
ONCOLOGY REPORTS  37:  3244-3252,  20173244

Abstract. The present study determined the role and mecha-
nism of miR-138 in non-small cell lung cancer (NSCLC). 
In total, 45 freshly resected clinical NSCLC tissues were 
collected. The expression of miR-138 in tissues and cell lines 
were determined by real-time quantitative PCR. miR-138 
mimics were transfected into A549 and Calu-3 cells in vitro, 
and then the effects of miR-138 on lung cancer cell prolifera-
tion, cell cycle, invasion and metastasis were investigated by 
CCK-8 assay, Transwell and flow cytometry, respectively. The 
protein expression of the potential target gene Sirt1 in lung 
cancer cells were determined by western blot analysis. Dual-
luciferase reporter assay was performed to further confirm 
whether Sirt1 was the target gene of miR-138. The expression 
of miR-138 was significantly lower in lung cancer tissues and 
was negatively correlated to the differentiation degree and 
lymph node metastasis of lung cancer. In vitro experiment 
results showed that miR-138 inhibited lung cancer cell prolif-
eration, invasion and migration. It was verified that miR-138 
could downregulate Sirt1 protein expression, inhibit epithelial-
mesenchymal transition (EMT), decrease the activity of 
AMPK signaling pathway and elevate mTOR phosphoryla-
tion level. Dual-luciferase reporter assay demonstrated that 
miR-138 could directly regulate Sirt1. Downregulation of 
Sirt1 alone can also cause the same molecular and biological 
function changes. Western blot analysis and confocal micros-

copy results indicated that overexpression of miR-138 or 
interference of Sirt1 expression could inhibit lung cancer cell 
autophagy activity possibly through AMPK-mTOR signaling 
pathway. miR-138 plays a tumor suppressor function in lung 
cancer. It may inhibit the proliferation, invasion and migration 
of lung cancer through downregulation of Sirt1 expression and 
activation of cell autophagy. The downregulation of miR-138 
is closely related to the development of lung cancer.

Introduction

Lung cancer is currently one of the malignancies with the 
fastest growing morbidity and mortality worldwide. The 
statistical results of American Cancer Society (ACS) showed 
that lung cancer accounted for 28% of tumor-related death 
and caused a major threat to human health and life (1-3). Lung 
cancer is mainly classified into two tissue subtypes as non-
small cell lung cancer (NSCLC) and small cell lung cancer 
(SCLC). NSCLC accounts for ~80% of lung cancer, including 
adenocarcinoma, squamous cell carcinoma and large cell 
carcinoma (4). Currently, surgical resection combined with 
chemotherapy and radiotherapy is still the main means of 
clinical treatment for lung cancer. However, the patients have 
poor prognosis and 5-year survival rate is ~15% (5). Metastasis 
is one of the major causes of death in patients with lung 
cancer. The molecular mechanism of invasion and metastasis 
of NSCLC is still unclear; therefore, identification of the key 
genes of metastasis is of great significance to the clinical diag-
nosis and treatment of NSCLC (6).

Autophagy widely exists in all eukaryotic cells  (7,8). 
Existing studies have shown that autophagy has a ‘double-
edged sword’ effect on tumor cells. On one hand, autophagy 
can suppress early tumorigenesis; on the other hand, autophagy 
can promote tumor cell resistance to chemotherapy, invasion 
and metastasis (9,10). The regulation mechanism of autophagy 
in NSCLC is still unclear. miRNAs are a group of highly 
conserved endogenous non-coding small RNA molecules with 
a length of 18-23 bases. miRNAs bind to the 3'-UTR region of 
the target gene to form a silencing complex, and thus inhibit 
the protein translation of the target gene (11,12). miRNA 
molecules are extensively involved in tumor cell proliferation, 
apoptosis, invasion and metastasis and also have important 

miR-138 suppresses the proliferation, metastasis and 
autophagy of non-small cell lung cancer by targeting Sirt1

Zaiting Ye1,  Bingmu Fang1,  Jiongwei Pan1,  Ning Zhang1, 
Jinwei Huang2,  Congying Xie3,  Tianzheng Lou1  and  Zhuo Cao1

