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Rosmarinic acid inhibits proliferation and migration, promotes apoptosis and 
enhances cisplatin sensitivity of melanoma cells through inhibiting ADAM17/ 
EGFR/AKT/GSK3β axis
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ABSTRACT
Rosmarinic acid (RA), a naturally occurring polyphenolic compound, exerts multiple biologi-
cal properties including anti-cancer. The metalloprotease, a disintegrin and metalloprotei-
nase 17 (ADAM17), can activate ligands of the epidermal growth factor receptor (EGFR) and 
contribute to tumor progression. We aimed to investigate whether RA could exhibit anti- 
cancer effects in melanoma cells through down-regulating ADAM17. The human melanoma 
A375 cells were exposed to RA, then cell viability, migration, invasion, apoptosis, melanin 
content and the expression of ADAM17/EGFR/AKT/GSK3β were evaluated. The viability of 
cells exposed to RA in the presence of cisplatin (Cis) was measured by CCK-8. Cells were 
overexpressed with ADAM17 in the absence or presence of RA and ADAM17 inhibitor (TACE 
prodomain; TPD) co-treatment, then the above cellular processes were also observed. Results 
showed that A375 cells treated with RA showed significant lower cell viability, proliferation, 
migrative and invasive abilities, melanin content and expression of related proteins includ-
ing MMP2 and MMP9, compared with normal cells. RA enhanced the ratio of TUINEL-positive 
cells, the expression of pro-apoptotic proteins, but reduced Bcl-2 expression. RA co- 
treatment increased the inhibitory effect of Cis on cell viability. RA inhibited the expression 
of ADAM17/EGFR/AKT/GSK3β, which was further suppressed by TPD. Moreover, ADAM17 
overexpression blocked all the effects of RA whereas TPD treatment generated an opposite 
function. In conclusion, RA exerted obvious inhibitory effect on melanoma cell proliferation, 
migration and invasion, but promotive effect on cells apoptosis. Addition, the showing of 
this characteristic of RA may rely on inhibiting the expression of ADAM17/EGFR/AKT/GSK3β 
axis.
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Introduction

Malignant melanoma (MM) mostly occurs in the 
skin, and can also occur in the throat, nasal cavity, 
central nervous system, anorectum, and lymph 
nodes. It is a highly malignant tumor and has the 
highest fatality rate among skin cancers [1]. With 
the advancement of science and technology, the 
therapeutic methods for MM are diversified, 
including surgical treatment, radiation therapy, 
endocrine therapy, and immunotherapy [2]. 
However, because the disease is prone to hemato-
logical and lymphatic metastasis, the patient’s life 
expectancy is shorter, and the 5-year survival rate 
does not exceed 10% [3]. Therefore, in-depth 
exploration of the potential mechanism of MM 
and the search for novel specific methods and 
targeted drugs are currently the focus of preven-
tion and treatment of MM.

Rosmarinic acid (RA), an ester of caffeic acid 
and 3,4-dihydroxyphenyllactic acidis, is 
a naturally water-soluble polyphenolic hydroxyl 
compound, and widely distributed in plants 
such as Lamiaceae, Boraginaceae, and 
Cucurbitaceae [4]. It has been confirmed that 
RA has multiple pharmacological effects such as 
anti-bacterial, antioxidant, antiviral, anti- 
inflammatory, anti-cancer, immune regulation, 
and health-enhancing activities [5–7]. RA 
shows great therapeutic potential in many can-
cers, but the anti-cancer effect of it on mela-
noma remains to be illustrated [5]. A previous 
study found that RA induced D melanogenesis 
through activating protein kinase A signaling 
[8]. Another study reported the radiosensitizing 
effect of RA in metastatic melanoma B16F10 
cells [9]. In the present study, we aimed to 
investigate whether RA could exert the effects 
of anti-proliferation and enhancing cisplatin 
sensitivity in MM cells.

