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myocardial infarction by suppressing the YAP-
Smad2/3 signaling pathway
Pei Zhang  (  280235766@qq.com )

The A�liated Hospital of Southwest Medical University https://orcid.org/0000-0003-3345-8352
Ruili Liao 

The A�liated Hospital of Southwest Medical University
Yang Gan 

The A�liated Hospital of Southwest Medical University
Hui Liu 

The A�liated Hospital of Southwest Medical University
Liang Mao 

The A�liated Hospital of Southwest Medical University
Yongmei Nie 

The A�liated Hospital of Southwest Medical University
Fengxu yu 

The A�liated Hospital of Southwest Medical University
Mingbing Deng 

The A�liated Hospital of Southwest Medical University
Bing LIAO 

The A�liated Hospital of Southwest Medical University
Yong Fu 

The A�liated Hospital of Southwest Medical University

Research Article

Keywords: Vertepor�n, Myocardial infarction, Cardiac �brosis, YAP-Smad2/3 signaling pathway

Posted Date: March 16th, 2023

DOI: https://doi.org/10.21203/rs.3.rs-2664131/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-2664131/v1
mailto:280235766@qq.com
https://orcid.org/0000-0003-3345-8352
https://doi.org/10.21203/rs.3.rs-2664131/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract

Purpose
Excessive cardiac �brosis and remodeling occur after myocardial infarction. Yes-associated protein (YAP)
is a major transcriptional co-activator of the Hippo pathway and an important regulator of cardiac
�brosis. Vertepor�n is a pharmacological inhibitor of YAP that effectively inhibits �brosis and
in�ammatory responses. Therefore, this study aimed to explore the effects of vertepor�n on cardiac
�brosis after myocardial infarction (MI) and its possible mechanisms.

Methods
Wild-type C57BL/6J mice were subjected to MI by ligating their left anterior descending coronary artery
(LAD) and treating them with vertepor�n (50 mg/kg/48 h) or phosphate-buffered saline for 2 weeks.
Echocardiography was performed to evaluate cardiac function after 2 weeks, and hematoxylin and eosin
and Masson staining were performed to evaluate the degree of myocardial �brosis and in�ammatory
response. The protein expression levels of the YAP-Smad2/3 pathway, in�ammatory factors, and �brosis
markers in the heart and in vitro were determined using western blotting and immuno�uorescence
staining.

Results
Compared to the MI group, vertepor�n treatment improved cardiac function and �brosis in mice post-MI.
Moreover, myocardial YAP and SMAD2/3 expression were reduced in vertepor�n-treated animals.
Hematoxylin and eosin staining and molecular examination showed in�ammatory factor and cardiac
�brosis marker expression in the heart sections.

Conclusion
Vertepor�n can attenuate cardiac �brosis and in�ammatory responses and improve cardiac function by
suppressing the YAP-Smad2/3 signaling pathway post-MI.

1. Introduction
Acute myocardial infarction is the most serious type of coronary heart disease and the primary cause of
mortality among affected patients [1]. A massive myocardial infarction is accompanied by cardiac
remodeling and in�ammatory response, which can lead to heart failure in severe cases [2]. Myocardial
�broblast proliferation induces scar tissue formation, a protective mechanism against ventricular
ruptures. Excessive accumulation of collagen �bers while maintaining the integrity of the heart eventually
leads to ventricular wall stiffness and a marked reduction in left ventricular diastolic and systolic
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functions [3]. The rapid death of cardiomyocytes, strong in�ammatory response, and substantial
activation of myocardial �broblasts are the most critical factors affecting the prognosis of myocardial
infarction [4, 5].

