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Abstract. – OBJECTIVE: Abnormal cell auto-
phagy is correlated with aging, neurodegenera-
tive disease, and skin cancer. The signal trans-
duction pathway of autophagy in skin cancer is 
still unclear. This study aimed to investigate the 
role of P38 signal pathway-induced cell autopha-
gy in skin cancer onset and potential clinical ap-
plication value. 

MATERIALS AND METHODS: Skin can-
cer cell line HS-1 was used as the model for 
ultraviolet (UV) irritation. Western blot test-
ed autophagy signal molecules P38 activa-
tion in skin cancer cell line HS-1. Cells were 
then treated with P38 pathway agonist and an-
tagonist to test autophagy condition and P38 
pathway activation. Correlation analysis was 
performed to investigate the correlation be-
tween P38 pathway and cell autophagy level.  
RESULTS: UV irradiation treated skin cancer cell 
line HS-1 led to cell autophagy and P38 activa-
tion. AICAR and SB203580 potentiated and in-
hibited UV-induced HS-1 cell autophagy, respec-
tively. P38 signal pathway activation condition 
was positively correlated with autophagy level.

CONCLUSIONS: UV irradiation can induce 
skin cancer cell autophagy via the P38 signal 
pathway, indicating that the regulation of the 
P38 signal pathway activation might be one po-
tential strategy treating skin cancer.
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Introduction

Skin cancer has a relatively higher incidence 
and can affect the patient’s physiological and 
mental functions1. Therefore, the study of skin 
cancer pathogenesis mechanism is of critical im-
portance. However, such mechanism is still un-
clear yet with multiple factors involved including 

chemical reagent benzopyrene, viral carcinoge-
nesis compound, chronic ulcer, electrical radia-
tion, inflammation, and high dosage ultraviolet 
(UV) irradiation2-4. Early treatment of skin can-
cer is an optimal strategy and has obtained major 
advances and efficacy. However, radiation often 
causes internal hemorrhage of patients, in ad-
dition to suppressed immune function or dizzi-
ness5. The improvement of treatment specificity 
and efficacy is thus one major challenge in me-
dical science, as precise treatment is an effective 
tool against skin cancer6,7. However, the selection 
of target is one major problem, which thus re-
quires more effective molecular targets against 
skin cancer. More importantly, no targeted tre-
atment against P38 signal pathway has been ap-
plied for skin cancer8,9. P38 signal pathway has 
pluripotent functions, such as the inhibition of 
skin cancer cell growth and the correlation with 
tumor metastasis10, indicating the possible invol-
vement of P38 signal pathway in skin cancer pa-
thogenesis and progression11. This investigation 
thus used skin cancer cell line HS-1 cell as the 
model to investigate the possible regulatory role 
of UV on skin cancer cell line HS-1 cells. Au-
tophagy is one self-regulatory process of cells 
and is achieved via a series of autophagy-related 
proteins and autophagy signaling pathways12,13. 
It is also involved in disease onset. P38 signal 
pathway protein is one group of autophagy faci-
litating factors that have been widely studied14-16. 
Currently, few medicines have been developed 
to target P38 signal pathway proteins, whose de-
crease has not received satisfactory results17,18. 
We also investigated the potential molecular tar-
get of P38 signal proteins. Therefore, we utili-
zed skin cancer cell line HS-1 as the model, on 
which possible regulatory mechanism and roles 
of UV irradiation on skin cancer cells were inve-
stigated, in order to provide evidence for optimi-
zation of treatment targets of skin cancer.
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Materials and Methods

Reagent and Cell Model
Cell autophagy test kit and reagent were all 

purchased from Beyotime Biotech. (Shanghai, 
China). Fetal bovine serum (FBS) and cell cul-
ture medium were purchased from Hualan Bio. 
Engineering Inc. (Beijing, China). Other common 
reagents were purchased from Santa Cruz Biote-
chnology (Santa Cruz Biotechnology, CA, USA). 
This study utilized skin cancer cell line HS-1, 
which was purchased from American Microbial 
Bank (Manassas, VA, USA). This research was 
approved by the Ethics Committee of Zhongnan 
Hospital of Wuhan University, Wuhan, China.

Cell Culture
Skin cancer cell line HS-1 cells were resuscita-

ted and re-suspended in high-glucose Dulbecco’s 
Modified Eagle Medium (DMEM) medium as 
previously described19.

