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EDITORIAL COMMENT

Can Myeloperoxidase Identify High-Risk

Plagues and Subjects Harboring Them?*

Rika Kawakami, MD,* Aloke V. Finn, MD,*" Renu Virmani, MD?

Ithough many researchers would say athero-

sclerosis is an inflammatory disease, most

consider it a disease more directly related to
lipid disorders. Based upon copious experimental
data, it is irrefutable that inflammation enhances
the progression of atherosclerosis. Perhaps the most
notable attempt to demonstrate a critical role for
inflammation in atherosclerosis was the CANTOS
(Canakinumab Anti-Inflammatory Thrombosis Out-
comes Study) which randomized high-risk subjects
to 1 of 3 doses of the anti-inflammatory drug, canaki-
numab. Canakinumab is an antibody that targets the
interleukin-1f innate immune pathway, a cytokine
that is central to an inflammatory response that
drives interleukin 6; the drug had already been
approved for use in patients with rheumatologic dis-
orders. In this trial, only the 150 mg dose showed a
significantly lower rate of recurrent cardiovascular
events vs the placebo,’ and its use was associated
with a higher incidence of fatal infection vs the
placebo.!

Myeloperoxidase = (MPO) is another pro-
inflammatory enzyme that catalyzes the formation of
several reactive oxygen species and has been found
within atherosclerotic plaques. MPO is found in the
granules of neutrophils and plays a specific role in
bacteria death via the release of hydrogen peroxide.*?
MPO is expressed in myeloid lineages in all stages of
maturation.* The intensity of MPO in monocytes is

*Editorials published in JACC: Advances reflect the views of the authors
and do not necessarily represent the views of JACC: Advances or the
American College of Cardiology.

From the ®Department of Cardiovascular Pathology, CVPath Institute,
Gaithersburg, Maryland, USA; and the ®School of Medicine, University of
Maryland, Baltimore, Maryland, USA.

The authors attest they are in compliance with human studies commit-
tees and animal welfare regulations of the authors’ institutions and Food
and Drug Administration guidelines, including patient consent where
appropriate. For more information, visit the Author Center.

ISSN 2772-963X

much weaker than in granulocytes.” The role of MPO in
atherosclerosis is thought to occur through the gener-
ation of highly reactive hypochlorous acid, chlora-
mines, tyrosyl radical, and so on, resulting in the
oxidation of lipoproteins.® These modified lipopro-
teins are then taken up via the scavenger receptors
present on macrophages which convert them into
foamy (lipid-laden) macrophages, resulting in the
progression of atherosclerosis.* Early studies showed
that human macrophages in atherosclerotic plaques
contain MPO.” This was followed by clinical studies
that showed higher systemic levels of MPO, which
predicted the subsequent cardiovascular event and the
prognosis in patients with acute coronary syndrome.®
Autopsy studies reported that unstable plaques, such
as plaque rupture, healed ruptures, and thin cap
fibroatheromas, contained higher levels of MPO than
stable plaques.®-'° Clinical studies in acute myocardial
infarction patients showed higher circulating MPO
levels in patients with plaque erosion vs rupture.'
Similarly, in the ICARAS (Inflammation and Carotid
Artery Risk for Atherosclerosis Study), high serum
levels of MPO were associated with the progression of
carotid atherosclerosis in patients with low levels of
high-density lipoprotein cholesterol for a mean of
7.5 months during follow-up.'” Although these data
appear promising, further work is likely needed to
develop MPO into a legitimate diagnostic and thera-
peutic target for the detection of high-risk plaque.

In this issue of JACC: Advances, Nadel et al'® pro-
vides a further understanding of the role of MPO in
atherosclerosis progression. They report on carotid
endarterectomy specimens from 31 patients and cor-
onary plaques removed from 12 patients undergoing
cardiac transplantation. The authors show that intra-
plaque MPO activity, as detected by the conversion
of hydroethidine to MPO-specific adduct 2-
chloroethidium, is higher in unstable carotid and cor-
onary plaques than in stable plaques.’> Moreover,
intraplaque MPO activity correlates with symptomatic
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FIGURE 1 Myeloperoxidase in Blood and Plaques

Circulating Blood Tissue G Myeloperoxidase (MPO)
. Activated Foamy Macrophages
Neutrophils Monocytes Macrophages Macr Macropt @ . »
- @ eutrophils
Cell Types — — © Thrombus/Fibrin/Neutrophils
o O,
GM-CSF OCP PS Red blood cells

wo S ME Ml MG lo

O Necrotic core

JX Cholesterin crystals

Stable Plaque Unstable Plaque

CAROTID
CORONARY

Intraplaque
MPO Activity

1

2l

Nadel et al. Stroke

Plaque Rupture Plaque Erosion

CORONARY

5

MPO is primarily found in granules of neutrophils. Circulating monocytes also contain myeloperoxidase but less than neutrophils. Nadel et al'®
showed that unstable plaques had greater intraplaque myeloperoxidase activity than stables plaques, and myeloperoxidase activity was
related to individuals presenting with symptoms or stroke. In atherosclerotic plaques, it is the unstable plaques that are the main source of
myeloperoxidase and neutrophils reside not in the plaques but in the thrombus. Previous studies demonstrated that plaque erosion contains
a higher cell density of myeloperoxidase-positive cells compared to plaque rupture, and these correlate with circulating myeloperoxidase
levels. GM-CSF = granulocyte-macrophage colony-stimulating factor; NC = necrotic core; RBC = red blood cells.

