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The Role of Inducible Nitric Oxide Synthase in Assessing the
Functional Level of Coronary Artery Lesions
in Chronic Coronary Syndrome
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Abstract

Chronic coronary syndrome (CCS) is a long-term manifestation of
coronary artery disease, marked by stable but recurring chest pain
and myocardial ischemia due to the gradual buildup of atherosclerotic
plaques in the coronary arteries. It is a metabolic disorder of coronary
arteries characterized by oxidative stress, endothelial dysfunction,
inflammation, and hyperlipidemia. The imbalance in oxidative-anti-
oxidative status contributes to stable ischemic heart disease. Oxida-
tive stress involves reactive oxygen and nitrogen species, leading to
low-density lipoprotein (LDL) oxidation. Endothelial dysfunction,
marked by reduced nitric oxide (NO) bioavailability, is an early onset
of CCS, affecting vasodilation, cell proliferation, and inflammatory
responses. Enzyme myeloperoxidase (MPO), traditionally considered
protective, plays a dual role in initiating and progressing inflamma-
tory diseases. MPO interacts with NO, modulating its catalytic activ-
ity. Elevated NO levels inhibit MPO through a reversible complex
formation, preventing NO-induced inhibition by inducible nitric ox-
ide synthase (iNOS). MPO also inactivates endothelial nitric oxide
synthase (eNOS) and reacts with L-arginine, hindering NO synthesis.
The interplay between MPO and NO significantly influences inflam-
mation sites, impacting peroxidation rates and oxidation reactions.
Peroxynitrite, a reactive species, contributes to nitration of tyrosine
residues and lipid peroxidation. Mechanistic pathways suggest MPO
enhances iNOS catalytic activity, influencing CCS development.
iNOS, implicated in inflammation and atherosclerosis, is connected to
NO regulation. This review analyzes the complex interplay of MPO,
iNOS, and NO that affects plaque morphology, oxidative stress, and
inflammation, contributing to atherosclerosis progression. Therefore,
it is possible that the phenotypes of atherosclerotic plaques, focal and
diffuse coronary artery disease, could be defined by the relationship
between MPO and iNOS.
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Introduction

Chronic coronary syndrome (CCS) represents a progressive
and long-term manifestation of coronary artery disease (CAD).
It is mainly primarily characterized by stable but recurring
episodes of chest pain (angina) and myocardial ischemia. Its
pathophysiology is deeply rooted in the gradual accumulation
of atherosclerotic plaques within the coronary arteries, leading
to these vessels’ progressive narrowing and hardening [1].

The molecular mechanism of CCS is linked to the pro-
gression of atherosclerosis, initiated by endothelial dysfunc-
tion and oxidative stress.

One of the major components of the development and
progression of CCS is endothelial dysfunction. This dysfunc-
tion is often a consequence of factors such as hypertension,
hyperlipidemia, diabetes, and smoking, which contribute to
oxidative stress and inflammation within the vascular system.
Oxidative stress, in particular, results from an imbalance be-
tween the production of reactive oxygen species (ROS) and
the body’s antioxidant defenses [2]. Considering that the pro-
inflammatory state is directly associated with increased ROS,
it is believed that elevated ROS may play a crucial role in
the normal aging process and the pathogenesis of numerous
chronic diseases, including cancer, atherosclerosis, cardiovas-
cular diseases, diabetes, Parkinson’s, and Alzheimer’s disease.

Produced ROS can directly affect endothelial cells and de-
grade the extracellular matrix, exacerbating the inflammatory
response and promoting the progression of atherosclerosis. Ad-
ditionally, ROS species through the different mechanisms can
modify lipoproteins, making them more atherogenic [3]. ROS
generated by peroxidase enzymes not only damages endothelial
cells but also reduces the bioavailability of nitric oxide (NO), a
crucial molecule for vasodilation [4]. NO is synthesized by en-
dothelial nitric oxide synthase (eNOS), and its primary function
is to maintain vascular tone and inhibit platelet aggregation and
leukocyte adhesion. Oxidative stress disrupts NO synthesis and
function, further impairing endothelial function and promoting
vasoconstriction, thrombosis, and inflammation [5].
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Control of the inflammatory response develops through
several molecular pathways involving the interaction of in-
ducible nitric oxide synthase (iNOS) with myeloperoxidase
(MPO), NO, and eNOS. In this review, we focus on mecha-
nisms that underscore the importance of oxidative stress and
inflammation in the pathophysiology of CCS. Understanding
these underlying mechanisms is crucial for developing strate-
gies to manage and treat CCS, improving patient outcomes,
and possible development of therapies.

