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ecent research has shown that inflammation plays a key role
in coronary artery disease (CAD) and other manifestations of atherosclerosis.
Immune cells dominate early atherosclerotic lesions, their effector molecules
accelerate progression of the lesions, and activation of inflammation can elicit acute
coronary syndromes. This review highlights the role of inflammation in the pathogenesis of atherosclerotic CAD. It will recount the evidence that atherosclerosis, the main
cause of CAD, is an inflammatory disease in which immune mechanisms interact with
metabolic risk factors to initiate, propagate, and activate lesions in the arterial tree.
A decade ago, the treatment of hypercholesterolemia and hypertension was expected to eliminate CAD by the end of the 20th century. Lately, however, that optimistic prediction has needed revision. Cardiovascular diseases are expected to be the main cause
of death globally within the next 15 years owing to a rapidly increasing prevalence in
developing countries and eastern Europe and the rising incidence of obesity and diabetes
in the Western world.1 Cardiovascular diseases cause 38 percent of all deaths in North
America and are the most common cause of death in European men under 65 years
of age and the second most common cause in women. These facts force us to revisit
cardiovascular disease and consider new strategies for prediction, prevention, and
treatment.
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main features of atherosclerotic lesions
Atherosclerotic lesions (atheromata) are asymmetric focal thickenings of the innermost
layer of the artery, the intima (Fig. 1). They consist of cells, connective-tissue elements,
lipids, and debris.2 Blood-borne inflammatory and immune cells constitute an important part of an atheroma, the remainder being vascular endothelial and smooth-muscle
cells. The atheroma is preceded by a fatty streak, an accumulation of lipid-laden cells
beneath the endothelium.3 Most of these cells in the fatty streak are macrophages, together with some T cells. Fatty streaks are prevalent in young people, never cause symptoms, and may progress to atheromata or eventually disappear.
In the center of an atheroma, foam cells and extracellular lipid droplets form a core
region, which is surrounded by a cap of smooth-muscle cells and a collagen-rich matrix.
T cells, macrophages, and mast cells infiltrate the lesion and are particularly abundant
in the shoulder region where the atheroma grows.2,4,5 Many of the immune cells exhibit
signs of activation and produce inflammatory cytokines.5-8
Myocardial infarction occurs when the atheromatous process prevents blood flow
through the coronary artery. It was previously thought that progressive luminal narrowing from continued growth of smooth-muscle cells in the plaque was the main
cause of infarction. Angiographic studies have, however, identified culprit lesions that
do not cause marked stenosis,9 and it is now evident that the activation of plaque rather
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Figure 1. Atherosclerotic Lesion in a Human Artery.
Panel A shows a cross-sectioned coronary artery from a patient who died of a massive myocardial infarction. It contains an occlusive thrombus superimposed on a lipid-rich atherosclerotic plaque. The fibrous cap covering the lipid-rich core has ruptured (area between the arrows),
exposing the thrombogenic core to the blood. Trichrome stain was used, rendering luminal thrombus and intraplaque hemorrhage red and
collagen blue. Panel B is a high-power micrograph of the area in Panel A indicated by the asterisk and shows that the contents of the atheromatous plaque have seeped through the gap in the cap into the lumen, suggesting that plaque rupture preceded thrombosis (the asterisk indicates cholesterol crystals). (Panels A and B courtesy of Dr. Erling Falk, University of Aarhus, Aarhus, Denmark.) Panel C illustrates the consequences of the activation of immune cells in a coronary plaque. Microbes, autoantigens, and various inflammatory molecules can activate
T cells, macrophages, and mast cells, leading to the secretion of inflammatory cytokines (e.g., interferon- g and tumor necrosis factor) that reduce the stability of plaque. The activation of macrophages and mast cells also causes the release of metalloproteinases and cysteine proteases, which directly attack collagen and other components of the tissue matrix. These cells may also produce prothrombotic and procoagulant
factors that directly precipitate the formation of thrombus at the site of plaque rupture.

than stenosis precipitates ischemia and infarction
(Fig. 1). Coronary spasm may be involved to some
extent, but most cases of infarction are due to the
formation of an occluding thrombus on the surface of the plaque.10
There are two major causes of coronary throm-
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bosis: plaque rupture and endothelial erosion.
Plaque rupture, which is detectable in 60 to 70 percent of cases,11 is dangerous because it exposes prothrombotic material from the core of the plaque —
phospholipids, tissue factor, and platelet-adhesive
matrix molecules — to the blood (Fig. 1). Ruptures
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preferentially occur where the fibrous cap is thin and
partly destroyed. At these sites, activated immune
cells are abundant.7 They produce numerous inflammatory molecules and proteolytic enzymes that
can weaken the cap and activate cells in the core,
transforming the stable plaque into a vulnerable,
unstable structure that can rupture, induce a thrombus, and elicit an acute coronary syndrome (Fig. 1).
To understand how this can happen, we need to
identify the key steps leading from a normal artery
wall to a rupture-prone atherosclerotic plaque.

Coronary
artery

evo lution of the rupturepro n e atherosclerotic plaque

LDL

Endothelium

gene-targeted mouse models

Clinical investigations, population studies, and cellculture experiments have provided important clues
to the pathogenesis of atherosclerosis. However,
experiments in animals are needed to dissect the
pathogenetic steps and determine causality.12 Atherosclerosis does not develop in laboratory mice under normal conditions. However, targeted deletion
of the gene for apolipoprotein E (apoE-knockout
mice) leads to severe hypercholesterolemia and
spontaneous atherosclerosis. Atherosclerosis also
develops in mice lacking low-density lipoprotein
(LDL) receptors, especially when the mice are fed a
fatty diet. One can use these knockout mice to study
the relationship between hypercholesterolemia and
atherosclerosis and to assess the effects of other
genes and gene products on these conditions. By
mating these mice with knockout mice lacking immunoregulatory genes, it is possible to clarify the
role of immunologic and inflammatory mechanisms in atherosclerosis. Obviously, the findings in
such models must be corroborated, as much as possible, by studies of human cells and tissues. Our current understanding of atherosclerosis therefore
rests on a combination of research in animals and
cell cultures, analysis of human lesions, clinical investigations of patients with acute coronary syndromes, and epidemiologic studies of CAD.
lipoprotein retention and activation
of immune cells