The metalloprotease a disintegrin and metal-
loproteinase 17 (ADAM17) is a member of the 
ADAM family of proteases, which consist of 21 
members, among which 13 are active enzymes 
[10]. Since its discovery, ADAM17 has been 
implicated in the initiation and progression of 
practically all tumor entities, such as colon can-
cer, breast cancer, lung cancer and gastric cancer 
[11]. ADAM family have been implicated in the 

ectodomain shedding of six out of the seven 
currently known epidermal growth factor recep-
tor (EGFR) ligands. Specifically, ADAM17 is 
known to have a major role in activating most 
ligands of EGFR, such as amphiregulin, heparin- 
binding epidermal growth factor and epigen, 
representing a crucial pathway for tumor pro-
gression [12]. In colorectal cancer, the downre-
gulation of ADAM17 could increase the 
sensitivity to chemotherapy, inhibit cell prolif-
eration, induce apoptosis, and reverse oxaliplatin 
resistance via suppression of the EGFR/PI3K/ 
AKT signaling pathway [13]. Notably, RA was 
reported to inhibit head and neck squamous cell 
carcinoma in vitro through a reduction in EGFR 
activation [14]. ADAM17 is highly expressed in 
nearly all cancers and is also upregulated in 
melanoma (https://portals.broadinstitute.org/ 
ccle/page?gene=ADAM17). Therefore, we 
hypothesized that RA could down-regulate 
ADAM17 expression and inhibit EGFR/AKT sig-
naling, thereby affecting the proliferation, migra-
tion and chemotherapy sensitivity of melanoma 
cells.

In the present study, we aimed to investigate the 
role of RA in the proliferation, migration, inva-
sion, apoptosis and cisplatin sensitivity of human 
melanoma cells. Additionally, whether the effects 
of RA exerts in the progression of melanoma is 
related to EGFR/AKT signaling was explored.

Materials and methods

Cell culture and treatment

The human melanoma cell-line A375 was pur-
chased from Cell Bank of Chinese Academy of 
Sciences (Shanghai, China) and cultured in 
DMEM medium (Thermo Fisher Scientific, USA) 
supplemented with 10% FBS (Gibco, USA) and 1% 
penicillin-streptomycin (Beyotime Institute of 
Biotechnology, China) in a 5% CO2 incubator 
at 37°C.

For RA treatment (purity>98%, Sigma, USA), 
cells that attached to the plate bottom were 
exposed to different concentrations of RA (0, 50, 
100, and 200 μg/ml) for 24, 48 or 72 h according to 
a previous study [15]. For cis-platinum (Cis, pur-
ity≥98.5%, Solarbio, China) and RA co-treatment, 
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cells were pre-treated to RA for 24 h, followed by 
8 μM Cis co-treatment for another 24 h. For RA 
and recombinant TACE prodomain (TPD; 
ADAM17 inhibitor) co-treatment, cells were co- 
treated with 200 μg/ml RA and 1 μM E01-GS-TPD 
for 48 h.

Cell transfection

Full-length cDNAs of human ADAM17 were 
cloned into the pcDNA3.1 vector (Thermo 
Fisher Scientific, Inc.). A pcDNA3.1 empty vector 
was used as a negative control. A375 cells were 
transfected with 10 mg/l pcDNA3.1-ADAM17 
(ov-ADAM17) or pcDNA3.1 (ov-NC) using 
Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the 
manufacturer’s protocol. Following 48 h of trans-
fection, the cells were collected for subsequent 
experiments.

Cell counting kit-8 (CCK-8) assay

For assessment of cell viability and cell prolifera-
tion, cells were seeded on 96-well plate and then 
were transfected with or without indicated plas-
mids in the absence or presence of RA, Cis or E01- 
GS-TPD. After that, these cells were analyzed 
using CCK-8 (Solarbio, China). Briefly, after treat-
ment with indicated compounds, 10 μL CCK-8 
working solution was added to each well, followed 
by being incubated with normal cell culture med-
ium for 2 h. Finally, the optical density (OD) was 
evaluated at the 450 nm wavelength using a micro-
plate reader.

Wound healing assay

For the wound healing assay, cells were seeded 
on 6-well plates at the density of 5 × 105 cells/ 
well. A pipette tip was used to create a wound 
after treatment with indicated compounds. The 
cells were then cultured in serum-free medium. 
The migrated cells were observed at 0 and 72 h 
following the creation of the wound, using an 
inverted microscopy (Olympus Corporation).

