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Background: Non-small cell lung carcinoma (NSCLC) is often fatal; advanced NSCLC has

a 5-year survival rate less than 20%. Platinum-based chemotherapy, in particular, cis-

diamminedichloroplatinum (II) (cisplatin or DDP), is employed for the treatment of NSCLC;

however, the drug resistance occurs frequently. Autophagy is defined as the process of intracel-

lular degradation of cytoplasmic materials in the lysosome; however, the correlation between

autophagy and drug resistance remains controversial. Herein, we investigated the correlation

between autophagy and cisplatin resistance and also explored the underlying mechanisms.

Methods and Results: We demonstrated that DDP-resistant NSCLC A549 (A549/DDP)

cells had higher autophagy activity in comparison with its parental A549 cells; DDP

treatment induced a time- and dose-dependent decrease of autophagy. Intriguingly, inhibition

of autophagy with pharmacological drugs or knockdown of ATG5 or Beclin-1 aggravated

cell death induced by DDP treatment, indicating that autophagy played protective roles

during DDP treatment. Further mechanistic investigation revealed that DDP treatment

could decrease the mRNA expression level of key autophagy-related genes, such as ATG5,

Beclin-1, and ATG7, suggesting DDP repressed autophagy at the transcriptional level. The

MiTF/TFE family (including TFEB, TFE3, TFEC, and MiTF) were involved in nutrient

sensing and organelle biogenesis, and specifically, the lysosomal biogenesis. We found that

only MiTF was dramatically decreased upon DDP treatment, and also a profound decrease of

lysosomal markers, LAMP-1 or LAMP-2, suggesting that MiTF was involved in the mod-

ulation of lysosomal biogenesis and, consequently, the autophagy. Moreover, the knockdown

of MiTF resulted in more severe cell death in A549/DDP cells, indicting the substantial

correlation between MiTF and cisplatin chemoresistance.

Conclusion: Our study provides novel insights into the association between MiTF and DDP

chemoresistance in NSCLC cells, and suggests targeting MiTF and/or autophagy might be

a potential strategy for the reversal of DDP chemoresistance for NSCLC treatment.
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Introduction
More than one million cases of lung cancer are diagnosed each year and lung cancer

is still the most common cause of cancer-related mortality worldwide.1 Non-small-

cell lung carcinoma (NSCLC) is any type of epithelial lung cancer and accounts for

about 85% of all lung cancers. Platinum-based drugs, and in particular cis-

diamminedichloroplatinum (II) (cisplatin or DDP), are employed for the treatment

of a wide array of solid malignancies, including non-small cell lung cancer (NSCLC).

NSCLCs are relatively insensitive to chemotherapy, compared to small cell
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carcinoma. Although early diagnosis and novel therapeutic

