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Introduction

Lung cancer is the most common malignancy worldwide 
with high prevalence and high mortality. It is estimated 
that the 5-year overall survival rate of lung cancer is less 
than 15% (1). Lung cancer can generally be classified into 

the two major types based on the histological features, 
small cell lung cancer (SCLC) and non-small cell lung 
cancer (NSCLC) (2). Although several drugs targeting 
key oncogenic molecules have been applied in the clinical 
treatment of NSCLC, such epidermal growth factor 
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receptor (EGFR) inhibitors Gefitinib and Afatinib, or 
anaplastic lymphoma kinase (ALK) inhibitors crizotinib 
and ceritinib, these drugs are only effective in patients 
harboring mutations in corresponding genes (3,4). In terms 
of chemotherapy, continuous or repeated administration of 
chemotherapeutic drugs often induces chemoresistance in 
NSCLC cells, leading to the final failure of chemotherapy 
(5,6). Identifying novel molecular regulators in NSCLC 
initiation or progression maybe helpful for understanding 
the pathological processes of NSCLC, and allow for the 
development of relevant therapeutic strategies.

MicroRNAs are non-coding, short RNA molecules 
which can interfere the expression of their target genes 
either by degrading their mRNA or inhibiting translation 
(7,8). The abnormal expression of miRNAs was observed 
in diverse kinds of human cancers, including NSCLC 
(9-12). A collection of these dysregulated miRNAs has 
been identified as biomarkers in NSCLC to facilitate the 
diagnosis or sub-classification of NSCLC, such as miR-
1254, miR-574-5p, miR-1253, miR-504, and miR-26a-5p 
(13-15). Apart from serving as biomarkers, miRNAs are 
crucial regulators in lung cancer pathology. For example, 
targeting miR-224, miR-211 was shown to inhibit the 
growth of NSCLC (16,17). On the other hand, inhibition of 
miRNA-328 decreased cisplatin resistance in NSCLC (18). 
These studies suggest that miRNAs can serve as candidate 
therapeutic targets for NSCLC (9).

MiR-497-5p was reported to function as a tumor 
suppressor in some human cancers.  For instance, 
miR-497-5p inhibits the proliferation and invasion of 
angiosarcoma cells through downregulating by targeting 
KCa3.1, an oncogenic potassium channel protein (19). 
Also, miR-497-5p reduces multiple malignant behaviors 
of melanoma cells (20). Besides, miR-497 increases the 
resistance to temozolomide in human glioma cells (21). 
However, whether miR-497 can regulate the growth or 
chemoresistance of NSCLC remains unknown.

In the present study, we reported that miR-497-5p 
attenuated the proliferation and increased the apoptosis of 
A549 lung cancer cells. Mechanistically, miR-497-5p targets 
and downregulates the expression of Yes-associated protein 1  
(YAP1) and TEA domain family member 1 (TEAD1) in 
A549 cells. In addition, miR-497-5p was found to sensitize 
A549 cells to cisplatin treatment. Thus, our study identifies 
miR-497-5p served as an antitumor miRNA and represents 
a novel therapeutic target for NSCLC patients with 
cisplatin resistance.

Methods

Clinical specimens

The specimens in this study were obtained from 32 patients 
who were all pathologically diagnosed with NSCLC at The 
First Affiliated Hospital of Nanchang University. Specimens 
were collected at surgery, and were frozen immediately in 
liquid nitrogen then stored at −80 ℃ for RNA extraction. 
The study has been approved by the Hospital’s Ethics 
Committee (Approval Number: CDYFY2017-8999). 
Inform consent was obtained from all patients.

Cell culture 

A549, BEAS-2B, H1299, HCC-827, NCI-H358 cell lines 
were obtained from (American Type Culture Collection, 
ATCC) and were cultured as recommended by the 
supplier. A549/DDP cells were obtained from Shanghai 
YiYan Biotechnology Company (China). A549 cells and 
A549/DDP cells were cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum (Biowest, Spain) 
in a humidified atmosphere with 5% CO2 at 37 ℃.

Cell transfection

The human miR-497-5p mimics/inhibitor and their 
corresponding miRNA controls were synthesized by 
GenePharma (Shanghai, China). YAP1 and TEAD1 
expression pcDNA3.1 plasmids were purchased from 
Origene (Beijing, China). Lipofectamine 2000 Reagent 
(Invitrogen, Carlsbad, CA, USA) was used for cell 
transfection according to the manufacturer’s instructions.