Yes-associated protein (YAP)/TAZ is an important downstream transcription factor of the Hippo signaling
pathway and participates in various biological processes such as cell death, oxidative stress,
in�ammation, and �brosis [6]. Following myocardial infarction, in�ammatory cells, cardiac �broblasts,
and vascular endothelial cells play an important role in regulating cardiac function through the Hippo
signaling pathway [7–9]. Defective Hippo signaling has been shown to prevent cardiac �broblast
differentiation during heart development through YAP [10]. YAP protein levels were found to be
signi�cantly elevated in left ventricle tissues of heart failure cohorts when compared with those of
corresponding controls [10]. In a mouse model of myocardial infarction, YAP knockdown was shown to
reduce cardiac �brosis and function by modulating �broblast proliferation, myo�broblast
transdifferentiation, and the �broin�ammatory program [11–13]. YAP has been shown to bind to the Ccl2
promoter in cardiac �broblasts, whereas YAP overexpression promotes the expression of in�ammation-
related genes. Therefore, the pharmacological inhibition of Hippo signaling is considered an effective
strategy for promoting recovery from heart failure [14]. Moreover, the pharmacological inhibition of Hippo
signaling could be an effective strategy to combat heart failure.

Vertepor�n is a pharmacological inhibitor of YAP in the Hippo pathway that disrupts the YAP-TEAD
interaction. In vivo, vertepor�n treatment modulated the Hippo pathway to inhibit �brosis in various
organs [15]. However, the effect of vertepor�n on cardiac remodeling and �brosis remains unclear.
Therefore, in the present study, we employed in vivo and in vitro models to determine the effects of
vertepor�n on cardiac �brosis after myocardial infarction.

2. Materials And Methods

2.1 Animal experimental protocol
Animal experiments were performed in accordance with the Act and approved by the Ethics Committee of
Southwestern Medical University. All procedures were carried out according to the guide for the Care and
US National Institute of Health (NIH Publication No. 85–23, revised 1996). This study has no implications
for replacements, improvements, or reductions.

We used 8-week-old wild-type male C57BL/6 mice (purchased at The Animal Experimental Center of
Southwest Medical University, Luzhou, China) with an average weight of 25.5 ± 1.8 g at the beginning of
the experiments. The mice were maintained under a 12-h light/dark cycle, controlled temperature (19–
22℃), and 40–65% humidity for 1 week before initiating the experiment.

The mice were subjected to left anterior descending coronary artery ligation to induce myocardial
infarction or were sham-operated, as previously described[16], assigned to either the myocardial
infarction or sham group, respectively. The myocardial infarction group received intraperitoneal (i.p.)
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injections of either 50 mg/kg vertepor�n (HY-B0146; MedChemExpress, USA) or PBS for 48 h. Fourteen
days after administration, the hearts and blood of mice were collected for further analysis after the
echocardiographic assessment of cardiac function.

All experiments were approved by the Animal Ethics Committee of the A�liated Hospital of Southwest
Medical University and conducted in compliance with the ARRIVE guidelines. The mice were handled in
accordance with the National Institutes of Health guidelines for the care and use of laboratory animals.

2.2 Echocardiographic assessment
To evaluate cardiac function, all mice underwent echocardiography before surgery and two weeks after
surgery. Transthoracic echocardiography was performed on conscious mice using a VisualSonics Vevo
3100 ultrasound biomicroscopy system (FUJIFILM VisualSonics, Inc., Toronto, Canada) equipped with a
40 MHz RMV 704 scan head. The percentage of fractional shortening (FS, %), ejection fraction (EF, %), left
ventricular end-diastolic volume, and left ventricular end-systolic volume were measured. All
measurements were performed by a trained technician and averaged for at least three consecutive
cardiac cycles.

2.3 In vitro cell experiments
Primary cardiac �broblasts were isolated from neonatal mouse myocardia via differential adherent
culture, as described previously[17]. Brie�y, hearts from neonatal C57BL/6 mice were thoroughly minced
and placed in a solution containing 0.25% trypsin and 0.1% collagenase Type II (C6885, Sigma-Aldrich,
USA). After centrifugation, cells were resuspended in Dulbecco’s Modi�ed Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 µg/mL streptomycin.
Cardiac �broblasts were isolated and cultured at 37°C with 5% CO2.