1The Sixth Affiliated Hospital of Wenzhou Medical University/Lishui People's Hospitlal, Lishui, Zhejiang 323000; 
 2The Central Hospital of Lishui City, Lishui, Zhejiang 323000; 3The First Affiliated Hospital 

of Wenzhou Medical University, Lishui, Zhejiang 323000, P.R. China

Received October 14, 2016;  Accepted April 11, 2017

DOI: 10.3892/or.2017.5619

Correspondence to: Dr Zhuo Cao, Department of Respiratory 
Medicine, the Sixth Affiliated Hospital of Wenzhou Medical 
University/Lishui People's Hospital, Lishui, Zhejiang 323000, 
P.R. China
E-mail: caozhuo001@126.com

Dr Tianzheng Lou, Department of ICU, the Sixth Affiliated 
Hospital of Wenzhou Medical University/Lishui People's Hospital, 
Lishui, Zhejiang 323000, P.R. China
E-mail: ls2780162@163.com

Key words: miR-138, non-small cell lung cancer, autophagy, 
mTOR, signaling pathway



Ye et al:  miR-138 inhibits the proliferation, metastasis and autophagy of NSCLC by targeting Sirt1 3245

regulation effects on the tumor cell autophagy (13,14). For 
example, miR‑487b-5p can inhibit the resistance of NSCLC 
to temozolomide through downregulating the expression of 
the autophagy related gene LAMP2 (15). Tomasetti et al (16) 
showed that miR-126 promoted autophagy of malignant meso-
thelioma cells by regulating cell metabolism. Nyhan et al (17) 
indicated that miR-193b was able to promote esophageal 
cancer cell autophagy and autophagy-like death. Therefore, 
miRNAs may play important roles in regulating cancer cell 
autophagy.

miR-138 is a recently discovered miRNA molecule, 
including two subtypes of miR-138-1 and miR-138-2 that 
respectively locates at 3p21 and 16q13  (18). The mature 
miRNA molecules of these two subtypes have a consensus 
sequence. It has been reported that miR-138 plays a role as 
tumor suppressor gene in many tumors. For instance, miR-138 
plays a role as tumor suppressor gene in osteosarcoma by 
regulating DEC2 expression (19). It also can inhibit tumor cell 
proliferation by downregulation of C-Met (20). To date, the 
role of miR-138 in NSCLC is rarely reported. In the present 
study, the expression, effect and mechanism of miR-138 in 
NSCLC were investigated.

Materials and methods

Tissue sample collection. A total of 45 freshly resected 
NSCLC and corresponding adjacent tissues were collected 
from January 2014 to December 2015 in the Sixth Affiliated 
Hospital of Wenzhou Medical University. All samples were 
diagnosed as NSCLC by the pathology department. Patient 
ages were 29-68, average of 44.7±1.5 years. None of the patients 
had been administered adjuvant therapy before the operation. 
According to the clinical and pathological features, there were 
28 patients with lymph node metastasis (N1) and 17 patients 
without lymph node metastasis (N0). TNM staging is based 
on the TNM staging criteria for non-small cell lung cancer 
(2003 Edition) established by the American Joint Committee 
on Cancer (AJCC) (21). According to this criterion, there were 
10 cases of stage I, 16 cases of stage II, 10 cases of stage III and 
9 cases of stage IV. According to the differentiation degree, 
there were 19 well-differentiated, 17 moderately differentiated 
and 9 cases of low differentiation. All tissues were frozen by 
liquid nitrogen and stored at -80˚C after resected. Prior written 
and informed consent were obtained from every patient and 
the study was approved by the ethics review board of Wenzhou 
Medical University.