Transwell assay

Transwell assay was performed using 24-well culture 
plates with 8-mm pore inserts (Transwell; Falcon, 
BD Biosciences). The lower chamber was filled with 
600 µL DMEM containing 10% FBS. A375 cells 
(1 × 105 cell/well) were seeded into the upper cham-
ber. After 24 h of incubation, the migrated cells were 
fixed with 5% glutaraldehyde and then stained with 
crystal violet, and the number of cells in the bottom 
well was counted by a counting chamber. Images 
were captured using an inverted light microscope 
(magnification, x100; Olympus Corporation)

TUNEL staining

Cell apoptosis was detected using a TUNEL Assay 
kit (Beyotime) according to the manufacturer’s 
protocol. In brief, cells were fixed with 4% paraf-
ormaldehyde for 30 min, treated with PBS con-
taining 0.3% Triton X-100 and incubated at room 
temperature for 5 min. After adding 50 μL TUNEL 
detection solution to the sample and incubating it 
at 37°C for 60 min in the dark, cells were washed 
with PBS. Apoptotic cells were observed under 
a fluorescence microscope (Olympus 
Corporation) after mounting with an anti- 
fluorescence quenching mounting solution.

Melanin content measurement

Cellular melanin content was measured as pre-
viously described [16]. After treatment with indi-
cated compounds, cells were harvested and washed 
twice with PBS. Then cells were lysed in 500 μL of 
1 M NaOH for 1 h at 80°C, the lysates were 
centrifuged at 3000 g for 10 min and the absor-
bance was measured at 405 nm.

Western blot analysis

Total proteins in A375 cells were extracted using 
RIPA lysis buffer (Beyotime) and then quantified 
by a BCA kit (Thermo Fisher Scientific, Inc). 
Equal amounts (40 μg) of each sample were sepa-
rated by 8–12% SDS-PAGE, followed by being 
transferred onto PVDF membranes (Bio-Rad). 
After being blocked with 5% nonfat milk at 37°C 
for 2 h, the membranes were incubated with the 
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following primary antibodies (Abcam) overnight 
at 4°C: Anti-MMP2 (cat. no. ab92536; 1:5000), 
anti-MMP9 (cat. no. ab76003; 1:10000), anti-Bcl2 
(cat. no. ab32124; 1:2000), anti-Bax (cat. no. 
ab32503; 1:2000), anti-cleaved caspase-3 (cat. no. 
ab2302; 1:1000), anti-caspase-3 (cat. no. ab13847; 
1:500), anti-ADAM17 (cat. no. ab57484; 1:1000), 
anti-EGFR (cat. no. ab52894; 1:5000), anti-Akt 
(cat. no. ab8805; 1:500), anti-phosphorylated (p)- 
Akt (cat. no. ab81283; 1:5000), anti-GSK3β (cat. 
no. ab32391; 1:10000), anti-p-GSK3β (cat. no. 
ab75841; 1:20000), and anti-GAPDH (cat. no. 
ab8245; 1:10000). Finally, the membranes were 
incubated with a horseradish-conjugated second-
ary antibody (goat anti-rabbit IgG; cat. no. 
ab205718; 1:10,000) at room temperature for 2 h 
and visualized by an electrochemiluminescence 
system (Amersham Imager 600; GE Healthcare). 
Image J software (version 1.52 v, National 
Institutes of Health) was used for densitometric 
analysis of western blot. The gray value of the 
target protein was normalized to that of GAPDH.

Real time quantitative PCR

The total cellular RNA from A375 cells was 
extracted using a commercial Trizol kit (Thermo 
Fisher). RNA quality was determined via the 
A260/A280 ratio and 1.5% agarose gel electro-
phoresis. The cDNA was synthesized using 
a reverse transcriptase (Vazyme Biotech Co., 
Ltd.) according to the manufacturer’s instructions. 
A reverse-transcription system (Promega 
Corporation, USA) was used to RT-PCR. 5 μg of 
the total RNA was placed in a 20 μL reaction tube 
with the following primers: ADAM17, forward: 5ʹ- 
GGGCAGAGGGGAAGAGAGTA-3ʹ, reverse: 5ʹ- 
TGTGGAGACTTGAGAATGCGA-3ʹ; GAPDH, 
forward: 5ʹ-GAAAGCCTGCCGGTGACTAA-3ʹ, 
reverse: 5ʹ-TTCCCGTTCTCAGCCTTGAC-3ʹ.

