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Abstract: Objective: Autophagy plays multiple context-dependent roles in melanomagenesis and treatment resis-
tance, and it has recently been reported that autophagy may be regulated by TNF-α, an important immunoinflamma-
tory cytokine that mediates cell proliferation, differentiation and death. However, the role and mechanism of TNF-α 
in autophagy remainunclear. In this study we investigated the role and mechanism of TNF-α in autophagy in A375 
cells. Methods: CCK-8 assays, colony formation assays and Cell-IQ Alive Image Monitoring System were used to 
investigate the viability, proliferation and migration of A375 cells induced by TNF-α, and Western blotting was used 
to explore the involvement of the main signals in this process; JNK, p38, ERK and P65. We used western blotting to 
detecte the expression of autophagy-associated proteins that induced by TNF-α. Results: TNF-α inhibited cell prolif-
eration but not migration in A375 cells, and this effect was mediated by the p38/NF-κB signaling pathway. The ex-
pression of autophagy-associated proteins in cells treated with TNF-α was down-regulated compared to the control 
groups, and p38 activation was significantly up-regulated during this process. After all these studies, we showed the 
protective role of autophagy in TNF-α-induced proliferation inhibition in the A375 melanoma cell line. Conclusion: 
These data show that TNF-α-induced proliferation inhibition in the A375 melanoma cell line, and autophagy plays a 
protective role in this process.
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Introduction

Malignant melanoma has the highest mortality 
rate of cutaneous tumors originating from nor-
mal melanocytes, accounts for 75% of all skin 
cancer-related mortality and is the most com-
mon cause of cancer-related death among 
young people [1]. Although early tumors can be 
cured by surgical resection and the average 
5-year survival rate reaches 99% [2], once dis-
tal and systemic metastasis occurs, the 5-year 
survival rate falls to 10% or less [3]. Over the 
past 20 years, melanoma morbidity has increa- 
sed to more than that of any other cancers 
worldwide, affecting 21.9 and 55.4 people per 
10000 people in the USA and Australia, respec-
tively [4]. Therefore, reliable biomarkers and 
treatment strategies are urgently needed to 
prevent premature loss of life.

Many immunoinflammatory cytokines, synthe-
sized and secreted by tumor and stromal com-
ponents, play important roles in rapid progres-

sion and metastasis [5]. Of these cytokines, 
TNF-α has anti-tumor activity in various tumor 
cell lines. For example, TNF-α was used as a 
combination therapy in a clinical drug trial and 
produced encouraging therapeutic effects [6]. 
Then, a large number of clinical trials were con-
ducted to confirm the effectiveness of TNF-α in 
soft tissue sarcomas and metastatic melano-
ma [7]. However, a large amount of data have 
confirmed that TNF-α functions as a tumor-pro-
moting factor [8]. Indeed, TNF-α is critical for 
early tumor progression [9]; mediates the prolif-
eration, differentiation and death of multiple 
cells [10, 11]; and may even provide new solu-
tions for targeted immunotherapy. Currently, 
TNF-α seems to be the most fascinating and 
intensely studied cytokine over the past three 
decades and has an intricate role in melanoma-
genesis [12].

Studies have shown that autophagy is a physi-
ological cellular process which degrades and 
recycles cytoplasmic proteins and organelles in 
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melanoma cells [13-15], thereby maintaining 
metabolic needs and renewing certain organ-
elles. Indeed, autophagy was found to be asso-
ciated with metabolic stress in tumor regions, 
where it supports tumor cell survival. For this 
reason, autophagy is deemed a promoter of 
apoptosis under certain circumstances [13, 
14]. Other studies have reported that oncogen-
ic transformation and tumor development are 
associated with apoptotic pathway deficien-
cies. Now, a growing body of evidence suggests 
that autophagy may be equally important for 
tumor inhibition and promotion, depending on 
the tumor microenvironment. Along with increa- 
sing research on autophagy in cancer, autopha-
gy defects have been shown to promote can-
cer, which shed light on how stimulating autoph-
agy might be an approach for cancer preven-
tion. Consistently, several autophagy-regulating 
proteins, including LC3 and Beclin-1, that have 
been used in many experiments to measure 
autophagic turnover were revealed to be reli-
able biomarkers for the presence of autophagy 
in tumors [15]. In addition, the proteins ATG3, 
ATG5, ATG7, ATG12 and ATG16L1 are also nec-
essary for autophagy and have been proposed 
as potential biomarkers.

