Clinical, Cosmetic and Investigational Dermatology Dove

ORIGINAL RESEARCH

Angiotensin (1-7) Inhibits Transforming Growth
Factor-B |-Induced Epithelial-Mesenchymal
Transition of Human Keratinocyte Hacat Cells
in vitro

Yueda Jihu"?*, Ruobing Leng'*, Mengchang Liu'%, Hongjing Ren'?, Defu Xie'*?, Chong Yao'?,
Hong Yan''?

'Clinical College of Medicine, Southwest Medical University, Lu zhou, People’s Republic of China; 2Department of Plastic and Burn Surgery, the
Affiliated Hospital of Southwest Medical University, Lu zhou, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Hong Yan, Email zxsswk@|63.com

Introduction: Angiotensin (1-7) (Ang-(1-7)) is an emerging component of the renin-angiotensin system (RAS) with effective anti-
fibrosis properties and has been shown to interfere with epithelial-mesenchymal transition (EMT) by numerous studies. In recent years,
EMT has been proposed as a new therapeutic target for skin fibrotic diseases such as keloids. However, the effect of Ang-(1-7) on
EMT in skin is still unclear. Hence, the purpose of this study was to explore the effect of Ang-(1-7) on Transforming growth factor-B1
(TGF-B1)-induced EMT of human immortalized keratinocytes HaCaT in vitro.

Methods: The study involved the use of the human immortalized keratinocyte cell line (HaCaT). The cells were cultured in high-
glucose DMEM medium with 10% fetal bovine serum and 1% penicillin-streptomycin. Four groups were created for experimentation:
control group (Group C), TGF-B1-treated group (Group T), Ang-(1-7)-treated group (Group A), and a group treated with both TGF-f1
and Ang-(1-7) (Group A + T). Various assays were conducted, including a cell proliferation assay using CCK-8 solution, a scratch
wound healing assay to evaluate cell migration, and Western blotting to detect protein expressions related to cell characteristics.
Additionally, quantitative real-time polymerase chain reaction (PCR) was performed to analyze epithelial-mesenchymal transition
(EMT) related gene expression levels. The study aimed to investigate the effects of TGF-1 and Ang-(1-7) on HaCaT cells.
Results: We found that Ang-(1-7) not only reduced the migration of HaCaT cells induced by TGF-B1 in vitro but also reduced the
expression of a-SMA and vimentin, and restored the protein expression of E-cadherin and claudin-1. Mechanistically, Ang-(1-7)
inhibits the phosphorylation levels of Smad2 and Smad3 in the TGF-B1 canonical pathway, and suppresses the expression of EMT-
related transcription factors (EMT-TFs) such as SNAI2, TWISTI, and ZEBI.

Discussion: Taken together, our findings suggest that Ang-(1-7) inhibits TGF-f1-induced EMT in HaCaT cells in vitro by disrupting
the TGF-B1-Smad canonical signaling pathway. These results may be helpful in the treatment of EMT in skin fibrotic diseases such as
keloids.
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Introduction

Keloids are pathological scars formed by abnormal and excessive deposition of the extracellular matrix (ECM) during
wound healing due to various reasons. In addition to manifesting as tumors or cords above the skin surface and localized
pain, itching, burning, and other discomfort, it can also invade the surrounding skin or mucous membrane tissues,'* and

even spontaneously form on healthy skin,®> which considerably affects the patients’ physical health and even causes
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psychological disorders.® Thus far, the main prevention and treatment methods for keloids have not achieved satisfactory
results, and improved treatment options are thus urgently needed.*

At present, the research on the pathogenesis of keloids is not comprehensive. Although many previous studies® ’ have
mainly focused on fibroblasts, an increasing number of studies® '° have found that epithelial-mesenchymal transition
(EMT) may play an important role in the development of keloids.

EMT is the key cellular process during embryogenesis, wound healing, fibrosis, and tumor progression.'' EMT is
associated with loss of apical-basolateral polarity of epithelial cells, decreased expression of epithelial markers, increased
expression of mesenchymal markers, and acquisition of invasiveness and migration.'? The involvement of EMT in keloid
formation has been extensively studied.'*'> Do et al suggested that interleukin 18, its receptor, and its antagonists play
an important role in the pathogenesis of keloids by inducing EMT,'® while a study® has showed that the expression of
vimentin in keloid epidermis was higher than that in normal skin epidermis, suggesting that EMT may be involved in the
production of keloids.

