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Abstract: Accumulating evidence has suggested that microRNAs (miRNAs) play important roles in regulating the 
progression of cancerby acting as tumor suppressors or oncogenes. Here, our results demonstrated that miR-5582-
5p was significantly down-regulated in non-small cell lung cancer (NSCLC) tissues and cell lines compared with 
normal controls. Overexpression of miR-5582-5p markedly inhibited the proliferation and migration of NSCLC cells. 
Consistently, the apoptosis of NSCLC cells was also significantly promoted by overexpressed miR-5582-5p. Func-
tional study uncovered that miR-5582-5p bound the 3’-untranslated region (UTR) of fibroblastic growth factor-10 
(FGF-10) and decreased the expression of FGF-10 in NSCLC cells. FGF-10 was up-regulated in NSCLC tissues and 
inversely correlated with the level of miR-5582-5p in NSCLC tissues. Overexpression of FGF-10 significantly reversed 
the inhibitory effect of miR-5582-5p on the proliferation of NSCLC cells. Taken together, our results demonstrated 
the functional mechanism of miR-5582-5p in suppressing malignant behaviors of NSCLC cells by targeting FGF-10. 
These findings demonstrated that miR-5582-5p might be a novel therapeutic target in the treatment of NSCLC.
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Introduction

Lung cancer is one of the most common malig-
nancies and the leading cause of cancer-relat-
ed death worldwide [1-4]. Non-small cell lung 
cancer (NSCLC) is a major histologic type of 
lung cancer and accounts for approximately 
80% of all primary cases [5-7]. Surgical resec-
tion plus chemotherapy and radiotherapy has 
improved the outcome of NSCLC patients; how-
ever, the prognosis of NSCLC patients remains 
unsatisfactory. Considering the serious side 
effects of chemotherapy and radiotherapy, spe-
cific molecularly targeted agents that might 
benefit the treatment of cancer patients have 
been the focus of cancer research. Therefore, 
exploring the underlying molecular mecha-
nisms that are involved in regulating cancer 
progression is urgent.

MicroRNAs (miRNAs) are a class of single-
stranded, non-coding RNAs with the length of 
approximately 19-25 nucleotides [8]. miRNAs 
act as post-transcriptional regulators of gene 

expression by complementarily binding to the 
3’-untranslated region (3’-UTR) of the targeted 
mRNAs [9, 10]. The biological consequence of 
the miRNA-miRNA binding leads to the degra-
dation or translation inhibition of the mRNAs 
[11]. Due to the critical roles of miRNAs in mod-
ulating gene expression, diverse roles of miR-
NAs in regulating cell proliferation, differentia-
tion and apoptosis have been reported [12]. 
Notably, accumulating evidence has suggested 
that dysregulation of miRNAs plays important 
roles in the initiation and progression of cancer 
[13-15]. For example, miR-1258 suppressed 
the progression of NSCLC by targeting the 
GRB2/Ras/Erk pathway [16]. A recent study 
showed that miR-1179 inhibited the growth  
and invasion of NSCLC by down-regulating the 
expression of sperm-associated antigen 5- 
mediated AKT pathway [17]. miR-5582-5p was 
a novel tumor suppressor that inducedapopto-
sis and cell cycle arrest in colon cancer cells 
[18]. However, the function of miR-5822-5p in 
NSCLC has not been characterized. 
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Epithelial mesenchymal transition (EMT) is a 
critical process related to the initiation and pro-
gression of cancer. EMT is activated by many 
cellular signals [19-21]. Fibroblastic growth fac-
tor-10 (FGF-10) is a well-defined regulator of 
type I EMT [22]. Overexpression of FGF-10 has 
been found in a variety of cancers and is cor-
related with the advanced development of can-
cer [23]. Interrupting the FGF-10 receptor sup-
pressed the progressive behavior of cancer 
cells. Thus, blocking the FGF-10 signal or down-
regulating the expression of FGF-10 might 
inhibit the progression of cancer. As miRNAs 
are a class of negative regulators of gene 
expression, those miRNAs that target FGF-10 in 
cancer cells deserve investigation.

