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Eosinophils: a new player in coronary atherosclerotic
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he association between vascular calcifica-

tion and vascular disease has been
known to anatomists and pathologists for
several hundred years. Radiological detection
of coronary artery calcification (CAC) in vivo
by fluoroscopy was described in the late
1950s,! and an association between the pre-
sence of CAC and the risk of cardiovascular
events was subsequently demonstrated.? It is
now widely accepted that the presence of
calcium in coronary arteries is pathognomo-
nic of atherosclerosis,? and a close correlation
between the atherosclerotic plaque burden
and the extent of CAC has been confirmed
both by histopathology and intravascular
ultrasound, with the total CAC score repre-
senting an anatomic measure of overall cor-
onary plaque burden.*?

In this context, there has been an expo-
nential increase in interest in cardiac com-
puted tomography as applications expanded
from the identification of CAC to noninvasive
coronary angiography, through obtaining
cross-sectional images of the heart in sub-
second scanning times and accurately detect-
ing and quantifying even small areas of CAC.

Among inflammatory cells, leukocyte
recruitment and the expression of proinflam-
matory cytokines related to leukocyte activa-
tion have been shown to characterize all steps
of atherothrombosis.” The leukocyte count
has been correlated with coronary athero-
sclerosis disease since the 1920s.® Over the
last several decades, an increasing number of
epidemiological and clinical studies have
shown leukocytes to be an independent pre-
dictor of future cardiovascular events, both in
healthy individuals free of coronary artery
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disease at baseline and in patients with stable
angina, unstable angina, or a history of myo-
cardial infarction.” Among differential leuko-
cyte counts, recent observations suggest that
eosinophils may have a role in coronary
atherosclerosis. Indeed, prospective studies
have consistently shown an association
between eosinophil count and increased risk
for future cardiovascular events.’

The association between eosinophils and
coronary calcium has not been tested until
now. In this issue of Hypertension Research,
Tanaka M et al.'% showed the role of eosino-
phils in a cross-sectional study of 1363 con-
secutive participants with a clinical suspicion
of coronary heart disease, with the aim of
evaluating the relationships between the CAC
score determined by multislice computed
tomography and the peripheral eosinophil
count, as well as major cardiovascular risk
factors. They found a positive correlation
between log(CAC+1) and the eosinophil
count (r=0.165, P<0.0001). Of note, eosino-
phil count quartiles were significantly asso-
ciated with log (CAC+1) (P<0.0001), and
the highest eosinophil count quartile had a
higher log (CAC+1) than the lowest
(P<0.0001) and second (P=0.0001) eosino-
phil count quartiles. Moreover, the eosinophil
count was associated with significant stenosis,
defined as any arterial stenosis that produced
more than 50% luminal narrowing
(P=0.0034). Finally, using multivariate linear
regression analysis, the eosinophil count
(f=0.147, P=0.001) was an independent
determinant of log(CAC+1).

In the Hiroshima and Nagasaki Adult
Health Study,!! the total leukocyte count
correlated positively with the incidence of
coronary artery disease in a large population
of individuals free of disease at baseline.
When differential cell counts were considered,
a correlation was found between a moderately

elevated eosinophil count and an increased
risk of disease, as well as between neutrophil,
eosinophil and monocyte (but not lympho-
cyte) counts and the incidence of disease.
Other evidence comes from a study by Erdo-
gan et al.,'2 in which the authors were able to
find elevated levels of serum immunoglobulin
E, basophils and eosinophils in coronary
artery disease patients compared with healthy
control subjects. Finally, Niccoli et all3
recently showed that eosinophil cationic pro-
tein (ECP), a sensitive marker of eosinophil
activation, is associated with coronary ather-
osclerosis and, when added to the main
cardiovascular risk factors, improves the clas-
sification performance for the diagnosis of
angiographically detectable coronary athero-
sclerosis among patients undergoing coron-
ary angiography because of chest pain.

The involvement of eosinophils in coron-
ary atherosclerosis disease has been also sug-
gested by other observations. Eotaxin, an
eosinophil-specific chemoattractant, is over-
expressed in human atherosclerotic lesions,*
and patients with coronary artery disease
show higher circulating levels of eotaxin
than healthy controls.!>!® Accordingly, a non-
conservative polymorphism in the eotaxin
gene!” and sequence variants affecting the
eosinophil count!® have recently been asso-
ciated with an increased risk of myocardial
infarction.

