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Atherosclerosis is focal inflammation
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Focality of lesions correlates with flow patterns:
 
Turbulence result in low shear stress and NFkB activation
 

Flow imaging and computing: large artery hemodynamics. Dai, G PNAS 2004;101, 14871-14876
Steinman DA Ann Biomed Eng. 2005;33:1704-9. 

Copyright ©2004 by the National Academy of Sciences 
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SOM & hierarchical clustering of genes:
 
digitized cellular phenotypes
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Dekker et al, Blood 2002ESC Summerschool 2011 Nice 

growth factors 



Transcription factor KLF2 drives atheroprotective effects shear stress 
Specific expression in the protected parts of vascular tree, EC quiescence 

Flow imaging and computing: large artery hemodynamics.
 
Steinman DA Ann Biomed Eng. 2005;33:1704-9. Dekker et al  Blood 2002,  Am J Pathol 2005, Blood 2006
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KLF2 suppresses monocyte
 
adhesion in presence TNFa
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Effects of KLF2: >1000 genes regulated
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Ingenuity or Metacore Knowledge Base for computation
 
(multiple genes to function)
 

•	 Expert Extraction (EE) from the full
text of top journals 
–	 Current coverage of 32 top journals 

and review articles and textbooks 
–	 Manually extracted by trained Ph.D. 

scientists 
–	 Over 1.2 million EE findings to date 

•	 Automated Extraction (AE) from
abstracts 
–	 Automated text mining methods

across Medline abstracts from 1980 
(685 journals) 

–	 Manually checked for accuracy 
–	 Approximately 200,000 AE findings 

•	 All findings structured for
computation 
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A PubMed network is not a gene network
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KLF2 suppresses cellular movement
 

EC mock EC KLF2
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KLF2 attenuates endothelial cell migration
 

*P<0.01 
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Many pathway programs only detect pathway 

members not functional outcome
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KLF2 suppresses a large panel of TGFbeta downstream genes 
GenMAPP presentation of KLF2 modulation 

Downstream genes 

Lower expression (repressed)
 

Higher expression (induced)
 

Boon et al., ATVB 2007 
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KLF2 and TGFbeta signaling are mutually exclusive in vivo 
detection by phosphospecific antibody: activated proteome 
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Boon et al., ATVB 2007
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Conservation of cis-regulatory sequences (KLF2)
 

mouse 

rat 

dog 

bos taurus 

opossum 

chicken 

xenopus 

VISTA output 
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Functional transcriptomics-promoter analysis
 
deciphering the KLF2 transcriptional network
 

Fledderus et al. Blood 2007
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si-ATF2 suppresses basal and inducible levels inflammatory genes
 
Active phospho-ATF2 only in human atherosclerotic lesion EC
 

SELE CCL2 

IL-8 VCAM1 

Fledderus et al. Blood 2007
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KLF2 augments nuclear localization of anti-oxidant NRF2
 
This results in enhanced expression of multiple anti-oxidant enzymes 

Dai et al. Circ Res. 2007;101:723-733. 
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Fledderus, Boon et al, ATVB 2008;28:1339-46. 



The KLF2-shear stress genetic network
 
How a single transcription factor controls ~ 1000 genes 

KLF2 

ATF2 

NRF2 eNOS 

TM 

Smad 
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The KLF2-shear stress genetic network
 
How a single transcription factor controls ~ 1000 genes 

Anti-inflammation
 

Anti-coagulation 

Anti-vasoconstriction 
Anti-oxidant 

KLF2 

ATF2 

NRF2 eNOS 

TM 

Smad 

Anti-fibrosis 
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Atherosclerosis: a focal arterial inflammatory disease
 

Laser Microbeam Microdissection (LMM) arterial endothelium
 

Focality of lesions
 

25 x 100 x
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Stage-specific EC surface markers
 

plaque-1) free 

N=227 

early2) lesions 

N=220 
plaque-free 

advanced3) lesions 

Gene Ontology (GO) 

N=1430 cell surface-

early advanced 
N=23N=31N=219 

N=30 

exposed genes 

A) Gene Set Enrichment Analyses (GSEA) B) Venn-analysis 
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Fractalkine (CX3CL1) as specific marker for inflamed lesion
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CD81 is specifically expressed in EC overlying inflamed early lesions
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CD81: ROS-induced monocyte adhesion 

by ICAM and VCAM clustering
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CD81 clusters ICAM1+VCAM1 in membrane rafts
 
to become adhesion cups upon monocyte adhesion
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• Medical genomics: 
translating expression data to diagnosis and
therapy 

• Functional genomics: 
translating gene expression data to signaling
pathways and transcription factor networks 

