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Background: Melanoma is a highly aggressive, lethal, and malignant cancer.

Once diagnosed early, it can be easily removed and cured with satisfaction.

Although many methods such as surgery, chemotherapy, radiotherapy, and

immunotherapy have been used to treat this disease at an advanced stage, the

outcomes are poor. Terminalia catappa leaves have been shown to have various

biological benefits, including antitumor activity. The specific effects and

molecular mechanisms of Terminalia catappa leaf in treating A2058 and

A375 melanoma cells in vitro need to be clarified.

Methods: The A2058 and A375 melanoma cancer cells were treated with

Terminalia catappa leaf extracts, and then the effect of Terminalia catappa

leaf extracts on migration and invasion was examined. The cell migration/

invasion capacities of A2058 and A375 cells were investigated by a modified

Boyden chamber assay. Zymography was used to clarify the activities of matrix

metalloproteinases-2 and urinary type plasminogen activator. We performed a

Western blot to verify the related expression of phospho-Src (Tyr416),

phospho-Focal adhesion kinase (Tyr397), Vimentin, and β-catenin.

Results: Modified Boyden chamber assays demonstrated that treatment of

Terminalia catappa leaf extracts significantly inhibited A2058 and A375 cell

migration/invasion capacities. In the zymography results, we showed that

Terminalia catappa leaf extracts negatively modulated the activities of matrix

metalloproteinases-2 and urinary type plasminogen activator. Western blot

indicated that Terminalia catappa leaf extracts reduced the expression of

phospho-Src (Tyr416), phospho-Focal adhesion kinase (Tyr397), Vimentin,

and β-catenin.

Conclusion: Terminalia catappa leaf extracts affected the antimetastasis of the

A2058 and A375melanoma cell lines by inhibiting the Focal adhesion kinase/Src

interaction and Wingless-int1/β-catenin pathways in vitro. Terminalia catappa
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leaf extracts may serve as an effective chemopreventive agent against

metastasis of melanoma cancer.

KEYWORDS

Terminalia catappa, melanoma, antimetastasis, matrix metalloproteinases-2, Wnt/
βcatenin pathways

1 Introduction

Melanoma is a highly aggressive and deadly form of skin

cancer caused by various risk factors, including environmental or

genetic causes such as UV exposure and sunlight (Lo and Fisher,

2014). Melanoma with increasing incidence and mortality rate

has been found in recent decades (Volkovova et al., 2012).

Resistance to chemotherapy, radiation therapy and

immunotherapy often results in ineffective treatment of the

metastatic melanoma. Metastatic melanoma patients with a 5-

year survival rate only occupied less than 20% (Sandru et al.,

2014). Surgery can cure localized melanoma early, but treatment

is ineffective for metastatic melanoma (Yilmaz and Christofori,

2009; Simoes et al., 2015).

During epithelial-mesenchymal transition (EMT), cancer

cells aggressively infiltrate the blood vessels and lymphatic

system and transfer to other organs or tissues, forming a

metastatic tumor. In the process of EMT, inhibition of

E-cadherin and promotion of Vimentin, N-cadherin, Focal

adhesion kinase (FAK), Src, Snail, and Twist in cell junctions

can be initiated at the molecular level (Lamouille et al., 2014).

Changes in surface adhesion properties, cell migration and

invasion, penetration into vascular or lymphoid tissues,

degradation of the extracellular matrix (ECM), and infiltration

into nearby tissues are among the various events triggered during

cancer metastasis (Westermarck and Kahari, 1999; Gupta and

Massague, 2006).