approaches have markedly prolonged the overall survival of

patients with NSCLC, advanced NSCLC has a 5-year sur-

vival rate around 10%, chemotherapy resistance might be

one of the major reasons.2

The cytotoxic effects of cisplatin are mediated by its

interaction with DNA, resulting in the formation of DNA

adducts which activatemultiple signal transduction pathways

and culminate in the activation of apoptosis. Accumulating

evidence suggests that numerous underlying mechanisms

might be responsible for the development of resistance

against cisplatin.3 Recently, the mechanisms underlying

autophagy have gained increasing attention. Autophagy is

an intracellular evolutionarily conserved catabolic degrada-

tion process in which cytoplasmic macromolecules, aggre-

gated proteins, aberrant organelles, or pathogen are delivered

to lysosomes, and digested by lysosomal hydrolases to gen-

erate nucleotides, amino acids, fatty acids, sugars, and ATP,

and ultimately recycled into the cytosol.4,7 Up to now, the

dual role of autophagy both in cancer progression and inhibi-

tion remains controversial, in which the numerous ATG

proteins and their core complexes including ULK1/2 kinase

core complex, autophagy-specific class III PI3K complex,

ATG9A trafficking system, ATG12, and LC3 ubiquitin-like

conjugation systems give multiple activities of the autophagy

pathway and are involved in autophagy initiation, nucleation,

elongation, maturation, fusion, and degradation. These ATG

proteins are recruited hierarchically proximal to the vacuole

and organize the pre-autophagosomal structure that is essen-

tial for autophagosome formation.5,8 Lysosomes are the

degradative end points for both intracellular and exogenous

cargo. The catabolic function of the lysosome is accom-

plished by an array of approximately 60 proteases, lipases,

nucleases, and other hydrolytic enzymes that break down

complex macromolecules into their constituent building

blocks.9 The transcription factor EB (TFEB), a master gene

for lysosomal biogenesis, has been demonstrated could drive

expression of autophagy and lysosomal genes.10 Recently,

besides TFEB, the other members of the microphthalmia

family (MITF, TFE3, and TFEC) of transcription factors

are emerging as global regulators of cancer cell survival

and energy metabolism, both through the promotion of lyso-

somal genes.11

Autophagy plays a dynamic tumor-suppressive or tumor-

promoting role in different contexts and stages of cancer

development. However, what the role of autophagy plays

during DDP chemoresistance in NSCLC and the underlying

mechanism are still largely unknown. We previously had

obtained cisplatin-resistant non-small cell lung cancer

(NSCLC) A549 cell lines (A549/DDP) and its parental

A549 cells.12,13 In this study, we aim to observe the differ-

ence of autophagy between A549/DDP and A549, and also

determine the role autophagy plays and the underlying reg-

ulation mechanisms during DDP treatment in A549/DDP.

Our study may provide novel insights for the reversal of

NSCLC chemotherapy resistance.

Materials and Methods
Cell Lines and Culture Conditions
The cisplatin (DDP)-resistant human lung adenocarci-

noma A549 cell line (A549/DDP) and its parental A549

cell line were purchased from Rui Cong Laboratory

Equipment Co., Ltd. (Shanghai, China) and reserved in

our laboratory. Detailed information of the two cells was

described in our previously published works.12,13 The

cells were cultured in RPMI-1640 medium (Gibco;

Grand Island, NY, USA) supplemented with 10% fetal

bovine serum (Gibco), 100 U/mL of penicillin, and

100 mg/mL of streptomycin at 37°C with 5% CO2. To

maintain the drug resistance of A549/DDP cells, 2 mg/

mL cisplatin (QILU PHARMACEUTICAL, Shandong,

China) were added in the culture medium. DDP-free

RPMI-1640 medium was used 2 days before starting the

subsequent experiment.

Reagents and Antibodies
3-Methyladenine (3-MA) (S2767), Rapamycin (S1039), and

Wortmannin (S2758) were purchased from Selleckchem

(Houston, TX, USA). Chloroquine diphosphate salt (C6628)

was purchased from Sigma-Aldrich (MO, USA). cis-

Diamminedichloroplatinum (Cisplatin, DDP, Lot.No:8L0

12A88) was purchased from QILU Pharmaceutical

(Shandong, China). Antibodies against ATG5 (ab109490),

ATG7 (ab133528), MITF (ab140606), and LC3B (ab19

2890) were purchased from Abcam (Cambridge, UK).

Antibodies against p62 (18420-1-AP) and GAPDH (60004-

1-Ig) were purchased from Proteintech (Chicago, IL, USA).

Antibody against LC3B (83506S) and Beclin 1 were pur-

chased from Cell Signaling Technology (Danvers, MA,

USA). LAMP-1 (sc-19992) and LAMP-2 (sc-18822) were

purchased from Santa Cruz (Dallas, TX, USA).

Cell Viability Assay (MTS)
The cells at the exponential growth phase were seeded in

96-well plates at a density of 5x103 cells/well and cultured
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for 24 hours. Then, indicated concentrations of DDP and

reagents were added to the wells. After incubation for

48 hours, MTS reagent (G3581, Promega, Madison, WI,

USA) in culture medium was added to each well of the

plate and the plate was incubated at 37°C for 1 hour. The

absorbance of each well was measured at 490 nm using

a VERS Amax Microplate Reader (Molecular Devices

Corp; Sunnyvale, CA, USA). In the siRNA knock down

experiment, cells were transfected with siRNA for 48

hours, and then the MTS assay was performed.