In this study, we found that miR-5582-5p was 
down-regulated in NSCLC tissues and cell lines. 
Overexpressed miR-5582-5p inhibited the pro-
liferation and induced apoptosis of NSCLC 
cells. Mechanistic study revealed that miR-
5582-5p targeted FGF-10 and decreased the 
expression of FGF-10 in NSCLC cells. Our 
results demonstrated a tumor suppressive role 
of miR-5582-5p in NSCLC by modulating the 
level of FGF-10.

Materials and methods

Clinical samples and ethics statement

Sixty NSCLC patients were enrolled between 
Feb 2014 to August 2016 at PLA Army General 
Hospital. The NSCLC tissues and paired adja-
cent normal tissues were obtained from each 
participant by minimal invasive surgery. All the 
samples were maintained at -80°C before the 
experiments. This study was approved by the 
Ethics Committee of the PLA Army General 
Hospital. Written informed consent was re- 
ceived from all the patients.

Cell culture and transfection 

The normal lung epithelial cell line HBE and 
human NSCLC cell lines including A549, H1299, 
SK-MES-1 and NCI-H460 were purchased from 
the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured 
with RPMI-1640 medium (Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS, Invitrogen, Carlsbad, CA, USA) and 
1% penicillin/streptomycin. Cells were main-
tained at 37°C with 5% CO2. The miR-5582-5p 

mimics and corresponding negative control 
miRNA were purchased from Ribobio (Gu- 
angzhou, China). The oligo transfection was 
performed using the Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions.

Real-time quantitative PCR

Total RNA was isolated from tissues or cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. The RNA concentration was determined 
with the NanoDrop-2000 (Bio-Rad, Hercules, 
USA). Reverse transcription was performed 
using the Transcript First Strand cDNA 
Synthesis Kit (Roche, USA) following the proto-
col of manufacturer. For the qPCR analysis, 
FastSTART Universal SYBR Green Master 
(Roche, USA) was used in a final volume of 20 
μl reaction mixtures on the ABI PRISM 7500 
Real-time PCR system (Applied Biosystems, 
Foster City, CA, USA). The expression of U6 RNA 
was detected as the endogenous control for 
the normalization. Relative level of miR-5582-
5p was analyzed according to the 2-ΔΔCT 
method.

Cell proliferation 

The proliferation of NSCLC cells was evaluated 
with the Cell Counting Kit-8 (CCK-8, Dojindao, 
Japan). Cells transfected with the indicated 
miRNA were seeded in the 96-well plate with 
the confluence of 1,000 cells per well. After cul-
tured for 24 h, the CCK-8 solution was added 
into the medium at the final concentration of 
0.5 mg/mL and incubated at 37°C for 2 h. 
Viable cells were measured by absorbance at 
450 nm with the microplate reader (Bio-Rad, 
Hercules, USA).  

Western blot 

Total protein was extracted using the NP-40 
lysis buffer (Beyotime, Shanghai, China). Equal 
amount of protein was separated with 12% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and then trans-
ferred onto the polyvinylidene fluoride mem-
brane (Bio-Rad, Hercules, USA). After blocking 
with 5% non-fat milk for 1 h at room tempera-
ture (RT), the membrane was incubated with 
the primary antibody against FGF-10 (Cat#P- 
A1-25518, Thermo Fisher Scientific, MA, USA) 
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or GAPDH (#5174, Cell Signaling Technology, 
MA, USA) at 4°C overnight. After washing three 
times with TBST, the membrane was incubated 
with horseradish peroxidase (HRP)-conjuga- 
ted secondary antibody (1:5000; Bio-Rad, 
Hercules, USA) for 1 h at RT. The protein bands 
were developed with enhanced chemilumines-
cence (ECL) reagent (GE Healthcare, Little 
Chalfont, UK) according to the manufacturer’s 
instructions. 

Dual luciferase report assay

The full length of wild-type (WT) or mutant 
3’-UTR of FGF-10 was amplified and construct-
ed into the pMIR-Report vector (Promega 
Corporation, Madison, WI, USA), respectively. 
A549 cells were seeded in the 96-well plate. 
After cultured for 24 h, cells were co-transfect-
ed with the WT or mutant FGF-10 3’-UTR lucifer-
ase reporter and miR-5582-5p mimic or control 
miRNA. Cells were harvested after transfection 
for 48 h and the luciferase activity was ana-
lyzed using the Dual Luciferase Assay Kit 
(Promega Corporation, Madison, WI, USA) fol-
lowing the manufacturer’s instructions.