Degradation of components in the basement membrane and

extracellular matrix occurs during metastasis, resulting from the

combined action of multiple proteases, such as plasminogen

activator (PA), matrix (MMPs), cathepsins, in tumor

metastasis and plays a crucial role in the invasion transfer

process (Westermarck and Kahari, 1999). The expression of

matrix metalloproteinases-2 (MMP-2) has been reported to

correlate with various tumors (Stetler-Stevenson, 1999). In

addition to MMP, the serine protease urinary type

plasminogen activator (u-PA) converts inactive plasminogen

to active plasmin and elicits a cascade of the proteolytic

process to degrade the extracellular matrix (Baricos et al.,

1995). Enhanced activity and expression of MMP-2 have a

significant impact on survival and outcomes in human

malignancies (Stearns and Stearns, 1996; Talvensaari-Mattila

et al., 1998; Kallakury et al., 2001; Yoshizaki et al., 2001).

u-PA is present in cellular structures on the leading edge of

migrating cells and regulates cell adhesion, migration, invasion,

and metastasis (Duffy and Duggan, 2004). Therefore, MMP or

u-PA has a controlling effect on cancer metastasis, which will be

considered as a feasible method. (Bjorklund and Koivunen,

2005). FAK is overexpressed and hyperphosphorylated in

multiple cancer cells, and recent reports have elucidated that

this kinase is responsible for cell migration (Fan et al., 2016),

survival (Skinner et al., 2016), proliferation (Balsas et al., 2017),

and adhesion (Nader et al., 2016). Focal contacts are built at the

ECM integration junctions that bring together the cytoskeleton

and signaling proteins during cell adhesion, spread, and

migration (Maziveyi and Alahari, 2017).

FAK activity can be initiated by ECM or growth factors.

Previous studies have found that tyrosine phosphorylation

regulates focal contact assembly and can occur rapidly

(Parsons, 2003). Using the FAK mutation at Tyr397, a

binding site for Src, the study verified that while

downregulating cell migration, this mutation releases a pool of

active Src that modulates enhanced invadopodia activity

(Mousson et al., 2021). Inhibition of the FAK/Src interaction

enhances the proteolytic activity of invasive melanoma cells

(Mousson et al., 2021). Importantly, Src plays a control role

in the expression of E-cadherin (Serrels et al., 2011). In breast

cancer cells, inhibition of Src induces a reverted epithelial

phenotype associated with an increase in E-cadherin and a

decrease of Vimentin, and it blocks cancer cell migration (Liu

and Feng, 2010). The oncogenic expression of Src in pancreatic

tumor cells was also associated with a reduced expression of

E-cadherin in favor of Vimentin (Nagathihalli and Merchant,

2012).

The importance of canonical Wingless-int1 (Wnt) signaling

in melanoma initiation is associated chiefly with β-catenin ability

to regulate the expression of a wide range of genes of the

melanocyte lineage, and its involvement in the regulation of

proliferation is probably related to the activation of

microphthalmia-associated transcription factor (MITF)

expression (Widlund et al., 2002; Larue and Delmas, 2006;

Levy et al., 2006; Hoek et al., 2008; Arozarena et al., 2011;

Kawakami and Fisher, 2017). β-catenin mediates the

transcriptional expression of Wnt target genes (Tarapore

et al., 2012; Uzdensky et al., 2013; Kahn, 2014). While the

Wnt pathway activation is “turn on”, β-catenin enters the

nucleus and engages DNA-bound TCF transcription factors

(Behrens et al., 1996) (Molenaar et al., 1996). Numerous

studies demonstrated that aberrant activation of Wnt-

signaling contributed to malignant cell transformation and

neoplastic proliferation with further metastatic dissemination

and resistance to treatment (Ring et al., 2014; Galluzzi et al.,
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2019). In several studies of hepatocellular carcinoma, melanoma,

and acute myeloid leukemia, FAK operated upstream of Wnt,

while in prostate cancer, Wnt appeared to act upstream of FAK.

Furthermore, a study of renal carcinoma revealed that Wnt and

FAK might work simultaneously in promoting cancer

progression (Worthmuller and Ruegg, 2020). The depletion of

FAK in hepatocytes blocked tumor proliferation and prolonged

survival in a c-Met/β-catenin-driven hepatocellular carcinoma

(HCC) mouse model (Shang et al., 2015), suggesting that FAK is

required for c-Met/β-catenin-driven hepatocarcinogenesis.

Another study showed that FAK and β-catenin synergistically

induced HCC in mice (Shang et al., 2019) and that FAK elicited

Wnt/β-catenin signaling, activated cancer stem cell (CSC) traits,

and initiated tumorigenicity in HCC cells (Fan et al., 2019).