Each run consisted of an initial incubation for 
activation of the hot-start DNA polymerase at 
95°C for 5 min. The follow-up incubation was 
conducted on 45 cycles of denaturation at 95°C 
for 10 s, annealing at 58°C for 30 s and polymer-
izing at 60°C for 30 s. The relative levels were 
quantitatively analyzed using the 2−ΔΔCq method 
[17]. The results were expressed as the ratio of the 

intensity of each band to the intensity of the 
GAPH band.

Statistical analysis

Data were expressed as the mean ± standard devia-
tion from at least three independent experiments. 
Comparisons among multiple groups were analyzed 
using one-way ANOVA followed by Tukey’s post 
hoc test. Statistical analyses were performed using 
GraphPad Prism software (version 6.0; GraphPad 
Software, Inc.). P < 0.05 was considered to indicate 
a statistically significant difference.

Results

RA inhibits proliferation, migration and invasion 
of melanoma cells

RA shows great therapeutic potential in many 
cancers, but the anti-cancer effect of it on mela-
noma remains to be illustrated [5]. First of all, 
different concentrations of RA were utilized to 
treat human melanoma cells A375 for 24, 48 and 
72 h, and then cell viability was measured. As 
shown in Figure 1a, the activity of A375 cells 
decreased with the increase of RA concentration. 
At 24 h, the cell activity fell below 80% when the 
concentration of RA reached 200 μg/mL. At 48 h, 
the cell activity fell to about 50% for 200 μg/mL, 
and at 72 h, the cell activity fell obviously for most 
of concentrations. Therefore, 50, 100 and 200 μg/ 
ml RA incubation for 48 h were selected for the 
following experiments. Figure 1b indicates that cell 
proliferation was reduced after the 48 h treatment 
by 50, 100 and 200 μg/ml RA. Wound healing 
assay was performed to observe cell migration, 
consequently showing that RA obviously blocked 
cell migration in a concentration-dependent man-
ner (Figure 1c and d). Figure 1e demonstrates the 
representative images for transwell assay, and 
quantitative analysis in figure 1f showed that mel-
anoma cells invasion was also prevented by RA 
treatment. Likewise, the expression of proteins 
involved in cell migration and invasion including 
MMP2 and MMP9 was also detected. Results in 
Figure 1g indicated the inhibitory effect of RA on 
MMP2 and MMP9 expression. The above results 
illustrated the repressive effect of RA on 
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melanoma cell proliferation, migration, and inva-
sion. 

RA promotes apoptosis, reduces melanin content 
and enhances Cis sensitivity of melanoma cells
To investigate the role of RA in the apoptosis of 
melanoma cells, TUNEL staining was performed in 
our study. As shown in Figure 2a, the normal mela-
noma cells displayed low ratio of apoptosis (TUNEL- 
positive), while 50, 100 and 200 μg/ml RA treatment 

obviously increased the proportion of apoptotic cells. 
Moreover, the expression of Bcl-2 was reduced, while 
that of Bax and cleaved-caspase3 was increased after 
RA stimulation (Figure 2b). Besides, the cellular mel-
anin content was notably reduced by 50, 100 and 
200 μg/ml RA (Figure 2c). Furthermore, cell viability 
was also significantly inhibited by Cis and the presence 
of RA further enhanced this inhibitory effect, suggest-
ing that RA could strengthen the sensitivity of mela-
noma cells to Cis (Figure 2d).

