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MicroRNA-27b (miR-27b) was recently found to be significantly downregulated in different human cancers. 
However, evidence of the function of miR-27b in non-small cell lung cancer (NSCLC) remains limited. In 
this study, we aimed to investigate novel miR-27b-mediated targets or signaling pathways associated with the 
tumorigenesis and metastasis of NSCLC. Real-time (RT) PCR was performed to examine miR-27b expression 
in NSCLC specimens. MTT assay, wound-healing assay, and Transwell assay were used to determine cell 
proliferation, migration, and invasion. Our data indicated that the miR-27b levels were significantly decreased 
in NSCLC specimens and cell lines (SK-MES-1, H358, H460, A549, and H1229) when compared to matched 
normal adjacent tissues and normal human lung epithelial cell lines, respectively. Restoration of miR-27b 
significantly inhibited the proliferation, migration, and invasion of A549 cells. We then conducted in silico 
analysis and luciferase reporter gene assay and identified MET, a receptor tyrosine kinase, as a direct target 
of miR-27b in NSCLC cells. Moreover, overexpression of MET rescued the suppressive effect of miR-27b on 
the proliferation, migration, and invasion of A549 cells, suggesting that MET acts as a downstream effecter of 
miR-27b in NSCLC cells. In summary, our study identified a novel miR-27b/MET signaling pathway involved 
in the cell proliferation, migration, and invasion of NSCLC, and identification of miR-27b-mediated novel 
signaling pathways may help reveal the molecular mechanism underlying the development and malignant 
progression of this disease.
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INTRODUCTION

Lung cancer is the leading cause of cancer death, and 
its incidence has been increasing worldwide (1). Non-
small cell lung cancer (NSCLC) is the most common 
lung cancer, accounting for approximately 90% of lung 
cancer cases (2). The most common types of NSCLC are 
adenocarcinoma, squamous cell carcinoma, and large cell 
carcinoma (3). Despite recent advances in the combina-
tion of treatment strategies, including surgery, chemo-
therapy, radiotherapy, and molecularly targeted therapy, 
the prognosis of NSCLC patients remains poor due to the 
high rate of recurrence and metastasis (4). Exploring the 
molecular oncogenic processes and metastatic pathways 
underlying NSCLC may help improve the diagnosis and 
therapy of NSCLC.

MicroRNAs (miRs) are endogenous small non coding 
RNAs that regulate the expression of protein-coding 

or non-protein-coding genes by degradation of mRNA 
or inhibition of translation in a sequence-specific man-
ner (5,6). In the recent decade, increasing evidence has 
shown deregulated miRs in a variety of human cancers 
(7–9). By affecting the expression levels of oncogenic or 
tumor suppressive genes, many miRs have been found to 
play a critical role in cancer initiation, progression, and 
metastasis (10–12). Therefore, identification of deregu-
lated miRs is crucial for understanding the miR-mediated 
gene networks in human cancers.

Recently, miR-27b was frequently downregulated in 
several types of cancer tissue (13,14). Through inhibition 
of protein expression of its targeting oncogenes, miR-
27b generally plays a suppressive role in human cancers 
(15–17). Hirota et al. compared the levels of miRs in nor-
mal lung tissue and lung tumors and found that the miR-
27b levels were significantly lower in the tumors than in 
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the normal tissue (18). Hennessey et al. showed that a 
combination of miR-15b and miR-27b could discriminate 
NSCLC from healthy controls with a specificity of 84%, 
sensitivity of 100%, negative predictive value (NPV) of 
100%, and positive predictive value (PPV) of 82% (19). 
Moreover, miR-27b was recently found to inhibit the 
growth and invasion of NSCLC cells via directly target-
ing SP1 and LIMK1 (20,21). Therefore, miR-27b acts as 
a tumor suppressor in NSCLC. However, the regulatory 
mechanism of miR-27b in the malignant phenotypes of 
NSCLC cells has yet to be fully uncovered.

In the present study, we aimed to investigate the 
expression and role of miR-27b in NSCLC tissues and 
cell lines. Moreover, we explored the miR-27b-mediated 
target gene and its function in NSCLC cells. The findings 
in the present study may help facilitate the development 
of therapeutic strategies for the treatment of NSCLC.