The Terminalia catappa leaf is biologically active, including

antioxidants (punicalagin, punicalin, chebulic acidcoumaric acid,

benzoic acid, terfluvina A and B, and their derivatives) (Chen and

Li, 2006; Kinoshita et al., 2007), antidiabetic (beta - carotene)

(Anand et al., 2015), anticancer (punicalagin) (Naitik et al.,

2012), antiviral (ellagic acid) (Tan et al., 1991), anti-

inflammatory (triterpene acids, especially ursolic acid and its

derivatives) (Fan et al., 2004), antibacterial (flavonoids and

flavanols) (Kloucek et al., 2005; Shinde et al., 2009), and

hepatoprotective activity (punicalagin, punicalin) (Kinoshita

et al., 2007). Terminalia catappa leaf extracts (TCE) effectively

inhibits phosphorylation of the ERK1/2 signaling pathway by

negatively regulating the activity of the DNA binding factor SP-1

and NF-κB DNA-binding activity, thereby inhibiting u-PA and

inhibiting metastasis (Yeh et al., 2014). TCE had an antitumor

influence in Ehrlich ascites carcinoma (EAC)-bearing mice with

EAC (Pandya et al., 2013) by modulating Lipid Hydroperoxide

(LPO) and reinforcing the antioxidant defense system. In this

report, our goal was to study the efficacy of TCE on

antimetastasis of the A2058 and A375 melanoma cell line and

related mechanisms that will contribute to humans.

2 Materials and methods

2.1 Preparation of TCE

Terminalia catappa leaves were obtained from a traditional

herbal medicine store in Taichung. Terminalia catappa ethanol

extracts were prepared by initial condensation and lyophilization

as previously described (Chu et al., 2007). Briefly, 100 g of air-

dried leaves were boiled at 70°C with 500 ml of 50% ethanol for

24 h. We removed the solvent by using a vacuum rotary

evaporator. These fractions were then lyophilized and stored

at −20°C. Next, we dissolved the TCE powder in 50% dimethyl

sulfoxide (DMSO) to achieve an indicated concentration with the

highest DMSO concentration of less than 0.1%.

2.2 Cell and cell culture

We obtained A2058 and A375 human melanoma cell lines

from the Bioresource Collection and Research Center (BCRC,

Hsinchu, Taiwan) and cultured them in Dulbecco’s Modified

Eagle Medium (DMEM). All cell cultures were kept in a

humidified atmosphere at 37°C containing 5% CO2.

2.3 Determination of cell viability (MTT
assay)

TCE cytotoxicity was evaluated using an MTT colorimetric

assay (Sigma) (Mosmann, 1983; Yang et al., 2008) to analyze cell

viability. After seeding in 24-well plates at a density of 5 × 104

cells/well, A2058 cells, A375 and Hs68 cells were treated with

TCE, respectively, at a concentration between 0 and 100 μg/ml at

37°C for 24 h. The medium was removed after 24 h of incubation,

and the two cells were washed with phosphate-buffered saline

(PBS) 3 times and then incubated with 20 μL of MTT (5 mg/ml)

(Sigma Chemical Co., St. Louis, MO, United States) for 4 h. The

number of viable cells per plate was measured

spectrophotometrically at 563 nm after solubilization with

isopropanol.

2.4 Determination of urinary type
plasminogen activator and matrix
metalloproteinase 2 by zymography

MMP-2 in a conditioned medium were examined using

gelatin zymography protease assays, as previously described

(Chu et al., 2007). To prepare samples, we used a standard

sodium dodecyl sulfate gel loading buffer containing 0.01%

SDS without β-mercaptoethanol without boiling or reduction.