Both TNF-α and autophagy are related to tumor 
development and cancer therapy, while the 
relationship between these factors still remains 
largely unknown in melanoma. In this study, the 
effect and mechanism that TNF-α plays on 
autophagy were studied in A375 cells, and TNF-
α-induced proliferation inhibition was investi- 
gated.

Material and methods 

Cell culture and reagents

The melanoma A375 cell line was purchased 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China); was cultured in 
DMEM medium (Gibco, NY, USA) supplemented 
with 10% FBS (Gibco, NY, USA), 100 μg/ml 
streptomycin and 100 U/ml penicillin; and was 
maintained in an incubator at 37°C with 5% 
CO2. All the experiments used cells in good  
condition and at a suitable density. The NF-κB 
pathway inhibitor PDTC (10 nM), p38 pathway 
inhibitor SB203580 (10 μM), and autophagy 
inducer rapamycin [16, 17] (V900930, 20 nM) 
were all purchased from Sigma (St Louis; USA) 
and used at the recommended concentra- 
tions. 

Western blot 

Cells were lysed in RIPA buffer (Beyotime, 
Shanghai, China) supplemented with phospha-
tase and protease inhibitors for 30 min and 
then centrifuged (4°C, 12000 r/min) for 15 
min. BCA reagent (Beyotime, Shanghai, China) 
was used for detecting the total protein con-
centration. Then, total protein (15 µg) was sep-
arated on SDS-PAGE (5% to 10%) gels and 
transferred onto polyvinylidene fluoride mem-
branes. After blocking with 5% bovine serum 
albumin for 1 h, membranes were incubated 
with the following antibodies overnight at 4°C: 
anti-human polyclonal Beclin-1 (1:1000, ab62- 
557, Abcam, Cambridge, UK), anti-human poly-
clonal LC3 (1:1000, ab48394, Abcam, Cam- 
bridge, UK), anti-human monoclonal ATG3 (1: 
1000, ab108251, Abcam, Cambridge, UK), anti- 
human monoclonal ATG5 (1:1000, ab108237, 
Abcam, Cambridge, UK), anti-human monoclo-
nal ATG7 (1:1000, ab52472, Abcam, Cambridge, 
UK), anti-human monoclonal ATG12 (1:1000, 
ab109491, Abcam, Cambridge, UK), anti-hu- 
man monoclonal ATG16L1 (1:1000, ab187671, 
Abcam, Cambridge, UK) and anti-human poly-
clonal β-actin (1:3000, ab8227, Abcam, Cam- 
bridge, UK). Membranes were then exposed to 
secondary antibody for 60 min. Bands were 
incubated with a DAB kit and analyzed with an 
imaging system. Band densities in every sam-
ple were quantified using Adobe Photoshop 
CS6 (Adobe, San Jose, CA, USA). 

CCK-8, colony formation assay

Cells were seeded with complete medium con-
taining a concentration gradient of TNF-α (0, 1, 
10, 50 ng/ml), and 1000 cells were in each well 
of a 96-well. At each time point (0, 1, 2, 3, 4, 5, 
6 d), 10 μl of CCK-8 reagent (Yeasen, Shanghai, 
China) was dissolved in culture medium and 
then added into 6 replicate wells. Cells were 
incubated for 3 h in 5% CO2 at 37°C, and the 
absorbance at 450 nm was measured in each 
individual well. The data obtained were graphed 
on a line chart using GraphPad Prism 6 (Version 
6.0; GraphPad Software; San Diego, CA, USA).

For the colony formation assay, cells were di- 
gested into a single cell suspension and seed-
ed into 6-cm culture dishes, which each con-
tained 1000 cells. To each dish, appropriate 
complete medium was added, and then, the 
cells were cultured in an incubator for two 
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weeks. After that, cell colonies were washed 
with phosphate-buffered saline, fixed with 4% 
paraformaldehyde and stained with 0.4% crys-
tal violet for 15 min. The number of colonies 
containing more than 10 cells was counted 
manually, and the numbers from duplicate 
wells were averaged.

Live measurement of cell bio-behaviors

Cell bio-behaviors, including total cell number, 
cell movement and cell morphology, were su- 
pervised by a real-time cell monitoring system 
using a Cell-IQ cell culturing platform (Chip-Man 
Technologies, Tampere, Finland) equipped with 
a phase-contrast microscope (Nikon CFI Achro- 
mat phase contrast objective with 10× magnifi-

cation, Japan) and camera (Nikon, Japan). The 
instrument was controlled by Imagen software 
(Chip-Man Technologies). Images were captur- 
ed at 5 min intervals for 72 h. Analysis was car-
ried out with freely distributed image software 
(Cell-IQ Imagen v2.9.5c, McMaster Biophoto- 
nics Facility, Hamilton, ON, Canada) using the 
Manual Tracking plug-in created by Fabrice 
Cordelieres (Institut Curie, Orsay, France). The 
Cell-IQ system uses machine vision technology 
to monitor and record time-lapse data and can 
also analyze and quantify cell functions and 
morphological parameters. The distance mov- 
ed for each individual cell in the image field  
was measured. Each group contained 6-12  
replicate image sites.

