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Resveratrol promotes melanoma cells autophagy and 
apoptosis by inhibiting Akt/mTOR signaling pathway
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Abstract: Objective: To study autophagy and mechanism of resveratrol (Res) effect on melanoma cells by inhibiting 
Akt/mTOR signaling path. Methods: Melanoma cells cultivated in vitro were divided into the control group (treated 
with culture medium RPMI-1640 only) and the Res group (treated with Res 5, 10, 20, 50, 100 umol/L). The pro-
liferation and inhibition of MeWo cells in each group were detected by CCK for 12 hours and 24 hours after cells 
cultivation. The expression of Beclin-1 and LC3-II mRNA was detected by PCR. The protein expression of Beclin-1, 
LC3-II, Bax, Bcl-2, p-Akt, and mTOR was detected by WB. And the apoptosis rate was measured by flow cytometry for 
48 hours in each group. Results: The control group was not inhibited at each process while the inhibition rate of the 
Res group increased with the rise of Res concentration, and the expression of the Res group was different from that 
of the control group (P<0.05). The apoptosis rate of the Res group increased with the rise of Res concentration, and 
differences were existed among the Res group (P<0.05). There was no difference between the Res group (except 
for the concentration of 5 and 10 micron oL/L) and the control group (P>0.05), while the apoptosis rate of other 
groups of Res was higher than that of the control group (P<0.05). The results showed that there was no difference 
in expression of Beclin-1 and LC3-II between the Res group (except for the concentration of 5 and 10 umol/L) and 
the control group. The expression of Beclin-1 and LC3-II mRNA in the rest of the Res groups was higher than that 
in the control group (P<0.05). The expression of Beclin-1 and LC3-II increased with the rise of Res concentration 
in the Res group, presenting a concentration-dependent trend. The protein expression of Beclin-1, LC3-II and Bax 
in the control group was lower than that of the Res group, while Bcl-2, p-Akt and mTOR was higher than that of the 
Res group (P<0.05). Among them, there was no difference in the protein expression between the Res group and the 
control group (P>0.05). The protein expression of Beclin-1, LC3-II and Bax increased with the rise of concentration 
in the Res group. The expression of Bcl-2, p-Akt and mTOR decreased with the rise of Res concentration. Conclu-
sion: Res exerts an influence on proliferation and apoptosis of melanoma cells through promoting autophagy and 
apoptosis by inhibiting Akt/mTOR signaling pathway.
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Introduction

Melanoma, a common malignant tumor in der-
matology, is mainly caused by excessive prolif-
eration of melanocytes from the surface of 
skin. It may appear in any parts of the human 
body, especially arms, legs and rubbed parts, 
which is also characterized by invasiveness, 
metastasis and prognosis [1, 2]. In the past 
decade, the incidence of melanoma has in- 
creased sharply. Studies have shown that mel-
anoma is one of the highest growth rates of 
malignant tumors, with an annual growth rate 
of 3% and 5% [3]. Survey in Chen [4] showed 
that there were 80,000 melanoma cases and 

33,000 deaths in China in 2015. Although the 
incidence of melanoma was lower than that of 
other malignant tumors, it also causes a seri-
ous impact on the life of patients due to the 
lack of proper treatment.

Clinically, the treatment of early melanoma is 
surgical resection [4]. However, the manifesta-
tion of early melanoma is skin pigmented nevus 
or pigmentation, of which patients are difficult 
to notice. Patients who were admitted to the 
hospital are in the middle and late period of 
treatment, and radiotherapy and chemotherapy 
of melanoma cannot achieve the desired effect 
[5]. Now, doctors are desired to find a new treat-
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ment to solve the problem. Autophagy, a pro-
cess that maintains cell differentiation, growth 
and metabolism through lysosome degrada- 
tion of intracellular substances, has been a  
hot research field in recent years, which plays 
an important role in maintaining intracellular 
environment [6]. In recent years, studies have 
shown that the pharmacological effects of Res 
are closely related to autophagy [7]. Res is a 
non-flavonoid polyphenol compound existing in 
natural plants, which has been proved that it 
plays an effective role in protecting cardiovas-
cular, anti-inflammatory, regulating blood lipids 
and anti-tumor. Studies by Gurusamy [8] 
showed that Res could inhibit the mTOR signal-
ing path directly and activate autophagy of 
MCF-7. Other studies showed that [9] Res could 
reduce the expression of Akt in hypoxia/reoxy-
genation H9c2 myocardial cells to control the 
activity of mTORC1, thereby activating autopha-
gy. However, it remains unclear whether Res, or 
through what kind of ways, can mediate autoph-
agy in melanoma.