CCK-8 assay

8×104 A549 cells were seeded into 96-well plates and 
cultured overnight .  CCK-8 assay was performed 
using CCK-8 Kit (Beyotime, China) according to the 
manufacturer’s instruction. Briefly, 10× CCK-8 solution was 
added into each well. Two hours later, the optical density 
values (OD values) were measured on a microplate reader 
(Thermo Fisher Scientific) at 490 nm. 

Colony formation assay 

A549 cells were seeded in 6-well plates and were cultured 
for 10 days. Cell colonies were fixed in 70% ethanol for  
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2 hours and stained with 0.1% crystal violet for 5 minutes 
(Beyotime, China). Colony formation was photographed 
and counted under a light microscope.

Cell cycle assay

A549 cells in 6-well plates transfected with different 
combinations of miR-497-5p mimic, miR-497-5p inhibitor, 
YAP1 or TEAD1 were dissociated with trypsin and were 
fixed in 70% ethanol for 12 hours, followed by PBS washes. 
Then 5 μL of PI was added to each tube. Cell cycle was 
analyzed by flow cytometry using on a NovoCyte Flow 
Cytometers (ACEA, USA).

Cell apoptosis assay

A549 cells in 6-well plates transfected with different 
combinations of miR-497-5p mimic, miR-497-5p inhibitor, 
YAP1 or TEAD1 were dissociated with trypsin and were 
stained with FITC-annexin V (Biolegend, USA) and 
propidium iodide (PI) (Biolegend, USA) for 20 min in 
dark at room temperature. Cell apoptosis was analyzed by 
flow cytometry using on a NovoCyte Flow Cytometers  
(ACEA, USA).

Quantitative real-time PCR

Total RNA was extracted using TRIzol (Takara, Japan) and 
was synthesized using PrimeScript RT Kit (Takara, Japan) 
following the manufacturer’s instructions. qRT-PCR was 
performed by using SYBR Green (Tiangen) on an ABI7500 
instrument. Relative gene expression was analyzed using  
2−ΔΔCt method. For mRNA, β-Actin was used as the internal 
control, and for miRNA, U6 was used as the internal 
control. Primer sequences were listed in Table 1.

Western blotting

Total proteins were prepared from cell lines using RIPA 

Lysis and Extraction Buffer (Thermo Fisher Scientific, 
USA), followed by separation with SDS–PAGE and probed 
with anti-YAP1 (#14074, Cell Signaling Technology, USA), 
anti-TEAD1 (#12292, Cell Signaling Technology, USA) or 
anti-β-Actin (sc-70319, SantaCruz, USA). All antibodies 
were 1:1,000 diluted.

Dual-luciferase activity assay

400 bp of the 3'-UTR region of YAP1 or TEAD1 
containing the binding site of miRNA-497-5p was cloned 
into pMIR reporter plasmid, which was transfected into 
A549 and H1299 cells using Lipofectamine 2000 reagent 
(Thermo Fisher Scientific, China). 36 hours later, firefly 
and renilla luciferase activities were measured by the Dual-
Luciferase Assay System (Promega, USA). 

Statistical analysis

Statistical analysis was performed using GraphPad Prism 5. 
All experiments were conducted at least three times. All data 
were presented as mean ± standard deviation (SD). Two-
tailed Student’s t test was used to calculate the statistical 
differences, with P value <0.05 was considered statistically 
different.

Results

MiR-497-5p expression is downregulated in lung cancer 
tissues and cells

To explore the expressional change of miR-497-5p in 
human NSCLC, we analyzed the level in tumor tissues 
and cells. qRT-PCR results demonstrated a significantly 
diminished expression of miR-497-5p in NSCLC tumors 
compared with normal non-cancerous tissues (Figure 1A). 
Our results are consistent with NSCLC patient data from 
Starbase website (Figures S1,S2). Moreover, the level of 

Table 1 Primer sequences for quantitative real-time PCR

Gene Forward sequence Reverse sequence

MiR-497-5p 5'-GCGCAGCAGCACACTGTG-3' 5'-GTGCAGGGTCCGAGGT-3'

YAP1 5'-TAGCCCTGCGTAGCCAGTTA-3' 5'-TCATGCTTAGTCCACTGTCTGT-3'

TEAD1 5'-CCCTGGCTATCTATCCACCA-3' 5'-AGGGCCTTATCCTTTGCAGT-3'

