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ARTICLE INFO ABSTRACT

Keywords: Non-melanotic cutaneous cancers and melanoma are the main common type skin cancers worldwide. Despite
Photodynamic therapy many therapeutic options, therapeutic efficacy is not satisfied in all patients with advanced skin cancers,
Al{tOPhagY especially in melanoma. Photodynamic therapy (PDT) is a technology for skin disease treatment because of its
Skin cancer high effectiveness, has no drug resistance and is easy to use compared with traditional therapy. Our previous
ggﬁstﬁrapy study explored that autophagy plays an important role in the formation and development of SCC. But there was

no evidence about the association between PDT with autophagy in skin cancers and the mechanism is also still
unclear. In the study, we want to explore the effects of 5-aminolevulinic acid-PDT (ALA-PDT) on the skin cancers
through autophagy regulation. The result showed that autophagy was regulated by ALA-PDT combined with or
without 3-Methyladenine (3-MA) or 5-Fluoracil (5-FU), the proliferation of skin cancer cells A431 and A375
were suppressed while the apoptosis were induced by ALA-PDT and the effects can be enhanced by 3-MA or 5-FU
pretreated. The results suggest that autophagy regulation may be a key point of ALA-PDT therapy; ALA-PDT
combined with the chemotherapy of 3-FU or 5-FU may be a new strategy for treatment of skin cancers including

non-melanotic cutaneous cancers or melanoma.

1. Introduction

Non-melanotic cutaneous cancers and melanoma are two types of
human skin neoplasms, and non-melanotic cutaneous cancers are the
most common skin cancers worldwide and include squamous cell car-
cinoma (SCC) and basal cell carcinoma (BCC) [1]. SCC originate in the
skin or adnexal cutin cell formation, is invasive and is a malignant skin
cancer, accounting for 15% of malignant epithelial tumors, which also
accounts for 20% of non-melanotic skin cancer [2]. Moreover, mela-
noma is the most serious and highly aggressive form of skin cancer [3].
The pathogenesis of skin cancers may be related to ultraviolet irradia-
tion, exposure to certain chemicals, precancerous skin diseases, trauma,
scars and immunosuppressive agents’ application, but the mechanism is
still unclear. Most of SCC originated from skin in the head and neck
region, which was caused by years of chronic ultraviolet radiation,
mainly caused by outdoor work [4,5]. In most cases, SCC can be cured
easily by simple resection or radiation therapy, but locally advanced
tumors can also present local recurrence, lymph nodes or distant me-
tastasis [6,7]. There are numerous therapeutic options for melanoma
such as chemotherapy, immunotherapy and gene therapy, but advanced
melanoma prognosis remains severe [8]. Thus, the study of the

pathogenesis, treatment and prevention of recurrence and metastasis of
skin cancers is a key problem that needs to be solved in the field of
dermatology.

Photodynamic therapy (PDT) is a technology based on photo-
dynamic effect for disease treatment [9,10]. PDT is a popular derma-
tological treatment involving light and a photosensitizer used in con-
junction with molecular oxygen to elicit cell damage and even death,
further leading the damage of diseased tissues [11,12]. PDT has become
a effective strategy for skin cancer treatment because of its advantages,
i.e. small trauma, optional treatment area, high effectiveness, no drug
resistance or toxic side effect; used completely independently or in
combination with other therapies; non-invasive, compared with tradi-
tional therapy [13,14]. Autophagy is an intracellular degradation
pathway involving the degradation of cytoplasmic components in all
cells. Recent studies showed that autophagy played an important role in
the formation and development of tumors [15]. Under normal physio-
logical conditions, cell autophagy is conducive to cell self-stabilization.
When a stress response is triggered, cell autophagy can limit the
chromosomal instability, thereby reducing the accumulation of cancer-
causing mutations; also limit oxidative stress and reduce intratumoral
necrosis and inflammation to prevent the accumulation of toxic or
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Table 1
Sequences of RT-qPCR primers.