Therefore, the intervention and effect of differ-
ent dose of Res on melanoma cells MeWo are 
analyzed in this study, which provides a new 
perspective for clinic treatment. 

Materials and methods

Source of cells 

MeWo cells (ATCC cells bank, the United States, 
ATCC HTB-65).

fication Kit, Cell Proliferation Detection Kit 
TransDetect Cell Counting Kit (CCK) (TransGen 
Biotech, Beijing, China AH401-01, EP101-01, 
FC101-04), RPMI-1640 medium, bovine fetal 
serum, trypsin, penicillin streptomycin, ECL 
chemiluminescence, RIPA, BCA protein kit, 
Annexin V-FITC Kit (Thermo Fisher Scientific  
in Shanghai, China, 11875085, 12483020, 
A40007, 15070063, 32209, 89900, 23250, 
331200), Res (Sigma Corporation of America, 
R5010), Beclin-1, LC3-II, Bax, Bcl-2, p-Akt, 
mTOR, β-Actin, Goat Anti-Mouse IgG (R&D 
Corporation, MAB5295, MAB85582, AF820, 
AF810, AF887, MAB4598, MAB8929, HAF008), 
PCR (American ABI, 7500), flow cytometry 
(American Beckmancoulter, CytoFLEX). The 
primer sequence was designed by Shanghai 
Sangon Biotech (Table 1).

Culture of cells

MeWo cell lines were cultured in RPMI-1640 
medium (1% penicillin and streptomycin, 10% 
bovine fetal serum), and then transferred to 
37°C and 5% CO2 incubator for cultivating the 
next generation.

Cell proliferation detection

The second and third generation of cells were 
collected and inoculated into 96-well plates 
with 5×103/well. According to Res concentra-
tion, cells were divided into 5, 10, 20, 50, and 
100 umol/L in the Res group (treated with 
RPMI-1640 medium culture). MeWo cells were 
used in the control group (treated without Res), 
and then transferred to 37°C and 5% CO2 incu-
bator for 48 hours. According to instructions of 
CCK kit, the cell proliferation in each group was 
detected and inhibition rate was calculated 
after 24 hours and 48 hours.

PCR detection

The second and third generation of cells were 
collected and inoculated into 96-well plates 
with 5×103/well. According to the Res concen-
tration, cells were divided into 5, 10, 20, 50, 

Table 1. Primer sequence
Gene Upstream primer Downstream primer
Beclin-1 5’-GGUAACUGACAAAGUGAAATT-3’ 5’-UUUCACUUUGUCAGUUACCAG-3’
LC3-II 5’-GCGAGAAUAUAGUGAAUUUTT-3’ 5’-GCGAGAAUAUAGUGAAUUUTT-3’
GAPDH 5’-CATCACCATCTFCCAGGAGCG-3’ 5’-TGACCTTGCCCACAGCCTTG-3’

Major materials and 
reagents

PCR kit TransScript II 
Two-Step RT-PCR Super- 
Mix, total RNA extraction 
kit EasyPure PCR Puri- 

Table 2. Cell growth inhibition rate at differ-
ent time points in each group (%)
Group 24 h 48 h
Control group 0 0
5 μmoL/L 4.25±1.25*** 10.24±2.12***

10 μmoL/L 6.84±1.44*** 14.68±2.48***

20 μmoL/L 9.35±1.84*** 18.94±3.44***

50 μmoL/L 16.33±2.35*** 31.25±3.82***

100 μmoL/L 22.48±3.84*** 43.28±5.22***

Note: ***compared with the control group (P<0.001).
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using filter paper. Light was given and devel-
oped by ECL. The protein bands were scanned, 
and the gray values were analyzed in the 
Quantity One, where the relative expression of 
the protein equals the gray value of the target-
ed protein band or the gray value of the β-Actin 
protein band.

Apoptosis detection

The cultured cells were transferred to 15 ml 
tapered tube and placed on the surface of ice 
after 48 hours. The cells in the plate were 
washed with 2 mL PBS. And then, PBS was 
removed while 0.5 ml 0.25% trypsin was added 
without EDTA and observe until the cells be- 
gan to fall off from the culture plate under the 
microscope. The cells completely fell off from 
the culture plate wall through tapping. Resu- 
spending the culture medium to adjust the cell 
density to 1×106 cells/ml and transfer 0.5 ml of 
the cell suspension to the clean centrifuge 
tube. And 1.25 µl Annexin V-FITC was added 
and the temperature was kept at 18~24°C in 
the room, away from light for 15 min. 
Centrifuging at 1000 rpm for 5 min at room 
temperature to get out of supernatant. The 
cells were resuspended and added with 10 µl 
Propidium Iodide, and kept on the ice. Flow 
cytometry was used for detection and 
analysis.

