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The Role of Immune Cells in Cardiac Remodeling After
Myocardial Infarction
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Abstract: Myocardial infarction (MI) is an irreversible damage of
the heart muscle, which often leads to adverse cardiac remodeling
and progressive heart failure. After MI, immune cells play a vital role
in the clearance of the dying tissue and cardiac remodeling. Post-MI
events include the release of danger signals by necrotic cardiomyo-
cytes and the migration of the inflammatory cells, such as dendritic
cells, neutrophils, monocytes, and macrophages, into the site of the
cardiac injury to digest the cell debris and secrete a variety of
inflammatory factors activating the inflammatory response. In this
review, we focus on the role of immune cells in the cardiac
remodeling after MI and the novel immunotherapies targeting
immune cells.
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INTRODUCTION
Myocardial infarction (MI), a permanent damage to the

heart muscle, often leads to progressive heart failure (HF) due
to the adverse cardiac remodeling (Table 1 for abbreviations).
Following MI, the necrotized myocardium is eliminated by
inflammatory cells and replaced by a granulation tissue,
which eventually becomes collagen scars. Although the stable
collagen scars, which replaced the necrotized myocardium,
could maintain the cardiac function, a massive MI usually
results in progressive adverse cardiac remodeling, which
leads to HF.1 The inflammatory response and immune cells
play a vital role in the cardiac remodeling following MI.2

The healing process of the heart following MI includes
3 overlapping phases: inflammatory, healing, and remodel-
ing3 (Fig. 1). At the early stage after MI, the necrotic

cardiomyocytes and cell debris release danger-associated
molecular patterns (DAMPs) and cytokines; these attract the
innate immune cells, including the neutrophils, monocyte/
macrophages, and dendritic cells (DCs) into the infarct area.
Neutrophils generate high levels of reactive oxygen species
and proteases, which exacerbate the injury of local vessels
and tissue.4 At the same time, neutrophils and proinflamma-
tory monocytes promote clearing the cell debris and digesting
the extracellular matrix (ECM),5 which are necessary for
wound healing. Subsequently, monocyte/macrophages are re-
cruited in the infarcted myocardium to remove the debris and
apoptotic neutrophils; this leads to the activation of reparative
pathways, which are necessary for the scar formation.2 Beside
the unspecific inflammation, an emerging evidence indicates
that lymphocyte-mediated immune responses also contribute
to the cardiac remodeling after MI.3 After the early inflam-
matory phase, new ECM and blood vessels are rebuilt. At this
stage, T and B lymphocytes massively infiltrate into the
infarct area,6 and the local macrophages switch their pheno-
typic polarization to support the healing process rather than
the inflammation reaction.7 Because the adult mammalian
heart has a negligible regenerative capacity, MI often results
in structural and functional changes in the heart, including
scar formation, hypertrophy of the cardiomyocytes, and ven-
tricular chamber dilation.8 Sufficient fibrous scar tissue after
MI is important to maintain the cardiac function and avoid a
cardiac rupture. However, the excessive fibrosis and remod-
eling often result in a progressive HF.9

Therefore, it is urgent to investigate how to prevent
adverse cardiac remodeling and HF, which requires a deep
understanding of the immunological mechanisms following
MI. In this review, we focus on the roles of immune cells,
including the monocyte/macrophages, neutrophils, dendritic
cells, and lymphocytes in the cardiac remodeling following
MI.