Figure 1. Effects of RA on proliferation, migration and invasion of melanoma cells. (a), A375 cells were exposed to different 
concentrations of RA for 24, 48 and 72 h, then cell viability was measured by CCK-8 assay. B-G, A375 cells were exposed to 0, 50, 100 
and 200 μg/ml RA for 48 h, then cell proliferation was measured by CCK-8 assay (b); cell migration was detected via wound healing 
assay (c and d); cell invasion was detected via transwell assay (e and f); the protein expression of MMP2 and MMP9 was detected by 
western blot (g). *P < 0.05, **P < 0.01 and ***P < 0.001 vs 0 group.
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Figure 2. Effects of RA on apoptosis, cellular melanin content and Cis sensitivity of melanoma cells. (a-c), A375 cells were exposed to 
0, 50, 100 and 200 μg/ml RA for 48 h, then cell apoptosis was observed by TUNEL staining (a); the expression of proteins involved in 
apoptosis including Bcl-2, Bax and cleaved-caspase3 was detected by western blot (b); the cellular melanin content was measured 
(c). ***P < 0.001 vs 0 group. D, A375 cells were pre-treated with 0, 50, 100 and 200 μg/ml RA for 24 h, followed by 8 μM Cis co- 
treatment for another 24 h, then cell viability was detected. **P < 0.01 vs 0 μg/ml RA group; ##P < 0.01 and ###P < 0.001 vs Cis + 
0 μg/ml RA group.

3070 L. HUANG ET AL.



RA reduces and inhibition of ADAM17 further 
decreases the expression of ADAM17/EGFR/AKT/ 
GSK3β axis

We next aimed to explore the possible mechanism 
underlying the actions of RA. As revealed in 
Figure 3a, the protein expression of ADAM17, 
EGFR, p-AKT and p-GSK3β was remarkably 
inhibited upon 200 μg/ml RA treatment. We then 
chose 200 μg/ml RA for the next research. The 

inhibitor of ADAM17, TPD was also used to 
treat cells. Similar in the function with RA, TPD 
also reduced the expression of ADAM17, EGFR, 
p-AKT and p-GSK3β (Figure 3b). Furthermore, 
TPD co-treatment enhanced the inhibitory effect 
of RA on ADAM17/EGFR/AKT/GSK3β signaling 
activation (Figure 3b). The above data suggested 
the participation of ADAM17 in the effects of RA 
on melanoma cells.

Figure 3. Effect of RA on the expression level of ADAM17/EGFR/AKT/GSK3β axis. (a), A375 cells were exposed to 0, 50, 100 and 
200 μg/ml RA for 48 h, then the expression of proteins including ADAM17, EGFR, p-AKT and p-GSK3β was detected using western 
blot. *P < 0.05, **P < 0.01 and ***P < 0.001 vs 0 group. B, A375 cells were co-treated with 200 μg/ml RA and 1 μM TPD for 48 h, 
then the expression of proteins including ADAM17, EGFR, p-AKT and p-GSK3β was detected using western blot. ***P < 0.01 vs 
control group; ##P < 0.01 and ###P < 0.001 vs RA group.
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ADAM17 overexpression blocks whereas TPD 
treatment promotes all the effects of RA on 
melanoma cells

To validate our hypothesis that RA could down- 
regulate ADAM17 expression and inhibit EGFR/ 
AKT signaling to inhibit the progression of mela-
noma, ADAM17 was overexpressed in A375 cells 
and results in Figure 4a and Figure 

4b demonstrated the significant elevation in 
mRNA and protein expression of ADAM17. 
Figure 4c shows that the cell proliferation was 
considerably higher in the presence of ADAM17 
overexpression, but obviously lower upon TPD co- 
treatment in the presence of RA, compared with 
that of cells that were only exposed to RA. In 
comparison with RA treatment, overexpression of 
ADAM17 also increased cell migration and 

Figure 4. ADAM17 overexpression reverses, whereas ADAM17 inhibition enhances the effect of RA on melanoma cells proliferation, 
migration and invasion. A and B, A375 cells were transfected with vectors overexpressing ADAM17 or corresponding NC vectors, 
then mRNA (a) and protein (b) level of ADAM17 were measured. **P < 0.01 and ***P < 0.001 vs control group. C-H, A375 cells 
overexpressed with ADAM17 or not were exposed to RA or TPD or RA+TPD co-treatment, then cell proliferation was measured by 
CCK-8 assay (c); cell migration was detected via wound healing assay (d and e); cell invasion was detected via transwell assay (f and 
g); the protein expression of MMP2 and MMP9 was detected by western blot (h). ***P < 0.01 vs control group; #P < 0.05, ##P < 0.01 
and ###P < 0.001 vs RA group.
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invasion, whereas TPD reduced these cellular abil-
ities. Therefore, it can be concluded that ADAM17 
overexpression could block whereas TPD could 
enhance the inhibitory effect of RA on cell migra-
tion and invasion (Figure 4d-g). The same result 
was also observed in Figure 4h, revealing that the 
expression of MMP2 and MMP9 in A375 cells, 
which was inhibited by RA, was significantly 
recovered by ADAM17 overexpression and further 
reduced by TPD co-treatment.

