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Abstract: Increasing evidence showed that miR-25 is involved in the carcinogenesis and progression of various 
human cancers, while its role in non-small cell lung cancer (NSCLC) is still unclear. Here, we found that miR-25 is 
significantly up-regulated in NSCLC tissue samples and cell lines. Inhibition of miR-25 remarkably suppressed cell 
proliferation, migration and invasion in NSCLC cells, whereas enforced expression of miR-25 significantly increased 
NSCLC cells proliferation, migration and invasion. Moreover, we identified F-box and WD repeat domain-containing 
7 (FBXW7) as a direct target of miR-25 and overexpression of FBXW7 partially attenuates the oncogenic effect of 
miR-25 on NSCLC cells. In conclusion, miR-25 is up-regulated in NSCLC and promotes NSCLC cells proliferation and 
motility partially by targeting FBXW7. Our data suggest that miR-25 might serve as a potential therapeutic target for 
NSCLC treatment in the future.
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Introduction

Lung cancer is the leading cause of cancer-
related death in the world, and non-small cell 
lung cancer (NSCLC) accounts for more than 
80% of all lung cancer cases [1, 2]. Despite 
recent progresses in diagnosis and treatment, 
the prognosis for NSCLC is still dismal, and the 
5-year overall survival rate is about 15% [3]. 
Therefore, it is necessary to elucidate the un- 
derlying mechanisms of NSCLC.

MicroRNAs (miRNAs) belong to a class of hig- 
hly conserved ~22-nucleotide single-stranded 
RNAs that epigenetically regulate protein trans-
lation through binding to the 3’ untranslated 
region (UTR) of target mRNA [4]. miRNAs are 
involved in the regulation of various biological 
processes such as cell proliferation, apoptosis, 
migration and invasion [5, 6]. Accumulating evi-
dence suggest that miRNAs can act as onco-
genes or tumor suppressors in human cancer 
development [7] and aberrant expression of 
miRNAs has been observed in various human 
cancers such as renal cancer [8], hepatocellu-
lar carcinoma [9] and colorectal cancer [10]. 

Therefore, miRNAs are considered to have a 
great potential to be biological molecule for 
diagnosis, prognosis prediction and target th- 
erapy.

MiR-25 is a member of the miR-106b~25 clus-
ter, which includes miR-106b, miR-93 and miR-
25, that is located within intron 13 of the mini-
chromosome maintenance protein7 (MCM7) 
gene on chromosome 7q22.1 [11, 12]. Emerging 
evidence has showed that up-regulation of miR-
25 is associated with poor prognosis and tumor 
progression in several human cancers. For 
example, Su et al. reported that miR-25 is sig-
nificantly overexpressed in hepatocellular carci-
noma tissues and that patients with high miR-
25 expression have a shorter overall survival 
than patients with low miR-25 expression [13]. 
Xu et al. found that the expression of miR-25 is 
up-regulated in esophageal squamous cell car-
cinoma (ESCC) tissues and over-expression of 
miR-25 can markedly promote migration and 
invasion of ESCC cells [14]. Li et al. also showed 
that miR-25 is overexpressed in plasma and pri-
mary tumor tissues of gastric cancer (GC) pa- 
tients. In vitro assays, they demonstrated that 
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miR-25 inhibition significantly decreased the 
metastasis, invasion and proliferation of GC 
cells [15]. However, the expression pattern and 
underlying mechanism of miR-25 in NSCLC is 
still unclear.

In the present study, we aimed to investigate 
the expression level of miR-25 in NSCLC and to 
further explore its role in NCSLC development. 
We fist examined the expression of miR-25 in 
NSCLC tissues and cell lines by using qRT-PCR. 
Then, we conducted in vitro assays to deter-
mine the biological functions of miR-25 on 
NSCLC cells proliferation, migration and inva-
sion. Additionally, we identified one of the direct 
targets of miR-25 involved in its significance on 
NSCLC cells. Our research revealed miR-25 as 
a novel molecular associated with the develop-
ment and progression of NSCLC.

