTHELIUM 

J. Maier 



 

 
 Maintenance of permeability barrier 

 Elaboration of anticoagulant, antithrombotic, fibrinolytic molecules 

 Modulation of blood flow and vascular reactivity   

 Extracellular matrix production (collagen, proteoglycans)  

 Regulation of the trafficking of circulating blood cells 

 Regulation of inflammation and immunity  

Endothelial cell properties and functions 
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magnesium deficiency 
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STEPS IN  

ATHEROGENESIS 
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LOW MG AND ENDOTHELIAL CELLS: 

HOW IT ALL BEGINS 

J. Maier 

LOW MG ACTIVATES NADPH OXIDASE 

 

 

INCREASED PRODUCTION OF  

OXIDANTS 

Wolf FI, 2008 
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endothelial cell 
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LOW MG INCREASES PERMEABILITY BY  

ALTERING VE- CADHERIN DISTRIBUTION 

 

 
                          

VE-cadherin is implicated in the opening 

and closing of the endothelial barrier, and 

is central in permeability changes 
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Magnesium deficiency increases LDL transport 

across the endothelial monolayer 

(Suttorp N, 1989; Yokoyama S, 1994) 

Once LDLs reach the subendothelial space, they 

are trapped by matrix proteoglycans and 

become an easy target for oxidant species 

generated by low-Mg-stressed endothelial cells  

(Yokoyama S, 1994) 

AN INCREASE OF ENDOTHELIAL   

PERMEABILITY PROMOTES ATHEROGENESIS 
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activated endothelial cell 
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Low magnesium promotes  

monocyte/endothelial  interactions 
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Low magnesium promotes monocyte/endothelial  interactions 

by inducing VCAM 

Maier 2004 J. Maier 



activated endothelial cell 
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LOW MG INDUCES NFkB ACTIVATION 
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LOW MG INDUCES NFkB ACTIVATION 

 

 

             

Ferré 2010 
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ANTI-OXIDANTS PREVENT NFkB ACTIVATION 

Ferré 2010 
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LOW MG ACTIVATES NFkB BY 

INDUCING  PROTEASOME ACTIVITY 

Mg (mM) proteasome activity (pM) 

1.0     9.7 ÷ 0.7 

0.1   23.8 ÷ 1.1 

1.0 + Trolox  11.4 ÷ 0.9 

0.1 + Trolox  10.8 ÷ 1.4 
 
  

Ferré 2007, 2010 
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IL-1α 

 inhibition of endothelial growth and promotion of senescence 

 increase of endothelial permeability 

 induction of endothelial/leukocytes interactions 

 alterations of blood flow and vascular reactivity   

 induction of the synthesis of several cytokines/chemokines  

 induction of a pro-thrombotic state 
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Maier 2004 



Low magnesium promotes a pro-inflammatory  

phenotype in EC 

 

 

Low Mg upregulates RANTES  11 x 

    IL-8   9 x 

    PDGF BB  9 x 

    TIMP 2  7 x 

    IL-6   3 x 

    GM-CSF  3 x 

1.0 mM Mg 0.1 mM Mg 

IL-6 

RANTES 

IL-8 PDGF-BB 

TIMP-2 

GM-CSF 
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Low extracellular Mg 

↑ proteasome activity 

       ↑ ROS 

↑ permeability                         ↑ hsp           IkB degradation 

adaptation 
survival 

subendothelial 
LDL accumulation 

 
 

LDL oxidation 
 

NADPH oxidase  

     p65/p50 nuclear 
     translocation 

 
    activation of NFkB 

target genes 
 
 

↑IL-1α ↑ chemokines 
↑ VCAM 

  ↑ GMCSF 

monocyte recruitment 
differentiation in macrophages 

  ↑PDGF 

migration and proliferation of 
smooth muscle cells 

endothelial  
senescence 
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LOW MG INDUCES TRPM7: MECHANISMS 

Baldoli 2013 
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0         24      48        96      h siRNA 

TRPM7 
 
actin 

 

Baldoli 2013 
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Baldoli 2013 
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Inoue K, 2009   

Baldoli 2013 
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Low extracellular Mg 

 ↑ ROS 

 
 

LDL oxidation 
 

      
     ↑IL-1α 

↑  TRPM7 

endothelial dysfunction 
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 Aged endothelium shows increased superoxide anions and 

peroxynitrite formation, enhancement of NADPH oxidase and inducible 

NO synthase expression. 

 

 Aged endothelium overexpresses IL-1, VCAM, PAI1, MMP 

 

 

 AGED ENDOTHELIUM IS DYSFUNCTIONAL 
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Low Mg accelerates endothelial senescence 
J. Maier 

Killilea, 2008; Ferré 2007 
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↓ Mg reservoir in bone 

and skeletal muscle 

↓ Mg absorption in the intestine 

and ↑ Mg excretion by the kidney 

hypomagnesemia 
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Microgravity related disorders 

Spaceflight and its analogue bed rest telescope 

the changes observed in aging  

BUT 10 TIMES FASTER THAN IN THE COURSE OF AGING!! 

AND FOR THE BONES, SPACE ACCELERATES 20-FOLD THE 

NORMAL RATE OF BONE LOSS OCCURRING IN AGING!! 

 

 Cardiovascular deconditioning 

 Bone loss/ Muscle Atrophy 

 Immune dysfunctions 

 Sensory Input Changes 
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  Simulated microgravity remodels cell architecture/organization 

 

  - alteration of the cytoskeleton 

    inhibition of actin transcription 

    enhancement of actin degradation 

 

 

 

 

 

 

- rapid and transient induction of stress response 

- alteration of cell proliferation 

- alteration of the cytokine network 

- altered synthesis of vasoactive molecules  

- altered gene expression 

 

Simulated microgravity activates 

an adaptive response 

control  RWV  control  RPM 
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Carlsson 2003, Versari 2007, Versari 2013 



SPHINX  
Spaceflight of HUVEC: an  

Integrated  Experiment 

 

 

 



Houston we have a problem:  

Microgravity accelerates biological aging 
 

 

“New research in The FASEB Journal  

suggests that gravitational unloading  

significantly impairs the function of  

endothelial cells, as evidenced by gene  

expression studies conducted in space” 

 



Gravitational unloading significantly impairs the function of 

endothelial cells, as evidenced by gene expression studies 

conducted in space 

Microgravity generates a pro-oxidative environment that activates an inflammatory 

response with a significant increase of interleukin 1α and β secretion, alters endothelial 

behavior, and promotes premature senescence 
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