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MicroRNA-21 promotes the proliferation, migration and
invasion of non-small cell lung cancer A549 cells by regulating
autophagy activity via AMPK/ULKI1 signaling pathway
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Abstract. The present study investigated the expression of
microRNA (miR)-21 in non-small cell lung cancer (NSCLC)
tissues, its biological functions and mechanism of autophagy
regulation. A total of 46 patients with NSCLC were enrolled
in the present study. To measure the expression of miR-21,
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) was employed. NSCLC A549 cells were
transfected with miR-negative control (NC), miR-21 mimics
or inhibitor. The CCK-8 assay was used to investigate the
proliferation of A549 cells. To study migration and invasion
abilities of A549 cells, The Transwell assay was performed. In
addition, to determine the expression levels of ULK1, LC3B,
AMPKa, p-AMPKa and p62 proteins, western blotting was
conducted and laser confocal microscopy was performed to
observe the formation of autophagosomes in A549 cells. To
explore whether miR-21 regulates the biological functions
of A549 cells via autophagy, an autophagy inhibitor, 3-MA,
or agonist, rapamycin, were used in a rescue assay. Results
indicated that miR-21 expression in NSCLC tissues was
enhanced, and closely correlated with the occurrence and
development of NSCLC. In vitro experiments showed that
miR-21 mimics promoted the proliferation, migration and
invasion of A549 cells, while miR-21 inhibitor inhibited these
biological functions. Western blotting indicated that miR-21
upregulated autophagy marker LC3BII protein, but down-
regulated p62 protein. Laser confocal microscopy showed
that miR-21 activated autophagy of A549. Rescue experiments
indicated that autophagy reversed the effect of miR-21 on the
proliferation, migration and invasion of A549 cells. Western
blotting data suggested that autophagy-related AMPK/ULK1
signaling pathway was activated by miR-21, and interference
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or overexpression of ULKI1 reversed the biological functions
of miR-21. The present study demonstrated that miR-21
expression in NSCLC tissues was upregulated and positively
correlated with lymphatic metastasis and clinical staging. In
addition, miR-21 regulated autophagy activity of NSCLC A549
cells via AMPK/ULKI signaling pathway, and promoted the
proliferation, migration and invasion of NSCLC A549 cells.

Introduction

Lung cancer is one of the most common malignant tumors in
the world (1). It is usually derived from bronchial tip membranes
or glands, and accompanied by regional lymph node metas-
tasis or hematogenous dissemination (2). Approximately 1.8
million new cases of lung cancer are reported worldwide each
year, accounting for 12.9% of all new cancer cases (3). Of
note, the incidence of lung cancer in men is higher than that
in women. One third of new and fatal cases of lung cancer
occur in China, posing a great threat to human health (4). Most
lung cancer cases are malignant epithelial tumors, including
non-small cell lung cancer (NSCLC; 85%) and small cell lung
cancer (15%) (5). The clinical symptoms of NSCLC are occult,
and most patients have already got metastasis when they are
diagnosed. Moreover, patients with successful surgery often
develop tumor resistance, leading to chemoradiotherapy
failure, tumor recurrence or even death (6). It is believed that
effective inhibition of lung cancer proliferation, metastasis and
drug resistance will greatly improve the prognosis of patients.
However, the molecular mechanisms underlying the malignant
phenotype of lung cancer cells still remain unclear.
MicroRNA (miRNA or miR) molecules is a class of
non-encoding small RNA molecules (18-22 nucleotides) that
inhibit the translation of target genes by binding with the
3'-untranslated region (UTR) of their mRNA (7). miRNA
molecules play a role as oncogenes or tumor-suppressor
genes in tumor proliferation, metastasis and drug resis-
tance, being a type of important biomarkers and therapeutic
targets (8,9). It is discovered that the expression of several
miRNA molecules is abnormal in lung cancer, and closely
related with the occurrence and development of NSCLC (6).
For example, miR-30a-5p inhibits the resistance of NSCLC
against paclitaxel by down-regulating the expression of
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Bcl-2 (10). In addition, miR-361-5p inhibits the proliferation
and metastasis of NSCLC by targeting FOXM1 (11). miR-21
is a newly discovered miRNA molecule that is closely related
with tumors (12). It is reported that miR-21 plays a role as an
oncogene in NSCLC, and promotes the proliferation, invasion,
metastasis and drug resistance of NSCLC (13,14). However,
the mechanism of action of miR-21 is still unknown.
Autophagy is a catabolic process in which cells are subjected
to stress such as hypoxia, starvation, and lack of nutrients (15).
Autophagy acts as a ‘double-edged sword’ in tumorigenesis
and development (16,17). On one hand, autophagy inhibits the
occurrence and development of tumors by degrading abnormal
components in cells or inducing non-apoptotic pathway death.
On the other hand, tumor cells promote proliferation, invasion
and metastasis through autophagy. Autophagy inhibitor chloro-
quine can greatly promote the death of tumor cells when used
in combination with chemotherapy drugs (18). Studies show
that miRNA molecules such as miR-181a and miR-140-5p are
important in autophagy regulation (19,20). It is reported that
miR-21 is able to regulate the drug resistance of NSCLC (21).
Therefore, it is hypothesized that miR-21 may participate
in the occurrence and development of NSCLC by regulating
autophagy. In the present study, we investigate the molecular
mechanism by which miR-21 regulates autophagy, and try to
elucidate the role of miR-21 in the development of NSCLC.