Materials and methods

Tissue samples and cell lines

A total of 16 NSCLC tissue samples and paired 
normal tissues were collected from primary 
NSCLC patients who received surgery between 
2012 and 2014 in our department. Tumor tis-
sues and the paired normal tissues were frozen 
immediately in liquid nitrogen and stored at 
-80°C until use. This study was approved by the 
Ethics Committee of Ruijin Hospital and written 
informed consent was obtained from each 
patient. Human NSCLC cell lines A549, SPC-A-
1, H460, and H661 were obtained from the Cell 
Bank of Type Culture Collection of Chinese 
Academy of Sciences (CCCAS, China) and cul-
tured in RPMI-1640 medium (HyClone). A nor-
mal bronchial epithelial cell line (16HBE) was 
purchased from the American Type Culture 
Collection (ATCC, USA) and cultured in DMEM 
medium (Gibco). The culture media were all 
supplemented with 10% fetal bovine serum, 50 
U/ml of penicillin and 50 μg/ml of streptomycin. 
All cell lines were incubated at 37°C in a humid-
ified incubator containing 5% CO2.

RNA extraction and quantitative real time PCR 
(qRT-PCR)

Total RNA was extracted from tissue samples 
or cell lines using Trizol reagent (Invitrogen)  
following the manufacturer’s instruction. The 
quantitative real-time PCR (qRT-PCR) was per-
formed with SYBR Green master mix (Invitrogen) 
using a 7500 Fast Real-Time Sequence detec-
tion system (ABI). TaqMan microRNA assays 
were used to evaluate the expression level of 

miR-25. The primers for miR-25 were forward 
5’-TCTGGTCTCCCTCACAGGAC-3’ and reverse 
5’-CATGGGTCGCCTACTCAC-3’. The primers for 
FBXW7 were forward 5’-GTCCCGAGAAGCGG- 
TTTGATA-3’ and reverse 5’-TGCTCAGGCACGT- 
CAGAAAAG-3’. The relative expression level of 
miR-25 and FBXW7 was normalized to that of 
the internal control U6 and GAPDH, respective-
ly, by using the 2-ΔΔCt method. All experiments 
were conducted in triplicate.

Plasmid construction and cell transfection

miR-25 mimics/inhibitor (miR-25/miR-25-I) and 
its non-specific control miRNA (miR-NC) we- 
re purchased from RiboBio (Guangzhou). The 
FBXW7 cDNA was cloned into pcDNA3.1 to con-
struct the FBXW7 expression plasmid. For lucif-
erase reporter assay, the 3’-UTR of FBXW7 
which contains putative binding sites of miR-25 
was amplified by PCR and subcloned into psi-
CHECK-2 vector within XhoI and NotI restriction 
sites (Promega). Mutation in the miR-25-bind-
ing site of FBXW7 was introduced by whole-
plasmid amplification in the seed region of miR-
25 (NEB). Cell transfection was performed us- 
ing Lipofectamine 2000 transfection reagent 
(Invitrogen) according to the manufacturer’s 
protocol.

Luciferase reporter assay

For luciferase reporter assay, A549 cells were 
grown in 24-well plates and co-transfected with 
miR-25 or control (miR-NC) mimics and wild-
type (WT) or mutated (Mut) 3’-UTR of FBXW7. 
After transfected for 48 h, cells were collect- 
ed and the relative luciferase activity was mea-
sured using the Dual Luciferase Reporter Assay 
System (Promega). The experiment was inde-
pendently repeated three times.

Cell proliferation

Cell proliferation of A549 cells were measured 
by using the Cell Counting Kit-8 (CCK-8, Dojindo) 
according to the manufacturer’s protocol. 
Briefly, after effective transfection, A549 cells 
were plated into 96-well plates at a density of 
5×103 cells per well and incubated in RPMI-
1640 medium supplemented with 10% FBS for 
24, 48, 72 and 96 h, respectively. After that, 10 
μl CCK-8 liquid was added to the test well and 
incubated for 3 h. Absorbance was then mea-
sured at a wavelength of 450 nm. Three inde-
pendent experiments were performed.
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Cell migration and invasion assays

Cell migration and invasion assays were deter-
mined using transwell insert chambers. Briefly, 
the transfected cells were collected and seed-
ed into the upper chamber of the Transwell 
insert (with Matrigel for invasion and without 
for migration). RPMI-1640 with 10% FBS was 
added to the lower chamber as the chemoat-
tractant. After incubation at 37°C for 24 h, cells 
in the upper chambers were removed carefully 
with a cotton swab. Cells which migrated or 
invaded through the membrane were fixed with 
4% polyoxymethylene, stained with 0.2% crys-
tal violet and counted under a light microscope. 
Experiments were repeated three times inde- 
pendently.

Western blot

Total proteins were extracted from treated cells 
with RIPA buffer (Beyotime) supplemented with 
protease inhibitors (Roche). Protein samples 
were separated by 10% SDS-PAGE and then 
electrotransferred to PVDF membranes (Bio-
Rad). After blocking with 5% non-fat milk at 
room temperature for 1 h, the membranes were 
incubated with primary antibodies (Abcam) at 
4°C overnight, followed by secondary antibod-
ies at 37°C for 1 h. protein bands were visual-
ized using ECL system (Pierce). GAPDH was 
used as the internal control. Each experiment 
was repeated in triplicate.