Cellular P38 Signal Pathway Activity Assay
P38 signal pathway activity assay kit was used 

to test HS-1 cells following routine methods [20]. 
In brief, HS-1 cells were treated with UV irra-
diation and were mixed with cell activity assay 
buffer (2 mg/ml for P38 signal pathway activity 
assay). HS-1 cells were cultured for 4 h, followed 
by the addition of dimethyl sulfoxide (DMSO). 
The reaction was quenched for 5 min, followed 
by quantification under a microplate reader to test 
absorbance values at 560 nm. A growth curve of 
HS-1 cells was plotted21.

Western Blotting For Cell Autophagy
Skin cancer cells HS-1 after UV irradiation 

and/or P38 signal pathway inhibitor/agonist 
treatment were prepared for cellular protein su-
spension for measuring concentration. The cell 
lysate was extracted and quantified by a micro-
plate reader. Proteins were separated by centri-
fugation. An equal volume of cell protein su-
spension (containing 20 μg protein) was boiled 
in water-bath for 10 min for Western blotting 
using primary antibody (1: 1000 dilution) at 
4°C overnight incubation. After Tris-buffered 
saline Tween-20 (TBST) washing, secondary 
antibody (1: 2000) was added for 37°C incu-
bation for 3 h. With TBST washing, enhanced 
chemiluminescence (ECL) substrate was used 
to develop the membrane, which was blocked in 
5% milk powder, primary antibody (anti-P38) 
and secondary antibody (anti-mouse IgG) were 

sequentially added for incubation, followed by 
three times of washing. Horseradish peroxidase 
was used for staining. Imaging analysis system 
(Qinxiang, China) was used to capture the ima-
ge for analyzing protein expression level. P38 
signal pathway expression levels in HS-1 cells 
were compared across all groups22.

Immunofluorescence Analysis 
of Cell Autophagy

Skin cancer cell line HS-1 under UV irra-
diation or P38 signal pathway agonist/activator 
pre-treatment were tested for autophagy level by 
the immunofluorescent method.

Statistical Analysis
SPSS 15.0 software (SPSS Inc., Chicago, IL, 

USA) was used for analysis. The Student t-test 
was used for comparing between groups of HS-1 
cells. The Student’s t-test was used to compare the 
differences between the two groups. The Tukey’s 
post-hoc test was used to validate the ANOVA for 
comparing measurement data among groups. A 
statistical significance was defined when p<0.05 
for replicated studies.

Results

UV Irradiation of Skin Cancer HS-1 Cells 
Led to Autophagy and P38 Signal 
Pathway Activation

As shown in Figure 1, UV irradiation on skin 
cancer HS-1 cells lead to P38 signal pathway acti-
vation (p-P38 band gray values were 1.0 and 4.1 
± 0.6 for control and UV group, respectively), 
and potentiated cell autophagy (fluorescent le-
vels were 0 and 82.3% ± 4.7% in control and UV 
group, respectively).

P38 Signal Pathway Agonist AICAR 
Potentiated UV-Induced Skin Cancer HS-
1 Cell Autophagy

As shown in Figure 2, the P38 signal pathway 
agonist AICAR potentiated UV-induced autopha-
gy of skin cancer cell line HS-1 by about 45%.

P38 Signal Pathway Inhibitor SB203580 
Depressed UV-Induced Skin Cancer Cell 
Line HS-1 Autophagy Occurrence

As shown in Figure 3, the P38 signal pathway 
antagonist SB203580 could depress UV-induced 
HS-1 cell autophagy.
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Correlation Between P38 Signal Pathway 
Activation and Autophagy Level

As shown in Figure 4, the P38 signal pa-
thway activation status was positively correlated 
with P38 signal pathway activation (r=86.7%, 
p=0.0041).

Discussion

Skin cancer severely threatens the patient’s he-
alth. We utilized skin cancer cell line HS-1 as the 
model, from which regulatory mechanism of UV 
irradiation on skin cancer cells and possible me-
chanisms were studied on molecular and protein 
levels. Data showed that UV irradiation poten-
tiated autophagy of human skin cancer cell line 