2.4 Cell Counting Kit (CCK) assay to determine cell viability
The CCK assay was used to determine the cytotoxic effect of vertepor�n on cardiac �broblasts. Here,
cardiac �broblasts were seeded into 96-well culture plates at a density of 5,000 cells/well and cultured
with vertepor�n at different concentrations for 24 h. Each group was incubated with 10 µL CCK-8 reagent
at 37°C for 2 h. The absorbance was measured at 450 nm with a microplate reader, and cell viability was
presented as the percentage of CCK-8 reduction relative to that of the control. Cell viability (%) was
calculated using the following formula:

Cell viability (%) = (As-Ab)/(Ac-Ab) × 100%

where As represents the absorbance of the test well (including DMEM, cells, CCK, and vertepor�n), Ac is
the absorbance of the control well (including DMEM, cells, and CCK, but without vertepor�n), and Ab is
the absorbance of the blank well (including DMEM and CCK, but without cells and vertepor�n).

2.5 Wound healing assay
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Cells were cultured in 6-well dishes. Before treatment with vertepor�n and transforming growth factor
(TGF)-β1, we scratched the 6-well dishes using a sterile 200-µL pipette tip, causing three separate
wounds. The cells were incubated with vertepor�n (250 nM) for 30 min and then stimulated with TGF-β1
(2 ng/mL) for 24 h. Wound length was measured using ImageJ software (National Institutes of Health,
Bethesda, MD). Wound length at 0 h after scratching was used as a control.

2.6 Histological analysis
Heart tissue was collected at the end of the experiment and �xed in 4% paraformaldehyde for 24 h. The
next day, the tissues were processed overnight using a Leica automatic tissue processor, embedded in
para�n, and sectioned. Then, 5-µM thick histological sections were prepared using a microtome. To
detect cardiac �brosis and examine the general appearance of heart tissues, hematoxylin and eosin and
Masson’s trichrome staining were performed according to standard procedures.

2.7 Immuno�uorescence staining
Fibroblasts were seeded on cover glasses. After �xing with 4% paraformaldehyde at 37°C for 15 min, the
cells were treated with 0.1% Triton X-100 for 10 min, blocked with 5% bovine serum albumin at 37°C for
30 min, and then incubated with primary antibodies overnight at 4°C. Subsequently, �broblasts were
incubated with the corresponding �uorescently labeled secondary antibodies (FITC-conjugated goat anti-
rabbit IgG) for 1 h in the dark at room temperature. Next, the cells were incubated with DAPI (G1012,
Servicebio, Wuhan, China) for 10 min in the dark at 37°C. Finally, the samples were observed using a
confocal laser scanning microscope.

2.8 Protein isolation and analysis
Cells and tissues were lysed using a radioimmunoprecipitation assay buffer supplemented with a
protease inhibitor cocktail. Protein concentrations were determined using a bicinchoninic acid assay
(BCA). Equal amounts of protein (30 µg) were subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then transferred onto a PVDF membrane. The membranes were blocked
in 5% milk/TBST for 1 h at 37°C. Subsequently, the membranes were incubated with diluted primary
antibodies overnight at 4°C. The primary antibodies used were anti-collagen type I (Abcam, 1:1000), α-
SMA (Abcam, 1:1000), YAP (Cell Signaling Technology, 1:1000), p-YAP(Cell Signaling Technology,
1:1000), SMAD2 (Cell Signaling Technology, 1:1000), SMAD3 (Cell Signaling Technology, 1:1000), p-
SMAD2 (Cell Signaling Technology, 1:1000), p-SMAD3 (Cell Signaling Technology, 1:1000), interleukin
(IL)-6 (Cell Signaling Technology, 1:1000), tumor necrosis factor (TNF)-α (Cell Signaling Technology,
1:1000), and GAPDH (Beyotime Biotechnology, 1:5000). Membranes were then incubated with the
corresponding diluted horseradish peroxidase (HRP)-conjugated secondary antibodies for 1 h at 37°C,
and protein blots were developed using an enhanced chemiluminescence method. The membranes were
washed with 1× TBST and stripped with stripping buffer for 10 min. Next, the membranes were blocked in
5% milk/TBST for 1 h at 37°C, and the same protocol was repeated with YAP- and HRP-conjugated
secondary antibodies. Bands were detected using ECL and X-ray �lm, quanti�ed using densitometry
relative to GAPDH expression, and relative expression was assessed.
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2.9 Statistical analyses
The results are expressed as the mean ± standard error of the mean, and statistical analyses were
conducted using GraphPad Prism 8.0 (GraphPad Software, Inc., La Jolla, CA, USA). The normality of the
data distribution was tested using the Kolmogorov-Smirnov test. One-way ANOVA with a post-hoc Holm-
Sidak test (P < 0.05, with no signi�cant variance in homogeneity) was used for multiple-group
comparisons.

