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Objectives: Autophagy plays various roles in non-small-cell lung cancer (NSCLC).

MCOLN1, a reactive oxygen species sensor, can regulate autophagy via lysosomal Ca(2+);

however, the role of MCOLN1 in NSCLC is largely unknown. This study aimed to explore

the effects of MCOLN1 on proliferation, invasion and migration in NSCLC and the under-

ling mechanisms.

Materials and methods: The tissues of NSCLC patients were collected, then MCOLN1

expression in tumor and adjacent tissues was measured and its relationship with pathological

staging was analyzed. The Cell Counting Kit-8 (CCK-8) assay, wound healing assay and

transwell migration assay were used to evaluate the proliferation, migration and invasion

ability, respectively. Live-cell imaging and transmission electron microscopy (TEM) were

used to observe autophagic flux and autolysosomes.

Results: It was found that MCOLN1 expression was significantly decreased in human

NSCLC tissues compared with normal lung tissues while more MCOLN1 in stage III–IV

was shown than stage I–II, indicating that MCOLN1 increased along with the progression of

NSCLC. Furthermore, CCK-8 assay, wound healing assay and transwell migration assay

confirmed that the inhibition of MCOLN1 suppressed NSCLC cells proliferation migration

and invasion. Overexpression of MCOLN1 promoted autophagy in A549 and H1299 cells

with increased LC3-II/I, lamp1 expression and autolysosomes as well as autophagic flux

shown by live-cell imaging and TEM.

Conclusion: Our study shows that downregulated MCOLN1 reduced lysosome-autophagy

activity contributing to inhibited tumor progression, which reveals a novel role of MCOLN1

in NSCLC, and targeting MCOLN1 may be a therapeutic potential for NSCLC.
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Introduction
Non-small-cell lung cancer (NSCLC) accounts for the majority of lung cancer,

which to date remains the primary cause of cancer death worldwide.1 However, the

mechanisms that contribute to NSCLC development have yet to be fully elucidated.

Autophagy is an evolutionally conserved lysosomal degradation approach that plays

a crucial role in tissue homeostasis and disease.2 Dysfunctional autophagy con-

tributes to many diseases, as well as cancer.3 In cancer, autophagy can be neutral,

tumor-suppressive or tumor-promoting in different contexts.4 As autophagy is a

process in which the cytoplasmic proteins or organelles of the body engulf itself

into vesicles and fuse with lysosomes to form autophagic lysosomes to degrade the
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contents, it is clear that lysosomes give an essential role in

autophagic clearance. Lysosomes are organelles that break

down biomacromolecules, such as proteins, nucleic acids

and polysaccharides. They are located at the end of the

endocytic pathway and participate in many key biological

processes, including autophagy.5 The function of lysosome

is critically dependent on both soluble and endolysosomal

(ES) membrane proteins such as ion channels and trans-

porters. Transient receptor potential (TRP) channel super-

family, namely TRPML channels (MCOLN), is an

important member of cation channels in ES. Non-selective

ES two-pore cation channels have been found to facilitate

cancer migration,6,7 however, the exact effects of MCOLN

on cancer progression are still unclear.

The mammalian target of rapamycin (mTOR), a nutrient

sensor that resides on lysosomal membranes, is regarded as

the master regulator of growth.8 Under starvation conditions,

inhibition of mTOR results in a decrease in the phosphoryla-

tion of transcription factor (TF)EB, a master transcriptional

regulator of both autophagy and lysosomal biogenesis.5,9–11

For another, AMPK (AMP-activated protein kinase) directly

activate Ulk1 through phosphorylation of Ser 317 and Ser

777, then the activated ULK phosphorylates Beclin,

DENND3 and ATG9 to initiate autophagy.12–14 Under nutri-

ent sufficiency, TFEB is phosphorylated in Ser 211 in an

mTOR-dependent manner, and high mTOR activity prevents

Ulk1 activation by phosphorylating Ulk1 Ser 757 and dis-

rupting the interaction betweenUlk1 and AMPK.15 Recently,

it has been proved that an elevation of ROS levels induces

MCOLN1 activation and lysosomal Ca2+ release.16

Lysosomal Ca2+ leads to TFEB-nuclear translocation. This

progression promotes autophagosome biogenesis and lyso-

some biogenesis. Similar as mTOR, MCOLN1 may also

directly influence lysosome biogenesis and autophago-

some–lysosome fusion via regulating lysosomal Ca2+. To

sum up, we considered that MCOLN1 is a ROS sensor

localized on the lysosomal membrane which arranges lyso-

somal autophagy to alleviate oxidative stress in cells.

