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Cardiovascular Disease: 
The First Leading Cause of Death in the World

Atherosclerotic
Diseases
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Cardiovascular Disease and Cancer:
Leading Causes of Death in Europe
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Plaque Rupture Causes Myocardial Infarction

Davies, MJ
Heart 2000; 
83:361-6



Atherosclerosis is an Inflammatory Disease



Oxidized LDL
4-hydroxy-2-nonenal (4HNE)
Oxysterols
Oxidized phospholipids (oxPL)

lysophosphatidylcholine (lysoPC)
oxPAPC 

Platelet activating factor (PAF)

Bioactive Lipid Mediators



HSPs
Immune complexes
Infectious agents/PAMPs
Oxygen radicals
Angiotensin II
AGEs
Defective clearance of apoptotic cells
Inflammasome (inflammatory caspases)
Mechanical factors

Hypertension
Disturbed flow

Platelet products/Coagulation factors

Other Inducers of Vascular Inflammation
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Role of Lymphocytes in Early Atherosclerosis

Song et al, JCI 2001, 108:251-259
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Innate and Adaptive Immunity during Atherogenesis

Hansson et al, Circ Res 2002



Inflammation and
Innate and Adaptive Immunity



O’Garra & Vieira. Nat Rev Immunol, 2007,7:425-428.



Recruitment and Activation of Th1 in Atherosclerosis

Hansson & Libby, Nat Rev Immunol 2006

IFNg



Th1-Effector Responses Exacerbate Atherosclerosis

Lesion area
(µm2)

apoE-/- mice deficient in IFNgreceptor

Gupta et al, JCI 1997



IL-4 promotes Atherosclerosis

Davenport & Tipping. Am J Pathol 2003
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Regulatory Immunity during Atherogenesis



Regulatory Cytokine Network
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IL-10 and Atherosclerotic Plaque 
Development and Stability

Mallat et al. Circ Res, 1999,85:e17-e24
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Control

Anti-TGFb

TGF-b Inhibition and Atherosclerosis

Lipid content

Mallat et al.  Circ Res, 2001, 89:930-934.

Macrophage Collagen



Disruption of TGF-b Signaling in T cells 
in apoE-/- Mice Accelerates Atherosclerosis

Robertson et al. JCI 2003
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Naturally and Adaptive Regulatory T cells

Treg type Origin Phenotype Foxp3 Mode of action
expression

Naturally occurring Thymus CD4 + CD25+ Yes     Membrane or soluble TGF bbbb
CD4+ CD25+ Treg     (also periphery?) Secreted IL-10
(5-10% of total CD4 +) CTLA+ Cell-contact

IL-10 (TGFbbbb) Treg Periphery CD4 + (acquire No Secreted IL-10
(antigen-driven) CD25 with TGFbbbb

activation) Cell-contact?
CD45RB low

CD25-Treg Periphery CD4 + CD25-- Yes ?
CD127low



Role of Naturally Occurring CD4+CD25+ 
Treg Cells in Atherosclerosis?



Regulatory T cells (Treg)

Fontenot JD & Rudensky AY, Nat Immunol, 2005
Sakaguchi S, Nat Immunol, 2005

Treg cell lineage specification by Foxp3



Salomon et al. Immunity, 2000,12:431-440

B7/CD28 Costimulation is Essential for the 
Homeostasis of CD4+CD25+ Treg Cells
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Role of CD4+CD25+ Treg in Atherosclerosis

Ait-Oufella et al.Nat Med 2006

Chimeric irradiated LDLr-/- transplanted 
with B7-/- or CD28-/- bone marrow cells  
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Protection against Atherosclerosis
by CD4+CD25+ Treg Reconstitution

Ait-Oufella et al.
Nat Med 2006



Depletion of CD4+CD25+ Treg Cells in apoE KO Mice
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Regulatory T cell-Based 
Anti-Atheroscleroclerotic Therapy

Th1/Th2 Treg

IFN-g/IL-4 Expand 
plaque antigen-specific Treg

IFN-g/IL-4 IL-10, TGF-b

Atherosclerosis

Therapy

Resolution



Weiner.
Nat Immunol, 2001

In vivo induction of Treg cells 

Nasal antigen
administration

Oral antigen
administration



OVA-treated HSP-nasal

Mac

IL-10

Nasal Administration of HSP-65 Decreases 
Atherosclerosis in LDLr-/- Mice

Maron et al. Circulation, 2002, 106:1708-1715



Harats et al. JACC 2002,1333-1338

Oral Tolerance with HSP-65 and Atherosclerosis

BSA

HSP-65

LDLr-/- mice



Van Puijvelde et al. Circulation 2006

Oral Tolerance to oxLDL Induces Specific Tregs and 
Reduces Atherosclerosis Development and Progression

Effect on plaque formation

Effect on plaque progression

PBS
oxLDL



Plaque development

InflammationInflammation

Adaptive (Th1) ImmunityAdaptive (Th1) Immunity

CholesterolCholesterol--LDLLDL

Oxidized (phospho)lipids

Lipid accumulation

Progression

Plaque antigenPlaque antigen--specificspecific
Regulatory ImmunityRegulatory Immunity
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