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Cisplatin-resistant lung cancer cells maintain their high-migration ability by
strong autophagy activity
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Abstract: Lung cancer is one of the most prevalent malignancies worldwide. It is the leading cause
of cancer deaths in the world. Non-small cell lung carcinoma (NSCLC) is the most common type of
lung cancer. (accounting for more than 85% of total lung cancer). Drug resistance, a major obstacle
to successful cancer chemotherapy, frequently occurs in recurrent or metastatic lung cancer and
results in poor clinical response. Clinically, with lung cancer patients develop drug resistance, the
tissue of their primary lesions shows a stronger ability to invade and metastasize. Autophagy is a
conservative catabolic process that acts as a “housekeeper” in eliminating protein aggregates and in
organelles. Autophagy is closely related to cancer tumorigenesis. However, it is still unclear
whether autophagy plays a role in lung cancer resistance. The subject of the experiment was studied
by using a non-small cell lung cancer cell line A549 and its cisplatin-resistant cell line A549 DDP.
The cell migration assay was used to detect the function of tumor cells, and autophagy flux was
observed by immunoblotting. After blocking with the autophagy inhibitor Chloroquine, the
migration ability of the tumor cells was examined. The results showed that A549 DDP resistance to
cisplatin was significantly improved compared with A549, and migration ability of A549 DDP was
stronger than that of A549, and the level of autophagy was also enhanced significantly. After
autophagy was blocked by Chloroquine, the migration ability was reduced significantly. These
indicate that an increase in autophagy activity contributes to maintaining the migration of
drug-resistant cell lines.

1. Introduction

As one of the most common malignant tumors, lung cancer is characterized by high morbidity
and mortality rates. In recent two years, the mortality and morbidity of lung cancer have gradually
increased, which seriously threatens the lives and health of people all over the world. Non-small cell
lung carcinoma (NSCLC) is the most common type of lung cancer, accounting for about 85% of the
total number of lung cancer. Current main treatments for lung cancer include surgery, chemotherapy,
radiotherapy, and targeted therapy. However, the therapeutic effect of lung cancer patients is still
unsatisfactory, the most important reason counting for its failure is the resistance of lung cancer cells
to treatment. At present, the treatment of advanced NSCLC is chemotherapy combined with cisplatin
(DDP). However, cisplatin tolerance is the main cause of chemotherapy failure in some patients [2, 3,
4].

Autophagy includes three types: microautophagy, chaperone-mediated autophagy, and
macrophagy. Autophagy is a tightly regulated strategy developed by cells to provide energy and
nutrients by digesting long-lived or damaged cytosolic proteins and organelles. (such as protein
polymers, organelles, etc.). The activation of ULK1 complexes (ULK1, ULK2, ATG13, FIP200, and
ATG1101) activates class 111 P13 K complexes (VPS34, ATG14, UVRAG and AMBRA 1), all of
which can be activated and promoted by Beclinl, that initiates autophagy. These consist of the
formation of the Atg5/Atgl2/Atglé complex; or the conjugation of LC3 to the
phosphatidyl-etanolamine (PE), thus forming LC3-1l. Then the autophagy membrane was extended.
Therefore LC3-11 is usually used as autophagy marker [5]. Many studies have shown that autophagy
is involved in the occurrence, development, and metastasis of cancer. However, with the change of
the environment in which cells live [6], autophagy has different functions at the early and advanced
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tumor. Autophagy suppress tumor initiation through reducing oxidative stress and DNA damage by
inhibiting the accumulation of dysfunctional mitochondria. [7]. Moreover, once the tumor is formed,
autophagy can promote its progress in various ways. Besides, autophagy can also promote malignant
progression of tumors by reducing metabolic stress and promoting proliferation, migration, and
invasion of highly metastatic tumors [7, 8, 9, 10, 11].

The primary tissue showed stronger invasive and metastatic ability after cisplatin resistance in
advanced NSCLC, which was the main reason for poor prognosis in advanced NSCLC patients. In
view of the existing report, autophagy promotes the proliferation, migration, and invasion of highly
metastatic cancer cells, thus playing a role in promoting malignant progression of cancer. It is still
unclear whether the resistance of advanced NSCLC to cisplatin and whether the enhanced migration
ability in resisted cells is related to autophagy. This study explored this issue. The results showed
that non-small cell lung cancer cells showed significantly enhanced migration ability and increased
autophagy levels after resistance to cisplatin. Further experiments showed that A549/DDP maintains
their migration ability with high levels of autophagy.

