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Tranilast inhibits angiotensin ll-induced myocardial fibrosis through S100A11/
transforming growth factor-§ (TGF-B1)/Smad axis
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ABSTRACT

Tranilast has an ameliorative effect on myocardial fibrosis (MF), but the specific mechanism has
not been studied. S100A11 is a key regulator of collagen expression in MF. In this paper, we will
study the regulatory roles of Tranilast and ST00A11 in MF. After the introduction of angiotensin Il
(Angll) to Human cardiac fibroblasts (HCF), Tranilast was administered. CCK-8 kit was used to
detect cell viability. Wound Healing assay detected cell migration, and Western blot was used to
detect the expression of migration-related proteins and proteins related to extracellular matrix
synthesis. The expression of a-SMA was detected by immunofluorescence (IF). The expression of
S100A11 was detected by qPCR and Western blot, and then ST00A11 was overexpressed by cell
transfection technology, so as to explore the mechanism by which Tranilast regulated MF. In
addition, the expression of TGF-B1/Smad pathway related proteins was detected by Western blot.
Tranilast inhibited Ang ll-induced over-proliferation, migration and fibrosis of human cardiac
fibroblasts (HCF), and simultaneously significantly decreased ST00A11 expression was observed.
Overexpression of S100A11 reversed the inhibition of Tranilast on Angll-induced over-
proliferation, migration, and fibrosis in HCF, accompanied by activation of the TGF-31/Smad
pathway. Overall, Tranilast inhibits angiotensin Il-induced myocardial fibrosis through S100A11/
TGF-31/Smad axis.
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Introduction diabetic rats through the TGF-f/Smad pathway
[9]. Early and delayed Tranilast therapy can reduce
pathologic fibrosis after myocardial infarction [10].

Tranilast can alleviate MF by inhibiting monocyte/

Myocardial fibrosis (MF) is a common pathologi-
cal manifestation in the late stages of plenty of

cardiovascular diseases whose main pathological
features, including the proliferation of cardiac
fibroblasts and abnormal accumulation of col-
lagen, lead to adverse pathophysiological events
like ventricular remodeling, myocardial dysfunc-
tion and even heart failure [1,2]. MF is closely
related to the occurrence and development of
hypertension, hypertrophic cardiomyopathy and
heart failure [3,4]. At present, the lack of specific
treatment for MF calls for the identification of
a treatment method for MF management.
Originally discovered and used in the treatment
of allergic diseases, tranilast is a drug that inhibits
the release of bioactive substances from mast cells
(MC) and basophil degranulation [5]. In recent
years, it has been found to have anti-fibrotic, anti-
inflammatory and anti-oxidative stress effects [6-8].
Study showed that Tranilast alleviates MF in

macrophage infiltration in DOCA/ salt-induced
hypertension rats [11]. However, there has existed
no clear report on the mechanism of the inhibitory
effect of Tranilast on MF.

As a member of the S100 protein family,
S100A11 is mainly expressed in vascular endothe-
lial cells or smooth muscle cells and is involved in
a variety of intracellular activity regulation [12,13].
Differentiated proteomics revealed that S100A11
was a key factor for the collagen expression of
human cardiac fibroblasts induced by aldosterone,
and CRISPR/Cas9-mediated S100A11 gene knock-
out blocked the collagen production of human
cardiac fibroblasts induced by aldosterone [14].
Downregulation of S100A11 in vivo significantly
inhibited the development of inflammation and
liver fibrosis in choline/methionine-deficient mice
[15]. In addition, Tranilast can block the
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interaction between S100A11 and the advanced
glycation end product receptor (RAGE)
V domain, thereby inhibiting cell prolifera-
tion [16].

Therefore, we hypothesized that Tranilast plays
an important role in Ang-II induced fibrosis by
regulating SI00A11 and in this paper, we tested
whether Tranilast can play a regulatory role in MF
by regulating SI00A11 and its downstream signal-
ing molecules. Our study provides a solid experi-
mental basis for the clinical treatment of MF by
Tranilast.