MATERIALS AND METHODS

Clinical Specimens

This study was approved by the Ethics Committee of 
the Tumor Hospital of Hunan Province, Changsha, P.R. 
China. A total of 43 cases of NSCLC tissues and matched 
adjacent normal tissues were collected at the Tumor 
Hospital of Hunan Province from April 2013 to January 
2014. All tissues were confirmed by pathologists in our 
hospital. Patients involved in this study received neither 
radiation therapy nor chemotherapy before surgical resec-
tion. Written informed consents were obtained from all 
NSCLC patients. All specimens were immediately snap 
frozen in liquid nitrogen and stored at −80°C until use.

Cell Lines

Five human NSCLC cell lines (SK-MES-1, H358, 
H460, A549, and H1229) and normal human lung epithe-
lial BEAS-2B cells were purchased from the Cell Bank of 
Central South University (Changsha, P.R. China). Cells 
were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM; Life Technologies) supplemented with 10% 
fetal bovine serum (FBS; Life Technologies), 100 IU/ml 
penicillin, and 100 IU/ml streptomycin. Cells were cul-
tured at 37°C in a humidified atmosphere with 5% CO2.

RNA Isolation and Quantitative RT-PCR

Total RNA of tissues and cell lines was extracted using 
TRIzol reagent, in accordance with the manufacturer’s 
instruction. The TaqMan quantitative real-time PCR kit 
was used to examine the miR-27b expression (assay 
ID: 000409) on the ABI 7500 thermocycler (Applied 
Biosystems, Thermo Fisher, USA). RNU48 (assay ID: 
001006) was used as an internal control. In addition, the 
TaqMan probes and primers for MET (P/N: Hs01565584_
m1) and GAPDH (P/N: Hs02758991_g1) were obtained 

from Applied Biosystems. The PCR steps were 95°C for 
5 min, and 40 cycles of denaturation at 95°C for 15 s and 
annealing/elongation step at 60°C for 30 s. The relative 
miR-27b expression was normalized to U6. The relative 
expression was analyzed by the 2−DDCt method.

Western Blotting

Cells were solubilized in cold RIPA lysis buffer. The 
BCA protein assay kit was used to examine the protein 
concentration. Proteins were separated with 12% SDS-
PAGE, and transferred onto a polyvinylidene difluoride 
(PVDF) membrane. Afterward, the PVDF membrane 
was incubated with TBST containing 5% milk at room 
temperature for 3 h and then with mouse anti-MET 
(1:400) and mouse anti-GAPDH (1:200) antibodies at 
room temperature for 3 h. After being washed with PBS 
three times, the PVDF membrane was incubated with 
rabbit anti-mouse secondary antibody (1:5,000) at room 
temperature for 1 h. Chemiluminescence detection was 
performed using an ECL kit. The relative protein expres-
sion was analyzed by Image-Pro Plus software 6.0, rep-
resented as the density ratio versus GAPDH.

MTT Assay

The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-tetra-
zolium bromide (MTT) assay was used to examine 
cell proliferation. A549 cells were plated at a density 
of 10,000 cells per well in 96-well plates. After being 
cultured for 0, 24, 48, and 72 h, the cells were incubated 
with MTT at a final concentration of 0.5 mg/ml for 4 h 
at 37°C. After the removal of the medium, 150 mM 
DMSO solutions were added to dissolve the formazan 
crystals. The absorbance was read at 570 nm using a 
BioTek™ ELx800™ Absorbance Microplate Reader.

Cell Migration Assay

Wound healing assay was performed to determine the 
migration of A549 cells. In brief, A549 cells were cultured 
to full confluence. Wounds of approximately 1-mm width 
were created with a plastic scriber. Cells were washed and 
incubated in a serum-free medium. After wounding for 
24 h, cells were incubated in a medium including 10% FBS. 
After being cultured for 48 h, cells were fixed and observed 
under a microscope (Olympus, Tokyo, Japan).

Cell Invasion Assay

Cell invasion assay was performed using Transwell 
chambers (BD, USA), which were precoated with Matrigel. 
Cell suspension containing 106 cells/ml was prepared in 
serum-free media, and 300 µl of cell suspension was added 
into the upper chamber. Then 400 µl of DMEM with 10% 
FBS was added into the lower chamber. Cells were incu-
bated for 24 h. A cotton-tipped swab was used to wipe 
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out the cells that did not migrate or invade through the 
pores. The filters were fixed in 90% alcohol, stained 
by crystal violet, and observed under an inverted micro-
scope (Olympus).