Role of Endothelial Activation, Adhesion Molecules,
and Chemokines

Studies in animals and humans have shown that
hypercholesterolemia causes focal activation of endothelium in large and medium-sized arteries. The
infiltration and retention of LDL in the arterial inti-
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Figure 2. Activating Effect of LDL Infiltration on Inflammation in the Artery.
In patients with hypercholesterolemia, excess LDL infiltrates the artery and is
retained in the intima, particularly at sites of hemodynamic strain. Oxidative
and enzymatic modifications lead to the release of inflammatory lipids that
induce endothelial cells to express leukocyte adhesion molecules. The modified LDL particles are taken up by scavenger receptors of macrophages, which
evolve into foam cells.

ma initiate an inflammatory response in the artery
wall13,14 (Fig. 2). Modification of LDL, through oxidation or enzymatic attack in the intima, leads to
the release of phospholipids that can activate endothelial cells,14 preferentially at sites of hemodynamic strain.15 Patterns of hemodynamic flow typical for
atherosclerosis-prone segments (low average shear
but high oscillatory shear stress) cause increased
expression of adhesion molecules and inflammatory genes by endothelial cells.16 Therefore, hemodynamic strain and the accumulation of lipids may
initiate an inflammatory process in the artery.
The platelet is the first blood cell to arrive at the
scene of endothelial activation.17 Its glycoproteins
Ib and IIb/IIIa engage surface molecules on the endothelial cell, which may contribute to endothelial
activation. Inhibition of platelet adhesion reduces
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(Fig. 2, 3, and 4).19 Once the blood cells have attached, chemokines produced in the underlying intima stimulate them to migrate through the interendothelial junctions and into the subendothelial
space (Fig. 2, 3, and 4). Genetic abrogation or pharmacologic blockade of certain chemokines and adhesion molecules for mononuclear cells inhibits
atherosclerosis in mice.20-24
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Figure 3. Role of Macrophage Inflammation of the Artery.
Monocytes recruited through the activated endothelium differentiate into
macrophages. Several endogenous and microbial molecules can ligate pattern-recognition receptors (toll-like receptors) on these cells, inducing activation and leading to the release of inflammatory cytokines, chemokines, oxygen and nitrogen radicals, and other inflammatory molecules and, ultimately,
to inflammation and tissue damage.

A cytokine or growth factor produced in the inflamed intima, macrophage colony-stimulating factor, induces monocytes entering the plaque to differentiate into macrophages (Fig. 3). This step is
critical for the development of atherosclerosis25 and
is associated with up-regulation of pattern-recognition receptors for innate immunity, including scavenger receptors and toll-like receptors.26,27
Scavenger receptors internalize a broad range of
molecules and particles bearing molecules with
pathogen-like molecular patterns.26 Bacterial endotoxins, apoptotic cell fragments, and oxidized
LDL particles are all taken up and destroyed through
this pathway. If cholesterol derived from the uptake
of oxidized LDL particles cannot be mobilized from
the cell to a sufficient extent, it accumulates as cytosolic droplets. Ultimately, the cell is transformed
into a foam cell, the prototypical cell in atherosclerosis.
Toll-like receptors also bind molecules with
pathogen-like molecular patterns, but in contrast to
scavenger receptors, they can initiate a signal cascade that leads to cell activation.27 The activated
macrophage produces inflammatory cytokines, proteases, and cytotoxic oxygen and nitrogen radical
molecules. Similar effects are observed in dendritic
cells, mast cells, and endothelial cells, which also
express toll-like receptors. Bacterial toxins, stress
proteins, and DNA motifs are all recognized by various toll-like receptors.27 In addition, human heatshock protein 60 and oxidized LDL particles may
activate these receptors.28,29 Cells in human atherosclerotic lesions display a spectrum of toll-like receptors,30 and plaque inflammation may partly depend on this pathway. In support of this notion,
genetic removal of a molecule in the toll-like receptor signaling pathway inhibits atherosclerosis in
apoE-knockout mice.31

leukocyte infiltration and atherosclerosis in hypercholesterolemic mice.17
Activated endothelial cells express several types
of leukocyte adhesion molecules, which cause blood
cells rolling along the vascular surface to adhere at
the site of activation.18 Since vascular-cell adhesion
molecule 1 (VCAM-1) is typically up-regulated in
response to hypercholesterolemia, cells carrying T-Cell Activation and Vascular Inflammation
counterreceptors for VCAM-1 (i.e., monocytes and Immune cells, including T cells, antigen-presenting
lymphocytes) preferentially adhere to these sites dendritic cells, monocytes, macrophages, and mast
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cells, patrol various tissues, including atherosclerotic arteries, in search of antigen.32,33 A T-cell infiltrate is always present in atherosclerotic lesions
(Fig. 4). Such infiltrates are predominantly CD4+
T cells, which recognize protein antigens presented
to them as fragments bound to major-histocompatibility-complex (MHC) class II molecules (Fig. 4).
CD4+ T cells reactive to the disease-related antigens oxidized LDL, heat-shock protein 60, and
chlamydia proteins have been cloned from human
lesions.28,34,35
A minor T-cell subpopulation, natural killer
T cells, is prevalent in early lesions. Natural killer
T cells recognize lipid antigens, and their activation increases atherosclerosis in apoE-knockout
mice.36 CD8+ T cells restricted by MHC class I antigens are also present in atherosclerotic lesions.33
These cells typically recognize viral antigens, which
may be present in the lesions (see below). Activation of CD8+ T cells in apoE-knockout mice can
cause the death of arterial cells and accelerate atherosclerosis.37
When the antigen receptor of the T cell is ligated
by antigen, an activation cascade results in the expression of a set of cytokines, cell-surface molecules, and enzymes. In inbred mice, two stereotypical responses can be elicited.38 The type 1 helper
T (Th1) response activates macrophages, initiates
an inflammatory response similar to delayed hypersensitivity, and characteristically functions in the
defense against intracellular pathogens. The type 2
helper T (Th2) response elicits an allergic inflammation. Although the Th1–Th2 system is more plastic in humans, the general pattern is similar.
The atherosclerotic lesion contains cytokines
that promote a Th1 response (rather than a Th2
response).8,39 Activated T cells therefore differentiate into Th1 effector cells and begin producing
the macrophage-activating cytokine interferon-g
(Fig. 4). Interferon-g improves the efficiency of antigen presentation and augments synthesis of the
inflammatory cytokines tumor necrosis factor and
interleukin-1.38 Acting synergistically, these cytokines instigate the production of many inflammatory and cytotoxic molecules in macrophages and
vascular cells.33 All these actions tend to promote
atherosclerosis. Indeed, in apoE-knockout mice
lacking interferon-g or its receptor, the development of atherosclerosis is inhibited.40,41 Similarly, the extent of the disease is reduced when the
Th1 pathway is inhibited pharmacologically42 or
genetically43-45 in animals.
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Figure 4. Effects of T-Cell Activation on Plaque Inflammation.
Antigens presented by macrophages and dendritic cells (antigen-presenting
cells) trigger the activation of antigen-specific T cells in the artery. Most of the
activated T cells produce Th1 cytokines (e.g., interferon-g), which activate
macrophages and vascular cells, leading to inflammation. Regulatory T cells
modulate the process by secreting antiinflammatory cytokines (such as interleukin-10 and transforming growth factor b).

