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Purpose: Endothelial-to-mesenchymal transition (EndMT) is an important mechanism underlying cardiac fibrosis. The anti-ischemic
drug trimetazidine (TMZ) is reportedly useful in ventricular remodeling and associated with NADPH oxidase (NOX) 2. This study
aimed to investigate the possible effect of TMZ on cardiac fibrosis exerted via the inhibition of NOX2-mediated EndMT.
Methods: A cardiac fibrosis model was established in Sprague-Dawley rats through a subcutaneous injection of isoproterenol (ISO,
5 mg/kg/d). Echocardiographic parameters, myocardial fibrosis, NOX2 expression and EndMT were assessed. An in vitro model of
EndMT was developed using human umbilical vein endothelial cells (HUVECs) via treatment with transforming growth factor-f8
(TGF-B) at 10 ng/mL for 24 h. HUVECs were administrated with TMZ or TMZ and lentivirus, the expression of EndMT and related
proteins was observed by wound healing assay, immunoblotting, and immunofluorescence.

Results: Rats injected with ISO exhibited severe interstitial cardiac fibrosis and perivascular fibrosis, decreased left ventricular
ejection fraction, and increased NOX activity. TMZ treatment mitigated cardiac fibrosis, ameliorated left ventricular dysfunction, and
reduced NOX activity. In addition, TMZ effectively inhibited EndMT in ISO-treated rat hearts and TGF-B-treated HUVECsS, as
manifested by increased CD31 expression, decreased a-SMA expression, and suppressed cell migration. Compared with the control
group, the expression of NOX2, nuclear factor-kB (NF-kB), and Snail was increased in vivo and in vitro but decreased with TMZ
treatment. Furthermore, the overexpression of NOX2 by lentivirus abolished the protective effects of TMZ on TGF-B-induced EndMT.
Conclusion: TMZ may ameliorate EndMT and ISO-induced cardiac fibrosis through the NOX2/NF-«kB/Snail pathway. The findings
of the study may provide new insights into the potential role of TMZ in the pathophysiology of cardiac fibrosis.
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Introduction

Myocardial fibrosis, characterized as interstitial fibroblast proliferation and excessive collagen deposition, is the
structural basis of myocardial stiffness and the key process of cardiac function transformation from the compensatory
phase to heart failure.' Thus, it is imperative to understand the mechanisms involved in inhibition of myocardial
fibrosis.

Cardiac fibroblasts are generally the primary effector cells of fibrosis and have been reported to be partly derived
from cardiac endothelial cells through the endothelial to mesenchymal transition (EndMT) process.” EndMT is a process
by which endothelial cells lose a portion of their cellular features and obtain the mesenchymal phenotype, including the
loss of tight junctions and increased production of extracellular matrix. Recently, EndMT has been increasingly
recognized as a vital process that contributes to various cardiovascular pathologies in adults, which include athero-
sclerosis, valvular heart disease, cardiac fibrosis, and myocardial infarction. EndMT reportedly promoted cardiac fibrosis,
as evidenced by a lineage-tracking quantitative analysis that demonstrated that 27-35% of fibroblasts in cardiac fibrosis

Drug Design, Development and Therapy 2022:16 2517-2527 2517
Received: 1 February 2022 © 2022 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

Accepted: 23 July 2022
Published: 3 August 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Chen et al Dove

tissues are derived from endothelial cells.? In the fibrotic hearts of patients with chronic kidney disease, nearly 20% of
the fibroblasts were transformed via EndMT.?

