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Soluble guanylate cyclase (sGC) stimulator vericiguat
alleviates myocardial ischemia-reperfusion injury by improving
microcirculation
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Background: This study aimed to verify the effect of soluble guanylate cyclase (sGC) stimulator vericiguat
on myocardial ischemia-reperfusion injury and explore its mechanism.

Methods: A myocardial ischemia-reperfusion injury model of mice was established and intravenous
administration was performed 2 minutes before reperfusion. Triphenyltetrazolium chloride (TTC) staining
and echocardiography were used to verify the effect of vericiguat on myocardial ischemia-reperfusion injury
in the infarct area, and immunofluorescence was used to observe myocardial pathological changes at different
time points after reperfusion. Quantitative proteomics was conducted to analysis the main differentially
expressed proteins after drug intervention. The distribution of endothelial cells and sGC after myocardial
ischemia-reperfusion injury in mice was observed by immunofluorescence. RNA sequencing of endothelial
cells was used to search for differentially expressed molecules. Thioflavin-S staining was used to observe
the effect of vericiguat on improving the nonrecurrence phenomenon and reducing the infarct size after
reperfusion.

Results: The effect of the sGC stimulator vericiguat on myocardial ischemia-reperfusion injury was
verified, and myocardial microcirculation significantly increased after drug intervention. Quantitative
proteomics found that the protein expression of myocardial tissue in the ischemia-reperfusion area was
not significantly different in the drug intervention group, except for increased adenosine triphosphate
(ATP) activity. Vericiguat, nitroglycerin, and nitrite did not directly affect apoptosis or cell viability. RNA
sequencing of human umbilical vein endothelial cells screened the upregulated antioxidant response.
Conclusions: SGC stimulator vericiguat ameliorated myocardial ischemia-reperfusion injury through

indirect pathways of improving microcirculation.
Keywords: Nitric oxide (NO); cyclic guanosine monophosphate (cGMP); oxidative stress; ischemia-reperfusion

injury
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Introduction

Despite significant advances in surgery and drug therapy in
recent years, ischemic heart disease remains a leading cause
of death worldwide (1-3). A reduction in myocardial oxygen
supply due to thrombosis caused by coronary atherosclerotic
plaque leads to cardiac tissue damage and subsequent
biochemical and metabolic changes that ultimately lead to
myocardial cell death (4-6). When the coronary artery is
completely occlusive, cell death is further intensified and
coronary artery microcirculation is significantly reduced,
resulting in severe structural and functional disorders and
acute myocardial infarction (AMI). Currently, reperfusion
therapy is considered to be the most effective intervention
to reduce infarct size and improve clinical outcomes,
among which the most classical are percutaneous coronary
intervention (PCI) and surgical coronary artery bypass
grafting (CABG), which are the gold standard therapies for
restoring blood flow.

Paradoxically, however, rapid restoration of blood
flow induces myocardial cell death and increases infarct
size, thereby reducing the beneficial effects of early
revascularization (5,7-9). Ischemia-reperfusion injury
occurs during coronary revascularization. Numerous
studies have shown that increased reactive oxygen species
(ROS) [including superoxide (O27), hydrogen peroxide
(H,0,), hydroxyl radical (OH), etc.] and reactive nitrogen
(RNS) [including nitrogen dioxide radical (NOO"),
peroxynitrite anion (ONOQ"), etc.] induced by oxidative
stress during ischemia-reperfusion is the main cause of
the pathophysiological process of myocardial ischemia-
reperfusion injury (10,11).

Nitric oxide (NO) is a small signal molecule that can pass
freely through the biological barrier and plays an important
role as a messenger and effector in the cardiovascular
system (12,13). Researchers have proposed the strategy
of exogenous NO to expand blood vessels and reduce the
production of reactive nitrogen. Animal experiments have
confirmed the effectiveness of NO donor, such as organic
nitrates and nitrites, in alleviating myocardial ischemia-
reperfusion injury (14,15). These drugs may reduce
infarct area and improve cardiomyocyte survival rate by
reducing platelet aggregation, alleviating inflammation,
and reducing oxidative stress (16-20). Although many
animal experiments have confirmed that nitrite drugs can
protect against myocardial ischemia-reperfusion injury, the
clinical trial results of these drugs are not ideal, and their
efficacy in patients with acute coronary syndrome (ACS)
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is still uncertain. The primary endpoint and all secondary
endpoints of the 2 human trials of nitrite as a pretreatment
agent were negative (21-23).