Cytokines of the Th2 pathway can promote
antiatherosclerotic immune reactions.46 However,
they may also contribute to the formation of aneurysms by inducing elastolytic enzymes.47 Therefore,
switching the immune response of atherosclerosis
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from Th1 to Th2 may not necessarily lead to reduced
vascular disease.
T-cell cytokines cause the production of large
amounts of molecules downstream in the cytokine
cascade (Fig. 5). As a result, elevated levels of interleukin-6 and C-reactive protein may be detected in
the peripheral circulation. In this way, the activation
of a limited number of immune cells can initiate a
potent inflammatory cascade, both in the forming
lesion and systemically.
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Antiinflammatory Factors and Disease Activity

Powerful regulators built into the immune network
act as protective factors in atherosclerosis. They include two antiinflammatory cytokines, interleukin10 and transforming growth factor b (TGF-b). Antibody responses and metabolic factors can also
contribute to immune regulation. Gene targeting or
pharmacologic inhibition of interleukin-10 aggravates atherosclerosis in hypercholesterolemic mice
and exacerbates coronary thrombosis.48-50 Abrogation of TGF-b signaling in T cells elicits a dramatic
phenotype, with rapid development of large, unstable atherosclerotic lesions.51 These effects indicate
that T-cell–mediated immunity is under tonic inhibition by TGF-b and interleukin-10; removal of these
brakes on atherosclerosis accelerates the process.
Antibody-producing B cells, although not numerous in lesions, contribute to antiatherosclerotic
activity, perhaps as a result of specific antibodies
against plaque antigens, binding of antibodies to
inhibitory Fc receptors, or cytokines produced by
B cells. Spleen B cells are particularly effective inhibitors of atherosclerosis,52 possibly because
certain natural antibodies produced by some of
these cells recognize phosphorylcholine, a molecule
present in oxidized LDL, apoptotic cell membranes,
and the cell wall of Streptococcus pneumoniae.53 These
antibodies may contribute to the elimination of oxidized LDL and dead cells as well as to the defense
against pneumococcal infections. Interestingly, persons who have undergone splenectomy have increased susceptibility not only to pneumococcal infections but also to CAD.54
Cross-Talk between Inflammation and Metabolism

Acute-phase reactants
Serum amyloid A
CRP
Figure 5. The Cytokine Cascade.
Activated immune cells in the plaque produce inflammatory cytokines (interferon-g, interleukin-1, and tumor necrosis factor [TNF]), which induce the
production of substantial amounts of interleukin-6. These cytokines are also
produced in various tissues in response to infection and in the adipose tissue
of patients with the metabolic syndrome. Interleukin-6, in turn, stimulates the
production of large amounts of acute-phase reactants, including C-reactive
protein (CRP), serum amyloid A, and fibrinogen, especially in the liver. Although cytokines at all steps have important biologic effects, their amplification at each step of the cascade makes the measurement of downstream mediators such as CRP particularly useful for clinical diagnosis.
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The balance between inflammatory and antiinflammatory activity controls the progression of atherosclerosis. Metabolic factors may affect this process
in several ways. Obviously, they contribute to lipid
deposition in the artery, initiating new rounds of immune-cell recruitment. Furthermore, the adipose
tissue of patients with the metabolic syndrome and
obesity produces inflammatory cytokines, particularly tumor necrosis factor and interleukin-6 (Fig.
5).55,56 “Adipokines” — cytokines of the adipose
tissue, including leptin, adiponectin, and resistin
— may also influence inflammatory responses
throughout the organism.55 Finally, molecules generated during lipid peroxidation in atherosclerotic
disease can induce protective as well as inflammatory reactions, for instance, by binding to nuclear
receptors that control inflammatory genes.14,57
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infections and cad

Several studies have linked infections to atherosclerosis and CAD. Elevated titers of antibodies against
chlamydia were found in patients with CAD,58 and
it was speculated that this microbe causes atherosclerosis. However, Chlamydia pneumoniae infection
does not cause atherosclerosis in animals, although
it may stimulate disease progression and plaque activation.59,60 This could be due either to a direct action in plaques or to remote signaling by inflammatory mediators.61 Molecular mimicry between
C. pneumoniae antigens and human molecules may
contribute to the activation of inflammation.62
However, several recent secondary-prevention trials,
including two reported in this issue of the Journal,
failed to prevent acute coronary syndromes by administering antibiotics targeting C. pneumoniae, suggesting that C. pneumoniae infection is not a predominant cause of these syndromes.63-66
Herpes family viruses may also contribute to
CAD. Cytomegalovirus is found in lesions, can
modulate immune-cell as well as vascular-cell activity, and increases experimental atherosclerosis.67-69
Clinical data imply an important role for cytomegalovirus in transplantation-related arteriosclerosis
causing graft rejection.70 More studies will be needed to determine whether the virus is involved in
more common forms of CAD. Since several types
of pathogens may contribute to CAD, it is unlikely
that a single microbe causes atherosclerosis. Instead, the total burden of infection at various sites
may affect the progression of atherosclerosis and
elicit clinical manifestations.71

acute coronary syndromes
mechanisms of plaque rupture

the plaque and may degrade its matrix. MMP activity is controlled at several levels: inflammatory cytokines induce the expression of MMP genes, plasmin
activates proforms of these enzymes, and inhibitor
proteins (tissue inhibitor of metalloproteinase) suppress their action. Similarly, cysteine proteases are
induced by certain cytokines and checked by inhibitors termed “cystatins.”78 Several of these molecules play decisive roles in the formation of aneurysms, as shown by experiments in gene-targeted
mice. However, mechanistic studies in models of
atherosclerosis have yielded complex results, with
certain MMPs reducing rather than increasing the
size of the lesions. At the same time, these enzymes
clearly affect the composition of plaque. Therefore,
they may represent future therapeutic targets. Study
of plaque rupture in animal models should be helpful in determining the role of these proteases in the
activation of plaque and myocardial infarction.
systemic indicators of inflammation

