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NFκB: THE HUB OF INNATE IMMUNITY  
WITHIN THE VASCULAR VESSEL WALL 

Claudia Monaco , MD, PhD, FESC 
Imperial College London 

UK 

Learning outcomes 

�  To outline the fundamental mechanisms 
involved in the pathogenesis of atherosclerosis 

�  To illustrate the potential of targeting 
inflammatory signalling pathways in 
atherosclerosis, in particular the nuclear factor 
κB pathway 

The paradox of atherosclerosis: a chronic  
process …. 

Libby P Circulation 2001 
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… with predominant acute clinical 
manifestation 
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Framingham Heart Study Kannel WB Am J Card 1976; 329:1442 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

Men Women 

SD 
UA 
MI 
CSA 

What is atherosclerosis? 

Stable Unstable 

The two facets of 
atherosclerosis 
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Myocardial Infarctions 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.) 

The high risk atherosclerotic plaque  

ü  Necrotic core >25% plaque area 

ü  Fibrous cap < 65 µm 

ü  Infiltration of inflammatory cells 
in the fibrous cap 

ü  Loss of SMC in the fibrous cap 
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Similarities between atherosclerosis & 
rheumatoid arthritis 

Full L. Arthritis Res & Therapy 2009; Full L. Cardiovascular Therapeutics 2010!

Upregulation of HLA-DR expression in  
atherosclerosis & rheumatoid arthritis 

L. Jonasson, J. Holm, O. Skalli, G. Gabbiani and G.K. Hansson, J Clin Invest 76 (1985) 

Feldman & Maini Immunological Reviews 2008 (Images kindly provided by Dr Tom Kennedy) 

Atherosclerosis Rheumatoid arthritis 
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CVD is the major fatal complication of RA 

RA as bad risk as diabetes  

Nuclear factor κB (NFκB) 

v  Transcription factor involved in 

inflammatory gene expression  

v  “Director” of the  inflammatory 

response 

NFκB regulates the main biological 
events in the atherosclerotic plaque 

Thrombosis & vessel homeostasis iNOS, COX-2, tissue factor, PAI-1, MnSOD, MMP-2, 
MMP-9, PTX3, RAGE 
 

Recruitment of mononuclear cells MCP-1, RANTES, MGSA/gro, E-selectin, ICAM-1, 
VCAM-1, MAdCAM-1   

Apoptosis & Proliferation XIAP, c-IAP1, c-IAP2, Cyclin D 

NF-κB binding site 

Atherosclerosis related genes 
p50 p65 P 

Inflammation & Immunity IκBα, IL-1, IL-2, IL-6, IL-8, TNFα , G-CSF, M-CSF, 
GM-CSF, MCP-1, RANTES, MGSA/gro,  MHC-I, MHC-
II, CD80, CD86 
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NFκB/Rel and IκB families  

NF-κB binding site TATA 

Nucleus 

IκBα	

P P 

Transcription 

Cytoplasm 

NF-κB responsive gene 

Model of NFκB activation 

Nuclear  
localization   
sequence   

p50 p65 

p50 p65 

Activated NFκB in carotid plaques 

a 

Carotid endarterectomies ; Immunoconfocal images (60x)  
  

p65 

p52 

p50 

p52 

p50 

p65 

 
§  p65/50 
§  nuclei 
§  merged 
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NFκB and acute coronary syndromes 

v  Nuclear translocation of p65 is higher in unstable coronary 
atherectomies Wilson SH; Atherosclerosis 2002) 

v  NFκB activation  
ü in PBMC from peripheral circulation Ritchie M, Circulation 1998 

ü in myocardial biopsies Valen G, Cardiovasc Res 2000 

 

Murine atherosclerosis is an 
inflammatory disease 

KO! Lesion size!
CCL2/CCR2! q (64-79%)!
CCL5/CCR5! q (44-53%)!
MyD88! q (59-62%)!
TLR-2! q (55%)!
TLR-4! q (54%)!
TNFa	
 q (50-83%)!
IL-1/IL-1R! q (40-67%)!
IL-12! q (52-68%)!
IL-18! q (25-34%)!
IFNg/IFNgR! q (59-75%)!

Kleeman R Cardiovascular Res 2008!

Enzymatic digestion"

Carotid!
endarterectomies!
(intimal lesion)!

Monaco C PNAS U S A 2004;101:5634-9!
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Functional studies in 
human atherosclerosis 

Cytokine! % Detected !
TNFα! 96!
TNFβ! 1!
IL1α! 68!
IL1β! 87!
IL2! 3!
IL4! 58!
IL5! 1!
IL6! 100!

