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The Resurrection of Myeloperoxidase
as a Therapeutic Target
Is it Lazarus or Just an Apparition?*
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T he innate immune response is critical to our
survival as human beings. An important
component of the innate immune response

is the release of myeloperoxidase (MPO) predomi-
nantly from neutrophils upon activation. MPO gener-
ates numerous reactive oxidant species and has the
unique ability to produce reactive chlorinating spe-
cies which are particularly potent against invading
viruses and bacteria (1). However, innate immunity
can also be involved in causing disease and has
been shown to play a critical role in the pathogenesis
of coronary artery disease (CAD), myocardial infarc-
tion (MI), and heart failure (2). While some immune
effects may be similarly beneficial in CAD, the major-
ity of immune contributions, and particularly those of
neutrophil-derived MPO, seems to wreak inflamma-
tory havoc culminating in atherosclerosis progres-
sion, plaque instability, acute coronary syndromes,
and adverse ventricular remodeling following MI (3).

MPO seems like an obvious target for CAD and
heart failure therapies. As early as the 1960s, the key
role of MPO in the innate immune response was
gaining interest (4). The realization that MPO and its
products were expressed in human atherosclerotic
plaque, first noted in the 1990s, sparked intense in-
terest in its possible contribution to CAD (5). Further
studies demonstrated that the inflammatory cell
infiltrate, driven in large part by the release of MPO
from neutrophils, is a key contributor to creating the
milieu for plaque development and myocardial injury
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in the setting of MI. Indeed, almost every stage of
CAD development and sequelae can, in some way, be
connected to MPO as highlighted in several reviews
and summarized in the accompanying figure (3,6)
(Figure 1).
In a study by Ali et al. (7) in this issue of JACC: Basic
to Translational Science, the authors revisit the
concept that inhibition of MPO enzymatic activity
may decrease the development of heart failure in a
well-phenotyped coronary ligation model of MI, as
well as an ischemia reperfusion injury model in mice.
The authors show that a novel orally administered
MPO inhibitor, PF-1355, decreased the number of in-
flammatory cells and attenuated left ventricular (LV)
dilation at 7 days. The authors used a cleverly
designed gadolinium-based tracer that is activated by
MPO in order to measure extracellular MPO activity
in vivo in the setting of MI and ischemia reperfusion
injury. Additional in vivo data corroborated the
decrease in MPO activity and also showed a decrease
in CD11b positive cells (predominantly Ly6Chigh in-
flammatory monocytes) in the infarct region, and an
increase in wall thickness post-infarct in animals
treated with the inhibitor. This certainly argues that a
decrease in MPO activity results in a decrease in
damaging MPO-oxidation products and MPO-induced
inflammatory immune cell trafficking to the infarcted
territory. Prolonged MPO inhibition for 21 days
resulted in clinically important endpoints of
increased LV ejection fraction, decreased LV end-
diastolic volume, and decreased LV mass despite no
effect on initial infarct size. Earlier treatment, within
1 h of MI, also had improved clinical imaging end-
points consistent with human data demonstrating
very early rises of serum MPO and neutrophil mobi-
lization after infarction (8). Before addressing the
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FIGURE 1 Myeloperoxidase and Coronary Artery Disease Development

Myeloperoxidase has been implicated as a key contributor to several aspects of coronary artery disease development, plaque destabilization,

and myocardial injury, making it an attractive therapeutic target.
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translational potential of this study, it is useful to
review prior studies in this area.