The inflammatory process in the atherosclerotic artery may lead to increased blood levels of inflammatory cytokines and other acute-phase reactants
(Fig. 5). Levels of C-reactive protein and interleukin-6 are elevated in patients with unstable angina
and myocardial infarction, with high levels predicting worse prognosis.79-81 The levels of other inflammatory markers are also elevated in these patients,
including fibrinogen, interleukin-7, interleukin-8,
soluble CD40 ligand, and the C-reactive protein–
related protein pentraxin 3.82-85 Levels of C-reactive
protein are elevated in patients with unstable angina,
a condition that is probably dependent on coronary
thrombosis of atherosclerotic plaques, but not in
those with variant angina caused by vasospasm.86
Therefore, elevated C-reactive protein levels in patients with acute coronary syndromes likely reflect
inflammation in the coronary artery rather than in
the ischemic myocardium.86 Activated T cells are
also present and subgroups of inflammatory T cells
are increased in the blood of patients with acute
coronary syndromes.87,88 Collectively, these findings suggest that inflammatory immune activation
in coronary arteries initiates acute coronary syndromes, with circulating levels of inflammatory
markers reflecting the clinical course of the condition.

What causes a silent atherosclerotic lesion to rupture? Activated macrophages, T cells, and mast cells
at sites of plaque rupture5,7,72 produce several types
of molecules — inflammatory cytokines, proteases,
coagulation factors, radicals, and vasoactive molecules — that can destabilize lesions (Fig. 1). They
inhibit the formation of stable fibrous caps, attack
collagen in the cap, and initiate thrombus formation.73-76 All these reactions can conceivably induce
the activation and rupture of plaque, thrombosis,
and ischemia.
Two types of proteases have been implicated as
key players in plaque activation: matrix metallopro- inflammatory markers and the risk of cad
teinases (MMPs) and cysteine proteases.77,78 Sev- Although the degree of active inflammation is ineral members of these families of enzymes occur in creased in activated plaques of patients with acute
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coronary syndromes, smoldering inflammation
characterizes silent plaques. Such lesions may also
release inflammatory mediators into the systemic
circulation (Fig. 5). A moderately elevated C-reactive
protein level on a highly sensitive immunoassay is
an independent risk factor for CAD in a healthy population.89,90 Whether this test should be used to
screen asymptomatic persons is a matter of debate.90 Other measures of acute-phase reactants, including the erythrocyte sedimentation rate and levels of fibrinogen and other plasma proteins, also
provide information about the inflammatory risk
of CAD,91 as do levels of circulating, soluble adhesion molecules such as soluble intercellular adhesion molecule 1, soluble VCAM-1, and soluble
P-selectin, which are shed by activated cells.92
The fact that several different inflammatory
markers, with different biologic activities, contribute to the statistical risk of CAD makes it unlikely
that C-reactive protein or any of the other markers
actually causes the disease. Instead, they all reflect
the local inflammatory process in the artery and,
perhaps, other tissues (e.g., adipose tissue) (Fig. 5).
Further research will be needed to clarify the role of
these molecules as markers of risk as well as contributors to disease progression.

therapeutic opportunities
The knowledge that atherosclerosis is an inflammatory disease offers new opportunities for the
prevention and treatment of CAD. Powerful immunosuppressant or antiinflammatory agents could
represent attractive treatments for acute coronary
syndromes.93 For long-term prevention of atherosclerosis, a more specific approach is desirable, such
as vaccination with disease-related antigens.94 Experimental results in both these areas are encouraging.
The immunosuppressive drugs cyclosporine and
sirolimus block the activation of T cells and, at high
levels, smooth-muscle proliferation.95 They inhibit
intimal lesions,95,96 and sirolimus-coated stents are
currently used to prevent restenosis after angioplasty.97 Whether this family of compounds can be used
in acute coronary syndromes is not known.
Antiinflammatory compounds include cyclooxygenase-2 inhibitors and other inhibitors of eicosanoid synthesis. The situation is complex, however,
since enzymes inhibited by such compounds are
also involved in the production of prothrombotic
eicosanoids by platelets and endothelial synthesis
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of antithrombotic eicosanoids. The recent findings
of an increased incidence of cardiovascular events
in patients treated with the cyclooxygenase-2 inhibitor rofecoxib (Vioxx)98 demonstrate the complexity
of eicosanoid biology and indicate the need for a
cautious approach to the use of this type of antiinflammatory compounds in patients with cardiovascular disease.
Remarkably, lipid-lowering statins have antiinflammatory properties.99-101 They are among the
most important of the pleiotropic effects of statins
(i.e., effects not directly dependent on reduced cholesterol levels). These properties likely result from
the ability of statins to inhibit the formation of mevalonic acid. Downstream products of this molecule
include not only the end product, cholesterol, but
also several isoprenoid intermediates that are used
by lipids to attach to several intracellular signaling
molecules.99 The enzymatic addition of isoprenoids
to intracellular proteins controls the activity of many
signaling pathways, including those of cell division
and antigen presentation. In addition, reduced cholesterol levels in membranes of cells exposed to statins may interfere with the clustering of T-cell–antigen receptors during immune activation.102
Several beneficial effects of statins may be due to
antiinflammatory activity. For instance, atorvastatin
ameliorates experimental autoimmune encephalomyelitis,103 and a recent clinical trial demonstrated
that atorvastatin has beneficial effects in patients
with rheumatoid arthritis.104 This may be due to the
capacity of statins to inhibit antigen-dependent
T-cell activation.105 Other important targets include
endothelial nitric oxide production and fibrinolysis,
both of which are enhanced by statins, and platelet
activity, which is reduced.99 Inhibition of inflammation adds to lipid lowering as beneficial effects
of statins on CAD, as recently demonstrated in two
clinical trials of patients with atherosclerosis and
CAD. In these studies, reduction of inflammation
(reflected by C-reactive protein levels) through statin therapy improved the clinical outcome independently of the reduction in serum cholesterol
levels.106,107
Finally, vaccination is an attractive approach to
induce protective immunity.94 In experiments in
animals, atherosclerosis was reduced by vaccination with oxidized LDL, bacteria containing certain modified phospholipids, or heat-shock protein
60.53,108-112 This may be due to the induction of
protective antibodies or T cells. However, better antigen preparations must be developed and more
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mechanistic knowledge obtained before this approach can be tested in humans.
In conclusion, new knowledge about inflammation in CAD has provided surprising insights into
its pathogenesis, has offered new opportunities for
diagnosis and prediction, and may lead to new treatments for this life-threatening disease.

