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Acute Myocardial Infarction (AMI) is one of the leading causes of
death in the world, and immune cells such as neutrophils and mac-
rophages are implicated in its pathophysiology. Despite decades of
research, there is much debate on the roles of these immune cells,
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recent advances in our understanding of the involvement of neu-
trophils and macrophages in post-AMI cardiac healing. Recently,
neutrophils and monocytes were found to begin their phenotypical
transformation in the bone marrow following an AMI, before mi-
gration to the infarct region. Novel cytokines and feedback loops
have been identified in coordinating the process of immune cell re-
cruitment to the heart post-AMI including subsets of pro- and anti-
inflammatory neutrophils and new pathways of WNT signalling that
alter macrophage phenotypes to a pro-inflammatory phenotype.
There is also an interplay between these cells during regulation
of immune cell migration as neutrophils are involved in polarising
macrophages toward a reparative archetype that promotes clear-
ance of apoptotic cells and cellular debris. Resident macrophages
in the pericardial cavity also showed a cardioprotective role which
may have important implications in cardiac surgeries that involve
removal of the pericardium.
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Introduction

As much as three percent of the global population suffer from
Acute Myocardial Infarction (AMI) [1]. AMI can lead to a range
of complications such as heart failure and arrhythmias. Immune
cells, especially neutrophils and monocytes, are implicated in
the development of these adverse outcomes [2]. Immune cells
infiltrate the infarct and the peri-infarct zone in the early phase
post-AMI, with neutrophils appearing as early as 4 to 6 hours
post-AMI [3] and monocytes accumulating in the next 48 to 72
hours [4]. Both beneficial and deleterious effects of neutrophils
and monocytes have been described and the conflicting roles
are attributable to the heterogeneity among the subsets of im-
mune cells as well as the multiplicity of their cellular activities
[5], some of which recognised as potential therapeutic targets.
For example, inhibition of myeloperoxidase, an enzyme pro-
duced by neutrophils, improves ventricular function and cardi-
ac remodelling post-AMI [6]. Meanwhile, monocytes and their
descendant macrophages have displayed a double sided effect
as they contribute to the initial myocardial damage by releasing

inflammatory mediators, proteolytic enzymes and reactive oxy-
gen species, while also promoting a resolution of inflammation
by phagocytosing apoptotic and necrotic myocytes and neutro-
phils and promoting angiogenesis through the action of vascu-
lar endothelial growth factors [4]. Therefore, an unbalanced
or unresolved immune reaction might exacerbate the clinical
outcomes and understanding the activities of immune cells is
crucial for discovering novel targets for intervention.

In this mini-review, we summarise the most recent advances
in the understanding of the pathophysiological role of neutro-
phils, monocytes and macrophages in the post-AMI myocar-
dium and the signalling pathways involved in the regulation of
the inflammatory and reparative processes post-AMI. Neutro-
phil and Macrophage Specialisation Begins in the Bone Marrow

Post-AMI neutrophil and macrophage recruitment starts in
the bone marrow, where hematopoietic stem and progenitor
cells are activated, resulting in a rapid increase in the produc-
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tion of neutrophils and monocytes [7,8]. Following cardiac tis-
sue infiltration, these myeloid cells develop their specialised
effector functions locally under the stimulation of damage as-
sociated molecular patterns (DAMPs) and cytokines in the heart
[9,10]. In 2020, Calcagno and colleagues showed that the spe-
cialisation of myeloid cells begins in the bone marrow where
the type 1 interferon (IFN) response, an innate immune path-
way best known for its anti-viral roles, leads to the expression of
interferon-stimulated genes, resulting in a range pro-inflamma-
tory phenotypes matching those of immune cells in the heart
[11]. This study highlights the role of bone marrow in myelocyte
activation prior to the local mediation in the heart, and that the
differential phenotypes of immune cells in AMI can be traced
back to the origin of myelopoiesis.

Pathophysiological Role of Macrophages in AMI

As monocytes accumulate in the myocardium and become
macrophages, they differentiate into two distinctive subsets;
the pro-inflammatory Ly-6CMe" and reparative Ly-6C°" mac-
rophages. The former is the dominant cell type from day 1 to
day 4 post-AMI and clears cellular debris in the infarct, while
the latter dominates the later stages and promotes healing by
angiogenesis and collagen deposition [12,13]. Importantly, the
activity of these two subsets of macrophages are linked to the
post-AMI healing process [12,13]. Thus, balancing the pro- and
anti-inflammatory activities is crucial for an optimal outcome,
and understanding the signalling pathways that regulate these
activities may help develop targets for intervention. The ca-
nonical WNT pathway is one of the most well-known pathways
that hampers infarct healing [14] through increased fibrosis in
the infarct, but the role of the non-canonical WNT pathway re-
mained unknown until recently. Meyer and colleagues revealed
that the non-canonical WNT signalling shifts the accumulating
monocytes toward a pro-inflammatory state and slows healing
[15]. However, inhibition of the non-canonical WNT pathway
by upregulation of WNT inhibitory factor 1 in cardiomyocytes
in response to AMI improves cardiac remodelling and cardiac
function, which is associated with reduced number of the Ly-
6C"e" macrophages [15]. These findings suggest that the non-
canonical WNT pathway is deleterious, and future studies
should consider the potential of targeted therapies on cardiac
remodelling.