siRNA Transfection
All small interfering RNAs (siRNAs) used in this study

were synthesized by GenePharma (Shanghai, China). The

cells were seeded in 12-well plates before siRNA transfec-

tion. After 24 hours, cells were transfected with siRNA

duplexes (final concentration 75 nM) with Lipofectamine

RNAi MAX reagent (Invitrogen, Waltham, MA, USA)

diluted in Opti-MEM (Gibco) according to the manufac-

turer’s instructions. Next, at 48 hours after siRNA trans-

fection, the siRNA-mediated knockdown efficiency was

determined by real-time quantitative PCR analysis or

Western blot analysis. The siRNA sequences were listed

below:

si-ATG5: 5′-GACGUUGGUAACUGACAAAtt-3′;

si-BECN1: 5′-GCUGCCGUUAUACUGUUCUtt-3′;14

si-MITF: 5′-CCACAUACAGCAAGCCCAAtt-3′;

Negative control siRNA: 5′-UUCUCCGAACGUGUC

ACGUtt-3′.

Real-Time Quantitative PCR Analysis
Total RNA was extracted using Eastep Super Total RNA

Extraction Kit (Promega, Madison, WI, USA), then 1.5 μg

of total RNAwas used to synthesize cDNAwith Go Script

Reverse Transcription Kit (Promega) according to the

standard protocol provided by the manufacturer. PCR

amplification assays were performed with Go Taq Real-

time Quantitative PCR Master Mix (Promega) on the CFX

Connect Real-Time PCR Detection System (Bio-Rad, CA,

USA). The relative gene expression levels were calculated

using the CT value and normalized to the expression of the

TATA-binding protein (TBP) reference gene. The specific

primers were synthesized by Sangon (Shanghai, China)

and the sequences are listed in Table 1.

Western Blotting
Cells were collected at indicated times after treatment with

DDP or drugs. After washing three times with pre-cold

PBS, cells were treated with ice-cold RIPA lysis buffer

(Abcam, Cambridge, MA, USA) containing PMSF (Sigma-

Aldrich) and protease inhibitors (Thermo Fisher Scientific,

Waltham, MA, USA). The protein concentrations of cell

lysates were determined by the BCA Assay Kit (Bio-Rad).

Proteins were separated by sodium dodecyl sulfate polya-

crylamide gel electrophoresis, and then transferred on the

PVDF membrane (Bio-Rad). After blocking with 5% non-

fat skim milk in PBS-Tween 20 for 2 hours, the PVDF

membrane was incubated with specific primary antibodies

Table 1 The sequences of primers used in this study

Gene Names Forward Primer Reverse Primer

ULK1 5′-CAAGTGCATTAACAAGAAGAAC-3′ 5′-CCATAACCAGGTAGACAGAA-3

ATG3 5′-ATATCACAACACAGGTATTACAG-3′ 5′-TCTTCATCTTCTTCCTCTTCA-3′

ATG4B 5′-CTGACCTACGACACTCTC-3′ 5′-ATGCCACATCAGACAAGA-3′

ATG4D 5′-TGGAAGTCTGTGGTCATC-3′ 5′-AGGAAGTCATCTTGGTAGC-3′

ATG5 5′-ACTTGTTTCACGCTATATCAG-3′ 5′-CTCACTAATGTCTTCTTGTCTC-3′

BECN1 5′-ATCTCGAGAAGGTCCAGGCT-3′ 5′-CTGTCCACTGTGCCAGATGT-3′

ATG7 5′-TGCCAGAGGATTCAACAT-3′ 5′-CATCAATAGGAAGACGACATC-3′

ATG10 5′-GGACACTATTACGCAACAG-3′ 5′-GGCATAACTCAGAGGTAGAT-3′

ATG12 5′-GGAAGGACTTACGGATGT-3′ 5′-GAGCAAAGGACTGATTCAC-3′

ATG13 5′-GTCATTGCTGCTGAAGTC-3′ 5′-AACACGAACTGTCTGGAA-3′

ATG14 5′-CAAGATGAGGATTGAACAGTT-3′ 5′-CTACCAGGTCACCAAGTT-3′

ATG16L1 5′-ACAGGCACGAGATAAGTC-3′ 5′-TTGGTTATTCAGGTCAATCAC-3′

TFEB 5′-ACCTGTCCGAGACCTAT-3′ 5′-CATCATCCAACTCCCTCT-3′

TFEC 5′-TTGGAACACAGACAGAAGA-3′ 5′-ATGAGTACGAGCCTGAATT-3′

TFE3 5′-AGAGAAGGAGATTGATGATGT-3′ 5′-CACGCCTTGACTACTGTA-3′

MITF 5′-CCATCACCTTCAACAACAA-3′ 5′-ATGCTCATACTGCTCCTC-3′

TBP 5′-ATCAGTGCCGTGGTTCGT-3′ 5′-TTCGGAGAGTTCTGGGATTG-3′
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at 4°C overnight. The next day, PVDF membranes were

incubated with horse radish peroxidase-conjugated second-

ary antibodies (Biosharp Life Sciences, Shanghai, China) at

room temperature for 1 hour after being washed four times.