Supported by the Swedish Research Council and Heart–Lung
Foundation, the European Union, the National Institutes of Health,
and the Söderberg Foundation.
I am indebted to Drs. Pål Aukrust, Petri Kovanen, Lars Rydén, and
Lars Wallentin for their review of the manuscript and helpful suggestions; to Dr. Erling Falk for kindly providing Figure 1A and 1B;
and to all the colleagues, fellows, students, and assistants who have
studied inflammatory mechanisms in atherosclerosis with me.

references
1. Murray CJ, Lopez AD. Global mortality,

13. Skålén K, Gustafsson M, Rydberg EK, et

disability, and the contribution of risk factors: Global Burden of Disease Study. Lancet
1997;349:1436-42.
2. Stary HC, Chandler AB, Dinsmore RE,
et al. A definition of advanced types of atherosclerotic lesions and a histological classification of atherosclerosis: a report from
the Committee on Vascular Lesions of the
Council on Arteriosclerosis, American Heart
Association. Circulation 1995;92:1355-74.
3. Stary HC, Chandler B, Glagov S, et al.
A definition of initial, fatty streak, and intermediate lesions of atherosclerosis: a report
from the Committee on Vascular Lesions of
the Council on Arteriosclerosis, American
Heart Association. Circulation 1994;89:
2462-78.
4. Jonasson L, Holm J, Skalli O, Bondjers
G, Hansson GK. Regional accumulations of
T cells, macrophages, and smooth muscle
cells in the human atherosclerotic plaque.
Arteriosclerosis 1986;6:131-8.
5. Kovanen PT, Kaartinen M, Paavonen T.
Infiltrates of activated mast cells at the site
of coronary atheromatous erosion or rupture in myocardial infarction. Circulation
1995;92:1084-8.
6. Hansson GK, Holm J, Jonasson L. Detection of activated T lymphocytes in the human atherosclerotic plaque. Am J Pathol
1989;135:169-75.
7. van der Wal AC, Becker AE, van der Loos
CM, Das PK. Site of intimal rupture or erosion of thrombosed coronary atherosclerotic
plaques is characterized by an inflammatory
process irrespective of the dominant plaque
morphology. Circulation 1994;89:36-44.
8. Frostegård J, Ulfgren AK, Nyberg P, et
al. Cytokine expression in advanced human
atherosclerotic plaques: dominance of proinflammatory (Th1) and macrophage-stimulating cytokines. Atherosclerosis 1999;145:
33-43.
9. Hackett D, Davies G, Maseri A. Preexisting coronary stenosis in patients with
first myocardial infarction are not necessarily severe. Eur Heart J 1988;9:1317-23.
10. Davies MJ. Stability and instability: two
faces of coronary atherosclerosis: the Paul
Dudley White Lecture 1995. Circulation 1996;
94:2013-20.
11. Falk E, Shah PK, Fuster V. Coronary
plaque disruption. Circulation 1995;92:65771.
12. Breslow JL. Mouse models of atherosclerosis. Science 1996;272:685-8.

al. Subendothelial retention of atherogenic
lipoproteins in early atherosclerosis. Nature
2002;417:750-4.
14. Leitinger N. Oxidized phospholipids as
modulators of inflammation in atherosclerosis. Curr Opin Lipidol 2003;14:421-30.
15. Nakashima Y, Raines EW, Plump AS,
Breslow JL, Ross R. Upregulation of VCAM1 and ICAM-1 at atherosclerosis-prone sites
on the endothelium in the apoE-deficient
mouse. Arterioscler Thromb Vasc Biol 1998;
18:842-51.
16. Dai G, Kaazempur-Mofrad MR, Natarajan S, et al. Distinct endothelial phenotypes
evoked by arterial waveforms derived from
atherosclerosis-susceptible and -resistant regions of human vasculature. Proc Natl Acad
Sci U S A 2004;101:14871-6.
17. Massberg S, Brand K, Gruner S, et al.
A critical role of platelet adhesion in the initiation of atherosclerotic lesion formation.
J Exp Med 2002;196:887-96.
18. Eriksson EE, Xie X, Werr J, Thoren P,
Lindbom L. Importance of primary capture
and L-selectin-dependent secondary capture
in leukocyte accumulation in inflammation
and atherosclerosis in vivo. J Exp Med 2001;
194:205-18.
19. Cybulsky MI, Gimbrone MA Jr. Endothelial expression of a mononuclear leukocyte adhesion molecule during atherogenesis. Science 1991;251:788-91.
20. Boring L, Gosling J, Cleary M, Charo IF.
Decreased lesion formation in CCR2¡/¡
mice reveals a role for chemokines in the initiation of atherosclerosis. Nature 1998;394:
894-7.
21. Gu L, Okada Y, Clinton SK, et al. Absence
of monocyte chemoattractant protein-1 reduces atherosclerosis in low density lipoprotein receptor-deficient mice. Mol Cell 1998;
2:275-81.
22. Lesnik P, Haskell CA, Charo IF. Decreased atherosclerosis in CX3CR1¡/¡ mice
reveals a role for fractalkine in atherogenesis. J Clin Invest 2003;111:333-40.
23. Veillard NR, Kwak B, Pelli G, et al. Antagonism of RANTES receptors reduces atherosclerotic plaque formation in mice. Circ
Res 2004;94:253-61.
24. Lutters BC, Leeuwenburgh MA, Appeldoorn CC, Molenaar TJ, van Berkel TJ, Biessen EA. Blocking endothelial adhesion molecules: a potential therapeutic strategy to
combat atherogenesis. Curr Opin Lipidol
2004;15:545-52.