Previous evidence suggests that the progression of cardiac remodeling and ventricular contractile dysfunction in
patients with ischemic cardiomyopathy is a consequence of substrate metabolism disorder.* Trimetazidine (TMZ) is an
anti-anginal agent that reduces the oxidation rate of free fatty acids by inhibiting mitochondrial long-chain 3-ketoacyl
CoA thiolase, which stimulates the heart to utilize glucose oxidation for energy supply and optimization of energy
metabolism.” Standard use of TMZ effectively relieves the clinical symptoms of patients with ischemic heart disease.®®
TMZ has also been reported to improve cardiomyocytes’ tolerance to hypoxia without affecting the hemodynamics, left
ventricular dimensions, and left ventricular ejection fraction (LVEF) in ischemic cardiomyopathy.”'® Furthermore, TMZ
exerts cardioprotection in non-ischemic etiologies such as idiopathic dilated cardiomyopathy and diabetic
cardiomyopathy.''"'? Recent evidence shows that the early use of TMZ delays the incidence and development of cardiac
fibrosis in rat models of diabetic cardiomyopathy,'? which suggests that the beneficial actions of TMZ on the heart may
not only affect cardiomyocytes but also non-cardiomyocytes. Although some studies have evidence that TMZ inhibits
cardiac fibrosis, its role as an anti-fibrotic through EndMT has not yet been elucidated.

NADPH oxidase (NOX) enzymes play an important role in tissue remodeling as demonstrated by their involvement
in epithelial to mesenchymal transition (EMT) and organ fibrosis.'* '® The primary function of NOX proteins, a family
of heme-containing proteins, is to transport electrons from NADPH to oxygen, which results in the formation of reactive
oxygen species (ROS).!” Previous studies have also elaborated on the role of NOX2 in the pathophysiology of allograft
tubulointerstitial fibrosis mediated via EMT activation.'® TMZ prevents diabetes-induced left ventricular hypertrophy and
fibrosis by inhibiting NOX2/TRPC3-induced oxidative stress.'® Thus, this study sought to investigate whether TMZ
affects cardiac fibrosis through NOX2-mediated EndMT.

Materials and Methods
Animal Model

Male Sprague-Dawley rats (6-week-old) were obtained from the Shanghai Experimental Animal Center. The rats were
randomly assigned to three groups (n = 10 per group): (1) control, (2) isoproterenol (ISO, 5 mg/kg/day), and (3) ISO +
TMZ (15 mg/kg/day). The rats were subcutaneously injected with ISO (16504, Sigma, St. Louis, MO, USA) for 7 days
and then fed for another 14 days to establish experimental cardiac fibrosis. The control rats were similarly administered
with an equal volume of saline. From day 1, daily gavage of TMZ (653322, Sigma, St. Louis, MO, USA) was performed
for the ISO + TMZ group for 21 days, and the ISO group received the same volume of saline. On day 21, the rats were
euthanized after subjecting them to echocardiography and the hearts were subsequently harvested. All experiments were
approved by the Institutional Research Ethics Committee of Wenzhou Medical University and performed in accordance
with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

Echocardiography

The rats were anesthetized via the intraperitoneal injection of pentobarbital sodium (40 mg/kg). After the anterior chest
depilation of the rats, the cardiac function was detected using a Sonos 5500 ultrasound machine (Philips, Bothell, WA,
USA) with a 12 MHz linear array transducer. Two-dimensional, M-mode images were acquired in the parasternal long-
axis view to measure the left ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter. The
results of LVEF and fractional shortening (FS) were obtained.

Histological Analysis

The heart tissues were fixed in 4% neutral formaldehyde and visualized via hematoxylin and eosin (HE) staining as well
as Masson trichrome staining. Ventricle samples were embedded in paraffin, sectioned into 4-pum paraffin sections, and
separately stained with HE and Masson trichrome (Solarbio Life Sciences, Beijing, China). The sectioned ventricle
samples were examined via light microscopy. Collagen volume fraction (CVF) was calculated via quantitative morpho-
metry with automated image analysis (Image-Pro Plus, Houston, TX, USA).
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NOX Activity Assay

NOX activity was measured via lucigenin-enhanced chemiluminescence using a commercial kit (Nanjing JianCheng Bio,
Jiangsu, China) according to the manufacturer’s instructions. Briefly, 0.1 g of tissue was accurately weighed, 1 mL of
Reagent I and 10 pL of Reagent III were added, and the mixture was homogenized on ice. After centrifugation at 4°C for
5 min, the supernatant was transferred to another tube and centrifuged further at 4°C for 10 min. The obtained
supernatant was demitochondrial cytoplasmic protein, and 200 pL of Reagent II and 2 pL of Reagent III were added
and then sonicated to use the sample for the determination of NOX activity. The absorbance was detected at a wavelength
of 600 nm using an automatic microplate reader (Multiskan MK3, Thermo scientific, USA).

