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EDITORIAL COMMENT
Dysregulation of IL-6/MCP-1/STAT3 Axis
A Promising Therapeutic Postinfarction Inflammation Strategy?*
Andreas Mitsis, MD, MSC, PHD(C),a Stergios Tzikas, MD, PHD,b George Kassimis, MD, PHDc
I n recent decades, there has been a progressive
understanding of the complex interplay between
cytokines and chemokines released after an

acute myocardial infarction (AMI) and their prog-
nostic role during the post–myocardial infarction
(MI) period.1 The acknowledgment of inflammation’s
crucial role in prognosis has steered the scientific
community’s efforts toward identifying the optimal
target, potentially through inhibition, to mitigate
the extent of adverse outcomes resulting from inflam-
mation after an AMI.

Various inflammatory pathways have been
described to be used in the post-MI phase. From a
pathophysiology viewpoint, these pathways can be
separated into those acting via interleukin (IL)-6 and
those operating independently of it.2 IL-6 plays a
pivotal role in the inflammatory signaling implicated
in the initiation and progression of cardiovascular
disease. IL-6 orchestrates the recruitment of immune
cells to the damaged myocardium, while also stimu-
lating the production of acute-phase proteins such as
C-reactive protein, which act as inflammation
markers. Furthermore, IL-6 influences the differen-
tiation and activation of immune cells, thereby
contributing to the inflammatory environment within
the infarcted tissue. Increased levels of IL-6 are
related to adverse clinical events following AMI,3

while IL-6 inhibition with tocilizumab has been
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correlated with improved myocardial salvage index in
patients with ST-segment elevation MI.4 Similarly,
monocyte chemoattractant protein (MCP)-1, a che-
mokine released by cardiac fibroblasts, contributes to
the recruitment of monocytes and macrophages to
the site of injury and promote inflammation. Of note,
an elevated baseline MCP-1 level is linked to tradi-
tional atherosclerosis risk factors and an elevated risk
for death or MI, regardless of baseline variables.5

One of the downstream pathways through which
IL-6/MCP-1 can act is the Janus kinase protein/signal
transducer and activator of transcription 3 (STAT3)
pathway. Janus kinase protein/STAT3 plays a multi-
faceted role in AMI. Following an AMI, STAT3 acti-
vation has been associated with both cardioprotective
and detrimental effects. On one hand, it can promote
cell survival, reduce apoptosis, and facilitate cardiac
repair and regeneration after injury. However,
excessive STAT3 activation can contribute to adverse
cardiac remodeling, fibrosis, and inflammation. The
intricate balance of STAT3 signaling in AMI suggests
its potential as a therapeutic target for modulating
postinfarction outcomes.6

In a study reported in this issue of JACC: Basic to
Translational Science, Paccalet et al,7 examined the
prognostic role of IL-6 and MCP-1 in patients with
ST-segment elevation MI, showing that the levels of
IL-6 and MCP-1 in the blood levels peak at 24 hours
and positively correlate to worse outcomes, respec-
tively. This knowledge might be already well recog-
nized, but the investigators went a step further; using
a murine model of MI and an in vitro coculture model,
they proved that the production of IL-6/MCP-1 by the
injured cardiomyocytes acts via the STAT3 pathway,
and this signaling pathway is involved in worsening
reperfusion injuries. The investigators found that the
use of IL-6-neutralizing antibody led to a 32.1%
reduction of anti-inflammatory macrophage recruit-
ment by cardiac myocytes at 24 hours post-MI,
without impairing proinflammatory macrophage
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recruitment. Likewise, the MCP-1-neutralizing anti-
body led to a 44.2% reduction of anti-inflammatory
macrophages (P ¼ 0.002) and a 29.8% reduction
of proinflammatory macrophages (P ¼ 0.005).
Furthermore, the inhibition of the STAT3 signaling
pathways by the STATTIC antagonist reduced anti-
inflammatory macrophage recruitment at 24 hours
post-MI (P ¼ 0.044), whereas it had no significant
effect on proinflammatory macrophage recruitment.

The investigators conclude that these results
suggest that IL-6- and MCP-1-mediated anti-
inflammatory macrophage recruitment relies mostly
on STAT3-dependent pathways. Finally, they report
that reducing the recruitment and activation of anti-
inflammatory macrophages at the onset of reperfu-
sion, either by treatment with STATTIC or with the
combination of neutralizing antibodies, the severity
of the infarction decreases (P ¼ 0.0061 and
P ¼ 0.0081, respectively).

The major advantage of this research is the use of
the translational nature of research, merging pre-
clinical and clinical studies. The investigators show
that this is probably one of the ways to improve the
translational aspect of research, as understanding the
underlying mechanism using a preclinical model
could massively accelerate therapeutic research. An
additional benefit of this study compared with pre-
vious research is the examination of the secretion
kinetics of the 2 cytokines, IL-6 and MCP-1, at
5 different sampling times, with the last one at
1 month, which allowed temporal distance from the
acute event and a better understanding of these cy-
tokines’ secretion kinetics. Besides, the study dem-
onstrates that the combination of IL-6 and MCP-1 has
a more robust predictive power than either cytokine
alone. A limitation of the study is the absence of a
control group, while the complex phenotype of anti-
inflammatory macrophage subtypes may require
more refined characterization in future studies.

Finally, the big question that arises with this study
is again the complexity of targeting inflammation in
cardiovascular diseases. The study results challenge
the traditional belief that anti-inflammatory macro-
phages are inherently advantageous, while proin-
flammatory ones are harmful, showing the dynamic
shift in the role of the anti-inflammatory macro-
phages whereby their function during the early
reperfusion phase differs from their role during the
subsequent remodeling phase.

Undoubtedly, future areas of development remain,
and further investigations are necessary to address
unresolved inquiries. However, a significant conclu-
sion from this study is that effectively targeting mo-
lecular inflammation mediators demands a thorough
comprehension of the dynamic inflammatory process
and the involvement of these mediators in its various
stages. Despite significant advances, our under-
standing of cardiac immunity remains incomplete,
highlighting a significant gap in achieving safe
and effective treatments for patients with heart
inflammation.
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