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 Role of Lipoproteins and Inflammation 

in the Progression/Regression of 

Atherosclerosis 



Pathophysiology of Atherosclerosis:  the 

Mechanisms of Progression 

1. Lipoproteins 

2. Inflammation and progression of atherosclerosis 

3. Lipoproteins and inflammation 
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Angiographic Progression Rate by 

LDL-C Achieved in Statin Trials 

Ballantyne CM et al. Curr Opin Lipidol 1997;8:354ï361. 
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QCA of the mid LAD 



Outcome variable:  change in percent diameter stenosis  
                                  for all stenoses > 25% at baseline 

QCA Measurements 

Reference Diameter Minimum Lumen Diameter 

Vessel wall 

Vessel wall 

Percent 
diameter   = 
stenosis 

Reference Diameter ï Minimum Lumen Diameter 

                          Reference Diameter 
x  100 



Ballantyne CM et al. Circulation 2008;117:2458ï2466. 

1.70  

1.65  

1.60  

ASTEROID: Angiographic Regression 

292 patients with at least 1 segment containing >25% stenosis  
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ǧ - 1.3%  ǧ +0.03 mm 40  

35  

30  
Baseline  Follow - up  Baseline  Follow - up  

Median D MLD:  +0.02 ( ï0.04, 0.11) mm  
p <0.001  

Median D %DS:  ï0.50% ( ï4.00, 2.00)  
p <0.001  

LDL - C: 
131.5 

mg/dL  

LDL - C: 
61.1 

mg/dL  



Change in Percent Diameter Stenosis vs 

On-Treatment  LDL-C in QCA Trials 
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Ballantyne CM et al. Circulation 2008;117:2458ï2466. 
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Change in Percent Diameter Stenosis vs 
On-treatment HDL-C in QCA Trials 

Placebo  

Statin *  

Ballantyne CM et al. Circulation 2008;117:2458ï2466. 
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Angiographic Effects of Lipid Drug Classes 

Meta-Analysis, 12 Trials 

75  50  25  

% D HDL - C Minus % D LDL - C in Rx (% ) Placebo -Adjusted  

D%s = 3.0 ï 0.076 (% DHDL-C) + 0.06 (% DLDL-C)  
R2 = 0.96; P<.004  

Progression  

Regression  

Placebo (6)  

Fibrates (1)  

Statins (6)  

Statin+Resin (1)  

Niacin Combos (4)  

HATS *  Placebo  

HATS *  S+N  

Brown BG et al. Curr Opin Lipidol  2006;17:631 ï636.  

S+N=simvastatin + niacin  
*  HATS (HDL -atherosclerosis treatment study) data not shown in original study  
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Angiographic Effects of Lipid Drug Classes 

Meta-Analysis, 12 Trials 
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% D HDL - C Minus % D LDL - C in Rx (% ) Placebo -Adjusted  

D%s = 3.0 ï 0.076 (% DHDL-C) + 0.06 (% DLDL-C)  
R2 = 0.96; P<.004  

Progression  

Regression  

Placebo (6)  

Fibrates (1)  

Statins (6)  

Statin+Resin (1)  
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Brown BG et al. Curr Opin Lipidol  2006;17:631 ï636.  

S+N=simvastatin + niacin  
*  HATS (HDL -atherosclerosis treatment study) data not shown in original study  

ASTEROID  



Angiography Does Not Image Plaque 



Discord between Lumen and Atherosclerosis 



Recent Coronary IVUS Progression Trials: Relation 

between LDL-C and Progression Rate 
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Mean LDL-C (mg/dL) 

REVERSAL 
pravastatin 

REVERSAL 
atorvastatin 

CAMELOT 
placebo 

A-Plus 
placebo 

ACTIVATE 
placebo 

ASTEROID 

rosuvastatin 

r2= 0.95 

p<0.001 

Nissen SE et al. JAMA 2006;295:1556-1565. 



Beneficial Impact of Lowering 

LDL-C:HDL-C Ratio on Atherosclerosis 

Nicholls S et al. JAMA 2007;297:499ï508 
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What is the significance of progression as 

measured by QCA (i.e., luminal narrowing)? 

ÅPatients with the most progression have the highest 

rate of CAD 

Å Progression of CAD as measured by QCA has 

been shown to predict clinical CV events such MI, 

CAD mortality, and need for revascularization in the 

following studies: 

ïProgram for the Surgical Control of the Hyperlipidemias 

ïMontreal Heart Institute study of nicardipine 

ïCholesterol Lowering Atherosclerosis Study 



ÅRelationship between QCA and IVUS at single time points 
(n=525) and changes over time (n=432) 

ÅStatistically significant correlations were observed between 
QCA coronary artery score and IVUS-derived lumen volume 
(r=0.65, P<0.0001) and total vessel volume (r=0.55, 
P<0.0001) 

ÅStatistically significant but weak correlations between 
changes over time in lumen dimesions on QCA and IVUS 
(r=0.14, P<0.01)  

ÅNevertheless, pts with and without angiographic progression 
had changes in plaque volume on IVUS of 9.13 and 0.20 
mm3 (P=0.08) 

Berry et al. Circulation 2007;115:1851-1857. 

Changes in lumen dimension over time 

correlated weakly with IVUS parameters 



IVUS vs. QCA 
IVUS 

Å Measures wall precisely (not 
atheroma) 

Å Measures disease in a single 
proximal artery without critical 
disease, ie focuses on the 
portion with the LEAST luminal 
narrowing 

Å More precise method to measure 
changes in vessel wall and 
lumen size for CAD  

Å Clinical significance of 
progression and regression? 