Recently, soluble guanylate cyclase (sGC) agonists and
stimulators have been developed and applied to improving
the prognosis of patients with heart failure with reduced
ejection fraction (EF). The largest clinical study of sGC
stimulators/agonists is the Vericiguat Global Study in
Subjects with Heart Failure with Reduced Ejection Fraction
(VICTORIA) study (24-27). As a phase III clinical trial, the
study involved 5,050 patients, the median follow-up time was
10.8 months, and cardiovascular death and hospitalization
rates were reduced by 3%. Based on the results of the
VICTORIA study, vericiguat was officially approved by the
U.S. Food and Drug Administration in January 2021 for
patients with heart failure with reduced EF.

Considering that patients require drugs before PCI or
at the same time, and the myocardial tissue is generally
in a state of hypoxia and reduced sGC is common, sGC
stimulators may be better than sGC agonists. This study
aimed to verify the protective effect of sGC stimulator
vericiguat on myocardial ischemia-reperfusion injury,
compare whether its effect was better than traditional NO
donors, and explore the specific mechanism of vericiguat
in improving myocardial ischemia-reperfusion injury.
We present the following article in accordance with the
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2583/rc).

Methods
Animals

The animals used in this experiment were adult male
C57BL/6 mice. The mice were raised in a clean animal
enclosure, with a constant temperature of 22 °C, free access
to food and water, and a 12/12-hour alternating day and
night cycle. All animal experiments were approved by the
animal ethics committee of Zhongshan Hospital, Fudan
University (Ethical Approval No. 2020-091) and were
carried out in accordance with the Guide for the Care and
Use of Laboratory Animals, 8th edition. A total of 27 adult
male C57BL/6 mice were randomly divided into a control
group, ischemia-reperfusion group, and vericiguat group
for tandem mass tag (TMT) protein mass spectrometry. A
further 18 adult male C57BL/6 mice were randomly divided
into the same 3 groups for triphenyltetrazolium chloride

(T'TC) staining.
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Myocardial ischemia-reperfusion model

The mice were anesthetized with isoflurane and fixed on a
board. Ethanol (75%) was used to disinfect the chest area of
the mice, the skin was cut, the pectoralis major and pectoralis
minor muscles were separated in turn, vascular forceps were
inserted at the most obvious place of heart beat, and the
heart was opened. A needle was inserted 2 mm below the left
atrial appendage, an area with a width of about 4 mm was
ligated from left to right, and 2 cm of loose knot thread was
left outside the thoracic cavity to facilitate release during
reperfusion. The incision was sutured with a purse string,
and the mice were placed on a constant temperature heating
pad. After 30 minutes, the ligation coil was loosened with
the reserved thread head, the wound was sutured, and the
mice were returned to the enclosure.

Quantitative proteomics

After the mice were anesthetized with 3% Pentobarbital, we
cut off the thoracic cavity to expose the heart, disconnect
the abdominal aorta, inject S5ml PBS solution into the
left ventricle, disconnect the heart above the auricle after
washing completely, carefully peel off the left and right
atrium and right ventricle, and soak them in precooled
saline. The myocardial tissue below the ligation point
was then cut off and put into the liquid nitrogen tank for
preservation. The tissues were then detected by quantitative
proteomics after fermentation desalination, sample labeling,
fractionation and other steps. It should be noted that in
proteomic analysis, a single sample requires about 100 mg
of myocardial tissue, while the myocardial tissue below the
ligation site of a single mouse is about 30mg. Therefore,
in practice, we combined the myocardial tissue of the
ischemia-reperfusion area of three mice in the same group
into one sample.

Measuring of cyclic guanosine monophbosphate (cGMP)
concentration

Concentration of cGMP in both tissue and cells in vitro
was measured by cGMP Direct Immunoassay Kit (Abcam,
Cambridge, MA, USA).

Cardiac ultrasound

The mice were depilated preoperation and 1 week, 2,
and 3 weeks postoperation. The mice were anesthetized
and placed on a heating plate. The parasternal long-axis
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section was visualized in the precordial area of mice with
a small animal ultrasonic probe, the M-type section image
was obtained at the most obvious position of mitral valve
opening and closing, and the B-type section image was
recorded. EF and fractional shortening (FS) values were
calculated.

