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Learning	  outcomes	  

!   To	  outline	  the	  fundamental	  mechanisms	  involved	  in	  the	  
pathogenesis	  of	  cardiovascular	  disease	  

!   To	  illustrate	  an	  example	  of	  grant	  wri7ng	  

Plan	  of	  the	  lecture	  

!  Myth	  bus7ng	  on	  atherosclerosis	  

!  Tips	  on	  “grant	  wri7ng”	  
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Atherosclerosis	  is	  the	  most	  	  
prevalent	  chronic	  disease	  

Atherothrombosis*	  is	  the	  
Leading	  Cause	  of	  Death	  Worldwide1	  
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Pulmonary	  Disease	  	  	  
	  	   	  Injuries	  	  	  
	  	   	  	   	  AIDS	  	  	  
	  	   	  	  Cancer	  	  	  
	  	  Infec?ous	  Disease	  	  	  
	  Atherothrombosis*	  

	  Causes	  of	  Mortality	  (%)	  	  	  
*	  Atherothrombosis	  defined	  as	  ischemic	  heart	  disease	  and	  cerebrovascular	  disease.	  
1	  The	  World	  Health	  Report	  2001.	  Geneva.	  WHO.	  2001.	  

What	  is	  atherosclerosis?	  
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Normal	  Arterial	  Wall	  
Tunica adventitia 

Tunica media 

Tunica intima	

Endothelium 

Subendothelial connective  
tissue 

Internal elastic membrane 

Smooth muscle cells 

Elastic/collagen fibers 

External elastic membrane	


Astra Zeneca 

Lipids	  

!   Endothelium	  ac7va7on	  

!   Accumula7on	  of	  low-‐density	  
lipoproteins	  

!   Oxida7on	  of	  LDL	  

!   Development	  of	  “foam	  cells”	  

!   Development	  of	  faLy	  plaques	  

FaYy	  Streak	  in	  Aorta	  
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Experimental	  models	  of	  atherosclerosis:	  
hyperlipidemia	  

Diet 
(Primates;Rabbit; Pig, Mice) 

 

High Cholesterol 
Weeks to months 

 
Foam cell-rich Fatty 

Streaks 

Total	  Cholesterol	  Distribu?on:	  	  	  
CHD	  vs	  Non-‐CHD	  Popula8on	  

Castelli WP. Atherosclerosis 1996 
 

35% of CHD 
Occurs in People 

with TC<200 
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(=5.2mmol/l) 
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Framingham Heart Study—26-Year Follow-up 

Anatomy	  of	  a	  mature	  atherosclero?c	  plaque	  

Lumen 
Lipid 
Core 

Fibrous cap 

Shoulder 

Intima 

Media 
Elastic 
laminæ 

Internal 

External 

Lipidsonline.org 
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Modified from Dzau, Nature Medicine 2002 

ü  Lipid 
accumulation  
& oxidation 

ü Endothelial 
activation 

ü Leukocyte  
recruitment 

Lymphocytes 

Macrophages 

 
Monocytes 

Atherosclerosis - I 

Dzau, Nature Medicine 2002 

 
ü  Foam cell 
formation 

 
ü  SMC 
migration & 
proliferation 

Atherosclerosis - II 

Dzau, Nature Medicine 2002 

ü  Extracellular 
matrix 
deposition 

ü Fibrous cap 

ü Lipidic core 

 

Atherosclerosis - III 
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Neointima formation after collar injury 

adventitia 

media 

neointima 

Restenosis	  reduces	  the	  success	  
of	  interven?ons	  

Libby P Circulation 2001 

The	  paradox	  of	  atherosclerosis:	  a	  
chronic	  	  process	  ….	  
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…	  with	  acute	  clinical	  manifesta?ons!!	  
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Framingham study Kannel WB Am J Card 1976; 329:1442 

Stable Unstable 

The	  two	  facets	  of	  atherosclerosis	  
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THROMBOSIS 

Adapted from: Topol EJ, Yadav JS. Circulation 2000; 101: 570–80, and Falk E et al.  
Circulation 1995; 92: 657–71. 

Plaque 
rupture 

Microvascular  
obstruction 

Embolization 

•  Plaque rupture à Thrombosis à 
Arterial occlusion (coronary > 
carotid) 

•  Plaque rupture à Thrombosis à 
Distal embolisation of thrombus/
tissue fragments  

 (carotid > coronary) 
 

Myocardial	  Infarc?ons	  are	  caused	  
by	  low-‐grade	  stenoses	  

Pooled data from 4 studies: Ambrose et al, 1988; Little et al, 1988; Nobuyoshi et al, 1991; and Giroud et al, 1992. 
(Adapted from Falk et al.) 