The Role of Monocytes/Macrophages
Following MI

Monocytes/macrophages play a central role in the
innate immune response, inflammation, and host defense.
After MI, monocytes massively infiltrate into the infarct area
and differentiate into macrophages; these represent the major
source of infarct macrophages during the first 7 days post-
MI.10 The macrophages are generally divided into 2 subsets:
activated macrophages (M1) and alternatively activated
macrophages (M2).11 M1 macrophages express specific
surface markers, such as CD68 and CD86. These cells are
called proinflammatory cells because they secrete various
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proinflammatory cytokines, such as the tumor necrosis factor-
a (TNF-a), IL-6, IL-1, and IL-12 and stimulate the activity of
helper T cell-1 (Th1) during immune responses. On the other
hand, M2 macrophages express different specific surface
markers, such as CD206 and CD163. These cells are consid-
ered to be anti-inflammatory cells because they promote the
Th2 activity during immune responses.12 Murine cardiac
macrophages (CD45+CD11b+F4/80+CD64+ or CD68+) are
further categorized by the expression of C-C chemokine
receptor type 2 (CCR2), major histocompatibility complex
II (MHC-II), and the lymphocyte antigen 6 complex
(Ly6C).13 Ma et al14 reported that the M1 and M2 macro-
phages originate from the circulating Ly6Chigh and Ly6Clow

monocytes, respectively, and the recruitment of Ly6Chigh

monocytes depends on the CCR2 signaling, whereas the
recruitment of Ly6Clow monocytes is CX3CR1 dependent.
However, it must be acknowledged that so far, there is no
consensus on the phenotypic classification of macrophages;
thus, the respective function of the macrophages subsets is
still controversial.13

Macrophages are critical players in the inflammation
resolution/perpetuation and cardiac remodeling in the
infarcted myocardium.14,15 A previous study reported that
the macrophage depletion impaired wound healing and re-
sulted in a high mortality rate accompanied by an increase
in the left ventricular (LV) dilatation and wall thinning in
murine.16 On the other hand, the adoptive transfer of activated
macrophages improved the scar thickening and reduced the
LV diastolic dilatation.17 These studies indicated the vital role
of macrophages in the post-MI cardiac remodeling and the
different functions of macrophages belonging to different
subsets. Nahrendorf et al18 reported that the Ly6Chigh mono-
cytes accumulated via CCR2 and dominated at the site of
injury during the first 3 days, whereas the Ly6Clow monocytes
preferentially accumulated via CX3CR1 from day 5 onward
in MI mice models. Furthermore, they revealed that the
Ly6Chigh monocytes removed the necrotic debris by the com-
bination of the expression of inflammatory mediators, prote-
olysis, and phagocytosis, whereas the Ly6Clow monocytes
promoted the reparative processes, such as the angiogenesis
and ECM deposition.18 Overall, these observations are similar
to the above-mentioned functions of M1 and M2 monocytes.

In addition, the macrophage polarization regulators, such
as the interferon regulatory factor-5 (IRF5) and myeloid
mineralocorticoid receptor, have been shown to be involved in
the cardiac remodeling. Courties et al19 reported that in vivo
silencing of the transcription factor IRF5 reduced the M1 mac-
rophage subset polarization and diminished the post-MI increase
in the LV volume. However, Hu et al20 reported that class A
scavenger receptor played a protective role against MI by sup-
pressing the polarization of the M1 macrophage subset.

These studies have shown that macrophages can be
both protective and detrimental after MI. Although M1
macrophages are considered to be proinflammatory cells
playing a detrimental role in the cardiac remodeling, M2
macrophages are considered to be antiinflammatory cells
playing a protective role in the cardiac remodeling. Thus,
macrophages could be a potential therapeutic target, which
can influence the healing and ventricular remodeling after MI.

The Role of Neutrophils following MI
Neutrophils are commonly defined as

CD45+CD11b+Ly6C+ cells.6 Similar to the M1 and M2 phe-
notypes of macrophages, neutrophils are divided into 2 sub-
sets: N1 and N2. N1 neutrophils are defined as
Ly6G+CD2062 and express high levels of proinflammatory
IL-12, whereas N2 neutrophils are defined as Ly6G+CD206+

and express high levels of anti-inflammatory IL-10.21 Ma
et al21 reported the existence of N1 and N2 neutrophils in
the infarct area. They found that N1 is the predominant neu-
trophil phenotype in the infarct area after MI (.80% of the
total neutrophils), whereas the percentage of N2 neutrophils
increased over time, which indicated that their role results in
anti-inflammatory and wound repairing effects, similar to M2