Enhanced chemiluminescence reagents were used to visua-

lize the brands by a Molecular Imager Gel Doc XR System

(Bio-Rad). The intensity of the bands was analyzed by

Image J software (NIH, Bethesda, MD, USA).

Confocal Microscopy
Cells were seeded in 24-well plates. At the indicated time

points after DDP treatment, the cover slips were washed

three times with PBS and fixed with cold methanol for 10

minutes at room temperature. After washing three times

with PBS, the cells were permeabilized and blocked with

3% BSA and 0.3 M glycine and 0.1% TritonX-100 for 1

hour at room temperature. The cover slips were then

incubated with antibody against LC3B (83506S, Cell

Signaling Technology, 1:50) at 4°C overnight and then

incubated with Alexa Fluor 596-labeled secondary anti-

body (Thermo Fisher Scientific) together with DAPI

(Thermo Fisher Scientific) at room temperature for 1

hour. The subcellular localization of LC3B was observed

using a Nikon A1R+/A1 confocal laser scanning micro-

scopy (Nikon, Tokyo, Japan), and the images were ana-

lyzed using NIS-ElementsViewer4.20 (Nikon, Tokyo,

Japan). Images were representative of at least five

images/slide; n=3 slides/condition. Fluorescence intensi-

ties of LC3B were analyzed by Image J software (NIH,

Bethesda, MD, USA).

Transmission Electron Microscopy (TEM)
A549 and A549/DDP cells were centrifuged at 1000 ×

g for 5 minutes after trypsinization, fixed with 4% glutar-

aldehyde in 0.1 M PBS (pH 7.4) for 2 hours at 4°C,

washed three times with PBS (pH 7.4), and post-fixed

with 1% osmium tetroxide in 0.1 M PBS for 1 hour at 4°

C, dehydrated in a graded series of alcohol and acetone,

and then embedded in Epon 812. The ultrathin sections

were obtained using a Leica ultramicrotome (Leica

Microsystems, Buffalo Grove, IL, USA). The ultrathin

sections stained with uranyl acetate and lead citrate were

examined with a JEM-1400 plus transmission electron

microscope (JEOL, Peabody, MA, USA).

Statistics Analysis
All data are shown as means±standard deviation (SD).

Differences among different groups were analyzed by

either Student’s t-test or one-way ANOVA analysis. All

statistical tests were conducted using Prism 6.0 (Graph

Pad Software, San Diego, CA, USA). *P<0.05 indicates

statistical significance, and N.S. indicates not significant.

Results
Autophagy is Higher Activated in A549/

DDP Cells in Comparison with A549

Cells
A549/DDP cells exhibited higher DDP resistance compared

with its parental A549 cells, the MTS analysis clearly

showed that A549/DDP cells had higher cell viability

of about 80%, whereas A549 cells only had cell viability

of about 30%, in response to DDP at a concentration of 40

μM (Figure 1A). We determined whether A549/DDP cells

had higher autophagy activity by multiple methods. Firstly,

the Western blotting analysis showed that A549/DDP cells

had a higher ratio of LC3B-II/LC3B-I (the marker of autop-

hagy activity) and lower expression of p62/SQSTM1 (the

substrate of autophagy) compared with A549 cells, suggest-

ing that A549/DDP had higher autophagy activity and the

autophagic flux was fluent (Figure 1B). Secondly, the immu-

nofluorescent analysis also showed that A549/DDP cells had

more LC3B puncta compared with A549 cells (Figure 1C).

Thirdly, the result of transmission electron microscopy

(TEM) clearly showed that A549/DDP cells had more

autophagic vacuoles compared with A549 cells (Figure

1D). Lastly, we detected the expression level of several

key autophagy-related proteins. The Western blotting results

showed that the expression level of Beclin-1, ATG7, and

ATG5 were upregulated in A549/DDP cells compared with

A549 cells (Figure 1E). Our data suggested that autophagy

was higher activated in A549/DDP cells.