QCA 

Å Measures lumen dimension 

Å Examines the entire coronary 
bed including branches 

Å Focuses on the portion with the 
GREATEST luminal narrowing 

Å More sensitive to picking of 
thrombotic luminal narrowing due 
to atherothrombotic events 
anywhere in coronary bed 

Å Progression as defined by QCA 
predicts clinical events 

Å Significance of regression in 
regards to clinical events unclear 
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rosuvastatin 40 mg (n =650) 

atorvastatin 80 mg (n=650) 
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1300 patients with symptomatic CAD (angiographic stenosis >20%) 

 LDL-C with (>80 mg/dL) or without (>100 mg/dL) statin use last 4 weeks 
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* Safety assessments 



ORION: Example of Change in Plaque Composition 

over 2 Years with Rosuvastatin Treatment 

T1W=T1 -weighted; TOF=time -of- flight; PD=proton density; T2W=T2 -weighted; *=lumen; JV=jugular 
vein  

Underhill HR et al. Am Heart J 2008; 155: 584.e1 ïe8 
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ORION: Reduction in LDL-C and Lipid-Rich 

Necrotic Core with Rosuvastatin 

N=8 N=10 



Endothelial Dysfunction in Atherosclerosis 

Ross R. N Engl J Med 1999; 340:115ï126. 



Fatty-Streak Formation in Atherosclerosis            

Ross R. N Engl J Med 1999; 340:115ï126. 



Formation of an Advanced, Complicated 

Lesion in Atherosclerosis            

Ross R. N Engl J Med 1999; 340:115ï126. 



Unstable Fibrous Plaques in Atherosclerosis            

Ross R. N Engl J Med 1999; 340:115ï126. 



Lipoprotein Classes and Inflammation 

Doi H et al. Circulation  2000;102:670 -676; Colome C et al.  Atherosclerosis  2000;  
149:295 -302; Cockerill GW et al. Arterioscler Thromb Vasc Biol  1995;15:1987 -1994.  

HDL LDL Chylomicrons,  
VLDL, and  

their catabolic 
remnants  

> 30 nm  20ï22 nm  

Potentially proinflammatory  

9ï15 nm  

Potentially anti -   
inflammatory  



Role of LDL in Inflammation 

Steinberg D et al. N Engl J Med  1989;320:915 -924.  

Endothelium  

Vessel Lumen  

LDL 

LDL Readily Enter the Artery Wall Where They May be Modified  

LDL  

Intima  

Modified LDL  

Modified LDL are Proinflammatory  

Hydrolysis of Phosphatidylcholine  
to Lysophosphatidylcholine  

Other Chemical Modifications  

Oxidation of Lipids  
and ApoB  

Aggregation  



Adhesion molecules mediate  

leukocyte migration 

Ley K, et al. Nat Rev Immunol. 2007;7:678-89  



  WT   apoEï/ï  
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Electron  

microscopy  

  Blood CD11c+ cells 

Wu H et al. Circulation 2009;119:2708ï2717. 

Characteristics of Monocytes from Blood of ApoEï/ï 

Mice on High-Fat Diet  



  Neat Stain of monocytes from apoEï/ï  

CD11c+ CD11cï 

Wu H, et al. Circulation. 2009 May 26;119(20):2708-17.  

The majority of foamy monocytes were CD11c+ in 

blood of apoE½/½ mice on HFD 
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CD11c and VLA-4 cooperate in monocyte capture and 

firm arrest 

        MNCs arrested at 2 dyne/cm2 

Wu H, et al. Circulation. 2009 May 26;119(20):2708-17.  

P<0.001 
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Wu H et al. Circulation 2009;119:2708ï2717. 
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CD11c and Atherosclerosis in ApoEï/ï Mice 

Sudan IV staining of mouse aortas 
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Wu H, et al. Circulation. 2009 May 26;119(20):2708-17.  
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receptors, ? 

VLA-4 

CD11b 

BLOOD 

Atherosclerosis 
Xanthomas 

Scavenger  
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Wu H et al. Circulation 2009;119:2708-2717. 

A Model for Involvement of CD11c in Atherogenesis 

in Hypercholesterolemia  





Inflammation in Adipose Tissue is Present 

with Obesity  and Plays a Crucial Role in 

Obesity Related Insulin Resistance 

ÅIncreased expression of inflammatory genes in white 
adipose tissue of mice with obesity due to genetic causes, 
greatest increase in obesity induced by very high fat diet 

ÅMacrophages present in adipose tissue and reduced by 
treatment with rosiglitazone 

ÅPositive correlation between macrophage markers, BMI, and 
adipocyte size in both mouse and man 

ÅBone marrow transplants and macrophage deficient mice 
show most are CSF-1 dependent, bone marrow derived 

ÅMost TNF alpha in adipose tissue derived from 
macrophages 

 
Weisberg SP et al. J Clin Invest 2003;112:1796-1808. 

Xu H et al. J Clin Invest 2003;112:1821-1830. 



Obese Adipose Tissue is Characterized by 

Inflammation and Progressive Infiltration by 

Macrophages as Obesity Develops 

Wellen KE et al. J Clin Invest 2006;116:1785ï1788. 



Potential Mechanisms for Activation of 

Inflammation in Adipose Tissue 

Shoelson SE et al. J Clin Invest 2006;116:1793ï1801. 