TABLE 1. Nonstandard Abbreviations and Acronym

MI Myocardial infarction

DCs Dendritic cells

HF Heart failure

DAMPs Danger-associated molecular patterns

ROS Reactive oxygen species

ECM Extracellular matrix

TNF Tumor necrosis factor

IL Interleukin

Th Helper T cell

CD Cluster of differentiation

CCR C-C chemokine receptor

MHC Major histocompatibility complex

Ly6C Lymphocyte antigen 6 complex

LV Left ventricular

IRF Interferon regulatory factor

MR Mineralocorticoid receptor

IFN Interferon

IP Interferon-inducible protein

BRG Brahma-related gene

EF Ejection fraction

I/R Ischemia–reperfusion

XCR Chemokine (C motif) receptor

Batf Basic leucine zipper ATF-Like tran-
scription factor

IRF Interferon regulatory factor

BDCA Blood dendritic cell antigen

APCs Antigen-presenting cells

DTR Diphtheria toxin receptor

DT Diphtheria toxin

DEXs Dendritic cell exosomes

cDCs Conventional dendritic cells

pDCs Plasmacytoid dendritic cells

MyHC Myosin heavy chain

Foxp3 Forkhead box P3

ATR2 Angiotensin II receptor 2

Ig Immunoglobulin

MPO Myeloperoxidase

IRAK Interleukin-1 receptor–associated
kinase

tDCs Tolerogenic dendritic cells

Tregs Regulatory T cells
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macrophages. Neutrophils are vital for the clearance of path-
ogens or debris and also for the resolution of inflammation
and returning to tissue homeostasis in acute inflammation.22

Previous studies reported the role of neutrophils after
MI. Horckmans et al23 reported that the depletion of neutro-
phils worsened the cardiac function. The characteristic fea-
tures of neutrophil depletion were larger end-systolic LV
dimensions and a significant reduction of the LV ejection
fraction and cardiac output. Furthermore, they found that
the number of Ly6Chigh monocytes was decreased in
neutrophil-depleted mice, whereas the proliferation of the
cardiac macrophages was enhanced. Meanwhile, the macro-
phage subtype analysis revealed that the cardiac expression of
M1 markers (IL-12, TNF-a, IFN-g, IP-10, IL-1b) was
reduced, whereas the M2 markers (CX3CR1, arginase,
YM1, IL-4) were increased in neutrophil-depleted mice; they
then further confirmed that the neutrophil secretome pro-
moted the macrophage polarization toward M2.23

In addition, it was recently reported by Zhang et al24

that the deletion of the endothelial brahma-related gene 1
(BRG1), which could mediate the neutrophil endothelium
adhesion, reduces the infarct size and LV fibrosis and
improves the ejection fraction following ischemia–
reperfusion (I/R) in mice, which was attributed to the reduc-
tion of neutrophil infiltration in the infarct area. Overall,

neutrophils play a detrimental role after MI. However, the
function of the different subsets of neutrophils needs to be
further explored.

The Role of DCs in the Regulation of Post-MI
Inflammation and Ventricular Remodeling

Dendritic cells are generally classified into 2 subsets:
conventional dendritic cells (cDCs) and plasmacytoid den-
dritic cells (pDCs). cDCs could be further divided into cDC1
and cDC2,25–27 whereas CD11c is expressed on all the DC
subsets. cDC1 cells express CD103 and XCR-1 and depend
on the Batf3 and IRF8 transcription factors; cDC2 cells
express CD11b and CD172a and depend on the IRF4 tran-
scription factor,28 and all the cDCs subsets depend on the
Zbtb46 transcription factor.29 In pDCs, BDCA2 and CD123
are highly expressed, and these cells depend on the E2-2
transcription factor and others.30 As the most potent
antigen-presenting cells (APCs), DCs are regarded as the
bridge between innate and adaptive immunity and are thus
termed as professional APCs.31