In addition to migration and invasion, the 
alteration of cell apoptosis was also observed. As 
shown in Figure 5 A and B, ADAM17 overexpres-
sion blunted while TPD co-treatment enhanced 
the promotive effect of RA on cells apoptosis. 
This conclusion was evidenced by decreased pro-
portion of apoptotic cells, reduced protein expres-
sion of Bax and cleaved caspase3 together with 
increased Bcl-2 expression under the circumstance 
of ADAM17 overexpression. In comparison, the 

Figure 5. ADAM17 overexpression reverses, whereas ADAM17 inhibition enhances the effect of RA on apoptosis, cellular melanin 
content and Cis sensitivity of melanoma cells. (a-c), A375 cells overexpressed with ADAM17 or not were exposed to RA or TPD or RA 
+TPD co-treatment, then cell apoptosis was observed by TUNEL staining (a); the expression of proteins involved in apoptosis 
including Bcl-2, Bax and cleaved-caspase3 was detected by western blot (b); the cellular melanin content was measured (c). 
***P < 0.01 vs control group; #P < 0.05, ##P < 0.01 and ###P < 0.001 vs RA group. D, A375 cells were exposed to Cis (8 μM), RA 
(200 μg/ml), Cis + RA with or without ADAM17 overexpression, or Cis + RA + TPD, then cell viability was assessed. **P < 0.05 and 
***P < 0.01 vs control group; ###P < 0.001 vs RA group; ΔP<0.05 and ΔΔΔP<0.001 vs Cis + RA group.
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exact opposite results were revealed in the pre-
sence of TPD co-treatment, compared with RA 
treatment, which solidified our verdicts. In addi-
tion, ADAM17 overexpression increased whereas 
TPD decreased the inhibitory effect of RA on 
cellular melanin content (Figure 5c). 
Furthermore, the enhanced effect of RA on Cis 
sensitivity was also blunted by ADAM17 overex-
pression but enhanced by TPD treatment 
(Figure 5d).

Discussion

In the present study, human melanoma cell-line 
A375 was utilized to investigate the effect of RA on 
melanoma and the potential mechanism. Our results 
revealed that RA could inhibit the cellular prolifera-
tion, migration, invasion and melanin content, but 
promote apoptosis and Cis sensitivity of melanoma 
cells in vitro. RA also down-regulated the expression 
level of ADAM17, EGFR, p-AKT and p-GSK3β in 
melanoma cells, suggesting that RA had the anti- 
cancer potential for melanoma treatment, and the 
underlying mechanism may be related to inhibiting 
the activation of ADAM17/EGFR/AKT/GSK3β axis. 
A further study was then conducted, where we used 
ADAM17 inhibitor-TPD to down-regulate the 
expression level of ADAM17 in melanoma cells. 
We found that the downregulation of ADAM17 
not only inhibited the expression of EGFR, p-AKT, 
and p-GSK3β, but also further enhanced the inhibi-
tory effect of RA on these proteins. Furthermore, we 
up-regulated ADAM17 in melanoma cells using 
overexpressing vectors and illustrated that overex-
pression of ADAM17 significantly blocked the effect 
of RA on cellular proliferation, migration, invasion, 
apoptosis, melanin content, and Cis sensitivity of 
melanoma cells. However, inhibition of ADAM17 
with TPD further strengthened all the effects of RA 
on melanoma cells. Our results fully proved that RA 
played a role of protecting melanoma cells against 
malignant metastasis by inhibiting ADAM17/EGFR/ 
AKT/GSK3β axis.

