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Abstract. Non-small cell lung cancer (NSCLC) is the most 
common type of lung cancer accounting for ~80% of lung cancer 
cases. According to novel research, numerous microRNAs 
(miRs) have been suggested to function as important regula-
tors of cancer. In addition, the expression of miR-140-5p is 
decreased in patients with NSCLC. Therefore, it is impor-
tant to further elucidate the role of miR-140-5p in NSCLC. 
Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) was used in order to investigate the expression of 
miR-140-5p in NSCLC tissues and matched normal tissues 
and to determine miR-140-5p levels following transfection 
with mimics into A549 lung cancer cells. Targetscan software 
was used to predict the oncogene target of miR-140-5p. This 
analysis revealed that YES proto-oncogene 1 (YES1) includes 
a target site for miR-140-5p binding. The results revealed that 
YES1 is a potential target gene of miR-140-5p, and this was 
further confirmed by the results of luciferase reporter assays, 
which demonstrated that miR-140-5p directly targeted the 
predicted binding site in the 3'-untranslated region of YES1. 
Cell Counting Kit‑8 (CCK‑8) and flow cytometry assays were 
performed to determine the levels of cell viability and apop-
tosis. Western blot assays was performed to investigate the 
expression levels of YES1 and proteins associated with apop-
tosis in A549 cells following transfection. The results revealed 
that miR‑140‑5p expression was significantly downregulated 
in NSCLC tissues compared with matched normal tissues. 
The expression of miR-140-5p was significantly increased 
following transfection with miR-140-5p mimics. The results of 

CCK‑8 and flow cytometry assays indicated that miR‑140‑5p 
inhibited proliferation and induced apoptosis of tumor cells. 
Western blot analysis and RT-qPCR revealed that YES1 and 
B-cell lymphoma 2 (Bcl-2) mRNA and protein expression 
levels were markedly decreased in A549 cells, while Bcl-2 
associated X (Bax) and caspase-3 expression levels increased 
significantly following transfection with miR‑140‑5p mimics 
compared with the negative control group. In conclusion, 
miR-140-5p may induce apoptosis in A549 cells by targeting 
YES1 and regulating the expression of apoptosis-associated 
proteins Bcl-2, Bax and caspase-3.

Introduction

Lung cancer is the leading cause of cancer-associated 
mortality, with ~1.35 million novel cases being diagnosed each 
year worldwide (1). A total of ~75-80% of lung cancer cases 
are non-small cell lung cancer (NSCLC), with the overall 
5-year survival rate of 10% (2). Despite the development of 
novel methods for the early diagnosis of patients as well as 
recent advancements in treatment strategies, the prognosis 
and survival rate of patients with NSCLC remain relatively 
poor (3). Between 40-50% of patients with NSCLC eventually 
succumb to relapse or metastatic disease following curative 
resection (4). However, a number of prognostic biomarkers are 
available in clinical practice at present, particularly regarding 
patients who have previously undergone curative surgical 
resection (5). Therefore, it is important to identify novel 
prognostic biomarkers that may aid prognosis prediction and 
optimize the treatment of patients with NSCLC.

Micro (mi)RNAs (miRs) are a class of small (19-24 nucleo-
tides in length), highly conserved non-coding RNAs that may 
bind to the 3'-untranslated regions (3'-UTRs) of target mRNAs 
and subsequently suppress the translation of such RNAs to 
proteins (6). It has become increasingly evident that different 
miRNAs may either exhibit oncogenic or tumor-suppressive 
roles in numerous pathways, depending on their target genes 
or cellular context (7-9). miRNAs are not only involved in the 
regulation of malignant tumor cell proliferation, but also serve 
an important role in tumor invasion and metastasis (10-12). 
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Therefore, the role of miRNAs in NSCLC has been receiving 
increasing attention (13-15). miRNAs associated with different 
types of cancer include oncogenic miRNAs, tumor suppres-
sive miRNAs and miRNA regulators (16). Previous studies 
have indicated that miRNA-140-5p serves an important role in 
numerous tumor types (17-20); however, studies investigated 
the association between miR-140-5p expression and clinical 
outcomes in patients with resected NSCLC are limited and 
have demonstrated contradictory results (21,22). Therefore, 
the specific role of miR-140-5p in NSCLC remains to be 
determined.

The aim of the present study was to identify the target genes 
of miR-140-5p and to elucidate the regulatory mechanism 
underlying the association between miR-140-5p and NSCLC.