Nagai et al32 investigated 24 autopsy subjects after an
ST-elevation MI, and they found that the decrease in the
number of DCs in the human infarcted myocardial tissue
was associated with the increased macrophage infiltration,

FIGURE 1. The 3 overlapping phases
in the heart healing following MI.
The inflammatory response follow-
ing MI can be divided into 3 over-
lapping phases: The inflammatory,
healing, and remodeling phases. In
the inflammatory phase, the necrotic
cardiomyocytes release DAMPs,
HMGB1, extracellular RNA/eRNA, IL-
1a, and other danger signals. These
signals attract the innate immune
cells, monocytes, neutrophils, and
dendritic cells, which infiltrate into
the infarct area from the peripheral
vessels. At the early stage of MI,
monocytes are quickly transformed
into mature macrophages and they
polarize into proinflammatory mac-
rophages. The macrophages secrete
various proinflammatory cytokines,
including TNF-a, IL-1, IL-6, and IL-
12, and contribute to the acute
inflammatory response. Meanwhile,
neutrophils generate high levels of
reactive oxygen species and prote-
ases, which exacerbates the injury of
local vessels and tissue. After the
inflammatory phase, neutrophils and proinflammatory monocytes promote the clearance of cell debris and digestion of ECM,
preparing for wound healing. At the same time, local macrophages switch their phenotypic polarization to anti-inflammatory
macrophages and promote angiogenesis and collagen formation via the secretion of anti-inflammatory cytokines, including TNF-
b, IL-4, IL-10, and IL-13. At the terminal stage of MI, T and B lymphocytes massively infiltrate into the infarct area. Activated by
DCs, CD4+ T cells facilitate wound healing of the myocardium, and regulatory CD4+ T cells (Tregs) improve healing after MI by
producing TGF-b1, IL-13, and IL-10 to induce M2-like differentiation. The recruitment of B lymphocytes induces the mobilization
of proinflammatory monocytes and leads to tissue injury and the deterioration of the myocardial function.
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impaired reparative fibrosis, and development of cardiac
rupture after MI. These findings suggest that DCs have a
protective role in post-MI inflammation and the subsequent
healing process.32 In addition, Anzai et al33 transferred
bone marrow cells from CD11c diphtheria toxin receptor
(CD11c-DTR) transgenic mice into lethally irradiated wild-
type recipient mice and used the diphtheria toxin (DT) to
eliminate the CD11c+ DCs in the recipient mice before the
ligation of the left coronary artery. They found that the DC
deletion group demonstrated an enhanced and sustained
expression of the inflammatory cytokines, such as IL-1b,
IL-18, and TNF-a, compared with the control group. The
mice with DC deletion showed an acceleration in the car-
diac dilatation and deterioration of the LV function.33

Meanwhile, they revealed that the DC deletion enhanced
the infiltration of proinflammatory Ly6Chigh monocytes and
impaired the recruitment of anti-inflammatory Ly6Clow

monocytes in the infarct area. These results suggest that
DCs play a protective role during the healing process after
MI via its control of the monocyte/macrophage homeosta-
sis.33 In addition, our previous study has showed that the
injection of MI-DEXs, which are derived from the dendritic
cells, improved the post-MI cardiac function in mice via
mediating the activation of CD4+ T cells through an endo-
crine mechanism.34 Our findings also support the protec-
tive role of DCs after MI, but different results were
reported when investigating the functions of the different
DCs subsets.

