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Cardiac macrophages: resident 
and recruited by damage
The adult mammalian heart contains a 
relatively small population of resident 
macrophages that may participate in 
immunosurveillance of myocardial tissue 
(1–3). Following myocardial infarction, the 
cardiac macrophage population is mark-
edly expanded through the recruitment of 
abundant mononuclear cells (1, 2, 4) that 
differentiate into macrophages (5). Tradi-
tionally, infarct macrophages are viewed 
as phagocytotic cells that clear dead cells 
and matrix debris from the wound and as 
regulators of inflammation, fibrosis, and 
angiogenesis. In the dynamic environment 
of the infarct, macrophages can acquire a 
wide range of phenotypes. While macro-
phages have been shown to affect cardio-
myocyte function and survival in vitro (6, 
7), the potential role(s) of these cells in 
modulating cardiomyocyte responses in 
vivo remains poorly understood.

Over the last ten years, members of 
the Marbán group have pioneered the use 
of cardiosphere-derived cells (CDCs), a 
population of cardiac-derived cells with 
reparative and regenerative functions, 
as cell therapy for myocardial infarction 
(8). In experimental animal models of 
myocardial infarction, administration of 
CDCs results in a wide range of beneficial 
actions, including enhanced regeneration, 
improved function, attenuation of adverse 
remodeling, and reduced infarct size; how-
ever, it is not clear how CDCs exert their 
protective effect. In this issue, de Couto 
and coworkers (9) report that infarct mac-
rophages can acquire cardioprotective 
phenotypes that promote survival of ische-
mic cardiomyocytes and that these protec-
tive effects are conferred by CDCs. Specif-
ically, CDCs induced a unique, protective 
macrophage phenotype that attenuates 
oxidative stress–mediated cardiomyocyte 
apoptosis. Moreover, therapy with CDC-

primed macrophages alone recapitulated 
the beneficial actions of the CDCs on the 
ischemic and reperfused heart. These 
findings add to a growing body of recent 
in vivo evidence that suggests that mac-
rophages exert protective actions on the 
injured heart (10, 11).

Macrophages regulate 
cardiomyocyte survival in 
ischemic myocardium
Myocardial ischemia activates a wave of 
ischemic death that moves as a front and 
is characterized by transmural progression 
of cellular necrosis from the more vulnera-
ble subendocardial areas to the subepicar-
dium, as the duration of coronary occlusion 
increases (12). The susceptibility of car-
diomyocytes to ischemic death is depen-
dent on several microenvironmental fac-
tors. Cardiomyocytes are enmeshed into 
an extracellular matrix network and are 
often in close contact with interstitial cells, 
including fibroblasts, vascular cells, and 
macrophages. While extracellular matrix 
proteins transduce key prosurvival signals 
that may prevent cardiomyocyte apopto-
sis in the ischemic environment, inter-
stitial, noncardiomyocytes may secrete  
cytokines, growth factors, and proteases 
that critically regulate cardiomyocyte sur-
vival. De Couto and coworkers provide in 
vivo evidence that suggests that a unique 
subpopulation of CDC-primed macro-
phages activates antiapoptotic pathways 
and is thereby capable of protecting car-
diomyocytes from ischemic death (9). 
Although de Couto and colleagues did 
not dissect the molecular signals that are 
required for macrophage-mediated cardio-
protection, several distinct pathways may 
be involved (Figure 1). First, CDC-modu-
lated macrophages may secrete factors with 
antiapoptotic actions. A recent study iden-
tified infarct monocytes and macrophages 
as an important source of myeloid-derived 
growth factor (MYDGF), a secreted protein 
that promotes cardiomyocyte survival (13). 
In addition, release of IL-10, FGF-1, IGF-1, 
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The mammalian heart contains a population of resident macrophages that 
expands in response to myocardial infarction through the recruitment of 
monocytes. Infarct macrophages exhibit high phenotypic diversity and 
respond to microenvironmental cues by altering their functional properties 
and secretory profile. In this issue of the JCI, de Couto and colleagues 
demonstrate that infiltrating macrophages can be primed to acquire a 
cardioprotective phenotype in ischemic heart and exert this proactive effect 
through activation of an antiapoptotic program in cardiomyocytes. This 
study supports the growing body of evidence that suggests that macrophage 
subpopulations can be modulated to mediate cytoprotective, reparative, and 
even regenerative functions in the infarcted heart. The cellular mechanisms 
and molecular signals driving these macrophage phenotypes are yet 
unknown; however, harnessing the remarkable potential of the macrophage 
in regulating cell survival and tissue regeneration may hold therapeutic 
promise for myocardial infarction.
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acterized by reduced expression of M1 
macrophage markers and absence of 
the expected, concomitant increase in 
M2-related markers (9). Considering the 
enormous phenotypic diversity of macro-
phages, this observation is not surprising, 
as the concept of M1/M2 macrophage 
polarization is derived from in vitro stud-
ies and does not reflect the more nuanced 
phenotypes observed in vivo. The study 
by de Couto et al. provides limited infor-
mation on the CDC-derived molecular 
signals that are responsible for the gen-
eration of the cardioprotective macro-
phages; however, the intriguing findings of 
these authors generate several important 
questions. Is the acquisition of a cardio-
protective macrophage phenotype driven 
by secreted mediators or by exosomes 

on cardiomyocytes by altering the cardiac 
extracellular matrix network. Myocardial 
ischemia stimulates protease activation, 
resulting in rapid generation of matrix frag-
ments in the infarcted area that may exert 
proinflammatory and/or proapoptotic 
actions (18). Removal of injurious matrix 
fragments by activated macrophages or 
deposition of macrophage-derived matri-
cellular proteins (19) may transduce pro-
survival signals and protect ischemic car-
diomyocytes from death.