Several growth factors including TGF-f3 and TNF-a are considered the main pro-fibrotic cytokines involved in EMT.
Among them, transforming growth factor 1 (TGF-B1), a multifunctional pro-fibrotic cytokine, is one of the isoforms of
TGF-p and the main inducer of EMT.""'® TGF-B—induced EMT plays an important role in tissue repair and fibrosis
because high levels of TGF-p are associated with EMT changes in tissue fibrosis.'® Furthermore, TGF-p—induced EMT is
closely related to pro-fibrotic events in tissue fibrosis such as inflammation, epithelial cell migration, fibroblast recruit-
ment, and ECM deposition.” In skin wounds, TGF-p is not only an inducer of keratinocyte migration but also a potent
chemoattractant for endothelial cells and fibroblasts. In terms of fibrosis signaling pathways, the TGF-f1/Smad pathway
is considered very critical.?' This is because the TGF-BI signaling pathway is overactive in keloid formation,”* and
enhanced TGF-B1 signaling and Smad3 phosphorylation levels and EMT-related markers have been found in keloid
tissue.”> A study on the contribution of EMT to renal fibrosis showed that epithelial cells undergoing EMT activate other
genetic programs that lead to tissue fibrosis,”* which again underscores the relevance of EMT to fibrotic diseases.
Therefore, if the EMT process mediated by TGF-B1 can be effectively inhibited, it will be helpful in the treatment of
keloids.

The components of the renin-angiotensin system (RAS) are expressed in the skin and function independently of the
plasma RAS? and play regulatory roles in epidermal proliferation, wound healing, scar formation, skin thermal
adaptation, and aging. RAS consists of two opposing axes. The classical axis produces vasoconstriction, pro-
proliferation, pro-inflammatory and pro-fibrotic effects.”® While the angiotensin-converting enzyme 2 (ACE2)/angioten-
sin(1-7) [Ang-(1-7)]/Mas receptor axis mainly transmits Ang-(1-7) vasodilator, anti- Proliferation, anti-inflammatory and
anti-fibrotic effects.”’ Activation of this axis can reduce inflammatory cell function and fibrogenesis in various human
disease models.”® Many studies have demonstrated the anti-inflammatory effect of Ang-(1-7), eg, systemic administration
of Ang-(1-7) effectively attenuates multi-organ fibrosis in bleomycin (BLM)-induced recessive dystrophic epidermolysis
bullosa (RDEB) mice and increases the survival rate;*’ Ang-(1-7) inhibits the activated NLRP3 inflammasome and
attenuates Angiotensin II-induced hepatocyte EMT;*° and Ang-(1-7) inhibits TGF-B1/Smad2/3 signaling pathway,
reduces the expression of Col-I, and inhibits fibroblast-myofibroblast transformation.*' Therefore, the use of Ang-(1-7)
in the treatment of chronic fibrotic diseases may achieve promising results.

The effect of Ang-(1-7) on TGF-B1—-induced EMT of epithelial cells in skin is still unclear. Therefore, the purpose of
this study was to investigate whether Ang-(1-7) has an effect on the EMT process in the human immortalized
keratinocyte cell line HaCaT by affecting the TGF-$1 signaling pathway.

Materials and Methods

Cell Culture and Reagents

Human immortalized keratinocyte cell line (HaCaT), purchased from Meisen Cell Technology Co., Ltd. (Zhejiang,
China), was maintained in high-glucose DMEM medium (Gibco, Grand Island, NY, USA) with 10% fetal bovine serum
(Gibco) and 1% penicillin-streptomycin at 37°C in a 5% CO2 incubator.
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Cells were divided into four groups: Group C: control group; Group T: cells treated with TGF-B1(10 ng/mL;
MedChemExpress, USA) for 72 h; Group A: cells treated with Ang-(1-7) (1 uM, AbMole Bioscience, USA) for 72 h;
Group A + T: Cells treated with TGF-B1 in the presence of Ang-(1-7) for 72 h.

Cell Proliferation Assay

HaCaT cells were seeded in 96-well plates at a density of 2x10° cells/well and treated with TGF-B1 (10 ng/mL), either
with or without Ang-(1-7) (1 uM) for 48 h. Then, 10 pL. of CCK-8 solution were added to each well and incubated at
37°C for 2 h, according to the manufacturer’s protocol (Beyotime Institute of Biotechnology). The optical density of the
cells was measured at a wavelength of 450 nm using a microplate reader (Omega Bio-Tek, Inc.).