Statistical analysis

In this study, the collected data were analy- 
zed by using the SPSS20.0 software, and the 

Figure 1. Cell proliferation inhibition rate at 24 h and 48 h in each group. A. 
Cell growth inhibition did not occur in the control group after 24 h, and the 
inhibition rate was lower than that in the Res group. B. There was no growth 
inhibition in the control group after 24 h, and the inhibition rate was lower 
than that in the Res group. ***indicates that compared with the control 
group (P<0.001).

electrophoresis. The membr- 
ane was transferred to PVDF 
one, then dyed by ponceau 
and immersed in PBST for 5 
min, with 5% skimmed milk 
powder sealed for 2 hours. 
And primary antibodies were 
added at 4°C overnight. The 
membrane was removed by 
getting out of primary antibod-
ies. HRP (horseradish peroxi-
dase) was added to label goat 
antirat IgG (H+L)-HRP (1: 
5000), incubated at 37°C for 
1 hour and immersed in PBST 
with 5 minutes for three times. 
Image was formed in dark 
room. The excess liquid in the 
membrane was absorbed by 

and umol/L in the Res group (treated with 
RPMI-1640 medium culture). MeWo cells were 
used in the control group (treated without Res), 
and then transferred to 37°C and 5% CO2 incu-
bator for 48 hours. After that, the total RNA was 
extracted by using EasyPure PCR Purification 
Kit. The purity, concentration and integrity of 
the total RNA were detected by ultraviolet spec-
trophotometer and agarose gel electrophore-
sis. Reverse transcription of the total RNA was 
performed by using 5× TransScript® II All-in-
One SuperMix for PCR. The operation was fol-
lowed by the manufacturer’s kit. And the PCR 
amplification experiment was carried out. The 
reaction system was as follows: cDNA 2 μL,1 μL 
of upstream and downstream primers, 2× 
TransScript® HIFI PCR SuperMix II 25 μL, 
Nuclease-free Water was used to supplement 
to 50 μL. The reaction conditions were as fol-
lows: 5 min for predenaturation at 94°C, 30 s 
for denaturation at 94°C, 30 s for annealing at 
60°C, 45 s for extension at 72°C, with 40 
cycles in total. Each sample has three repeti-
tion holes. The experiment was carried out for 
three times. In this study, GAPDH was used as 
an internal reference. The data was analyzed 
by using 2-ΔΔct.

Western blot detection

Total protein of cells was extracted by RIPA 
pyrolysis after 48 hours. BCA protein determi-
nation method was used to detect the concen-
tration. The protein concentration was adjusted 
to 4 μg/μL and separated by 12% SDS-PAGE 
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1.25%, 6.84±1.44%, 9.35±1.84%, 16.33± 
2.35% and 22.48±3.84%. Under the same cir-
cumstance, the imbibition rate for 48 hours 
was 0%, 10.24±2.12%, 14.68±2.48%, 18.94± 
3.44%, 31.25±3.82% and 43.28±5.22%. The 
control group was not inhibited at each time 
point, while the inhibition rate of the Res group 
increased with the rise of Res concentration. 
The expression of each group was different 
from that of the control group (P<0.05) (Table 2 
and Figure 1).

Apoptosis of cells 

The apoptosis of cells in each group was detect-
ed by flow cytometry. The results showed that 
the apoptosis rate of cells in the Res group 
increased with the rise of Res concentration. 
And there was a difference in apoptosis among 
the groups in the Res (P<0.05). While there was 
no significant difference in apoptosis rate 
between the Res group (except for 5 μmoL/L) 
and the control group (P>0.05). The apoptosis 
rate of other groups was higher than that of the 
control group (P<0.05) (Table 3 and Figure 2).

Expression of Beclin-1 and LC3-II mRNA

The expression of Beclin-1 and LC3-II in each 
group was detected by PCR. The results showed 
that there was no difference in the expression 
of Beclin-1 and LC3-II mRNA between the Res 
group (except for 5, 10 μmol/L) and the control 
group. The expression of Beclin-1, LC3-II mRNA 
in other groups of Res was higher than that in 
the control group (P<0.05). The expression of 
LC3-II and Beclin-1 increased with the rise of 
concentration in the Res group, presenting a 
concentration-dependent trend (Table 4 and 
Figure 3).

