
ATHEROSCLEROSIS AND TOXIC METALS 

Peter J. VanDerSchaar MD. PhD,  
Eleonore Blaurock-Busch PhD,  

Raymond Pahlplatz MD. 
 
International Biomedical Center Leende, Netherlands & MTM, Germany 

 

 



 ATHEROSCLEROSIS  
 

 

 

 Leading cause of death, heart attacks and 
strokes 

 The treatment is the ninth leading cause of 
death. 

 
 POOR TREATMENT SUCCESS TO DATE DUE TO POOR KNOWLEDGE 

OF CELLULAR MECHANISMS  AND ANGIOCHEMISTRY 
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TOP 10 CAUSES OF 

DEATH 

 
 1.   HEART DISEASE 
 2.   CANCER 
 3.   STROKE 
 4.   MEDICATIONS 
 5.   PULMONARY   

DISEASE                   

 6.   ACCIDENTS  
 

 

 7.   PNEUMONIA  

 8.   DIABETES 

 9.   INVASIVE HEART 
TREATMENTS   

 10.  AIDS   

      

 

 These figures along with new 
understanding that up to 85% of 
MIs are not from vessel stenoses 
but from vaso-spasm and 
vulnerable plaque are beginning 
to change our approach to 
vascular disease. 
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ATHEROSCLEROSIS 

INJURY 

 

 
 Injury to the endothelium is the 

primary event, mechanical, flow 
turbulence, tissue hypoxia, lead to 

 

 Inflammation endothelium 

 

 

 

 Damage  collagen & smooth 
muscle 

 Impaired endothelial  
protection  
exposure of intima 

 decrease in plasminogen 
activators, heparan sulphate, 
prostacyclin 

 

Generation of Reactive Oxygen 
Species (ROS) 

      Peroxides 

      Superoxides 

      Hydroxylradicals 

. 
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INJURY AND 
INFLAMMATION 
PRODUCTS 

 
 Damaged endothelium no longer 

serves as a barrier 

 LDL cholesterol passes into the 
intima which is modified (oxidized) 
by free radicals.  

 The intima attracts monocytes and 
is ingested by macrophages 

 

 

 

 

 

 

 

 Monocytes migrate to 
subendothelial space where 
they become Foam Cells 

 

 Foam cells secrete PDGF, IL-1, 
TGF, TNF which activate SM 
cells to migrate and proliferate 
and deposit connective tissue. 
These Factors are highly 
thrombogenic  

 

 Foam cells gives rise to 
overlying thrombus formation 
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INJURY AND INFLAMMATION PRODUCTS 
 

PDGF (Platelet Derived Growth Factor) 
 

 A substance in platelets that is mitogenic for cells at the site of a 
wound, causing endothelial proliferation. 
 

 One of the numerous proteins that regulate cell growth and division  
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INJURY AND INFLAMMATION PRODUCTS 

IL (Interleukins) 
 produced mainly by macrophages 

 

 bind to receptors on different cell types, for example T- and B-cells, 
macrophages, neutrophils, vascular endothelial cells and smooth muscle 
cells  

 

 are involved in inflammation, inducing adhesion molecule expression on 
vascular endothelium induces ICAM 1 expression, 
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INJURY AND INFLAMMATION PRODUCTS 
 

TGF (Transforming Growth Factor)  
 

 Anti-inflammatory mediator 
 In addition to limiting inflammation this growth factor may control vascular 

smooth muscle proliferation and extracellular matrix deposition. 
 

 TGF-beta is present in human atherosclerotic plaques and is involved in the 
balance between inflammation and fibrosis within the plaque. blocking TGF-
beta signaling accelerates atherosclerosis by decreasing vascular collagen 
content and increasing inflammation.  
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INJURY AND INFLAMMATION PRODUCTS 

TNF (Tumor necrosis factor) 

 
 is a multifunctional proinflammatory cytokine, with effects on lipid 

metabolism, coagulation, insulin resistance, and endothelial 
function. 

 

 activated macrophages constitute the major cellular origin of TNF 

 

 can kill a number of cell types and induce differentiation in others 
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INJURY AND INFLAMMATION PRODUCTS  
 

VCAM  and ICAM (Adhesion molecules ) 
 
     Involved in the adhesion of monocytes to endothelial cells.  