Scratch Wound Healing Assay

HaCaT cells were seeded and grown in 6-well plates at a density of 1x10* cells/well until they were confluent. Then, the
cells were cultured overnight in culture medium containing 2% fetal bovine serum before performing the scratch test to
eliminate the interference caused by proliferation. The adherent cells were scratched horizontally using the tip of a 10 uLb
pipette, and then washed twice with phosphate buffered saline. The scratch was observed under a microscope (100x) and
images were captured to record the position of the cells. The cells were treated with TGF-B1 (10 ng/mL), either with or
without Ang-(1-7) (1 uM) for 36 h, and the position of the cells was again recorded. The area of the cell migration was
measured by ImageJ 2.0 (Wayne Rasband, National Institute of Health, Bethesda, MD, USA) to evaluate the migration
rate. The cell migration rate was calculated as a percentage of the cell migration area compared to the initial wound area.

Western Blotting

HaCaT cells were seeded in 6-well plates, treated with TGF-B1 (10 ng/mL), either with or without Ang-(1-7) (1 uM) for
72 h, following which the expression of E-cadherin/claudin-1, a-SMA/vimentin, Smad2/3, and pSmad2/3 were detected.
Intracellular proteins were extracted with RIPA lysis buffer and quantified using the BCA protein quantification kit
(Solarbio Science & Technology, Co., Ltd., Beijing, China). Equal concentrations of protein samples were electrophor-
esed on SDS-PAGE and transferred to PVDF membranes (Millipore, Billerica, MA, USA). Then, the membrane was
blocked with 5% skim milk in Tris-buffered saline containing 0.1% Tween-20 (TBST) for 1 h at room temperature, and
the corresponding primary antibodies (a-SMA, 1:2000; anti-vimentin, 1:1000; anti-E-cadherin, 1:1000; anti-claudin-1,
1:1000; Smad2, 1:1000; p-Smad2, 1:1000; Smad3, 1:1000; and p-Smad3, 1:1000) (all AbMole Bioscience) were
incubated overnight at 4°C. PVDF membranes were washed four times with TBST the next day and incubated with
the corresponding rabbit antibody (1:3000; AbMole Bioscience) or mouse antibody (1:3000; AbMole Bioscience) for 1
h at room temperature. Protein content was detected with an imaging system (Liuyi Biotechnology Co., Ltd., Beijing,
China). Band gray values were quantified and normalized to B-actin values using ImagelJ software.

Quantitative Real-Time Polymerase Chain Reaction (PCR)

Cells were seeded in 6-well plates and treated with TGF-B1 (10 ng/mL) with or without Ang-(1-7) (1 uM) for 72
h (There were 5*%106 cells in each 6-well plate). Cell pellets were washed with PBS buffer, and resuspended in Trizol,
which is then frozen in liquid nitrogen before homogenization.Total RNA was extracted using chloroform and pre-
cipitated with isopropanol. cDNA was then synthesized by a reverse transcription kit (Roche Applied Science, UK). RT-
gPCR was carried out using SYBR GREEN PCR Master Mix (Roche Diagnostics, Germany). Relative gene expression
levels were calculated using the 2-DDCt method. The primer sequences used are shown in Table 1.

Statistical Analyses

The experimental data was analyzed by Graph Pad Prism 9 (Graph Pad Inc., La Jolla, CA, USA), and the comparison
between different groups was performed by one-way analysis of variance (ANOVA), and the data were expressed as the
mean = SEM. P<0.05 was considered to indicate statistically significant differences. Each experiment was repeated at
least three times.
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Table | Primer Sequences Used in This Study
Gene Forward Primer Sequence Reverse Primer Sequence
SNAII CCTCGCTGCCAATGCTCATCTG | GCTCTGCCACCCTGGGACTC
SNAI2 CGAACTGGACACACATACAGGT | CTGAGGATCTCTGGTTGTGGT
TWISTI GTCCGCAGTCTTACGAGGAG GCTTGAGGGTCTGAATCTTGCT
TWIST2 | CGCAAGTGGAATTGGGATGC CGATGTCACTGCTGTCCCTT
ZEBI CAGGCAAAGTAAATATCCCTGC | GGTAAAACTGGGGAGTTAGTCA
GAPDH CGACCACTTTGTCAAGCTCA AGGGGTCTACATGGCAACTG
Results