Materials and methods
Cell culture and treatment

Human Cardiac fibroblasts (HCF) were purchased
from the Shanghai FuHeng Biology (Shanghai,
China) and cultured in DMEM medium (Gibco;
Thermo Fisher Scientific) supplemented with 10%
FBS (Gibco; Thermo Fisher Scientific) at 37°C, and
5% CO, in a humidified atmosphere incubator.
When the cells grew to 50%-60%, the cells were
pretreated with Tranilast (1 uM, 3 pM, 10 uM and
30 uM) for 30 min and then treated with 100 nM
Angll for 48 h. The cells were grouped into
Control, Ang II, Ang IT + 1 uM, Ang II + 3 uM,
Ang II + 10 uM, Ang II + 30 uM.

CCK-8

Cells (5% 10%) were plated in 96-well plates and
cell growth was determined by using CCK8 assay.
After the cells were pretreated with Tranilast
(1 uM, 3 uM, 10 pM and 30 uM) for 30 min and
then treated with 100 nM AngII for 48 h, cells
were given 10 pL CCK-8 solution and cultured
for 3 h. Finally, the OD value was detected at the
wavelength of 450 nm [17].

Wound healing

Cells were cultured in 6-well plates and allowed to
grow to ~95% confluence. The linear wound was
created by a plastic pipette tip. The linear wound
was then photographed under a microscope at 0
or 24 h.

Western blot

Western blot analysis was performed under con-
ventional conditions [18]. Protein samples were
prepared using lysis buffer, and then loaded and
electrophoresed with the running gel. Transfer
buffer was used for protein transferring, and the
membrane was blocked with 5% skim milk fol-
lowed by primary and secondary antibody stain-
ing. Protein blots were visualized with the method
of chemiluminescence. The antibodies used were
rabbit anti- MMP2 antibody (1:1000, 40994S, CST,
USA), rabbit anti- MMP9 antibody (1:1000,
13667S, CST, USA), rabbit anti- Collagen
I antibody (1:1000, 72026S, CST, USA), rabbit
anti- Collagen III antibody (1:1000, 66887S, CST,
USA), rabbit anti-a-SMA antibody (1:1000,
19245S, CST, USA), rabbit anti- Fibronectin anti-
body (1:1000, 26836S, CST, USA), rabbit anti-
connective tissue growth factor (CTGF) antibody
(1:1000, 86641S, CST, USA), rabbit anti- connec-
tive tissue growth factor (CTGF) antibody (1:1000,
86641S, CST, USA), rabbit anti- connective tissue
growth factor (CTGF) antibody (1:1000, 866418,
CST, USA), rabbit anti-S100A11 antibody (1:1000,
ab180593, Abcam, USA), rabbit anti- TGF-p anti-
body (1:1000, ab215715, Abcam, USA), rabbit
anti- p-Smad 2 antibody (1:1000, 18338S, CST,
USA), rabbit anti- p-Smad 3 antibody (1:1000,
9520S, CST, USA), rabbit anti- Smad2 antibody
(1:1000, 5339S, CST, USA), rabbit anti-Smad 3
antibody (1:1000, 9523S, CST, USA) and rabbit
anti-GAPDH antibody (1:1000, 5174S, CST,
USA). Goat Anti-Rabbit IgG H&L (Alexa Fluor®
488) (ab150077, Abcam, Cambridge, MA, USA)
was used as the secondary antibody.