TTC and Evans blue staining

After anesthesia, the mice were fixed on a board, the heart
was exposed, the previously reserved thread was located
and tied, and 0.5 mL Evans blue staining solution was
injected through the left ventricle with a 1 mL needle into
the apex of the heart. The heart was kept at =20 °C in a
refrigerator for 1 hour and then sliced below the ligation
point. Preprepared 2% TTC dye was added, the slices were
incubated at 37 °C in the dark for 30 minutes, and then fixed
with 4% paraformaldehyde.

Isolation of cardiac myocytes

Cardiac myocytes were isolated by a simplified,

Langendorff-free method (28).

Statistical analysis

Results are presented as mean = standard error of mean
(SEM). Comparisons between 2 groups were made using
Student’s ¢-test, and data obtained from multiple groups
were compared using ANOVA. P value less than 0.05 was
considered significant. GraphPad Prism 8.0 (GraphPad
Prism Software Inc., San Diego, CA, USA) and SPSS 18.0
for Windows (SPSS, Inc., Chicago, IL, USA) were used for

statistical analysis.

Results

Difference of protein levels between normal myocardium
and ischemic myocardium in mouse myocardial ischemia-
reperfusion injury model

In order to investigate the changes of protein level in
myocardial tissue of mice during ischemia-reperfusion
myocardial injury, we analyzed the protein expression in
myocardial tissue of the experimental group and control
group with TM'T protein mass spectrometry. Proteomics
analysis demonstrated that expression of most molecules
was generally upregulated (Figure 14), which indicated
that in the early stage of ischemia-reperfusion injury, the
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Figure 1 Quantitative proteomic analysis of myocardial tissue after ischemia-reperfusion in mice. (A) Global analysis clustering heat map.
(B) GO analysis of cell component enrichment (biological process); red is extremely significant enrichment (P<0.01), yellow is enrichment
(0.05>P>0.01). (C) KEGG pathway enrichment analysis. (D) Directed acyclic diagram of Reactome enrichment pathway. (E) Schematic

diagram of interaction network. IR, ischemia-reperfusion group; Con, control group; IR-V, operation + drug intervention group; GO, Gene

Ontology; ID, identification; KEGG, Kyoto Encyclopedia of Genes and Genomes.

myocardial tissue was in a relatively “excited” state. Gene
Ontology (GO) analysis showed that the upregulated
proteins were concentrated in biological processes such
as protein kinase activity, cell differentiation, collagen
biosynthesis, platelet activation, and cell adhesion, among
which the enhancement of protein kinase activity was the
most obvious (Figure 1B). Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis
focused on the activation of complement and coagulation
systems (Figure 1C). Reactome enrichment pathway analysis
and interaction grid analysis did not find significantly
upregulated pathways or core molecules (Figure 1D,1E). The
main reason is that the myocardial tissue in the myocardial
ischemic area of a single mouse (about 30-40 mg) could not
meet the requirements of quantitative proteomics analysis
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(at least 100 mg), so we have to use the myocardial tissue of
three mice as one sample, which increased the confounding
factors and may cause a certain bias. Secondly, in addition to
cardiomyocytes, the tissue of myocardial ischemic area still
contained other cells such as endothelial cells, neutrophils,
smooth muscle cells, fibroblasts and so on. Although
cardiomyocytes made up most of the ischemic tissue, it may
still cause some deviation. These results suggested that the
occurrence and development of myocardial reperfusion
injury was closely related to the enhancement of protein
kinase activity. Considering that the NO-cGMP-protein
kinase G (PKG) pathway is an important pathway affecting
protein kinase activity, and nitrates play an important role
in the treatment of ACS, we then focused on NO and its
downstream molecules.
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Dynamic changes of the NO-cGMP-PKG pathway and
its downstream molecules at different time points of

reperfusion

Considering the effect of NO on protein kinase function
and the important role of the NO-cGMP-PKG pathway in
the treatment of ACS, we measured the dynamic changes
of ¢cGMP and its downstream molecules at different
time points of myocardial ischemia-reperfusion in mice
using Western blot and quantitative reverse transcription
polymerase chain reaction (RT-qPCR). The results showed
that the expression of molecules of the NO-cGMP-PKG
pathway were significantly upregulated from 3 to 6 hours
after reperfusion (Figure 24). The Western blot results of
GUCY1B3, the core molecule of sGC, were consistent
with the PCR results (Figure 2B,2C). The cGMP levels
measured by cGMP kit at different time points also
verified the above results, and the upregulation was most
obvious 6 hours after reperfusion (Figure 2D). Considering
the role of NO and the use of related drugs in ACS, we
speculated that the molecules related to the NO-cGMP-
PKG pathway increased in a compensatory way and played
a protective role in the process of myocardial ischemia-
reperfusion in mice. The cGMP level and NO-cGMP-PKG
pathway-related molecules decreased gradually at 12 and
24 hours of reperfusion and then remained at a relatively low
level.

