
  

The Role of TLR2  

in the Pathogenesis of Atherosclerosis  

Sungha Park 

 
Division of Cardiology 

Yonsei Cardiovascular Hospital 

Yonsei University Health System 



What are Toll-like receptors? 

Trends in Pharmacological Sciences November 2013, Vol. 34, No. 11 



TLR-2 and -4 blockade reduces NF-κB activity 

in human atherosclerosis 
TLR-2 Blockade Significantly Reduces MMP 

Production in Human Atheroma Cell Cultures 

Circulation 2009;120:2462-2469 



J. Clin. Invest. 115:3149–3156 (2005). 



• TLR2 KO results in attenuation of 

atherosclerosis in LDL receptor KO mice 

 

• No difference in atherosclerotic plaque 

area in LDL receptor KO mice with or 

without BM transfer of TLR2 positive cells  

 importance of TLR2 in the vessel itself  

 endothelium or VSMC 
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Chow-fed LDLr-/- mice  4-wk HFD-fed LDLr-/- mice 

Bright Red: CD31 (endothelial cells) 

Green: TLR2  

Endothelial cell TLR2 expression  

in the modulation of key 

atherogenic events during early 

lesion development 
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Atherosclerosis and Vascular Smooth Muscle Cells 



PNAS 2003;100(23):13531-13536 



VSMC in advanced plaques 

• > 80% of VSMC derived cells from the 

plaques of Apo E KO mice lacked common 

SMC markers such as ACTA2 

• > 30% of VSMCS in plaques express 

macrophge markers such as CD 68, CD11b, 

F4/80, Mac2 

• 40% of foam cells are VSMC derived cells, 

expressing both SMC(ACTA2) and 

macrophage markers(CD68) 

 
Circ Res 2016;118:692-702 



Cholesterol loading of vascular smooth muscle cell (VSMC) leads to foam cell formation,  

loss of VSMC characteristics, and emergence of macrophage-like features.  



Overexpression of Myocardin Prevents and Reverses 

the Loss of VSMC Features After Cholesterol Loading 

Roles of miR-143/145 in VSMC Phenotypic Changes  

in Response to Cholesterol Loading 

Arteriosclerosis, Thrombosis, and Vascular Biology. 2015;35:535-546 



Circ Res 2016;118:692-702 

Atherosclerosis and VSMC phenotypic switching 



TLR2 and vascular smooth muscle cells 

 Does activation of TLR 2 in the VSMC mediates the 

development and progression of atherosclerosis? 

 

 If so, what is the possible mechanism? 



TLR2 and Vascular Smooth Muscle cells 

 Conditional overexpression of TLR2 in VSMC 

will result in acceleration of atherosclerosis 

in Apo E KO mice 

 

 TLR2 is important in mediating the 

phenotypic switch of VSMC into foam cell 

like cells   

Hypothesis 
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TLR2 Tg / ApoE KO ApoE KO 

+ Tamoxifen, + high cholesterol diet 

Aortic sinus, Oil-red O staining 

SMC-specific TLR2 Tg mouse: Atherosclerosis   
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TLR2: Phenotypic switching of VSMC 

cholesterol 

Macrophage-like cells VSMC TLR2 ? 
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TLR2: Phenotypic switching of VSMC 
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TLR2: Phenotypic switching of VSMC in vivo 
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TLR2: Phenotypic switching of VSMC 
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VSMC foam cell 

VSMC from rat aorta 

control oxLDL 



TLR2: VSMC foam cell 

Effect of TLR2 on VSMC foam cell formation  

CU CPT22  Control 

oxLDL  CU CPT22 + oxLDL  
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 Conditional overexpression of TLR2 in VSMC results in 

acceleration of atherosclerosis of ApoE KO mice 

 

 TLR2 is important in mediating the phenotypic switch of 

VSMC into macophage-like cells  

Summary 



Further study 

• What is the mechanism for the entry of 

cholesterol into the SMCs?  mediated 

through CD 36, SR-A, SR-B, Lox-1, CD 68 

or TLR2 itself? 

 

• Microarray of the isolated SMCs to 

determine signaling mechanism associated 

with TLR2 mediated phenotypic switch 
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Green: TLR2  
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4-wk HFD-fed LDLr-/- mice 



Pathogenesis of Atherosclerosis  

19 MAY 2011 | VOL 473 | NATURE | 325 

 Endothelial injury (endothelial dysfunction) 

 Adherence of monocyte to endothelial cells 

 Uptake of oxLDL by macrophage scavenger receptor 

 Foam cell transformation: accumulation of excess lipid inside the cells 

 Recruitment of VSMC (VSMC phenotype switching)  

 Atherosclerotic plaque formation  



혈관특이적 TLR2 과발현 동맥경화 유전자변형 마우스 제작 

Conditional TG 

Target genes 

TLR2 

Sm22a-CreERT2: Smooth muscles 

Tie2-CreERT2: Endothelial cells 

Spatio-Temporal Gene Regulation 

4-OHT 

Inducible Cre system 

Development 2010 137: 1586-1594 



VSMC, oxLDL-induced foam cell formation 

Int J Biol Sci. 2011;7(7):937-46.  

Cell Death Dis. 2014 Apr 17;5:e1182.  



Alarmins 

Exogenous danger signals 

from microorganisms: 

Pathogen associated 

molecular 

patterns(Flagellin, LPS) 

Endogenous danger 

signals from tissue 

damage: Damage 

associated molecular 

patterns  

HMGB1,S100A12 

Toll like receptor Receptor for AGE(RAGE) 

Pisetsky DS et al  Arthritis Res Ther 2008;10:209 