TGF-Bl-Induced HaCaT Cells Exhibit Unique Morphological and Reduced

Proliferation but are Inhibited by Ang-(1-7)
The CCKS assay showed that compared with the control group, the proliferation of HaCaT cells treated with TGF-B1 (10 ng/
mL) for 48 h decreased significantly, while the A + T group weakened this trend (Figure 1B). TGF-f1 has been widely
accepted as a key factor in the induction of cellular EMT. HaCaT cells undergo unique morphological changes when exposed
to TGF-B1 conditions (Figure 1A). After 72 h of exposure to TGF-f1 (10 ng/mL), HaCaT cells lost their typical paving-stone
morphology and showed mesenchymal-like cell morphology; however, this change was not observed when treated with Ang-
(1-7) alone. When the cells received both Ang-(1-7) and TGF-B1 treatment for 72 h, the cellular morphology was similar to
that of mesenchymal cells, but the degree of intercellular connection seemed tighter than group T.
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Figure | TGF-Bl-induced HaCaT cells exhibit unique morphological changes and enhanced migration ability. (A) To examine the effect of Ang-(1-7) and TGF-B1 on the
proliferation of human keratinocytes, HaCaT cells were treated with TGF-BI (10 ng/mL), either with or without Ang-(1-7) (I pM) for 48 h, and measured by CCK8 assay.
Each bar represents the mean # standard deviation (n=5). (C: Group C; T: Group T; A: Group A; A+T: Group A + T.) (B) Morphological changes after treatment in each
group (100% magnification); *P <0.05, ****P < 0.0001 . (C: Group C; T: Group T; A: Group A; A+T: Group A + T).
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TGF-Bl-Induced HaCaT Cells Exhibit Enhanced Migration Ability but are Inhibited by
Ang-(1-7)

The results of the scratch wound healing test showed that TGF-B1 treatment for 36 h significantly promoted the migration
ability of HaCaT cells, and HaCaT cells in Group T also underwent pronounced morphological metamorphosis into
fibroblast-like cells, concomitant with a decrease in proliferation levels. While similar alterations were observed in Group
A + T, Ang-(1-7) ostensibly mitigated the intensity of these changes compared to Group T (Figure 2A and B).

TGF-Bl-Induced Expression of EMT Marker Proteins in HaCaT Cells Was Inhibited
by Ang-(1-7)

To explore the effect of Ang-(1-7) on the expression of EMT-related proteins in HaCaT cells induced by TGF-B1, Western
blotting was performed on the proteins extracted from cells in each group. The results showed that after 72 h of TGF-p1
induction, HaCaT cells successfully underwent EMT (Figure 3A). This was confirmed by marked downregulation of epithelial
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Figure 2 (A) Ang-(1-7) inhibits TGF-Bl—induced cell migration in HaCaT cells (100% magnification). (C: Group C; T: Group T; A: Group A; A+T: Group A + T.) (B) The cell
migration rate measured by Image | software (NIH). The outcomes are depicted as the mean values (+ standard deviation) derived from quintuple biological replicates. ns,
not significant. *P <0.05, **P < 0.001 and ***P < 0.0001. (C: Group C; T: Group T; A: Group A; A+T: Group A + T).
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Figure 3 TGF-B1-induced expression of EMT marker proteins in HaCaT cells was inhibited by Ang-(1-7). (A) TGF-B| induced EMT marker proteins’ expression in HaCaT
cells and was inhibited by Ang-(1-7). The protein was extracted and measured by Western blotting. The WB band image was evaluated by the imaging system. (B—E) Relative
protein expression maps of E-cadherin, claudin-1, a-SMA, and vimentin respectively. GraphPad Prism 5 v5.01 software was used to analyze the relative gray value of each
group of protein bands. Each bar represents the mean * standard deviation (n=3). ns, not significant. *P <0.05, **P < 0.01, ***P < 0.001 and ***P < 0.0001. (C: Group C; T:
Group T; A: Group A; A+T: Group A + T.

marker proteins E-cadherin and claudin-1 and marked upregulation of mesenchymal markers a-SMA and vimentin. By
comparing the relative expression data of proteins in each group (Figure 3B-E), it can be concluded that the cells of Group
Twhich were treated with TGF-B1 (10 ng/mL) for 72 h compared with the cells of Group C: epithelial marker protein: E-cadherin
and tight junction protein were down-regulated; while the Group A + T significantly weakened this trend; and mesenchymal cell
marker proteins: 0-SMA and vimentin were significantly up-regulated, and in Group A + T This trend was not obvious. This
indicated that Ang-(1-7) could inhibit the expression of EMT-related proteins in HaCaT cells induced by TGF-f1.