The collected samples were then subjected to 8% sodium dodecyl

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (0.75-

mm; acrylamide/bis-acrylamide 30/1.2; containing 0.1% gelatin;

Sigma). Electrophoresis was performed for 3 h at 140 V in an

OWL P-1 apparatus (Alpha Multiservices, Inc., Contoe, TX,

United States). After electrophoresis, we used 100 ml of

distilled water containing 2% Triton X100 (Sigma) to wash

the gels twice. The gels were then incubated in reaction buffer

(40 mMTris-HCl, pH 8.0, 10 mMCaCl2, 0.02%NaN3; Sigma) at

37°C for 12 h, stained with Coomassie brilliant blue R250 and

destained with methanol/acetic acid/water (50/75/875, v/v/v;

Sigma). The activity of u-PA was verified as previously

described (Chu et al., 2007). 2% w/v casein and 20 μg/ml

plasminogen (Sigma) were added to 8% SDS-PAGE gels.

Electrophoresis and zymography were performed for gelatin

zymography.
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2.5 Wound healing migration assay

We used silicon culture inserts (Ibidi, Munchen,

Germany) with two individual wells. For cell seeding, a

wound closure seeding model was managed to determine

whether TCE could suppress A2058 cell migration and

A375 cell migration, respectively. Each insert was placed in

a culture plate, and A2058 or A375 were seeded with 1.5 × 104

cells/well and grown to form a confluent and homogeneous

layer. After incubation for 24 h, the culture insert was

removed, and the wound zone could be found. The

medium was removed and replaced with DMEM containing

1% FBS, and then TCE was added. We incubated the two cells

at 37°C and photographed the movement of the cells in the

wound zone at 0 h, 24 h, and 48 h using a phase-contrast

microscope (×40).

2.6 Cell invasion and migration assays

To validate the motility and invasion, a Boyden chamber

assay (Neuro Probe, Cabin John, MD, United States) with a

pore size of 8 μm for the migration assay and a matrix barrier of

10 μg/ml Matrigel (BD Biosciences, MA, United States) for the

invasion assay, respectively. First, we treated A2058 and

A375 cells with TCE at different concentrations (0, 25, 50,

and 100 μg/ml) for 24 h. The surviving cells and seeded in a

Boyden chamber with 1.5 × 104 cells/well in a serum-free

medium and incubated at 37°C for 12 h. For the invasion

assay, 10 μg/ml Matrigel® (25 mg/50 ml; BD Biosciences,

Bedford, MA, United States) was applied to 8-μm-pore-size

polycarbonate membrane filters (Neuro Probe, Cabin John,

MD, United States), and the bottom chamber was contained

with a traditional medium. Following incubation, the filters

were air-dried for 5 h in a laminar flow hood. We fixed invading

cells with methanol and stained them with Giemsa (Sigma). We

counted cell numbers with a light microscope (CKX41;

Olympus), and the migration assay was practiced as

described for the Matrigel invasion assay, without the

coating (Chen et al., 2006).

2.7 Preparation of total cell lysates

For the preparation of total cell lysates, cells were rinsed

twice with PBS and scraped with 0.2 ml of cold RIPA buffer

containing protease inhibitor cocktail, then vortexed at 4°C for

10 min. Cell lysates were subjected to 13,000 rpm centrifugation

for 10 min at 4°C, and the insoluble pellet was discarded. Briefly,

harvested cells were scraped and lysed with buffer A (10 mM

HEPES, 10 mM KC1, 0.1 mM EDTA, 1.5 mM MgCl2, 0.2%

NP40, 1 mM DTT, and 0.5 mM

phenylmethylsulfonylfluoride), followed by vortexing to

shear the cytoplasmic membranes were collected by

centrifugation at 13,000 rpm for 30 s at 4°C. Finally, we

performed a Bradford assay (Bradford, 1976) to verify the

concentration of total cell lysates.