• Systems Biology and network theory: 
integrating and modeling multiscale data 
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Kinome analysis: Actin rather than MAPK
 

Symbol Phosphosite Bayes.p Fold Symbol Phosphosite Bayes.p Fold 
FAK Y576 0.0005 -3.02 PKCg T514 0.0036 2.24 
FAK S732 0.0008 -2.81 Abl Y412 0.0048 1.62 
CDK1/2 T14+Y15 0.0091 -1.67 RSK1/2 S363/S369 0.0117 3.16 
Hsp27 S82 0.0150 -1.93 Src Pan-specific 0.0179 1.61 
FKHRL1 T32 0.0155 -3.65 HO2 Pan-specific 0.0267 2.04 
Hsp27 S82 0.0169 -2.41 ATF2 T51+T53 0.0273 1.44 
CDK7 Pan-specific 0.0203 -1.45 p38a Pan-specific 0.0336 1.48 
HspBP1 Pan-specific 0.0217 -1.49 
c-Jun S63 0.0324 -3.54 
Crystallin aB S19 0.0351 -1.57 
IRAK4 Pan-specific 0.0426 -4.10 
PKCq  S676 0.0472 -1.39 
Ksr1 Pan-specific 0.0489 -1.68 
Rb S780 0.0498 -1.62 
PP6C Pan-specific 0.0586 -1.34 
Tau S518 0.0595 -1.28 
EGFR Y1148 0.0602 -1.94 
ERK5 T218+Y220 0.0618 -1.44 

PKCb2 T641 0.0380 2.42 
STAT5A Y694 0.0418 3.41 
S6Ka T389 0.0462 2.53 
Bad S75 0.0506 1.42 
EGFR Pan-specific 0.0570 1.54 
PKCg Pan-specific 0.0575 2.04 
FAK Y397 0.0667 1.81 
Erk4 Pan-specific 0.0668 1.33 
Kit Y730 0.0690 1.20 
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KLF2 fibers are attached to focal adhesions
 
and localize on the basal side of 


endothelium
 

Boon et al. (2010) Blood. 115(12), p2533 
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KLF2 is important for cell alignment and 

flow-induced shear fibers
 

Control 
siRNA 

siKLF2 

Flow 

Boon et al. (2010) Blood. 115(12), p2533 
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Boon et al, Blood 2010
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Cell alignment to flow is directly coupled to 

anti-inflammatory effect through actin cytoskeleton
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Kinome allow reverse engineering 

signalling cascade
 

Resveratrol 
mDIA 

Ingber Tensegrity website 

Boon et al, Blood 2010 
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Large interindividual differences in coronary collateral
 
formation in response to arterial occlusion
 

Knaapen P et al, Circulation 2006 ESC Summerschool 2011 Nice 



Collateral artery remodeling / arteriogenesis:
 
driven by shear stress, executed by inflammatory cells
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Schirmer SH et al, Heart 2009;95:191–197. 



Hierarchical clustering  analysis of the five circulating cell populations.
 

stimulated monocytes macrophages resting monocytes CD34+ cells T-cells
 

Schirmer, Circ Res 2008
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Classifier discriminates Good versus Poor collateral
 
responders
 

only in LPS-stimulated cells 

Schirmer, Circ Res 2008
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Biomarkers versus functional modules
 
single genes do not classify patients
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Vascular cell gene sets and modules:
 
Complete pathways are broken up into functional modules and processes 

Subramanian et al. PNAS, 2005
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GSEA analysis: pathways
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GSEA analysis: transcription 
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IFN-beta inhibits arteriogenesis in mice
 

Schirmer, Circ Res 2008 Schirmer, 2008, submitted 
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GENOMICA
 
MODULE map: Links patient arrays to pathways to clinical metadata 

Segal, Science 2004
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The promise of genomics research
 

Hypothesis-driven research
 

Complex 
Pathology 
Hs disease 

Linear hypothesis 
Promising Single target 
(e.g. from microarray list) 

Dedicated 
successful 
Animal model 

Clinic: 
Unexpected 
(side) effects 

Loose context 

Gain context 

Genomics-driven research
 

Complex 
Pathology 
Hs disease 

Analyse at Genome level 
Network hypothesis 
at functional Genome level 

Analyse network 
perturbation in 
relations to other 
networks 

Clinic: 
Predictable effects 
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Translate transcriptomics and kinomics data to 
functional and regulatory pathways and networks yields: 

*An integrated insight in cellular responses 

*Identifies key regulatory proteins 

*Can classify patients for targeted therapies 

GENOMICS
* * * * * * 

I  I  I I I I 

GENETICS 
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