Moreover, defective autophagy is implicated in human

pathology, as disruption of protein and organelle homeostasis

enables disease-promoting mechanisms, such as toxic pro-

tein aggregation, oxidative stress, genomic damage, and

inflammation.17 Thus, we hypothesize that MCOLN1 could

mediate lysosomal autophagy to reduce intracellular ROS

activity and promote the progression of NSCLC. In this

study, we firstly identified the influence of MCOLN1 on the

proliferation, migration and invasion of NSCLC cells using

Cell Counting Kit-8 (CCK-8) assay, wound healing assay

and transwell migration assay. Then by knocking-down or

overexpression of MCOLN1, the relationship between

MCOLN1 and lysosome-autophagy was evaluated. This

study aims to explore the effects of MCOLN1 on progression

of NSCLC, which may potentially lay the foundation for

designing targeted drugs that have clinical value for NSCLC.

Materials And Methods
Tumor And Normal Tissue Samples
Tumor and normal tissue samples were collected accord-

ing to guidelines approved by the Ethics and Scientific

Committees of Harbin Medical University. From August

2017 to July 2018, 52 fresh NSCLC specimens and

corresponding normal specimens confirmed by pathology

were collected from the Second Affiliated Hospital of

Harbin Medical University. All patients had received

informed consent before tissue collection. No patients

had received radiotherapy or chemotherapy before sur-

gery. The clinicopathological information of patients is

summarized in Table 1.

Table 1 Clinicopathological Parameters In 52 Fresh Samples Of

Lung Cancers

n (%)

Sex

Male 34 (65.4)

Female 18 (34.6)

Age (years)

≤60 24 (46.2)

>60 28 (53.8)

Histology

SCC 15 (28.8)

AC 37 (71.2)

Tumor size

≤3 33 (63.5)

3 19 (36.5)

Stage

I 29 (55.8)

II 4 (7.7)

III 18 (34.6)

IV 1 (1.9)

Lymph node status

No metastasis 34 (65.4)

Metastasis 18 (34.6)
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Cell Culture And Treatment
The human NSCLC cell line A549 and H1299 cell lines were

from the American Type Culture Collection (Manassas, VA,

USA). A549 cells were grown in DMEM containing 10%

FBS at 37°C in 5% CO2. H1299 cells were grown in

Roswell Park Memorial Institute medium containing 10%

FBS at 37°C in 5% CO2. The cells were starved in serum-

free medium for 24 hrs, and then transiently transfected with

MCOLN1 mimic, MCOLN1 inhibitor, negative control and

plasmid (abcam). We used X-treme RNA transfection reagent

(Invitrogen, Ltd, America) for cell transfection.

RNA Extraction And Reverse

Transcription-Quantitative Polymerase

Chain Reaction (RT-qPCR)
Total RNAwas harvested from tissues and cells using TRIzol

reagent (Invitrogen, CA, USA). The levels of MCOLN1

mRNAwere detected by qRT-PCR. RNA levels were quan-

titatively analyzed by SYBR Green Master Mix Kit

(TOYOBO). GAPDH was selected as an internal control

for MCOLN1. The following primers were used: MCOLN1

forward primer, 5′-TATGCGTATGTCCGTGGTGG-3′; MC

OLN1 reverse primer, 5′-CCAAGAGGGTGAGATCGTCG-

3′; GAPDH forward primer, 5′-AAGAAGGTGGTGAAGC

AGGC-3′; GAPDH reverse primer, 5′ -TCCACCACCCAG

TTGCTGTA-3′.