Lee et al35 used the DT treatment to eliminate the
CD103+ and CD11b+ cDCs in MI mice that were reconsti-
tuted with bone marrow cells from Zbtb46-DTR mice. Then,
they found that these DT-treated Zbtb46-DTR mice showed a
dramatic reduction in the infarct size, via preventing the ven-
tricular remodeling, and a significantly improved LV frac-
tional shortening compared with the phosphate-buffered
saline–treated control group.35 This result suggests that
cDCs play a detrimental role in wound healing and may even
expand the infarct size. However, another study crossed mice
expressing CRE recombinase under the control of the CD11c
promoter (Cd11cCre mice) with Irf8flox or Irf4flox mice to
generate mice that are lacking IRF8 or IRF4 expression to
selectively eliminate the cDC1 or cDC2. They found that
cDC1s generate myosin-specific regulatory T cells (Tregs) in
the heart-draining lymph node, whereas cDC2s are the main
presenters of aMyHC to CD4+ T cells.28 The activation of
Treg has been proven to improve the heart healing after MI by
triggering the differentiation of M2-like macrophages. Treg-
cell ablation in Foxp3-DTR mice resulted in an increased
infarct size, LV dilation, and impaired cardiac function.36

These findings suggested that cDCs play a protective role in
the cardiac remodeling.

To assess the role of pDCs after MI, Lee et al35 gave
the DT treatment to selectively eliminate the heart pDCs in
MI mice models that were reconstituted with bone marrow
cells from BDCA2-DTR mice. They found that the left
ventricle function was not affected in the mice without
pDCs. The function of cardiac pDCs may lie in their capac-
ity to produce type I IFN and protect the tissue against viral
infections.35

The Role of T-Lymphocytes in Ventricular
Remodeling After MI

T lymphocytes are generally divided into cytotoxic
(CD8+) and helper (CD4+) T-cells. T-helper cells could be
further subdivided into 2 subsets: Th1 and Th2.37 Besides the
CD4+ and CD8+ T cell subsets, regulatory CD4+ T cells
(Tregs) have also been characterized based on their ability
to counterbalance the classical immune responses.38 Tregs,
which express the Forkhead box P3 (Foxp3) transcription
factor, are important components to maintain the immune
system homeostasis and suppress the pro-inflammatory
immune responses.38

Maisel et al39 demonstrated that the adoptive transfer of
splenocytes from rats after MI produced myocarditis in naïve
recipient rats, which was the first experimental evidence that
myocardial autoantigens could activate T cells. Then,
Hofmann et al40 showed that both conventional effector
CD4+ T cells and Foxp3+ Tregs have infiltrated into the myo-
cardium within a few days after MI, they found that the
absence of CD4+ T cells in CD4-deficient or MHC II-
deficient mice was associated with a worse outcome. They
speculated that the activation of CD4+ T cells is driven by the
recognition of cardiac autoantigens via MHC II+ cells, and it
facilitates the myocardium wound healing.40 Anzai et al33

provided another important evidence regarding the interaction
between CD4+ T cells and DCs after MI. They removed
CD11c+ DCs from a transgenic mouse MI model and found
similar results to those in the CD4+ T cells-deficient mice
model. The absence of CD11c+ DCs resulted in a deteriora-
tion in the LV function and remodeling after MI.33 However,
the mechanism of CD11c+ DCs in the activation of CD4+

T cells was not further explored in this study.
To further explore the role of CD4+ T cells after MI,

Hofmann et al40 performed a permanent coronary artery liga-
tion in CD4 knockout mice, which lack the CD4+ T cells, and
found that the absence of CD4+ T cells increased the number
of Ly6Chigh monocytes in the infarct area and promoted the
inflammatory response. Meanwhile, they also found that the
CD4+ T cells–deficient mice showed disturbed scar forma-
tion, increased LV dilation, and higher mortality. These
results suggest that the CD4+ T cells play a protective role
after MI.