Reagents. miR-138 mimics and negative control were 
purchased from Guangzhou RiboBio, Co., Ltd. (Guangzhou, 
China). ShR-silent information transcriptional regulator (Sirt1) 
lentivirus and negative control were constructed by Hanbio 
Co., Ltd. (Shanghai, China). Rabbit anti-human Sirt1 poly-
clonal antibodies were purchased from Abcam plc. (Boston, 
MA, USA). Antibodies of AMPK, phosphorylated AMPK, 
E-cadherin, vimentin, mTOR, phosphorylated mTOR, LC3B 
and p62 were purchased from Cell Signaling Technology, Inc. 
(Danvers, MA, USA). Trizol and Lipofectamine 2000 were 
purchased from Invitrogen (Carlsbad, CA, USA). TIANScript 
RT kit for reverse transcription and Quant One-Step qRT-PCR 
kit were purchased from Tiangen Biotech, Co., Ltd. (Beijing, 

China). Transwell assay kit was purchased from Corning Co. 
(Boston, MA, USA).

Cell culture. Human lung cancer cell lines A549, Calu-3 and 
PAa were all purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). NCl-H292, 
NCl-H1299, NCl-H1650 and NCl-H1975 were all purchased 
from Shanghai Institutes for Biological Sciences (Shanghai, 
China). The cells were cultured in complete Dulbecco's 
modified Eagle's medium (DMEM) high glucose medium 
supplemented with 10% fetal bovine serum (FBS). The cells 
were cultured at 37˚C under a humid atmosphere with 5% 
CO2. When cell confluency reached 90%, cells were passaged. 
Cell medium was changed every two days.

RNA extraction. The lung cancer and adjacent tissues were 
pulverized using the liquid nitrogen grinding method. Trizol 
was added with 1 ml/100 mg tissue powders, and total RNA 
was extracted using the phenol chloroform method. For cell 
cultures, 1 ml Trizol was added to each 25-cm2 flask when cell 
confluency reached 90% and total RNA was extracted using 
the above method. RNA was reverse transcribed into cDNA 
according to the instructions provided by the TIANScript RT 
kit.

Quantitative PCR. The expression levels of miR-138 in 
NSCLC and adjacent tissues and lung cancer cell lines were 
determined by qRT-PCR using U6 as the internal standard. 
The reaction system was as follow: 5 µl cDNA, 10 µl Mix and 
0.5 µl upstream and downstream primers each, 13 µl ddH2O, 
and the total volume was 30 µl. miR-138 upstream primer was 
5'-AGCTGGTGTTGTGAATCAG-3', and the downstream 
primer was a universal primer provided with the miRNA 
cDNA kit (Takara Biotechnology, Co., Ltd., Dalian, China). 
The U6 primer was as follows: forward, CTCGCTTCGG 
CAGCACA and reverse, AACGCTTCACGAAYYYGCGT. 
The reaction procedure was as follows: pre-denaturation at 
95˚C for 10 min and 40 cycles of denaturation at 95˚C for 
30 sec and annealing at 60˚C for 30 sec. Each sample was 
measured in triplicate. The expression of miR-138 was calcu-
lated using ΔΔCT method.

Transfection of miR-138 mimics. A549 and Calu-3 cells were 
cultured in DMEM medium containing 10% FBS without 
antibiotics. According to different treatments, cells were 
divided into miR-negative control (miR-NC) and miR-138 
mimics groups. When cell confluency reached 70-90%, they 
were transfected with miR-NC and miR-138 mimics; 25 pm 
miR-NC and miR-138 mimics were respectively mixed with 
1 µl Lipofectamine 2000, and then were added into EP tubes 
containing 50  µl Opti-MEM medium. After standing for 
5 min, each tube was mixed and stood for 15 min at room 
temperature, and then added to the wells of the culture plate. 
The medium was replaced after 6 h and continued to culture in 
fresh DMEM medium with 10% FBS.

Infection of shRNA-Sirt1 by packaged lentiviral particles. 
Packaged lentiviral particles containing shRNA-Sirt1 were 
constructed and used for Sirt1 inhibition. Briefly, A549 and 
Calu-3 cells, divided into NC and shRNA-Sirt1 groups, were 
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cultured in DMEM medium containing 10% FBS without 
antibiotics. When cell confluency reached 70-90%, they were 
passaged and seeded in a 24-well plate at a concentration of 
5x104/ml. Diluted lentivirus was added at a MOI value of 
20. After 12 h, the medium was replaced with fresh DMEM 
medium containing 10% FBS. After 72 h, puromycin was 
added at a concentration of 1 µg/ml and cultured for 3 days. 
After that, normal medium was used. The cells were observed 
under a microscope for green fluorescence to analyze the 
infection efficiency and kept for follow-up tests.