carotid artery disease and stroke.'® Overall, the corre-
lation was better when utilizing histology as compared
to the gross identification of unstable plaque. Intra-
plaque MPO activity was assessed by first homoge-
nizing and standardized to protein concentration prior
to undergoing MPO activity assay by liquid-
chromatography mass spectrometry (MPO-specific
chlorination of the synthetic compound hydroethidine
to 2-chloroethidium). One surprising finding was the
lack of correlation between serum levels of MPO and
intraplaque MPO activity, although unstable plaques
did have higher MPO activity than stable ones. How-
ever, computed tomography-derived determinants of
unstable plaques did not reliably detect plaques that
were MPO-rich. The authors never correlated the
serum levels or MPO activity with the MPO-positive
area within the same plaques or with the macrophage
area derived from immunohistochemistry.

MPO is mostly derived from neutrophils, which are
cells that are not usually present in plaques but are
seen mostly within plaque-related thrombi." The most
frequent inflammatory cells in carotid and coronary
plaques are macrophage foam cells derived from
circulating monocytes. The main source of MPO in the
circulation comes from circulating neutrophils, and

MPO is stored in azurophilic granules (Figure 1). MPO
can be released into the extracellular space via
degranulation. Circulating monocytes have 1/3 the
content of MPO as compared to neutrophils.* The dif-
ferentiation of monocytes to macrophages is associ-
ated with the loss of MPO.>

There are some important limitations to the work
of Nadel et al,”® worth noting. The authors did not
show quantitative data on cluster of differentiation
68-positive cells in stable or unstable plaques, nor did
they show that MPO staining was seen in macro-
phages or any other cell types. These types of data
would further substantiate their claim that MPO may
be directly involved in plaque progression by showing
how cells within the plaque produce MPO. Moreover,
the lack of correlation between MPO activity in pla-
que and circulating serum MPO, a much more prac-
tical method to detect MPO in living subjects, raises
further questions about how the 2 relate to each other
and may perhaps have more to do with the absence of
thrombi in the plaques collected. A prior study re-
ported that patients with ST-segment elevation and
non-ST-segment elevation acute myocardial infarc-
tion had very high levels of circulating MPO with a
median of 600 to 800 ng/mL." Whereas in the current
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study, serum MPO levels were only 220 + 114 ng/mL."3
The lack of correlation may be due to only 18/30 ca-
rotid plaques having low attenuation without
mentioning the presence or absence of a thrombus.
Therefore, it is not surprising that the authors could
not correlate either computed tomography-identified
high vs low attenuation plaques, or the presence or
absence of perivascular adipose tissue with MPO
activity.”

A previous paper by the same authors reported on a
tandem stenosis model that developed atheroscle-
rotic plaque instability in Apoe —/— mice.'* The au-
thors nicely showed in Apoe —/— mice that MPO
activity was 2-fold greater in unstable vs stable plaque
phenotypes.'* In a double knock-out with Apoe—/—
Mpo—/— mice, the fibrous cap thickness increased
more than in Apoe—/— mice, and there was also a
decrease in plaque fibrin and hemosiderin content.
The authors also showed that MPO-targeted gado-
linium using a Ti-weighted magnetic resonance
sequence was able to discriminate between unstable
and stable plaques. Unstable plaques showed greater
MPO activity (2-chloroethidium in Apoe—/— mice
undergoing tandem stenosis). Along these lines, the
authors also showed that a 2-thioxanthine MPO in-
hibitor (AZM198) inhibited the activity of MPO in
mice.'* This leads to the question of why, in the
current manuscript by Nadel et al,”® findings were
not fully recapitulated in humans? We believe the
selection of human plaques may have been a major
but possibly unavoidable limitation. The authors
likely needed the presence of thrombus, which also
contains high levels of MPO, and which were likely
not present in the carotid endarterectomy samples
(because thrombus is embolized due to high blood
flow). The coronary arteries were obtained from
hearts removed during transplantation and thus
unlikely to have thrombi. Despite these limitations,
the work of Nadel et al'® adds important new insight
into our knowledge of the role of MPO in human
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plaques and how it continues to further its devel-
opment as a diagnostic and therapeutic target for the
treatment of atherosclerosis.
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