HS-1, as consistent with previous reports showing 
the participation of UV in cell autophagy23. Cell 
autophagy has been shown to be correlated with 
some diseases such as aging, neurodegenerati-
ve diseases or skin cancer. However, the signal 
transduction mechanism of autophagy in skin 
cancer pathogenesis has not been illustrated. This 
work thus investigated the P38 signal pathway 
induced cell autophagy in skin cancer occurren-
ce and potential clinical application values. The 
best strategy for clinical treatment of skin cancer 
is early diagnosis and treatment. Although tradi-
tional methods have gained satisfactory results, 
chemo-/radio-therapy often causes internal blee-
ding, immune suppression and dazzles5. The im-
provement of treatment specificity and efficacy is 
thus one major challenge in medical science, as 
precise treatment is an effective tool against skin 
cancer6,7. However, the selection of target is one 
major problem, which thus requires more effecti-
ve molecular targets against skin cancer. Notably, 
no targeted treatment against P38 signal pathway 
has been applied for skin cancer8,9. How dose UV 
irradiation regulates skin cancer cell growth and 
autophagy is still unclear24. P38 signal pathway 
could inhibit skin cancer growth, whilst partial 
of this pathway is correlated with tumor metasta-
sis25, suggesting the possible involvement of P38 
signal pathway in skin cancer occurrence and pro-
gression26. The P38 signal pathway participates in 
cell autophagy. In current knowledge, whether the 
P38 signal pathway is under UV regulation for re-
gulating HS-1 cell autophagy is still unclear27,28. 
Our findings showed that UV irradiation poten-
tiated P38 signal pathway activity. After treat-
ment using P38 signal pathway agonist, HS-1 cell 

Figure 1. UV irradiation on skin cancer cell line HS-1 cau-
sed cell autophagy and activation of P38 signal molecules. 
(A) Western blot results of cell autophagy. (B) Confocal 
microscopy for cell autophagy. Blue, DAPI staining for nu-
cleus. Green, LC3 antibody for cell autophagy.

Figure 2. P38 signal pathway agonist potentiated UV-in-
duced skin cancer HS-1 cell autophagy. (A) Western blot 
results of cell autophagy. (B) Confocal microscopy of cell 
autophagy. Blue, DAPI staining for nucleus. Green, LC3 an-
tibody for cell autophagy.

Figure 3. P38 signal pathway antagonist SB203580 depres-
sed UV-induced HS-1 cell autophagy. (A) Western blot for 
cell autophagy. (B) Confocal microscopy of cell autophagy. 
Blue, DAPI staining for nucleus. Green, LC3 antibody for 
cell autophagy.
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autophagy rate was elevated, whilst P38 signal 
pathway inhibitor suppressed UV-induced HS-1 
cell autophagy. These results showed a consistent 
role of the P38 signal pathway in autophagy, as it 
can promote autophagy occurrence. In our study, 
the role of P38 signal pathway protein in UV-in-
duced skin cancer cell line HS-1 autophagy can 
be proved by three pieces of information. Firstly, 
data showed significantly potentiated P38 signal 
pathway protein in UV-treated HS-1 cells. Se-
condarily, pre-treatment of P38 signal pathway 
activator enhanced UV-induced cell autophagy. 
Thirdly, after pre-treatment using P38 signal pa-
thway inhibitor, UV-induced autophagy of HS-1 
cells was suppressed. These results collectively 
suggested that P38 signal pathway protein played 
a role in UV-induced skin cancer HS-1 cell au-
tophagy. Targeting P38 signal pathway protein 
might be a novel strategy for molecular treatment 
of skin cancer26. Yoon et al28 of the P38 signal pa-
thway in other cancers also showed suppression 
of cell autophagy. These results thus indicated 
that UV could induce skin cancer cell line HS-1 
cell autophagy via enhancing P38 signal pathway. 
Certain weakness also existed in the current stu-
dy. Firstly, no tumor or adjacent tissues were col-
lected, making it impossible to study the direct 
correlation between the P38 signal pathway and 
skin cancer. Secondarily, skin tissues of cancer 
patients after treatment was also lacked, impe-
ding the discussion of the correlation between 
P38 signal pathway activity and skin cancer pro-
gnosis. Thirdly, an animal model of skin cancer is 
expected for UV in vivo study to investigate the 
treatment efficiency of UV for skin cancer.

Conclusions

UV can induce skin cancer cell autophagy via 
the P38 signal pathway, probably consisting one 
molecular mechanism of skin cancer occurren-
ce. We indicated that regulation of P38 signal 
pathway activation benefited the management of 
skin cancer cell autophagy, and the potency as 
one potential strategy for treating skin cancer.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

  1)	 Zhao S, Li L, Wang S, Yu C, Xiao B, Lin L, Cong W, 
Cheng J, Yang W, Sun W, Cui S. H2O2 treatment or 
serum deprivation induces autophagy and apop-
tosis in naked mole-rat skin fibroblasts by inhibi-
ting the PI3K/Akt signaling pathway. Oncotarget 
2016; 7: 84839-84850.