Cell Culture and Lentivirus Transfection

Primary human umbilical vein endothelial cells (HUVECs) were purchased from the cell bank of the Chinese Academy
of Science (Shanghai, China). The HUVECs were cultured in Dulbecco’s Modified Eagle Medium (Lonza, USA) with
10% fetal bovine serum (Gibco, NY, USA), 100 U/mL penicillin (Gibco, NY, USA), and 100 mg/mL streptomycin
(Gibco, NY, USA). Transforming growth factor-f (TGF-B, 10 ng/mL; 100-21, PeproTech, New Jersey, USA) was used to
induce EndMT. For the cells subjected to TMZ intervention, pretreatment was performed with TMZ for 1 h before TGF-f
induction. The HUVECs were incubated at 37°C in a 5% CO, incubator. Human recombinant lentivirus targeting NOX2
was purchased from Genechem Co., Ltd. (Shanghai, China). HUVECs were transfected with nontarget control lentivirus
(lv-ctrl) or NOX2-targeted lentivirus (Iv-NOX2) according to the manufacturer’s protocol. After 24-h transfection, the
medium was changed, and the cells were preadministrated with TMZ (80 uM) for 1 h and then coincubated with TGF-§
without medium change. In addition to the above, a new medium was replaced before each treatment.

Wound Healing Assay

The HUVECs were grown to confluence. A linear wound was made by scraping the cell monolayer with a p200 pipette
tip, and the first image was photo-documented using the dish marker as the reference point. After scratching for 24 h, the
cells were washed twice with phosphate buffer solution (PBS) to remove detached cells and debris. Then, the size of the
injury was recorded at the indicated times. A minimum of three different wound field images were acquired and used for
subsequent assessments.

Immunofluorescence Assay

Immunofluorescence staining was used to evaluate the EndMT of HUVECs. Briefly, ventricular myocardium sections or
cell slides were prepared. Sections or slides were incubated with the primary antibodies against anti-CD31 (1:100;
ab28364, Abcam) and anti-a-SMA (1:500; A5228, Sigma) at 4°C overnight. After washing thrice with PBS, the sections
were incubated with secondary antibodies (1:500; Alexa Fluor 594 Goat Anti-Rabbit IgG H&L, 33112ES60; Alexa Fluor
594 Goat Anti-mouse IgG H&L, 33212ES60, YEASEN, Shanghai, China) for 1 h and then with DAPI for 5 min to stain
the nuclei. Sections incubated with suitable isotype control primary antibodies and fluorescent-labeled secondary
antibodies were used as negative controls.

Western Blotting Analysis

The ventricular tissue was lysed in radioimmunoprecipitation assay buffer and then centrifuged at 4°C. The supernatant
was collected, and protein concentrations were determined using the BCA protein assay (Solarbio Life Sciences, Beijing,
China). Equal amounts of sample (80 pg) were separated using 10% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis and then transferred to polyvinylidene fluoride membranes (pore size, 0.45 um; Millipore, USA). Blots
were blocked with 5% skimmed milk in Tris-buffered saline with 0.1% Tween 20 (TBST) and incubated with diluted
primary antibodies overnight at 4°C, which was followed by incubation with horseradish peroxidase-conjugated
secondary antibodies. Bands were obtained using a BioRad gel image analysis system (BioRad, Hercules, CA, USA)
and analyzed using Image-Pro Plus (Media Cybernetics, Houston, TX, USA). The following antibodies were used: anti-
CD31 (1:1000; ab28364, Abcam), anti-a-SMA (1:1000; ab5694, Abcam), anti-NOX2 (1:1000; ab80508, Abcam), Snail
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(1:1000; 3879, Cell Signaling Technology), and nuclear factor-kB (NF-kB) p65 (1:1000; 8242, Cell Signaling
Technology).

