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Atherosclerosis: current concept
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Davies et al.











• Identified were 596 thin-cap fibroatheromas 

• Major adverse cardiovascular events, 26 (51.0%) were thin-cap 

fibroatheromas
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•71%

•29% •43%

•57%

•STEMI •NSTEMI

rupture erosion

Merged data from OCT and pathology studies

G Pasterkamp, H den Ruijter, P Libby. Nature reviews Cardiology 2016



•1970 •1990 •2010

•STEMI
•NSTEMI

•STEMI

•NSTEMI
•Total burden of 

ACS

•Antihypertensive

•medication

•Lipid lowering

•therapy

•Smoking policy

•Risk factor treatment

. Nature reviews Cardiology 2016



Vaartjes et al. Stroke 2013

Death rate following stroke, the Netherlands



Athero-Express

• Collecting endarteriectomy specimen (carotid, femoral 
and AAA) and blood (start 2002)

• Now >4000 patients included.  

• GWAS data available of 1800 patients, whole genome 
methylation of 700 plaques.



Athero-Express

• Femoral+ iliac • carotid • AAA

• N= 1000 • N= 2400 • N= 600



Reproduced in femoral artery plaques



Plaque 

composition
2002-2003 

n=250

2004-2005 

n=408

2006-2007 

n=352

2008-2009 

n=332

2010-2010 

n=271

> 40% lipid

(%)

33 36 27 21 14*

Intra plaque 

bleeding (%)

74 75 62 49 37*

Vessel

density (AU)

6.7 8.5 7.7 7.3 6.3



Intra plaque bleeding over time



Calcification over time



Circulation 2014

Lammeren et al.  Circulation 2014



Femoral artery plaques (% of plaques)

Atheromatous IPH Macrophages

calcification collagen SMC



If underlying pathology is shifting: implications

• In the presence of (a)symptomatic disease: much more stable lesions are observed.

• For increasing number of patients: Are we still chasing the right target, e.g. the “vulnerable 

plaque”?

• What does this imply for tissue and plasma biobanks (biomarkers): Do data and samples 

obtained before 2000 still represent current patient population?

Stable 

lesion

Vulnerabl

e lesion



Patients undergoing carotid endarterectomy



Governmental policy in the Netherlands: 

smoking banned from public areas since 2004.



All organs and cells share the same DNA



But how the genetic information is used differs for 

each organ









Are plaque characteristics determined by genetic architecture?

Athero-Express
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Associations of 57 Cardiovascular Risk Loci with 

atherosclerotic plaque traits



 To what extent do the 57 known CAD susceptibility loci 

correlate with (vulnerable) plaque characteristics?

Questions

Overall 
plaque 

phenotype
Fat
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Calcification

Smooth 
muscle cells
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Mast cells
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Vessel 
density

Intraplaque 
hemorrhage
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Phenotype Locus OR	[95%	CI] P Disease GWAS	dir.

Calcification WDR12 0.74	[0.58	-	0.94] 0.012 CAD +

Calcification ZNF259-APOA5-APOA1 1.26	[1.01	-	1.58] 0.043 CAD +

Calcification LDLR 1.59	[1.21	-	2.07] 6.29x10-4 CAD -

Calcification KCNE2	(gene	desert) 0.71	[0.55	-	0.91] 7.92x10-3 CAD -

Collagen NOS3 1.73	[1.03	-	2.90] 0.031 CAD -

Collagen SMG6 0.78	[0.64	-	0.95] 0.012 CAD -

Fat MIA3 1.27	[1.02	-	1.56] 0.029 CAD +

Fat ZEB2-ACO74093.1 1.38	[1.00	-	1.92] 0.049 CAD -

Fat 7q22 0.63	[0.51	-	0.77] 5.09x10
-6

CAD -

Fat NOS3 1.73	[1.03	-	2.90] 0.031 CAD -

Fat TRIB1 0.77	[0.65	-	0.92] 3.54x10
-3

CAD -

Fat ABO 1.27	[1.02	-	1.59] 0.034 CAD -

IPH LIPA 1.27	[1.07	-	1.52] 6.33x10
-3

CAD -

Phenotype Locus β	[s.e.m.] P Disease GWAS	dir.

Macrophages BCAS3 -0.137	[0.054] 0.011 CAD -

SMCs LIPA 0.083	[0.040] 0.036 CAD -

SMCs COL4A1/A2 0.103	[0.042] 0.015 CAD -

Vessels SWAP70 0.079	[0.040] 0.046 CAD +

Vessels KSR2 0.109	[0.040] 6.97x10
-3

CAD -

Vessels UBE2Z -0.080	[0.038] 0.034 CAD -
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19 out of 57 CAD risk variants associate with a plaque characteristic

a ~6.5-fold enrichment, p = 3.8x10-11

•Van der Laan S.W., et al. In preparation.



Variant rs12539895 on 7q22 is 

associated with less intraplaque

fat content (OR = 0.63, A-allele)

Same allele associated with 

decreased susceptibility for CAD

(OR = 0.96)

Most significant: 

chr7:106,901,393:I:D, TG > T in the 

intron of COG5

(OR = 0.52 [0.40-0.66 95% CI] per 

A-allele, p = 2.14x10-7, CAF= 0.17)

•Van der Laan S.W., et al. In preparation.

chromosome 7 (q22.3-q31.1) q33 34 35

CAD risk, plaque fat content

rs12539895

plaque fat content

chr7:106,901,393:TG>T





Methylation: no transcription





Case: the hunger study

• Winter 1944-1945

– 3.5 million people

– 20.000 deaths 



Case: the Hongerwinter studie

Early Late

Normal birthweight low birthweight



Case: the Hongerwinter studie

Later age: obesity + Normal weight

Early Late



• Genetische code is bij een individu hetzelfde in ieder orgaan

• Maar of de code wordt “afgeschreven”, is niet hetzelfde per orgaan 

of cel.



Athero-Express: de grootste verzameling van 

plaques ter wereld

• beenvaten • halsslagader • aneurysma

• N= 1000 • N= 2300 • N= 600



DNA methylation: smoking



DNA methylatian in plaques: smoking

•AHRR demythaltion, more transcription 



Epigenetic gene transcription regulation

•DNA-methylation is cell 

type specific

•DNA-methylation only occurs at 

Cytosine-Guanine (CpG)



Next step: did methylation of DNA in 

plaques change in non smokers after 

banning smokers in public areas?
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