CCS, MPO, and Oxidative Stress

CCS with metabolic disorders is defined as a stable disease of
the coronary arteries. Essentially, it is a progressive and con-
tinuous process with pathophysiological changes in coronary
blood vessels and the clinically silent nature of the disease
[1]. CAD is associated with an imbalance between the oxi-
dative-antioxidative status of the organism and inflammatory
processes. Inflammatory activation and dysfunction of the en-
dothelium are key events in the development and pathophysi-
ology of atherosclerosis and are associated with an elevated
risk of cardiovascular events [6].

Oxidative stress is mediated by intracellular production
and accumulation of ROS and reactive nitrogen species (RNS).

ROS are chemically reactive oxygen-based intermediar-
ies. The process of ROS metabolism involves the activation
of nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, which facilitates the transfer of electrons from NA-
DPH to molecular oxygen, generating superoxide anions (O2)
as the primary free radical. Antioxidant scavenging enzymes,
mostly superoxide dismutase (SOD), play a crucial role in the
dismutation of superoxide radical (O<?) into non-radical spe-
cies, specifically hydrogen peroxide (H,0,), along with the
action of catalase (CAT) that dismutase O+ into the water
molecules [7]. In addition, glutathione peroxidase 1 (GPx1),
another antioxidant enzyme, reduces H,O, and soluble lipid
hydroperoxides using glutathione (GSH) as a source of reduc-
ing power [8]. These enzymes play a vital role in protecting
cells from oxidative damage and maintaining the integrity of
the vascular system, thereby limiting damage to the host. Con-
versely, O+ can potentially transform into other ROS that can
adversely affect nucleic acids, proteins, and cell membranes
[8, 9]. Neutrophils produce significant levels of ROS at vari-
ous cellular locations. The NADPH-oxidase enzyme complex,
predominantly localized in specific and gelatinase granules,
translocates upon stimulation to generate ROS at the mem-
brane-bound b-cytochrome, separating them from cytoplasmic
components. These ROS can be released extracellularly in re-
sponse to chemoattractants, while during phagocytosis, ROS
production occurs within phagolysosomes [10].

ROS can react with RNS, causing reduced bioavailabil-
ity of NO and forming peroxynitrite species (ONOQO") that are
even more damaging to the nearby tissue [11].

NO is an essential intracellular and intercellular biologi-
cally active molecule that acts on various physiological and
pathophysiological functions in the body, including vasodila-
tion, cell proliferation, antimicrobial defense, and regulation
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of inflammatory responses [12]. It is a short-lived molecule,
highly reactive, and easily diffuses from the point of produc-
tion. There are three isoforms of nitric oxide synthase (NOS)
found within physiological systems: endothelial (eNOS), neu-
ronal (neuronal nitric oxide synthase (nNOS)), and inducible
(INOS), each localized in various organs. The constitutive en-
zymes, eNOS and nNOS, rely on calcium and calmodulin and
are primarily found in vascular endothelial cells. In contrast,
the inducible form, iNOS, which operates independently of
calcium, is found in macrophages and neutrophils [13].