Cell Proliferation
Cell Counting Kit-8 (CCK-8) (Dojindo, Kumamoto, Japan)

assay was used to measure NSCLC cell proliferation. Briefly,

H1299 andA549 cells were transfected withMCOLN1 over-

expressed plasmid or si-RNA and sent up an empty control

group, then cultured in a 96-well plate for 24 hrs. Then, cells

were incubated at 37°C for 1 hr in 10% CCK-8 reagent.

Finally, the absorbance at 450 nm was recorded.

Cell Migration And Invasion
Wound healing assay and transwell migration assay were used

to measure NSCLC cell migration and invasion. For wound

healing assay, cells were seeded in six-well plates with med-

ium to analyze wound healing. Twenty-four hours after trans-

fection, A549 and H1299 cells were seeded into 6-well plates.

Twenty-four-hours later, the cell monolayer was scratched

with a plastic pipette tip. Cells were washed by PBS and

cultured with serum-free medium for 24 hrs. Use amicroscope

to observe the scratches and take pictures. Image software

(1.47v; National Institutes of Health, Bethesda, MD, USA)

was used to calculate cell migration distance. For transwell

assay, 8-μm pore size chambers (Corning, NY, USA) with an

insert coatedMatrigel (BD Bioscience) were used. Forty-eight

hours after transfection, 200 μL cell suspension was added to

the upper chamber, and 500 L culture medium containing FBS

was added to the lower chamber. The number ofmigrated cells

was detected after 48 hrs of culture under a phase-contrast

microscope (Olympus, Japan).

Western Blot Analysis
Protein samples were lysed in RIPA buffer supplemented with

protease inhibitor and the concentration was tested by BCA

method (Beyotime, Shanghai, People’s Republic of China).

A quantity of 100 μg protein samples were separated by

SDS-PAGE gel electrophoresis (10% and 12%) then trans-

ferred to PVDF membranes. Primary antibodies against

MCOLN1, P62, LC3-2A/B, Lamp (Abcam, Cambridge,

MA, USA) were used, and GAPDH (anti-GAPDH from

Kangcheng Inc., Shanghai, People’s Republic of China) as

an internal control. The blotted proteins were detected and

quantified using an Odyssey Infrared Imaging System

(LI-COR, Lincoln, USA).

Immunofluorescence Staining And

Confocal Microscopy
For immunofluorescence staining, tissues were fixed with

4% paraformaldehyde in PBS. Primary antibody against

MCOLN1 (1:150) was incubated at 4°C overnight, after

that secondary antibody was added for 1 hr at room tem-

perature, DAPI (1:100) staining for 20 mins. The samples

were then examined and analyzed by laser confocal micro-

scopy (FV300, Olympus, Japan).18

Live-Cell Imaging For Autophagic Flux
The mRFP-GFP-LC3 adenovirus particles (Shanghai,

People’s Republic of China) were used to infect cells and

cultured for another 24 hrs. Imaging was performed by the

VoX 3D living cell imaging system. Image analysis was

conducted by Volocity Demo 5.4 software.

Transmission Electron Microscopy
After transfection for 24 hrs, the cells were fixed in 2.5%

glutaraldehyde 0.1mol/L PBS (pH 7.4) for 2 hrs. The

specimens were then washed with buffer solution, fixed

with 1% OsO4 for 1–2 hrs, stained with uranyl acetate,

dehydrated in ethanol, and embedded in epoxy resin

according to the standard procedures. Ultrathin sections
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were stained with electron and observed under electron

microscope (JEM-1220, JEOL Ltd., Tokyo, Japan).

Immunohistochemical Analysis
Tissue specimens were fixed in 4% buffered formalin for

8–24 hrs and embedded in paraffin. Specimens were dehy-

drated by an ascending series of ethanol and cleared with

xylene. All sections were immunostained with primary

antibodies against MCOLN1 at 4°C overnight. After incu-

bation with secondary antibodies, the sections were stained

with diaminobenzidine. Then, specimens were examined

by light microscopy.19

Statistical Analysis
The data are expressed in the form of mean±SEM Student’s

t-test was used to compare the two groups. Multiple groups

were assessed by one-way ANOVA accompanied by

Bonferroni’s multiple comparison test. A two-tailed P<0.05

was considered as significant difference. Data were dealt

with the GraphPad Prism 5.0 software.