Gene Name Sequence (5’-3")
LC3 F GAGCTCCAAGTGAGCACATTC
R ACTGCTGGAATTACAAGTTCCTAT
BAX F TGACGGCAACTTCAACTG
R CGGAGGAAGTCCAATGTC
Bcl2 F TGTGTGGAGAGCGTCAAC
R CCAGCCTCCGTTATCCTG
Survivin F ACCGCATCTCTACATTCAAG
R CAAGTCTGGCTCGTTCTC
B-actin F TTGCCGACAGGATGCAGAAGGA
R AGGTGGACAGCGAGGCCAGGAT

F, Forward primer; R, Reverse primer.

carcinogenic damaged proteins and organelles, and thereby inhibit cell
carcinogenesis [16,17].

In our previous study, we explored the role of autophagy in SCC and
was associated with the 3-MA or 5-FU based chemotherapy sensitivity
[18]. In this study, the effects of 5-aminolevulinic acid-PDT (ALA-PDT)
on the skin cancers and combination with 3-MA or 5-FU through the
autophagy were investigated, and further to clarify the mechanism of
ALA-PDT enhanced chemotherapy effects in skin cancer cells.

2. Materials and methods
2.1. Cells and culture

Human epidermal squamous carcinoma cell line A431 and mela-
noma cell line A375 were obtained from Biomics Biotechnologies Co
Ltd (Nantong, China), both cells were cultured in high-glucose
Dulbecco's modified Eagle’s medium (DMEM) and supplemented with
10% fetal bovine serum (FBS) (Thermo Fisher Scientific, USA) at 37 °C
in a cell culture incubator with 5% CO,.
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2.2. Chemicals and PDT treatment

5-Aminolevulinic acid (ALA) (Sigma-aldrich, USA) was dissolved in
0.9% sodium chloride to form a 40 mM solution, and was kept at 4 °C
before use. A light-emitting diode (LED) phototherapy apparatus
(Wuhan Yage Optic and Electronic technology Co., Ltd, China) with
peak emission at the wavelength of 633nm = 10nm was used for as
the light source for PDT, and different irradiances can be simulta-
neously available for comparative PDT studies by using different optical
attenuators. Cells were treated with 5-Fluoracil (5-FU) and 3-
Methyladenine (3-MA) at concentration of 10 ug/ml and 4 mM re-
spectively for 3 h and then incubated with 5-ALA (2 mM) for 3 h prior to
light irradiation. The condition of irradiance at the surface of culture
plate was 20 mW/cm? for 10 min and cells were continue cultured for
24 h.

2.3. MTT assay

The proliferation of cells was detected by MTT assay. Briefly, A431
and A375 cells were plated into 96-well plates and grown for 24 h at
5 x 10* cells/ml before treatment. The cells were washed three times in
PBS buffer (pH7.4) when treated as above at 0, 24, 48 or 72h, and
incubated in 100 pl/well of PBS and 10ul MTT working solution
(Promega, USA) at 37 °C for 30 min. Finally, the OD values of the cells
were measured by fluorescence microplate reader (Bio-Rad, USA) at
570 nm wavelength.

2.4. Hoechst fluorescent staining

The apoptosis morphological changes of cell nucleus induced were
detected by Hoechst fluorescent staining. In brief, 5 x 10* cells were
seeded into 24-well plates with a small round glass coverslip in each
well and cultured in a 37 °C humidified incubator overnight. After been
treated as above, the media was removed and discard first and washed