Endothelial NOS is the most prevalent form, acting as a sig-
nificant NO source under physiological conditions and yielding
both beneficial and adverse effects depending on the environ-
ment and interacting molecules. Inducible NOS, on the other
hand, is activated in response to cytokines and inflammation
sites, distinguishing it from endothelial NOS, which is closely
associated with endothelial cell membranes [5]. Both enzymes
produce NO from the amino acid L-arginine, using oxygen and
NADPH in the presence of the cofactor tetrahydrobiopterin
(H4B). Disrupted NO metabolism, especially reduced produc-
tion and bioavailability of NO, is recognized in the literature as a
risk factor for the development of cardiometabolic diseases and
as a key modulator of vascular diseases [14]. In inflammatory
conditions, a significant increase in NO as an inflammatory me-
diator, in combination with ROS, contributes to oxidative stress.

MPO is an iron-containing heme protein, a member of the
peroxidase subfamily, abundantly expressed in immune cells
such as neutrophils, leukocytes, lymphocytes, monocytes, and
macrophages. MPO is released from these cells during the
process of oxidative burst. The granule-localized MPO plays
a significant role in this context by converting H,O, to hy-
pochlorous acid (HOCI), enhancing the clearance of invading
pathogens. Furthermore, MPO can directly convert O« into
singlet oxygen ('0,). Additionally, the presence of ferric iron
can facilitate the conversion of O+ and H,0, into the highly
reactive hydroxyl radical (OHe") [15].

When MPO is released into circulation, it gets adsorbed
on negatively charged surfaces such as endothelium or lipo-
proteins. The presence of chlorinated apolipoprotein B-100
extracted from human lesion material indicates the direct in-
volvement of the MPO-H,0,-Cl- system with low-density
lipoprotein (LDL) as one of the main targets of damage in
oxidative modifications, underscoring its potential role in the
development of atherosclerosis. Concerning DNA, MPO is in-
volved in oxidation-dependent damage that leads to single- or
double-strand breaks, resulting in the formation of 8-0x0-2-de-
oxyguanosine (8-0x0-dG), which is not specific to MPO but
is a common signature of ROS damage to nucleic acids [16].
The release and activity of MPO are directly associated with
increased levels of oxidative stress with oxygen-reactive spe-
cies and the activation of protein (MAP) signaling pathways,
among other auxiliary pathways [17]. Increased MPO activity
is linked to numerous pathologies with compelling evidence
of initiating and progressing inflammatory events [18]. For
example, leukocyte and MPO levels in serum are elevated in
patients with CAD and can be used as markers for cardiovas-
cular events [11]. Oxidants derived from MPO are generated in
various diseases, implying the enzyme is a catalyst for oxida-
tive reactions in the vascular wall [19].

www.cardiologyres.org 331



Inflammation and Coronary Artery Lesions

Cardiol Res.2024;15(5):330-339

The direct interaction between MPO and NO reveals
that NO modulates MPO’s catalytic activity through specific
mechanisms. NO expedites both the formation and decay of
compound II, the rate-limiting step in the peroxidase cycle.
Higher NO levels lead to reversible MPO inhibition through
the creation of the MPO-Fe(III)-NO complex, acting as both
a ligand and substrate for MPO. Additionally, MPO prevents
NO-induced inhibition from iNOS by consuming NO during
steady-state catalysis, enhancing iNOS catalytic activity and
NO production. MPO also inactivates eNOS through HOCI,
inducing uncoupling, and reacts with L-arginine, inhibiting
NO synthesis. HOCl-induced methylation of L-arginine con-
tributes to inflammatory cardiovascular disease. Peroxynitrite,
another reactive species, further promotes nitration of tyrosine
residues and initiates lipid peroxidation [20].

The consequence of MPO activity at inflammatory sites is
the consumption of NO, the generation of a series of reactive ox-
idant species responsible for inducing endothelial dysfunction.
Oxidative stress associated with MPO activity may contribute
to the development and progression of various cardiovascular
diseases [21], including CAD [22], congestive heart failure [22],
arterial hypertension [22], pulmonary arterial hypertension [22],
peripheral arterial disease [22], myocardial ischemia [22], and
venous thrombosis [22]. iNOS is strongly linked to NO regula-
tion. The assertion of oxidative reactions in the vascular wall is
known, but the direct implication of iNOS in these events or the
exact molecular mechanism is not yet fully defined.