DDP Treatment Caused the Decrease of

Autophagy
We further determined the autophagic activity in A549/

DDP cells in response to DDP treatment. We found that

the ratio of LC3B-II/LC3B-I was sharply decreased,

while the p62 expression level was elevated, in response

to DDP at a concentration of 30 μM at various time-

points (Figure 1F). Meanwhile, the expression levels of

several key autophagy-related proteins, such as ATG5,

ATG7, and Beclin-1, were downregulated in a time-

dependent manner in response to DDP treatment

(Figure 1H). We also found that the decrease of LC3B-

II/LC3B-I and increase of p62 was dose-dependent in
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Figure 1 A549/DDPcells exhibited higher autophagy activity andDDP treatmentdecreased autophagy inA549/DDP cells. (A)MTS analysiswas applied todetermine thecell viability of

A549 andA549/DDP cells in response to 40μMDDP at 48 hours post treatment. *P<0.05. (B) The expression levels of LC3B-II/I and p62 inA549 andA549/DDP cells were determined
byWestern blotting analysis. GAPDH was served as a loading control and the relative expression ratios were calculated. (C) Immunofluorescence analysis for the LC3B puncta (Red

signal) in A549 and A549/DDP cells. DAPI (Blue signal) was used to stain the nucleus. Scale bar, 20 μm. *P<0.05. (D) Transmission electron microscopy (TEM) was used to observe

autophagic vacuoles in A549 andA549/DDP cells. The bottompanel was zoom-in images. Red arrows indicated autophagic vacuoles. Scale bar (upper panel), 2μmand scale bar (bottom

panel), 1μm. (E) The expression levels of Beclin-1,ATG5, andATG7 inA549 andA549/DDP cellswere determined byWestern blotting analysis. GAPDHwas served as a loading control

and the relative expression ratio was calculated. (F) The expression levels of LC3B-II/I and p62, and (G) ATG5, ATG7, and Beclin-1 in A549/DDP cells in response to 30 μM DDP at

indicated time points post treatment were determined byWestern blotting analysis. GAPDHwas served as loading control and the relative expression ratios were calculated. (H) The

expression levels of LC3B-II/I and p62, and (I) ATG5, ATG7, and Beclin-1 in A549/DDP cells in response to various concentrations of DDP at 24 hours post treatment were determined

by Western blotting analysis. GAPDH was served as loading control and the relative expression ratios were calculated. (J) The expression level of LC3B puncta (Red signal) was

determined by immunofluorescence analysis in A549/DDP cells in response to 0, 10, and 30 μMDDP at 24 hours post treatment. DPAI (Blue signal) was used to stain the nucleus. Scale

bar, 20 μm. *P<0.05.
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response to various concentrations of DDP (Figure 1G).

The decreases of ATG5, ATG7, and Beclin-1 were also

in a dose-dependent manner in response to DDP treat-

ment (Figure 1I). Furthermore, the immunofluorescent

results showed the LC3B puncta were decreased in

response to various concentrations of DDP (Figure 1J).

These results together indicated that DDP treatment

could lead to decreased autophagy in A549/DDP cells.

Autophagy Activity was Negatively

Correlated with Chemosensitivity of DDP
We further determined the role of autophagy in A549/DDP

cells in response to DDP treatment. DDP treatment could

induced cell death in A549/DDP cells in a dose-dependent

manner (Figure 2A). Pharmacological activation of autop-

hagy using rapamycin increased the cell viability of A549/

DDP cells in response to DDP treatment (Figure 2B), while

pharmacological inhibition of autophagy using wortmannin,

chloroquine, and 3-MA significantly decreased the cell via-

bility of A549/DDP cells in response to DDP treatment

(Figure 2C–E). To exclude the possibility that the off-target

effects of the drugs went beyond influencing autophagy, we

downregulated the expression level of ATG5 and Beclin-1

via siRNA-mediated knockdown. Western blotting results

showed that the siRNA-mediated knockdown targeting

ATG5 (Figure 2F) or Beclin-1 (Figure 2G) was effective.

Moreover, we found that knockdown of ATG5 or Beclin-1

aggravated cell death induced by DDP treatment in A549/

DDP cells, suggesting that autophagy might exhibit

a protective role in response to DDP treatment (Figure 2H).