Plant-derived novel compounds have recently 
gained widespread appreciation as an alternative to 
traditional therapies due to their potent activity 
against carcinogenic cells with limited or negligible 
side effects [18,19]. RA is a derivative of caffeic acid 
and 3,4-dihydroxyphenyllactic acid that largely 

exists in plants such as Rosmarinus officinalis, 
Perilla frutescens L., Salvia officinalis L., Mentha 
arvensis L., and Ocimum basilicum L [20]. Current 
research has found that RA and its chemically 
derived compounds possess a wide range of phar-
macological effects owing to their antitumor, anti- 
inflammatory, antioxidant, and antimicrobial prop-
erties [21]. Research reports in cancers have shown 
that RA could exert potent antitumor effects both 
in vitro and in vivo, through inhibiting the growth 
of cancer cells, and reducing the metastasis of 
tumors including skin cancer, pancreatic cancer, 
breast cancer, lung cancer, colorectal cancer and 
leukemia [5,22]. Studies in melanoma have shown 
that RA played an important role in melanogenesis 
and has a radio-protective impact in animals 
[23,24]. RA has been reported to reverse the multi-
drug resistance in human gastric cancer SGC7901/ 
Adr cells [25]. RA could elevate the sensitivity of 
non-small cell lung cancer cells resistant to cisplatin 
[26]. Additionally, research has proposed that RA 
possesses synergistic effects with cisplatin on human 
ovarian cancer cells A2780 [27]. Consistent with the 
above reports, our results also confirmed the anti- 
cancer effect of RA on melanoma, as evidenced by 
blocked proliferation, migration, invasion, and mel-
anin synthesis together with promotive apoptosis 
and Cis sensitivity in melanoma cells caused by RA.

Until now, although the potential mechanism 
involved in the anti-tumor effects of RA has been 
widely covered and multiple signaling pathways 
have been suggested to play a role [5,6,28], the 
specific mechanism related to the actions of RA 
in melanoma remains to be clarified. ADAM17 is 
highly expressed in nearly all cancers including 
melanoma (https://portals.broadinstitute.org/ 
ccle/page?gene=ADAM17). Previous studies indi-
cated that high ADAM17 gene expression corre-
lates with poor progression-free survival in 
melanoma patients [29]. Additionally, ADAM17 
was significantly overexpressed in advanced stage 
of melanoma, and the expression of TNF-α was 
up-regulated and significantly correlated with the 
expression of ADAM17 and respectively, with 
the advanced tumor stage [30]. Therefore, we 
shed light on the effect of RA on ADAM17 
expression and found that RA considerably 
inhibited the expression of ADAM17 together 
with the downstream mediators of ADAM17, 
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which constitutes ADAM17/EGFR/AKT/GSK3β 
axis and represents a crucial pathway for tumor 
progression [12]. Based on the results, we specu-
lated that RA could target ADAM17 to down- 
regulate its expression therefore inactivate 
ADAM17/EGFR/AKT/GSK3β axis, ultimately 
exerting anti-cancer effects on melanoma 
in vitro. To further validate our hypothesis, we 
down-regulated and up-regulated ADAM17 
expression using its inhibitor TPD, and its tar-
geting overexpressing vectors, respectively. In 
accordance with our speculation, all the effects 
of RA on melanoma cells were significantly 
blocked by ADAM17 overexpression, but greatly 
enhanced by ADAM17 inhibition. However, this 
study was carried out only in A375 cells, whether 
the same results would be obtained in other 
melanoma cell lines needs to be confirmed in 
the subsequent experiments. Additionally, the 
evaluation of RA in a normal (healthy cell line) 
cell also get our research interest. The above two 
points are the limitations of the present study. 
Therefore, comprehensive and in-depth analysis 
is required in the future.

Conclusion

Taken together, the current study for the first time 
shed light on the effect of RA on melanoma cells 
proliferation, migration, and invasion together with 
apoptosis and Cis sensitivity. Results illustrated that 
RA can inhibit the expression of ADAM17 in mel-
anoma cells and suppress cell proliferation, invasion, 
migration, and melanin synthesis as well as increas-
ing apoptosis and Cis sensitivity. This research pro-
vides a novel therapeutic approach for treating 
melanoma and new ideas for the mechanisms 
involved in the anti-tumor effects of RA.
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