3. Results

3.1 Vertepor�n helps preserve cardiac function after
myocardial infarction
To investigate the effect of vertepor�n on cardiac function post-myocardial infarction, we performed
animal experiments (Fig. 1A). Speci�cally, we performed echocardiography in mice 14 days after
inducing myocardial infarction. The results showed a signi�cant preservation of cardiac function in
vehicle-treated mice when compared with that in the sham-operated group (Fig. 1B-1D), as well as a
reduction in cardiac hypertrophy (Fig. 1E-1F).

3.2 Vertepor�n reduces myocardial �brosis and the
expression of pro-in�ammatory cytokines in vivo.
After myocardial infarction, massive cardiomyocyte death leads to thinning of the ventricular wall, and
the resulting activation of cardiac �broblasts leads to an excessive accumulation of extracellular matrix
proteins, which in turn leads to a reduced systolic function of the heart and, eventually, heart failure.
Therefore, we assessed the degree of cardiac �brosis using α-smooth muscle actin (α-SMA), collagen
type I (COL-I), and Masson staining. Based on Masson trichrome staining, the vertepor�n-treated group
exhibited a reduction in the collagen �ber volume fraction when compared with the myocardial infarction
group (Fig. 2A-2B). Meanwhile, western blotting showed that the vertepor�n-treated group had reduced α-
SMA and COL-I expression compared with that in the myocardial infarction group (Fig. 2C-2D). To assess
the in�ammatory response in the heart after myocardial infarction, hematoxylin and eosin staining
revealed obvious in�ammatory cell in�ltration in the myocardial infarction and treatment groups.
However, treatment with vertepor�n markedly reduced in�ammatory cell in�ltration in the infarction area
(Fig. 2E). Similarly, we examined the expression of in�ammation-related proteins using western blotting,
which showed that vertepor�n treatment signi�cantly decreased the expression levels of IL-6 and TNF-α
(Fig. 2F-2G).

3.3 Vertepor�n reduces myocardial �brosis by suppressing
the YAP-Smad2/3 signaling pathway in vivo.
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To investigate the protective effect of vertepor�n on cardiac �brosis after myocardial infarction, we
evaluated the protein expression levels of key effectors of the Hippo signaling pathway. Compared with
the myocardial infarction + PBS group, mice hearts of the myocardial infarction + PBS group exhibited
increased �uorescence intensity of YAP and SMAD2/3 in the myocardial infarction area. Vertepor�n
treatment signi�cantly decreased the �uorescence intensity of YAP and SMAD2/3 (Fig. 3A-3B).
Furthermore, we used western blot analysis to evaluate the expression of p-YAP, YAP, and SMAD2/3 in
heart tissue treated with PBS or vertepor�n. Expression levels of p-YAP, YAP, and SMAD2/3 were increased
post-myocardial infarction when compared with those in sham-operated hearts, and vertepor�n treatment
signi�cantly decreased the myocardial infarction-induced increase in the expression of p-YAP, YAP, and
SMAD2/3 (Fig. 3C-3F). These �ndings indicate that vertepor�n treatment could reduce the myocardial
infarction-induced expression of the YAP-Smad2/3 signaling pathway.