Immunofluorescence (IF)

The cells were fixed with 4% paraformaldehyde for
10 min and then transfused with 0.2% TritonX-
100 (order number: A600198; Sangon Biotech,
Shanghai, China) at room temperature for 5 min.
Subsequently, 5% bovine protein serum (Gibco;
Thermo Fisher Scientific) was incubated for 1 h
for sealing. It was then incubated overnight with
primary antibody a-SMA (1:200, ab5831, Abcam)
at 4°C. The corresponding secondary antibody
(1:500, ab150113, Abcam) was then placed at



room temperature under dark conditions for 1 h
and stained with Hoechst 33,342 (1:1000 PBS) at
room temperature for 3 min. Images were cap-
tured using a Nikon A1MP+ confocal microscope
system (Nikon, Tokyo, Japan).

RT-qPCR

Based on the manufacturer’s instructions, we isolated
the total RNA from cells using Trizol reagent (Life
Technologies, Carlsbad, CA, USA, the single-stranded
cDNAs were synthesized from 1 ug of RNA. The
expression of mRNAs was quantified by RT-PCR
with SYBR Green I (Thermo Fisher Scientific, Inc).
Additionally, PCR primers used for amplification of
S100A11 are 5'- CCGCATGATGAAGAAACTGG-3'
(S100A11 sense) and 5- TGCATGAGGTGGTT
AGTGTG-3' (S100A11 antisense). GAPDH was used
as an internal reference with 5- GGTGGTCTCC
TCTGACTTCAACA-3 (GAPDH sense) and 5'-
GTTGCTGTAGCCAAATTCGTTGT-3" (GAPDH
antisense). The quantification was performed using
the 27**“* method .

Cell transfection

The S100A11 overexpression plasmid (Oe-
S100A11) was obtained from FitGene (FitGene
BioTechnology CO., LTD, Guangzhou, China)
using the trans-ov vector. The Oe-S100A11 plas-
mid and control vector (negative control, NC; 1 pg
each) were transfected into cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer’s
instructions. Following incubation for 48 h, cells
were used for subsequent experiments.

Statistical analysis

SPSS20.0 was used to analyze the data, which were
expressed as means + standard of mean (SD).
One-way ANOVA was employed to assess differ-
ences among different groups, followed by Tukey’s
post-hoc test. GraphPad Prism 5.0 software was
adopted to dispose all the photographs. P <0.05
was considered as statistically significant. Each
experiment was repeated at least three times.
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Results

Tranilast inhibited Angll-induced
overproliferation and migration of HCF cells

Tranilast at different concentrations (1 pM, 3 pM,
10 uM and 30 pM) was administered in HCF cells
and cell viability was detected using CCK-8. We
found no cytotoxicity of Tranilast in this concen-
tration range (Figure la). Subsequently, HCF cells
were induced by Ang II and Tranilast was admi-
nistered. We found that cell viability increased
significantly after administration of Angll, while
cell viability decreased in a dose-dependent man-
ner of Tranilast (Figure 1b). Wound Healing
results showed that compared with the control
group, cell migration in the AnglI group was sig-
nificantly increased,; while compared with the
Angll group, cell migration in the Angll
+Tranilast with different concentrations decreased
in a dose-dependent manner (Figure 1c and d).
Western blot analysis on the expression of MMP2
and MMP9 showed that the expression of MMP2
and MMP9 was significantly increased after
administration of Angll, while Tranilast inhibited
the effect of Angll on MMP2 and MMP9 expres-
sion (Figure 1le). These results indicated that
Tranilast inhibited the overproliferation and
migration of HCF cells induced by AnglI.