Atherosclerosis Pathogenesis

The concepts of atherosclerosis pathogenesis are based on the
spatial heterogeneity of atherosclerosis, i.e., the focal and dif-
fuse formation of lesions. The monoclonal multicentric hypoth-
esis of atherogenesis proposes that atheromas arise as benign
leiomyomas of the blood vessel wall, built from a monotony of
different molecular markers with clonal expansion of smooth
muscle cells. Atherogenic hemodynamics, characterized by bio-
mechanical stimuli, has proven to be crucial in the pathology of
atherosclerosis, including the activation of biochemical proin-
flammatory agonists (interleukin-1 (IL-1), tumor necrosis fac-
tor (TNF), oxidized low-density lipoprotein (oxLDL)) and the
consequent onset and progression of the disease.

Oxidative stress, endothelial dysfunction, and reduced NO
bioavailability induce an inflammatory response, namely en-
dothelial proinflammatory activation.

The oxidative modification of atherosclerosis is based
on the hypothesis of LDL oxidation modification as an early
event in the development of atherosclerosis [11]. Endothelial
dysfunction plays a critical role in atherosclerosis progression,
leading to cardiovascular complications [23].

Atherosclerosis initiates upon endothelial dysfunction ac-
companied by LDL retention and its modification in the intima
[22, 24, 25]. Modified LDL leads to the recruitment of mono-
cytes within the intima, which differentiate and, along with
vascular smooth muscle cells (VSMCs), phagocytize oxLDL,
forming foam cells [24, 26, 27], activating several inflamma-
tory signaling pathways, and creating fatty streaks, represent-
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ing the first sign of atherosclerosis [24, 28]. The research states
that induction of iNOS expression by oxLDL inhibits the mi-
gration of foam cells derived from macrophages, highlight-
ing iNOS as a potential target to reduce plaque formation and
atherosclerosis. Foam cells of macrophage origin identified in
the atherosclerotic lesion induce proinflammatory mediators,
including cytokines and chemokines, producing large amounts
of oxidative species such as superoxide anion and HOCI. The
coordinated action of activated endothelial cells, smooth muscle
cells, monocytes/macrophages, and lymphocytes results in the
production of a cellular paracrine milieu of cytokines, growth
factors, and ROS within the vascular wall, prolonging chronic
proinflammatory conditions and promoting the advancement of
atherosclerotic lesions [29]. The mentioned inflammatory me-
diators can promote inflammation in the plaque and contribute
to lesion progression. A fibroatheroma with a thin cap is a type
of unstable plaque characterized by a thin fibrous cap, a large li-
pid-rich necrotic core, a high content of inflammatory cells, and
increased oxidative stress [30]. The proatherogenic phenotype,
based on hyperlipidemia, systemic oxidative stress, endothelial
dysfunction, proinflammatory state, and biological plaque activ-
ity, i.e., monocyte chemotactic activity, leukocyte adhesion to
blood vessels, production of proinflammatory cytokines, activa-
tion of vascular endothelial cells, and extracellular MPO activ-
ity, determines plaque instability [31]. Monocytes and neutro-
phils are more pronounced in unstable plaques; increased plaque
inflammation is associated with the infiltration, activation, and
degranulation of neutrophils, including the activity of extra-
cellular MPO, a proinflammatory and pro-oxidative enzyme.
HOCI derived from MPO activates metalloproteinases and di-
rectly degrades collagen, the main component of the fibrous
cap, providing a clear explanation of the mechanisms by which
plaque caps thin, and MPO participates in the destabilization of
coronary artery atherosclerotic plaques [32, 33]. The interplay
between MPO and NO significantly influences inflammation
sites. NO’s impact on MPO compound II formation, duration,
and decay affects substrate peroxidation rates and MPO’s abil-
ity to perform oxidation reactions [34]. These interactions have
broad implications for initiating and progressing local inflam-
matory and cardiovascular events in vivo, promoting endothelial
dysfunction and causing impaired vasoreactivity and instability
of atherosclerotic plaques. The stimulated expression of iNOS
promotes the formation of peroxynitrite, resulting in reduced
NO production and eNOS activity, thereby linking it to the de-
velopment of coronary artery atherosclerosis [4].