A431 A375 Fig. 1. Effects of ALA-PDT on the prolifera-
A B tion of A431 and A375 cells. A. The pro-
1.5+ 1.0- l " liferation of A431 cells inhibited by ALA-PDT;
» ’ * - - B. The proliferation of A375 cells was inhibited
= * €0.81 by ALA-PDT; C. The proliferation of A431 cells
S 1.0- * * c was inhibited by combination of ALA-PDT with
5 s g 0.6 T 3-MA or 5-FU; D. The proliferation of A375
° 5 © - cells was inhibited by combination of ALA-PDT
§ 054 — % 0.4 with 3-MA or 5-FU. *P < 0.05, compared with
a S untreated cells.
° 0 0.2
0.0- 0.0
ALA (1mM) - - + + - - ALA (1 mM) - - + + - -
ALA@mM) - - - -+ 4 ALA@mM) - - - -+ 4
PDT - + + - + - PDT - + + - + -
Cc D
A431 A375
1.54 1.0 .
—_ - -
£ £ 0.81 .
c * c
o 1.04, .= o * 5 *
5 . * 5 061 = =
o * = - o
3 3
= = 0.4
£ 0.5 2
[a)] [m)]
(o] O 0.2
0.0- 0.0-
ALA-PDT - + + - + - ALA-PDT - + + - o -
3-MA - - & + = = 3-MA - - + + - _
5-FU = + - - + + 5-FU - + - - + +

160



L. Zhang, et al.

ALA-PDT
3-MA
5-FU

+

A431

- - - + +

Photodiagnosis and Photodynamic Therapy 28 (2019) 159-165

+
-

+

+

ALA-PDT - + + - + =
3-MA = = + + . .
5-FU - - - - + +
A431
=1
A375
Annexin V-FITC
Hl A431 A375
25+ >

gZO- * - *

0') *

© 157 . s

) *

2 10 L

[e] -

Q.

< 54
ALA-PDT - + + - + -
3-MA - - + + - -
5-FU - B . - + +

Fig. 2. The apoptosis of A431 and A375 cells induced by ALA-PDT combined with or without 3-MA or 5-FU. A. Apoptotic cells were detected by Hoechst
staining. The scale bar indicates 50 um. B. The apoptosis rate of cells was detected by FCM. *P < 0.05, compared with untreated cells.

by PBS, the cells were fixed with 4% formaldehyde solution (Sangon
Biotech, China) for 30 min at room temperature, then washed three
times with PBS for 5min each, Hoechst 33258 (10 mg/ml) (1:1000
diluted in PBS) was used for cell nuclei staining for 30 min. After been
washed in PBS, the cells were mounted in antifade mounting medium.
The stained cells were observed under an immunofluorescence micro-
scopy protect from light.

2.5. Flow cytometry assay

Flow cytometry after Annexin V-FITC/PI staining with Annexin V-
FITC Apoptosis Detection kit (Sigma-aldrich, USA) was used to evaluate
the rate of cell apoptosis. Briefly, cells were seeded onto 6-well plates
and growth for 24 h. Post 48 h treatment as above, the media was re-
moved and discard first and washed by PBS, and then the confluent
cells were dissociated with 0.25% trypsion-0.02% ethylenediaminete-
traacetic acid (EDTA) (Thermo Fisher Scientific, USA), and 1 x 10°
cells were re-suspended in PBS, after been centrifuged at 1000 rpm for
5min, the cells were re-suspended in 195 pl Annexin V-FITC binding

buffer, then added 5pul Annexin V-FITC and incubated for 10 min at
room temperature. After been centrifuged at 1000 rpm for 5 min, the
cells were re-suspended in 10 pl Propidium Iodide (PI) for 15 min on ice
protect from light. At last, the cells were detected using flow cytometry
(BD Biosciences, USA).