Materials and methods

Patients. A total of 46 patients with NSCLC (age range,
24-76 years; mean age, 46.7 years) who received treatments
at our hospital between October 2014 and 2016 were included
in the present study. NSCLC and tumor-adjacent tissues were
collected as experimental and control groups, respectively. The
46 NSCLC casesincluded 31 cases of adenocarcinoma, 13 cases
of squamous cell carcinoma, and 2 cases of adenosquamous
carcinoma. Patients with lymph node metastasis (29 cases)
were included into N1 subgroup, while those without lymph
node metastasis (18 cases) were included into NO subgroup.
In addition, 11 patients were at stage I, 17 patients were at
stage II, 13 patients were at stage III, and 6 patients were at
stage I'V. None of the patients received radiochemotherapy or
other antineoplastic therapies. None of the patients had history
of other types of tumors. All procedures were approved by
the Ethics Committee of Chengdu Medical College. Written
informed consents were obtained from all patients or their
families.

Cells. NSCLC A549 cells were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS) under 37°C
and 5% CO,. When reaching 80-90% confluency, the cells were
passaged. The medium was replaced every two days. Cells with
passage numbers 3-6 were used for experiments.

A549 cells were divided into miR mimics-negative
control (NC) group, miR-21 mimics group, miR inhibitor-NC
group, and miR-21 inhibitor group. On the day before transfec-
tion, the cells (2x10°) in log-phase growth were seeded onto
24-well plates containing antibiotics-free RPMI-1640 medium
supplemented with 10% FBS. When reaching 70% conflu-
ency, 1.5 ul miR mimics-NC (random double-stranded RNA
molecule; Hanbio Biotechnology Co., Ltd., Shanghai, China),
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miR-21 mimics, miR inhibitor-NC (random single-stranded
RNA molecule; Hanbio Biotechnology Co., Ltd.) or miR-21
inhibitor (20 pmol/ul; Guangzhou RiboBio Co., Ltd.,
Guangzhou, China) and 1 pl Lipofectamine 2000 (Thermo
Fisher Scientific Inc., Waltham, MA, USA) were added into
two individual vials containing 50 pl Opti Memi medium,
respectively. Five min later, the liquids in the two vials were
mixed together before standing still for another 20 min. Then,
the mixture was added onto the cells for an incubation of 6 h
before changing to RPMI-1640 medium supplemented with
10% FBS. The cells were cultured at 37°C and 5% CO, for
48 h before use.

