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Neutrophils are the first immune cells arriving at the site of infection
or injury. These early responders are effective in fighting pathogens
via several mechanisms: they phagocytose antibody- or complement-
coated pathogens and kill them by NADPH oxidase-dependent
mechanisms or antibacterial proteins that are released from gran-
ules into the phagosome. The content of these granules, i.e. various
inflammatory mediators including neutrophil-derived lipocalin
(NGAL), is also released to fight extracellular pathogens. Neutro-
phil extracellular traps (NETs), composed of chromatin, histones,
and proteases, are yet another mechanism to capture and kill micro-
organisms.1 In sterile injury after ischaemia, danger-associated
molecules released by necrotic tissues trigger the same Toll-like
receptor-induced activation of neutrophils. After myocardial infarc-
tion (MI), neutrophils are the first to enter the damaged tissue in
large numbers, and peak at day 1 after onset of ischaemia.2 While
neutrophils initially help to clear cellular debris, their inflammatory
mediators result in tissue damage and further leucocyte recruit-
ment.3 Neutrophils may support recruitment and activation of Ly-6
Chi monocytes,4 which dominate ischaemic tissue on days 1–4 after
injury. Ly-6Chi monocytes are initially sourced from reservoirs in the
spleen, which they depart in an angiotensin II-dependent manner.5

These monocytes, and derived macrophages, perpetuate inflamma-
tion by releasing inflammatory cytokines, proteases, and reactive
oxygen species. Monocytes/macrophages phagocytose dead cardio-
myocytes and neutrophils, thereby clearing cellular debris in the in-
farct. The ingestion of apoptotic neutrophils may also influence the
phenotype of the macrophage.6 Several days after injury, reparative
macrophages dominate the cellular infiltrate. These cells promote
tissue repair, for instance by releasing angiogenic factors. The bi-
phasic monocyte/macrophage response is critical for myocardial
healing after ischaemia. Lack of inflammatory phase 1 results in im-
paired removal of cellular debris, while lack of reparative phase 2

results in impaired angiogenesis and inefficient fibrosis.7 Increased
or prolonged Ly-6Chi monocyte recruitment, as observed in
ApoE – / – mice after coronary ligation, promotes heart failure.8

Based on the promotion of inflammation and tissue damage by neu-
trophils, they are currently seen as ‘bad guys’ in the setting of ischae-
mic heart disease. In mice with atherosclerosis, neutrophil numbers
correlate with plaque inflammation and their depletion reduces
disease burden.3 In patients, high circulating neutrophil numbers,
neutrophil/lymphocyte ratios, and granule proteins (e.g. myeloper-
oxidase and NGAL) correlate with coronary artery disease severity
and are discussed as prognostic markers for acute coronary syn-
dromes.2 Earlier studies demonstrated that neutrophil depletion re-
duces ischaemia/reperfusion injury, but this effect decreases with
prolonged ischaemia. Inhibiting neutrophil mediators post-MI is like-
wise beneficial.9

In this issue of the journal, Horckmans et al.10 posit that neutro-
phils orchestrate post-MI monocyte/macrophage phenotype and
number, and that neutrophils can have beneficial effects on myocar-
dial healing. Depleting neutrophils with a monoclonal Ly-6G anti-
body in wild-type mice with coronary ligation results in a lack of
Ly-6Chi monocyte release from the splenic reservoir, lower Ly-6Chi

monocyte numbers in the infarct, increased infarct macrophage pro-
liferation, and altered macrophage phenotype. Based on M1/M2
marker profiling, the authors conclude that in the absence of neu-
trophils, macrophages assume more M2-like phenotypes, which ul-
timately worsened outcome. To our knowledge, this is the first
study reporting a detrimental effect of M2 macrophages in acute
MI. Of note, the in vitro M1/M2 macrophage classification is an over-
simplification that we should probably abandon, as in vivo macro-
phages are highly heterogeneous and comprise a spectrum of
phenotypes.11 Nevertheless, the observed up-regulation of argi-
nase, Ym1, and interleukin-4 (IL-4) indicates that cardiac macro-
phages are less inflammatory after neutrophil depletion. These
macrophages are probably responsible for the detected increase
in myofibroblasts and collagen deposition. According to Horckmans
et al., this excessive fibrosis increased stiffness and reduced cardiac
function, ultimately resulting in heart failure and kidney injury. The
authors identify NGAL as a key neutrophil mediator which induces
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MerTK (myeloid–epithelial–reproductive tyrosine kinase) expres-
sion in cardiac macrophages, enabling efficient efferocytosis of car-
diomyocytes and tissue digestion.12 In other words, neutrophils and
their NGAL production induce recruitment of splenic Ly-6Chi

monocytes, promote clearance of debris (inflammatory phase),
and thereby enable resolution of inflammation and proper wound
healing (reparative phase; Figure 1). This work leads to a number
of interesting questions. How do neutrophils promote splenic
monocyte release? Do neutrophils influence macrophage prolifer-
ation directly and, if so, how? Do neutrophils directly compromise
or enhance myocyte health at early or late time points after MI? Are
their functions different in ischaemic vs. remote myocardium?

That neutrophils also play a protective role after MI might come
as a surprise, but could make sense from an evolutionary perspec-
tive: initial inflammatory responses to kill pathogens need to be fol-
lowed by inflammation resolution to restore tissue homeostasis.
That the same cell induces both inflammation and its resolution
could function as a failsafe mechanism that had previously been dis-
cussed for monocytes/macrophages.6 Overall, neutrophils may
therefore have a dual role post-MI and pursue both damaging and
protective functions. Indeed, neutrophils play a fundamental role
in degrading necrotic tissue and accelerating proinflammatory cyto-
kine production, which then leads to clearance of debris by macro-
phages. To put the current findings into a more clinically relevant
context, it is interesting to consider the neutral effects of neutrophil
depletion in ApoE– /– mice with MI.8 In ApoE–/ – mice the inflamma-
tory phase increases to a detrimental level, which probably models
the clinical situation with higher fidelity.

Horckmans et al. add another dimension of neutrophil responses.
Either modification of neutrophil function or substitution of pro-
tective factors expressed by neutrophils (e.g. NGAL) could prove
beneficial for infarct healing. First, however, it remains to be estab-
lished whether the reported data translate into patients with

atherosclerosis and ischaemia. The study underscores that therapies
targeting inflammatory diseases should focus on restoring balance.
Similar to what was observed for monocytes/macrophages,7 neu-
trophil accumulation produces a variety of inflammatory signals
that promote tissue destruction and amplify leucocyte recruitment.
On the other hand, these actions facilitate debridement, by neutro-
phils themselves and by regulating macrophage activity. Ultimately,
neutrophils may therefore also enable tissue reorganization and
infarct healing.
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