β-Actin 5'-CATGTACGTTGCTATC-3' 5'-CTCCTTAATGTCACGCACGAT-3'

U6 5'-CTCGCTTCGGCAGCACA-3' 5'-AACGCTTCACGAATTTGCGT-3'
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miR-497-5p was negatively associated the cancer stages 
in NSCLC patients (Figure 1B). On the other hand,  
miR-497-5p expression did not correlate with lymph node 
metastasis (Figure 1C). Moreover, miR-497-5p expression 
was lower in lung cancer cell line A549, NCI-H358,  
HCC-827 and NCI-H1299 than that in non-cancerous lung 
epithelial cell line BEAS-2B (Figure 1D). Therefore, the 
development of lung cancer is associated with the decreased 
expression of miR-497-5p.

MiR-497-5p triggers growth inhibition and apoptosis in 
lung cancer cells

We first examined whether miR-497-5p could affect the 
proliferation of lung cancer cells. Results from CCK-8  

experiment showed that in A549 and H1299 cells, 
overexpression of miR-497-5p significantly suppressed cell 
growth, which was increased by miR-497-5p inhibition 
(Figure 2A). Similarly, in a colony formation assay, the 
proliferation of A549 and H1299 cells was negatively 
regulated by miR-497-5p overexpression and was 
positively regulated by miR-497-5p inhibition (Figure 2B).  
Furthermore, overexpression of miR-497-5p led to 
significantly increased percentage of G0/G1-phase cells, 
whereas miR-497-5p inhibition caused the opposite effect, 
suggesting that miR-497-5p caused a G0/G1-phase cell cycle 
arrest (Figure 2C). On the other hand, overexpression of miR-
497-5p significantly increased the percentage of AnnexinV-
positive apoptotic cells, whereas miR-497-5 inhibition 
reduced cell apoptosis (Figure 2D). Therefore, miR-497-5p 

Figure 1 MiR-497-5p expression is downregulated in lung cancer tissues and cells. (A) The expression level of miR-497-5p was examined 
in lung cancer tissues and matched adjacent normal tissues by qRT-PCR. (B,C) The correlation between miR-497-5p expression and cancer 
stages (B) or lymph node metastasis (C) in NSCLC patients was analyzed. (D) The expression level of miR-497-5p was examined in human 
lung cancer cell lines and a non-cancerous lung epithelial cell line BEAS-2B by qRT-PCR. Data were mean ± SD and were representative of 
three independent experiments. *P<0.05; **P<0.01. NS, not significant.
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Figure 2 MiR-497-5p inhibits the proliferation and induces the apoptosis of lung cancer cells. A549 and H1299 cells were transfected with 
miR-497-5p mimic or miR-497-5p inhibitor, cell growth was evaluated by CCK-8 assay (A) and colony-formation assay (B). Cell cycle (C) 
and cell apoptosis (D) were evaluated by flow cytometry. Data were mean ± SD and were representative of three independent experiments. 
*P<0.05; **P<0.01.
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negatively regulates the growth of lung cancer cells.

MiR-497-5p suppresses the expression of YAP1 and TEAD1

Next, the potential target genes of miR-497-5 were 
predicted in TargetScan database in total online: http://
fp.amegroups.cn/cms/6aa9bbd73a842fd2a8bd0ba16e0
e913f/tcr.2019.10.03-1.pdf. We found that the 3’-UTR  
region of YAP1 and TEAD1, two Hippo signaling effectors 
which were reported to be oncogenic, harbored the binding 
site of miR-497-5p (Figure 3A). To further validate the 
interaction between miR-497-5p and YAP1/TEAD1, A549 
cells were transfected with miR-497-5 mimic or inhibitor. 
The expression levels of both YAP1 and TEAD1 were 
significantly decreased in miR-497-5p-overexpressed cells. 
Contrarily, miR-497-5p inhibition significantly increased 
the expression of YAP1 and TEAD1 (Figure 3B). The ability 
of miR-497-5p to downregulate YAP1 and TEAD1 was also 
supported by western blot at the protein level (Figure 3C). 
In a luciferase activity assay, miR-497-5p dampened the 
luciferase intensity in the lysates of A549 cells and H1299 
expressing wild type 3'-UTR of YAP1 and TEAD1 but not 
in those expressing mutant 3'-UTR of YAP1 and TEAD1 
(Figure 3D). Furthermore, the abundance of both YAP1 and 
TEAD1 was increased in lung cancer tissues than those in 
paired normal lung tissues (Figure 3E). Importantly, their 
expression was negatively correlated with the level of miR-
497-5p (Figure 3F). Collectively, miR-497-5p suppresses the 
expression of YAP1 and TEAD1 in lung cancer cells.