Figure 1. TNF-α inhibits the proliferative ability but not the migration of A375 cells. (A and B) Cell proliferative abil-
ity was significantly inhibited by TNF-α in a concentration-dependent manner, as determined through CCK-8 and 
colony formation assays; (C) The proliferation inhibition induced by TNF-α was further confirmed by the Cell-IQ Alive 
Image Monitoring System, and (D) Cell counting was performed after 72 h; (E) Pixel displacement was measured in 
groups with or without TNF-α in real-time through the Cell-IQ Alive Image Monitoring System; (F) The specific migra-
tion distance is shown at three time points. Values are the means ± S.D. of at least three independent experiments. 
*P<0.05, **P<0.01.
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Statistical analysis 

All results presented here were proven in at 
least three separate experiments. Data were 

shown as means ± S.D., and t-test analyses 
with SPSS software (version 20.0, Chicago, 
USA) was performed for each experimental 
groups (induced by TNF-α in different concen-

Figure 2. TNF-α inhibits proliferation through the p38/NF-κB pathway. (A) Western blotting was used to detect JNK, 
p38, ERK and p65 protein expression following treatment with a TNF-α concentration gradient; (B-E) Quantification 
of protein expression shown in (A) and normalized to β-actin expression; (F, G) CCK-8 assays were performed to ex-
amine the proliferative ability following TNF-α, TNF-α/SB203580, SB203580, and blank control treatments; after 6 
days, the 450 nm OD value was then detected among the groups to determine differences; (H, I) CCK-8 assays were 
performed to examine the proliferative ability after TNF-α, TNF-α/PDTC, PDTC, and blank control treatment; after 6 
days, the 450 nm OD value was detected among the groups to identify differences. Values are the means ± S.D. of 
at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001.
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trations) and control groups. Statistical signifi-
cance was defined as p<0.05.

Results 

TNF-α inhibits the proliferation but not migra-
tion of A375 cells

TNF-α plays an intricate role in tumor progres-
sion. According to the characteristics of ab- 
normal proliferation and early lymphatic and 
hematogenous metastasis in malignant mela-

noma, CCK-8 and clone formation assays were 
first performed in the A375 cell line with a con-
centration gradient of TNF-α (Figure 1A, 1B). 
We found that proliferation capacity was signifi-
cantly decreased with increasing TNF-α con-
centrations. To further confirm this result, we 
performed another proliferative assay with the 
Cell-IQ Alive Image Monitoring System (Figure 
1C, 1D), which can provide further insight into 
cell activity, growth rate and behavior and real 
time kinetic data on morphological changes. In 

Figure 3. TNF-α inhibits the process of autophagy. (A) Western blotting was used to detect the expression of au-
tophagy-associated proteins following a temporal gradient of TNF-α exposure, and β-actin was used as the internal 
reference; (B-H) Quantification of the protein expression shown in (A) and normalized to β-actin expression. Values 
are the means ± S.D. of at least three independent experiment. *P<0.05, **P<0.01, ***P<0.001.
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addition, the results were consistent with the 
CCK-8 and clone formation assays. Using the 
above experiments, we found that the anti-pro-
liferative effect was significant when the TNF-α 
concentration was 10 ng/ml, and almost all 
cells died at 50 ng/ml TNF-α. Therefore, we 
chose 10 ng/ml as a suitable concentration for 
follow-up experiments. Second, the function of 
TNF-α in cell migration was detected through 
the Cell-IQ Alive Image Monitoring System 
(Figure 1E, 1F), and there was no obvious dif-
ference in cell migration among the different 
TNF-α concentrations. Then, we recorded the 
migration distance at three different time 
points and marked the migration trajectory: 
again, no substantial differences were found.

