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Atherosclerosis – plan of talk/learning objectives 

• Importance of atherosclerosis to human health 

• Cellular pathology of atherosclerosis 

• Link between cholesterol and inflammation 

• How to investigate molecular mechanisms 

• Homeostatic versus pathogenic roles of humoral 

immunity 

 





Adapted from Lopez and Murray (1998)  Nature Med 4: 1241 
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Danesh et al 2004 N Engl J Med 350:1387 

Relative importance of risk factors 



Low density lipoproteins 

(LDL) deposit in the 

subintimal space at sites of 

low/complex flow, and 

bind to matrix 

proteoglycans 

From: Tabas, I. et al. Circulation 2007;116:1832-1844 





MDA-lysine 

(oxidised LDL) 

monocyte/møs 

Napoli et al 1997 J Clin Invest 100:2680 

LDL modification in the arterial wall 

happens before macrophage infiltration 
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Dr Howard Kruth 



Macrophage scavenger receptors 

from Pluddemann et al (2007) Methods 43:207 



Inflammatory genesis of atherosclerosis 
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Branch points and curvatures are most 
susceptible to atherosclerosis 

By Dr David Steinman 

University  of Western Ontario 

Dai et al. (2004)  PNAS 101, 14871-14876  

•   Risk factors are systemic but lesions are focal 
 
•   Low shear stress regions are susceptible 
 
•   Blood flow exerts shear stress on EC 
 
•   Endothelial cells detect shear stress  
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Use of parallel plate flow chamber for studying 

endothelial cells under flow  

    Resting 

EC 

 Flow 24h                                                

10 dyn/cm2  



Laminar flow suppresses proinflammatory gene expression but 

sustains cytoprotective responses in response to TNFa 

Partridge et al (2007) FASEB J , 21:3553 
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adhesion molecules 
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adhesion molecules (eg VCAM-1) 
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Inflammatory basis of atherosclerosis 



Macrophage uptake of LDL 

• Physiological uptake of LDL via LDL receptor 
controlled by receptor down-regulation 

 

• Uptake of oxidised LDL by scavenger receptors is 
not regulated and results in “foam cell” formation. 

 

• Cholesterol-laden macrophages die by apoptosis or 
necrosis and release proinflammatory cytokines 
and growth factors. 
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Step-wise progression of atherosclerotic plaques     
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De Boer et al (1999) Cardiovasc Res 41:443.  



Barger AC et al. N Engl J Med 1984;310:175-177. Barger AC et al. N Engl J Med 1984;310:175-177. 

• density of microvessels correlates with 
density of activated macrophages 

• intraplaque haemorrhage linked to 
acute clinical events – due to physical 
disruption 

• extravasated erythrocytes provides a 
dual metabolic challenge –lipid from 
erythrocyte membranes and iron 
from heme 

Intra-plaque haemorrhage and lesion progression 

• poorly formed vessels with inadequate 
pericyte and basement membrane 
support   



 Haemorrhage-associated macrophage differentiation 

Boyle et al 2009 Am J Path 174:1097 

FC 

HA 

HLA-DR/CD163 

Joe Boyle 

Boyle et al 2011 ATVB 31:2685  



Boyle et al 2012 Circ Res  110:20 

 

    The Mhem phenotype - coinduction of genes 
handling iron load and lipid export  



Main cellular players 
• Vascular endothelial cells 

– Barrier function (eg to lipoproteins) 

– Leukocyte recruitment 

• Platelets 

– Thrombus generation 

– Cytokine and growth factor release  

• Monocyte-macrophages 

– Foam cell formation 

– Cytokine and growth factor release  

– Major source of free radicals 

– Metalloproteinases  

• T lymphocytes 

– Macrophage activation 

• Vascular smooth muscle cells 

– Migration and proliferation 

– Collagen synthesis 

– Remodelling and fibrous cap formation  

 



Natural history of atherosclerosis   

Intermediate 

lesions Normal 
Advanced 

lesions 

Complications 

(eg stenosis, plaque 

rupture) 

neonatal 40 yrs  20 yrs > 40 yrs 

Glagov effect (positive remodelling) 

Seymour Glagov et al (1987) New Engl J Med 316:1371  



Mouse models of atherosclerosis 

• ApoE-/- 

– 34kd component of VLDL 

 and chylomicrons 

– ligand for LDL receptor 

 

• LDL receptor -/- 

– Mutations in familial 

hypercholesterolaemia 

 

xanthoma 



Atherosclerosis in Ldlr-/- mice 

Ldlr-/- high fat 13 

mo  

wild-type 

Ishibashi et al 1994 JCI 93:1885  

Control Diet 
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Influence of adhesion molecules, chemokines 

and cytokines on mouse atherosclerosis   
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Debris (eg modified lipoproteins, apoptotic cells) 

Reversible fatty lesions 

Irreversible remodelling 

wound healing 

Stable plaques Unstable plaques 
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What is antigenic about oxidised LDL ? 

• modified apoB peptides (eg with MDA, 
4-HNE adducts) 

• modified phospholipids (eg exposed 
phosphorylcholine headgroup) 

• large complex and unstable antigen 
with many possible epitopes including   



Ldlr-/- 

sIgM-/-Ldlr-/- 

IgM staining in  aortic root of Ldlr-/- mice 

Green –CD68 (møs) 
Red –IgM 

Blue –nuclei 

Ehrenstein et al 1998 PNAS  95:10089 



Low fat 

High fat 

IgM deficiency accelerates atherosclerosis 

Lewis et al (2009) Circulation 120:417 



Homeostatic clearance 
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Days of Follow-up 

Lowest Tertile (corrected OD450<0.5)  
Middle Tertile (corrected OD450 >=0.5  & < 1.00)  

Highest Tertile (corrected OD 450>=1.0)   

Log rank test  
for trend = 0.03  
HR = 0.33 
95%CI=  0.13, 0.8 
 p = 0.02  

  

Kaplan-Meier survival estimates for population tertiles of IgG anti-oxLDL levels. 



Summary 

• Atherosclerosis can be viewed as a dynamic chronic 

autoinflammatory disease of arteries 

• The innate immune system regulates the safe disposal 

of lipoproteins and other debris from the arterial wall 

and is intrinsically protective 

• Overdrive of the innate immune system leads to 

irreversible remodelling, and this may be accelerated by 

adaptive immune mechanisms 

 
• The interplay between proinflammatory and wound healing 

pathways governs plaque development 