 
      Monocytes come in random contact with endothelial cells, and the 

adhesion molecule E-selectin slows the monocyte by inducing rolling of 
the monocyte along the endothelial surface before firm attachment to 
vascular cell . HDL inhibits expression of adhesion molecules 

 
     Soluble Vascular Adhesion Molecules (VCAM) 
     Soluble Intercellular Adhesion Molecules (ICAM) 
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Microcirculation  

 
 Chronic and severe atherosclerotic arterial disease begins to occur 

in in the microcirculation, including obstruction at the microvascular 
level 

 

 Microcirculatory changes often under estimated. May account for 
many of the symptoms associated with vascular disease and the 
chronic disease changes noted with aging. 
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 Most of the changes are 
in the intimal layer 

 Accumulation of 
monocytes, 
lymphocytes, foam 
cells, and connective 
tissue lead to plaque 
formation 

 

 
 

 

 

 

 

 

 Fibrous cap 

 Fibrous Plaque 
(Vulnerable Soft 
Plaque) 
 More advanced and 

Necrotic core  

 Develop from fatty streaks 

 Projects into arterial lumen 

 Reduces blood flow 
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ATHEROSCLEROSIS 

A plaque is hemodynamically significant if it covers 60% - 
70% of the diameter of the (coronary) artery lumen 

•  reversal of the atherosclerotic process has be found 
in patients whose  total-Cholesterol level is < 150 
mg/dl & HDL is > high (> 45 -55 mg/dl) or 
Cholesterol/HDL ratio < 3 

•  plaque regression is less likely to occur if plaque is 
calcified 

 underscores the fact that an MI involves processes 
other than atherosclerosis (thrombosis, artery spasm) 



 
 ATHEROSCLEROSIS  

 
 

THE VULNERABLE 
PLAQUE 

  Vasospasm from  increased 
free radicals and Vulnerable 
Plaque account for the vast 
majority of myocardial 
infarctions  

 The oxidized lipids from  the 
lipid core burst through the 
fibrous cap and  attract 
electrons from the blood, 
sometimes causing 
thrombosis and infarction 

 

 

Rupture or ulceration of the plaque, exposing 

thrombo-genic material to circulating blood, 

may result in 

Hemorrhage into plaque 

Embolization from plaque 

Weakening of vessel wall with rupture 



The Most Common Type of Vulnerable Plaque 



ATHEROSCLEROSIS 

 The thrombus occludes the lumen 



ATHEROSCLEROSIS 

 Necrosis and bleeding from vulnerable plaque, which may occlude 
vascular lumen 

 



ATHEROSCLEROSIS 

Risk Factors 

 Hyperlipidemia 
 Increased levels of circulating lipids. 

 The higher the total or LDL cholesterol, or the 
lower the TC/HDL ratio, the greater the risk of 
CHD and CVD 

 Smoking 

 Hypertension 
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INDEPENDENT RISK 
FACTORS   

     
 Diabetes (especially when insulin-

dependent) 
 

 Homocysteine 
 

 ADMA (Asymmetric 
Dimethylarginine) 
 

 Allergies 

     
 

 

 Infectious agents raise C-reactive 
protein (hs-CRP is more specific in 
CAD) 

       Chlamydia Pneumoniae 
       Cytomegalovirus  
        Paradontosis 
        Helicobacter  
        Candidiasis 
 
 Metal Intoxications  

 
 Lipoprotein A (hereditary factor)  
     
 Ferritin levels (Free Radicals) 
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FREE RADICALS 

 

 Increased by excessive 
Cu and Fe (check Ferritin)  

 Infectious agents beget 
free radicals. 

SOURCES OF FREE RADICALS  

 

 Radiation 

 Toxic Metals, lead, cadmium 

 Poisons 

 Smoke 

 Sunlight 

 Cooked or rancid fats 

 Other toxins 

 Stress 
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CALCIUM   

 

Pathological metabolism 

 Deposits in arteries, joints, valves and soft tissues 

 In ionic form or insoluble complexes 

 Calcium is not only needed for proper functioning of the 
body but is a major player in the development of ASVD. 