2.6. Real-time quantitative PCR (RT-qgPCR)

The mRNA expression levels of relative genes were detected by RT-
gPCR method and relative mRNA levels were analyzed according to
2724C method [19]. In brief, 5 x 10° cells were seeded onto 96-well
plates and growth for 24 h before treatment. Post 48 h treatments as
above, total RNA of cells was extracted using TRIzol® reagent (Thermo
Fisher Scientific, USA) according to the manufacturers’ instructions. RT-
gPCR reactions were carried out using the SuperScript™ III Platinum™
SYBR™ Green One-Step qRT-PCR kit (Thermo Fisher Scientific, USA)
according to the manufacturer’s manual, and the house-keeping gene [3-
actin was used as an internal control. The used primers were obtained
from Biomics Biotechnologies Co Ltd (Nantong, China) and sequences
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Fig. 3. The expression levels of LC3 (A), Bax (B), Bcl2 (C) and Survivin (D) affected by ALA-PDT combined with or without 3-MA or 5-FU treatment detected

by RT-qPCR in A431 cells. *P < 0.05, compared with untreated cells.

were shown Table 1.

2.7. Western blot

The protein expression levels of relative genes were detected by
Western blot assay. Briefly, a total of 1 X 10° cells were seeded onto 6-
well plates and growth for 24 h before treatment. Post 48 h treatments
as above, the total proteins of cells were extracted using cell RIPA lysis
and extraction buffer (Thermo Fisher Scientific, USA) on ice. The pro-
teins were separated by SDS-PAGE and transferred onto PVDF mem-
branes (Merckmillipore, USA), and then, the membrane was incubated
with primary antibody, a rabbit anti-human LC3, Bax, Bcl2, Survivin,
Caspase 3, Caspase 8 or Caspase 9 antibody (1:500 dilution) respec-
tively, a mouse anti-human B-actin antibody (1:1000 dilution) used as
internal control (all antibodies were from Abcam, USA). After been
washed with TBST, the membrane was incubated with secondary an-
tibody, a horseradish peroxidase (HRP)-conjugated IgG (1:2000 dilu-
tion) (Abcam, USA) for 2h at room temperature. At last, the specific
protein was detected with Pierce ECL substrate (Thermo Fisher
Scientific, USA).

2.8. Monodansylcadaverine (MDC) fluorescent staining

The procedure of cell culture and treatments was same as above
Hoechst fluorescent staining. Briefly, post 24 h treatments, the cells
were washed by PBS for 5 min twice, 0.05 mmol/l MDC (Sigma-Aldrich,
USA) was added to each coverslip with cells, and incubated for 1 h at
37 °C protect from light, and then washed with PBS, the coverslips were
fixed with 4% formaldehyde solution (Sangon Biotech, China) for
15min and mounted. At last, the cells were observed under an im-
munofluorescence microscopy protect from light.
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2.9. Transmission electron microscopy

The method was performed according to our previous study [18].
Cells were plated and treated as described above. Post 48 h treatments,
the cells were collected and fixed with ice-cold 2.5% glutaraldehyde in
PBS for 2 h at 4 °C. After been washed in PBS, the cells were fixed in 1%
0s04, and dehydrated through a graded series of ethanol (50-90%) for
20 min. After been embedded and fixed, the cells were cut into 70 nm
sections. 3% uranyl acetate and lead citrate staining was used for ex-
amination using HT7700 transmission electron microscope (HITACHI,
Japan).

2.10. Statistical analysis

In this study, all experiments were performed three times in-
dependently and the data are shown as mean values = standard de-
viation (SD). Statistical analysis was performed by SPSS19.0 software.
Comparisons between two groups were performed by Student’s t-test.
Comparisons among multiple groups were performed by one-way
analysis of variance (ANOVA) followed by a Dunnett post hoc test. All
P-values are based on a two-tailed statistical analysis. A P value less
than 0.05 was considered as statistical significance.

3. Results

3.1. Inhibition effects of ALA-PDT on the proliferation of A431 and A375
cells

MTT assay was used to detect the cell proliferation. Both A431 and
A375 cells were pre-treated with ALA at the concentration of 1 mM or
2mM for 3h and then treated with PDT, the result showed that the
proliferation of A431 or A375 cells were inhibited by the treatment of
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Fig. 5. The expression levels of LC3, Bax, Bcl2, Survivin, activated Caspase 3, Caspase 8, and Caspase 9 affected by ALA-PDT combined with or without 3-

MA or 5-FU treatment were detected by Western blot. *P < 0.05, compared with untreated cells.