Results
Downregulated MCOLN1 In NSCLC
To study the effect of MCOLN1 on tumorigenesis of

NSCLC, we first evaluated MCOLN1 expression in

NSCLC tissues and matched normal lung tissues. Western

blot results showed that compared with matched tissues,

MCOLN1 was obviously downregulated in NSCLC tissues

(Figure 1A). Likewise, with qRT-PCR, we got the same

tendency (Figure 1B). However, the expression of

MCOLN1 mRNAwas increased in higher pathological sta-

ging (Figure 1C). We then tested MCOLN1 expression in

Figure 1 MCOLN1 expression in NSCLC tissues and cell lines. (A) The expression of MCOLN1 was analyzed by Western blot. ***P<0.001 vs normal. (B, C) The relative

quantities of MCOLN1 mRNA in both NSCLC tissues and normal lung specimens were detected by qRT-PCR. *P< 0.05, ***P<0.001 vs normal or I–II stage group. (D)

Expression levels of MCOLN1 mRNA in NSCLC cell lines and normal bronchial epithelial cells (HBE) were determined by qRT-PCR. *P<0.05, **P<0.01 vs HBE. (E)
Immunofluorescence images (×400) showed the expression of MCOLN1 in normal lung specimens (control) and NSCLC tissues. blue: nuclear staining (DAPI); red:

MCOLN1 staining; violet: merged images. (F) MCOLN1 expression of consecutive sections of lung specimens in control and NSCLC tissues assessed by immunohisto-

chemical staining. Scale bar indicates 100 μm. Data are presented as the mean±SEM.
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several NSCLC cell lines (H460, H1299, A549, H1915,

PC9) and normal bronchial epithelial cells (HBE).

Compared with HBE, A549 and H1299 cells had the most

significant upregulation of MCOLN1 mRNA (Figure 1D).

Thus, A549 and H1299 cell lines were focused in subsequent

experiments. For further observation, we also assessed pro-

tein levels with immunofluorescence and immumohisto-

chemical staining, showing reduced MCOLN1 expression

in NSCLC than in normal lung tissues (Figure 1E and F).

Inhibition Of MCOLN1 Suppresses Cell

Migration, Proliferation And Invasion In

NSCLC Cells
To further investigate the functional role of MCOLN1 in

migration, proliferation and invasion in NSCLC, we first

knocked down MCOLN1 in A549 and H1299 cells. We used

qRT-PCR assay to detect transfection efficiency (Figure 2A).

CCK-8 assay was used to detect the activity of tumor cells. As

shown in Figure 2B, siMCOLN1 suppressed cell viability in

both cell lines. Besides, wound healing assaywas performed to

evaluate NSCLC cells migration and invasion. The results

demonstrated that cells transfected with siMCOLN1 were not

easy to heal compared with the NC group (Figure 2C and D).

Consistent with wound healing assay, transwell migration

assay showed that MCOLN1 inhibition led to a visibly

decrease in NSCLC cell migration (Figure 2E and F). To

sum up, these results indicated that MCOLN1 might act as a

new target for tumor inhibition in NSCLC.

Overexpression Of MCOLN1 Promotes

Migration, Proliferation And Invasion In

NSCLC Cells
A549 and H1299 cells were transfected with MCOLN1

plasmid for MCOLN1 overexpression (Figure 3A). CCK-8

Figure 2 Inhibition of MCOLN1 suppresses cell migration, proliferation and invasion in NSCLC cells. (A) Cells were transfected with siMCOLN1, and the expression of

MCOLN1 was analyzed by qRT-PCR. (B) A549 and H1299 cells were transfected with siMCOLN1 for 48 hrs and cell viability was measured with a CCK-8 assay. (C,D)

Wound healing assay showed that MCOLN1 inhibitor resulted in a slower closing of scratch wounds. Scale bar 200 μm. (E, F) The effects of MCOLN1 on invasion of A549

and H1299 cells were assessed by transwell assay. The data are expressed as mean±SEM of five independent experiments. **P< 0.01, ***P<0.001 vs control.
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assay showed that the overexpression ofMCOLN1 increased

the viability of A549 and H1299 cells (Figure 3B). In addi-

tion, MCOLN1 overexpression accelerated the scratch clos-

ing (Figure 3C and D) and promoted NSCLC cell invasion

(Figure 3E and F). Collectively, these findings indicated that

MCOLN1 might contribute to the progression of NSCLC.