n engl j med 352;16

www.nejm.org

25. Smith JD, Trogan E, Ginsberg M,
Grigaux C, Tian J, Miyata M. Decreased atherosclerosis in mice deficient in both macrophage colony-stimulating factor (op) and
apolipoprotein E. Proc Natl Acad Sci U S A
1995;92:8264-8.
26. Peiser L, Mukhopadhyay S, Gordon S.
Scavenger receptors in innate immunity.
Curr Opin Immunol 2002;14:123-8.
27. Janeway CA Jr, Medzhitov R. Innate immune recognition. Annu Rev Immunol 2002;
20:197-216.
28. Xu Q. Role of heat shock proteins in atherosclerosis. Arterioscler Thromb Vasc Biol
2002;22:1547-59.
29. Miller YI, Chang MK, Binder CJ, Shaw
PX, Witztum JL. Oxidized low density lipoprotein and innate immune receptors. Curr
Opin Lipidol 2003;14:437-45.
30. Edfeldt K, Swedenborg J, Hansson GK,
Yan ZQ. Expression of toll-like receptors in
human atherosclerotic lesions: a possible
pathway for plaque activation. Circulation
2002;105:1158-61.
31. Bjorkbacka H, Kunjathoor VV, Moore
KJ, et al. Reduced atherosclerosis in
MyD88-null mice links elevated serum cholesterol levels to activation of innate immunity signaling pathways. Nat Med 2004;10:
416-21.
32. Bobryshev YV, Lord RSA. Ultrastructural
recognition of cells with dendritic cell morphology in human aortic intima: contacting interactions of vascular dendritic cells
in athero-resistant and athero-prone areas
of the normal aorta. Arch Histol Cytol 1995;
58:307-22.
33. Hansson GK. Immune mechanisms in
atherosclerosis. Arterioscler Thromb Vasc
Biol 2001;21:1876-90.
34. Stemme S, Faber B, Holm J, Wiklund O,
Witztum JL, Hansson GK. T lymphocytes
from human atherosclerotic plaques recognize oxidized low density lipoprotein. Proc
Natl Acad Sci U S A 1995;92:3893-7.
35. de Boer OJ, van der Wal AC, Houtkamp
MA, Ossewaarde JM, Teeling P, Becker AE.
Unstable atherosclerotic plaques contain
T-cells that respond to Chlamydia pneumoniae. Cardiovasc Res 2000;48:402-8.
36. Tupin E, Nicoletti A, Elhage R, et al.
CD1d-dependent activation of NKT cells aggravates atherosclerosis. J Exp Med 2004;
199:417-22.
37. Ludewig B, Freigang S, Jaggi M, et al.
Linking immune-mediated arterial inflammation and cholesterol-induced atheroscle-

april 21, 2005

The New England Journal of Medicine
Downloaded from www.nejm.org by JESUS RUEDA on November 8, 2010. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

1693

The

new england journal

rosis in a transgenic mouse model. Proc Natl
Acad Sci U S A 2000;97:12752-7.
38. Szabo SJ, Sullivan BM, Peng SL, Glimcher LH. Molecular mechanisms regulating
Th1 immune responses. Annu Rev Immunol 2003;21:713-58.
39. Uyemura K, Demer LL, Castle SC, et al.
Cross-regulatory roles of interleukin (IL)-12
and IL-10 in atherosclerosis. J Clin Invest
1996;97:2130-8.
40. Gupta S, Pablo AM, Jiang X, Wang N,
Tall AR, Schindler C. IFN-gamma potentiates atherosclerosis in apoE knock-out mice.
J Clin Invest 1997;99:2752-61.
41. Whitman SC, Ravisankar P, Daugherty
A. IFN-gamma deficiency exerts genderspecific effects on atherogenesis in apolipoprotein E¡/¡ mice. J Interferon Cytokine Res
2002;22:661-70.
42. Laurat E, Poirier B, Tupin E, et al. In vivo
downregulation of T helper cell 1 immune
responses reduces atherogenesis in apolipoprotein E-knockout mice. Circulation 2001;
104:197-202.
43. Mallat Z, Corbaz A, Scoazec A, et al. Interleukin-18/interleukin-18 binding protein
signaling modulates atherosclerotic lesion
development and stability. Circ Res 2001;
89:E41-E45.
44. Buono C, Binder CJ, Stavrakis G, Witztum JL, Glimcher LH, Lichtman AH. T-bet
deficiency reduces atherosclerosis and alters
plaque antigen-specific immune responses.
Proc Natl Acad Sci U S A 2005;102:1596601.
45. Elhage R, Jawien J, Rudling M, et al.
Reduced atherosclerosis in interleukin-18
deficient apolipoprotein E-knockout mice.
Cardiovasc Res 2003;59:234-40.
46. Binder CJ, Hartvigsen K, Chang MK, et
al. IL-5 links adaptive and natural immunity
specific for epitopes of oxidized LDL and
protects from atherosclerosis. J Clin Invest
2004;114:427-37.
47. Shimizu K, Shichiri M, Libby P, Lee RT,
Mitchell RN. Th2-predominant inflammation and blockade of IFN-gamma signaling
induce aneurysms in allografted aortas. J Clin
Invest 2004;114:300-8. [Erratum, J Clin Invest 2004;114:739.]
48. Mallat Z, Besnard S, Duriez M, et al. Protective role of interleukin-10 in atherosclerosis. Circ Res 1999;85:e17-e24.
49. Pinderski LJ, Fischbein MP, Subbanagounder G, et al. Overexpression of interleukin-10 by activated T lymphocytes inhibits
atherosclerosis in LDL receptor-deficient
mice by altering lymphocyte and macrophage
phenotypes. Circ Res 2002;90:1064-71.
50. Caligiuri G, Rudling M, Ollivier V, et al.
Interleukin-10 deficiency increases atherosclerosis, thrombosis, and low-density lipoproteins in apolipoprotein E knockout mice.
Mol Med 2003;9:10-7.
51. Robertson AKL, Rudling M, Zhou X,
Gorelik L, Flavell RA, Hansson GK. Disruption of TGF-beta signaling in T cells accelerates atherosclerosis. J Clin Invest 2003;112:
1342-50.