Cell apoptosis assay 

The apoptosis of A549 cells was assessed 
using the FITC Annexin V Apoptosis Detection 
Kit (BD Biosciences, La Jolla, CA, USA) accord-
ing to the manufacturer’s instructions. Briefly, 
cells were cultured in the 6-well plate and 
transfected with miR-5582-5p mimics or corre-

Software, San Diego, CA, USA). Significant dif-
ference was analyzed withStudent’s t test or 
one-way analysis of variance (ANOVA) followed 
by least-significant difference post-doc test. 
Statistical significance was defined as P<0.05. 

Results

miR-5582-5p is down-regulated in NSCLC tis-
sues and cell lines

To explore the function of miR-5582-5p in 
NSCLC, RT-qPCR was performed to detect the 
expression of miR-5582-5p in the NSCLC tis-
sues. As shown in Figure 1A, the level of miR-
5582-5p was significantly decreased in NSCLC 
tissues compared with that of the adjacent nor-
mal tissues. The expression of miR-5582-5p in 
normal lung epithelial cell line HBE and NSCLC 
cell lines including A549, SK-MES-1, H1299 
and NCI-H460 was also measured. The result 
indicated that miR-5582-5p was remarkably 
down-regulated in NSCLC cell lines compared 
to control cells (Figure 1B). These results sug-
gested the potential important roles of miR-
5582-5p in NSCLC.

miR-5582-5p suppressed the proliferation and 
induced apoptosis of NSCLC cells

As miR-5582-5p was down-regulated in NSCLC, 
A549 cells were transfected with miR-5582-5p 
mimics or control miRNA to investigate the bio-
logic function of miR-5582-5p in regulating the 
growth of NSCLC cells. The transfection effi-

Figure 1. The expression of miR-5582-5p was decreased in NSCLC tissues. 
A. Expression level of miR-5582-5p in 60 paired NSCLC tissues and adja-
cent normal tissues was determined using RT-qPCR assay. ***P<0.001, 
Student’s t test. B. Relative expression of miR-5582-5p in NSCLC cells lines 
and normal cell line HBE was detected. **P<0.01, ***P<0.001 vs. control 
group, ANOVA followed by LSD post-hoc test.

sponding control miRNA. After 
transfection for 48 h, cells 
were collected and stained 
with the FITC and propidium 
(PI) reagent according to  
the manufacturer’s instruc-
tions. The percentage of cell 
apoptosis was determined 
using the Becton Dickinson 
FACScan instrument (BD Ph- 
armingenTM, La Jolla, CA, USA). 

Statistical analysis

Data are presented as mean ± 
standard deviation (SD) from 
three independent experime- 
nts. Statistical analysis was 
performed using the Graph- 
Pad Prism 5.0 (GraphPad 
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ciency of miR-5582-5p was validated by 
RT-qPCR (Figure 2A). The proliferation of A549 
cells with overexpressed miR-5582-5p or con-
trol vector was evaluated with CCK-8 analysis. 
As presented in Figure 2B, overexpression of 
miR-5582-5p significantly inhibited the prolif-
eration of A549 cells. To further investigate the 

negative modulation of miR-5582-5p on the 
growth of NSCLC cells, the apoptosis of A549 
cells with the ectopically expressed miR-5582-
5p was detected. The result showed that trans-
fection of miR-5582-5p significantly increased 
the apoptosis of A549 cells (Figure 2C). 
Consistent with these results, overexpression 

Figure 2. Overexpression of miR-5582-5p inhibits the growth of NSCLC cells. A. A549 cells were transfected with 
miR-5592-5p mimic or control vector and the expression level of miR-5582-5p was confirmed by the RT-qPCR. 
***P<0.001, Student’s t test. B. Cell counting kit-8 assay was performed to analyze the regulation of miR-5582-5p 
overexpression on the proliferation of A549 cells. **P<0.01, vs. control group, ANOVA followed by LSD post-hoc 
test. C. FACS analysis was used to measure the apoptosis of A549 cells with the overexpression of miR-5582-5p. 
***P<0.001, Student’s t test. D. Transfection of miR-5582-5p significantly suppressed the colony formation of 
A549 cells. ***P<0.001, Student’s t test.
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of miR-5582-5p inhibited the colony formation 
of A549 cells (Figure 2D). These results indi-
cated the inhibitory effect of overexpressed 
miR-5582-5p on the growth of NSCLC cells. 