CCK-8 assay. After transfection of miR-NC and miR-138 for 
48 h, the cells of each group were seeded in a 96-well plate 
at a concentration of 5,000 cells/well. CCK-8 was added to 
determine the proliferation of cells in each group at 0, 24, 48 
and 72 h. Three wells were used for each group and the experi-
ment was performed in triplicate.

Flow cytometry. After digestion, each group of cells was 
washed twice with pre-cooled phosphate-buffered saline 
(PBS). The experiment was performed strictly according 
to the manufacturer's instruction of cell cycle assay kit (BD 
Biosciences, Franklin Lakes, NJ, USA). The cell cycle was 
detected by a flow cytometer (BD Biosciences) and the 
percentages of G1, S and G2/M phase cells were calculated.

Transwell assay. After digestion, each group of transfected 
cells was washed with PBS once, centrifuged at 500  x  g 
for 5 min and then re-suspended in serum-free RPMI-1640 
medium. After cell counting, 200 µl cell suspensions were 
seeded in the upper wells of matrigel-free Transwells (Corning 
Costar Corp., Cambridge, MA, USA) and matrigel-coated 
Transwells (ECM220; Merck Millipore, Darmstadt, Germany) 
at a concentration of 1x105/well. To the lower wells, 600 µl 
RPMI-1640 medium containing 10% FBS was added. After 
24 h of incubation, the cells in the upper wells were removed. 
The number of cells that translocated the wells was analyzed 
with Giemsa staining. The translocated cells were counted 
in 5 views under a microscope and the average was used for 
statistical analysis.

Western blot analysis. Each group of cells was washed with 
pre-cooled PBS twice and added with RIPA lysis buffer and 
PMSF. Proteins were extracted and separated with 10% gel by 
SDS-PAGE. The proteins were then transferred onto a PVDF 
membrane. The membrane was blocked with 50 g/l skim milk 
at room temperature for 1 h. After blocking, primary antibodies 
at appropriate concentrations (Sirt 1:1,000; vimentin 1:1,000; 
E-cadherin 1:1,000; AMPK 1:1,000; p-AMPK 1:1,000; mTOR 
1:1,000; p-mTOR 1:1,000; LC3 1:1,000; p62 1:2,000; and 
GAPDH 1:5,000) were added and incubated overnight on a 
shaker at 4˚C. After rinsing with PBS, HRP-labeled secondary 
antibodies were added (goat anti-mouse 1:3,000 and goat anti-
rabbit 1:3,000) and incubated at room temperature for 1 h. The 
membrane was developed using ECL reagent.

Dual-luciferase reporter assay. According to bioinformatics 
predictions, the wild-type and mutant type of miR-138 binding 
sequences on the 3'-UTR region of Sirt1 gene were synthesized 
in vitro. The cleavage sites of Spe-1 and HindIII were added 

respectively to both ends and cloned into the pMIR-Report 
luciferase reporter plasmid. Then, plasmids were transfected 
into HEK293T cells together with miR-138 mimics using the 
liposome method. After 24 h of incubation, the cells were 
lysed according to the instruction of Promega dual-luciferase 
reporter system kit, and the fluorescence was determined by 
GloMax 20/20 luminometer (Promega, Madison, WI, USA). 
Renilla fluorescence was used as the internal standard, and the 
fluorescence of each group was statistically analyzed.

Observation of autophagosome in lung cancer cells by 
confocal microscope. The cells were treated with 4 mmol/l 
metformin (an AMPK activator) for 4 h to induce autophagy. 
Autophagy LC3B double-labeling adenovirus was constructed 
and packaged by Han heng Biotech Co., with a titer of 1x1012. 
The diluted virus was inoculated at MOI of 20 to each group 
of lung cancer cells. After 12 h of transfection, the medium 
was replaced and after 72 h of incubation, the formation of 
autophagosome and autophagy lysosome in each group was 
observed under a confocal microscope.