TGF-B1-Smad Signaling Pathway in HaCaT Cells Was Inhibited by Ang-(1-7)

The above results showed that Ang-(1-7) has an influence on the EMT of HaCaT cells. To further study the related mechanism,
we detected the expression of the classic TGF-B1-Smad signaling pathway. We found that the TGF-B—induced phosphorylation
levels of Smad2 and Smad3 in HaCaT cells were significantly reduced with Ang-(1-7) treatment (Figure 4A-C). To detect the
EMT-related transcription factors, the expressions of SNAI1, SNAI2, TWIST1, TWIST2, and ZEB1 were determined by RT-
PCR, which are also genes downstream of the TGF-B1-Smad signaling pathway (Figure 4D-H). The results showed that
compared with Group C, the expression of each transcription factor in Group T was significantly up-regulated, and those changes
were inhibited after treatment with Ang-(1-7), which indicated that Ang-(1-7) inhibited EMT by disrupting the TGF-1-Smad
signaling pathway in HaCaT cells.
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Figure 4 Ang-(1-7) disrupted the TGF-B1-Smad pathway in HaCaT cells. HaCaT cells were treated in groups, and the phosphorylation levels of Smad2 and Smad3 in cells
were detected by western blotting (A—C). (C: Group C; T: Group T; A: Group A; A+T: Group A + T.) RNA was isolated and the expressions of SNAII (D), SNAI2 (E),
TWISTI (F), TWIST2 (G), and ZEBI (H) were measured by PCR. The relative mRNA expression analysis of each group was performed using GraphPad Prism 5 v5.01
software. Each bar represents the mean * standard deviation (n=3 in (A-C); n=4 in (D-H)). ns, not significant. **P <0.01, ***P <0.001 and ****P <0.0001. (C: Group C; T:
Group T; A: Group A; A+T: Group A + T).

Discussion

The complex pathogenesis and easy-to-relapse characteristics of keloids make it very difficult to treat, and there are only
few therapeutic drugs used clinically.' In 2018, the World Health Organization defined keloids as a member of a group
of diseases “characterized by increased fibrous tissue deposition in the skin and subcutaneous tissue”,*> which inspired us
to explore the potential of treating keloids through anti-fibrosis agents. Angiotensin-(1-7) is a bioactive peptide with anti-
inflammatory, anti-oxidative, and anti-fibrotic effects and has shown efficacy in the treatment of various fibrotic
diseases.”’® In this study, by exploring the effects of Ang-(1-7) on the morphological changes and migration of

HaCaT cells in the EMT model induced by TGF-B1 in vitro, as well as the changes in the levels of EMT-related proteins
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and gene expression, we not only explained part of the mechanism of action of Ang-(1-7) but also provided a theoretical
basis of Ang-(1-7) as a therapeutic agent for keloids.

It has been previously reported that TGF-B1 was used to induce HaCaT cells to mimic the EMT process of keloid-
derived keratinocytes.”*~* Following treatment with 10 ng/mL TGF-p1 for 72 h (figure), HaCaT cells lost their typical
cobblestone-like morphology and developed mesenchymal-like cell morphology. Excessive wound healing is
a characteristic of keloids,” and the process of EMT is also accompanied by an increase in cell motility. In our
experiments, Ang-(1-7) could reverse the increased TGF-B1-induced cell migration ability, which indicates that Ang-
(1-7) helps to attenuate excessive wound healing in vitro wound healing models. At the protein level, we selected
E-cadherin and claudin-1 as epithelial cell markers, because E-cadherin acts as an epithelial adhesion molecule to
maintain epithelial stability and claudin-1 is the main component of tight junction complexes in epithelial cells,
maintaining cell polarity and barrier function.>> 0-SMA and vimentin were selected as mesenchymal cell markers, and
Western blotting was performed to evaluate their expression levels. Our results showed that epithelial markers were
down-regulated and mesenchymal markers were up-regulated in HaCaT cells treated with TGF-f1, and the EMT process
was successfully induced and largely inhibited by Ang-(1-7) at the protein level, all of which indicated that Ang-(1-7)
reversed EMT to some extent. Although so far, fibroblasts and myofibroblasts have been the focus of most keloid
research,® recent studies have shown that epithelial cells are also involved in the fibrosis process. Some scholars believe
that keratinocytes can be involved in the process of EMT and they directly promote fibrosis.’*>’ Thus, the inhibition of
EMT by Ang-(1-7) in keratinocytes can likely contribute to treatment of keloids.