Endothelial dysfunction, microvascular disease, and va-
sospasm may exist alone or in combination with coronary
atherosclerosis. It can be the dominant cause of myocardial is-
chemia in some patients, indicating that the spectrum of stable
ischemic heart disease, as a synonym for obstructive coronary
atherosclerosis, is too simplified a view [35].

The Role of INOS and MPO in the Development
of Atherosclerosis

Inflammation is a major factor in the development of CAD and a
key contributor to plaque vulnerability, rupture, and ischemic car-
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diomyopathy with the proatherogenic effect of the inflammatory
markers MPO and iNOS correlating with their concentration [36].

Clinical studies show that MPO concentrations correlate
with endothelial dysfunction and the severity of CAD (coro-
nary stenosis, coronary thrombosis, plaque ulceration) [37, 38].
Elevated concentrations of MPO in plasma have been recorded
in patients with CAD, unstable angina, and acute myocardial
infarction [39-42]. MPO operates in all stages of atherosclero-
sis. Excessive pro-oxidative activity of MPO reduces the bio-
availability of NO, inhibiting the activity of eNOS, generating
superoxides in the endothelium, and leading to the progression
of atherosclerosis. MPO participates in atherosclerotic events
such as endothelial dysfunction, destabilization of atheroscle-
rotic plaques, and oxidation of lipoproteins [41]. By produc-
ing HOCI, MPO is crucial in plaque destabilization, so its ac-
tivity is more intense in less stable plaques [37, 43-44]. The
role of eNOS in the development of atherosclerosis is highly
pronounced. Previous studies have reported reduced eNOS ex-
pression in severe atherosclerotic lesions in coronary arteries
[45-49]. Research indicates that NO can bind to MPO in both
its ferric and ferrous states, creating stable nitrosyl complexes
[20, 50]. However, NO’s binding to the ferrous form of MPO
is significantly slower than to the ferric form, suggesting that
heme reduction affects NO’s affinity for the enzyme [20, 51].
Another aspect of MPO and NO interaction involves MPO
consuming NO produced by iNOS during its catalysis, pre-
venting the inhibition of iNOS by NO.

This process enhances iNOS’s catalytic activity and its
production of citrulline and NO. MPO thus serves as a NO
sink, facilitating continuous NO production by iNOS. MPO-
H,0, reaction pathways may play a significant role in increas-
ing the catalytic activity of iNOS [52]. In inflammatory athero-
sclerotic diseases of coronary blood vessels, increased MPO
activity and a positive correlation with inflammation enhance
the catalytic activity of iNOS through a feedback mechanism,
removing free NO from the iNOS milieu via MPO using H,0,
as a substrate [11, 52]. NO regulates the catalytic activity of
iNOS by competing with O, at the catalytic site of the enzyme,
creating inactive NOS-nitrosyl complexes, thereby reducing
the activity of iNOS and preventing the full capacity of iNOS
to convert L-arginine into the product NO, which is assessed by
the increased levels of citrulline, nitrate, and nitrite. The harm-
ful effects of iNOS/NO, resulting from increased iNOS activ-
ity, contribute to the generation of ROS, peroxynitrite (ONOO"
), and increased oxidative stress. Increased iNOS activity leads
to the activation of the MPO-H, O, pathway and the generation
of HOCI, which causes focal vasoconstriction of the damaged
coronary blood vessel. Blocking NOS with the L-arginine
analog reduces NO-mediated vasodilation. The metabolic flow
caused by metabolic mediators (NO, HOCI) plays a role in de-
termining vascular tone. Considering that iNOS/NO signaling
is significant in modulating the inflammatory response via a
feedback mechanism, we conclude that the control of vascular
tone is mediated by the MPO-H,0, reaction pathways (Fig. 1).
In the early stages of the atherosclerotic process, the regula-
tion of NOS isoforms is unbalanced, and iNOS is significantly
involved in the pathophysiology of inflammation. It is induced
by T-helper cells (Th cells) and cytokines (IL-1, TNF, gamma-
interferon). The cytokine-iNOS isoform is present in many
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tissues, including the lungs, liver, kidneys, and heart, mean-
ing it is involved in most diseases with excessive NO produc-
tion [52]. Kinetic and structural analysis of iNOS has revealed
that, with increased iNOS expression in inflamed areas, the
main pathway causing excessive NO production is the desta-
bilization of the iNOS-nitrosyl complex [52]. iNOS induces
metabolic changes in macrophages towards a proinflammatory
phenotype. Considering that the anti-inflammatory phenotype
of macrophages is characterized by low iNOS, it suggests that
iNOS correlates with the degree of inflammation. In the lit-
erature, it is stated that subjects with type 2 diabetes mellitus
(DM) and CAD have significantly higher iNOS activity and
lower eNOS activity than subjects with type 2 DM without
CAD [53, 54]. Increased iNOS expression has been observed
in human myocardial infarction [55, 56]. Induction of iNOS
produces excessive NO accompanied by increased ROS pro-
duction, including peroxynitrite and superoxide, which can
increase plaque vulnerability. The expression of iNOS was
also proved to correlate positively with the severity of cardiac
dysfunction and the expression of proinflammatory cytokines
[57]. Endothelial dysfunction due to excessive oxLDL produc-
tion leads to an imbalance in NOS activation, downregulating
eNOS, facilitating iNOS activation, enhancing inflammatory
processes within the vascular wall, and contributing to the pro-
gression of atherosclerosis [58-60].