3.4 Vertepor�n inhibits TGF-β1-induced �brosis in cardiac
�broblasts
We also evaluated the effects of vertepor�n treatment on TGF-β1-induced �broblast migration and
�brosis in cardiac �broblasts. First, we determined the effect of vertepor�n treatment at a concentration
of 1 µM on cardiac �broblasts, which did not signi�cantly impact viability (Fig. 4A); these results
indicated that treatment with 1 µM vertepor�n had no signi�cant toxic effects on cardiac �broblasts. In
the wound healing assay, the scratch length of cardiac �broblasts after 24 h of TGF-β1 treatment was
signi�cantly reduced when compared with that of vehicle-treated cardiac �broblasts; vertepor�n
treatment decreased the TGF-β1-induced increase in cell migration (Fig. 4B-C). As shown by the
immuno�uorescence assay results, TGF-β1 treatment for 24 h signi�cantly increased the number of α-
SMA- and COL-I-positive cells, whereas treatment with vertepor�n decreased the number of α-SMA- and
COL-I-positive cells (Fig. 4D-4E). We further evaluated protein expression levels of α-SMA and COL-I and
found that vertepor�n treatment attenuated the expression of �brosis-related proteins after TGF-β1
induction (Fig. 4F-4G).

We further evaluated the in�ammation levels of TGF-β1-induced cardiac �broblasts. The results showed
that TGF-β1 treatment elevated levels of TNF-α, whereas vertepor�n treatment attenuated the expression
of this factor (Fig. 4H-4I).

3.5 Vertepor�n inhibits �brosis in cardiac �broblasts by
inhibiting the YAP-Smad2/3 signaling pathway in vitro
We further evaluated the effect of vertepor�n treatment on the YAP/Smad2/3 signaling pathway in
cardiac �broblasts. After 24 h of TGF-β1 stimulation, the TGF-β group showed an increase in the
�uorescence intensity of YAP and SMAD2/3, while vertepor�n treatment signi�cantly decreased the
�uorescence intensity of YAP and SMAD2/3 (Fig. 5A-5B). We also used western blot analysis to evaluate
the expression of p-YAP, YAP, and SMAD2/3 in cardiac �broblasts. TGF-β1 increased p-YAP, YAP, Smad2,
and Smad3 expression, while vertepor�n treatment signi�cantly decreased the TGF-β1-induced increase
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in the expression of these proteins (Fig. 5C-5F). These data suggest that vertepor�n modulates TGF-β1-
induced cardiac �broblast activation via the YAP/Smad2/3 signaling pathway.

4. Discussion
In the present study, we examined the effects of vertepor�n treatment on pathological remodeling and
cardiac function in a mouse model of myocardial infarction and found that treatment with vertepor�n
reduced infarct size after myocardial infarction, attenuated �brosis, and protected cardiac function in vivo
and in vitro.

Considering �brosis studies examining various organs, including the lungs, liver, and kidneys, idiopathic
pulmonary �brosis, multiple models of cirrhosis, and renal �brosis were accompanied by elevated levels
of YAP [18–22]. Moreover, the extent of �brosis was signi�cantly reduced after pharmacological
inhibition or knockdown of YAP, suggesting that the inhibiting abnormally increased YAP expression in
�brotic diseases is a promising treatment strategy.