TNF-α inhibited proliferation through the p38/
NF-κB pathway

The above data showed that TNF-α significantly 
suppressed cell proliferation in a dose-depen-
dent manner. To reveal the possible mecha-
nism and determine the main responsible  
signaling molecule involved in the TNF-α path-

way, we first examined the levels of p38, JNK, 
ERK1/2 and NF-κB and their active protein 
forms at different time points (a temporal gradi-
ent: 0, 3, 6, 12, 24 h) and found that the p-p38 
and p-p65 protein levels were significantly up-
regulated compared to the those in the control 
group, while no significant changes were identi-
fied regarding p-JNK and p-ERK protein expres-
sion (Figure 2A-E). Then, we inhibited the p38 
pathway by employing the specific inhibitor 
SB203580. Through the CCK-8 assay growth 
curve (Figure 2F), we found that there was no 
difference between the TNF-α and SB203580 
groups, while there was a significant difference 
between the TNF-α and TNF-α/SB203580 gro- 
ups. In addition, we compared the optical den-
sity (OD) values at 450 nm on day 6 among the 
different treatment groups (Figure 2G), and the 
OD value was substantially higher in the TNF- 
α/SB203580 group than in the TNF-α group. 
Similarly, we evaluated the NF-κB pathway with 
the specific inhibitor PDTC, and the result was 
similar (Figure 2H, 2I). These data indicate that 
TNF-α inhibited A375 cell proliferation possibly 

Figure 4. TNF-α induces autophagy inhibition through the p38 pathway. (A) Western blotting was used to detect 
the expression of p-p38 and p-p65 following a temporal gradient of TNF-α exposure, and β-actin was used as the 
internal reference; (B, C) Quantification of the protein expression shown in (A) and normalized to β-actin expression; 
(D) The expression of Beclin-1 and LC3 was detected after treatment with TNF-α alone or combined with p38 and 
NF-κB pathway inhibitors, and β-actin was used as the internal reference; (E, F) Quantification of the protein expres-
sion shown in (A) and normalized to β-actin expression. Values are the means ± S.D. of at least three independent 
experiments. *P<0.05, **P<0.01.
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though p38/NF-κB signaling pathway activa- 
tion.

TNF-α inhibits the process of autophagy

Here, the relationship between TNF-α and auto- 
phagy was investigated by determining LC3, 
Beclin-1, ATG3, ATG5, ATG7, ATG12 and ATG16- 
L1 protein levels. According to Western blot 
analysis (Figure 3A-H), we found that Beclin 1, 
Atg3, and atg7 in the TNF-α group was tempo-
rarily elevated compared to the control group  
at 1 hour, 3 hours and 6 hours. After 12 hours, 
Becline1, LC3, Atg7, Atg16L1, Atg3, Atg5 and 
Atg12 protein expression significant decreased 
in the TNF-α group compared to the control 
group. All these data suggest that the expres-
sion of autophagic protein decreases in the 
long-term effects of TNF-α.

TNF-α inhibited autophagy through the p38 
pathway

TNF-α plays an inhibitory effect on the process 
of autophagy. To further understand the under-

lying mechanism, we detected the protein ex- 
pression of Beclin-1 and LC3, which are widely 
used to determine the presence of autophagy. 
Since the p38 and NF-κB pathways were acti-
vated after the TNF-α stimulation (Figure 4A-C), 
we examined Beclin-1 and LC3 expression after 
cells were treated with both TNF-α and a p38  
or NF-κB pathway inhibitor (Figure 4D-F). We 
found that LC3 and Beclin-1 protein levels were 
substantially higher in the TNF-α/SB203580 
group compared with the TNF-α group. These 
data indicated that TNF-α inhibits the process 
of autophagy possibly through activation of the 
p38 signaling pathway.

Autophagy attenuates the proliferation inhibi-
tion induced by TNF-α 

Autophagy plays a crucial role in the progres-
sion of melanoma, including cell proliferative 
ability. We speculated that autophagy may play 
a role in TNF-α-induced proliferation. To test 
this hypothesis, we used the autophagy induc-
er V900930 (namely, Rapamycin) and verified 
the effect through Western blotting (Figure 

Figure 5. Autophagy attenuates the inhibited proliferation induced by TNF-α. (A) Western blotting was used to ex-
amine the expression of autophagy-associated proteins following treatment with TNF-α alone, rapamycin alone or 
TNF-α and rapamycin combined, and β-actin was used as the internal reference; (B, C) Quantification of the protein 
expression shown in (A) and normalized to β-actin expression; (D) CCK-8 assays were used to detect the proliferative 
ability following treatment with TNF-α alone, rapamycin alone or TNF-α and rapamycin combined; (E) Quantification 
of the 450 nm OD values shown in (A) after 6 days. Values are the means ± S.D. of at least three independent ex-
periments. *P<0.05, **P<0.01.
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5A-C). Beclin-1 and LC3 expression was sub-
stantially increased in the V900930-treated 
group. Then, we examined cell viability through 
CCK-8 assays (Figure 5D, 5E), and there was 
no obvious difference between the control and 
V900930-treated groups, which indicated that 
V900930 does not influence A375 cell prolif-
eration. However, after TNF-α treatment, V900- 
930 significantly weakened the proliferation 
inhibition compared with the inhibition obser- 
ved in the TNF-α alone group, which suggests 
that in response to TNF-α, autophagy protects 
against cell proliferation inhibition. 