Statistical Analysis

Data are presented as the mean + standard deviation and were analyzed using the SPSS 20.0 software. Normality of the
data was determined by the Kolmogorov—Smirnov and Shapiro—Wilk test in SPSS software. One-way analysis of
variance was used to compare more than two groups. A p-value of <0.05 was considered statistically significant.

Results

TMZ Mitigated Cardiac Fibrosis and Improved Heart Function in ISO-Induced Rats
The study aimed to clarify the cardioprotective benefits of TMZ by improving cardiac fibrosis in rats with ISO-induced
heart failure. The hearts of ISO-induced rats showed extensive collagen deposition; the extent of interstitial fibrosis was
significantly higher in ISO-induced hearts than in control hearts (Figure 1A). ISO-induced hearts also exhibited a higher
CVF than control hearts (Figure 1B), which indicates the successful establishment of a cardiac fibrosis model using ISO.
Furthermore, ISO induction resulted in the deterioration of cardiac function, as demonstrated by increased LVEDD,
decreased LVEF, and left ventricular FS (Figure 2A and B). TMZ markedly improved ISO-induced left ventricular
fibrosis, LVEF, and left ventricular FS.

TMZ Inhibited EndMT in ISO-Induced Hearts and TGF-B-Treated HUVECs

The results of the immunofluorescence and immunoblotting showed the occurrence of EndMT in the ISO group with the
characteristic downregulation of endothelial-specific CD31 expression and upregulation of fibroblast-specific a-SMA
expression (Figure 3A and B). Notably, TMZ administration reversed the changes caused by ISO induction.

To further investigate the effects of TMZ on EndMT, whether TMZ administration reduced TGF-B-induced EndMT in
HUVECs was explored. HUVECs exposed to TGF-$ exhibited elevated a-SMA levels and reduced CD31 levels on
immunoblotting and immunofluorescent experiments compared with the control. TMZ treatment significantly down-
regulated a-SMA expression and upregulated CD31 expression (Figure 4A and B). The wound healing assay further
showed that the percentage of wound healing distance between cell scratches in the TGF-B group was significantly higher
than that in the control group, whereas the wound healing distance in the TGF-f§ + TMZ group was lower than that in the
TGF-B group (Figure 5A and B).

NOX2 Participates in the Regulation of EndMT by TMZ

This study speculated that TMZ may regulate EndMT through the NOX2 pathway. Initially, ISO infusion for 7 days was
noted to upregulate NOX activity in the left ventricular myocardium. NOX activity was significantly higher in ISO-
induced hearts than in control hearts (ISO 113.85 + 13.22 vs control 45.19 = 8.11 U/mg prot; P < 0.01). NOX activity
was significantly lower in the ISO + TMZ group than in the ISO group (77.40 = 8.88 vs 113.85 + 13.22 U/mg prot,
respectively; P < 0.01). TMZ inhibited the increase of ISO-induced NOX activity. Moreover, the expression of NOX2 as
well as NF-xB and Snail was also significantly increased in ISO-treated rats but decreased with TMZ treatment
(Figure 6A).