  2)	 Shi AM, Tao ZQ, Wang X, Wang YQ. Intermediate 
filament nestin and the cell motility in cancer, a re-
view. Eur Rev Med Pharmacol Sci 2016; 20: 3514.

  3)	 Burton LJ, Rivera M, Hawsawi O, Zou J, Hudson T, 
Wang G, Zhang Q, Cubano L, Boukli N, Odero-Ma-
rah V. Muscadine grape skin extract induces an 
unfolded protein response-mediated autopha-
gy in prostate cancer cells: a TMT-based quan-
titative Proteomic Analysis. PLoS One 2016; 11: 
e0164115.

  4)	 Sukseree S, Chen YT, Laggner M, Gruber F, Petit 
V, Nagelreiter IM, Mlitz V, Rossiter H, Pollreisz A, 
Schmidt-Erfurth U, Larue L, Tschachler E, Eckhart 
L. Tyrosinase-cre-mediated deletion of the au-
tophagy gene Atg7 leads to accumulation of the 
RPE65 variant M450 in the retinal pigment epi-
thelium of C57BL/6 mice. PLoS One 2016; 11: 
e0161640.

  5)	 Goncalves PR, Rocha-Brito KJ, Fernandes MR, 
Abrantes JL, Duran N, Ferreira-Halder CV. Violacein 
induces death of RAS-mutated metastatic mela-
noma by impairing autophagy process. Tumour 
Biol 2016; 37: 14049-14058.

  6)	 Chen X, Li M, Li L, Xu S, Huang D, Ju M, Huang J, 
Chen K, Gu H. Trehalose, sucrose and raffinose 
are novel activators of autophagy in human kerati-
nocytes through an mTOR-independent pathway. 
Sci Rep 2016; 6: 28423.

  7)	 Hsieh MJ, Chen MK, Chen CJ, Hsieh MC, Lo YS, 
Chuang YC, Chiou HL, Yang SF. Glabridin induces 
apoptosis and autophagy through JNK1/2 pa-
thway in human hepatoma cells. Phytomedicine 
2016; 23: 359-366.

  8)	 Bridgeman BB, Wang P, Ye B, Pelling JC, Volpert OV, 
Tong X. Inhibition of mTOR by apigenin in UVB-ir-

Figure 4. Correlation analysis between P38 signal pathway 
activation and autophagy level. 



Molecular mechanism for P38 signaling pathway in autophagy of skin cancer cell line HS-1

7347

radiated keratinocytes: a new implication of skin 
cancer prevention. Cell Signal 2016; 28: 460-468.

  9)	 Sharma K, Ishaq M, Sharma G, Khan MA, Dutta RK, 
Majumdar S. Pentoxifylline triggers autophagy via 
ER stress response that interferes with Pentoxifyl-
line induced apoptosis in human melanoma cells. 
Biochem Pharmacol 2016; 103: 17-28.

10)	 Ou R, Zhang X, Cai J, Shao X, Lv M, Qiu W, Xuan X, 
Liu J, Li Z, Xu Y. Downregulation of pyrroline-5-car-
boxylate reductase-2 induces the autophagy of 
melanoma cells via AMPK/mTOR pathway. Tu-
mour Biol 2016; 37: 6485-6491.

11)	 Hassan M, Selimovic D, Hannig M, Haikel Y, Brodell 
RT, Megahed M. Endoplasmic reticulum stress-me-
diated pathways to both apoptosis and autopha-
gy: significance for melanoma treatment. World J 
Exp Med 2015; 5: 206-217.

12)	 Zhao G, Han X, Zheng S, Li Z, Sha Y, Ni J, Sun Z, 
Qiao S, Song Z. Curcumin induces autophagy, 
inhibits proliferation and invasion by downregula-
ting AKT/mTOR signaling pathway in human me-
lanoma cells. Oncol Rep 2016; 35: 1065-1074.

13)	 Nie C, Zhou J, Qin X, Shi X, Zeng Q, Liu J, Yan S, Zhang 
L. Reduction of apoptosis by proanthocyanidin-in-
duced autophagy in the human gastric cancer cell 
line MGC-803. Oncol Rep 2016; 35: 649-658.

14)	 Zhang L, Zhang J, Chen L, Wang J. Autophagy in 
human skin squamous cell carcinoma: Inhibition 
by 3-MA enhances the effect of 5-FU-induced 
chemotherapy sensitivity. Oncol Rep 2015; 34: 
3147-3155.

15)	 Martins WK, Costa ET, Cruz MC, Stolf BS, Miotto R, 
Cordeiro RM, Baptista MS. Parallel damage in mi-
tochondrial and lysosomal compartments promo-
tes efficient cell death with autophagy: The case 
of the pentacyclic triterpenoids. Sci Rep 2015; 5: 
12425.