Vericiguat could reduce infarct size and improve cardiac
function after myocardial ischemia-veperfusion injury

Firstly, we determined the drug concentration of vericiguat
used in the experiment. The safety of vericiguat 10 mg
once daily in patients with heart failure and reduced EF
had been verified by VICTORIA study. The safety of other
dosages in patients has not been tested in clinical practice.
And concentration of 0.01 to 100 pM iz vitro and 3 to
10 mg/kg in animal models is usually used and is basically
safe. Because the main function of vericiguat is to stimulate
the sGC receptor, enhance its stability after binding with
NO, and promote the production of cGMP, we tested the
ability of vericiguat to promote the increase of cGMP at
different concentrations iz vivo and in cardiomyocytes
(Figure 34). The effect of vericiguat on cGMP was notable
at a concentration of 1 pM 7z vitro and 3 mg/kg in mice.
And thus the concentration of vericiguat in this study was
chosen. TTC staining showed that vericiguat significantly
increased the area of viable myocardium, suggesting that
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vericiguat significantly alleviated myocardial ischemia-
reperfusion injury in mice, and its effect could be blocked
by endothelial NO synthase (eNOS) inhibitor NG-nitro-L-
arginine-methyl ester (L-NAME) (Figure 3B-3D). Cardiac
ultrasound also confirmed this result (Figure 3E-3G). The
left ventricular EF and left ventricular short axis FS in the
treatment group were significantly better than those in the
control group from 1 week to 3 weeks postoperation.

Vasodilation of myocardial microcirculation in acute/
subacute phase after ischemia-reperfusion injury

In order to explore the specific mechanism of vericiguat in
improving myocardial ischemia-reperfusion injury in mice,
wheat germ agglutinin (WGA) staining was performed
6 hours and 4 days postoperation. Microcirculation
blockage is an important pathological manifestation
of myocardial ischemia-reperfusion injury. The results
showed that the morphology of myocardium in the
control group was complete 6 hours after reperfusion; the
myocardial morphology was disordered, and the number
of cardiomyocytes decreased significantly in the ischemia-
reperfusion injury group; and in the drug intervention
group, there was notable opening of myocardial
microcirculation and relatively complete morphology of
cardiomyocytes (Figure 4). The staining results on the
4™ day postoperation showed that a large number of
capillaries were opened in both the ischemia-reperfusion
injury group and drug intervention group, while the
microvessel density was greater and the myocardial
morphology was more complete in the drug intervention
group. Through the above immunofluorescence images,
the obvious effect of vericiguat on expanding myocardial
microcirculation in the acute and subacute stages of
myocardial ischemia-reperfusion injury could be seen.

Quantitative proteomics to explore the effect of vericignat
on cardiomyocytes

In order to explore the specific mechanism of vericiguat
in reducing the infarct area in mice model of myocardial
ischemia-reperfusion injury, we conducted quantitative
proteomic analysis of the myocardial tissue in the ischemia-
reperfusion area of mice in the vericiguat intervention
group and simple operation group. The results showed
that compared with the simple operation group, there
was no significant difference in protein expression of
myocardial tissue of the ischemia-reperfusion area in the
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Figure 2 Dynamic changes of nitric oxide and its downstream molecules at different time points of myocardial ischemia-reperfusion in
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changes of cGMP content in mouse myocardial tissue at different times of ischemia-reperfusion. *P<0.05. Con, control group; cGMP, cyclic

guanosine monophosphate; mRNA, messenger RNA; NO, nitric oxide; PKG, protein kinase G; sGC, soluble guanylate cyclase.
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Figure 3 Effects of vericiguat on infarct size and cardiac function after myocardial ischemia-reperfusion injury. (A) Effects of different

concentrations of vericiguat on ¢cGMP (n=4). (B-D) Calculation of myocardial risk area and infarct area after TTC staining (n=6).