Tranilast inhibited Angll-induced fibrosis of HCF
cells

In order to detect the degree of cellular fibrosis,
Western blot was used to detect the expressions of
proteins including Collagen I, Collagen III, a-
SMA, Fibronectin and connective tissue growth
factor (CTGF). We found that compared with the
control group, the expressions of Collagen I,
Collagen III, a-SMA, Fibronectin and CTGF in
the Angll group were significantly increased.
Compared with the Angll group, the protein
expression in Angll + 1 uM, Angll+3 pM, Angll
+10 pM, and Angll+30 uM groups decreased sig-
nificantly, and the decrease trend was most
obvious in the AngIl + 30 um group (Figure 2a).
Therefore, we detected the expression of a-SMA in
cells treated with 30 uM Tranilast. The results
showed that the expression of a-SMA in the
AnglI group was significantly increased compared
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Figure 1. Tranilast inhibited Angll-induced overproliferation and migration of HCF cells. A. CCK-8 assay detected the cell viability
after induction with different concentrations of Tranilast. B. CCK-8 assay detected the cell viability of Angll-induced cells after
induction with different concentrations of Tranilast. C and D. wound healing detected the migration of cells. E. Western blot
detected the expression of MMP2 and MMP9. *P < 0.05, **P < 0.01, ***P < 0.001 vs control; #P < 0.05, #4P < 0.01, ###P < 0.001 vs

Ang Il.

with the control group, and the expression of a-
SMA in the Angll + Tranilast (30 um) group was
inhibited compared with the Angll group
(Figure 2b). These results indicated that Tranilast
inhibited AnglI-induced fibrosis of HCF cells.

Overexpression of S100A11 reversed the
inhibitory effect of Tranilast on Angll-induced
overproliferation, migration and fibrosis of HCF
cells

During the experiment, we found that the
expression of SI00A11 was abnormal. RT-qPCR
and Western blot results showed that the expres-
sion of S100A11 increased after Angll induction
compared with the control group. The expres-
sion of S100A11 decreased in a dose-dependent
manner after administration of tranilast com-
pared with the Angll group (Figure 3a and b).
These results indicated that Tranilast could
down-regulate the expression of S100A11.

Therefore, we constructed the overexpressed
plasmid of S100A1l, and the results of RT-
qPCR and Western blot showed that the cells
were successfully transfected (Figure 4a and b).
In addition, we selected Tranilast at the concen-
tration of 30 pM for subsequent experiments,
and divided the cells into control, Angll, AnglII
+ Tranilast, Angll+ Tranilast + Oe-NC and
Angll+ Tranilast + Oe-S100A11 groups. CCKS8
kit showed a significant increase in cell viability
in the Ang II +Tranilast+Oe-S100A11 group
compared to the Ang II+Tranilast+Oe-NC
group (Figure 4c). Subsequently, the cell migra-
tion ability was detected, and the results showed
that compared with the Ang II+Tranilast + OE-
NC group, the cell migration ability in the Ang
IT + Tranilast + OE-S100A11 group was signifi-
cantly increased (Figure 4e).This was accompa-
nied by increased expression of MMP2 and
MMP9 proteins (Figure 4d).Western blot results
showed that compared with Ang II+Tranilast
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Figure 3. Tranilast down-regulated the expression of ST00A11. A.

RT-gPCR detected the expression of ST00A11. B. Western blot

detected the expression of ST00A11. ***P < 0.001 vs control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs Ang Il.

+0e-NC group, the Collagen I, Collagen III, a-
SMA, Fibronectin and CTGF in Ang II
+Tranilast+Oe-S100A11 group were significantly
increased (Figure 5a). The results of IF showed
that overexpression of S100A1l reversed the
inhibition of a-SMA by Tranilast (Figure 5b).
The above experimental results showed that
overexpression of S100A11 reversed the inhibi-
tory effect of Tranilast on the excessive prolif-
eration, migration and fibrosis of AnglI-induced
HCF cells.

Tranilast regulated the TGF-B1/Smad pathway

Western blot was used to detect the expression of
TGF-B1/Smad pathway. Compared with the con-
trol group, TGF-B, p-Smad 2 and p-Smad 3
expressions were increased in the AnglIl group.
Compared with Angll group, TGF-B, p-Smad 2
and p-Smad 3 expressions were inhibited in
Angll + Tranilast group. Compared with the Ang
IT + Tranilast + Oe-NC group, the expressions of
TGF-B, p-Smad 2 and p-Smad 3 proteins were
significantly increased in the Ang II + Tranilast +
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Oe-S100A11 group (Figure 6). Therefore, we pre-
liminarily concluded that overexpression of
S100A11 reversed Tranilast’s inhibition of AnglI-
induced excessive proliferation, migration and
fibrosis in HCF cells, and this process may be
achieved through the regulation of TGF-f1/Smad
pathway.