Traditionally, recruitment of monocytes into the infarcted
heart was thought to be a direct result of chemokines from the
damaged tissue and infiltrating neutrophils [16,17], but the rel-
evance of signals that maintain the accumulation of appropri-
ate numbers of monocytes and macrophages at sites of cardiac
injury was unknown. Lorchner et al. demonstrated that onco-
statin M (OSM), a member of the family of IL-6-type cytokines,
is synthesized and released by the initial invading myelocytes
to trigger the release of Reg3f from cardiomyocytes. Reg3p ini-
tiates a positive feedback loop to recruit more OSM-secreting
monocytes [18]. Moreover, disruption to this protective path-
way leads to ineffective removal of necrotic cardiomyocytes,
diminished myofibroblast accumulation, a lack of collagen de-
position, vessel formation, and higher incidences of ventricular
rupture post-AMI [18]. Subsequent work showed that inactiva-
tion of the Reg3f gene prevented the increase of both types of
macrophages in the post-AMI myocardium, and the activity of
different Reg proteins stimulated the recruitment of different
macrophage subsets [19]. These studies highlight the signifi-
cance of maintenance of cellular signalling.

Besides inter-cellular signalling, macrophages can self-signal

to carry out reparative processes through metabolic phagocytic
signalling. One such mechanism is via? efferocytosis which re-
sults in increased fatty acid levels in macrophages; this fuels
mitochondrial respiration and activates an NAD+-dependent
signal transduction cascade [20]. The cascade induces inter-
leukin-10 (IL-10) production and release, coordinating wound
healing and infarct repair and significantly reducing the risks of
ventricular wall rupture [20].

However, blood-derived macrophages are not the only sub-
type of macrophages involved in post-AMI cardiac remodelling.
Pericardial cavity macrophages, resident macrophages nor-
mally found in the pericardial cavity, contribute to reparative
immune processes as well [21]. These cells migrate into the
infarcted myocardium to carry out their anti-fibrotic functions,
and, disruption to the activities of these macrophages is associ-
ated with worse cardiac function [21]. These findings suggest
clinical implications from the removal of pericardial tissue in
open-heart surgeries as it could contribute a loss of these ben-
eficial macrophages. Therefore, further studies are warranted
to investigate the potential harms of pericardial tissue removal
in clinical practice.

Pathophysiological Role of Neutrophils in AMI

Neutrophils have been believed to contribute to myocardi-
al damage during AMI for decades through the production of
reactive oxygen species and proteases which exacerbate local
vascular and tissue injury [22]. Clinically, neutrophil cell counts
in the peripheral blood are associated with worse clinical out-
comes in ischaemic heart disease [23,24]. Myriads of signal-
ling molecules and enzymes that contribute to the neutrophil-
mediated myocardial damage have been identified, such as
neutrophil enzyme myeloperoxidase, but the exact pathways
are often unknown, partially due to high costs associated with
knockout studies. A study published in 2022 documented an im-
age-based quantitative protocol that utilises multiplex imaging
tools, namely imaging mass cytometry, to study the expression
of subcellular markers of interest [25]. Among a panel of inflam-
matory and oxidative damage markers, the authors highlighted
the ones that are potentially involved with neutrophil activi-
ties based on the spatial relationship between the markers and
neutrophils. This is a cost-effective method can be applied on
numerous markers simultaneously in order to screen and deter-
mine the key players that might be implicated in the pathology
of AMI, before moving on to knockout studies.

Neutrophils are not entirely detrimental. A comprehensive
understanding of the neutrophils requires an accurate classifi-
cation of their subsets. Ma and colleagues were the first group
of scientists to propose that two distinct subclasses of neutro-
phils exist, namely the proinflammatory N1 neutrophils and
anti-inflammatory N2 neutrophils, by combining analysis on cell
surface markers and mRNA expression [26]. Additionally, the
number of N2 neutrophils continues to increase with time from
day 1 to day 7 post-AMI, reflecting the course of resolution of
the inflammatory processes, while DAMPs in the infarct polarise
neutrophils to the N1 phenotype by activating toll-like recep-
tor-4. Functionally, N1 neutrophil activity results in infarct wall
thinning. Hence future interventions targeting the N1 subgroup
are warranted.The significance of the reparative role of neu-
trophils was corroborated by another study that showed neu-
trophil-depletion in AMI results in diminished cardiac function
and increased fibrosis [27]. In this study, however, the authors
demonstrated that the protective role of neutrophils stems par-
tially from the ability of neutrophils to polarise macrophages to-
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ward a reparative phenotype (M2c macrophage). This process
is mediated by neutrophil gelatinase-associated lipocalin, and
its inhibition reduces the number of M2c macrophages, whose
role is to clear the apoptotic cells, culminating in increased the
number of TUNEL-positive cells within the infarct [27].

Conclusion

This review summarises the recent publications that de-
scribe the involvement of myeloid cells in AMI. It should be not-
ed, however, that most of the data are based on experimental
murine models. Translating the above conclusions to the clinical
settings will require experiments using human samples, where
applicable. Another limitation of this review is that the stud-
ies cited used different models of AMI. Specifically, the cellular
component in the infarct resulted from a permanent left an-
terior descending artery ligation could differ from that in the
ligation-and-reperfusion model. Besides, there is no consensus
on the exact protocol of the ligation-and-reperfusion model as
the temporary ligation phase varied anytime from 30 minutes
to 24 hours among different studies. Nevertheless, this review
outlines the newly recognised molecular pathways and cellular
subgroups, and a better knowledge of the immune cells in AMI
may help develop more targeted therapies in the future.
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