MYELOPEROXIDASE AS A PROGNOSTIC TOOL

AND THERAPEUTIC TARGET

In the early to mid-2000s, there was great interest in
MPO as an inflammatory biomarker of adverse
outcome in patients with acute chest pain and for
diagnosis of MI. A landmark paper in 2003 suggested
that a single serum measurement of MPO on presen-
tation in patients with chest pain could identify pa-
tients at risk for subsequent cardiac events even in the
absence of MI and elevated troponin (8). In patients
with acute ST-elevation MI, MPO risk stratified these
patients in terms of death and repeat MI and was
shown to be a better predictor of cardiac death and MI
than high-sensitivity C-reactive protein or troponin
(9,10). Additionally, MPO predicted adverse event
rates in systolic and diastolic heart failure, predicted
progression of heart failure, and more accurately pre-
dicted the risk of endothelial dysfunction compared to
high-sensitivity C-reactive protein (11,12). Indeed, the
cumulative literature suggested that MPO could be
used to predict vulnerable plaque and risk stratify all
things cardiac. However, in the years that followed
these initial observations, numerous papers contra-
dicted these findings or at best failed to corroborate
them (13–15). Following this, interest inMPO as amajor
mechanism of CAD and heart failure declined, aside
from a few scattered reports. Why did the scientific
community lose interest in such a seemingly prom-
ising biomarker and/or therapeutic target?

There are likely several reasons. First, when
considering therapy for any aspect of a human mul-
tigenetic and multifactorial disease process, it is
important to consider the number of contributing
factors that may affect the development and pro-
gression of disease. When factors contributing to
plaque vulnerability, MI, and subsequent heart fail-
ure are taken into consideration, the possibilities are
almost endless. The more contributing factors, the
less likely affecting 1 of them alone will have a sig-
nificant effect on disease. This multifactorial contri-
bution is well demonstrated by studies in which
outcomes are better predicted by a biomarker panel
that integrates the multiple biologic pathways
involved in the process (16,17).

Second, targeting MPO itself may be fraught with
difficulty. The neutrophil burst is critical to fighting
infection and there is concern that innate immune
responses will suffer if off-target effects predomi-
nate. Inhibitors of MPO may have crossover effects
that negatively affect other peroxidases, for example,
thyroid peroxidase. Can cardiac-specific inhibitors be
created and how will they be targeted? Additionally,
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it is unclear whether intracellular or extracellular
MPO should be inhibited (6)?

Third, the murine model, itself, may be limited
when it comes to investigating human atherosclerotic
disease. Atherosclerosis-prone murine models,
including apolipoprotein E knockout (KO) mice and
low-density lipoprotein receptor-null mice, have
demonstrated very little, if any, MPO in atheroscle-
rotic lesions compared to humans. Compared to hu-
man leukocytes, murine leukocytes contain 10- to
20-fold less MPOs per cell. Despite this, a pharmaco-
logic inhibitor of MPO demonstrated a modest
decrease in atherosclerosis in an apolipoprotein E KO
model (3). Murine models of acute inflammation with
predominant neutrophil involvement do demonstrate
prominent MPO effects, suggesting that murine
models of coronary disease may differ in significant
important ways from human disease (3). In the spe-
cific case of heart failure following MI, MPO KO mice
undergoing chronic coronary ligation have demon-
strated marked reduction in leukocyte infiltration and
ventricular dilation, although these models also do
not mimic the chronic aspects of human coronary
disease associated with vessel occlusion (18). Given
these current uncertainties, it remains unclear
whether the experimental data demonstrated in the
study by Ali et al. (7) can be applied to human MI. It is
known that in the setting of atherosclerosis, human
lesions have demonstrated much higher levels of
MPO than lesions in mice, suggesting that similar
levels of MPO inhibition may not be sufficient. The
answer as to whether MPO is a viable therapeutic
target will require conducting these types of studies
in humans. With the current capabilities of
advanced cardiac imaging and flow cytometry and
cytometry time-of-flight mass spectrometry (CyTOF)
analysis of human immune cells these types of
studies are indeed becoming possible. Compared to
many other experimental therapies that have failed to
translate, targeting MPO may be more promising.
There are significant, convincing data that point to
an important role for MPO in human CAD, the
presumptive mechanism of action has been eluci-
dated in multiple animal models, and inhibition of
MPO is clinically feasible at time of reperfusion.
However, the final determination of whether inhibi-
tion of MPO truly represents Lazarus back from
the dead, or is merely an apparition, will require
additional multidisciplinary scientific exploration in
humans.
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