Discussion

AnglI is a kind of cytokine with many biological
functions, including the growth factor-like effect.
By mainly binding to its receptor AT1, Angll can
promote the occurrence of MF as it can not only
induce cardiomyocyte hypertrophy, but also sti-
mulate the proliferation of cardiac fibroblasts and
collagen synthesis, leading to myocardial fibrosis
[19,20]. AngIl plays an important role in the
development of myocardial fibrosis [21].
Therefore, in this paper, we used 100 nM AnglI
to induce HCF cells for the simulation of fibrosis
for 48 h. The significant increases in fibrosis-
related indicators after Ang II induction indicated
the occurrence of fibrosis.

Tranilast is a fattening cell stabilizer, mainly
used to treat allergic reactions [22]. Current stu-
dies have shown that Tranilast inhibits fibrosis in
multiple organs, such as renal fibrosis, liver fibro-
sis, and myocardial fibrosis. Tranilast prevents
renal interstitial fibrosis by blocking mast cell infil-
tration in a rat model of diabetic nephropathy
[23]. Tranilast has a significant beneficial effect
on the progression of liver fibrosis in praziquantel
treated or untreated mice infected with
Streptococcus mansoni [24]. Tranilast reduces
pathologic fibrosis after myocardial infarction
[10]. In our experiment, it was also found that
Tranilast inhibited AnglI-induced HCF cell viabi-
lity, cell migration, ECM synthesis and cell
tibrosis.

During the experiment, we found that the expres-
sion of S100A11 was significantly increased in
Angll-induced fibrosis cells, while the expression
of S100A11 was significantly decreased in cells
induced by Tranilast. Through literature review, it
was found that the Tranilast blocked the interaction
of S100A11 with the advanced glycation end product
receptor (RAGE) V domain and inhibited cell
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Figure 5. Overexpression of S100A11 reversed the inhibitory effect of Tranilast on Angll-induced fibrosis of HCF cells. A. The
expression of proteins related to ECM synthesis was detected by Western blot. B. The expression of a-SMA was detected by IF.
***P < 0.001 vs control; ###P < 0.001 vs Ang Il; AP<0.05, AAP<0.01, AAAP<0.001 vs Ang Il + Tranilast + Oe-NC.

proliferation [16]. Therefore, in order to further
explore the mechanism of the inhibition of cell
fibrosis by Tranilast, we overexpressed SI00A11 by
cell transfection technology, finding that the over-
expression of S100A11 could reverse the inhibition
of excessive proliferation, migration and fibrosis of
Angll-induced HCF cells by Tranilast. Therefore, we
concluded that Tranilast inhibited Ang II-induced
myocardial fibrosis by down-regulating SI00A11.
Under normal conditions, the structural integrity
and normal function of the heart are maintained
thanks to the relatively static growth and secretion
of an appropriate amount of collagen and other
ECM by cardiac fibroblasts [25]. Upon activation
by diseases such as myocardial infarction, cardiac

fibroblasts will proliferate and differentiate into
myofibroblasts with high expression of a-smooth
Muscle Actin (a-SMA), resulting in excessive
deposition of ECM such as Collagen I and
Collagen III in fibrotic myocardium [26,27]. In addi-
tion, CTGF can stimulate the increase of ECM
synthesis and the secretion of collagen by myocar-
dial fibroblasts, leading to myocardial fibrosis [28].
Therefore, in order to detect the degree of cell fibro-
sis, we detected the expression of a-SMA, Collagen I,
Collagen III, a-SMA, CTGF and Fibronectin protein
secreted by HCF cells in our paper.