Rescue experiments were performed in two ways.
First, A549 cells (2x10°) in miR-21 mimics and miR-21
inhibitor groups were seeded into 24-well plates containing
antibiotics-free RPMI-1640 medium supplemented with
10% FBS. When reaching 70% confluency, the medium was
replaced with the same medium containing 25 yM 3-MA
and 100 nM rapamycin and cultured at 37°C and 5% CO, for
24 h before rescue experiments. Second, A549 cells (2x10°) in
miR-21 mimics and miR-21 inhibitor groups were seeded into
24-well plates containing antibiotics-free RPMI-1640 medium
supplemented with 10% FBS. When reaching 60% confluency,
the cells were infected by 0.5 pg ULKI1 eukaryotic expres-
sion plasmid (Hanbio Biotechnology Co., Ltd.) or its siRNA
sequence. Cells in miR-NC group were infected by 0.5 ug NC
plasmid. After being cultured at 37°C and under 5% CO, for
6 h, the medium was refreshed to newly made RPMI-1640
medium containing 10% FBS before cultivation for 72 h. Then,
the cells in each group were used for subsequent experiments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). NSCLC and tumor-adjacent tissues (100 mg) were
ground into powder using liquid nitrogen before addition of 1 ml
Trizol isolation reagent (Thermo Fisher Scientific, Inc.) for lysis.
After lysis, total RNA was extracted using phenol chloroform
method. The purity of RNA was determined by A260/A280
using ultraviolet spectrophotometry (Nanodrop ND2000,
Thermo Fisher Scientific Inc.). Then, cDNA was obtained by
reverse transcription using miScript II RT kit (Qiagen GmbH,
Hilden, Germany) from 1 g RNA and stored at -20°C.

RT-qPCR was performed using miScript SYBR-Green PCR
kit (Qiagen GmbH) and the reaction system was composed of
10 ul RT-qPCR-mix, 0.5 ul upstream primer (5'-ACAGCAGGC
ACAGACAGGCAGT-3"), 0.5 ul downstream primer (universal
primer provided by the kit), 2 ul ¢cDNA and 7 pl ddH,O.
Reaction protocol was initial denaturation at 95°C for 10 min,
and 40 cycles of 95°C for 1 min and 60°C for 30 sec.

Cell Counting Kit (CCK)-8 assay. The sample cells were
inoculated in 96-well plates at a density of 2,000/well. At
0, 24, 48 and 72 h, 20 ul CCK-8 (5 g/l; Beyotime Institute
of Biotechnology, Haimen, China) was added onto the cells.
After being incubated at 37°C for 2 h, absorbance (490 nm) of
each well was determined, and cell proliferation curves were
plotted. Each group was tested in 3 replicate wells and the
values were averaged.

Transwell assay. Matrigel chambers (Corning Incorporated,
Corning, NY, USA) were used to determine the migration
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and invasion abilities of cells. Matrigel was first diluted with
serum-free RPMI-1640 medium at a ratio of 1:2. In upper
chamber, 50 ul diluted Matrigel was added and kept at 37°C
for 1 h. Then, 1x10° cells and 200 pl serum-free RPMI-1640
medium were added into the upper chamber. In the lower
chamber, 500 x1 RPMI-1640 medium supplemented with 10%
FBS was added. After incubation for 24 h, the cells in upper
chamber were wiped by cotton swab. Then, the chamber was
fixed using 4% formaldehyde for 10 min at room temperature,
and then subjected to Giemsa's staining for 1 min. After
washing for 3 times, cells that moved to the other side of the
chamber were counted under a microscope (5 fields; magnifi-
cation, x200) to evaluate migration and invasion abilities.

Laser confocal microscopy. Cells in each group were seeded
onto culture plates at a density of 2x10%/well. When reaching
70% confluency, Ad-GFP-RFP-LC3B was added at a ratio of
MOI=20. Seventy-two h later, the cells were observed under a
laser confocal microscope (SP8; Leica Microsystems GmbH,
Wetzlar, Germany). Green and red vesicles represented
autophagy. The number of autophagy in cells was counted to
evaluate autophagy activity.