In vitro, NOX2 expression was upregulated in TGF-B-treated HUVECs and downregulated with TMZ administration
in the TGF-p group (Figure 6B). The HUVECs were transfected with lentivirus to overexpress NOX2 before TMZ
administration. The results showed the upregulation of a-SMA expression and downregulation of CD31 expression in the
TGF-B + TMZ + 1v-NOX2 group compared with those in the TGF-f + TMZ + lv-ctrl group, which indicates that TMZ
failed to reduce EndMT in NOX2-overexpressing HUVECs (Figure 6C and D). TMZ has previously been reported to
inhibit pressure overload-induced cardiac fibrosis through NOX-ROS—connective tissue growth factor (CTGF)
pathway.”® NOX2-dependent ROS generation may result in the activation of the mitogen-activated protein kinase
(MAPK) and downstream transcription factor NF-xB. Compared with the control group, the expression of NF-xB and
Snail was upregulated in TGF-B-treated HUVECs but was downregulated with TMZ administration (Figure 6B). The
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Figure | TMZ reduces ISO-induced cardiac fibrosis in rats. (A) HE staining and Masson staining of the rat cardiac tissues (n = 4 per group). (B) Analysis of collagen volume
fraction (CVF) according to Masson staining results (n = 4 per group). Data are presented as mean # standard deviation. *P < 0.01 vs Control; *P < 0.05 vs ISO.

Abbreviation: ISO, isoproterenol.

overexpression of NOX2 increased the protein levels of NF-«kB and Snail (Figure 6D), as evidenced by the elevated
expression of NF-kB and Snail in lv-NOX2-transfected HUVECs.

Discussion

Cardiac fibrosis is a common pathological manifestation and an important pathophysiological basis of many end-stage
cardiovascular diseases.?' In this study, the effects of TMZ on ISO-induced cardiac fibrosis and its potential mechanisms
were investigated. TMZ significantly reduced myocardial fibrosis and improved left ventricular dysfunction in ISO-
induced rats. It also effectively inhibited EndMT in vivo and in vitro. NOX activity and NOX2 expression were
upregulated in ISO-induced rats but downregulated in TMZ-treated rats. Moreover, the expression of NOX2 was
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Figure 2 Echocardiographic assessment of cardiac function. (A) Representative M-mode echocardiographic photos. (B) Analysis of left ventricular function (EF, ejection
fraction; FS, fractional shortening) and cardiac dimension (LVEDD, left ventricular end-diastolic internal diameter), n = 4 per group. Data are presented as mean * standard
deviation. **P < 0.01 vs Control; *P<0.05 vs ISO.

Abbreviation: ISO, isoproterenol.
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Figure 3 TMZ inhibits EndMT in the hearts of ISO-induced rats. (A) Immunofluorescence staining of EndMT markers (n = 4 per group). CD31 (endothelial marker, yellow
arrow) and a-SMA (mesenchymal marker) are stained in red. Nuclei are stained with DAPI (blue). Scale bar, 50 um. (B) Protein expression of CD31 and a-SMA measured by
Western blotting analysis (n = 4 per group). Data are presented as mean  standard deviation. **P < 0.01 vs Control; P < 0.01 vs ISO.

Abbreviation: ISO, isoproterenol.

upregulated in TGF-B-induced EndMT but was downregulated after TMZ treatment. The overexpression of NOX2
mitigated the protective effects of TMZ on EndMT. Furthermore, the expression of downstream NF-kB and Snail was
downregulated wtih TMZ administration but upregulated with NOX2 overexpression. Together, these data suggest that
TMZ protects against [SO-induced cardiac fibrosis by inhibiting EndMT and NOX2 activation.
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Figure 4 TMZ mitigates TGF-B-induced EndMT in HUVECs. (A) Western blotting analysis of the protein expression of CD3| and a-SMA (n = 4 per group). (B)
Immunofluorescence staining of EndMT markers (n = 3 per group). Red, 0a-SMA; green, CD31; and nucleus, blue. Scale bar, 50 um. Data are presented as mean * standard
deviation. **P < 0.01 vs CON; #P < 0.05 vs TGF-; *P < 0.0l vs TGF-p.