MiR-497-5p inhibits lung cancer cell proliferation by 
downregulating YAP1 and TEAD1

We then explored whether miR-497-5p affect lung cancer 
cell function via modulating the expression of YAP1 and 
TEAD1. As shown in Figure 4A, the growth of A549 
and H1299 cells was inhibited by miR-497-5p, but this 
growth retardation was reversed by the overexpression of 
YAP1 or TEAD1 (Figure 4A). Consistently, miR-497-5p  
mimic reduced the colony-forming ability in A549 and 
H1299 cells, but this effect of was largely abrogated by 
the concomitant overexpression of YAP1 and TEAD1 
(Figure 4B).  Moreover, forced expression of either YAP1 or 
TEAD1 largely reversed the G0/G1-phase cell cycle arrest 
and cell apoptosis induced by miR-497-5p overexpression 
(Figure 4C,D). As expected, the expression of YAP1 or 
TEAD1 was decreased by miR-497-5p and was rescued by 
YAP1 or TEAD1 overexpression in A549 cells (Figure 4E,F).  

Therefore, miR-497-5p influences the proliferation and 
apoptosis via downregulating YAP1 and TEAD1.

MiR-497-5p sensitizes lung cancer cells to cisplatin 
through the inhibition of YAP1 and TEAD1

Interestingly, we found that the expression of miR-497-5p  
was markedly reduced in cisplatin-resistant A549/DDP 
cells than those in parental A549 cells (Figure 5A), and the 
expression of YAP1 and TEAD1 was increased in A549/
DDP cells (Figure 5A,B). These results prompted us to 
speculate that miR-497-5p may have a role in cisplatin-
resistance. Indeed, miR-497-5p overexpression significantly 
reduced the viability of A549/DDP cells upon cisplatin 
treatment as evidenced by CCK-8, and the IC50 values 
were significantly reduced in A549/DDP with miR-497-5p 
mimics when compared to NC groups (14.7 vs. 40.2 μM, 
Figure 5C). By performing flow cytometry, we found that 
cisplatin treatment increased the apoptosis of A549 cells, 
and overexpression of miR-497-5p further sensitized cells to 
cisplatin treatment. This effect of miR-497-5p mimics was 
significantly abrogated by the overexpression of either YAP1 
or TEAD1 (Figure 5D). In addition, cisplatin treatment 
downregulated the expression of both YAP1 or TEAD1, 
which was further decreased by miR-497-5p mimics and 
was rescued by YAP1 or TEAD1 overexpression in A549 
cells (Figure 5E). Therefore, miR-497-5p enhances the 
chemosensitivity of lung cancer cells to cisplatin through 
targeting YAP1 and TEAD1. 

Discussion 

In recent years, increasingly more evidences have suggested 
that miRNAs play crucial role in regulating the proliferation, 
migration, invasion or drug resistance of NSCLC cells. 
Thus, identifying novel lung cancer-related miRNAs may be 
beneficial for the targeted intervention of NSCLC (22,23).

As a  downstream ef fec tor  o f  Hippo s igna l ing 
transduction pathway, YAP1 plays a crucial role in 
mediating organ development or the regeneration damaged 
organs (24). However, in the context of cancer, the 
oncogenic property of YAP1 was revealed by many previous 
works (25-27). In EGFR-dependent lung adenocarcinomas, 
the expression of YAP1 was increased and strongly 
supported the proliferation and survival of tumor cells (28). 
Pharmacological inactivation of YAP1 resulted in reduced 
growth and survival of lung cancer cells (28). Noto et al. has 
reported that YAP1 is indispensable for the maintenance of 
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Figure 3 YAP1 and TEAD1 are targeted by miR-497-5p. (A) Sequence comparison between miR-497-5p and the 3’-UTR region of YAP1 
and TEAD1. A549 cells were transfected with miR-497-5p mimic or miR-497-5p inhibitor, the levels of YAP1 and TEAD1 are detected by 
qRT-PCR (B) and Western blot (C). (D) A549 and H1299 cells were co-transfected with miR-497-5p mimic and luciferase vectors carrying 
3’-UTR of YAP1 or TEAD1, the luciferase activity was measured. (E) The levels of YAP1 and TEAD1 in clinical cancer specimens were 
evaluated by qRT-PCR. (F) The correlation between miR-497-5p and YAP1/TEAD1 was evaluated by Spearman’s rank correlation test. 
Data were mean ± SD and were representative of three independent experiments. *P<0.05; **P<0.01; ***P<0.001.

stemness of lung cancer cells, and high expression of YAP1 
predicts poor prognosis in lung cancer patients (29). 