Materials and methods

Patients and tissue samples. The clinical information related 
to 45 NSCLC cancer cases was collected from July 2016 to 
2017 at the Qinhuangdao First People's Hospital (Qinhuangdao, 
China). A total of 45 patients were recruited in the current 
study [age, 31-75 years; mean age, 53±21.8 years; gender 
distribution (male: female), 26:19). All patients were diagnosed 
with stage III or II NSCLC. Tumor and para-carcinoma tissue 
samples were removed and immediately placed in liquid 
nitrogen or 10% formalin for in subsequent experimentation. 
All samples were confirmed by pathological examination, 
and no radiotherapy or chemotherapy was performed prior 
to surgery. The present study was approved by the Ethics 
Committee of Qinhuangdao First People's Hospital (approval 
no. QDPH160503) and written informed consent was obtained 
from each participant prior to the study.

Cell culture. A549 lung cancer cells (Shanghai Institute 
of Biochemistry and Cell Biology, Shanghai, China) were 
cultured in Roswell Park Memorial Institute (RPMI) 1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
HyClone; GE Healthcare Life Sciences, Logan, UT, USA) and 
1% penicillin/streptomycin in a 5% CO2‑humidified incubator 
at 37˚C.

miRNA transfection. Cells were seeded into six-well plates, 
incubated for 24 h and divided into the following three 
groups: Control group, untreated cells; negative control (NC) 
group, cells treated with 20 pmol/µl miR-NC mimics; and 
miR-140-5p mimics (mimics) group, cells treated with 1.5 µl 
miR-140-5p mimics. The following miRNA sequences were 
obtained from New England BioLabs, Inc. (Ipswich, MA, 
USA): miR-mimics, 5'-ACC AUA GGG UAA AAC CAC UGU 
U-3' and miR-NC, 5'-UUC UCC GAA CGU GUC ACG UTT-3'. 
Cells were transfected with 500 ng miRNA using 2.5 µl 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). After incubation for 6 h, the medium was replaced with 
RPMI 1640 medium supplemented with 10% FBS. After 24 h 
incubation, cells were collected and used in subsequent experi-
mentation. The experiment was performed in triplicate.

Flow cytometry assay. Following transfection, the rate 
of apoptosis of A549 cells was determined using the 

Annexin V-fluorescein isothiocyanate (FITC) Apoptosis 
Detection kit (BD Biosciences, San Jose, CA, USA) and flow 
cytometry. Briefly, the transfected cells were seeded into 
24‑well plates and incubated at 37˚C with 15% CO2 for 72 h. 
Subsequently, cells were treated with propidium iodide (10 µg/
ml; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and 
Annexin V-FITC (50 µg/ml; BD Biosciences) in the dark for 
15 min at room temperature. Apoptotic cells were subse-
quently examined using a flow cytometry (FACScan™; BD 
Biosciences) and Modfit software (version 3.2; Verity Software 
House, Inc., Topsham, ME, USA).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Poly(A) polymerase 
was used to catalyse the addition of adenosine residues onto 
the 3'ends of RNA. Total RNA concentration was spectro-
photometrically determined at a wavelength of 260 nm. 
RNA was immediately reverse-transcribed into cDNA using 
the SuperScript Reverse Transcriptase (Invitrogen; Thermo 
Fisher Scientific, Inc.). qPCR was subsequently performed 
using the SYBR® Green Realtime PCR MasterMix (Toyobo 
Life Science, Osaka, Japan). The following primer sequences 
were used for qPCR: miR-140-5p forward, 5'-ACA CTC CAG 
CTG GGA GGC GGG GCG CCG CGG GA-3' and reverse, 
5'-CTC AAC TGG TGT CGT GGA-3'; U6 forward, 5-'TGC 
GGG TGC TCG CTT CGG CAG C-3' and reverse, 5'-CCA 
GTG CAG GGT CCG AGG T-3'; YES1 forward, 5'-ATG CTA 
CAG TTG CCC CGA C-3' and reverse, 5'-TCC AAA AGG AGT 
CAC CCC TGA-3'; Bax forward, 5'-CAC CAG CTC TGA ACA 
GAT CAT GA-3' and reverse, 5'-TCA GCC CAT CTT CTT CCA 
GAT GT-3'; Bcl-2 forward, 5'-CAC CCC TGG CAT CTT CTC 
CTT-3' and reverse, 5'‑AGC GTC TTC AGA GAC AGC CAG-3'; 
caspase-3 forward, 5'-AAC TGG ACT GTG GCA TTG AG-3' 
and reverse, 5'-ACA AAG CGA CTG GATGAACC-3'; GAPDH 
(352 bp) forward, 5'-AGT AGA GGC AGG GAT GAT GTT C-3' 
and reverse, 5'-CTT TGG TAT CGT GGA AGG ACT C-3'. The 
following thermocycling conditions were used for the qPCR: 
Initial denaturation at 95˚C for 10 min; 50 cycles of 95˚C for 
15 sec and 60˚C for 60 sec. Each reaction was performed three 
times. The comparative cycle threshold method was used to 
analyze qPCR data and 2∆∆Cq values were used to reflect differ-
ences in the expression levels (23). GAPDH or U^ were used as 
the reference genes.