Abbreviation: TGF-f, transforming growth factor-.
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Figure 5 TMZ inhibits the migration of TGF-B-treated HUVECs. (A) Representative migration images of HUVECs. (B) Analysis of wound healing percentage was performed
at 24 h. Data are presented as mean = standard deviation. **P < 0.01 vs CON; *P < 0.01 vs TGF-p.
Abbreviation: TGF-f, transforming growth factor-f.
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Figure 6 TMZ modulates EndMT via NOX2. (A) Western blotting analysis of the expression of NOX2, NF-kB, and Snail in ISO-treated rats (n = 3—4 per group). **P < 0.0l
vs Control; ™P<0.01 vs ISO. ISO, isoproterenol. (B) Western blotting analysis of NOX2, NF-kB, and Snail expression in HUVECs (n = 4 per group). *P < 0.05 vs CON; *P
<0.01 vs CON; #P < 0.05 vs TGF-B; P < 0.01 vs TGF-B. (C) Western blotting analysis verified the efficiency of NOX2 overexpression (n = 3 per group). **P < 0.01 vs Iv-
ctrl; #P < 0.05 vs 10 MOI; *P < 0.01 vs 10 MOL. (D) Western blotting analysis of the expression of NOX2, NF-kB, and Snail after NOX2 overexpression (n = 3-5 per
group). Cells were transfected with nontarget (Iv-ctrl) or NOX2-targeted lentivirus (Iv-NOX2) for 24 h. Then, TMZ (80 pM) was added | h before the cells’ exposure to

TGF-p. Data are presented as mean * standard deviation. *P < 0.05 vs TGF-B + TMZ + Iv-ctrl; **P < 0.01 vs TGF-$ +TMZ + Iv-ctrl.

Abbreviation: TGF-f, transforming growth factor-f.
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TMZ is a clinically effective anti-ischemic drug that has been widely used in ischemic heart disease. Previous studies
have reported that TMZ, at the cellular level, plays a direct protective role by altering the cellular aerobic metabolism,
accelerating adenosine triphosphate production efficiency, and preserving mitochondrial structure and function. However,
the cardioprotective benefit of TMZ is not limited to metabolism modulation; it also includes the improvement of
myocardial apoptosis, fibrosis, autophagy, and inflammation. Previous clinical trials have demonstrated an increase in

LVEF and a decrease in left ventricular volume in patients receiving TMZ for 6 months;***

moreover, the improve-
ment in echocardiographic parameters suggests that TMZ helps ameliorate cardiac remodeling.

Previous evidence suggests that TMZ regulates local important factors (eg, Angiotensin II [Ang II] and TGF-$1) to
inhibit myocardial fibrosis. Ang II can stimulate the secretion of various fibrogenic factors (eg, NOX2 and CTGF) in the
myocardium, thus activating fibroblasts, increasing collagen synthesis, and accelerating myocardial fibrosis.** Ang II also
increases NOX2 release; hence, NOX2 is a crucial factor for Ang II-induced cardiac fibrosis. In a previous study, the
induction of interstitial cardiac fibrosis by Ang II was completely inhibited in NOX2-knockout mice.”> TMZ prevented
Ang Il-induced myocardial fibrosis primarily through the NOX-ROS—CTGF signaling pathway and reduced ROS
formation in cardiac fibroblast proliferation.?® In addition, the early administration of TMZ ameliorated myocardial
fibrosis in diabetic cardiomyopathy by suppressing phosphorylation of extracellular signal-regulated kinase (ERK) and
p38MAPK."?

The findings of our study also demonstrated that TMZ treatment ameliorated ISO-induced heart failure in rats by
decreasing myocardial fibrosis, reducing collagen deposition, decreasing LVEDD, and improving left ventricular func-
tion. The results were consistent with those of the previous trials that showed improvement in left ventricular volume and
contractility after TMZ administration. Furthermore, TMZ inhibited EndMT in ISO-induced hearts and TGF-B-treated
HUVECs, which suggests that the anti-fibrosis effects of TMZ are associated with EndMT modulation. Similarly,
a previous study showed that TMZ prevents renal dysfunction and tubulointerstitial fibrosis in diabetic rats by inhibiting
EMT via the ROS and TGF-B/Smad pathways.*® To the best of our knowledge, this study is the first to report that TMZ
improves cardiac fibrosis via EndMT regulation, which probes for further elucidation of the mechanisms underlying for
the modulation of EndMT after TMZ administration.