Interactions and Correlative Links of Function-
al Level of Lesions and iNOS

The control of the inflammatory response develops through sev-
eral molecular pathways, involving the interaction of MPO with
NO, eNOS, and iNOS. The three-way relationship that exists
between MPO, iNOS, and NO is a probable mechanism that
governs increased NO levels at the site of inflammation. In the
early stages of the atherosclerotic process in coronary blood ves-
sels, there is an unbalanced regulation of NOS isoforms. The
roles of eNOS in the development of atherosclerosis are highly
pronounced. Endothelial eNOS, whose expression is limited
to the vascular endothelium, becomes a source of superoxide
radicals. The superoxide radical is directly associated with the
modulation concentrations of NO and generates another reac-
tive species, peroxynitrite, resulting in reduced NO production
and eNOS activity [61]. The role of MPO in vascular disease
involves regulating NO production through a feedback mech-
anism. The control of the inflammatory response through the
interaction mechanism of MPO and iNOS, i.e., removing NO
from the iNOS milieu via the MPO system, causes a significant
increase in iNOS catalytic activity. The mutual interactions be-
tween iNOS and MPO are reflected in the pathogenesis of CCS,
and their relationship is not well known. This includes the pro-
duction of superoxide and other ROS through the mitochondrial
electron transport chain, endoplasmic reticulum, oxidative stress,
and increased flux through the hexosamine pathway. Through a
feedback mechanism, MPO prevents the inhibition of iNOS by
removing NO, thus preventing the formation of iNOS-nitrosyl
complexes. Therefore, an unbalanced relationship between NO
and MPO can modulate the catalytic activity and function of
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Figure 1. Representation of the role of INOS in assessing the functional level of coronary artery lesions. MPO: myeloperoxidase;
NO: nitric oxide; INOS: inducible nitric oxide synthase; eNOS: endothelial nitric oxide synthase; ROS: reactive oxygen species;
HOCI: hypochlorous acid; H,O,: hydrogen peroxide; NADPH: nicotinamide adenine dinucleotide phosphate; GC: guanylate cy-
clase; cGMP: cyclic guanosine monophosphate; FFR: fractional flow reserve; NHPR: nonhyperemic pressure ratio.