Western blotting. Cells in the logarithmic growth phase were 
collected in a cell culture plate and total protein was extracted 
using a radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology, Shanghai, China). Total protein 
was quantified using a bicinchoninic acid assay (Thermo 
Fisher Scientific, Inc.) and 20 µg protein/lane was separated 
via SDS-PAGE on a 10% gel. The separated proteins were 
transferred onto polyvinylidene fluoride (PVDF) membranes 
and blocked overnight at 4˚C with 5% non‑fat dried milk. 
The PVDF membranes were incubated with primary anti-
bodies against YES proto-oncogene 1 (YES1; 1:1,000; 
cat. no. ab109265; Abcam, Cambridge, MA, USA); B-cell 
lymphoma 2 (Bcl-2; 1:1,000; cat. no. sc-7382; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA); Bcl-2 associated X 
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(Bax; 1:1,000; sc-7480, Santa Cruz Biotechnology, Inc.); and 
caspase-3 (1:1,000; cat. no. 9662; Cell Signaling Technology, 
Inc., Danvers, MA, USA) for 1 h at 37˚C. GAPDH (1:1,000; 
cat. no. 2118; Cell Signaling Technology, Inc.) was used as the 
loading control. The membranes were subsequently incubated 
with a horseradish peroxidase-conjugated secondary antibody 
(1:5,000; cat. no. ab6789; Abcam) at room temperature for 
2 h. Subsequently, protein bands were visualized using the 
ECL-Plus reagent (Santa Cruz Biotechnology, Inc.) and protein 
expression was quantified using Image-Pro Plus software 
(version 6.0; Media Cybernetics, Inc., Rockville, MD, USA).

Cell viability assay. Cell viability was examined using the 
Cell Counting Kit-8 (CCK-8). Transfected cells were seeded 
in 96-well plates and incubated for 24 h. CCK-8 reagent was 
subsequently added into the culture medium and, following an 
additional 24‑h incubation step at 37˚C, the absorbance was 
measured at a wavelength of 450 nm using a microplate reader.

Relative luciferase activity assay. TargetScan bioinfor-
matics software (www.targetscan.org/vert_71) was used to 
predict potential target genes of miR-140-5p, which identi-
fied YES1. To confirm the binding of miR‑140‑5p to YES1 
mRNA, the 3'‑UTR of YES1 mRNA was amplified by PCR 
and inserted into the pGL3/luciferase vector (Promega 
Corporation, Madison, WI, USA). Co-transfections with wt 
YES1 3'-UTR or mut YES1 3'-UTR plasmids and mimics or 
NC sequences were performed using Lipofectamine® 2000. 
Luciferase activity was measured 48 h after transfection 
using the Dual-Luciferase® reporter assay system (Promega 
Corporation). Firefly luciferase activity was normalized to 
Renilla luciferase activity. Data are presented as the mean 
values for triplicate experiments.

Statistical analysis. Data are presented as the mean ± standard 
deviation. All statistical analyses were performed using SPSS 
software (version 19.0; IBM Corp., Armonk, NY, USA). 
Student's t-test was performed to analyze the difference 
between two groups and one-way analysis of variance 
followed by Newman-Keuls post-hoc test was used to analyze 
differences among multiple groups. P<0.05 was considered to 
indicate a statistically significant difference. All experiments 
were performed in triplicate.

Results

miR‑140‑5p is downregulated in NSCLC tissues. The expres-
sion levels of miR-140-5p in 45 samples of NSCLC tissues 
and paracancerous tissues were determined via RT-qPCR. 
The results revealed that the expression of miR-140-5p was 
decreased in NSCLC tissues compared with the corresponding 
paracancerous tissues (Fig. 1).