Statistical analysis. The statistical analysis was performed 
with the statistical software SPSS 16.0. The data are expressed 
as mean ± standard deviation (SD). The t-test was used for 
comparisons between groups, while analysis of variance 
was used for comparison between more than three groups. A 
P<0.05 was considered as statistically significant.

Results

Expression of miR-138 in NSCLC tissues and cell lines. To 
determine the expression of miR-138 in lung cancer tissues, 
quantitative PCR was performed. The results showed that 
miR-138 expression in NSCLC tissues obviously decreased 
compared to adjacent tissues, and the difference had statistical 
significance (P<0.001; Fig.  1A). In addition, the miR-138 
expression in N1 was significantly lower than that in N0 
(P<0.01; Fig. 1B). Additionally, the miR-138 expression level 
in the low differentiation group was lower (P<0.05; Fig. 1C). 
Notably, there was no obvious change for the expression of 
miR-138 as the clinical stage TNM increased. This result 
indicated that the expression of miR-138 in the lung cancer 
tissues was obviously lower than that in the adjacent tissues 
and correlated to the metastasis and differentiation degree. 
The expressions of miR-138 in A549, Calu-3, PAa, SK-MES-1, 
NCl-H292, NCl-H1299, NCl-H1650 and NCl-H1975 lung 
cancer cell lines were further evaluated, and it was found that 
the expression of miR-138 in lung cancer cell lines were gener-
ally lower than normal lung epithelial tissues, while that in 
SK-MES-1 slightly increased (P<0.01; Fig. 1D). These results 
indicate that miR-138 might be involved in the differentiation, 
invasion and metastasis of lung cancer cells.

miR-138 inhibits A549 and Calu-3 proliferation, invasion and 
metastasis in vitro. In order to further investigate the biological 
functions of miR-138 in lung cancer, CCK-8, cell cycle analysis 
and Transwell assay were performed to evaluate the effects of 
miR-138 on the proliferation, invasion and metastasis of lung 
cancer cell lines. A549 and Calu-3, which showed the lowest 
miR-138 expression level, were selected for the following 
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experiments. miR-NC and miR-138 mimics were transfected 
into cells. As expected, the expression of miR-138 increased 
significantly after transfection (Fig. 2A). Overexpression of 
miR-138 significantly inhibited the proliferation of A549 and 
Calu-3 cells (P<0.01; Fig. 2B). Cell cycle analysis showed 
that overexpression of miR-138 obviously arrested A549 and 
Calu-3 cells at G1/S phase (P<0.01; Fig. 2C). Additionally, 
Transwell assay indicated that overexpression of miR-138 
simultaneously inhibited the metastasis and invasion abili-
ties of A549 and Calu-3 cells (P<0.01; Fig. 2D). In summary, 
miR-138 inhibited the proliferation, invasion and migration of 
lung cancer cells.

Sirt1 is the target gene of miR-138. The functions of miRNA 
molecules in the occurrence and development of a tumor are 
closely related to the target genes (22). To further understand 
the molecular mechanism underlying the role of miR-138 in 
NSCLC, online bioinformatics software TargetScan (www.
targetscan.org) was used to predict its target gene. Results 
showed that there was miR-138 binding site in the 3'-UTR 
region of Sirt1. The wild-type and mutant type of miR-138 
binding sequence is shown in Fig. 3A. Then, western blot 
analysis was carried out to detect levels of proteins involved 
in AMPK-mTOR signaling pathway and tumor cell EMT. 
Results showed that Sirt1 expression in A549 and Calu-3 cells 
obviously decreased after transfected with miR-138 mimics 
(Fig. 3B and C). Moreover, the phosphorylation level of the 
2488 site of mTOR protein decreased obviously. The EMT of 
lung cancer cells was obviously inhibited, which was repre-
sented by the upregulation of E-cadherin and downregulation 
of vimentin (Fig. 3B and C), suggesting that AMPK-mTOR 
signaling pathway and tumor cell EMT may be inhibited. It 
has been reported that Sirt1 can activate the AMPK signaling 
pathway (23). To further confirm whether miR-138 directly 