Table 4. Expression of Beclin-1 and LC3-II 
mRNA
Group Beclin-1 LC3-II 
Control group 0.304±0.084 0.402±0.068
5 μmoL/L 0.389±0.088 0.439±0.071
10 μmoL/L 0.468±0.090 0.482±0.089
20 μmoL/L 0.535±0.132* 0.599±0.096*

50 μmoL/L 0.735±0.155* 0.842±0.166*

100 μmoL/L 0.894±0.179* 1.124±0.181*

F value 9.182 17.080
P value 0.001 <0.001
Note: *compared with the control group (P<0.05).

Figure 2. Apoptosis of cells in each group after 48 h. 
There was no significant difference in apoptosis rate 
between the Res group (except for concentration at 
5 umol/L) and the control group. And the apoptosis 
rate in other groups of Res was higher than that in 
the control group. ***indicates compared with the 
control group (P<0.001).

Table 3. Comparison of apoptosis rate in 48 h 
in each group
Group Apoptosis rate (%)
Control group 3.54±1.25
5 μmoL/L 4.22±1.72
10 μmoL/L 9.35±2.33***

20 μmoL/L 16.92±4.32***

50 μmoL/L 30.48±4.22***

100 μmoL/L 42.54±5.38***

F value 58.887
P value <0.001
Note: ***indicates that compared with the control group 
P<0.001.

images were plotted by using the GraphPad 
Prism 7. The measurement data were expres- 
sed using mean ± standard deviation (Mean ± 
SD). One-way analysis of variance (ANOVA) was 
used for comparison among groups and LSD-t 
was used for post hoc pairwise comparison. 
P<0.05 indicated that there was a statistically 
significant difference.

Results

Proliferation of cells

The inhibition rate of cells was measured in 
each group. In terms of 24 hours in the control 
group, the inhibition rate of concentration at  
5, 10, 20, 50 and 100 μmoL/L was 0%, 4.25± 
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Expression of autophagic protein and apop-
totic protein

The expression of Beclin-1, LC3-II, Bax, Bcl-2, 
p-Akt and mTOR in each group was detected by 
WB. The results showed that the expression of 
Beclin-1, LC3-II and Bax in the control group 
was less than that in Res group, while the 
expression of Bcl-2, p-Akt and mTOR was high-
er than that in the Res group (P<0.05). Among 
them, the expression of protein in the 5 and 10 
μmol/L concentration groups was not different 
from the control group (P<0.05). The protein 
expression of Beclin-1, LC3-II and Bax in- 
creased with the rise of concentration in the 
Res group. While the protein expression of Bcl-
2, p-Akt and mTOR decreased with the rise of 
concentration of Res (Table 5 and Figure 4).

Discussion 

In this study, the proliferation and apoptosis of 
MeWo cells without intervention and MeWo 
cells with Res intervention have been exam-
ined. Clinically, apoptosis is the most effective 
way to treat tumors, which plays a key role in 
promoting the apoptosis of tumors and reduc-
ing the proliferation of tumors. Bax and Bcl-2 
are the same kind of water-soluble proteins, 
during which Bax is a kind of gene that pro-
motes while Bcl-2 is a kind of antagonist gene 
that inhibits apoptosis of cells. Many studies 
have shown that the expression imbalance and 

decreased with the increase of Res concentra-
tion. It indicated that Res may promote the 
expression of Bax protein by inhibiting p-Akt 
signaling path, thereby promoting the apopto-
sis of tumors. 

Meanwhile, the expression of Beclin-1, LC3-II, 
mTOR protein and Beclin-1, LC3-II mRNA in 
cells was examined. As an important role of 
PIKK, mTOR is an atypical serine/threonine 
kinase that plays a key role in a variety of bio-
logical processes such as cell growth, proli- 
feration, and autophagy. Studies have shown 
that autophagy can be promoted by inhibiting 
the mTOR signaling path [19]. LC3-II and 
Beclin-1, as important autophagic proteins, 
play a key role in the regulation of autophagy 
and cell death [20]. The relative expression of 
mTOR protein in each group showed that the 
protein expression of mTOR in the Res group 
was relatively decreased and there were differ-
ences at the concentration of 20 μmoL/L. It 
indicated that Res inhibition of the mTOR pro-
tein expression makes differences at 20 
μmoL/L. Furthermore, the expression of LC3-II 
and Beclin-1 at the molecular and protein lev- 
els showed that the expression of LC3-II and 
Beclin-1 increased with the rise of concentra-
tion, indicating that Res can be activated by 
inhibiting the mTOR signaling path. Studies by 
Manzoni [21] showed that LRRK-2 inhibited 
mTOR signals to regulate LC3-II and Beclin-1 
proteins, while studies by Wang [22] showed 