MCOLN1 Increased Expression Of

Autophagic Markers In NSCLC Cells
Autophagy plays vital roles in tumor cells. In order to

clarify the sub-cellular mechanisms of MCOLN1 in

NSCLC cells, autophagic markers were then investigated.

As evidenced by Western blot analysis (Figure 4A and B),

both H1299 and A549 cell lines with MCOLN1 siRNA

had decreased conversion of LC3-I to LC3-II (the lipi-

dated, autophagosome-associated form of LC3) and

SQSTM1/p62 degradation. The protein expression level

of lysosomal-associated membrane protein 1 (lamp1) was

also decreased following transfection with MCOLN1 inhi-

bitor. In contrast, the level of endogenous LC3-II and

lamp1 were significantly increased by MCOLN1 overex-

pression in NSCLC cells, while the level of p62 was

markedly decreased (Figure 4C and D). These results

suggested that MCOLN1 facilitates lysosome function

and autophagy level in NSCLC cells.

MCOLN1 Reinforces Autophagy In

NSCLC Cells
To further confirm that MCOLN1 could enhance autophagy in

NSCLC, cells were transfected with mRFP-GFP-LC3 adeno-

virus to monitor autophagic flux, a specific marker of autop-

hagosomes (the yellow dots) and autolysosomes (the red dots),

representing ongoing autophagy (Figure 5A). Cells treated

with plasmid displayed significant increases in autophagic

Figure 3 Overexpression of MCOLN1 promotes cell migration, proliferation and invasion in NSCLC cells. (A) Cells were transfected with MCOLN1-mimic, and the

expression of MCOLN1 was analyzed by qRT-PCR. (B) The effects of MCOLN1 on cell viability were measured with a CCK-8 assay. A549 and H1299 cells were transfected

with MCOLN1-mimic for 48 hrs. (C, D) Wound healing assay showed that MCOLN1 resulted in a faster closing of scratch wounds. Scale bar 200 μm. (E, F) The effects of

MCOLN1 transfection on the invasion of A549 and H1299 cells were assessed by transwell assay. The quantitative presentation of the number of invasive cells. The data are

expressed as mean±SEM of five independent experiments. **P< 0.01, ***P<0.001 vs control.
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Figure 4 MCOLN1 affects lysosome function and autophagy level. (A, B) A549 and H1299 cells were transfected with siMCOLN1 for 48 hrs, and then Western blot was

used for the analysis of autophagy and lysosomal function-related protein levels in NSCLC cells. (C, D) A549 and H1299 cells were transfected with MCOLN1-mimic for 48

hrs. Western blot analysis of autophagy and lysosomal function-related protein levels in NSCLC cells. The data are expressed as mean±SEM of five independent experiments.

*P< 0.05, **P < 0.01, ***P<0.001 vs control.

Figure 5 MCOLN1 reinforces autophagic flux. (A, B) Representative images of fluorescent LC3 puncta after mRFP-GFP-LC3 adenovirus transduction (24 hrs). Mean

number of autophagosomes represented by yellow puncta and autolysosomes represented by red puncta in merged images per cell. Scale bar indicates 10 μm. Results

represent the mean value from 3 independent experiments, ***P<0.001. (C) Representative electronic micrograph images were shown. Scale bar indicates 500 nm. The

arrows depict autolysosome, and the nucleus is denoted by N. n = 3.
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flux compared with the control group. On the contrary, cells

transfected with MCOLN1 inhibitor, autophagic flux

decreased compared with the control group (Figure 5B). In

addition, transmission electron microscopy (TEM) revealed

that overexpressing MCOLN1 increased number of autopha-

gosomes and autolysosomes in NSCLC cells (Figure 5C).