DDP Treatment Caused the Decrease of

Key Autophagic Gene Expression
To determine how the DDP decreased autophagy activity in

A549/DDP cells, we screened the mRNA expression of the

major autophagy gene, including ULK1, ATG3, ATG4B,

ATG4D, ATG5, BECN1, ATG7, ATG10, ATG12, ATG13,

ATG14, and ATG16L1, in response to DDP treatment. Our

results showed that 30 μM DDP treatment induced

a significant decrease of mRNA expression levels of

ATG5, BECN1, ATG7, and ATG10 in a time-dependent

manner (Figure 3A). Meanwhile, we also found that DDP

treatment could lead to decreased mRNA expression levels

of ATG5, BECN1, ATG7, and ATG10 in a dose-dependent

manner (Figure 3B). These results indicated that DDP treat-

ment could dampen autophagic activity through the inhibi-

tion of mRNA expression of several key autophagic gene.

DDP Treatment Could Influence MiTF

and Lysosomal Biogenesis
Microphthalmia-associated transcription factor (MITF),

transcription factor EB (TFEB), TFE3, and TFEC consti-

tute the MiTF/TFE (Microphthalmia/TFE) subfamily of

basic/helix-loop-helix/leucine zipper (bHLH-LZ) tran-

scription factors. The MiTF/TFE family is involved in

nutrient sensing and organelle biogenesis, and specifically,

the lysosomal biogenesis.10,15,17 To our surprise, we did

not observe a decrease of mRNA expression level of

TFEB, however we found that DDP treatment significantly

decreased the mRNA expression level of MIFT in a time-

dependent (Figure 3C) and dose-dependent manner

(Figure 3D). The result of Western blot analysis confirmed

that DDP treatment could cause a decrease of MiTF pro-

tein expression in a time-dependent (Figure 3E) and dose-

dependent manner (Figure 3F). Lysosome-associated

membrane glycoprotein 1 (LAMP-1) and LAMP-2 are

the most abundant proteins in lysosome.9 The results of

Western blotting showed that DDP treatment caused

a decrease of LAMP-1 and LAMP-2 protein expression

levels in a time-dependent (Figure 3G) and dose-

dependent manner (Figure 3H), suggesting the dysfunction

of lysosomal biogenesis in A549/DDP cells in response to

DDP treatment. More importantly, we found that siRNA-

mediated knockdown of MiTF (Figure 3I) enhanced cell

death induced by DDP treatment in A549/DDP (Figure

3J), indicating a substantial correlation between MiTF and

cisplatin chemoresistance.

High Expression Level of ATG5 or ATG7

Were Negative Correlated with

Outcome of NSCLS Patients
We analyzed the lung patients’ data from The Cancer

Genome Atlas (TCGA), and the results indicated that the

patients with a higher expression level of ATG5 or ATG7

had a shorter overall survival time, and had shorter pro-

gression-free survival time (Figure 4A and B), suggesting

that autophagy activity might be negatively correlated with

lung cancer outcome.

Discussion
The current study has four major findings: 1) We demon-

strated that A549/DDP cells had higher activity of autop-

hagy compared with its parental A549 cells; 2) We

demonstrated that DDP treatment could lead to decreased

autophagy in a dose- and time-dependent manner; 3) We
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found that DDP treatment could repress mRNA expression

of several autophagy-related gene, such as ATG5, Beclin-

1, and ATG7; We proposed that the inhibition of MiTF

might be responsible for the decreased autophagy induced

by DDP treatment; and 4) Our results indicated that

a combination of ATG5 or Beclin-1 knockdown and

DDP treatment could aggravate cell death of A549/DDP

cells, suggesting that autophagy played a protective role

during DDP treatment (Figure 4C). Consistently, clinical

data supports our notion since lung cancer patients with

a relative high expression level of ATG5 or ATG7 have

shorter overall survival time and progression-free survival

time. Therefore, this study provides a clue that combina-

tion usage of autophagy inhibitor with DDP could be

a potential strategy for the reversal of DDP chemoresis-

tance in NSCLC patients.