EMT in response to TGF-B1 and fibrosis is mainly through Smad-dependent pathway, upon stimulation by TGF-B1,
TGF-B1 receptors trigger intracellular signaling to phosphorylate Smad2 and Smad3, which translocate to the nucleus
where they interact with other transcription factors to regulate TGF-p Transcription of responsive genes. To further
investigate the mechanism of Ang-(1-7) inhibition of EMT, we analyzed the phosphorylation levels of Smad2 and Smad3
and the expression levels of TGF-B1-Smad downstream target genes.

The EMT process is coordinated by transcription factors (TFs) called EMT-TFs, and the core EMT-TF is composed of
Snail (encoded by SNAII), Slug (encoded by SNAI2), ZEB1, ZEB2, TWIST1, and TWIST2.>® The SNAI and ZEB
families are highly conserved zinc finger transcription factors that are considered to be key EMT regulators,>® and both
SNAII and SNAI2 have been shown to inhibit E-cadherin expression and induce EMT.*® TWIST, a helix-loop-helix
transcription factor similar to the ZEB and SNAI families, is a potent inducer of EMT and a marker of stem cell state.
SMAD:s activated by TGF-B1 can interact with EMT-TFs in subsequent transcriptional regulation, eg, TGF-pf—activated
SMADs and Snail synergistically down-regulate E-cadherin, tight junction proteins, and other epithelial proteins in
mouse mammary epithelial cells Expression of markers.*' In a lung fibrosis study, copper sulfate activated the TGF-p1/
Smad pathway to trigger lung fibrosis by increasing the protein and mRNA expression levels of TGF-B1, p-Smad2, and
p-Smad3.*

Our experimental results showed that elevated levels of p-Smad2/Smad2 and p-Smad3/Smad3 induced by TGF-B1
were inhibited by Ang-(1-7), and the mRNA levels of SNAIl, SNAI2, TWISTI, TWIST2 and ZEB1 increased
significantly. However, these changes were inhibited by Ang-(1-7), indicating that Ang-(1-7) inhibited the TGF-
B1-Smad signaling pathway in the in vitro EMT model of HaCaT cells. This re-emphasizes that the regulation between
TGF-B1/Smad signaling pathway and EMT-related transcriptional regulators plays an important role in the occurrence
and development of fibrotic diseases.

Several previous studies have demonstrated the beneficial effects of Ang-(1-7) in various physiological and patho-
logical conditions. In the cardiovascular system, Ang-(1-7) has been shown to improve endothelial function, lower blood
pressure, and inhibit the development of cardiac hypertrophy and fibrosis.** In the respiratory system, Ang-(1-7) has been
shown to reduce pulmonary hypertension and improve lung function in animal models of lung injury.** In the renal
system, Ang-(1-7) has been shown to protect against renal injury and fibrosis.*> Despite encouraging results from
preclinical studies, the clinical application of Ang-(1-7) remains limited. The short half-life and rapid degradation of
Ang-(1-7) in vivo make it difficult in clinical application. Several approaches have been proposed to overcome these
limitations, including the development of stable analogues and the use of gene therapy to increase endogenous production
of Ang-(1-7),* Ang-(1-7) has emerged as an important peptide with beneficial effects in various physiological and
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pathological conditions. Further studies are needed to better understand its mechanism of action and develop effective
therapeutic strategies.

In conclusion, to our knowledge, this is the first study to show that Ang-(1-7) inhibits TGF-fl1-induced EMT in
HaCaT cells by inhibiting the TGF-B1-Smad signaling pathway. Our experimental results show that Ang-(1-7) can
effectively inhibit the EMT process in HaCaT cells, but whether A directly inhibits the fibrosis process promoted by
EMT is still unclear, the therapeutic potential and clinical application of Ang-(1-7) in keloids merits further investigation.
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