These data suggest that MCOLN1 could strengthen the autop-

hagic flux in NSCLC cells. Altogether, autophagy may play a

multifactorial role on the initiation and progression of

NSCLC. Autophagy provides an anticarcinogenic function in

normal tissues to maintain homeostasis. In established tumors,

however, autophagy may promote tumor cell growth

(Figure 6). As our results demonstrated, MCOLN1 is down-

regulated in NSCLC tissues while increased in higher patho-

logical staging. Downregulation of MCOLN1 remarkably

attenuates NSCLC cells progression by modulating the fuse

of autophagosomes and lysosomes.

Discussion
Autophagy is a process of phagocytosis of cytoplasmic

proteins or organelles and endocytosis into vesicles and

fusion with lysosomes to form autophagic lysosomes and

degrade the enclosing contents, so as to achieve cell meta-

bolism and the renewal of some organelles to maintain

intracytoplasmic homeostasis.20–22 Emerging evidence sug-

gests that autophagy exerts complex functions in human

diseases that may include both protective and potentially

deleterious processes.23 During the occurrence and devel-

opment of tumors, the relevant genetic changes, including

both the activation or upregulation of oncogenes and the

deletion, mutation or inactivation of tumor suppressor

genes, all have negative regulatory effects on autophagy.24

Cancer is both the first disease that existed a deficiency in

autophagy and, studies of the role of autophagy in tumors

are somewhat contradictory, for which clinical trials are

Figure 6 Schematic diagram: autophagy may play a multifactorial role on the initiation and progression of NSCLC. Autophagy provides an anticarcinogenic function in

normal tissues to maintain homeostasis. In established tumors, however, autophagy may promote tumor cell growth.

Yin et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:118614

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


being carried out in patients to inhibit autophagy.25 The

contradictory results may be explained by the different

roles played by autophagy at different stages of tumorigen-

esis. On the one hand, tumors formed by autophagy-defi-

cient cells display genomic instability and DNA damage,

which is in part mediated by ROS.26 On the other hand,

there is increasing evidence that autophagy may be a neces-

sary condition for tumor progression.27,28 Autophagy pro-

vides a survival advantage to tumor cells by enabling them

to overcome the metabolic stress that is inherently present

in the tumor microenvironment. The prevailing current

view is that autophagy as a pro-survival pathway that

helps tumor cells endure metabolic stress. Importantly,

similar to our findings, inhibition of autophagy enhanced

the therapeutic efficacy in NSCLC cells.19 Since MCOLN1

is a ROS sensor in lysosomes that regulates autophagy, we

focused on the effect of MCOLN1 on NSCLC. Autophagy

is an important part of tumor self-protection mechanism,

meanwhile the loss of autophagy function is also a neces-

sary condition for the occurrence of tumor.29 Consistent

with our results, MCOLN1 was remarkably downregulated

in NSCLC tissues, while the expression of MCOLN1 was

increased in higher pathological staging to maintain meta-

bolic and energy balance. MCOLN1 may play a multifac-

torial role on the initiation and progression of NSCLC.

MCOLN1 provides an anticarcinogenic function in normal

tissues by safeguarding against metabolic stress,16 and our

results showed more MCOLN1 in normal lung tissues than

NSCLC tissues. Genetic deletion of MCOLN1 may cause

cells dysfunction, increased oxidative stress, and suscept-

ibility to inflammatory that permit DNA damage and thus

lead to genetic instability and tumorigenesis. In established

tumors, however, MCOLN1 may confer a survival advan-

tage on tumor cells. In our study, we identified MCOLN1

mediates lysosomal autophagy function to enhance the pro-

liferation, migration and invasion of NSCLC cells.

Our data also showed that the ability of tumor cells to

migrate and invade was significantly reduced when

MCOLN1 was downregulated. P62 is a protein associated

with autophagosomes. After the fusion of autophagosome

and lysosome, it will be degraded in lysosomes.30 P62

accumulation suggests the inhibition of autophagy. As a

lysosomal marker, lamp1 is a lysosomal membrane protein

capable of maintaining lysosomal acidification.31 In our

experiment, upregulated MCOLN1 induced significant

increase of both lamp1 and LC3-II/I but decrease of P62,

which indicates positive regulatory effects of autophagy.