Western blot analysis. Cells in each group were trypsin-
ized and collected. Then, cold Radio-Immunoprecipitation
Assay (RIPA) lysis buffer (600 ul; Beyotime Institute of
Biotechnology) was mixed with the samples. Then, the
mixture was lysed for 30 min on ice, and then centrifuged at
12,000 rpm and 4°C for 10 min. Bicinchoninic acid (BCA)
protein concentration determination kit (RTP7102; Real-Times
Biotechnology Co., Ltd., Beijing, China) was used to determine
protein concentration in the supernatant. After mixing protein
samples (6 ul) with 5x sodium dodecyl sulfate loading buffer,
the mixture was denatured by boiling in water bath for 10 min.
Afterwards, 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (100 V) was performed using the samples.
Then, the proteins were electro-transferred to polyvinylidene
difluoride (PVDF) membranes on ice (250 mA, 1 h) before
being blocked with 50 g/1 skimmed milk at room tempera-
ture for 1 h. Afterwards, rabbit anti-human polyclonal ULK1
(1:1,000), LC3B (1:800), AMPKa (1:1,000), p-AMPK (1:800)
and p62 (1:800) primary antibodies and mouse anti-human
GAPDH (1:400) primary antibody (Abcam, Cambridge, UK)
were added onto the membranes before incubation at 4°C
overnight. Then, the membrane was extensively washed with
phosphate-buffered saline with Tween 20 (PBST) for 5 times
of 5 min, and incubated with goat anti-mouse horseradish
peroxidase-conjugated secondary antibodies (1:4,000; Abcam)
at room temperature for 1 h. Subsequently, the membrane was
washed with PBST for 5 times of 5 min before the membrane
was developed with enhanced chemiluminescence detection
kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
for imaging. We used Image lab v3.0 software (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) to acquire and analyze
imaging data. The relative expression of target proteins was
expressed with the ratio against GAPDH.

Statistical analysis. All results were analyzed using SPSS
v17.0 statistical software (IBM Corp., Armonk, NY, USA),
and all data were shown as means = SD. Paired Student's
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t-test was used to compare data between tumor-adjacent
tissues and tumor tissues, while unpaired Student's t-test
was performed to compare intergroup differences for lymph
node metastasis and clinical staging. Multigroup measure-
ment data were analyzed using one-way ANOVA. In case
of homogeneity of variance, Least Significant Difference
and Student-Newman-Keuls methods were used; in case of
heterogeneity of variance, Tamhane's T2 or Dunnett's T3
method was used. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

miR-21 expression in NSCLC tissues is enhanced, and closely
correlated with the occurrence and development of NSCLC.
To determine miR-21 expression in NSCLC tissues, RT-qPCR
was used. The data showed that miR-21 expression in NSCLC
tissues was significantly higher than that in tumor-adjacent
tissues (P<0.05; Fig. 1A). In addition, miR-21 expression in
NSCLC tissues from patients with lymphatic metastasis was
significantly higher than that in tissues from patients without
lymphatic metastasis (P<0.05; Fig. 1B). Moreover, miR-21
expression in NSCLC tissues from patients at stages I1I/IV
was significantly increased than that from patients at stages I/11
(P<0.05; Fig. 1C). The result suggests that miR-21 expression
in NSCLC tissues is enhanced, and closely correlated with the
occurrence and development of NSCLC.

miR-21 expression promotes the proliferation of NSCLC A549
cells in vitro. To test the proliferation of A549 cells, CCK-8
assay was carried out. The data showed that absorbance of
A549 cells that were transfected with miR-21 mimics was
significantly enhanced than that in miR-NC group at all
time points (P<0.05), while the absorbance of A549 cells in
miR-21 inhibitor group was significantly decreased than that
in miR-NC group at all time points (P<0.05; Fig. 2). The result
indicates that miR-21 expression promotes the proliferation of
NSCLC A549 cells.