ALA-PDT both at the concentration of 1 mM or 2mM significantly,
especially 2mM ALA treated cells (P < 0.05), compared with un-
treated cells or only PDT treated cells (Fig. 1A and B).

3.2. ALA-PDT combined with 3-MA or 5-FU inhibited the proliferation of
A431 and A375 cells

Both A431 and A375 cells were treated with 10 pg/ml 5-FU or 4 mM
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3-MA respectively for 3 h and then treated with ALA + PDT using 2 mM
ALA, and the cell proliferation was detected by MTT assay at indicated
time points. The results showed that the proliferation of A431 and A375
cells were both inhibited by ALA-PDT with 3-MA or 5-FU, especially
treated with 5-FU (P < 0.05), compared with untreated cells or only
PDT treated cells (Fig. 1C and D).
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Fig. 6. Autophagy regulated by ALA-PDT combined with 3-MA or 5-FU in A431 and A375 cells. A. Morphology of autophagosomes in A431 and A375 cells was
detected by MDC staining assay. The scale bar indicates 50 um. B. Cell morphology observed by transmission electron microscopy. The scale bar indicates 2.0 pm.

3.3. ALA-PDT combined with 3-MA or 5-FU promoted the apoptosis of
A431 and A375 cells

The morphology change of cells was detected by Hoechst fluor-
escent staining of cell nucleus and observed with microscope. To
compare with untreated cells, the apoptosis of A431 or A375 cells was
induced obviously as a result of the dead cell numbers of A431 or A375
increased with the treatment of ALA-PDT combined with or without 3-
MA or 5-FU (Fig. 2A). Annexin-V-FITC/PI double staining with flow
cytometry was also used for cell apoptosis detection, the result showed
that the apoptosis rate of A431 and A375 increased significantly with
the treatment of ALA-PDT combined with or without 3-MA or 5-FU
(P < 0.05), compared with untreated cells (Fig. 2B).

Moreover, the apoptotic genes Bax, Bcl2 and survival gene Survivin
were used to monitor the cell apoptosis occurrence. The mRNA levels
detected by RT-qPCR showed that Bax increased while Bcl2 and
Survivin decreased significantly with the treatment of ALA-PDT com-
bined with or without 3-MA or 5-FU (P < 0.05) in A431 and A375
cells, compared with untreated cells (Figs. 3 and 4). The protein levels
detected by Western blot showed that Bax increased while Bcl2 and
Survivin decreased significantly in A431 and A375 cells, also the
apoptotic genes Caspase 3, 8 and 9 were activated with the treatment of
ALA-PDT combined with or without 3-MA or 5-FU (P < 0.05), com-
pared with untreated cells.

3.4. Autophagy regulated by ALA-PDT combined with 3-MA or 5-FU in
A431 and A375 cells

Autophagy triggered in A431 and A375 cells was monitored by
detection of LC3 expression, and the result showed that LC3 mRNA and
protein levels increased in A431 and A375 cells treated by ALA-PDT
combined with or without 3-MA or 5-FU, while LC3 mRNA and protein
levels decreased in 3-MA treated cells (Fig. 3A and Fig. 5). MDC
staining assay was used to detect the formation of autophagy. To
compare with untreated cells, the number of MDC stained cells in-
creased obviously in A431 and A375 treated by ALA-PDT combined
with or without 3-MA or 5-FU, while decreased in 3-MA treated cells
(Fig. 6A).