These data provide evidence that fate decision of

MCOLN1 might depend on its influence on autophagy in

NSCLC cells. At the same time, we further confirmed that

MCOLN1 triggers increased autophagic flux in NSCLC

cells. In order to further verify the ability of MCOLN1 to

promote autophagy in NSCLC cells, we infected NSCLC

cells with mRFP-GFP-LC3 adenovirus and detected the

autophagy flux rate by living cell imaging. We found that

in NSCLC cells treated with MCOLN1 plasmid, the abnor-

mal expression of mRFP-GFP-LC3 was red and yellow

spots, which was higher than that in cells simulated with

MCOLN1, indicating that MCOLN1 mediated the accumu-

lation of autophagosomes. TEM revealed that overexpres-

sing MCOLN1 increased number of autophagosomes and

autolysosomes in NSCLC cells. Since increased autophago-

some formation does not lead to an increase in autophago-

some flux, a MCOLN1-dependent mechanism must exist to

regulate lysosome. These data suggest that MCOLN1

induces autophagic flux, whereas silencing MCOLN1 sup-

presses the autophagic flux. Given the established roles of

MCOLN1, which both affects lysosomal trafficking and

biogenesis and operates on mitigated oxidative stress

through TFEB, we identified MCOLN1 as a factor in

both initiation and maturation of autophagy.32 Only when

MCOLN1 can be activated normally, autophagosomes and

lysosomes can fuse normally and the autophagy process can

proceed smoothly. As shown in our mRFP-GFP-LC3 ade-

noviral autophagy flow results, when MCOLN1 is down-

regulated in NSCLC cells, autophagosomes in cells fail to

fuse with lysosomes indicating autophagy blocking.

Therefore, the co-localization of green fluorescence and

red fluorescence mixtures in cells, that is why yellow fluor-

escence occurs. When MCOLN1 is upregulated, autopha-

gosomes fuse with lysosomes and autophagy is activated.

The green fluorescence signal of GFP will be quenched

after entering the lysosome due to the decrease of pH

value and the cells are mainly red fluorescence.

Recent years, some researchers have focused tumors on

autophagy and immune response. Autophagy has been

proved to help tumors to adapt to harsh microenvironment

and to reduce the sensitivity of tumor cells to radiotherapy

and chemotherapy.33,34 Enhanced autophagy in tumor cells

can be induced by radiotherapy, chemotherapy or other

stimulating factors, including hypoxia and nutrient

starvation.35 Autophagy will be occurred when treating

with chemotherapy drugs in tumor cells. Dying tumor

cells caused by chemotherapy drugs always release ATP

and recruit both dendritic cells and T cells to enter tumor

regions, which cause immunogenic cell death in tumor
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cells. On the other hand, autophagy inhibitors can inhibit

the release of ATP by dying tumor cells. In autophagy-

deficient tumor cell lines, the extracellular ATP degrada-

tion enzyme can be inhibited to increase the extracellular

ATP concentration, and immune cells can be recruited

again to restore the therapeutic effect of chemotherapy

drugs.36 In addition, other studies have revealed that

autophagy is closely related to cell senescence.37 The

results of this study show, for the first time, that increase

of MCOLN1 will boost autophagy in NSCLC cells and

promote tumor progression. As we all know, aging indivi-

duals are often associated with impaired lysosomal func-

tion. Considering that MCOLN1 plays a role in regulating

lysosomal function, whether MCOLN1 regulates senes-

cence in worm and mouse models is particularly interested

and further studies will be focused on if increasing

MCOLN1 will open up novel paths to extending lifespan.

Taken together, we report the novel role of MCOLN1

in autophagy regulation. Our results demonstrate that

MCOLN1 is downregulated in NSCLC tissues while

increased in higher pathological staging. Downregulation

of MCOLN1 remarkably attenuates NSCLC cells progres-

sion by modulating autophagy. In summary, our results

revealed a new mechanism of MCOLN1 by influence

autophagy to play an anti-tumor role in NSCLC cells,

which might be a potential therapeutic for NSCLC

treatment.
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