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EDITORIAL

Macrophages
Potential Therapeutic Target of Myocardial Injury in COVID-19

Masataka Nishiga , Joseph C. Wu

Myocardial injury is a common phenomenon in coro-
navirus disease 2019 (COVID-19).1 Initial clinical 
studies in China and later in the United States 

found that >30% of hospitalized patients with COVID-
19 had myocardial injury as evidenced by elevated car-
diac troponin I levels,2–4 and the elevation of troponin was 
associated with a higher risk of mortality.2–4 Although 
several mechanisms have been hypothesized, including 
direct infection of SARS-CoV-2 (severe acute respiratory 
syndrome coronavirus 2) to cardiomyocytes5–7 leading to 
fulminant myocarditis, hypercoagulable state in a cytokine 
storm leading to vascular injuries such as coronary artery 
occlusion or microvascular thrombi,8 stress-induced car-
diomyopathy,1,9,10 or type II myocardial infarction by sup-
ply-demand mismatch,1,9,10 the precise mechanisms are 
unclear and therapeutic targets to prevent or alleviate 
myocardial injury in COVID-19 are unknown.

Article, see p 33

In this issue of Circulation Research, Yang et al11 iden-
tified 2 drug candidates, ranolazine and tofacitinib, which 
can alleviate macrophage-mediated hyper-inflammation 
and myocardial injury in COVID-19 using clinical samples 
of COVID-19 patients and a coculture platform contain-
ing human pluripotent stem cell–derived cardiomyocytes 
and macrophages. First, by comparing RNA-seq (RNA-
sequencing) data of autopsy heart samples from non–
COVID-19 donors and COVID-19 patients, the authors 
found that the expression of CCL2 (C-C motif chemokine 
ligand 2), a well-known chemoattractant for migrating 
macrophages, was significantly up-regulated in COVID-19 

hearts. Upregulation of CCL2 in the COVID-19 hearts 
were also confirmed at a protein level by immunostain-
ing. Second, to explore the interaction between cardio-
myocytes and macrophages, they utilized a coculture 
platform containing human pluripotent stem cell-derived 
cardiomyocytes and macrophages. They found that macro-
phages secrete IL (interleukin)-6 and TNF (tumor necrosis 
factor)-α after exposure to SARS-CoV-2, leading to reac-
tive oxidative species production and apoptosis of cardio-
myocytes. Third, to identify compounds that could abrogate 
macrophage-mediated reactive oxidative species produc-
tion in cardiomyocytes, they performed a drug screening 
on their co-culture platform with a library of 1280 FDA 
(United States Food and Drug Administration)-approved 
drugs. One of the hits from the screening was ranolazine (a 
selective late-sodium current inhibitor used to treat chronic 
angina), and another was tofacitinib (a JAK [Janus kinase] 
inhibitor used to treat rheumatoid arthritis, psoriatic arthritis, 
and ulcerative colitis). The 2 drugs were confirmed to allevi-
ate reactive oxidative species production and apoptosis in 
cardiomyocytes either by blocking IL-6 and TNF-α expres-
sion in macrophage (tofacitinib), inhibiting JAK-STAT (JAK-
signal transducer and activator of transcription) pathway in 
cardiomyocytes (tofacitinib), or lowering reactive oxidative 
species levels in cardiomyocytes (ranolazine; Figure).