2. Experimental methods and materials
2.1 Materials

Human lung cancer A549 and cisplatin-resistant A549/DDP cell lines constructed in our
laboratory were used; RPMI1640 complete culture medium was purchased from Gibco Company;
Western Blo kit was purchased from Biyuntian Company; Rabbit anti-Human Monoclonal Antibody
LC3 and Mouse anti-Human Monoclonal Antibody actin were purchased from Abcam and Sigma
Company respectively. Transwell reagent and six-well plates were purchased from Corning
Company; MTS reagent was purchased from Millipore Company. Baf Al and CQ reagents were
purchased from Abcam and Sigma respectively. Buy streptomycin and penicillin from Gibco. The
other consumables used in this experiment were purchased from Corning Company.

2.2 Method
2.2.1 Cell Culture of Lung Cancer

The corresponding cells were cultured in 10% FBS, 100 U/mL penicillin and streptomycin RPMI
1640. Additional addition of cisplatin (DDP) to A549/DDP cell culture medium was required, and
the final concentration of DDP was 2 ugM to maintain its drug-resistant phenotype.

2.2.2 MTS experiment

In each group, 2 000 cells were suspended in 100 mu L complete medium containing different
concentration gradients of cisplatin, then added to 96 well plates, and three blank control groups
were set up at the same time. After 48 hours, the MTS reagent was added and incubated for 4 hours.
The absorbance value was measured by the enzyme label at 490 nM. Analysis of data and mapping.
The activity was 100% in the group without cisplatin.

2.2.3 Transwell experiment

For migration assay, A549 or A549/DDP cells and serum-free medium were inoculated into 8 mm
pore cell culture inserts. Subsequently, the serum-containing medium was added outside the insert
(i.e. in the outdoor), and the cells were placed in the incubator for 16 hours. Cells were immobilized
in 4% polyformaldehyde (PFA) and then scraped from the inside of the insert to observe and
photograph them under an inverted microscope. Repeat three times.

2.2.4 Cell Scratch Test

According to 3.0 x 10° holes per hole, lung cancer cells of each group were plated on the 6-well
plate. When the cell growth density reached 90-95%, the lines were drawn with the head of the gun
against the ruler. After washing with PBS, the cells were replaced with serum-free medium and
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photographed. Subsequently, according to the instructions of each group, after adding CQ or not,
they continued to cultivate for 48 hours and took pictures at the same shooting point.

2.2.5 Western Blot experiment

The well-growing cells were harvested and the lysate was cleaved. The protein liquid was
collected and the protein concentration was measured. Constant voltage electrophoresis,
membrane-constant current 276 mA, wet rotation 120 minutes. After that, it was closed for 2 hours,
added one antibody, shaking overnight at 4 C, incubated at room temperature for 1 hour with HRP
labeled the second antibody, and exposed the PVDF film to the exposure machine after dropping
ECL luminescent solution.

2.2.6 Immunofluorescence

Cell climbing tablets were placed in a 24-well plate. 30,000 cells from each group were plated in
a 24-well plate. The cells were cultured overnight in complete medium. Baf Al reagent was added 6
hours before treatment. The culture medium was removed and PBS was cleaned. Adding methanol
for 15 minutes, after fixing, Tritone penetrated the membrane for 10 minutes, goat serum was
blocked and then added the corresponding the first antibody. After washing first antibody, the
fluorescent second antibody was added. After washing the second antibody, DAPI was added, sealed
and photographed.

2.3 Statistical Processing

Data were analyzed with GraphPad Prism. The non-paired Student t test was used to compare two
groups. When P < 0.05, the difference was statistically significant.

3. Experimental results

3.1 The cell viability of drug-resistant cell lines was compared with A549 cell lines at different
concentrations of cisplatin.