Statistical analysis

Data were expressed as mean ± SD from three 
independently experiments and analyzed by 
using SPSS version 17.0 software. The signifi-
cance of differences between groups was com-

pared by Student’s t test (two groups) or one-
way analysis of variance (ANOVA, more than 
two groups). P < 0.05 was considered statisti-
cally significant.

Results

miR-25 is up-regulated in NSCLC tissues and 
cell lines

The expression level of miR-25 in NSCLC tiss- 
ue samples and corresponding normal tissue 
samples was analyzed by using qRT-PCR. Data 
showed that miR-25 is up-regulated in NSCLC 
tissues in comparison with that in correspond-
ing normal tissues (Figure 1A). Furthermore, 
compared with normal bronchial epithelial cell 
line 16HBE, the expression of miR-25 was also 
significantly up-regulated in NSCLC cell lines 
(Figure 1B).

Inhibition of miR-25 suppresses NSCLC cells 
proliferation and motility

To investigate the effect of miR-25 on NSCLC 
cells proliferation and motility, A549 cells were 
transfected with miR-25 inhibitor (miR-25-I) or 
miR-NC. After effective transfection, miR-25 
expression was confirmed by qRT-PCR (Figure 
2A). Results of CCK-8 assay showed that inhibi-
tion of miR-25 significantly suppressed NSCLC 
cells proliferation (Figure 2B). Then, cell motility 
was measured by transwell migration and inva-
sion assays, and inhibition of miR-25 effectively 
suppressed NSCLC cells migration and inva-
sion (Figure 2C, 2D). These results reveal that 
inhibition of miR-25 suppresses NSCLC cells 
proliferation and motility.

Figure 1. miR-25 is up-regulated in NSCLC tissues and cell lines. A. Relative expression level of miR-25 in NSCLC 
tissue samples and adjacent normal tissue samples detected by qRT-PCR. B. Relative expression level of miR-25 in 
NSCLC cell lines and normal bronchial epithelial cell line 16HBE detected by qRT-PCR. Data are expressed as mean 
± SD from three independent experiments. *P < 0.05.
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FBXW7 is a direct target of miR-25

TargetScan 6.2 was used to explore the poten-
tial target of miR-25 in NSCLC. FBXW7, a tumor 
suppressor in human tumorigenesis, was pre-
dicted as a target of miR-25 (Figure 3A). To con-
firm that, wild type (WT) or mutated (Mut) 
FBXW7 3’UTR was cloned into luciferase re- 
porter vectors and luciferase activity assay was 
conducted. We found that overexpression of 
miR-25 significantly suppressed WT but not 
Mut 3’UTR of FBXW7 (Figure 3B). In addition, 

our results of western blot showed that inhibi-
tion of miR-25 significantly increased the pro-
tein level of FBXW7, while overexpression of 
miR-25 significantly reduced the protein level of 
FBXW7 (Figure 3C, 3D). These data suggest 
that FBXW7 is a direct target of miR-25.

FBXW7 overexpression partially attenuates the 
oncogenic effect of miR-25

To further investigate whether overexpression 
of FBXW7 could attenuate the oncogenic effe- 

Figure 2. Inhibition of miR-25 suppresses NSCLC cells proliferation and motility. A. A549 cells were tranfected 
with miR-25 inhibitor (miR-25-I) or miR-NC, and the relative expression level of miR-25 was detected by qRT-PCR. 
B. Cell proliferation of pretreated A549 cells examined by CCK-8 assay. C, D. Cell motility of pretreated A549 cells 
determined by transwell migration and invasion assays. Data are expressed as mean ± SD from three independent 
experiments. *P < 0.05.
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ct of miR-25 on NCSLC cells, the pcDNA3.1-
FBXW7 plasmid or vector was transfected into 
A549 cells and the effect was validated by qRT-
PCR (Figure 4A). Results of CCK8 assays 
(Figure 4B), transwell migration and invasion 
assays (Figure 4C, 4D) all showed that supple-
ment of FBXW7 could significantly attenuate 
the oncogenic effect of miR-25 on NSCLC cells. 
These data suggest that miR-25 promotes 
NSCLC cells proliferation and motility partially 
by targeting FBXW7.