(E-G) Cardiac ultrasound at 1 week after operation, left ventricular ejection fraction and left ventricular short axis shortening fraction

before operation, 1, 2, and 3 weeks (n=6). *P<0.05. cGMP, cyclic guanosine monophosphate; H/R, hypoxia/reoxygenation; IR, ischemia-

reperfusion group; Con, control group; IF/AAR, infarct area/area at risk; AAR/LV; area at risk/left ventricular; NS, no statistical difference;
I/R, ischemic/reperfusion; DMSO, dimethyl sulfoxide; TTC, triphenyltetrazolium chloride.

drug intervention group [except for the enhancement of
adenosine triphosphate (ATP) function] (Figure 5). Since the
enhancement of ATP activity and binding ability is more
the result than the cause of alleviating myocardial ischemia-
reperfusion injury, we concluded that administration of
vericiguat could not directly intervene in the biological
function of myocardial tissue in the ischemia-reperfusion
area, but it improved myocardial ischemia-reperfusion
injury through some indirect way.

Direct effect of vericiguat on cardiomyocytes in vitro

Based on quantitative proteomic analysis of myocardial
tissue in the mouse myocardial ischemia-reperfusion
area, we found that in addition to ATP function, the
protein expression of myocardial tissue in the ischemia-
reperfusion area in the vericiguat intervention group
was not significantly different from that in the simple
operation group. Therefore, we speculated that vericiguat

© Annals of Translational Medicine. All rights reserved.

drug intervention could improve myocardial ischemia-
reperfusion injury through indirect ways, and that it had no
direct effect on the biological function of myocardial tissue
in the ischemia-reperfusion area.

Therefore, in the next experiment, we used AC16 cells
and adult mouse primary cardiomyocytes to establish an in
vitro hypoxia/reoxygenation model (hypoxia for 6 hours/
reoxygenation for 1 hour) and compare the effects of
vericiguat with traditional NO donor on cardiomyocyte
apoptosis and cell viability i vitro.

We found that in the hypoxia/reoxygenation model of
ACI16 cells cultured in vitro, the intervention of vericiguat
could not directly reduce apoptosis, and the classic anti-
ischemic drug nitroglycerin could not reduce the apoptosis
of cardiomyocytes either (Figure 6A4). In the hypoxia/
reoxygenation model of primary cardiomyocytes of adult
mice, vericiguat could not directly affect the survival rate
of cardiomyocytes (Figure 6B). Similarly, nitroglycerin
and nitrite could not directly affect the survival rate of
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Figure 4 Myocardial morphology of ischemia-reperfusion area 6 hours and 4 days after reperfusion. Blue fluorescence, DAPI; red

fluorescence, WGA. I/R, ischemic/reperfusion; DAPI, 4',6-diamidino-2-phenylindole; WGA, wheat germ agglutinin.

cardiomyocytes. In addition, vericiguat and NO donor
drugs could not directly affect the ATP concentration of
primary cardiomyocytes in mice (Figure 6C). This was
consistent with the results of quantitative proteomics in
the previous step, which once again verified that vericiguat
could not directly interfere with the biological function of
myocardial tissue in the ischemia-reperfusion area.

Distribution of sGC after ischemia-reperfusion injury

In contrast to traditional nitrates or nitroglycerin, sGC
stimulators can have an effect on muscle cells and also
directly on endothelial cells. We selected different time
points (6 hours and 1 day) after myocardial ischemia-
reperfusion in mice and found that on the basis of the
proliferation of myocardial microvascular endothelial
cells, the expression of sGC increased significantly after
myocardial ischemia-reperfusion in mice (Figure 7). SGC
was widely expressed in cardiomyocytes and endothelial
cells, but its distribution was more concentrated in
endothelial cells. This indicated that sGC stimulator

© Annals of Translational Medicine. All rights reserved.

had mostly direct effects on endothelial cells, which was
consistent with our previous speculation. The proliferation
and spread of endothelial cells after myocardial ischemia-
reperfusion injury in mice also reflected the possibility of
vericiguat acting on myocardial microvascular endothelial
cells to indirectly alleviate myocardial ischemia-reperfusion

injury.

Discussion

There have been many studies on the pathophysiological
process of myocardial ischemia-reperfusion injury
and its related therapeutic targets, including ischemic
preconditioning/postconditioning, inhibition of MPTP
opening, apoptosis, circadian rhythm, energy metabolism,
Ca’ imbalance and extracellular vesicles (29-31). Some
studies have achieved good results, but they are still rarely
transformed into specific therapeutic measures in the
clinical field (32-34). Since NO is an important therapeutic
target and NO donors including nitroglycerin and
isosorbide mononitrate have been used clinically to alleviate

Ann Transl Med 2022;10(12):662 | https://dx.doi.org/10.21037/atm-22-2583
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Figure 5 Quantitative proteomic results of myocardial ischemic region after intervention with vericiguat. (A) Volcano plot. (B) KEGG
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AMI for many years, researchers have been focusing on
regulating the production of NO by NO donors to improve
myocardial ischemia-reperfusion injury. Previous studies
have shown that the lack of NO synthase can lead to
spontaneous myocardial infarction and the aggravation of
myocardial ischemia-reperfusion injury (35-37).