In this study, the IC50 method was used to detect the half inhibitory concentration of cisplatin.
A549 cells and A549/DDP cells were treated with cisplatin at concentrations of 10, 20, 40 and 80 mu
M, respectively. The resistance of A549/DDP and A549 cells to cisplatin was verified. The results of
Fig. 1 showed that with the increasing concentration of cisplatin, the viability of both groups
decreased, but it is noteworthy that the decline of A549 DDP was more slowly. These results suggest
that the model of cisplatin resistance in lung cancer cells was successfully simulated by A549/DDP
constructed earlier in this experiment.
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Fig 1. Cell viability test at different concentrations of cisplatin

Ab549 cells and A549/DDP cells were treated with cisplatin at concentrations of 10, 20, 40 and 80
mu M, respectively. The plates were laid on 96-well plates. After 48 hours, OD values were
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measured by the MTS method, such as tables (A, B, C in the tables represent the data of three
complex holes). B Drawing with Graphpad Prism software. (** P<0.01;n=3)

3.2 Detection of migration ability of lung cancer cell A549 compared with A549/DDP

We performed a classical migration assay and scratch assay to study whether drug resistance can
influence migration of A549 cells. . As shown in Figure 2A, the migration ability of A549 / DDP
was significantly enhanced compared with A549 cell line. The scratch experiment in Fig. 2B was in
line with that conclusion. The results showed that lung cancer cells had stronger migration ability
after resistance to cisplatin.

A549 ~ A549/DD

P

Fig2.B
Fig2.Cell transwell and Scratch Test

A549 and A549/DDP cells were cultured by the Transwell assay. 2 *10* cells were planted in a
Transwell chamber. After 24 hours of culture, the cells were taken for examination and ghotograph.
B. Cell scratch test, A549 and A549 / DDP cells were cultured respectively. 3 *10° cells were
covered with six-well plates. After a scratch, PBS was washed and replaced with a serum-free
medium. After 48 hours, the cells were taken out for photographs.

3.3 Detection of Autophagy Level of A549/DDP in Lung Cancer Cells

Previous studies have shown that autophagy can promote the proliferation, migration, and
invasion of highly metastatic tumor cells and promote the malignant progression of tumors after
tumorigenesis. Given the above conclusion, the migration level of lung cancer cells increased
significantly after resistance to cisplatin. We assume that whether autophagy activity will change
after cisplatin resistance in lung cancer cells To this end, we first compared the autophagy levels in
drug-resistant cell lines and A549 cell lines. Results As shown in lanes 1 and 3 of Fig. 3A, the LC3-I
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level in A549 DDP did not change much, but the production of LC3-1l, an autophagic marker,
increased significantly. To further clarify whether the increase of LC3-I1 is due to the increase of
early synthesis of autophagy or the blockage of degradation of late autophagy and lysosomes, we
used the late inhibitor Baf Al of autophagic flow. The results showed that LC3-11 increased further
when lung cancer cells were resistant to cisplatinas shown in lanes 2 and 4 of Figure 3A. The results
showed that the synthesis of early autophagosome increased and the level of autophagy increased in
A549/DDP. To show the change of autophagy activity more intuitively, we made further
immunofluorescence. As shown in Figure 3B, A549 DDP could be observed to increase the
number of LC3-B-positive puncta without autophagy inhibitor Baf Al, to further distinguish
LC3-B-positive puncta was from early autophagy or late autophagy. Under Baf A1, we can only see
the autophagyosome. The results proved that cisplatin resistance can facilitate the formation of
autophagosomes in lung cancer cells.

A549 A549 DDP
Baf A1: - + - -

LC3-1 | v L pee
LC3-T | m— “”-

ACTIN

Fig3.A

A549 A549/DDP
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Fig3.B
Fig. 3 Expression of autophagy marker LC3 and observation of autophagosome

A549 cells and A549/DDP cells were cultured in groups with or without inhibitors, and protein
was collected. Western Blot could track the expression of LC3. The synthesis of autophagosome was
observed by immunofluorescent labeling LC3 before and after drug resistance in lung cancer cells.
The inhibitors were added or not according to the instructions. Bar = Sum

3.4 The increase of autophagy level is an important reason for the high migration ability of
lung cancer drug-resistant cells.