regulate Sirt1 expression, the dual-luciferase reporter assay 
was conducted. The result showed that the wild-type plasmid 
could bind to miR-138, while the mutant plasmid could not, 
indicating that miR-138 can directly regulate Sirt1 expres-
sion (Fig.  3D). In addition, the expression of 15 pairs of 
miR-138 and Sirt1 mRNA in NSCLC tissues was analyzed by 
qRT-PCR, and it was found that there was negative correlation 
between miR-138 and Sirt1 (P<0.05; Fig. 3E). In summary, it is 
hypothesized that miR-138 may be involved in the regulation 
of Sirt1-AMPK-mTOR signaling pathway and functions as a 
tumor suppressor.

Downregulation of Sirt1 inhibits the proliferation, invasion 
and migration of cancer cells. A549 and Calu-3 cells were 
transfected with lentivirus containing Sirt1 interference 
sequence to inhibit Sirt1 expression. Then, cell proliferation, 
invasion and migration were measured. The results showed 
that lentivirus transfection efficiency reached >90% (Fig. 4A). 
Western blot result indicated that Sirt1 expression level obvi-
ously declined. The expression of EMT marker vimentin 
decreased, while that of E-cadherin enhanced (Fig.  4B). 
CCK-8 analysis showed that downregulation of Sirt1 inhibited 
lung cancer cell proliferation (P<0.05; Fig. 4C). Cell cycle 
analysis result showed that interference of Sirt1 led to G1/S 
phase arrest (P<0.05; Fig. 4D). Transwell result showed that 
downregulation of Sirt1 expression inhibited the invasion and 
migration abilities of lung cancer cells (P<0.05; Fig. 4E). At 
the molecular level, obvious activity decrease of the AMPK-
mTOR signaling pathway was observed. As downregulation 
of Sirt1 protein, the phosphorylation level of AMPKα subunit 
decreased and the level of p-mTOR 2448 increased (Fig. 4F). 
Thus, these results indicate that Sirt1 plays its biological 
functions in lung cancer cells possibly through regulating 
AMPK-mTOR signaling pathway.

Figure 1. The expression of miR-138 in NSCLC cancer tissues determined by qRT-PCR. (A) The miR-138 expression in NSCLC tissues was obviously lower 
than that in the adjacent tissues (*P<0.001). (B) The miR-138 expression in N1 was significantly lower than that in N0 (*P<0.01). (C) The miR-138 expression 
in the NSCLC tissues with various differentiation levels was lower than the adjacent tissues (*P<0.05). (D) The expression of miR-138 in the lung cancer cell 
lines were generally lower than that in normal lung epithelial tissues, except SK-MES-1 cells (*P<0.01).
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Figure 2. The effects of miR-38 on the proliferation, cell cycle, invasion and metastasis of lung cancer cells. (A) The expression changes of miR-138 in A549 
and Calu-3 cells after transfection. Compared with NC, *P<0.05. (B) The effect of miR-138 on the proliferation of A549 cells and Calu-3 cells determined by 
CCK-8 assay. Compared with NC at 24, 48 and 72 h, *P<0.05. (C) The effect of miR-138 on the cell cycle of A549 cells and Calu-3 cells determined by flow 
cytometry. Compared with NC, *P<0.05. (D) The effect of miR-138 on the invasion and metastasis of A549 cells and Calu-3 cells determined by Transwell 
assay. The number of migrated and invaded cells was counted. Compared with NC, *P<0.05.