Characteristics of Stable and 
Unstable Plaques 

Thin  
fibrous cap 

Inflammatory  
cells 

Few 
SMCs 

Eroded 
endothelium 

Activated 
macrophages 

Thick 
fibrous cap 

Lack of 
inflammatory  
cells 

Foam cells 

Intact 
endothelium  

More 
SMCs 

Libby P.  Circulation . 1995;91:2844 - 2850. 

Unstable Stable 
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Hallmarks	  of	  high	  risk	  atherosclero?c	  plaques	  

ü  Inflamma7on	  

ü  Matrix	  degrada7on	  

ü  Neovascularisa7on	  

Nature Medicine (2007) The popcorn plaques J Narula & H W Strauss 

Necrotic 
core 

Both	  innate	  and	  adap?ve	  immunity	  play	  a	  role	  in	  
atherosclerosis	  

Cytokine	  upregula?on	  

Innate	  immune	  cells	  
	  
	  
	  
	  
	  
Monocyte	  
Mast	  cells	  
Neutrophils	  

Adap?ve	  immune	  cells	  
	  
	  
	  
	  

T	  cells	  
B	  cells	  

Monocyte-‐macrophages	  

Libby P. Inflammation in atherosclerosis. Nature. 2002 19-26;420(6917):868-74 
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Copyright ©2009 American Heart Association 

Mantovani, A. et al. Arterioscler Thromb Vasc Biol 2009;29:1419-1423 

Macrophage activation and polarization 

Lymphocytes	  

Libby P. Inflammation in atherosclerosis. Nature. 2002 19-26;420(6917):868-74 

Innate	  and	  acquired	  immunity	  

Akira S, Nature Immunology 2001 
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Recruitment	  of	  inflammatory	  cells	  is	  a	  key	  
step	  in	  atherosclerosis	  

Mol Cell. 1998 Aug;2(2):275-81. 
Absence of monocyte 

chemoattractant protein-1 reduces 
atherosclerosis in low density 
lipoprotein receptor-deficient 

mice. Gu L, Okada Y, Clinton SK, 
Gerard C, Sukhova GK, Libby P, 

Rollins BJ. 

Murine	  atherosclerosis	  is	  an	  inflammatory	  disease	  

Target/Intervention Lesion size Plaque composition 
CCL2/CCR2 q (64-79%) q M 

CCL5/CCR5 q (44-53%) q M&L 

MyD88 q (59-62%) q M 

TLR-2 q (55%) q M 

TLR-4 q (24%) q M 

TNFα	
 q (50-83%) tu 

IL-1/IL-1R q (40-67%) tu 

IL-12 q (52-68%) qM&L pSMC/collagen 

IL-10 p (2x) p M&L q SMC/collagen 

IL-18 q (25-34%) qM&L pSMC/collagen 

IFNγ/IFNγR q (59-75%) q M&L 

TGFβRII on T cells p (3x) qM&L pSMC/collagen 

CD4 transfer p (3x) p L 

Innate	  immunity	  vs.	  adap?ve	  immunity	  
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Toll-‐like	  Receptors	  (TLRs)	  

 
 

v  TLRs are the receptors 
through which innate 
i m m u n i t y  s e n s e s 
pathogens in mammals  

Innate	  immune	  signalling	  regulates	  the	  	  thrombo?c	  
poten?al	  of	  the	  atherosclero?c	  plaque	  

thrombus 
↑ thrombogenicity 

↓ integrity of fibrous cap 

↑ degree of inflammation 

Tissue factor 

MMPs (MMP-1, -9) 

NFκB 

NFκB 

Cytokines (TNFα, IL-6) NFκB 

lumen 

Lipid core 

p50 p65 

RESEARCH	  STRATEGY	  =	  
TOOLS	  Rx 

Clinical  
studies & trials 

 
Experimental models 

 

Primary cells 

Cell lines 
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Enzymatic digestion 

macrophages 

SMC 

foam cells 
T-lymphocytes 

Carotid 
 endarterectomies 

Func?onal	  studies	  in	  human	  atherosclerosis	  

      <15% Annexin V+ <5% PI+ cells 

15.91 Anti-ASMA  

20.51 Anti-CD3 

44.65 Anti-CD68 

- Isotype control 

% positive 
cells 

Antibody 

Monaco C PNAS U S A 2004;101:5634-9 

Monaco C., Circulation 2009; 120:2462 !

Isotype control!

Anti-TLR-4 Ab!

Anti-TLR-2 Ab!
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Persistent	  cytokine	  and	  MMP	  produc?on	  in	  human	  atherosclerosis	  is	  
driven	  by	  TLR2	  

N
FkB

!

Chemokines!

 ! !  ! !
 !  !

 !
 !  !

 !

 !

MMPs! Cytokines!

 !

NFκB!

     TLR
-4!

     TLR
-2!

     IL-1R
!

TLRs	  drive	  local	  inflamma?on	  