miR-5582-5p targets FGF-10 in NSCLC cells  

To explore the underlying molecular mecha-
nism by which miR-5582-5p suppressed the 
proliferation of NSCLC cells, the potential tar-
gets of miR-5582-5p were predicted with the 
miRDB database. The output showed the 
potential binding sites of miR-5582-5p at the 
3’-UTR of FGF-10 (Figure 3A). To further confirm 
this prediction, the full length wild-type or 
mutant 3’-UTR of FGF-10 was inserted into the 
luciferase reporter vector, respectively. As 
shown in Figure 3B, miR-5582-5p mimics 
markedly reduced the luciferase activity of WT 
but not the mutant 3’-UTR of FGF-10. This data 
suggested the binding between miR-5582-5p 
and the 3’-UTR of FGF-10. To investigate the 
consequence of the interaction between miR-
5582-5p and the 3’-UTR of FGF-10, mRNA level 
of FGF-10 in A549 cells with overexpressed 
miR-5582-5p was evaluated by RT-qPCR. The 
result showed that the mRNA level of FGF-10 
was significantly decreased with the transfec-

tion of miR-5582-5p in A549 cells (Figure 3C). 
Western blot analysis indicated the reduced 
the protein abundance of FGF-10 with the over-
expression of miR-5582-5p (Figure 3D). Taken 
together, these results demonstrated that miR-
5582-5p targeted FGF-10 and negatively mod-
ulated the expression of FGF-10 in NSCLC cells. 

Overexpression of FGF-10 reversed the sup-
pression effect of miR-5582-5p on the growth 
of NSCLC cells

To validate that the inhibitory influence of miR-
5582-5p on the growth of NSCLC cells was 
through regulating FGF-10, A549 cells were co-
transfected with Flag tagged FGF-10 and miR-
5582-5p mimics or control vector. The restora-
tion of FGF-10 was confirmed by western blot 
with anti-Flag antibody (Figure 4A). The CCK-8 
assay showed that reintroduction of FGF-10 sig-
nificantly abrogated the suppressive effect of 
miR-5582-5p on the proliferation of A549 cells 
(Figure 4B). Beyond this, the apoptotic percent-
age of A549 cells with the transfection of FGF-
10 and miR-5582-5p mimics was also evaluat-
ed by FACS analysis. The data demonstrated 
that up-regulated apoptosis of A549 cells by 
miR-5582-5p was remarkably attenuated with 

Figure 3. FGF-10 is a target of miR-5582-5p. A. The predicted binding sites of miR-5582-5p at the 3’-UTR region of 
FGF-10. B. A549 cells were transfected with the wild-type or mutant 3’-UTR of FGF-10 in the presence of miR-5582-
5p mimic or control vector. Luciferase assay was performed to detect binding between miR-5582-5p to the 3’-UTR 
of FGF-10. ***P<0.001, Student’s t test. C. RT-qPCR analysis was carried out to check the mRNA level of FGF-10 
in A549 cells with the transfection of miR-5582-5p or control vector. ***P<0.001, Student’s t test. D. The protein 
level of FGF-10 was detected with the overexpression of miR-5582-5p in A549 cells.



Function of miR-5582-5p/FGF-10 in NSCLC

1092 Int J Clin Exp Pathol 2019;12(3):1087-1094

the co-transfection of FGF-10 (Figure 4C). 
These results suggested that FGF-10 reversed 
the tumor suppressive function of miR-5582-
5p in NSCLC cells.

To further support the negative regulatory rela-
tionship between FGF-10 and miR-5582-5p, 
the expression of FGF-10 in NSCLC tissues and 
adjacent normal tissues was detected. The 

mRNA abundance of FGF-10 was significantly 
increased in NSCLC tissues compared with that 
of the corresponding normal controls (Figure 
4D). Spearman’s test suggested the significant-
ly negative correlation between the expression 
of miR-5582-5p and FGF-10 in NSCLC tissues 
(Figure 4E). Those findings supported the con-
clusion that miR-5582-5p negatively modulat-
ed FGF-10 in NSCLC.