16)	 Wu PF, Chiu CC, Chen CY, Wang HM. 7-Hydroxy-
dehydronuciferine induces human melanoma de-
ath via triggering autophagy and apoptosis. Exp 
Dermatol 2015; 24: 930-935.

17)	 Kumar R, Deep G, Agarwal R. An overview of ultra-
violet B radiation-induced skin cancer chemopre-
vention by silibinin. Curr Pharmacol Rep 2015; 1: 
206-215.

18)	 Liu S, Chen M, Li P, Wu Y, Chang C, Qiu Y, Cao L, Liu 
Z, Jia C. Ginsenoside rh2 inhibits cancer stem-like 
cells in skin squamous cell carcinoma. Cell Phy-
siol Biochem 2015; 36: 499-508.

19)	 Elgendy M, Minucci S. A novel autophagy-indepen-
dent, oncosuppressive function of BECN1: degra-
dation of MCL1. Autophagy 2015; 11: 581-582.

20)	 Bhattacharya A, Schmitz U, Raatz Y, Schonherr M, Kot-
tek T, Schauer M, Franz S, Saalbach A, Anderegg U, 
Wolkenhauer O, Schadendorf D, Simon JC, Magin T, 
Vera J, Kunz M. miR-638 promotes melanoma meta-
stasis and protects melanoma cells from apoptosis 
and autophagy. Oncotarget 2015; 6: 2966-2980.

21)	 Ghosh S, Sikdar S, Mukherjee A, Khuda-Bukhsh AR. 
Evaluation of chemopreventive potentials of etha-
nolic extract of Ruta graveolens against A375 skin 
melanoma cells in vitro and induced skin cancer 
in mice in vivo. J Integr Med 2015; 13: 34-44.

22)	 Cianfanelli V, Fuoco C, Lorente M, Salazar M, Quo-
ndamatteo F, Gherardini PF, De Zio D, Nazio F, An-
tonioli M, D’Orazio M, Skobo T, Bordi M, Rohde 
M, Dalla Valle L, Helmer-Citterich M, Gretzmeier C, 
Dengjel J, Fimia GM, Piacentini M, Di Bartolomeo S, 
Velasco G, Cecconi F. AMBRA1 links autophagy to 
cell proliferation and tumorigenesis by promoting 
c-Myc dephosphorylation and degradation. Nat 
Cell Biol 2015; 17: 20-30.

23)	 Thongrakard V, Titone R, Follo C, Morani F, Suk-
samrarn A, Tencomnao T, Isidoro C. Turmeric toxi-
city in A431 epidermoid cancer cells associates 
with autophagy degradation of anti-apoptotic and 
anti-autophagic p53 mutant. Phytother Res 2014; 
28: 1761-1769.

24)	 Dickinson SE, Olson ER, Levenson C, Janda J, Rusche 
JJ, Alberts DS, Bowden GT. A novel chemopreven-
tive mechanism for a traditional medicine: East In-
dian sandalwood oil induces autophagy and cell 
death in proliferating keratinocytes. Arch Biochem 
Biophys 2014; 558: 143-152.

25)	 Soares AS, Costa VM, Diniz C, Fresco P. Combination of 
ClIBMECA with paclitaxel is a highly effective cyto-
toxic therapy causing mTOR-dependent autophagy 
and mitotic catastrophe on human melanoma cells. 
J Cancer Res Clin Oncol 2014; 140: 921-935.

26)	 Rebecca VW, Massaro RR, Fedorenko IV, Sondak VK, 
Anderson AR, Kim E, Amaravadi RK, Maria-Engler SS, 
Messina JL, Gibney GT, Kudchadkar RR, Smalley KS. 
Inhibition of autophagy enhances the effects of the 
AKT inhibitor MK-2206 when combined with pacli-
taxel and carboplatin in BRAF wild-type melanoma. 
Pigment Cell Melanoma Res 2014; 27: 465-478.

27)	 Li XX, Liu Y, Meng HH, Wang XW. Expression of 
miR-210 in senile COPD complicating primary 
lung cancer. Eur Rev Med Pharmacol Sci 2017; 
21: 38-42.

28)	 Yoon HE, Oh SH, Kim SA, Yoon JH, Ahn SG. Phe-
ophorbide a-mediated photodynamic therapy in-
duces autophagy and apoptosis via the activation 
of MAPKs in human skin cancer cells. Oncol Rep 
2014; 31: 137-144.