Identification of Putative Target Genes of miR-27b  
by In Silico Analysis

The TargetScan database (http://www.targetscan.org/) 
was used for in silico identification of putative target 
genes of miR-27b.

Dual-Luciferase Reporter Gene Assay

Luciferase reporter gene assay was used to deter-
mine the relationship between miR-27b and MET. Total 
cDNA from A549 cells was used to amplify the 3¢-UTR 
of MET, which was then cloned into pMir-Report vec-
tor. Mutations were introduced within the potential seed 
sequences of the 3¢-UTR of MET using the QuikChange 
Site-Directed Mutagenesis Kit. Cells were then cotrans-
fected with the pMir-Report vectors containing the wild 
type (WT) or mutant type (MT) of MET 3¢-UTR, and 
miR-133b mimics or miR-NC, respectively. After 48 h, 
the luciferase activity was examined using the Dual-
Glo substrate system on LD400 luminometer (Beckman 
Coulter, Brea, CA, USA). Data are presented as a ratio of 
Renilla luciferase to Firefly luciferase.

Statistical Analysis

Data were expressed as mean ± standard deviation from 
at least three separate experiments. SPSS19.0 was used to 
perform statistical analysis. Independent t-tests were used 
to compare the differences between two groups. One-way 
ANOVA with Bonferroni post hoc tests was performed 
to compare the differences among three or more groups. 
A  value of p < 0.05 was considered statistically significant.

RESULTS

miR-27b Was Downregulated in NSCLC

First, RT-PCR was used to examine the miR-27b 
levels in a total of 43 NSCLC clinical specimens and 
their matched adjacent normal tissues. Our data indi-
cated that miR-27b was significantly downregulated 
in NSCLC tissues when compared with that in their 
matched adjacent normal tissues (Fig. 1A). We fur-
ther examined its expression in five human NSCLC 
cell lines (SK-MES-1, H358, H460, A549, and H1229) 
and normal human lung epithelial BEAS-2B cells. As 
shown in Figure 1B, the miR-27b levels were also 
reduced in NSCLC cell lines compared to BEAS-2B 
cells. Accordingly, our findings demonstrated that miR-27b 
was downregulated in NSCLC.

miR-27b Inhibited the Proliferation, Migration, 
and Invasion of NSCLC Cells

To restore the expression of miR-27b, A549 cells were 
transfected with miR-27b mimic or miR-NC, respectively. 
RT-PCR indicated that the miR-27b levels were sig-
nificantly increased after transfection with the miR-27b 
mimic (Fig. 2A). We further examined the role of miR-27b 
in regulating the malignant phenotypes of NSCLC cells. 
MTT assay demonstrated that the proliferation of A549 
cells was significantly reduced after transfection with the 
miR-27b mimic when compared with the control group 
(Fig. 2B). Moreover, wound-healing assay and Transwell 
assay further demonstrated that the migration and inva-
sion activities of A549 cells were significantly decreased 
after restoration of miR-27b when compared to the control 
group (Fig. 2C and D). Taken together, we demonstrated 
that miR-27b inhibited the proliferation, migration, and 
invasion of NSCLC A549 cells.

Figure 1. (A) RT-PCR was used to examine the miR-27b levels in a total of 43 NSCLC clinical specimens and their matched adjacent 
normal tissues. **p < 0.01 versus Adjacent. (B) RT-PCR was used to examine the miR-27b levels in five human NSCLC cell lines 
(SK-MES-1, H358, H460, A549, and H1229) and normal human lung epithelial BEAS-2B cells. **p < 0.01 versus BEAS-2B.
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miR-27b Directly Targets MET in NSCLC Cells

We performed in silico analyses to identify the puta-
tive target genes of miR-27b. The TargetScan database 
was used to screen the putative targets of miR-27b. MET, 
a known oncogene in some cancers including NSCLC, 
attracted our attention (http://www.targetscan.org/cgi-
bin/targetscan/vert_70/view_gene.cgi?rs=ENST00000 3
97752.3&taxid=9606&members=&showcnc=0&show
nc=0&showncf=&subset=1#miR-27b-3p). To study the 
relationship between miR-27b and MET, we examined 
the mRNA and protein levels in NSCLC A549 cells after 

overexpression of miR-27b. As indicated in Figure 3A 
and B, both the mRNA and protein levels of MET were 
significantly reduced in A549 cells after miR-27b upreg-
ulation. Therefore, miR-27b could reduce the expression 
of MET in A549 cells, suggesting that MET might be a 
direct target gene of miR-27b in NSCLC cells.

