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MMP = matrix metalloproteinase



We tend to face today’s battle 
prepared to fight the last war

 Is the 
“vulnerable 
plaque” a valid 
concept in 2015?



Challenges to the 
“vulnerable plaque” concept

 Few thin-
capped plaques 
actually rupture!



Only 5% of thin-cap fibroatheromas cause 
events at a median follow-up of 3.4 Years 

(PROSPECT)

Stone GW et al. N Engl J Med 2011;364:226-235

Thin-cap fibroatheromas (TCFA)

Minimal luminal area (MLA)

Plaque burden (PB)



Challenges to the 
“vulnerable plaque” concept

 The character of 
human plaques is 
changing in the 
statin era





van Lammeren et al. Circulation. 2014;129:2269-2276.

Human plaques 

are getting less 

fatty in the statin 

era ▼

▲Human plaques 

are getting less 

“inflammmed” in 

the statin era



The character of human 
plaques is changing

 Statin use 
is on the rise



ACS Treatments Changing with Time

Swedish 

Registry:Hospital

Survivors 

Receiving Specific 

Medications
Jernberg et al. JAMA 

2011;305:1677-1684
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Previous Use of Medication on an Outpatient Basis

Population Trends in the Incidence and Outcomes of Acute 

Myocardial Infarction.

Yeh RW et al.

N Engl J Med 2010;362:2155-2165





Challenges to the “vulnerable 
plaque” concept

❤The risk profile and demographics of 
ACS patients is shifting worldwide 
(global burden, younger patients, more 
women, more insulin 
resistance/diabetes, more 
hypertriglyceridemia, less LDL excess)

❤Statin treatment and other preventive 
measures have begun to modify 
atherosclerotic disease



The Changing Face of the 
Acute Coronary Syndromes

 What mechanisms 
beyond plaque rupture 
may contribute to the 
residual burden of events 
in the current era?



The Acute 
Coronary 
Syndromes are 
Changing 
Before Our Eyes

Libby P. N Engl J Med 
2013;368:2004-2013
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❤Fewer STEMI, 

more NSTEMI

❤Less rupture, 

more erosion?



The Changing Face of the 
Acute Coronary Syndromes

 Is innate immunity 
involved in  
superficial erosion?



Potential mechanisms of plaque erosion

Tricot et al, Circ, 2000

Plaque erosion 
associates with 
disturbed flow 



Lee et al. JBC, 2001

Koloddgie et al. ATVB 2002

Potential mechanisms of plaque erosion
Biomechanics, proteoglycan, and hyaluronan in erosion



Mullick et al , JEM, 2008
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Scheibner et al , Jimmunol , 2006

Potential mechanisms of plaque erosion
Hyaluronan and TLR2 function in endothelium under disturbed flow in atherosclerosis





Quillard et al. EHJ, 2015

HA: Hyaluronic acid

Hyaluronan promotes endothelial 
apoptosis and inflammation 



Potential mechanisms of plaque erosion

TLR-2 agonists stimulate endothelial cell inflammatory functions 

Quillard et al. EHJ, 2015



TLR2 LIGATION AND NEUTROPHILS IMPAIR 

ENDOTHELIAL ADHERENCE

Quillard et al. EHJ, 2015



TLR2 agonists retard repair of wounded 

monolayer of human endothelial cells
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Quillard et al. EHJ, 2015



Activated ECs can induce nets and become 

susceptible to NETosis-mediated cell death

Fuchs et al, ATVB, 2012
Neutrophil extracellular traps (NETs)



Do NETs associate with human plaques with features of erosion?



Human plaques with erosion 
characteristics associate with NETS

Quillard et al. EHJ, 2015

« Stable » « Erosion-prone » « Rupture-prone »

Neutrophil elastase

Citrullinated histones



EC apoptosis associates with luminal PMNs and TLR2 

expression only in SMC-rich lesions
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Neutrophils localize in erosion-like lesions
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Neutrophil Extracellular Traps (NETs) 

in Human Atherosclerotic Plaques

DNA

Citrullinated histone

Neutrophil elastaseQuillard et al.  EHJ June 2015



The frond-like processes 

extending into the lumen 

from the intimal surface of 

a human carotid atheroma 

exemplify neutrophil 

extracellular traps (NETs) 

derived from DNA extruded 

by dying granulocytes. This 

merged immunofluorescent

micrograph shows 

neutrophil elastase (green), 

citrullinated histone-4 (red), 

and nuclei (blue). See 

figure legend on page 0000.



The innate immune receptor TLR2 promotes 

endothelial functions related to superficial erosion. 

Quillard et al.  EHJ 2015



Implication of the Innate Immune Receptor 
TLR2 in Plaque Superficial Erosion 

Promotes endothelial (EC) death

Promotes EC desquamation

Impairs EC monolayer healing

 Sets the stage for formation of 
neutrophil extracellular traps



The Changing Face of the 
Acute Coronary Syndromes

 Superficial erosion 
may be on the rise

Innate immunity may 
drive superficial erosion