Figure 3. The effects of miR-138 transfection. (A) The wild-type and mutant type of miR-138 binding sequence. (B) The expression of Sirt1, phosphorylated 
and non-phosphorylated mTOR and the EMT markers, E-cadherin and vimentin after transfected with miR-138 mimics. (C) Quantification of the protein 
bands in (B). Compared with corresponding NC, *P<0.05. (D) Relative fluorescence value by dual-luciferase reporter assay. Compared with NC, *P<0.05. 
(E) Correlation between miR-138 and Sirt1 mRNA in NSCLC tissues. 
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Figure 4. The effects of downregulation of Sirt1. (A) Detection of the GFP fluorescence to determine the transfection efficiency. (B) The effect of Sirt1 
knockdown on the EMT markers, vimentin and E-cadherin, analyzed by western blot analysis. Compared with corresponding NC, *P<0.05. (C) The effect of 
Sirt1 knockdown on the proliferation of A549 and Calu-3 cells determined by CCK-8 assay. Compared with NC at 24, 48 and 72 h, *P<0.05. (D) The effect 
of Sirt1 knockdown on the cell cycles of A549 and Calu-3 cells analyzed by flow cytometry. *P<0.05. (E) The effect of Sirt1 knockdown on the invasion and 
metastasis of A549 and Calu-3 cells. Compared with NC, *P<0.05. (F) The expression of AMPK-mTOR-related proteins in A549 and Calu-3 cells determined 
by western blot analysis. Compared with corresponding NC, *P<0.05.
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miR-138 inhibits cell autophagy by regulating Sirt1. It has 
been reported that cell autophagy could be regulated by 
AMPK-mTOR signaling pathway (24). Results of the present 
study showed that miR-138 could regulate Sirt1 to inhibit 
AMPK signaling pathway and promote mTOR phosphoryla-
tion. The phosphorylation level of mTOR is closely related to 
autophagy activity (25). Therefore, we propose that miR-138 
may inhibit lung cancer cell autophagy. After transfection of 
LC3B double labeling adenovirus for 72 h, the autophagy of 
lung cancer cells was observed using a confocal microscope. 
The results showed that the autophagosome (green) and 
autophagy lysosome (red) in the miR-138 overexpressed tumor 
cells were both lower than the negative control group (Fig. 5A 
and B). In addition, downregulation of Sirt1 gene expression 
could also obviously decrease the number of autophagosome 
and autophagy lysosomes in lung cancer cells (Fig. 5A and 
B). Moreover, western blot results showed that miR-138 over-
expression and downregulation of Sirt1 respectively inhibited 
the II/I conversion ratio of LC3B and upregulated p62 protein 
expression (Fig. 5C). Therefore, these results demonstrate that 
miR-138 may inhibit lung cancer cell autophagy by regulating 
Sirt1 expression.

Discussion

In the present study, we found that miR-138 expression in 
NSCLC was obviously decreased and negatively correlated 
to tumor differentiation and lymph node metastasis. In vitro 

experiments verified that miR-138 functioned as a tumor 
suppressor gene, and Sirt1 was one of its target genes. miR-138 
could downregulate Sirt1 expression, inhibit EMT, inactivate 
AMPK-mTOR, and thus inhibit autophagy of lung cancer cells, 
leading to obvious inhibition of cell proliferation, invasion and 
migration of lung cancer cells.

Studies have shown that miR-138 was downregulated in 
many types of cancer and that it could inhibit the occurrence 
and development of tumors. For example, Xiao et al (26) indi-
cated that miR-138 could target and regulate the expression 
of YAP1 gene, and thus inhibit the invasion and metastasis 
of lung cancer cells. In addition, its reduced expression was 
one of the reasons promoting metastasis and recurrence of 
osteosarcoma. Sun et al (27) found that miR-138 inhibited 
tumor cell metastasis by decreasing bladder cancer EMT. 
In NSCLC, it was reported that miR-138 could regulate the 
resistance of tumor cells to chemotherapy by suppressing 
EMT (28). Recently, Tan  et al  (29) reported that miR-138 
inhibited migration and invasion of NSCLC through targeting 
LIMK1. The above research indicated that miR-138 plays a 
role of inhibitor in the development of tumors. In accordance 
with these studies, we also found that miR-138 expression was 
down regulated in NSCLC tissues and cell lines, and nega-
tively correlated to the differentiation degree and lymph node 
metastasis. In vitro, we also found that miR-138 inhibited the 
proliferation and metastasis of lung cancer cells by CCK-8 and 
Transwell experiments, demonstrating that miR-138 functions 
as a tumor suppressor gene in NSCLC. However, the expression 

