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EDITORIAL COMMENT

Remote Endothelial Activation Following
Myocardial Infarction
A New Target to Combat Recurrent Cardiovascular Events?*
Adam J. Brown, MD, PHD,a Martin R. Bennett, MD, PHDb

A

therosclerotic plaques occur at different

that

stages of development within an individual,

remote locations remain relatively unexplored, and

scattered in a nonuniform pattern across

there remains uncertainty on whether increased

might

promote

monocyte

recruitment

at

multiple vascular territories. Most lesions remain

remote plaque inﬂammation following MI can be

clinically silent and may even regress over time or

suppressed.

following appropriate pharmacotherapy. However,
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acute plaque rupture or erosion leading to myocardial
of

In this issue of the Journal, Moccetti et al. (5)

morbidity and mortality. In addition to the culprit

examined endothelial alterations in remote arterial

site, observational data demonstrate signiﬁcantly

regions following a closed-chest murine model of MI.

increased risks of recurrent events at nonculprit sites

The authors hypothesized that an acute ischemic

soon after the index presentation (1). Indeed, around

event might enhance expression of endothelial cell

one-half of all recurrent cardiovascular events after

(EC)

MI are attributable to disease progression in noncul-

adherence to the EC surface. Using molecular imag-

prit arterial locations (2,3). These data suggest that

ing, the authors demonstrated up-regulation of EC

plaque rupture/erosion or subsequent infarction

P-selectin, vascular cell adhesion molecule-1, and von

might “prime” the entire vasculature, making remote

Willebrand factor-A1, and increased platelet deposi-

plaques more susceptible to a further cardiovascular

tion 3 days post-MI in both wild-type mice and mice

event. This “priming” may be systemic, for example,

lacking both the low-density lipoprotein receptor and

through release and/or activation of blood-borne

apolipoprotein-B mRNA editing enzyme catalytic

inﬂammatory cells; may act locally on individual

polypeptide 1 (Apobec-1) (double knockout). Adhe-

plaques, for example, through release of local pro-

sion molecule up-regulation persisted in double-

inﬂammatory cytokines; or both. Animal studies

knockout animals to 21 days, suggesting that EC

show that infarction causes release of bone marrow–

adaptations are more sustained when concomitant

derived progenitor cells and ampliﬁed extramedul-

atherosclerosis

lary myelopoiesis, leading to leukocytosis, increased

showed decreased leukocyte rolling velocity in other

plaque inﬂammation, and larger atherosclerotic le-

remote vascular regions post-MI, while results from

sions with a more advanced morphology in remote

mice undergoing surgery followed by sham MI indi-

arterial regions (4). However, endothelial mechanisms

cated that changes in EC adhesion molecules are not

infarction

(MI)

remains

a

signiﬁcant

cause

adhesion

molecules

is

present.

and

augment

Intravital

platelet

microscopy

simply due to the surgical procedure. Expression of
EC adhesion molecules was inhibited by platelet
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depletion, while administration of a metalloprotease
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enzyme that cleaves von Willebrand factor inhibited
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platelet adhesion. Finally, the authors show that
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suppressed monocyte accumulation, and reduced a

activation might represent a target for novel thera-

number of higher-risk features. Overall, the study

peutic interventions or act as a prognostic biomarker

suggests that increased inﬂammation in remote

for future cardiovascular risk.

plaques following MI might be due to increased

The study by Moccetti et al. (5) also reignites the

expression of EC adhesion molecules and platelet

debate on the role of antioxidant therapy in attenu-

deposition, as well as increased bone marrow pro-

ating progression of atherosclerosis. The study

duction of pro-inﬂammatory leukocytes and progen-

showed that apocynin reduced EC adhesion molecule

itor cells. The study also suggests that inhibition of

expression,

remote EC activation might present a novel thera-

inﬂammation. Previous studies have shown that

peutic

recurrent

antioxidants, such as alpha-tocopherol, decrease

However, despite these advances in knowledge,

the ability of monocytes to release pro-atherogenic

the current study leaves a number of unanswered

cytokines (10). However, in other studies in ECs,

questions. In particular, the study does not determine

apocynin failed to block superoxide production and

the actual mechanism (or mechanisms) for remote EC

was thought to primarily act as an antioxidant (11). In

activation post-MI. For example, adhesion molecule

addition, randomized trials of antioxidant therapy in

expression was measured in the aorta, and MI might

humans show either a modest beneﬁt (12) or lack of

have reduced aortic blood ﬂow velocity leading to

beneﬁt associated with long-term therapy (13,14).

lower endothelial shear stress (ESS), which has pro-

Even when trial beneﬁt was observed with antioxi-

found effects on EC function. Low ESS enhances

dant therapy, it tended to occur late, which would not

expression of EC adhesion molecules and promotes

necessarily mirror the early inhibition of remote EC

monocyte adhesion (6), which in turn augment local

adhesion.

opportunity

to

prevent

early

cardiovascular events.

recruitment,

and

plaque

monocyte adhesion to the arterial wall (9) and impair

inﬂammation and accelerate plaque growth. Indeed,
recurrent

monocyte

cardiovascular

foundation for further studies to both conﬁrm remote

frequently in low ESS regions within the coronary

EC activation in the coronary arteries following MI

arteries (7). Another possibility is that increased

and examine the mechanisms underlying this phe-

expression of EC adhesion molecules in remote

nomenon. A comprehensive knowledge of the cellular

arteries may occur through release of systemic

and molecular pathways involved will be crucial to

signaling

or

the development of targeted therapeutics that may

danger-associated molecular patterns. Myocardial

assist clinicians to combat early recurrent cardiovas-

necrosis causes release of a range of intracellular

cular events.

including

occur

Ultimately, the study by Moccetti et al. (5) lays the

more

mediators,

events

microvesicles

factors that are recognized by the immune system (8).
This sterile immune response is sensed and mediated
through danger-associated molecular patterns, which
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