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EDITORIAL

Paradigm Shift From Myocardium-Derived
to Plaque-Derived Biomarkers for Very Early Diagnosis
of Acute Myocardial Infarction
Takuroh Imamura, MD, PhD

based on prolonged chest pain, electrocardiographic

changes and elevated serum creatine kinase (CK)
levels. Besides CK, serum levels of heart-type fatty acid-
binding protein (H-FABP), myoglobin, troponin T or I, and
CK-MB can also provide support for a diagnosis of AMI.
These biomarkers are released from damaged cardiomyocytes
into circulating blood and they are indicative of acute myo-
cardial injury. The European Society of Cardiology and the
American College of Cardiology Consensus group recently
emphasized the diagnostic value of troponins as biomarkers of
myocyte necrosis.! Although troponin T or I is a more sensi-
tive and specific biomarker of myocardial necrosis than either
CK or CK-MB, serum levels of troponin T or I start to in-
crease between 2 and 4 h after AMI onset. Accordingly, blood
samples obtained from patients with AMI upon arrival at an
emergency department are occasionally negative for tropo-
nins. Nonetheless, the appropriate treatment must be selected
for patients with AMI as soon as possible in a clinical emer-
gency. The appearance of earlier diagnostic biomarkers sug-
gestive of AMI might allow cardiologists to apply expeditious
reperfusion therapy under emergency circumstances. Since
plaque rupture or erosion with subsequently occlusive throm-
bus formation is considered the main mechanism responsible
for AMI, a novel biomarker derived from ruptured or erosive
plaque might be useful for the very early diagnosis of AMI
rather than a biomarker derived from the myocardium with
ischemic damage. Since biomarkers derived from ruptured or
erosive plaque are not direct indicators of myocardial necro-
sis, a diagnosis of AMI eventually requires an increase in the
serum level of a biomarker derived from the necrotic myo-
cardium.

!- diagnosis of acute myocardial infarction (AMI) is
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Initially identified in aortic endothelial cells, lectin-like
oxidized low-density lipoprotein (LDL) receptor-1 (LOX-1)
is a receptor for oxidized LDL and a single transmembrane
protein belonging to the C-type lectin family.®* LOX-1 has
a short N-terminal cytoplasmic domain, a transmembrane
domain and a long C-terminal extracellular domain that con-
sists of a neck and a C-type lectin-like domain that binds
oxidized LDL.3 LOX-1 is expressed in luminal endothelial

cells of early human atherosclerotic lesions, but is more pre-
dominant in macrophages and smooth muscle cells in the
intima of early and advanced human atherosclerotic plaques.*
Various stimuli, such as oxidized LDL, fluid shear stress,
angiotensin II, tumor necrosis factor-«, transforming growth
factor-$3, homocysteine, C-reactive protein (CRP), inter-
leukin (IL)-6, IL-1«, IL-1/3, remnant-like lipoprotein parti-
cles, high glucose and advanced glycation endproducts, can
induce LOX-1 expression.> LOX-1 is also expressed in
human platelets and increased in activated platelets.® Immu-
nohistochemical staining for LOX-1 has been identified in
thrombus associated with atherosclerotic plaque obtained
from a patient with unstable angina.® Based upon these find-
ings, LOX-1 is considered to be involved in platelet activa-
tion and thrombus formation after plaque erosion or rupture
that results in acute coronary syndrome (ACS). As far as I can
ascertain, no reports have yet identified more LOX-1 in the
coronary plaques of patients with than without ACS. How-
ever, its expression is reportedly associated with histologi-
cally vulnerable atherosclerotic plaque in hypercholesterol-
emic rabbits.” LOX-1 also contributes to the apoptosis of
endothelial and smooth muscle cells and is implicated in the
oxidized LDL-induced expression and activation of matrix
metalloproteinases (MMPs).® These findings suggest an inti-
mate relationship between LOX-1 expression and athero-
sclerotic plaque destabilization.

LOX-1 is cleaved from the cell surface by specific proteases,
one of which could be a disintegrin and metalloproteinase
(ADAM)10, and released as soluble LOX-1 (sLOX-1).” Re-
lease of sSLOX-1 via the ADAMI10 pathway could be stimu-
lated by IL-18, which is increased in the plasma of patients
with ACS.!? In fact, circulating sSLOX-1 levels are significant-
ly elevated during the acute stage of ACS, but not in stable
coronary artery disease.!! LOX-1 expression is also induced
in cardiac myocytes by stimulation with norepinephrine and
endothelin-1, and it is upregulated in the failing rat heart,
which suggests that cardiac myocytes might be another source
of sSLOX-1 release.5 However, since sSLOX-1 does not cor-
relate with troponin T or CK levels in patients with ACS,
sLOX-1 might not be a biomarker of myocardial necrosis.!!
Thus, LOX-1 expression is considered to be upregulated in
vulnerable plaque, and the cleavage and release process of
sLOX-1 via the ADAMI10 pathway could be enhanced in pa-
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tients with ACS, suggesting that elevated circulating sSLOX-1
reflects plaque vulnerability or rupture in such patients. Serum
levels of SLOX-1 could be a useful biomarker for an early
diagnosis of ACS. The prognostic value of SLOX-1 after ACS
has also been reported.'” Inflammation, the immune response,
oxidative stress, apoptotic cell death, MMP modulation and
intraplaque hemorrhage are considered relevant mechanisms
in plaque vulnerability and rupture. Therefore, various proin-
flammatory cytokines or plaque destabilization factors have
been considered as candidate surrogate markers of plaque
vulnerability, such as CRP, IL-6, IL-18, MMPs, monocyte
chemoattractant protein-1, myeloperoxidase, oxidized LDL,
pentraxin 3, pregnancy-associate plasma protein-A, soluble
CD163, soluble CD40 ligand, and soluble scavenger receptor
for phosphatidylserine and oxidized lipoprotein/CXC chemo-
kine ligand 16.1314 Despite the many publications, studies
investigating the value of biomarkers for a very early diagno-
sis of AMI are quite scarce. To date, no biomarker has been
established as a rapid, early diagnostic indicator of AMI
before myocardial damage becomes apparent.

Kobayashi et al state in this issue of the Journal that circu-
lating sSLOX-1 levels are significantly higher in patients with
ST and non-ST elevation AMI than in those with non-AMI
and that circulating sSLOX-1 diagnoses the early stages of ST
elevation MI more accurately than H-FABP, myoglobin,
troponin T and CK-MB. They also prove that serum sLOX-1
peaks before serum H-FABP, myoglobin, troponin T and
CK-MB.'5 The importance of these findings, regardless of the
relatively small study population, is that circulating SLOX-1,
a biomarker of plaque vulnerability or rupture is more useful
than biomarkers of myocardial damage for a very early diag-
nosis of ST elevation MI. The use of biomarkers to aid the
diagnosis of AMI has enabled the identification of patients
who require urgent reperfusion.? LOX-1 may be a useful bio-
marker for a rapid diagnosis of AMI and for appropriate
therapeutic decision-making, in addition to being a promis-
ing candidate biomarker of plaque vulnerability or rupture.
Since serum sLOX-1 does not increase in general acute
inflammatory states or stable coronary artery disease,!? it is
also useful to rule-out non-ischemic ST elevation cardiac
diseases such as acute myocarditis and takotsubo cardio-
myopathy. Multicenter trials are required to explore which
biomarker, including SLOX-1, is the most valuable for detect-
ing plaque instability before myocardial necrosis in patients
with AML
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