Expression of miR‑140‑5p following miRNA transfection. 
Cells were transfected with miR-140-5p or miR-NC mimics. 
The expression of miR-140-5p was significantly increased 
following transfection with miR-140-5p mimics compared 
with the NC group; however, there was no significant 
alteration between the control group and the miR-NC group 
(Fig. 2).

miR‑140‑5p directly targets YES1 in A549 cells. To deter-
mine the function of miR-140-5p in NSCLC, target genes of 
miR-140-5p were predicted using Targetscan software, and 
the results revealed that YES1 is a potential target gene of 
miR-140-5p. To investigate the potential interaction between 
the YES1 3'-UTR and miR-140-5p, luciferase reporter assays 
were performed, and the results indicated that the luciferase 
activity was significantly inhibited following co‑transfection 
with pre-miR-140-5p and vectors carrying the wide type 
3'-UTR of YES1 (Fig. 3).

miR‑140‑5p regulate the cell viability and apoptosis of NSCLC 
cells via targeting YES1. As demonstrated above, miR-140-5p 
may target YES1. Therefore, the effects of miR-140-5p on 
the growth of tumor cells were further investigated. CCK-8 
and flow cytometry assays were performed to determine 
the cell viability and apoptosis of A549 cells in vitro. The 

Figure 2. Expression of miR-140-5p following transfection. Following 
transfection with miR-140-5p mimics, the expression of miR-140-5p was 
significantly increased compared with the NC group. **P<0.01 vs. the NC 
group. NSCLC, non-small cell lung cancer; miR, microRNA; NC, negative 
control.

Figure 1. miR-140-5p expression is downregulated in NSCLC tissues. 
Reverse transcription-quantitative polymerase chain reaction was performed 
to investigate the expression of miR-140-5p in NSCLC and paracancerous 
tissues. Compared with the control group, the expression of miR-140-5p 
in NSCLC tissues was significantly suppressed. Data are presented as the 
mean ± standard deviation of three independent experiments. **P<0.01. 
NSCLC, non-small cell lung cancer; miR, microRNA; tumor, NSCLC 
tissues; control, paracancerous tissues.



ZHOU et al:  miR-140-5p IN LUNG CANCER 1353

rate of apoptosis of A549 cells following transfection with 
miR‑140‑5p mimics significantly increased compared with the 
NC group, and transfection with miR‑140‑5p mimics signifi-
cantly suppressed cell viability in A549 cells compared with 
he NC group (Fig. 4). Therefore, miR-140-5p expression may 
suppress the proliferation of NSCLC cells. To further inves-
tigate whether miR-140-5p regulates the expression of YES1 
and other apoptosis-associated proteins, mRNA and protein 
expression levels were determined. Ectopic expression of 
miR‑140‑5p in A549 cells significantly decreased the expres-
sion of YES1 and Bcl-2 compared with the NC group at the 
mRNA and protein level. Furthermore, the expression of Bax 
and caspase‑3 was significantly increased in the mimics group 
compared with control group (Fig. 5). The aforementioned 
results suggested that miR-140-5p may regulate cell viability 
in vitro by targeting of YES1.

Discussion

Lung cancer is the only malignant tumor for which morbidity 
and mortality rates have been increasing in recent years (1). 
In addition, lung cancer has become the leading cause of 
cancer-associated mortality worldwide (1). Lung cancer is 
pathologically categorized as either small cell lung cancer 
or NSCLC (22). NSCLC accounts for ~80% of patients 
with lung cancer, and the majority of patients with NSCLC 
are diagnosed during the mid-late stages of the disease, and 
thus may no longer be subjected to operative therapy (3). 
Radiotherapy, chemotherapy and molecular targeted therapy 
represent current therapeutic strategies for the treatment of 
patients with NSCLC, however, the use of such strategies has 
not significantly improved the survival rate of patients with 
lung cancer (18).

miRNAs are widely and stably expressed in human body 
fluids (24). Aberrant levels of circulating miRNAs represent 
potential biomarkers for the early diagnosis of tumors as well 
as for the prediction of therapeutic responses (25). miRNAs 
exhibit important regulatory roles by targeting mRNAs for 
protein cleavage or translational repression (3). Considering 
that >50% of miRNAs are located in cancer-associated 
genomic regions or in fragile sites, miRNAs may serve an 
important role in cancer pathogenesis (26). Furthermore, 
aberrant miRNA expression has been demonstrated in lung 
cancer, which contributes to carcinogenesis and cancer 
development by either promoting oncogene expression or 
inhibiting tumor suppressor genes (27). miR-140-5p was 
found to serve a role in carcinogenesis of NSCLC (21,22). 
Target genes associated with miR-140-5p may serve as 
biomarkers and aid in the diagnosis and prognostic predic-
tion of NSCLC (28,29). The miR-140-5p/monocyte to 
macrophage differentiation-associated (MMD) axis could 
affect cell proliferation and invasion of lung cancer cells by 