TEAD transcription factor family is also crucial 
effectors in Hippo signaling cascade whose roles have been 

implicated in cell proliferation and differentiation. TEAD 
proteins constitute a highly conserved TEA DNA binding 
domain, a proline rich region and a YAP binding domain 
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Figure 4 MiR-497-5p regulates the function of lung cancer cells via suppressing YAP1 and TEAD1. A549 and H1299 cells were co-
transfected with miR-497-5p mimic and YAP1- or TEAD1-expressing plasmids, cell proliferation was measured by CCK-8 assay (A) and 
colony-formation assay (B). Cell cycle (C) and cell apoptosis (D) were evaluated by flow cytometry. The expression of YAP1 or TEAD1 
was determined by qRT-PCR (E) and Western blot (F). Data were mean ± SD and were representative of three independent experiments. 
*P<0.05; **P<0.01.
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Figure 5 MiR-497-5p sensitizes lung cancer cells to cisplatin through the inhibition of YAP1 and TEAD1. (A) The expression miR-497-5p,  
YAP1 and TEAD1 in A549 cells and A549/DDP cells was evaluated by qRT-PCR. (B) The expression YAP1 and TEAD1 in A549 cells 
and A549/DDP cells was evaluated by western blot. (C,D) A549/DDP cells was transfected with miR-497-5p mimic followed by treatment 
with cisplatin, cell viability was evaluated by CCK-8 assay (C), cell apoptosis was measured by flow cytometry (D). (E) The levels of YAP1 
and TEAD1 was evaluated in cisplatin-challenged A549/DDP cells by western blot. Data were mean ± SD and were representative of three 
independent experiments. *P<0.05; **P<0.01.
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is seen in many tumor types. In gastric carcinogenesis, 
TEAD1 is significantly increased in tumor tissues and 
promoted tumor cell malignancy. Zhou et al. have reported 
that TEAD1 was targeted and downregulated by miR-4269, 
whose expression was associated with good prognosis in 
gastric cancer patients, suggesting that miRNAs interfering 
TEAD1 expression is potentially tumor suppressive (32). In 
turn, YAP1 and TEAD1 could also induced the expression 
of several oncogenic microRNAs in NSCLC cell lines (33). 
In our present work, miR-497-5p was found to target the 
3’-UTR of both YAP1 and TEAD1, demonstrating the 
suppressive role of miR-497-5p on Hippo signaling. The 
negative correlation between the level of miR-497-5p and 
YAP1 as well as TEAD1 in NSCLC patients indicates that 
the potential value of miR-497-5p in the clinical diagnosis 
or treatment of NSCLC. Cell function analysis showed 
that miR-497-5p inhibited the growth and promoted the 
apoptosis of A549 cells by targeting YAP1 and TEAD1.

To date, cisplatin resistance has emerged as a major problem 
in the treatment of NSCLC, which limited the clinical 
implication of cisplatin. It has been shown by several studies that 
miRNAs contribute to the cisplatin resistance in NSCLC. For 
example, miRNA-328 and miRNA-130b enhanced cisplatin 
resistance in NSCLC cells (18,34). On the other hand, miR-
9 and miR-29c increased cisplatin sensitivity in NSCLC cells 
(35,36). In our work, miR-497-5p is identified as a novel 
miRNA that disrupts the cisplatin resistance in lung cancer.

Conclusions

The present study demonstrated that miR-497-5p 
suppressed proliferation and cisplatin resistance of lung 
cancer cells through downregulating YAP1 and TEAD1, 
providing a novel candidate for the targeted intervention 
and therapeutics of NSCLC.
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Supplementary

Figure S1 Has-miR-497-5p with 475 cancer and 38 normal samples in LUSC. Data source: starBase v3.0 project.

Figure S2 Has-miR-497-5p with 512 cancer and 20 normal samples in LUAD. Data source: starBase v3.0 project.
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