Which signals drive a 
cardioprotective macrophage 
phenotype?
The findings by de Couto and coworkers 
suggest that CDC-primed macrophages 
acquire a unique phenotype that is char-

and leukemia inhibitory factor by activated 
macrophages has been suggested to inhibit 
apoptosis of hypoxic cardiomyocytes in 
vitro (7, 14). Second, contact-dependent 
interactions between CDC-primed macro-
phages and cardiomyocytes may transduce 
prosurvival signaling. Proapoptotic effects 
of macrophages on immune cells and 
smooth muscle cells have been reported 
previously and have been found to be 
dependent on cell-to-cell contact (15) and 
integrin modulation (16). Integrin signal-
ing protects cardiomyocytes from ischemic 
death (17), and contact-dependent, mac-
rophage-mediated activation of integrin- 
dependent cascades may be responsible 
for the protective actions. Third, as key cel-
lular effectors of matrix remodeling, mac-
rophages may promote prosurvival actions 

Figure 1. Abundant macrophages infiltrate the infarcted heart and can be primed to exert reparative, cardioprotective, and regenerative functions. 
(A) This section of reperfused canine infarct (1-hour ischemia/24-hour reperfusion) shows the presence of a large number of newly recruited myeloid cells 
(red) and mature macrophages (black) that are in close association with cardiomyocytes (sample prepared as previously reported, ref. 24). (B) Schematic 
of the multiple protective roles of infarct macrophages that have been suggested by recent experimental findings (10, 11). The adult mammalian heart 
contains a resident macrophage population; however, infarct macrophages are primarily derived from recruited proinflammatory and inhibitory monocyte 
subsets and can acquire many distinct phenotypes in response to microenvironmental cues. During the inflammatory phase of healing, macrophages may 
act as phagocytotic cells. Upon ingestion of apoptotic cells, macrophages release antiinflammatory mediators (such as IL-10 and TGF-β) that contribute to 
suppression of the inflammatory response. Fibrogenic and angiogenic macrophage subsets may regulate fibroblast and endothelial cell phenotypes to pro-
mote repair. Studies in neonatal mouse models of cardiac injury suggest that resident neonatal macrophages may have regenerative properties, thereby 
stimulating cardiomyocyte proliferation. De Couto and coworkers demonstrate that macrophages primed by CDCs protect cardiomyocytes from apoptosis. 
The cardioprotective actions of these macrophages may involve several distinct mechanisms, including secretion of antiapoptotic mediators (such as 
MYDGF), contact-dependent actions on cardiomyocyte integrin (ITG) signaling, or clearance of proapoptotic matrix fragments.
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of exciting experimental evidence has 
placed macrophages in the center stage of 
cardiac pathology.
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coordinate myocardial regeneration; 
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notype remain unknown. Moreover, a 
neonatal macrophage phenotype may not 
be sufficient to induce remuscularization, 
as formation of new myocardium may 
also require phenotypic plasticity of other 
myocardial cell types.

Macrophage omnipotence: 
myth or reality?
Over the last two years, our understanding 
of cardiac macrophages in homeostasis 
and disease has evolved. Emerging evi-
dence suggests that, in the infarcted heart, 
macrophages have almost unlimited 
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prosurvival, reparative, and regenerative 
responses (10, 11). It has been suggested 
that distinct macrophage subpopulations 
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death, regulate inflammation following 
injury, stimulate fibroblasts and vascular 
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of the infarct (11). Considering their abun-
dance, diversity, and phenotypic plastic-
ity, macrophages are attractive candidates 
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rophage phenotypes could be exploited 
therapeutically to improve outcome in 
myocardial infarction. Unfortunately, our 
current knowledge of macrophage biol-
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clusions about the role of macrophages in 
the heart following myocardial infarction 
are based on nonselective experimental 
strategies that target all monocytes and 
macrophages, with limited associative 
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ment or mobilization of unique mononu-
clear cell subsets? Are the effects of CDCs 
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cell types? Answering these questions will 
be crucial for designing strategies for ther-
apeutic manipulation of macrophages to 
protect the infarcted heart.

Macrophages in cardiac repair 
and regeneration
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tory cytokines that may restrain inflam-
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remodeling (22). Specialized macrophage 
subpopulations may also promote scar 
formation and angiogenesis in the infarct. 
Due to their abundance and phenotypic 
plasticity, macrophages are ideally suited 
to orchestrate the reparative response fol-
lowing infarction; however, the molecular 
pathways involved in generation of mac-
rophage subsets with distinct functional 
properties remain poorly understood.
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