FIGURE 1
The effects of TCE cell viability. (A) A2058, (B) A375 cells and
(C) normal dermal fibroblast Hs68were treatedwith TCE (0, 25, 50,
100 μg/ml), respectively, for 24 h by MTT assay. The values
represent the means ± SD of at least three independent
experiments. Comparisons were performed using two-way
ANOVA with post hoc Turkey’s test (***p < 0.05).
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2.8 Western blot analysis

A 6 cm dish with seeded cells was incubated for 24 h. TCE

was added with an indicated concentration (0, 25, 50, and 100 μg/

ml) for 24 h. We used the PRO-PREP protein extraction solution

(iNtRON), containing the protease inhibitor, to collect total cell

lysates. Subsequently, the cell extracts were microcentrifuged at

13,000 rpm for 30 min at 4°C, and the supernatants were

obtained. Cell lysates were separated on a 10% polyacrylamide

gel and transferred to a nitrocellulose membrane. And the blot

was incubated with 5% non-fat milk in PBS for 1 h to block non-

specific binding and then the corresponding antibodies overnight

against GAPDH (Santa Cruz Biotechnology Inc., Santa Cruz,

CA), Vimentin (Santa Cruz Biotechnology Inc., Santa Cruz, CA),

p-Src (Tyr416) (Cell Singling Technology, Inc., Danvers, MA,

United States), t-Src (Cell Singling Technology, Inc., Danvers,

MA, United States), p-FAK (Tyr397) (Cell Singling Technology,

Inc., Danvers, MA, United States), t-FAK (Cell Singling

Technology, Inc., Danvers, MA, United States) and β-catenin
(Gene Tex. Inc. Irvine, CA, United States). The cells were then

incubated at 37°C with an appropriate peroxidase-conjugated

secondary antibody for 1 h. Then we used enhanced

chemiluminescence (ECL) commercial kit (Amersham

Biosciences) to obtain signals and quantitated the relative

photographic density by scanning the photographic negatives

on a gel documentation and analysis system (AlphaImager 2000;

Alpha Innotech Corporation, San Leandro, CA, United States)

(Yang et al., 2008).

FIGURE 2
Effects of TCE on the activity of MMP-2. A2058 cells and A375 were treated with (0, 25, 50, 100 μg/ml) of TCE for 24 h and 48 h, respectively,
then subjected to gelatin and casein zymography to analyze the activities of MMP-2 (A, B). The values represented the means ± SD of at least three
independent experiments. Comparisons were performed using two-way ANOVA with post hoc Turkey’s test (***p < 0.05).

FIGURE 3
Effects of TCE on the activity of u-PA. A2058 cells and A375 were treated with (0, 25, 50, 100 μg/ml) of TCE for 24 h and 48 h, respectively, then
subjected to gelatin and casein zymography to analyze the activities of u-PA (A, B). The values represented the means ± SD of at least three
independent experiments. Comparisons were performed using two-way ANOVA with post hoc Turkey’s test (***p < 0.05).
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2.9 Statistical analysis

Data are indicated as mean ± SD, and each experiment was

performed in triplicate. Statistical significances were analyzed by

two-way analysis of variance (ANOVA) with post hoc Tukey’s test.

The p-value <0.05 was indicated as statistically significant.

3 Results

3.1 The influence of TCE on the viability of
A2058, A375 and Hs60 cells

The cytotoxic effects of TCE at various concentrations (0–100 μg/

ml) on A2058 cells and A375 cells are shown in Figures 1A,B. The

assay showed that even at the highest concentration of 100 μg/ml.

TCE did not alter the viability of A2058 and had a little impact on

A375 cells compared to controls. In addition, the effect of TCE on the

cell viability of normal Hs60 fibroblasts was also investigated. As

shown in Figure 1C, TCE did not alter the viability of Hs60 cells.

3.2 Reduced effect of TCE on the activity
of MMP-2

As shown in Figures 2A,B, TCE treatment in

A2058 and A375 cells for 24 h and 48 h can reduce the

activity of the MMP-2 protein, and this reduction was

dose-dependent.

3.3 Reduced effect of TCE on the activities
of u-PA

Figures 3A,B showed that TCE treatment in A2058 and

A375 cells for 24 h and 48 h can suppress the activity of the

u-PA protein, and this suppression was dose-dependent.