Cardiac �brosis is an end-stage pathological feature of several cardiac diseases. Excessive extracellular
matrix deposition eventually leads to tissue stiffness, affecting cardiac systolic and diastolic function
[15, 23]. After the onset of myocardial infarction, the Hippo pathway plays an important role in the
process of myocardial infarction, and YAP maintains the resting state and differentiation of cardiac
�broblasts [6]. Based on the �ndings of the current study, YAP participates in cardiac �brosis, and the
cardiac �broblast-speci�c knockdown of LATS1/2 induces marked cardiac �brosis. In contrast, LATS1/2
knockdown inhibits YAP activity, further suppressing the transition from cardiac �broblasts to
myo�broblasts [24]. Cardiac �broblast-speci�c knockdown of YAP preserved cardiac �brosis and
�broblast functions, suggesting that cardiac �brosis is suppressed by the endogenous Hippo-induced
inhibition of YAP/TAZ [11]. This observation is consistent with our current results involving the
vertepor�n-induced pharmacological inhibition of YAP.

Current studies have identi�ed multiple signaling pathways that regulate cardiac �brosis, such as TGF-
β/Smads, Notch, TLR4/MyD88/NF-κB, and the Wnt/β-catenin and MAPK pathways [25, 26]. Among
these, the TGF-β1/Smads signaling pathway plays a critical role in myocardial �brosis, and its key
downstream regulator SMAD2/3 is known to crosstalk between multiple pathways [27, 28], forming YAP-
SMAD2/3 complexes with YAP, thereby regulating cardiac �brosis [29]. We observed an upregulation of
YAP and SMAD2/3 expression in �broblasts upon the TGF-β1-induced differentiation of myo�broblasts
and downregulation of YAP and SMAD2/3, accompanied by attenuated �brosis after intervention with
vertepor�n. Therefore, we suggest that in vitro inhibition of YAP activity in cardiac �broblasts can
effectively inhibit cardiac �broblast activation.

In summary, our �ndings are mainly consistent with those of previous reports while affording advances in
the �eld by demonstrating that endogenous YAP-SMAD2/3 was activated in cardiac �broblasts during
�brosis, elucidating the pathological role of �broblast YAP in cardiac �brosis and dysfunction, and
revealing that the pharmacological inhibition of YAP by vertepor�n prevents cardiac myo�broblast
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activation. Ultimately, we also provided evidence regarding a new pharmacological YAP inhibitor as a
potential therapeutic agent for myocardial infarction-induced �brosis.

Our current study demonstrated YAP-Smad2/3 activation in the Hippo pathway after myocardial
infarction, suggesting that the Hippo pathway plays an important role in the development of myocardial
infarction. Moreover, cardiac function and �brosis in a mouse model of myocardial infarction could be
improved by treatment with vertepor�n, a pharmacological inhibitor of YAP, by inhibiting the YAP-
Smad2/3 signaling pathway.

5. Conclusions
Vertepor�n reduced the area of myocardial infarction, improved cardiac function, and decreased �brosis
by inhibiting the YAP-Smad2/3 signaling pathway in a mouse model of myocardial infarction. Therefore,
vertepor�n could be a potential therapeutic agent for �brosis after myocardial infarction, although human
assessments are yet to be undertaken.
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Figures

Figure 1

Vertepor�n improves post-infarction cardiac function. (A) Flow chart of the intervention performed in
animal experiments. (B) Representative M-mode echocardiographic images of each group during the
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second week. (C-D)Summaries of the echocardiographic data of each group. (E) Heart weight/body
weight ratio. (F) Ratio between heart weight and tibia length. All values are presented as the mean ±
standard deviation (SD). *, P < 0.05, P < 0.01, ***, P < 0.001, ****, P < 0.0001, myocardial infarction vs.
Sham; #, P < 0.05, ##,P< 0.01, ###, P < 0.001, ####, P < 0.0001, myocardial infarction + vertepor�n vs.
myocardial infarction + PBS. n=6.