Figure 3. YES1 is a target gene of miR-140-5p. The results of Targetscan 
analysis suggested that YES1 may represent a target gene of miR-140-5p. 
Co-transfection with pre-miR-140-5p and vectors carrying WT 3'-UTR of 
YES1 significantly suppressed luciferase activity. Data are presented as 
the mean ± standard deviation of three independent experiments. **P<0.01. 
YES1, YES proto-oncogene 1; miR, microRNA; 3'-UTR, 3'-untranslated 
region; NC, negative control; WT, wild type.

Figure 4. miR-140-5p suppresses the proliferation of NSCLC cells via regula-
tion of YES1 expression. (A) Flow cytometry scatter plots of the control, 
NC and mimics groups. (B) Flow cytometry results were analyzed quantita-
tively to determine the rate of apoptosis in each group. (C) Cells transfected 
with miR-140-5p mimics exhibited decreased levels of viability. Data are 
presented as the mean ± standard deviation of three independent experi-
ments. *P<0.05 and **P<0.01 vs. the NC group. NC, negative control; NSCLC, 
non-small cell lung cancer; PI, propidium iodide; OD, optical density; FITC, 
fluorescein isothiocyanate; miR, microRNA.
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regulating the Erk signaling pathway (21,22). In the present 
study, miR-140-5p expression was demonstrated to be mark-
edly decreased in NSCLC tissues compared with normal 
adjacent tissues.

YES1 is an important oncogene belonging to the Src 
protein-tyrosine kinase family (30). Increasing evidence has 
indicated that YES1 is overexpressed in numerous types 
of cancer and promotes the proliferation and metastasis of 
tumor cells, which may have potential therapeutic applica-
tions regarding the clinical diagnosis and treatment of 
tumors (31-34). However, whether miR-140-5p may inhibit 
proliferation and induce apoptosis of NSCLC cells via 
targeting of YES1 remains unclear. Differential expression 
of miR-140-5p has been revealed in numerous signaling path-
ways associated with the regulation of cell apoptosis (21,22). 
A previous study demonstrated that the YES1 is a target 
gene of miR-140-5p (35). In the current study, target genes of 
miR-140-5p were predicted using TargetScan bioinformatics 
software, and the results revealed that the YES1 oncogene 
represented a potential target of miR-140-5p. Furthermore, the 
results of the present study revealed that ectopic expression 
of miR-140-5p suppressed NSCLC viability and promoted 
apoptosis.

Apoptosis serves an important role in anti-carcinogen-
esis (36). The Bcl-2 protein family and the caspase family 
are currently the most frequently investigated genes (37,38). 
Bcl-2 and Bax are the most important regulatory genes in the 
apoptotic pathway with opposing regulatory functions (37). 
The anti‑apoptotic gene Bcl‑2 was the first anti‑apoptotic gene 
discovered in biomedical research (39). Bax is a pro-apoptotic 
gene opposing the activity of apoptosis-inhibiting proteins, 
including Bcl-2, to prevent the anti-apoptotic effects (40). 

Caspase-3 is a physiological enzymatic protease of Bcl-2 
involved in the process of apoptosis (41). In the current 
study, overexpression of miR-140-5p in A549 cells markedly 
inhibited YES1 and Bcl-2 expression; however, the protein 
expression levels of Bax and caspase-3 were upregulated 
following transfection with miR-140-5p, compared with 
the NC group. The apoptosis rate of A549 cells following 
transfection with miR-140-5p mimics increased compared 
with the NC group, and transfection with miR-140-5p mimics 
suppressed the level of cell viability. These results may be 
used for the development of a novel diagnostic or therapeutic 
strategy and may indicate potential therapeutic targets for 
NSCLC. The current study was limited by the use of only one 
cell line, and in future studies, multiple cell lines will be used 
to verify these results.

In conclusion, the present study revealed a novel target 
gene of miR-140-5p associated with the regulation of lung 
cancer cell apoptosis and viability.
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