An important aspect of this study is that it is not focus-
ing on the impact of direct infection to cardiomyocytes 
by SARS-CoV-2 but on inflammation-induced or mac-
rophage-mediated myocardial injury because the myo-
cardial injury often seen in COVID-19 is more likely due 
to indirect consequences of systemic inflammation or a 
cytokine storm than due to direct infection to cardiomyo-
cytes. Although there are several reports showing that 
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SARS-CoV-2 could infect human pluripotent stem cell–
derived cardiomyocytes in vitro,5–7 and also human hearts 
directly in a small number of patients,1,7 the viral RNA or 
viral particles of SARS-CoV-2 are not typically detected in 
patients’ hearts in autopsy studies.12–14 Thus, direct infec-
tion of cardiomyocytes by SARS-CoV-2 is possible but 
rare in COVID-19 patients,13 which would not explain why 
as much as 30% of patients show myocardial injury. This 
suggests that systemic inflammation or a cytokine storm 
following the infection in respiratory organs is playing an 
important role in developing cardiovascular complications. 
This study by Yang et al11 focused on the indirect path-
way, in which the upregulated expression of CCL2 in the 
heart (likely expressed by cardiomyocytes) attracts macro-
phages, leading to myocardial injury through secretion of 
IL-6 and TNF-α. Another study by Mills et al15 recently pub-
lished in Cell also investigated the mechanisms of inflam-
mation-induced cardiac dysfunction in COVID-19 using 
cardiac organoid models and showed that cardiac organ-
oids treated with a combination of IL-1B, INF (interferon)-
γ, and poly(1:C) are a promising platform that could mimic 
myocardial injury caused by COVID-19 cytokine storm. 
Using stem cell–derived cells and coculture systems or 
organoid models, these 2 studies identified potential drugs 

that could prevent or improve myocardial injury in COVID-
19, including ranolazine, tofacitinib,11 and BET (bromodo-
main and extra-terminal motif) inhibitors.15 With the lack of 
animal models on development of myocardial injury after 
SARS-CoV-2 infection, the human stem cell-based plat-
forms used by these studies are attractive ways to study 
the mechanisms of myocardial injury in COVID-19 and 
perform drug screening.

There are several remaining questions to be further stud-
ied. First, it is unknown whether there are any unique mech-
anisms in COVID-19 responsible for myocardial injury in up 
to 30% of hospitalized patients. Although the mechanism of 
cardiac injury through macrophage-mediated inflammation 
is a novel finding in COVID-19,11 the signaling molecules 
identified in this study were CCL-2, IL-6, and TNF-α, which 
are common proinflammatory cytokines generally seen in 
many types of inflammation. Other alternative mechanisms 
may also play important roles in COVID-19–induced myo-
cardial injury because the frequency or extent of myocar-
dial injury in COVID-19 is likely higher than that of other 
infectious diseases such as influenza or sepsis. Second, 
non-cardiomyocytes in the heart such as endothelial cells, 
smooth muscle cells, and fibroblasts also may be affected 
by the indirect effect of SARS-CoV-2 infection, including 

Figure. Indirect effect of coronavirus disease 2019 (COVID-19) on the heart through macrophage-mediated inflammation.
COVID-19 causes myocardial injury through either direct infection or indirect inflammation-mediated pathways. Using a coculture system of 
cardiomyocytes (CMs) and macrophages, Yang et al11 demonstrated macrophage-mediated cardiac damage by SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2). Tofacitinib and ranolazine are the 2 candidate drugs identified in this study that can alleviate this process 
by (1) inhibiting IL (interleukin)-6/TNF (tumor necrosis factor)-α production in macrophages (tofacitinib), (2) inhibiting JAK-STAT (JAK-signal 
transducer and activator of transcription) pathway in CMs (tofacitinib), or (3) inhibiting reactive oxidative species (ROS) production in CMs 
(ranolazine). Figure created with BioRender.com. 
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the macrophage-mediated inflammation and cytokine 
storms. These non-cardiomyocytes may contribute to the 
impaired cardiac function in patients with COVID-19. Third, 
it is also important to assess whether other organs could 
be damaged by the macrophage-mediated inflammation 
in COVID-19. Similar to the first point, the macrophage-
mediated inflammation is commonly seen in many types 
of inflammatory diseases or conditions in other organs. 
Because COVID-19 develops diverse manifestations in 
many types of organs,1 the mechanism described in this 
study or unknown indirect effects could damage other 
organs, including brain, kidney, liver, arteries, etc

In conclusion, this work by Yang et al11 identified 2 can-
didate drugs that could alleviate the myocardial injury in 
COVID-19 by inhibiting the macrophage-mediated inflam-
mation. It is important to study how infectious diseases 
such as COVID-19 and influenza cause cardiovascular 
damage through systemic inflammation or cytokine storms, 
because unknown pathogens that could lead to future 
pandemics may also provoke critical cardiovascular com-
plications as we have seen with COVID-19 in the past year.
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