Our results indicated that A549/DDP had higher autop-

hagy activity compared with its parental A549 cells. We
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found that the expression levels of LCB-II/I, ATG5,

Beclin-1, and ATG7 in A549/DDP cells were higher than

in A549 cells, and the expression level of p62 exhibited an

opposite tendency, suggesting that complete autophagic

flux existed in A549/DDP, while not incomplete autopha-

gic flux induced elevation of ATG proteins. We also

detected whether a blockade of proteasome function

would influence the expression level of ATGs, and the
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results showed that proteasome inhibitor bortezomib and

MG-132 could further upregulate the expression level of

ATGs, such as ATG5, Beclin-1, and ATG7 (data not

shown), suggesting that the elevation of ATGs might not

be due to the dysfunction of proteasome, which was the

other major protein degradation system besides autophagy.

Interestingly, previous studies showed that DDP treat-

ment could induce the elevation of autophagy, as evi-

denced by the higher ratio of LC3B-II/I or more

fluorescence puncta of LC3 in the MG63 human osteosar-

coma cell line18 or HOS-CRL-1543 cell line,19 and, more

relevant, one study found that DDP treatment enhanced

CD133+ cell ratios in clinical NSCLC specimens and the

NSCLC cell line A549. The CD133+ cells enriched by

DDP exhibited higher autophagy levels.20 However, in

our study, we found that A549/DDP cells had a relative

autophagy activity and a decreased tendency of autophagy

was observed in response to DDP treatment. There are

several possible explanations for this discrepancy. Firstly,

the different cell type or the heterogeneity of NSCLC cell

line. Secondly, the shock methods for the establishment of

DDP-resistant cell lines and the maintaining condition

were different. Our finding supported the notion that

A549/DDP cells had higher activity in basal condition,

and DDP treatment could cause a decrease of autophagy,

as evidenced by downregulated mRNA and protein

expression level of several ATGs, and upregulated p62

expression level.

We found that DDP treatment caused the downregulated

mRNA or protein expression level of ATG5, Beclin-1, or

ATG7, however other ATGs (such as ATG3, data not

shown) were not significantly influenced, suggesting the

DDP treatment repressed autophagy might selectively target

specific ATGs (such as ATG5, Beclin-1, and ATG7), how-

ever the underlying mechanisms need further investigations.

We firstly reported here that MiTF, while not the other

members of the MiTF/TFE subfamily (such as TFEB,

TFE3, or TFEC), was sharply downregulated in response

to DDP treatment in a time- and dose-dependent manner.

Consequently, the expression level of LAMP-1 or LAMP-2

were decreased, suggesting DDP treatment could dampen

lysosomal biogenesis and the transcriptional activity of key

autophagy related genes. Recently, MiTF was recognized as

a key component for the autophagy regulation. Ozturk et al21

reported that the MiTF-MIR211 axis constitutes a novel and

universal autophagy amplification system that sustains

autophagic activity under stress conditions. Möller et al16

demonstrated that MiTF had a central role in regulating

starvation-induced autophagy in melanoma. Zhang et al22

provided the evidence that an ancient module comprising

MiTF, v-ATPase, and TORC1 might serve as a dynamic

modulator of metabolism for cellular homeostasis. Given

that the important roles of MiTF in autophagy and cellular

homeostasis have been well-demonstrated, we would

further investigate MiTF in ongoing study.

We provided direct evidence which showed that autop-

hagy plays a protective role during DDP treatment.

Pharmacological inhibition with wortmannin, 3-MA, or

chloroquine, or knockdown of ATG5 or Beclin-1 could

aggravate cell death induced by DDP treatment. Moreover,

we demonstrated the correlation between MiTF and cisplatin

chemoresistance. It is suggested that an autophagy inhibitor

could contribute to the reversal of DDP chemoresistance for

NSCLC therapy. Anyway, clinical data was likely concordant

to our notions because lung cancer patients with a higher

expression level of ATG5 or ATG7 had lower OS time and

progress-free survival time. However, the findings in A549/

DDP should be validated in mouse models in the future.

Taken together, we demonstrate that A549/DDP cells

have higher autophagy activity and DDP treatment can

repress autophagy through inhibition of MiTF. Autophagy

plays a protective role in response to DDP treatment and

inhibition of autophagy leads to aggravated cell death

induced by DDP treatment, indicating that targeting MiTF

or combination use of autophagy inhibitor could serve as

a novel strategy for the reversal of DDP chemoresistance.
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