iNOS [53]. Understanding how iNOS-NO binding regulates
the enzyme’s catalytic activity, the crosslinking of iNOS and
MPO depending on the time, the diffusion rate of NO, local NO
breakdown chemistry, and inflammatory environment (positive
correlation with cytokines) can provide a better insight into the
complex dual role of iNOS/NO. In conclusion, the relationship
between MPO and iNOS can help in the clinical management of
CCS pathophysiology. Arginine is a substrate for eNOS and the
main precursor of NO in vascular endothelium. Numerous stud-
ies show that methylation of L-arginine induced by HOCI and
dysfunction of the L-arginine-eNOS pathway may be involved
in the pathogenesis of CAD. Therefore, the mechanisms involv-
ing ROS are associated with the pathophysiology of CAD, i.e.,
inducing endothelial dysfunction, leading to the progression of
chronic proinflammatory processes and atherosclerotic lesions
of coronary blood vessels. The role of MPO is the regulation of
NO production through a feedback mechanism. The superoxide
radical is directly associated with modulating NO concentration
by generating another reactive species, peroxynitrite, resulting
in reduced NO production and eNOS activity [20].

A number of research studies implicated that specific in-
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teractions between iNOS and MPO at sites of inflammation
have been infrequently explored [52]. One mechanistic path-
way shows that MPO enhances the catalytic activity of iNOS
through a feedback mechanism. Their relationship, i.e., the ef-
fect of the catalytic amount of H,O, and MPO on the iNOS-
ferri-nitrosyl complex, could be a leading pathogenic factor in
unveiling the phenotype and subtype of CCS.

Functional Phenotypes of Coronary Atheroscle-
rosis

Coronary atherosclerosis can manifest as a wide range of
plaque phenotypes. Phenotypes of atherosclerotic plaques de-
termined by focal and diffuse CAD are associated with intra-
coronary hemodynamics [62]. Focal CAD (lipid-rich plaques
and fibroatheromas with a thin cap) indicates a large pressure
gradient and is a predictor of plaque rupture and unfavorable
clinical outcomes. Diffuse stable CAD is characterized by cal-
cifications and gradual changes in the pressure gradient.
Based on the cited literature, it can be concluded that
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NO and eNOS derived from endothelium are reduced in fo-
cal CAD, while inducible NO synthase (iNOS), activated by
systemic inflammation, may be increased. Patients with focal
CAD may have higher iNOS activity and high-sensitivity C-
reactive protein (hsCRP) level compared to patients with dif-
fuse CAD. Therefore, current research data implicate that the
phenotypes of atherosclerotic plaques, focal and diffuse CAD,
could be defined by the relationship between MPO and iNOS.

Coronary occlusive disease is one of the characteristics
of CCS. These are the most common lesions that can lead to
restricted blood flow under conditions of increased demand.
Lesions of acute coronary syndrome (ACS) may result from
a thrombus formed as a consequence of plaque disruption that
does not produce critical stenosis. These findings do not imply
that small atheromas precede an acute event. Large lesions caus-
ing acute myocardial infarction, due to compensatory expansion
of the coronary blood vessel, may not produce critical narrow-
ing. However, high-grade stenosis is more likely to cause acute
myocardial infarction than non-occlusive lesions [63].

A substantial amount of clinical data have provided a solid
scientific basis that myocardial ischemia can occur without criti-
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cal coronary atherosclerosis and can be explained by overlap-
ping effects of concealed diffuse coronary atherosclerosis [63].

It is important to emphasize that the ischemic potential of
the level of coronary vascular lesions is not only a result of the
development of luminal stenosis but also of the morphological
characteristics of plaques characterized by oxidative stress and
inflammation.