miR-21 expression enhances the migration and invasion abili-
ties of NSCLC A549 cells. To investigate migration and invasion
abilities of A549 cells, Transwell assay was employed. The
data showed that the expression of miR-21 in cells transfected
with miR-21 mimics was significantly higher than that in cells
transfected with miR mimics-NC (P<0.05), while expression of
miR-21 in cells transfected with miR-21 inhibitor was signifi-
cantly lower than that in cells transfected with miR inhibitor-NC
(P<0.05; Fig. 3A). The number of cells in miR-21 mimics group
that crossed chamber membrane in migration assay was signifi-
cantly higher than that in miR mimics-NC group (P<0.05).
By contrast, cell count in miR-21 inhibitor group that crossed
chamber membrane in migration assay was lower than that in
miR inhibitor-NC group (P<0.05). Similarly, cell countin miR-21
mimics group that crossed chamber membrane in invasion
assay was higher than that in miR mimics-NC group (P<0.05).
In addition, the number of cells in miR-21 inhibitor group that
crossed chamber membrane in invasion assay was smaller than
that in miR inhibitor-NC group (P<0.05; Fig. 3B and C). The
results suggest that miR-21 expression enhances the migration
and invasion abilities of NSCLC A549 cells.



LI et al: miR-21, AUTOPHAGY AND THE AMPK/ULK1 SIGNALING PATHWAY IN NSCLC

A 4.5

miR-21

Relative expression of

Normal tissues NSCLC

=K1

3
2.5+

1.54
1 M
0.5

miR-21

Relative expression of

NO N1

C 3.5,
3 4
251
2 4
1.5 4
14 .
0.5 1

o+

miR-21

Relative expression of

171 mnav

Figure 1. Expression of miR-21 in NSCLC tissues. (A) Expression of miR-21
in tumor-adjacent normal tissues and NSCLC tissues. ‘P<0.05 compared with
normal tissues. (B) Expression of miR-21 in NSCLC tissues from NSCLC
patients without (NO) and with (N1) lymphatic metastasis. "P<0.05 compared
with NO group. (C) Expression of miR-21 in NSCLC tissues from patients
at different clinical stages. "P<0.05 compared with patients at stages 1/II.
NSCLC, non-small cell lung cancer.
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Figure 2. Effect of miR-21 on the proliferation of NSCLC A549 cells. The
cells were transfected with miR-NC, miR-21 mimics or miR-21 inhibitor.
CCK-8 assay was used to determine the proliferation of cells. "P<0.05
compared with miR-mimics-NC group at respective time points; “P<0.05
compared with miR-inhibitor-NC group. NSCLC, non-small cell lung
cancer; NC, negative control.

miR-21 regulates autophagy activities of NSCLC A549
cells. To test the expression of autophagy-related proteins in
A549 cells, western blotting was performed. Quantification
of western blots showed that LC3B-II protein expression in
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Figure 3. Effect of miR-21 on the migration and invasion of NSCLC A549
cells. The cells were transfected with miR mimics-NC, miR-21 mimics,
miR inhibitor-NC, or miR-21 inhibitor. (A) Expression of miR-21 in cells
transfected with miR mimics-NC, miR-21 mimics, miR inhibitor-NC, or
miR-21 inhibitor. "P<0.05 compared with NC group. (B) Images of migrated
and invasion cells in indicated groups. Magnification, x200. (C) The numbers
of migrated and invasion cells in each group. Transwell assay was used to
determine the migration and invasion of A549 cells. 'P<0.05 compared with
miR-NC group. NSCLC, non-small cell lung cancer; NC, negative control.

miR-21 mimics group was significantly higher than that
in miR mimics-NC group (P<0.05), while p62 protein expres-
sion in miR-21 mimics group was significantly lower than
that in miR mimics-NC group (P<0.05). In addition, LC3B-II
protein expression in miR-21 inhibitor group was significantly
lower than that in miR inhibitor-NC group (P<0.05), while p62
protein expression in miR-21 inhibitor group was significantly
higher than that in miR inhibitor-NC group (P<0.05; Fig. 4).
The result suggests that miR-21 regulates autophagy activities
of NSCLC A549 cells.