Figure 4. Restoration of FGF-10 reversed the inhibitory effect of miR-5582-5p on the growth of A549 cells. A. A549 
cells were transfected with Flag vector or Flag-FGF-10, and the expression of FGF-10 was determined by western 
blot with anti-Flag antibody. B. A549 cells were co-transfected with miR-5582-5p and Flag-FGF-10. The cell prolifera-
tion was detected with the CCK-8 analysis. *P<0.05, ANOVA followed by LSD post-doc test. C. The apoptosis of A549 
cells transfected with miR-5582-5p and FGF-10 was determined by the FACS assay. ***P<0.001, ANOVA followed 
by LSD post-doc test. D. The mRNA level of FGF-10 in NSCLC tissues and adjacent normal tissues was measured by 
RT-qPCR. ***P<0.001, Student’s t test. E. The expression of FGF-10 was inversely correlated with the level of miR-
5582-5p in NSCLC tissues. P<0.0001, Spearman test.
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Discussion

Accumulating evidence has suggested critical 
roles of miRNAs in the development of cancer; 
thus, exploring the underlying molecular mech-
anisms by which miRNAs regulate the malig-
nant behaviors of cancer cells might provide 
novel insights into the treatment. In the current 
study, the expression and function of miR-
5582-5p in NSCLC was investigated. The re- 
sults uncovered that miR-5582-5p was signifi-
cantly down-regulated in NSCLC tissues and 
cell lines. Molecular study indicated that over-
expression of miR-5582-5p inhibited the prolif-
eration and increased the apoptosis of NSCLC 
cells. These results suggested the potential 
tumor suppressive role of miR-5582-5p in the 
progression of NSCLC.

miR-5582-5p was first identified as a novel 
tumor suppressive miRNA in colon cancer. 
Overexpression of miR-5582-5p led to prolifer-
ation defects and promoted the apoptosis of 
colon cancer cells both in vitro and in vivo [18]. 
Consistent with a previous report, our findings 
also demonstrated that miR-5582-5p inhibited 
the growth and trigged the apoptosis of NSCLC 
cells. To further confirm the tumor suppres- 
sive function of miR-5582-5p in cancers, the 
expression and functional mechanisms of miR-
5582-5p in other types of cancers deserve fur-
ther investigation. Considering the decreased 
level of miR-5582-5p in NSCLC tissues, it would 
be interesting to evaluate the correlation 
between the expression of miR-5582-5p with 
the clinical features of NSCLC patients. 
Additionally, given the significant inhibitory 
effect of miR-5582-5p on the proliferation of 
NSCLC cells, the potential anti-cancer function 
of miR-5582-5p calls for further validation by in 
vivo study.

To understand the molecular mechanism by 
which miR-5582-5p modulated the prolifera-
tion of NSCLC cells, the targets of miR-5582-5p 
were predicted with a bioinformatics database. 
FGF-10 was predicted as one of the possible 
binding partners of miR-5582-5p. miR-5582-
5p bound the 3’-UTR of FGF-10 and decreased 
the expression of FGF-10 in NSCLC cells. 
Interestingly, a previous study demonstrated 
that miR-5582-5p targeted GAB1 and SHC2 to 
induce the apoptosis of cancer cells [18]. CDK2 
was also identified as a target of miR-5582-5p 

and inhibited the cell cycle progression [18]. 
These results indicated that miR-5582-5p 
modulated the growth of cancer cells by regu-
lating the expression of different targets. In the 
present study, FGF-10 was overexpressed in 
NSCLC tissues and inversely correlated with 
the expression of miR-5582-5p. Restoring the 
level of FGF-10 significantly reversed the inhibi-
tory effect of miR-5582-5p on the proliferation 
of NSCLC cells. It would be of interest to see 
whether the regulatory axis of miR-5582-5p/
FGF-10 also works in other types of cancer. 

In conclusion, we found that miR-5582-5p was 
down-regulated in NSCLC tissues. Overexpre- 
ssion of miR-5582-5p significantly inhibited the 
proliferation of NSCLC cells by targeting FGF-
10. Our results provided the possible mecha-
nism by which miR-5582-5p modulated the 
malignant behaviors of NSCLC cells. These find-
ings suggested miR-5582-5p as a novel target 
for anti-cancer therapy in NSCLC. 
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