Saxena et al41 reported that Tregs were found in the
infarcted myocardium after 24 hours of reperfusion.
Additionally, they found that Treg-depleted mice showed
accentuation of the postinfarction inflammatory response,
increased collagen deposition, and significant ventricular dila-
tion after MI. Similar results were reported in another study
indicating that the adoptive transfer of Tregs in MI mice
attenuated both the postinfarction inflammatory response
and adverse remodeling.42 To further explore the mechanism
behind these results, Saxena et al41 found that Tregs may
modulate the fibroblast phenotype and function in the
infarcted myocardium. Weirather et al36 proved that Foxp3+

Tregs improve the healing after MI by modulating the differ-
entiation of monocytes/macrophages. They showed that the
depletion of Tregs induced the M1-like differentiation,
whereas their activation produced TGF-b1, IL-13, and IL-
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10 to induce M2-like differentiation. Nevertheless, these find-
ings are not sufficient to fully explain the protective role of
Tregs, and further exploration is still needed.

As for CD8+ T cells, some recent studies reported their
role in the cardiac remodeling after MI. Curato et al43 re-
ported that a subset of CD8+ T cells expressing the angioten-
sin II receptor 2 (ATR2) accumulated in the infarct area of
rats at day 7 after MI, expanding the response to myocardial
ischemic injury and producing IL-10 in response to angioten-
sin II stimulation, which differed from the classical
CD8+AT2R2 CD8+ T cells. Further examination revealed
that the intramyocardial transplantation of these
CD8+AT2R+ T cells lead to a significant reduction in the
infarct volume.43 Although these results indicated the protec-
tive role of CD8+AT2R+ T cells after MI, further studies need
to be done in the future.

The Role of B Lymphocytes in Ventricular
Remodeling After MI

B lymphocytes are generally classified into 2 subsets:
B1 and B2 cells. The long-lived and self-renewing B1 cells
produce antibodies, which are crucial for defending against
encapsulated bacteria, whereas B2 cells are activated upon
encountering an antigen, and they expand and generate short-
lived plasma cells. Some activated B2 cells will generate
memory cells and long-lived plasma cells in the germinal
center. Long-lived plasma cells populate the bone marrow.44

In the course of maturation, B cells express different sets of
surface molecules, such as CD19, CD20, CD52, and CD22,
which help to distinguish between different developmental
stages.45 Furthermore, CD19 and CD22 are highly expressed
on B1 cells, whereas CD20 are highly expressed on B2
cells.46

Previous studies showed that CD19+ IgD+ IgMlow

B cells are recruited to the murine infarcted myocardium after
MI, whereas the CD20+ B cells have been found in the human
heart biopsy from MI patients at day 1 and day 6.6,47 To
assess the role of B lymphocytes in the cardiac remodeling
after MI, Zouggari et al depleted B lymphocytes using a
CD20-specific monoclonal antibody (CD20 mAb). They
found that compared with the control mice, the deletion of
B lymphocytes led to smaller infarct size, lower levels of
proinflammatory cytokines, and significant improvement in
the cardiac function after MI. Furthermore, they described
that the CCl2 levels were reduced by anti-CD20. Previous
studies described that CCL2, a major CCR2 ligand together
with CCL7, is a chemokine that plays a pivotal role in the MI
by inducing monocyte mobilization and ventricular and vas-
cular remodeling.48–50 Therefore, we could infer that
B lymphocytes induce the mobilization and recruitment of
Ly6Chigh monocytes to the infarcted myocardium, which
leads to tissue injury and the deterioration of the myocardial
function.47

However, another study demonstrated that the rats
receiving intramyocardial injections of B cells showed an
improved LV function compared with the sham-injected
control animals.51 These conflicting results indicated that fur-
ther investigation is required to get more insights into the role

and mechanism of B cell recruitment to the infarct region
after MI.

Immunotherapy for MI
The rising use of immunotherapy has revolutionized the

treatment of cancer and autoimmune diseases,52,53 and target-
ing inflammation has also become a realistic goal in the treat-
ment of cardiovascular disease. Immune cells play a vital role
in the cardiac remodeling; thus, immunotherapies targeting
different immune cells have attracted more attention.