miR-21 expression facilitates the autophagy of NSCLC A549
cells. To observe the formation of autophagosomes in A549
cells, laser confocal microscopy was performed. The data
showed that the number of autophagosomes in A549 cells of
miR-21 mimics group was significantly higher than that in miR
mimics-NC group (P<0.05), while that of miR-21 inhibitor
group was significantly lower than that in miR mimics-NC
group (P<0.05; Fig. 5). The result indicates that miR-21 expres-
sion facilitates the autophagy of NSCLC A549 cells.

miR-21 promotes the proliferation, migration and invasion of
NSCLC A549 cells by regulating autophagy. To test whether
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Figure 5. Effect of miR-21 expression on the number of autophagosomes in
NSCLC A549 cells. To observe the formation of autophagosomes in A549
cells, laser confocal microscopy was performed. Magnification, x200.
Green and red vesicles represented autophagy. "P<0.05 compared with
miR mimics-NC group; “P<0.05 compared with miR inhibitor-NC group.
NSCLC, non-small cell lung cancer; NC, negative control.
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miR-21 regulates the biological functions of A549 cells via
autophagy, we used autophagy inhibitor 3-MA or agonist
rapamycin. CCK-8 assay showed that treatment with 3-MA
decreased the elevated proliferation of A549 cells that was
induced by miR-21 mimics transfection to a level similar to
miR-NC group (P<0.05; Fig. 6A). In addition, treatment with
rapamycin increased the reduced proliferation of A549 cells
that was induced by miR-21 inhibitor transfection to a level
similar to miR-NC group (P<0.05; Fig. 6B). Transwell assay
showed that treatment with 3-MA decreased the elevated
migration and invasion abilities of A549 cells that were induced
by miR-21 mimics transfection to a level similar to miR-NC
group (P<0.05; Fig. 6C), while treatment with rapamycin
increased the reduced migration and invasion abilities of A549
cells that were induced by miR-21 inhibitor transfection to a
level similar to miR-NC group (P<0.05; Fig. 6D). The results
suggest that miR-21 promotes the proliferation, migration and
invasion of NSCLC A549 cells by regulating autophagy.

miR-21 regulates the autophagy of NSCLC A549 cells via
AMPK/ULK]I signaling pathway. To further investigate
the molecular mechanism by which miR-21 regulates
autophagy, we predicted the target gene of miR-21 using
TargetScan (http:/www.targetscan.org/), but failed to
discover any autophagy-related gene. Therefore, we examined
autophagy-related signaling pathways using western blotting.
The data showed that miR-21 up-regulated AMPKa subunit
phosphorylation level and ULKI1 expression (Fig. 7A). In
addition, overexpression of miR-21 significantly increased the
expression of LC3BII protein (P<0.05), but silencing of ULK1
by its siRNA significantly reduced the expression of LC3BII
protein (P<0.05). By contrast, miR-21 inhibitor significantly
decreased the expression of LC3BII protein (P<0.05), but
overexpression of ULK1 significantly enhanced the expression
of LC3BII protein (P<0.05; Fig. 7B). These results indicate
that miR-21 regulates the autophagy of NSCLC A549 cells via
AMPK/ULKI signaling pathway.

Discussion

NSCLC patients often lose their best surgical chances because
of extensive metastasis. Radiotherapy and chemotherapy can
easily induce drug resistance of tumor cells and cause tumor
recurrence and metastasis, leading to death of patients (22).
Studies show that the development of NSCLC is a complex
process involving multiple genes, multiple factors and
multiple steps, such as gene mutation, abnormal expression,
immunosuppression and tumor stem cells (23,24). Of note,
miRNA molecules are involved in the regulation of various
malignant phenotypes of NSCLC, and have become potential
tumor therapy targets (25). In the present study, we discover
that miR-21 expression in NSCLC tissues is significantly
elevated, and positively correlated with lymphatic metastasis
and clinical staging, suggesting that miR-21 may play a role
as an oncogene. In vitro experiments demonstrate that miR-21
regulates autophagy of NSCLC cells via AMPK/ULKI1
signaling pathway, and facilitates the proliferation, migration
and invasion of NSCLC cells.