Discussion

TNF-α is one of the central factors in inflamma-
tory responses and activates a series of down-
stream transduction proteins by binding to the 
receptor TNFR1, ultimately activating multiple 
signaling pathways that lead to various biologi-
cal effects, such as inflammatory responses, 
apoptosis, proliferation, angiogenesis, tumor 
invasion, and tumor metastasis [18]. In gener-
al, the NF-κB and MAPK pathways are the main 
downstream signals activated by TNF-α binding 
to TNFR1 [19]. Another important pathway is 
the binding of TNF-α to TNF receptor I-associa- 
ted death domain protein, which recruits cas-
pase-8 and ultimately leads to cell apoptosis.

Autophagy can maintain cell energy supply lev-
els by effectively using cell “waste” to prevent 
cell damage; autophagy deficiencies in cells  
(in non-apoptotic environments) can lead to 
increased genetic instability, chronic cell death 
and inflammatory responses, eventually con-
tributing to tumor development. Although it is 
very difficult to track tumor cell autophagy in 
human tissues, studies have shown that auto- 
phagy favors cell survival in tumor microenvi-
ronments. Evidence supporting an up-regulat-
ed autophagy level in melanoma has been con-
firmed by the immunohistochemical detection 
of LC3-II in melanoma tissues [20-22], as well 
as by electron microscopy studies displaying 
features typical of active autophagy [23]. There- 
fore, autophagy regulation may be an option to 
explore for early melanoma therapy, and many 
scholars have begun to explore the use of 
autophagy as a new drug target in melanoma 
treatment. For example, Rangwala and his col-
leagues reported that treatment with hydroxy-
chloroquine and dose-intense temozolomide in 
patients with advanced solid tumors and mela-
noma is associated with autophagy modulation 

[24], and Marino et al. showed that autophagy 
induction following esomeprazole treatment 
delayed melanoma cell death [25]. As an anci- 
ent, cellular catabolic pathway, autophagy is 
worth continuously and intensively studying in 
relation to the melanoma field and is expected 
to become an alternative target in melanoma.

Here, we revealed the protective role of TNF- 
α in melanoma cell autophagy, the main find-
ings are as follows: First, proliferative ability 
was largely inhibited by TNF-α, as determined 
through CCK-8 assays, colony formation assa- 
ys, and Cell-IQ Alive Image Monitoring Sys- 
tem, and the inhibitory effect was substantially 
increased as the dose increased. Cell growth 
almost stopped when the concentration reach- 
ed 50 ng/ml. Furthermore, we found that TNF-α 
inhibited proliferation through the p38/NF-κB 
signaling pathway. Second, the role TNF-α plays 
in autophagy was evaluated, and the presence 
of autophagy was detected by the specific  
biomarkers Beclin-1, LC3, ATG3, ATG5, ATG7, 
ATG12 and ATG16L1. Following the temporal 
gradient of TNF-α exposure, the expression of 
autophagy-associated proteins was gradually 
decreased, and the data were statistically sig-
nificant. Then, the p38 and NF-κB signal path-
ways were inhibited by specific inhibitors, and 
autophagy-associated proteins were signifi-
cantly up-regulated in the SB203580/TNF-α 
group compared to the group with only TNF-α 
added, which indicates that autophagy was 
inhibited by TNF-α through the p38 signaling 
pathway. Importantly, the autophagy inducer 
V900930 significantly weakened the ability of 
TNF-α to inhibit proliferation, which suggests 
that autophagy plays a protective role against 
the inhibition of cell proliferation. In conclusion, 
our work demonstrates that TNF-α inhibits the 
proliferative ability of A375 cells through the 
p38/NF-κB signaling pathway, and TNF-α inhib-
ited autophagy via the p38 signaling pathway 
but not the NF-κB pathway. Thus, we have dem-
onstrated that autophagy plays a protective 
role in TNF-α-induced proliferation inhibition.
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