Previous studies have suggested that endothelial NOX2 promotes interstitial cardiac fibrosis through EndMT and
inflammation. Transgenic mice with endothelial-specific NOX2 overexpression develop severe cardiac fibrosis and
enhanced EndMT compared with wild-type mice.”” A higher level of NOX2 expression was noted in ISO-induced
hearts than in control hearts. The NOX activity was also found to be significantly increased in the ISO group. More
definitive evidence showed that the expression of NOX2 was higher in TGF-B-induced EndMT than in control
HUVECs. TMZ mitigated EndMT in cultured HUVECs and downregulated NOX2 expression. Furthermore, the
overexpression of NOX2 weakened the inhibitory effects of TMZ on EndMT. These results strongly suggest that NOX2-
mediated downregulation of EndMT is a vital mechanism in the amelioration of ISO-induced cardiac fibrosis with TMZ
treatment.

NOX family members play important roles in ROS production in both phagocytic and non-phagocytic cells. ROS are
generated by nonphagocytic NOXs that function as secondary messengers for various transcription factors, including NF-
kB, p38MAPK, AP-1, and ERK1/2.'"® Several inflammatory mediators such as proinflammatory cytokines, growth
factors, oxidative stress, and toxins induce the conversion of endothelial cells into mesenchymal fibroblast-like cells that
promote disease progression. NF-kB is a common player that drives EndMT.?’ NF-kB expression was increased in TGF-
B-treated HUVECS but decreased with TMZ treatment. The overexpression of NOX?2 increased the expression of NF-«B.
The expression trend of Snail was similar to that of NF-kB. TGF-B-induced EndMT is associated with strong upregula-
tion of the expression of the transcriptional repressor Snail.*>>" Snail directly promotes the differentiation of endothelial
cells into the mesenchymal phenotype; thus, enhanced Snail expression further validates the occurrence of EndMT.
Previous studies have reported that the activation of NF-kB triggers Snail transcription and EMT induction by binding to
its promoter.®>** Therefore, the increased expression of NF-kB may activate downstream Snail expression and promote
EndMT.

The role of EndMT in fibrosis has been confirmed by many studies, but there are also a few studies with different
conclusions. Thomas Moore-Morris used new transgenic tracer mice to demonstrated that cardiac fibroblasts are rarely
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derived from EndMT during cardiac fibrosis induced by pressure overload.** Another study found that epicardium-
derived mesenchymal cells but not endocardial-derived mesenchymal cells were the major source of fibroblasts in tissues
of endocardial fibroblastic hyperplasia.®> These results are inconsistent with previous studies published by Elisabeth
M Zeisberg.>*® Since there is no definitive standard for the diagnosis of EndMT, the disputes are mainly related to the
use of different tracer animals, EndMT markers, time points and inducements.

This study has some limitations. In vivo experiments involving NOX2 overexpression or knockout were not
performed in the present study. Some previous studies suggest that sex differences exist in ISO-induced cardiac
fibrosis—male rats are more susceptible to cardiac fibrosis than female rats.*’ In fact, sex-related differences are
prevalent in cardiovascular disease risk, pathophysiology, disease manifestation, response to therapy, and prognosis.*®
Thus, the effects of TMZ on cardiac fibrosis in female animals/women should be investigated further.

Conclusion

In summary, the study demonstrated that TMZ mitigated myocardial fibrosis and enhanced left ventricle contractility in
ISO-induced heart failure in rats by inhibiting EndMT, perhaps partially through the NOX2/NF-xB/Snail pathway. The
results provide experimental evidence to support the use of TMZ in the treatment of cardiac fibrosis; however, more in-
depth studies are warranted in the future.
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