 

 



ATHEROSCLEROSIS 

   CALCIUM 
    Pathological 

metabolism 
 

 Ca is precipitated on to the elastic 
fibers of the arterial wall, causing 
stiffening and loss of 
dispensability 
 

 Intracellular increase in 
calcification can be due to cellular 
membrane leakage 

 

 
 The final common pathway to cell 

death is calcium influx that 
overwhelms the cell’s ability to 
pump the calcium out. 

 

 Ionized Ca can be mobilized 
by MgEDTA 
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DEFENSE MECHANISMS 
 

ANGIOGENESIS 

 

 Angiogenesis is the first defense of the body to 
Atherosclerotic Vascular Disease. Promotion of 
angiogenesis is a (controversial) treatment goal. 

 

 Angiogenesis is a network of capillaries that arise from 
the adventitial vasa vasorum and extend into the intimal 
layer of atherosclerotic lesions  
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 ANGIOGENESIS 

 
 

 HEPARIN BINDING GF 

 

 FIBROBLAST GROWTH 
FACTOR  

 

 VASCULAR ENDOTHELIAL 
Growth Factor 

 

 

 

 

 

 

 

 Intercellular communications 
between vascular smooth 
muscle and endothelial cells 
are mediated by Heparin 
binding Epidermal GF - like 
Vascular Endothelial GF, 
Fibroblast GH and stimulate 

angiogenesis. 
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ANGIOGENESIS 

 attenuated by 

      hypercholesterolemia                

     oxidized low density 
lipoprotein 

 

 In atherosclerosis 

   suppression of basic FGF and 
VEGF 

 
 

Research suggest that the 
genetically engineered VEGF 
for direct arterial injection into 
the coronary vessels may 
easily be blocked by 
cholesterol and its LDL 

components.  
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    ANGIOGENESIS 

 
 (FGF-b) Fibroblast Growth Factor-

basic Heparin-binding growth 
factor which stimulates the 
proliferation of a wide variety of 
cells, including mesenchymal, 
neuroectodermal and endothelial 
cells.  

 

 FGF-b also exerts a potent 

angiogenic activity in vivo.   

 
 

 
 

 VEGF. (Vascular 
endothelial growth factor) 
Made by cells that stimulates 
angiogenesis, a mitogen for 
vascular endothelial (vessel 
lining) cells. 

   
VEGF is a polypeptide 
structurally related to platelet-
derived growth factor (PDGF). 

 

 
. 
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 Lead and cadmium are risk factors in 
atherosclerosis because of their influence 
on proteoglycan synthesis is vascular cells 

 
 Yasuyuki Fujiwara. Cell Biological Study on Abnormal Proteoglycan 

Synthesis in Vascular Cells Exposed to Heavy Metals 

 Journal of Health Science, 50(3) 197-204 (2004) 
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 Atherosclerosis initiated by dysfunction and injury of 
vascular endothelial cells 

 

 Followed by hyperplasia of vascular smooth muscle cells 

 

 Repair by fibroblast growth factor (FGF-2), which leaks 

to neighboring cells: further proliferation  
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 Lead (Pb) inhibits repair of injured 
endothelial cell layers which results from a 
lower response to endogenous fibroblast 
growth factor 

 The lower response  is caused by 
inhibition of of the synthesis of versican  

   ( a large chondroitin sulfate proteoglycan) 
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 Lead and Cadmium may influence the 
development of atherosclerosis through 
disrupting the regulation of proteoglycan 
synthesis in vascular cells 

 Proteoglycans are a heterogeneous group of 
proteins such as heparan sulfate and 
chondroitin/dermatan sulfate bound to core 
proteins. 

 Vessel proteoglycans are involved in the 
pathogenesis of vascular diseases 
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 Lead does not destroy endothelial monolayers 
but strongly inhibits the repair of de-
endothelialized areas  

 This is due to a lower response of the cells to 
endogenous FGF-2,  

 Caused by inhibition of perlecan  synthesis 
rather than inhibition of the binding of FGF-2 to 
its cell surface receptor 

 Lead inhibits the synthesis of  versican in 
vascular smooth muscle cells at high density 
 

 Yasuyuki Fujiwara 2004 
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 Perlecan 
 Perlecan is a large multidomain 

proteoglycan that binds to and cross-
links many extracellular matrix (ECM) 
components and cell-surface 
molecules. Perlecan is synthesized by 
both vascular endothelial and smooth 
muscle cells and deposited in the 
extracellular matrix.  