3.4 Inhibitory effect on the motility of
A2058 and A375 cells by TCE

Regarding the cell migration, we observed that after 24 h at

concentration 0 μg/ml, 25 μg/ml, 50 μg/ml with TCE, the

A2058 cells migrated and covered approximately 15%–35% of

the wound area quantified in time zero for all abutment discs, the

A375 cells 2%–13%. And after 48 h at concentration 0 μg/ml,

25 μg/ml, 50 μg/ml with TCE, the A2058 cells migrated and

covered approximately 21%–97% of the wound area quantified

in time zero for all abutment discs, the A375 cells 1%–32%. Lower

migration was observed on A375 when compared to A2058.

Initial wound edges marked initial cell migration and were used

to identify the decrease in wound width throughout the

experiment. Migration distances were showed separately

FIGURE 4
The effects of TCE on the cell migration of A2058 and A375 cells. (A, B) Photographs showed wound closure of A2058 and A375 cells treated
with TCE (0, 25, 50, 100 μg/ml) and 0, 24, 48 h. Cell wound healing assay was performed as described in the Materials and Methods. % Wound
coverage was determined by the rate of cells moving forward the scratched area upon time. The values of percentagewound closure ± SD of at least
three independent experiments. Comparisons were performed using two-way ANOVA with post hoc Turkey’s test (***p < 0.05).
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during periods 0–24 h (migration during first 24 h period) and

0–48 h (during second 24 h period). On the two images recording

period after wounding (0–24 h) (0–48 h) at 0 μg/ml, 25 μg/ml,

50 μg/ml 100 μg/ml with TCE, significant differences migration

distance were found for A2058 discs when compared to the

control (Figure 4A, ***p < 0.05), whilst no difference in motility

was found on A375 discs after wounding (0–24 h) at 25 μg/ml

concentration with TCE (Figure 4B, ***p < 0.05). Experiments

are showed in triplicates (mean ± SD, ***p < 0.05).

3.5 Inhibitory effect on migration and
invasion of A2058 and A375 cells by TCE

It demonstrated that TCE significantly suppressed the

invasion of A2058 and A375 cells in a concentration-

dependent manner, only 38% and 20% remained after

treatment of 100 μg/ml with TCE, respectively (Figures

5A,C), 38% and 22% left after cell migration

(Figures 5B,D).

FIGURE 5
Effects of TCE on cell invasion and migration of A2058 and A375 cells. After being treated with TCE at a concentration of (0, 25, 50, 100 μg/ml)
for 24 h, cell invasion and migration assay were then performed as described in the Materials and Methods. Representative images of A2058 and
A375 cells on the lower side of membrane at different time points in the (A, C) invasion and (B, D) migration assay. A representative number of
invading cells through the Matrigel and membrane were counted under the microscope for 10 random fields at a 3200 magnification. The
results were statistically evaluated using two-way ANOVA with post hoc Turkey’s test (***p < 0.05). The results from 3 repeated and separate
experiments were similar.
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3.6 Down-regulated effect of the
vimentin, p-FAK (Tyr397), p-Src (Tyr416),
and β-catenin pathways by TCE

Since the inhibitory effect of TCE on cell migration/

invasion and proteinases has been revealed, the effects of

TCE on the β-catenin pathways were investigated by

Western blot to clarify the underlying mechanisms. The

Western blot results indicated that TCE could reduce the

phosphorylation of β-catenin and p-Src (Tyr416) (Figures

6A,B) in A2058 and A375 cells. Additionally, TCE could also

inhibit the expressions of Vimentin and p-FAK (Tyr397) in

A2058 cells (Figure 6C).