Study has shown that S100A11 promotes epithe-
lial mesenchymal transformation of intrahepatic
cholangiocarcinoma induced by TGF-f1 through
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the Smad2/3 signaling pathway [29]. SI00A11 pro-
motes invasion of colorectal cancer by regulating
TGFp/Smad signaling [30]. In addition, Tranilast
alleviates myocardial fibrosis in diabetic rats
through the TGF-B/Smad pathway [9]. TGF-f1
dominates the hardness of ECM and induces differ-
entiation of human cardiac fibroblasts into myofi-
broblasts [31]. Therefore, we hypothesized that
Tranilast could inhibit Ang II-induced myocardial
fibrosis by down-regulating S100A11/TGF-p1/Smad
axis. And our experiments have initially confirmed
what we suspected. Of course, in the subsequent
experiments, we will further verify our experimental
results by adding pathway inhibitors or agonists.

Our paper also has some limitations. For example,
our paper was only verified in cell experiments, but
not in animal experiments. We will further verify in
animal experiments in the following experiments. In
addition, it has been reported that the effect of
S100A11 is mediated by binding the receptor RAGE
on its cytoplasmic membrane [16]. Therefore, it may
be that S100A11 regulates TGF-B1/Smad Axis by
binding to receptor RAGE. We will further explore
the mechanism in the following experiments.

Conclusion

In conclusion, our paper confirmed that Tranilast
inhibited Ang II-induced myocardial fibrosis
through S100A11/TGF-B1/ Smad axis. Our paper

provided a solid theoretical basis for the treatment
of cardiac fibrosis by Tranilast.

Highlights

Tranilast inhibits Ang II - induced myocardial fibrosis
Tranilast down-regulates SI00A11/TGF-p1/Smad Axis
S100A11 is up-regulated in Ang II - induced myocardial
fibrosis

Consent for publication

All authors read and approved the final manuscript and agree
to publish the article

Availability of data and materials

The datasets analyzed during the current study are available
from the corresponding author on reasonable request.

Disclosure statement

The authors declare that they have no competing interests.

References

[1] Kong P, Christia P, Frangogiannis NG. The pathogen-
esis of cardiac fibrosis. Cell Mol Life Sci. 2014;71
(4):549-574. PubMed PMID: 23649149; PubMed
Central PMCID: PMCPMC3769482

[2] Piek A, de Boer RA, Sillje HH. The fibrosis-cell death
axis in heart failure. Heart Fail Rev. 2016;21



(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(2):199-211. PubMed PMID: 26883434; PubMed
Central PMCID: PMCPMC4762920

Alex L, Russo I, Holoborodko V, et al. Characterization
of a mouse model of obesity-related fibrotic cardio-
myopathy that recapitulates features of human heart
failure with preserved ejection fraction. Am ] Physiol
Heart Circ Physiol. 2018;315(4):H934-H49. PubMed
PMID:  30004258; PubMed Central PMCID:
PMCPMC6230908

Arcari L, Hinojar R, Engel J, et al. Native T1 and T2
provide distinctive signatures in hypertrophic cardiac
conditions - Comparison of uremic, hypertensive and
hypertrophic ~ cardiomyopathy. Int ] Cardiol.
2020;306:102-108. PubMed PMID: 32169347
Darakhshan S, Pour AB. Tranilast: a review of its
therapeutic applications. Pharmacol Res.
2015;91:15-28. PubMed PMID: 25447595

Kato M, Takahashi F, Sato T, et al. Tranilast inhibits
pulmonary fibrosis by suppressing TGFbeta/SMAD2
pathway. Drug Des Devel Ther. 2020;14:4593-4603.
PubMed PMID: 33149556; PubMed Central PMCID:
PMCPMC7605600