A proinflammatory and inflammatory environment can
lead to increased iNOS activity, producing excessive NO fol-
lowed by ROS, peroxynitrite, and superoxide production, con-
sequently leading to severe apoptosis and plaque destabiliza-
tion. iNOS in macrophages/foam cells and VSMCs correlates
with the degree of inflammation in coronary blood vessels, in-
creasing the risk of plaque rupture and acute ischemic events.
iNOS is expressed in advanced atheromatous plaques, and its
important role is in mediating both progressive and regressive
changes in these plaques [64]. Therefore, the mentioned func-
tions of iNOS and its involvement in the pathophysiology of
inflammation are significant in assessing the morphological
characteristics of plaques, plaque vulnerability, as well as the
functional level of lesions (Fig. 2).
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A large number of events support the clinical importance
of the functional level of lesions, and currently, determining
only the plaque morphology cannot reliably encompass the
subset of lesions that cause severe events. Interactions be-
tween plaque morphology and local hemodynamics are still
insufficiently known [63]. Some studies suggest that plaque
size remains the most important diagnostic factor and is supe-
rior to plaque vulnerability [65, 66]. Plaque vulnerability has a
low positive predictive value, and the benefit of revasculariza-
tion based on plaque vulnerability remains unclear [65, 67].
Despite numerous methods for the pathophysiological connec-
tion of plaque composition with coronary events, there is some
uncertainty about high-risk plaque as an isolated prognostic
marker [65]. Certain studies link high-risk plaques to lesion
severity according to different physiological indices [65, 68].
Based on the pathological mechanism of plaque rupture, most
studies indicate that future severe events are associated with
different plaque characteristics [65, 66, 68]. The concept of
complementary roles prevails over the limitation of individual
assessments.

Conclusions

If we are to improve the assessment and management of pa-
tients with CCS, a shift from a physiology-guided strategy
to an anatomy-guided approach and biological activity is re-
quired. Coronary atherosclerosis manifests in diverse plaque
phenotypes, each influencing clinical outcomes differently.
The ischemic potential of coronary lesions arises not only from
luminal stenosis but also from plaque morphology character-
ized by oxidative stress and inflammation. While plaque size
remains a crucial diagnostic factor, the complexity of interac-
tions between plaque characteristics and local hemodynamics
necessitates a multifaceted approach to predicting severe coro-
nary events.

MPO concentrations are closely linked to endothelial dys-
function and the severity of CAD, playing a key role in all
stages of atherosclerosis by reducing NO bioavailability and
inhibiting eNOS activity. MPO’s involvement in plaque desta-
bilization and oxidation of lipoproteins highlights its signifi-
cance in atherosclerotic events. Furthermore, the interaction
between MPO and NO, particularly through the MPO-H,0,
pathways, modulates iNOS activity and vascular tone, empha-
sizing MPO’s critical role in inflammatory atherosclerotic dis-
eases. The intricate interplay between MPO and iNOS plays a
crucial role in the pathophysiology of CAD by modulating NO
production and influencing inflammatory responses. Under-
standing the regulation of NO and the feedback mechanisms
involving MPO and iNOS provides valuable insights into the
progression of atherosclerosis and plaque formation. Cur-
rent research suggests that the phenotypes of atherosclerotic
plaques, whether focal or diffuse, may be defined by the rela-
tionship between MPO and iNOS.

In conclusion, the early stages of atherosclerosis involve
unbalanced regulation of NOS isoforms, with iNOS playing
a significant role in inflammation. Induced by cytokines and
Th cells, iNOS correlates with the degree of inflammation and
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contributes to excessive NO and ROS production, increasing
plaque vulnerability. The elevated expression of iNOS in con-
ditions like type 2 DM and myocardial infarction underscores
its association with severe cardiac dysfunction and the pro-
gression of atherosclerosis.

Considering the new approach to studying the functional
level of coronary artery lesions through an integrative assess-
ment of coronary anatomy, plaque quantity and quality, and
physiological aspects of vascular lesions, the relationship be-
tween MPO and iNOS is a significant indicator of both diffuse
and systemic nature of atheroma instability in atherogenesis.
Future studies support the role and potential benefit of target-
ing iNOS in the assessment and management of atheroscle-
rotic disease.

For the evaluation and treatment of patients with CAD
caused by hyperlipidemia, a comparative analysis of iNOS
as a metabolic enzyme and lipid parameters could be applied.
iNOS is a regulator of lipid metabolism during inflammation,
so when activated by systemic inflammation and associated
lipid parameters, it could be an important pathogenic factor in
the mechanism of accelerated atherosclerosis in patients with
CAD.
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