1694

of

medicine

52. Caligiuri G, Nicoletti A, Poirier B, Hans-

son GK. Protective immunity against atherosclerosis carried by B cells of hypercholesterolemic mice. J Clin Invest 2002;109:
745-53.
53. Binder CJ, Hörkkö S, Dewan A, et al.
Pneumococcal vaccination decreases atherosclerotic lesion formation: molecular mimicry between Streptococcus pneumoniae and
oxidized LDL. Nat Med 2003;9:736-43.
54. Witztum JL. Splenic immunity and atherosclerosis: a glimpse into a novel paradigm? J Clin Invest 2002;109:721-4.
55. Arner P. The adipocyte in insulin resistance: key molecules and the impact of the
thiazolidinediones. Trends Endocrinol
Metab 2003;14:137-45.
56. Yudkin JS, Juhan-Vague I, Haw E, et al.
Low-grade inflammation may play a role in
the etiology of the metabolic syndrome in
patients with coronary heart disease: The
HIFMECH Study. Metabolism 2004;53:
852-7.
57. Staels B, Koenig W, Habib A, et al. Activation of human aortic smooth-muscle cells
is inhibited by PPARalpha but not by
PPARgamma activators. Nature 1998;393:
790-3.
58. Saikku P, Leinonen M, Mattila K, et al.
Serological evidence of an association of a
novel Chlamydia, TWAR, with chronic coronary heart disease and acute myocardial infarction. Lancet 1988;2:983-6.
59. Hu H, Pierce GN, Zhong G. The atherogenic effects of chlamydia are dependent on
serum cholesterol and specific to Chlamydia
pneumoniae. J Clin Invest 1999;103:747-53.
60. Caligiuri G, Rottenberg M, Nicoletti A,
Wigzell H, Hansson GK. Chlamydia pneumoniae infection does not induce or modify
atherosclerosis in mice. Circulation 2001;
103:2834-8.
61. Kalayoglu MV, Libby P, Byrne GI. Chlamydia pneumoniae as an emerging risk factor in cardiovascular disease. JAMA 2002;
288:2724-31.
62. Perschinka H, Mayr M, Millonig G, et al.
Cross-reactive B-cell epitopes of microbial
and human heat shock protein 60/65 in atherosclerosis. Arterioscler Thromb Vasc Biol
2003;23:1060-5.
63. O’Connor CM, Dunne MW, Pfeffer MA,
et al. Azithromycin for the secondary prevention of coronary heart disease events: the
WIZARD study: a randomized controlled
trial. JAMA 2003;290:1459-66.
64. Cercek B, Shah PK, Noc M, et al. Effect
of short-term treatment with azithromycin
on recurrent ischaemic events in patients
with acute coronary syndrome in the Azithromycin in Acute Coronary Syndrome
(AZACS) trial: a randomised controlled trial.
Lancet 2003;361:809-13.
65. Grayston JT, Kronmal RA, Jackson LA,
et al. Azithromycin for secondary prevention of coronary events. N Engl J Med 2005;
352:1637-45.
66. Cannon CP, Braunwald E, McCabe CH,
et al. Antibiotic treatment of Chlamydia pneu-

n engl j med 352;16

www.nejm.org

moniae after acute coronary syndrome. N Engl
J Med 2005;352:1646-54.
67. Streblow DN, Söderberg-Naucler C,
Vieira J, et al. The human cytomegalovirus
chemokine receptor US28 mediates vascular smooth muscle cell migration. Cell 1999;
99:511-20.
68. Gredmark S, Tilburgs T, SöderbergNaucler C. Human cytomegalovirus inhibits
cytokine-induced macrophage differentiation. J Virol 2004;78:10378-89.
69. Hsich E, Zhou YF, Paigen B, Johnson
TM, Burnett MS, Epstein SE. Cytomegalovirus infection increases development of atherosclerosis in apolipoprotein-E knockout
mice. Atherosclerosis 2001;156:23-8.
70. Soderberg-Naucler C, Emery VC. Viral
infections and their impact on chronic renal
allograft dysfunction. Transplantation 2001;
71:Suppl:SS24-SS30.
71. Zhu J, Quyyumi AA, Norman JE, et al.
Effects of total pathogen burden on coronary artery disease risk and C-reactive protein levels. Am J Cardiol 2000;85:140-6.
72. Moreno PR, Falk E, Palacios IF, Newell
JB, Fuster V, Fallon JT. Macrophage infiltration in acute coronary syndromes: implications for plaque rupture. Circulation 1994;
90:775-8.
73. Hansson GK, Hellstrand M, Rymo L,
Rubbia L, Gabbiani G. Interferon-gamma
inhibits both proliferation and expression
of differentiation-specific alpha-smooth
muscle actin in arterial smooth muscle
cells. J Exp Med 1989;170:1595-608.
74. Amento EP, Ehsani N, Palmer H, Libby
P. Cytokines and growth factors positively
and negatively regulate interstitial collagen
gene expression in human vascular smooth
muscle cells. Arterioscler Thromb 1991;11:
1223-30.
75. Sarén P, Welgus HG, Kovanen PT. TNFalpha and IL-1beta selectively induce expression of 92-kDa gelatinase by human macrophages. J Immunol 1996;157:4159-65.
76. Mach F, Schönbeck U, Bonnefoy JY,
Pober JS, Libby P. Activation of monocyte/
macrophage functions related to acute atheroma complication by ligation of CD40: induction of collagenase, stromelysin, and tissue factor. Circulation 1997;96:396-9.
77. Jones CB, Sane DC, Herrington DM.
Matrix metalloproteinases: a review of their
structure and role in acute coronary syndrome. Cardiovasc Res 2003;59:812-23.
78. Liu J, Sukhova GK, Sun JS, Xu WH, Libby P, Shi GP. Lysosomal cysteine proteases
in atherosclerosis. Arterioscler Thromb Vasc
Biol 2004;24:1359-66.
79. Liuzzo G, Biasucci LM, Gallimore JR, et
al. The prognostic value of C-reactive protein
and serum amyloid A protein in severe unstable angina. N Engl J Med 1994;331:417-24.
80. Biasucci LM, Vitelli A, Liuzzo G, et al.
Elevated levels of interleukin-6 in unstable
angina. Circulation 1996;94:874-7.
81. Lindahl B, Toss H, Siegbahn A, Venge P,
Wallentin L. Markers of myocardial damage
and inflammation in relation to long-term

april 21, 2005

The New England Journal of Medicine
Downloaded from www.nejm.org by JESUS RUEDA on November 8, 2010. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