Zhuo Y, Zhuo J. Tranilast treatment attenuates cerebral
ischemia-reperfusion injury in rats through the inhibi-
tion of inflammatory responses mediated by
NF-kappaB and PPARs. Clin Transl Sci. 2019;12
(2):196-202. PubMed PMID: 30548101; PubMed
Central PMCID: PMCPMC6440572

Zhuang T, Li S, Yi X, et al. Tranilast directly targets
NLRP3 to protect melanocytes from
keratinocyte-derived IL-lbeta under oxidative stress.
Front Cell Dev Biol. 2020;8:588. PubMed PMID:
32754591; PubMed Central PMCID: PMCPMC7365842
Li X, Liu ], Shang X. Effect of tranilast on myocardial
fibrosis in diabetes rats through TGEF-beta/Smad
pathway.  Minerva  Med.  2021;112(1):153-154.
PubMed PMID: 31295986

See F, Watanabe M, Kompa AR, et al. Early and
delayed tranilast treatment reduces pathological fibro-
sis following myocardial infarction. Heart Lung Circ.
2013;22(2):122-132. PubMed PMID: 22986349
Kagitani S, Ueno H, Hirade S, et al. Tranilast attenuates
myocardial fibrosis in association with suppression of
monocyte/macrophage infiltration in DOCA/salt
hypertensive rats. ] Hypertens. 2004;22(5):1007-1015.
PubMed PMID: 15097242

Donato R. RAGE: a single receptor for several ligands
and different cellular responses: the case of certain
S100 proteins. Curr Mol Med. 2007;7(8):711-724.
PubMed PMID: 18331229

He H, Li J, Weng S, et al. S1I00A11: diverse function
and pathology corresponding to different target
proteins. Cell Biochem Biophys. 2009;55(3):117-126.
PubMed PMID: 19649745

Martinez-Martinez E, Ibarrola J, Lachen-Montes M,
et al. Differential proteomics reveals S100-All as
a key factor in aldosterone-induced collagen expression

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

BIOENGINEERED 8455

in human cardiac fibroblasts. ] Proteomics.
2017;166:93-100. PubMed PMID: 28739510
Sobolewski C, Abegg D, Berthou F, et al. SI00A11/
ANXA2 belongs to a tumour suppressor/oncogene net-
work deregulated early with steatosis and involved in
inflammation  and  hepatocellular ~ carcinoma
development. Gut. 2020;69(10):1841-1854. PubMed
PMID: 31919231

Huang YK, Chou RH, Yu C. Tranilast blocks the inter-
action between the protein S100A11 and receptor for
advanced glycation end products (RAGE) V domain
and inhibits cell proliferation. J Biol Chem. 2016;291
(27):14300-14310. PubMed PMID: 27226584; PubMed
Central PMCID: PMCPMC4933184

Gao F, Wu H, Wang R, et al. MicroRNA-485-5p sup-
presses the proliferation, migration and invasion of
small cell lung cancer cells by targeting flotillin-2.
Bioengineered.  2019;10(1):1-12. PubMed PMID:
30836864; PubMed Central PMCID: PMCPMC6527069
Zhang Q, Zhang ZY, Du H, et al. DUB3 deubiquiti-
nates and stabilizes NRF2 in chemotherapy resistance
of colorectal cancer. Cell Death Differ. 2019;26
(11):2300-2313. PubMed PMID: 30778200; PubMed
Central PMCID: PMCPMC6889501

Wang S, Gong H, Jiang G, et al. Src is required for
mechanical stretch-induced cardiomyocyte hypertro-
phy through angiotensin II type 1 receptor-dependent
beta-arrestin2 pathways. PLoS One. 2014;9(4):e92926.
PubMed PMID: 24699426; PubMed Central PMCID:
PMCPMC3974699

Sun Y. Local angiotensin II and myocardial fibrosis.
Adv Exp Med Biol. 1997;432:55-61. PubMed PMID:
9433511