Considering that lung cancer cell lines resistant to cisplatin have stronger migration ability and a
higher level of autophagy, we wonder whether the increase of autophagy level is an important reason
for the strong migration ability of A549/DDP. To test this hypothesis, we used autophagy-lysosome
inhibitor, Chloroquine (CQ), to suppress late autophagy-lysosome. Results as shown in Fig. 4A, the
migration ability of A549/DDP decreased significantly after CQ treatment. The scratch test in Fig.
4B also confirms the same conclusion. The results showed that the migration ability of A549/DDP
depended on the increase of autophagy level.
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Fig4.Cell transwell and Scratch Test

A549/DDP cells were cultured by the Transwell assay. 2 *104 cells were collected and planted in
Transwell chamber. CQ was added or not in groups. After 24 hours of culture, the cells were taken
for examination and photograph. In the B cell scratch test, A549/DDP cells were taken and covered
with 6-well plates. After a scratch, PBS was washed and replaced with a serum-free medium. After
48 hours, photos were taken.

4. Discussion

Lung cancer represents the leading cause of cancer-related mortality throughout the world.
Among them, NSCLC represents a class of highly heterogeneous tumors [12]. There are many ways
to treat NSCLC, including apoptosis-inducing chemotherapy drugs, such as cisplatin [12,13].
Unfortunately, chemotherapy resistance and disease recurrence remain major causes of lung cancer
patient mortality, and recurrent tumors usually show stronger migration, invasion and metastasis
ability and cisplatin-resistant  characteristics [14-16]. This study demonstrated that
chemotherapy-resistant cell lines have stronger migration ability than their parental cell line. It is
suggested that the enhanced migration ability of lung cancer is one of the characteristics of
cisplatin-resistant lung cancer.

Previous studies have shown that autophagy plays a role in tumor inhibition by reducing oxidative
stress and DNA damage through inhibiting the accumulation of dysfunctional mitochondria in the
early stage of tumor initiation . If Atg5 or Atg7 was deleted, the mice could develop liver tumors [9].
Beclinl half-knockout mice can spontaneously form hepatocellular carcinoma [8]. Tumor suppressor
genes such as PTEN and P53 can activate autophagy [10]. In fact, in the course of cancer progression,
various environmental stress factors can enhance the autophagy activity of cells. For example,
hypoxia, nutritional deprivation [22] and separation from ECM [23, 24], at the same time, these
stress factors can promote tumor metastasis. For example, the increase of LC3B staining in
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immunohistochemistry is closely related to lymph node transformation and the decrease in the
survival rate of human breast cancer [25, 26]. Tumor cells need adequate nutritional support, at
which point the cancer cells will activate autophagy to produce energy, which is to cope with the
need for supplements for their proliferation. Tumor cells can also activate autophagy to protect
themselves from drug Killing under the stimulation of external drugs. For example, tumor cells can
degrade drug macromolecules through autophagy. Our results showed that the production of LC3-II,
increased significantly when lung cancer cells were resistant to the cisplatin. LC3-Il increased
further with using BafAl, an advanced inhibitor of autophagic flow. The results showed that the
autophagy level of lung cancer cells increased after resistance to cisplatin.

At present, It is generally accepted that autophagy plays a role in promoting tumors after the
formation of tumors so that tumor cells develop in harsh environments [6,7]. Autophagy promotes
invasion and migration of various types of cancer cells [7, 18, 19, 20, 21, 22, 23, 24]. For example,
LC3B staining was also enhanced after melanoma metastasis [25, 26, 27, 28] compared with the
original tumor samples. LC3B expression is also associated with the metastasis of hepatocellular
carcinoma. Compared with primary tumors, LC3B expression is higher in metastatic tumors. Our
experimental results showed that the migration ability of A549/DDP decreased significantly after CQ
treatment. It indicated that high autophagy levels maintained high migration ability in A549/DDP.

To sum up, we simulated the drug resistance model of lung cancer in vivo and constructed a
cisplatin-resistant A549 / DDP in the early stage. It was found that compared with the p arental cell
lines, the migration ability and autophagy level of the drug-resistant strains were significantly
improved. Further studies showed that CQ inhibited autophagy significantly reduced the migration
ability of A549 / DDP cells. Our investigation indicated that high autophagy levels increased the
migration ability of cisplatin-resistantcell lines, which had never been reported before. It is necessary
to further study the specific molecular mechanism. It may be a new direction of anti-cancer research
to take autophagy as a new target to overcome the relapse and drug resistance of NSCLC.
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