Discussion

Lung cancer is one of the most life-threatening 
tumors, with approximately two million new 
cases diagnosed worldwide annually [1], De- 
spite the improvements in therapeutic modali-
ties, the 5-year survival rate of NSCLC patients 
is still around 15% [3]. In recent years, a large 
number of miRNAs have been detected to be 
aberrantly expressed in NSCLC tissues and 
suggest that miRNAs may play essential roles 
in NSCLC development. For example, microR-
NA-27b is reported to be significantly downreg-
ulated in NSCLC tissues and can inhibit cell 
growth and invasion by downregulating Sp1 in 
NSCLC cells [16]. miR-195 is also demonstrat-
ed to inhibit cell proliferation, migration, and 

invasion of NSCLC cells by targeting MYB [17]. 
Additionally, microRNA-141 promotes prolifera-
tion of NSCLC cells by regulating expression of 
PHLPP1 and PHLPP2 [18].

In this study, we explored the expression level 
of miR-25 and its underling mechanism in 
NSCLC for the first time. By using qRT-PCR, we 
demonstrated that miR-25 is up-regulated in 
NSCLC tissues and cell lines when comparison 
with corresponding normal tissues and normal 
bronchial epithelial cell line 16HBE, respecti- 
vely. We also found that inhibition of miR-25 sig-
nificantly suppressed NSCLC cells proliferation, 
migration and invasion. On the contrary, en- 
forced expression of miR-25 markedly incre- 
ased NSCLC cells proliferation, migration and 
invasion. These results suggest that miR-25 is 
involved in the development and progression of 
NSCLC.

In addition, we found that FBXW7 is a potenti- 
al target of miR-25 in NSCLC predicted by 
TargetScan 6.2 and we verified that by lucifer-
ase reporter assay. FBXW7 (F-box and WD 
repeat domain-containing 7) also known as 
FBW7, a well-studied F-box-containing protein 
in the SCF (SKP1-CUL1-F-box protein) E3 ligase 
complex, determines target specificity through 

Figure 3. FBXW7 is a direct target of miR-25. A. The potential miR-25 targeting site in FBXW7 3’-UTR and the mu-
tated sequences. B. The relative luciferase activity was measured in A549 cells after co-transfected with miR-25 
or miR-NC with wild-type (WT) or mutated (Mut) 3’-UTR of FBXW7. C. The protein level of FBXW7 in A549 cells after 
tranfected with miR-25 inhibitor (miR-25-I) or miR-NC. D. The protein level of FBXW7 in A549 cells after tranfected 
with miR-25 or miR-NC. Data are expressed as mean ± SD from three independent experiments. *P < 0.05.
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recognition and binding of target proteins for 
ubiquitination and degradation [19]. Several 
lines of evidence suggest that FBXW7 is a puta-
tive tumor suppressor in human tumorigenesis. 
Li et al demonstrated that FBXW7 overexpres-
sion inhibited cell proliferation and promoted 
apoptosis in osteosarcoma cells, and that 
patients with high expression of FBXW7 had a 
better prognosis [20]. Ibusuki et al. showed 
that in breast cancer, patients with lower 
FBXW7 expression had a poorer prognosis and 
silencing FBXW7 upregulated cell proliferation 
and G1-S transition [21]. Besides, Naganawa  
et al. reported that decreased expression of 
FBXW7 is correlated with poor prognosis in 
patients with esophageal squamous cell carci-
noma [22]. In our present study, we confirmed 
that FBXW7 is a direct target of miR-25 in 
NSCLC and demonstrated that FBXW7 overex-

pression partially attenuates the oncogenic 
effect of miR-25 on NSCLC cell line A549.

In conclusion, we found that miR-25 is signifi-
cantly up-regulated in NSCLC tissues and cell 
lines. By partially inhibiting the expression of 
FBXW7, overexpression of miR-25 promotes 
cell proliferation and motility in NSCLC cells. 
These results suggest that miR-25 might repre-
sent a potential therapeutic target for NSCLC 
treatment in the future.
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Figure 4. FBXW7 overexpression partially attenuates the oncogenic effect of miR-25. A. A549 cells were transfected 
with pcDNA3.1-FBXW7 plasmid or vector, and the relative mRNA level of FBXW7 was detected by qRT-PCR. B. A549 
cells were co-transfected with miR-25 and pcDNA3.1-FBXW7 plasmid or vector, and cell proliferation was examined 
by CCK-8 assay. C, D. Cell motility of pretreated A549 cells determined by transwell migration and invasion assays. 
Data are expressed as mean ± SD from three independent experiments. *P < 0.05.
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