Qiao W, Wang C, Chen B, et al. Ibuprofen attenuates
cardiac fibrosis in streptozotocin-induced diabetic rats.
Cardiology. 2015;131(2):97-106. PubMed PMID:
25896805

Huang L, Dong Y, Wu J, et al. Sinomenine-induced
histamine release-like anaphylactoid reactions are
blocked by tranilast via inhibiting NF-kappaB
signaling. Pharmacol Res. 2017;125(PtB):150-160.
PubMed PMID: 28867637

Yin DD, Luo JH, Zhao ZY, et al. Tranilast prevents
renal interstitial fibrosis by blocking mast cell infiltra-
tion in a rat model of diabetic kidney disease. Mol Med
Rep. 2018;17(5):7356-7364. PubMed PMID: 29568954
Said E, Said SA, Elkashef WF, et al. Tranilast amelio-
rates impaired hepatic functions in Schistosoma
mansoni-infected  mice.  Inflammopharmacology.
2012;20(2):77-87. PubMed PMID: 22278738

Kim DH, Beckett JD, Nagpal V, et al. Calpain 9 as
a therapeutic target in TGFbeta-induced mesenchymal
transition and fibrosis. Sci Transl Med. 2019;11(501):
eaau2814. PubMed PMID: 31316008; PubMed Central
PMCID: PMCPMC7351287

Shinde AV, Humeres C, Frangogiannis NG. The role of
alpha-smooth muscle actin in fibroblast-mediated matrix



8456 Y. CHEN ET AL.

(27]

(28]

contraction and remodeling. Biochim Biophys Acta Mol
Basis Dis. 2017;1863(1):298-309. PubMed PMID:
27825850; PubMed Central PMCID: PMCPMC5163362
Sugiyama A, Hirano Y, Okada M, et al. Endostatin
stimulates proliferation and migration of myofib
roblasts isolated from myocardial infarction model
rats. Int J Mol Sci. 2018;19(3):741. PubMed PMID:
29509663; PubMed Central PMCID: PMCPMC58
77602

Huang DD, Huang HF, Yang Q, et al. Liraglutide
improves myocardial fibrosis after myocardial infarc-
tion through inhibition of CTGF by activating cAMP
in mice. Eur Rev Med Pharmacol Sci. 2018;22
(14):4648-4656. PubMed PMID: 30058704

(29]

(30]

(31]

Zhang M, Zheng S, Jing C, et al. SI00A11 promotes
TGF-betal-induced epithelial-mesenchymal transition
through SMAD2/3 signaling pathway in intrahepatic
cholangiocarcinoma.  Future = Oncol.  2018;14
(9):837-847. PubMed PMID: 29569474

Niu Y, Shao Z, Wang H, et al. LASP1-S100A11 axis
promotes colorectal cancer aggressiveness by modulat-
ing TGFbeta/Smad signaling. Sci Rep. 2016;6(1):26112.
PubMed PMID: 27181092; PubMed Central PMCID:
PMCPMC4867635

Tarbit E, Singh I, Peart JN, et al. Biomarkers for the
identification of cardiac fibroblast and myofibroblast
cells. Heart Fail Rev. 2019;24(1):1-15. PubMed
PMID: 29987445



	Abstract
	Introduction
	Materials and methods
	Cell culture and treatment
	CCK-8
	Wound healing
	Western blot
	Immunofluorescence (IF)
	RT-qPCR
	Cell transfection
	Statistical analysis

	Results
	Tranilast inhibited AngII-induced overproliferation and migration of HCF cells
	Tranilast inhibited AngII-induced fibrosis of HCF cells
	Overexpression of S100A11 reversed the inhibitory effect of Tranilast on AngII-induced overproliferation, migration and fibrosis of HCF cells
	Tranilast regulated the TGF-β1/Smad pathway

	Discussion
	Conclusion
	Highlights
	Consent for publication
	Availability of data and materials
	Disclosure statement
	References