Approaches Targeting Macrophages
and Neutrophils

Duerr et al54 have proved that the endocannabinoid-
CB2 receptor axis protected the ischemic heart via modulat-
ing the macrophage polarization (M1 to M2) and attenuated
the inflammatory response and adverse cardiac remodeling
after myocardial ischemia and reperfusion. Vasilyev et al55

reported that the deletion of myeloperoxidase (MPO), which
is predominantly produced by neutrophils and Ly6Chigh

monocytes when they infiltrate into the infarct area, could
reduce the LV dilatation and dysfunction, but it has no effect
on the infarct size. Ali et al56 found that PF-1355, an MPO
inhibitor, improves the ventricular function and remodeling
after MI, and a longer treatment period could even restore the
cardiac function.

Approaches Targeting Dendritic Cells and
T Lymphocytes

Maekawa et al57 reported that the deletion of the
interleukin-1 receptor–associated kinase 4 (IRAK-4) has
favorable effects on the survival and LV remodeling after
MI. These effects are achieved via the modification of the
host inflammatory process by blunting the mobilization of
the detrimental bone marrow dendritic cells after myocardial
ischemia. Choo et al58 injected tolerogenic dendritic cells,
which could modulate the immune responses and induce
Tregs, to MI mice and found that the tolerogenic dendritic
cells treatment could activate Tregs and elicit an
inflammatory-to-reparative macrophage shift. In addition,
our previous study has showed that the injection of MI-
DEXs improved the cardiac function in mice after MI via
mediating the activation of CD4+ T cells through an endo-
crine mechanism.34 Matsumoto et al42 reported that the adop-
tive transfer of Tregs in MI mice attenuated both the
postinfarction inflammatory response and adverse remodel-
ing. Similar results were reported from another study, which
showed that promoting the Treg expansion using an anti-
CD28 superagonist or performing Treg adoptive cell transfer
improved the myocardial repair.59

Approaches Targeting B Lymphocytes
Although several approaches targeting B lymphocytes

have been reported, they showed contradicting results.
Goodchild et al51 found that the intramyocardial injection of
B lymphocytes into early postischemic myocardium pre-
served the cardiac function. However, the anti-CD20mAb
(Rituximab) that was used by Zouggari et al47 to deplete
the mature B lymphocytes led to smaller infarct size, lower
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levels proinflammatory cytokines, and significant improve-
ment in the cardiac function.

However, it should be noticed that this field is still in its
infancy, and such novel therapeutic approaches are still in a
premature stage.

CONCLUSIONS
Due to the poor regenerative capacity of the adult

mammals’ heart, the injured myocardium is replaced with a
fibrous tissue. Although this reaction maintains and restores
the integrity of the heart, it often leads to adverse cardiac
remodeling and progressive HF. The inflammatory response
plays a vital role in this process, but it is a double-edged
sword.60 After the MI, large numbers of immune cells are
recruited to the heart to remove the dying tissue and promote
the healing process. However, this is done under some cir-
cumstances because the immune cells can cause an irrevers-
ible damage, contributing to the HF.61 Therefore, it is crucial
to deeply understand the cellular and molecular mechanisms
behind the post-MI inflammatory response. Many recent stud-
ies indicated some answers but also raised more questions on
the role of immune cells in the inflammatory response after
MI.

As for the immunotherapies, it is widely accepted that
MI patients receiving immunosuppressive therapies with
corticosteroids exhibit a worse outcome due to the impaired
healing response62; thus, novel immunotherapies should be
more precise and focus on the immune cells rather than sim-
ply silencing the inflammatory response. Although we have
reviewed many novel immunotherapies in this review, this
field is still in its infancy.

Overall, it needs to be acknowledged that although the
role of immune cells in the post-MI inflammatory response is
promising, there is still a long way to fully explore the
molecular mechanisms behind it, and the novel therapeutic
approaches are still in a premature stage.
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