 Function of Perlecan 
 Perlecan is a key component of the 

vascular extracellular matrix, here 
it interacts with a variety of other 
matrix components and helps to 
maintain the endothelial barrier 
function. Perlecan is a potent 
inhibitor of smooth muscle cell 
proliferation and is thus thought to 
help maintain vascular 
homeostasis. Perlecan can also 
promote growth factor (e.g. FGF2) 
activity and thus stimulate 
endothelial growth and re-
generation  

 . 
 Versican 
  Versican is also known as 

Chondroitin sulfate proteoglycan 
core protein 2 and Chondroitin 
sulfate proteoglycan 2. 

 .Function 
 . Versican is often considered an 

anti-adhesive molecule 

http://en.wikipedia.org/wiki/Proteoglycan
http://en.wikipedia.org/wiki/Molecules
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 Cadmium inhibits the synthesis of biglycan 
and decorin at low cell density 

 Cadmium inhibits the synthesis of other 
glycan molecules 

 
 Decorin interacts with collagen via its core protein and influences collagen 

fibrillogenesis. Decorin functions in the control of cell cycle. It is also a 
Zn2+-binding protein 
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   TREATMENT GOALS 
 
 1. Reverse, reduce atherosclerosis 
 2. Inhibit plaque rupture 
 3  Inhibit thrombosis 
 4. Induce angiogenesis  
 5. Inhibit vasospasm 
 6. Affect rheology 
 7. Enhance skeletal muscle nutrition 
 8. Metal detoxification 
 9. Removal of metastatic Ca 

 
 

 

 
 

 MgEDTA chelation therapy 
     along with 

 
 Other chelating agents for 

binding lead and cadmium 
 

 and supplementation come very 
close to this ideal. 
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TREATMENT 
 

 Symptomatic 
 Avoiding and treating risk 

factors such as 
 

 Hyperlipidemia 
 

 and 
 

 Homocysteinemia 
 

 
 

 
   

 Statins, Inhibitors of HMG-CoA 
reductase, a rate limiting step in the 
synthesis of endogenous cholesterol, 
represent the primary pharmacological 
approach to the treatment of 
atherosclerosis  

 However they may have considerable 
adverse effects on liver function; 
rhabdomyolysis 

 They block the synthesis of Co-Q10 
 Polycosanol  and Niacinate are a better 

alternative 
 Trimethylglycine for lowering 

homocystein levels 
 

 Vitamins B3, B6, B12 
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 TREATMENT 

 

 

 Prevention of  
inflammation, 
aggregation and 
thrombosis 

 

 

 Anti-clotting 

 Inhibition of 
aggregation, aspirin, 
monoclonal AB 

 Eicosapentanoic acid 
(EPA) and 
Docosahexaenoic acid  
(DHA) 
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TREATMENT 
 

ANGIOGENESIS  

 
 Endothelial Nitric Oxide Synthase 

(eNOS) synthesizes Nitric Oxide 
from L-Arginine in the endothelial 
cells The endothelial-derived Nitric 
Oxide relaxes vascular smooth 
muscles and inhibits platelet 
activation1 . 

 ADMA opposes L-Arginine 

 ADMA levels increased in CAD 

 
 

L-Arginine supplementation (from 6 
gram a day) 

  will accelerate angioneogenesis 
  Helps eliminate ammonia 
 Reduces inflammation and 

infection 
 Increases release of HGH 

 
The insertion of a gene containing 

vascular endothelial growth factor 
is being investigated..  

 Specific suppression of stimuli that 
induce atherogenesis 

 Induction of therapeutic 
angiogenesis 
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TREATMENT 
 

L-ARGINININE  Possible risks (minimal)    
                                    (up to 30 gr/day reported) 

 Active Herpes infection 
 Acute stroke during migraine 
 Hypotension or hypertension 
 Autoimmune disorders  
 Cirrhosis 
 Glaucoma  
 Cancer 

 

 
 
 

 
 



Thank you! 

 

 

 

 