IL10! 94!
IL12 (p40)! 62!
IL12 (p70)! 7!

IL15! 4!
IL17! 3!

IFNα2! 56!
IFNγ! 14!

M-CSF! 94!
GM-CSF! 96!

IL11! 0!
IL29! 0!

CCL2/MCP-1! 100!
CX3CL1/FRACTALKINE! 89!

CXCL10/IP-10! 90!
CCL5/RANTES! 96!

CXCL9/MIG! 76!
CXCL7! 100!
CXCL6! 13!

CXCL11/ITAC! 9!
CCL14a! 100!

CCL19/ELC/MIP3b! 0!
CCL20/LARC/MIP3a! 67!
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Q: What drives cytokine 
production in human 
disease? 

Both innate and adaptive immunity 
play a role in atherosclerosis 

Cytokine upregulation 

Innate immune cells 
 
 
 
 
 
Monocyte 
Mast cells 
Neutrophils 

Adaptive immune cells 
 
 
 
 

T cells 
B cells 

Modified from Karin M, Nat Rev Drug Discov. 2004 

Classical and alternative 
pathway of NFκB activation 

IKKγ	

IKKβ	
IKKα	
 IKKα	
IKKα	


IκBα	

p65 p50 

p100	

RelB 

p65 p50 

Cytoplasm 

Nucleus 
Target genes 

RelB p52 

NIK 

TNFα, IL-1, LPS CD40L, LTαβ, BAFF, RANKL 
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NFkB drives human plaque 
activation 

Chemokines!

 ! !  ! !
 !  !
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 !  !
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Monaco C., Circulation 2009; 120:2462 !

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

Selective inhibition of pro-inflammatory 
cytokines by NFκB blockade 

NFκB regulates the  thrombotic potential of the 
atherosclerotic 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 
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NFκB Gene 

TNFα 

TNF RI 

TNFα	


PDGF-R 

PDGF 

Angiotensin II 

AT1 

Hemodynamic 
forces 

? 

Matrix Integrins 
RAGE 

AGE 

LPS, HSPs 
Oxidised LDL 

HSPs 

IL-1R 

IL-1 

TLR2/4 

Chlamydia 
Pneumoniae 

Viruses 

IκBα 

p50 p65 P 

p50 p65 

Nucleus 

? 

Lymphocytes CD40L 

CD40 

Innate immunity: the 
“dirty little secret” of 
immunology 

Innate immunity vs. adaptive immunity 
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“Toll”= great, amazing, 
weird in German 
Fungal infections in absence of fruit 
fly “Toll” 

Danger vs. 
non 
dangerous 
signals 

Self vs. 
non 
self 

HUMAN Toll-like receptors 

Immune response 

Cole, Mitra & Monaco 2010 

Toll-like 
Receptor 
signalling 
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Toll-like receptors: critical proteins 
linking innate and acquired immunity 

Akira S, Nature Immunology 2001 

MyD88 drives human plaque 
activation 

Chemokines!
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TLR2 drives human plaque 
activation 

Chemokines!
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Monaco C., Circulation 2009; 120:2462 !

IN MURINE MODELS GENETIC DELETION 
OF TLR2, TLR4 AND IL1R HAVE 

EQUIVALENT EFFECT  
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Chemokines!
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TLRs drive local inflammation 

Monaco C Arthritis Care & Res 2010 

Monaco C Arthritis Care & Res 2010 

Endogenous TLR agonists in inflammatory diseases 
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Q: How does the cytokine 
pattern affects resident 
vascular cells? 

TNFα	

IL-1"

IL-1α	

IL-1β	

IL-8"
LT β	


CCL2/MCP-1"
CCL7/MCP-3"

CCL11/Eotaxin "
CCL20/MIP-3α	

CCL3/MIP-1α	


"
CCL1/I-309"

CXCL10/IP-10"
CXCL11/ITAC"

"
CXCL1/GRO-1"
CXCL2/MIP-2α	

CXCL3/MIP-2β	


TLR-2"

Cytokine cascade in atherosclerosis 

Conclusions 

ü   Cytokine production in human atheroma is 
quantitatively different between stable and 
unstable plaques"

ü Innate immunity and in particular TLR-2 
plays a predominant role in cytokine and MMP 
production in human atherosclerosis"

ü  Exposure to cytokines changes gene 
expression and behavior of resident vascular 
cells "
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Cytokine biology of atherosclerosis  
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