NO, a small volatile signaling molecule that belongs to
the so-called “gas transporter” class, plays an important role
as a messenger and effector in the cardiovascular system.
Many teams have studied the use of NO donors to improve
the bioavailability of NO after myocardial ischemia.
Animal experiments of NO donors have confirmed the
effectiveness of nitrate and nitrite in reducing myocardial
ischemia-reperfusion injury by function of anti-platelet
aggregation, anti-inflammatory, reducing oxidative stress,
anti-arrhythmia and anti-apoptosis (38-40). However, the
results of clinical trials are still inconclusive and the outlook

© Annals of Translational Medicine. All rights reserved.

remains uncertain. The results of clinical studies show
that there are certain defects in the application of simple
NO donors in myocardial ischemia-reperfusion injury.
Considering the contradiction between animal experiments
and clinical trials, we suspect that NO is insufficient in
the early stage of myocardial ischemia-reperfusion injury.
Moreover, excess NO can easily form superoxide nitrite
particles with negative oxygen ions, which will aggravate
oxidative stress (41-43). Thus, we conducted a series of
experiments to test this hypothesis.

This study demonstrated that the cGMP level of
myocardial tissue in the ischemic reperfusion area
experienced first an obvious rise and then decline after
injury, and the downstream molecules of the NO-cGMP-
PKG pathway also experienced the same change, which
was most significant at 6 hours. The level of cGMP and the
downstream molecular expression level of the NO-cGMP-
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PKG pathway then decreased gradually. These findings
verified our theory that NO was not lacking in the initial
stage of myocardial ischemia-reperfusion injury. Compared
with NO donors, sGC stimulants-Vericiguat can enhance
the function of NO by stabilizing sGC conformation and
enhancing its binding ability with NO, while it does not
influence the production of NO (44). We then demonstrated
that the sGC stimulator vericiguat was superior to NO
donor nitrite or nitroglycerin in the protection of ischemia-
reperfusion injury. According to the results of our research,
the novel oral sGC stimulant Vericiguat used 2 minutes
before revascularization may reduce the infarct size after
ligation of left anterior descending branch in mice. Thus
we think it may be a potential clinical therapeutic method
in the occurrence of AMI to alleviate myocardial ischemia-
reperfusion injury.

When searching for the mechanism of action, we found
that there was no significant difference in the expression of
myocardial tissue protein in the drug intervention group
compared with the surgery group alone, which was unusual
and suggested that the sGC stimulator vericiguat must have
involved other mechanisms to improve myocardial ischemia-
reperfusion injury. Unlike traditional nitrates, which must
be activated via smooth muscle cells, the sGC stimulator
vericiguat also acted on endothelial cells, which proliferated
significantly in anoxic environments. These results indicated
that due to the specialization of its structure and function,
cardiomyocytes could not process complex biological
signals, and myocardial microvascular endothelial cells may
have played a role in mediating cardiomyocytes to detect
the external environment and respond accordingly. Thus,
after verifying the high expression of sGC in endothelial
cells, messenger RNA (mRNA) sequencing will be
performed in further experiments to explore how vericiguat
acts on endothelial cells.

Our study had some limitations. Firstly, as the
myocardial tissue in the myocardial ischemic area of a single
mouse cannot meet the quality requirements of quantitative
mass spectrometry analysis, we had to use the myocardial
tissue in the myocardial ischemic area of 3 mice as a sample,
which may have increased confounding factors and caused
certain bias. Secondly, in addition to cardiomyocytes, the
tissue of the myocardial ischemic area contained other cells,
including myofibroblasts, endothelial cells, vascular smooth
muscle cells, nerves, and neurons. Cardiac mitophagy
also plays an important role in the pathological process of
myocardial ischemia-reperfusion injury. Whether vericiguat
may enhance cardiac mitophagy and reduce the production

© Annals of Translational Medicine. All rights reserved.
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of ROS needs to be further studied.
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