mechanisms of disease

mortality in unstable coronary artery disease.
N Engl J Med 2000;343:1139-47.
82. Wilhelmsen L, Svärdsudd K, KorsanBengtsen K, Larsson B, Welin L, Tibblin G.
Fibrinogen as a risk factor for stroke and
myocardial infarction. N Engl J Med 1984;
311:501-5.
83. Aukrust P, Müller F, Ueland T, et al.
Enhanced levels of soluble and membranebound CD40 ligand in patients with unstable angina: possible reflection of T lymphocyte and platelet involvement in the
pathogenesis of acute coronary syndromes.
Circulation 1999;100:614-20.
84. Peri G, Introna M, Corradi D, et al.
PTX3, a prototypical long pentraxin, is an
early indicator of acute myocardial infarction
in humans. Circulation 2000;102:636-41.
85. Damås JK, Waehre T, Yndestad A, et al.
Interleukin-7-mediated inflammation in unstable angina: possible role of chemokines
and platelets. Circulation 2003;107:2670-6.
86. Liuzzo G, Biasucci LM, Rebuzzi AG, et
al. Plasma protein acute-phase response in
unstable angina is not induced by ischemic
injury. Circulation 1996;94:2373-80.
87. Caligiuri G, Paulsson G, Nicoletti A,
Maseri A, Hansson GK. Evidence for antigen-driven T-cell response in unstable angina. Circulation 2000;102:1114-9.
88. Liuzzo G, Goronzy JJ, Yang H, et al.
Monoclonal T-cell proliferation and plaque
instability in acute coronary syndromes. Circulation 2000;101:2883-8.
89. Ridker PM, Hennekens CH, Buring JE,
Rifai N. C-reactive protein and other markers of inflammation in the prediction of cardiovascular disease in women. N Engl J Med
2000;342:836-43.
90. Danesh J, Wheeler JG, Hirschfield GM,
et al. C-reactive protein and other circulating markers of inflammation in the prediction of coronary heart disease. N Engl J Med
2004;350:1387-97.
91. Engström G, Hedblad B, Stavenow L,
et al. Fatality of future coronary events is
related to inflammation-sensitive plasma
proteins: a population-based prospective
cohort study. Circulation 2004;110:27-31.

92. Blake GJ, Ridker PM. Inflammatory bio-

markers and cardiovascular risk prediction.
J Intern Med 2002;252:283-94.
93. Libby P, Aikawa M. Stabilization of atherosclerotic plaques: new mechanisms and
clinical targets. Nat Med 2002;8:1257-62.
[Erratum, Nat Med 2003;9:146.]
94. Nilsson J, Hansson GK, Shah PK. Immunomodulation of atherosclerosis: implications for vaccine development. Arterioscler Thromb Vasc Biol 2005;25:18-28.
95. Jonasson L, Holm J, Hansson GK. Cyclosporin A inhibits smooth muscle proliferation in the vascular response to injury.
Proc Natl Acad Sci U S A 1988;85:2303-6.
96. Gallo R, Padurean A, Jayaraman T, et al.
Inhibition of intimal thickening after balloon angioplasty in porcine coronary arteries by targeting regulators of the cell cycle.
Circulation 1999;99:2164-70.
97. Marx SO, Marks AR. Bench to bedside:
the development of rapamycin and its application to stent restenosis. Circulation 2001;
104:852-5.
98. Bresalier RS, Sandler RS, Quan H, et al.
Cardiovascular events associated with rofecoxib in a colorectal adenoma chemoprevention trial. N Engl J Med 2005;352:1092102.
99. Takemoto M, Liao JK. Pleiotropic effects
of 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors. Arterioscler Thromb
Vasc Biol 2001;21:1712-9.
100. Crisby M, Nordin-Fredriksson G,
Shah PK, Yano J, Zhu J, Nilsson J. Pravastatin
treatment increases collagen content and
decreases lipid content, inflammation, metalloproteinases, and cell death in human
carotid plaques: implications for plaque stabilization. Circulation 2001;103:926-33.
101. Sposito AC, Chapman MJ. Statin therapy in acute coronary syndromes: mechanistic insight into clinical benefit. Arterioscler Thromb Vasc Biol 2002;22:1524-34.
102. Ehrenstein MR, Jury EC, Mauri C. Statins for atherosclerosis — as good as it gets?
N Engl J Med 2005;352:73-5.
103. Youssef S, Stuve O, Patarroyo JC, et al.
The HMG-CoA reductase inhibitor, atorva-

statin, promotes a Th2 bias and reverses paralysis in central nervous system autoimmune disease. Nature 2002;420:78-84.
104. McCarey DW, McInnes IB, Madhok R,
et al. Trial of Atorvastatin in Rheumatoid Arthritis (TARA): double-blind, randomised
placebo-controlled trial. Lancet 2004;363:
2015-21.
105. Kwak B, Mulhaupt F, Myit S, Mach F.
Statins as a newly recognized type of immunomodulator. Nat Med 2000;6:1399-402.
106. Ridker PM, Cannon CP, Morrow D, et
al. C-reactive protein levels and outcomes
after statin therapy. N Engl J Med 2005;352:
20-8.
107. Nissen SE, Tuzcu EM, Schoenhagen P,
et al. Statin therapy, LDL cholesterol,
C-reactive protein, and coronary artery disease. N Engl J Med 2005;352:29-38.
108. Palinski W, Miller E, Witztum JL. Immunization of low density lipoprotein (LDL)
receptor-deficient rabbits with homologous
malondialdehyde-modified LDL reduces
atherogenesis. Proc Natl Acad Sci U S A
1995;92:821-5.
109. Zhou X, Caligiuri G, Hamsten A,
Lefvert AK, Hansson GK. LDL immunization induces T-cell-dependent antibody formation and protection against atherosclerosis. Arterioscler Thromb Vasc Biol 2001;21:
108-14.
110. Fredrikson GN, Soderberg I, Lindholm M, et al. Inhibition of atherosclerosis
in apoE-null mice by immunization with
apoB-100 peptide sequences. Arterioscler
Thromb Vasc Biol 2003;23:879-84.
111. Harats D, Yacov N, Gilburd B, Shoenfeld Y, George J. Oral tolerance with heat
shock protein 65 attenuates Mycobacterium
tuberculosis-induced and high-fat-diet-driven atherosclerotic lesions. J Am Coll Cardiol
2002;40:1333-8.
112. Maron R, Sukhova G, Faria AM, et al.
Mucosal administration of heat shock protein-65 decreases atherosclerosis and inflammation in aortic arch of low-density
lipoprotein receptor-deficient mice. Circulation 2002;106:1708-15.
Copyright © 2005 Massachusetts Medical Society.

posting presentations at medical meetings on the internet
Posting an audio recording of an oral presentation at a medical meeting on the
Internet, with selected slides from the presentation, will not be considered prior
publication. This will allow students and physicians who are unable to attend the
meeting to hear the presentation and view the slides. If there are any questions
about this policy, authors should feel free to call the Journal’s Editorial Offices.

n engl j med 352;16

www.nejm.org

april 21, 2005

The New England Journal of Medicine
Downloaded from www.nejm.org by JESUS RUEDA on November 8, 2010. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

1695