Figure 2

Vertepor�n treatment attenuated cardiac �brosis and expression of in�ammatory factors in vivo. (A)
Representative images of heart sections stained with Masson’s trichrome. Blue staining shows �brotic
areas. Scale bars, 50 μm. (B) The percents of �brosis area in three groups. (C) Representative
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immunoblotting images of collagen-I, α-SMA, and GAPDH. (D) Gray value statistics of proteins in (C). (E)
Representative images of heart sections stained with hematoxylin and eosin. (F) Representative
immunoblotting images of TNF-α, IL-6, and GAPDH. (G) Gray value statistics of these proteins. All values
are presented as the mean ± standard deviation (SD).*, P < 0.05, P < 0.01, ***, P < 0.001, ****, P < 0.0001,
myocardial infarction vs. Sham; #, P < 0.05, ##,P< 0.01, ###, P < 0.001, ####, P < 0.0001, myocardial
infarction + vertepor�n vs. myocardial infarction + PBS. n=6. IL-6, interleukin-6; TNF-α, tumor necrosis
factor-α.

Figure 3

Vertepor�n reduces myocardial �brosis by suppressing the YAP-Smad2/3 signaling pathway in vivo. (A)
Representative immuno�uorescence staining images of YAP. (B) Representative immuno�uorescence
staining images of SMAD2/3. (C) Representative immunoblotting images of p-YAP, YAP, and GAPDH. (D)
Gray value statistics of proteins in (C). (E) Representative immunoblotting images of SMAD2, SMAD3,
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and GAPDH. (F) Gray value statistics of proteins in (E). All values are presented as the mean ± standard
deviation (SD).*, P < 0.05, **, P < 0.01, ***, P < 0.001, ****, P < 0.0001, myocardial infarction vs. Sham; #, P
< 0.05, ##, P< 0.01, ###, P < 0.001, ####, P < 0.0001, myocardial infarction + vertepor�n vs. myocardial
infarction + PBS. n=6.

Figure 4
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Vertepor�n can inhibit TGF-β1-induced �brosis in �broblasts. (A)The effect of different concentrations of
vertepor�n on the viability of cardiac �broblasts was detected using a CCK-8 assay. (B) Cell migration
experiment. (C) Histograms representing the statistical analysis of the results of the migration
experiment. (D-E) Analysis of the �uorescence intensity of COL-I and α-SMA. COL-I and α-SMA are stained
green, while nuclei are stained blue. (F) Representative western blotting images and analysis of the
protein expression of α-SMA, COL-I, and GAPDH in cardiac �broblasts. (G) Gray value statistics of
proteins in (F). (H) Representative immunoblotting images of TNF-α and GAPDH. (I) Gray value statistics
of proteins in (H). All values are presented as mean ± standard deviation (SD). *, P < 0.05, P < 0.01, ***, P
< 0.001, ****, P < 0.0001,TGF-β1 (10 ng/µL) vs. Control; #, P < 0.05, ##,P< 0.01, ###, P < 0.001, ####, P <
0.0001, TGF-β1 vs. vertepor�n. n=3. α-SMA, α-smooth muscle actin; COL-1, collagen type I; TNF-α, tumor
necrosis factor-α
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Figure 5

Vertepor�n can inhibit �brosis in cardiac �broblasts by inhibiting the YAP-Smad2/3 signaling pathway.
(A-B) Representative immuno�uorescence staining images of YAP and SMAD2/3. (C) Representative
western blotting images and analysis of the protein expression of p-YAP, YAP, and GAPDH in cardiac
�broblasts. (D) Gray value statistics of proteins in (C).(E) Representative western blotting images and
analysis of the protein expression of SMAD2, SMAD3, and GAPDH in cardiac �broblasts. (F) Gray value
statistics of proteins in (E). All values are presented as the mean ± standard deviation (SD).*, P < 0.05, P <
0.01, ***, P < 0.001, ****, P < 0.0001,TGF-β1 (10 ng/µL) vs. Control; #, P < 0.05, ##,P< 0.01, ###, P < 0.001,
####, P < 0.0001, TGF-β1 vs. vertepor�n. n=3.