Eosinophils may mediate their pro-athero-
sclerotic actions through proteins stored in
prominent  cytoplasmic  granules.” In
particular, preformed basic proteins, such as
eosinophil peroxidase, eosinophil-derived
neurotoxin, major basic protein and ECP
are the main components of granules.! In
addition, the secretory granules of eosino-
phils contain preformed cytokines, such as
granulocyte-macrophage colony-stimulating
factor, interleukin (IL)-3, IL-4, IL-5, IL-6,
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Figure 1 The storage, production and release of various molecules by eosinophils may affect tissue development, damage, repair and homeostasis, may
regulate immune responses and exert proinflammatory effector functions. In particular, low-grade production of growth factor by eosinophils in the resting
status is believed to contribute to vascular calcification, by stimulating calcium overload inside vascular cells. Finally, when activated, eosinophils may
further stimulate calcium overload, smooth muscle cell contraction, fibroblast activation and monocyte adhesion to endothelial cells, which contribute to
coronary atherosclerosis formation, progression and calcification. EC, endothelial cell; ECP, eosinophil cationic protein; EPO, eosinophil peroxidase; GM-CSF,
granulocyte-macrophage colony-stimulating factor; ICAM, inter-cellular adhesion molecule; IL, interleukin; LTC4, leukotrienes C4; MBP, major basic protein;
SMC, smooth muscle cell contraction; TGF-a, transforming growth factor-o; TGF-B1, transforming growth factor-B1l; VC, vascular cells; VEGF, vascular
endothelial growth factor. A full color version of this figure is available at the Hypertension Research journal online.

IL-10, transforming growth factor-beta and
tumor necrosis fac'[or—alpha,19 which may
modulate the acute phase response and
innate inflammatory response.?’ Some of
the eosinophil mediators, such as transform-
ing growth factor-beta, IL-4, IL-6, tumor
necrosis factor-alpha, ECP and major basic
protein can be fibrogenic.?! Interestingly, of
these factors, transforming growth factor-beta
has been reported to enhance in vitro calcifi-
cation of vascular cells.?? Finally, eosinophils
synthesize and release bioactive mediators,
such as leukotriene C4, a potent stimulant
of vasoactivity and smooth muscle contrac-
tion, and they can induce the release of a
number of vasoactive substances, including
histamine, prostaglandin D2 and leukotrienes
C4 and D4, from mast cells and basophils.'?

Interestingly, eosinophil activation can be
monitored by wusing serum biomarkers,
among which ECP, a zinc-containing, highly
cationic protein that is stored in peroxidase-
positive and negative eosinophil granules,
stands out.??> Of note, ECP was found to
upregulate inter-cellular adhesion molecule-
1 expression on endothelial cells, 24 allowing
monocyte adhesion to the endothelium.

Moreover, ECP has a number of modulating
activities in vitro, including the inhibition of
proliferative T-lymphocyte responses to anti-
gen, the inhibition of immunoglobulin synth-
esis and the modulation of fibroblast
activity.?> Thus, studies aiming at assessing
the diagnostic and prognostic role of eosino-
phil activation, along with the eosinophil
count, should be performed in order to
shed more light on these small but potent
cells in the setting of coronary atherosclerosis
disease (Figure 1).

Accurate risk assessment of patients with
suspected coronary artery disease may be
helpful in decreasing cardiovascular events
through more appropriate targeting of pre-
ventive measures. Hence, researchers have
turned their attention to noninvasive mod-
alities, such as coronary computed tomogra-
phy, that are able to image the atherosclerotic
plaque in its preclinical stages. The measure-
ment of CAC in patients has emerged
as a quantitative marker of coronary artery
atherosclerosis severity, and greater calcium
burdens correlate with more advanced dis-
ease. By contrast, circulating biomarkers may
have an additive diagnostic and prognostic
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utility above that conferred by imaging
modalities.

As eosinophils seem to have a role in
coronary artery disease independently of
known risk factors or other inflammatory
cell types, they could be a target of new,
specific therapies aimed at preventing eosi-
nophil-mediated coronary artery disease for-
mation, progression and calcification.
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