Figure 3. Expression of Beclin-1 and LC3-II mRNA in each group. A. PCR 
analysis showed that the expression of Beclin-1 mRNA has no difference 
between the control group and the Res group (except for 5, 10 μmol/L) after 
48 h. The expression of concentration in other groups of Res was higher 
than that of the control group. B. PCR analysis showed that the expression of 
LC3-II mRNA was no difference between the control group and the Res group 
(except for 5, 10 μmol/L) after 48 h. The expression of concentration in other 
groups of Res was higher than that of the control group. *indicates that there 
is a difference compared with the control group (P<0.05).

cell apoptosis of Bax and 
Bcl-2 was closely related [17]. 
Akt is a serine/threonine pro-
tein kinase that transmits 
extracellular stimuli signals 
such as growth factors, and is 
also an important signaling 
path pivotal enzyme for cell 
survival. Studies have shown 
that Akt phosphorylation is a 
kind of powerful BAD enzyme 
[18], which can regulate the 
expression of Bax and Bcl-2. 
In this study, the prolifera- 
tion of MeWo cells decreased 
with the increase of Res  
concentration compared with 
the control group. Also, the 
expression of Bax protein 
increased with the increase of 
Res concentration, while the 
expression of Bcl-2 and p-Akt 
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that the expression levels of autophagy-related 
proteins LC3 and Beclin-1 increased after 
SKOV3 cells were treated with Res at 25  
umol/L for 24 hours. In this study, the protein 
expression of mTOR was inhibited when the 
dose of Res reached 20 umol/L. The LC3-II and 

Beclin-1 proteins in the Res group increased 
compared with the control group. 

Some limitations still existed in this study. 
Firstly, the experiment was carried out in vitro, 
which has not been studied and proved in clini-

Table 5. Protein expression
Group Beclin-1 LC3-II Bax Bcl-2 p-Akt mTOR
Control Group 0.584±0.065 0.422±0.048 0.284±0.064 0.842±0.082 0.958±0.068 0.866±0.077
5 μmoL/L 0.605±0.077 0.455±0.056 0.302±0.066 0.828±0.077 0.933±0.062 0.851±0.070
10 μmoL/L 0.658±0.069 0.522±0.058 0.415±0.060 0.721±0.065 0.867±0.060 0.739±0.062
20 μmoL/L 0.733±0.085* 0.705±0.078* 0.584±0.072* 0.604±0.070* 0.720±0.052* 0.621±0.060*

50 μmoL/L 0.924±0.088* 0.893±0.075* 0.765±0.077* 0.425±0.068* 0.543±0.049* 0.501±0.052*

100 μmoL/L 1.122±0.095* 1.013±0.089* 0.869±0.085* 0.301±0.055* 0.411±0.32* 0.433±0.047*

F value 20.665 37.757 35.364 29.702 26.674 25.317
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Note: *there is a difference compared with the control group (P<0.05).

Figure 4. Protein expression of Beclin-1, LC3-II, Bax, Bcl-2, p-Akt and mTOR in each group. A. There was no difference 
in the protein expression of Beclin-1 in the Res group (except for 5, 10 μmoL/L) compare with the control group after 
48 h, and the expression of other concentrations was higher than that of the control group. B. The protein expres-
sion of LC3-II in the Res group (except for 5, 10 μmoL/L) was higher than that in the control group. And there was a 
significance in the expression of other concentrations. C. The protein expression of Bax was no difference between 
the Res group (except for 5, 10 μmoL/L) and the control group. The expression of other concentrations was higher 
than that of the control group. D. The protein expression of Bcl-2 was no difference in the Res group (except for 5, 10 
μmoL/L) and the control group. The expression of other concentrations was lower than that in the control group. E. 
The protein expression of p-Akt was no difference between the Res group (except for 5, 10 μmoL/L) and the control 
group. The expression of other concentrations was lower than that of the control group. F. The protein expression of 
mTOR was no difference between the Res group (except for 5, 10 μmoL/L) and the control group. The expression of 
other concentrations was lower than that in the control group. *indicates there is a difference compared with the 
control group P<0.05.
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cal practice. Secondly, autophagy-related pro-
teins such as LC3-II and Beclin-1 were detect-
ed. Other related proteins have not been 
detected through Akt/mTOR pathway. It 
remains unclear whether Res can induce 
autophagy through other autophagy-related 
proteins in the same way. Related experiments 
are hoped to be conducted to confirm the valid-
ity of the study in the future.

In conclusion, Res exerts an influence on  
the proliferation and apoptosis of melanoma 
through promoting autophagy and apoptosis by 
inhibiting Akt/mTOR signaling path.
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