4 Discussions

In the past, our laboratory has also studied TCE in other

cancer metastases (Chu et al., 2007; Yang et al., 2010; Yeh et al.,

2012; Chung et al., 2021). We demonstrated that TCE negatively

affected metastasis in various cancers, including hepatocellular

carcinoma, oral cancer, human glioblastoma, and lung cancer. To

explore in-depth the effect and mechanism of TCE in anticancer

metastasis, we used various verification methods to analyze the

actual biological results of TCE on the antimetastasis of

melanoma in vitro. First, we found that TCE could reduce the

expression of MMP-2 and u-PA, respectively, for 24 and 48 h in

the zymography assay (Figure 2 and Figure 3). As we know,

FIGURE 6
A2058 and A375 cell lines were pretreated with TCE and then incubated for 24 h. The cells lysates were subjected to SDS-PAGE followed by
western blots with anti-β-catenin, anti-p-Src (Tyr416), anti-t-Src, anti-GAPDH (A, B) and anti-Vimentin, anti-p-FAK (Tyr397), anti-t-FAK, anti-GAPDH
for A2058 (C), as described inMethods Section 2.8. The bar graph shows the statistical results of protein expression (D–F). The values represented the
means ± SD of at least three independent experiments. Comparisons were performed using two-way ANOVA with post hoc Turkey’s test
(***p < 0.05).
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MMP-2, and u-PA pose an essential role during metastasis.

Effective down-regulation of the function of MMP-2 and

u-PA by TCE led to the depletion of ECM (Baricos et al.,

1995). It showed that the down-regulated expression of MMP-

2 lost its fundamental ability to facilitate metastasis activity under

the effect of TCE. In the movement wound healing assay, TCE

significantly hindered the moving ability of the A2058 and

A375 cell lines at a concentration of 50 μg/ml and 100 μg/ml

with TCE (Figure 4). Whether TCE could suppress the invasion

and migration of A2058 and A375 melanoma cell lines, which we

expected to elucidate, should be further addressed. In the

invasion and migration assay, we verified that the A2058 and

A375 cell lines were suppressed and unable to invade andmigrate

successfully (Figure 5).

In metastasis, u-PA could convert plasminogen to plasmin,

eliciting MMP-2 to degrade ECM (Chen et al., 2011). u-PA

interacted with integrin-β1 and then mediated FAK to increase

the downstream cascade of the metastatic mechanism. Inhibited

expression of u-PA decreased the degradation activity of ECM

and consequently obstructed the signaling pathway of metastasis.

FAK in cells plays a pivotal role in assembling various proteins to

respond further once the metastatic mechanism is initiated

(Sulzmaier et al., 2014). The FAK-Src complexes phosphates

Paxillin Tyr118, facilitating the combination of ERK2 and

paxillin. Excellular regulated protein kinases 2 (ERK2)

phosphating paxillin triggers FAK combining with paxillin

and activates FAK. FAK Tyr925 was phosphated by Src and

influenced the generation of paxillin and vinculin complexes

(Mitra and Schlaepfer, 2006). Furthermore, Rho/Rac/Cdc42 or

MAPK, which mediates cell migration and morphology, can be

enhanced by interacting upstream signaling pathways between

FAK Tyr925 and Src. In Western blot, we discovered that p-Src

was inhibited in our study. The β-catenin pathway was also

negatively regulated. After TCE treatment, the Src and β-catenin
signaling pathways were hindered in the A2058 and

A375 melanoma cell lines (Figure 5). TCE had the effect of

tempering the FAK/Src interaction and β-catenin signaling

pathway from the investigation of Vimentin, p-FAK (Tyr397)

and p-Src (Tyr416), and β-catenin which were negatively

regulated in Western blot (Figure 6).

The expression of p-FAK (Tyr397) and p-Src (Tyr416)

protein was suppressed in Western blot (Figure 6). Previous

studies showed that melanoma cells might be hindered in

accelerating invadopodia activity, and subsequently, Vimentin

was suppressed (Liu and Feng, 2010; Nagathihalli and Merchant,

2012; Mousson et al., 2021). Involvement in regulating

melanocyte proliferation, β-catenin is most likely associated

with the activation of MITF expression (Larue and Delmas,

2006). Wnt and FAK might simultaneously encourage renal

carcinoma progression in a previous study (Shang et al.,

2015). Interestingly, we found that TCE inhibited the

expression of FAK and β-catenin in our research. It may

suggest that TCE could influence the effect of metastasis of

A2058 and A375 melanoma cell lines.

In conclusion, our study raveled about the possibility of

adjuvant treatment of melanoma in the future. Our study

demonstrated that TCE had an effect on antimetastasis in the

A2058 and A375 melanoma cell line in vitro.
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