Afterward, we conducted luciferase reporter gene 
assay in A549 cells to determine whether miR-27b could 
directly bind to the seed sequences within the 3¢-UTR of 
MET mRNA. We found that the luciferase activity was 
significantly decreased in A549 cells transfected with 

Figure 2. (A) RT-PCR was used to examine the miR-27b levels in A549 cells transfected with miR-27b mimic or scramble miR 
(miR-NC), respectively. Nontransfected A549 cells were used as Control. (B) MTT assay, (C) Transwell assay, and (D) wound healing 
assay were used to examine the cell proliferation, invasion, and migration. **p < 0.01 versus Control.
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miR-27b mimic and WT-MET-3¢-UTR reporter plasmid, 
which was abolished by MT-MET-3¢-UTR reporter plas-
mid (Fig. 3C and D). These data confirmed that MET was 
a direct target gene of miR-27b.

Overexpression of MET Rescued the Effect  
of miR-27b Upregulation on the Malignant 
Phenotypes of A549 Cells

We speculated that MET might be involved in 
miR-27b-mediated inhibition of the malignant pheno-
types of NSCLC cells. To clarify this speculation, the 
miR-27b-overexpressing A549 cells were transfected 
with pcDNA3.1-MET plasmid to upregulate its expres-
sion. After transfection, Western blot data showed that 
the protein level of MET was significantly increased 

(Fig. 4A). The cell proliferation, migration, and invasion 
were then examined, respectively. As demonstrated in 
Figure 4B–D, the proliferation, migration, and invasion 
capacities of A549 cells were significantly increased in 
the miR-27b + MET group when compared with those in 
the miR-27b group, respectively. Accordingly, these find-
ings indicated that overexpression of MET rescued the 
effect of miR-27b upregulation on the malignant pheno-
types of NSCLC cells.

MET Was Upregulated in NSCLC

Finally, we examined the MET mRNA levels in 43 
NSCLC tissues and cell lines. RT-PCR data revealed that 
MET was significantly upregulated in NSCLC tissues 
compared to adjacent normal tissues (Fig. 5).

Figure 3. (A) RT-PCR and (B) Western blot assay were used to examine the mRNA and protein expression of MET in A549 cells 
transfected with miR-27b mimic or scramble miR (miR-NC), respectively. Nontransfected A549 cells were used as Control. **p < 0.01 
versus Control. (C) The wild type (WT) and mutant type (MT) of MET 3¢-UTR are shown. (D) A549 cells were then cotransfected with 
the pMir-Report vectors containing the WT or MT of MET 3¢-UTR, and miR-133b mimics or miR-NC, respectively. The luciferase 
activity was significantly decreased in A549 cells transfected with miR-27b mimic and WT-MET-3¢-UTR reporter plasmid, which was 
abolished by MT-MET-3¢-UTR reporter plasmid. **p < 0.01 versus Control.
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DISCUSSION
The aberrantly expressed miRs have been implicated 

in the tumorigensis and malignant progression of NSCLC 
(22,23). Therefore, exploration of the miR-mediated 
targets genes and signaling pathways can help in the 
understanding of the molecular mechanism underlying 
NSCLC and improve the development of novel therapeu-
tic strategies. In this study, we investigated the expression 
and regulatory role of miR-27b in NSCLC. We found 
that miR-27b was markedly downregulated in cancer 
specimens and that restoration of miR-27b significantly 

inhibited the proliferation, migration, and invasion of 
NSCLC A549 cells. These findings strongly suggest that 
miR-27b functions as a tumor suppressor in NSCLC cells.