Figure 5. Inhibition of the autophagy of A549 and Calu-3 cells by overexpression of miR-138 and downregulation of Sirt1. The cells were treated with 4 mmol/l 
metformin for 4 h to induce autophagy. (A) Observation of the autophagosome and autolysosome in lung cancer cells by confocal microscope. (B) The number 
of autophagosome and autolysosome in A549 and Calu-3 cells after overexpression of miR-138 and downregulation of Sirt1. Compared with NC, *P<0.05. 
(C) Effects of miR-138 and Sirt1 on the expression of autophagy related proteins detected by western blot analysis. Compared with corresponding NC, *P<0.05.
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level of miR-138 was slightly increased in SK-MES-1 cell line. 
This may be due to different cancer cell lines having different 
genetic backgrounds. Studies are needed to further clarify this 
discrepancy. To avoid this, in the following experiments, the 
cell line with the lowest miR-138 expression was used.

miRNA exerts biological function by regulating target 
genes. We found that Sirt1 might be a target gene of miR-138 
by bioinformatics tools. By Dual-luciferase reporter assay 
and western blot analysis, we confirmed that the expression of 
miR-138 was negatively related with Sirt1 mRNA in NSCLC 
tissues, demonstrating that miR-138 could directly bind to the 
3'-UTR of Sirt1 mRNA. Sirt1 is a NAD+-dependent histone 
deacetylase widely distributed intracellularly and extracel-
lularly. It plays important roles in cell proliferation, apoptosis, 
aging, inflammation and metabolism (30-32). In addition, it 
can affect tumorigenesis, development and metastasis of a 
tumor (33,34). Sirt1 is heterogeneously expressed in tumor, 
which is closely related to tumor types. In some tumors, Sirt1 
is highly expressed, while in others, its expression is obviously 
inhibited (35,36). Existing studies have shown that Sirt1 func-
tions promoting tumor growth. For example, Sirt1 can interact 
with p53 and cause deacetylation of Lys 382 at the C-terminal 
of p53. Thus, p53 is inactivated and a series of tumor suppressor 
functions mediated by p53, such as transcription activation, is 
inhibited (37). In epigenetics, Sirt1 can influence many tumor 
suppressor genes and can also affect the activities of DNA 
repair-related proteins (38-43). In addition, inhibition of Sirt1 
expression and activity can inhibit the growth, invasion and 
metastasis of many tumors (44). In the present study, it was 
found that downregulation of Sirt1 inhibited the proliferation 
and metastasis of A549 and Calu-3.

Recent research has shown that Sirt1 can activate AMPK 
signaling pathway, which is closely related to the activation of 
mTOR (45,46). We also found that upregulation of miR-138 
or downregulation of Sirt1 inhibited AMPK-mTOR pathway, 
indicating that miR-138 may regulate AMPK-mTOR pathway. 
Convincing evidence showed that AMPK-mTOR pathway 
is important in regulating autophagy  (25,47). Activation 
of AMPK is capable of inhibiting the phosphorylation of 
mTOR, and thus promotes cell autophagy (24,48). Autophagy 
is closely related to tumor metastasis, EMT, apoptosis and 
drug resistance  (49-51). For instance, autophagy was able 
to degrade the epithelial marker E-cadherin and promoted 
EMT of tumors  (52,53). Inhibition of autophagy could 
promote apoptosis of tumor cells (54). To date, whether Sirt1 
regulates autophagy of NSCLC is unclear. The present study 
found that overexpressed miR-138, or decreased Sirt1, both 
inhibited autophagy of NSCLC cells. Overexpression of Sirt1 
could rescue the autophagy inhibition induced by miR-138, 
suggesting that miR-138 regulate the autophagy of NSCLC by 
interaction with Sirt1.

In conclusion, miR-138 can target and regulate Sirt1 
to downregulate the activity of AMPK signaling pathway, 
promote the phosphorylation levels of mTOR, decrease 
the autophagy activity of lung cancer cells, and thus inhibit 
the occurrence and development of tumor cells. Declined 
expression of miR-138 in NSCLC tissues could be one of 
the molecular mechanisms leading to tumor recurrence and 
metastasis. miR-138 may be used as a potential new target for 
lung cancer treatment.
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