Transmission electron microscopy showed that the autophagic va-
cuoles were formed obviously in the cytoplasm of A431 and A375 cells
treated by ALA-PDT combined with or without 3-MA or 5-FU, but there
was no evident autophagic vacuoles formed in 3-MA treated cells,
compared with untreated cells (Fig. 6B).
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4. Discussion

With the development of photodynamic research, photosensitizer
and light source, PDT has been widely used in tumor treatment, espe-
cially for skin diseases and tumors with a wide range of prospects, and
has been successfully used in the treatment of skin tumors such as
precancerous skin cancer, SCC in situ and basal cell carcinoma [20,21].
In the study, we found that the proliferation of skin cancer cells A431
and A375 were both inhibited by ALA-PDT with 1 mM or 2mM ALA.
Furthermore, the proliferation of A431 and A375 cells were also in-
hibited by 3-MA or 5-FU, when combined with ALA-PDT, the inhibition
effects were enhanced.

Autophagy mediated tumor inhibition can remove damaged oxi-
dized organelles, thereby preventing genomic instability due to accu-
mulation of toxic oxygen free radicals [22]. Katheder NS et al. found
that surrounding cells degrade their own proteins through the process
of autophagy, and then release amino acids for the absorption and use
of cancer cells [23]. Autophagy microtubule associated protein 1 light
chain 3 (LC3) is the autophagy marker in mammalian cells currently.
LC3 is considered to be more specific autophagy diagnosis index in-
volved in the formation of autophagy body [24]. In some diseases,
autophagy is seen as an adaptive response to stress, while autophagy
promotes cell death in others [25]. In our previous study [18], LC3 has
been found to be expressed in SCC and adjacent normal tissues, but its
expression in SCC was significantly lower than that in adjacent normal
tissues, and its low expression was correlated with thickness of tumor
tissues, TNM stage, histologic type and lymph node metastasis, and was
negative correlation with the expression of apoptosis related genes. In
this study, we also used LC3 to monitor the autophagy formation, and
the result demonstrate that autophagy in skin cancer can be trigged
ALA-PDT.

3-MA is an autophagy inhibitor and it inhibits autophagy by
blocking autophagosome formation through the inhibition of class III
phosphatidylinositol 3-kinases (PI3K) [26]. 3-MA has been implicated
in cancer therapy [27], such as 3-MA enhanced antitumor effect of
colorectal cancer [28] and lung cancer [29], and enhanced SCC ra-
diation sensitization [30]. The chemotherapy drug, 5-FU is a DNA/RNA
synthesis inhibitor which interrupts nucleotide synthetic by inhibiting
thymidylate synthase in tumor cells. 5-FU has been usually used for
anticancer in clinical [31]. We also found that 3-MA can enhance the
chemotherapy sensitivity based on 5-FU in our previous study [18]. In
this study, we try to understand whether 3-MA or 5-FU can enhance the
efficacy of PDT, thus the combination treatment of ALA-PDT with 3-MA
or 5-FU in skin cancer cells was used. In the study, we found that with
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the treatments of ALA-PDT combined with or without 3-MA or 5-FU,
the cell apoptosis was induced at different levels, especially, ALA-PDT
combined with 3-MA or 5-FU treated cells. In all ALA-PDT treated cells,
the expression levels of LC3 increased, MDC staining and transmission
electron microscopy showed that the morphology change of cells with
autophagy characteristics. Further study showed that the apoptotic
genes Bax increased while Bcl2 decreasd, and survival gene Survivin
decreased significantly with the treatment of ALA-PDT combined with
or without 3-MA or 5-FU, also the apoptotic genes Caspase 3, 8 and 9
were also activated.

In conclusion, the proliferation of A431 and A375 cells were sup-
pressed, while the apoptosis were induced by ALA-PDT and the effects
can be enhanced by 3-MA or 5-FU pretreated, indicates that autophagy
regulation may be the key role in the ALA-PDT process. Suggesting that
ALA-PDT can enhance the anti-tumor effects of chemotherapy, and the
combination therapy may be a strategy for treatment of non-melanotic
cutaneous cancers or melanoma.
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