In fact, other studies showed that miR-27b generally 
plays a suppressive role in human cancers, including 
prostate cancer, renal cell carcinoma, bladder cancer, gas-
tric cancer, and so forth (24). For instance, miR-27b was 
downregulated in prostate cancer tissue, and low expres-
sion of miR-27b predicted a short duration of progression 
to castration-resistant prostate cancer (25). Moreover, 
a gain-of-function study indicated that miR-27b could 

Figure 4. (A) Western blot assay was used to examine the protein expression of MET in A549 cells transfected with miR-27b mimic 
or cotransfected with miR-27b mimic and MET plasmid. (B) MTT assay, (C) Transwell assay, and (D) wound-healing assay were used 
to examine the cell proliferation, invasion, and migration. **p < 0.01 versus miR-27b.
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inhibit the proliferation, migration, and invasion of pros-
tate cancer cells (25). In clear cell renal cell carcinoma, 
miR-27b was also significantly decreased in cancer tis-
sues and associated with pathological grade and stage. In 
addition, lower expression of miR-27b predicated poorer 
prognosis of patients with clear cell renal cell carcinoma, 
and restoration of miR-27b significantly inhibited cancer 
cell proliferation, migration, and invasion (26). Contrary 
to the suppressive role of miR-27b in some human can-
cers, the expression of miR-27b was also found to be 
increased in cervical carcinoma, breast cancer, and glioma 
(27–30). Yao et al. showed that miR-27b was upregulated 
in cervical carcinoma and promoted cell growth and inva-
sion by regulating CDH11 and epithelial–mesenchymal 
transition (EMT) (27). Zhang et al. reported that eleva-
tion of miR-27b by HPV16 E7 inhibited PPARg expres-
sion and promoted proliferation and invasion of cervical 
carcinoma cells (28). In addition, the expression of miR-
27b was elevated in breast cancer tissues, correlating with 
poor prognosis of patients, and knockdown of miR-27b 
significantly repressed breast cancer cell growth (31). 
These results suggest that the detailed role of miR-27b 
is tumor specific due to different target genes in differ-
ent tumor microenvironments, and thus elucidation of the 
molecular mechanisms controlling the miR-27b expres-
sion is critical.

The poor prognosis of patients with NSCLC is mainly 
attributed to the metastasis of cancer cells (32). Thus, 
identification of tumor suppressive miRs that regulate 
metastasis-promoting genes may improve our under-
standing of NSCLC progression and metastasis. In this 
study, we performed in silico analyses using TargetScan 
database to identify the putative target genes of miR-27b 
and focused on the MET oncogene, as MET has been 
widely demonstrated to activate signaling that contrib-
utes to cancer cell proliferation and metastasis (33). The 

MET signaling pathway can be abnormally activated by 
many mechanisms such as mutation, amplification, and 
over expression, and hypomethylation and acetylation of 
the MET gene have been associated with its high expres-
sion in some cancers (33,34). Moreover, MET plays a 
promoting role in the development and malignant pro-
gression of NSCLC, as well as in the tolerance of epi-
dermal growth factor receptor tyrosine kinase inhibitor 
(EGFR-TKI) (34). Therefore, the control of MET onco-
genic signaling seems to be a promising therapeutic 
target for the treatment of NSCLC. In this study, we con-
firmed that MET was a direct target gene of miR-27b, 
and its expression was negatively mediated by miR-27b 
in A549 cells. Moreover, we found that overexpression of 
MET rescued the suppressive effect of miR-27b upregu-
lation on the proliferation, migration, and invasion of 
NSCLC cells, suggesting that MET acts as a downstream 
effector in the miR-27b-mediated malignant phenotypes 
of NSCLC cells. Besides, our data indicated that MET 
was significantly upregulated in NSCLC tissues and 
cell lines. Therefore, we suggest that the upregulation of 
MET in NSCLC may be due to the decreased expression 
of miR-27b.

In summary, our study demonstrated that miR-27b was 
frequently downregulated in NSCLC tissues and cell lines 
and could inhibit the malignant phenotypes of NSCLC 
cells by directly targeting the MET oncogene. The iden-
tification of miR-27b-mediated novel signaling pathways 
may help reveal the molecular mechanism underlying the 
development and malignant progression of this disease.
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