It is reported that miR-21 plays important roles in the
occurrence and development of various malignant tumors.
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Expression of miR-21 is up-regulated in various human tumor
tissues and cells, such as brain glioma, ovarian cancer, bladder
cancer, prostate cancer, lung cancer, breast cancer, thyroid
cancer, esophageal cancer, liver cancer, bile duct cancer,
pancreatic cancer, colorectal cancer, gastric cancer, and B cell
lymphoma. miR-21 participates in the proliferation, migration,
invasion, differentiation and apoptosis of tumor cells (26,27).
In addition, miR-21 is involved in the regulation of multiple
downstream target genes such as PTEN, PDCD4, RECK, and
TIMP-3 (21,28). Although there are many reports about the
regulation of tumor cell proliferation, migration and invasion
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by miR-21, there is no literature report on whether miR-21
regulates autophagy activity in NSCLC. Our study shows that
miR-21 is up-regulated in NSCLC, and is closely related to
TNM staging and lymph node metastasis. In addition, miR-21
activates the autophagy of A549 cells by up-regulating LC3BII
protein expression, down-regulating p62 protein expression,
and increasing the number of autophagosomes in A549 cells.
Of note, rescue experiments show that autophagy inhibitor or
agonist can rescue the changes in biological functions of A549
cells caused by up-regulation or down-regulation of miR-21.
This also suggests that miR-21 can exert its biological function
of oncogene by activating autophagy.

Autophagy is closely related to the occurrence and
development of tumors. It participates in the proliferation,
metastasis and invasion of tumors mainly through three
ways. First, autophagy provides energy for tumors and
promotes tumor cell survival. Second, autophagy inhibits
tumor cell apoptosis. Third, autophagy enhances the toler-
ance of tumor cells to radiotherapy and chemotherapy. For
example, Pursiheimo et al (29) report that hypoxia induces
autophagy and increases cell survival rate. Moon et al (30),
show that autophagy protects ovarian cancer cells against
metformin-induced apoptosis. Regulating autophagy activity
has also become a new strategy for cancer therapy. AMPK
signaling pathway is one of the key factors for intracellular
and extracellular energy integration, and is closely related to
autophagy. It is reported that AMPK increases cell survival rate
by promoting autophagy via the up-regulation of ULK1 (31).
In the present study, our data show that the phosphorylation
level of AMPK o subunit is up-regulated, and the expression
of ULKI, a key gene of autophagy, is increased, suggesting
that miR-21 may regulate autophagy via ULK1. Consistently,
siRNA interference and overexpression of ULKI restore
autophagy activity of A549 cells. The reason why we suspect
LC3BII and ULK1 p-AMPK-alpha and LC3BII expression are
different among the miR mimics-NC and miR inhibitor-NC
groups is that miR mimics-NC is double-stranded and miR
inhibitor-NC is single-stranded. The response of autophagy to
the two sequences may be different.

The limitations of the present study include small sample
size, and the subsequent lack of correlation analysis between
miR-21 expression and N2/N3 lymph node status. In addition,
the clinical correlation of miR-21 to NSCLC remains to be
further verified.Infuture studies, we will use specific autophagy
inhibitors to further verify the regulatory role of miR-21 on
autophagy. In conclusion, the present study demonstrates that
miR-21 is highly expressed in NSCLC tissues, and closely
related to the occurrence and development of NSCLC. miR-21
can also activate autophagy via the AMPK/ULKI1 pathway
and play a role as oncogene. Therefore, miR-21 is a potential
therapeutic target for NSCLC.
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