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Abstract. – OBJECTIVE: The present study 
aimed to determine the expression of long 
non-coding RNA (lncRNA) FOXD3 antisense RNA 
1 (FOXD3-AS1) in lung cancer tissues and to ex-
plore its underlying mechanisms in mediating 
non-small cell lung cancer (NSCLC) progression. 

MATERIALS AND METHODS: Gene expression 
levels were determined by quantitative real-time 
PCR; lung cancer cell proliferation and invasion 
were determined by in vitro functional assays; pro-
tein levels were determined by Western blot as-
say; xenograft nude mice model was used to eval-
uate the in vivo tumor growth of lung cancer cells; 
Luciferase reporter assay determined the interac-
tions among FOXD3-AS1, miR-127-3p, and media-
tor complex subunit 28 (MED28).

RESULTS: Data mining and analysis of the clin-
ical sample showed that FOXD3-AS1 expression 
was significantly up-regulated in lung cancer 
tissues. In vitro functional assays demonstrat-
ed that FOXD3-AS1 overexpression promot-
ed NSCLC cell proliferation and invasion, while 
FOXD3-AS1 knockdown exerted tumor-suppres-
sive effects on NSCLC cells. Moreover, FOXD3-
AS1 interacted with miR-127-3p by acting as a 
competing endogenous RNA to suppress miR-
127-3p expression, while miR-127-3p repressed 
MED28 expression by targeting MED28 3’ un-
translated region in NSCLC cells. Mechanisti-
cally, the oncogenic effects of FOXD3-AS1 over-
expression were significantly attenuated by 
miR-127-3p overexpression and MED28 knock-
down in NSCLC cells. In the xenograft mice mod-
el, FOXD3-AS1 knockdown suppressed in vivo 
tumor growth of A549 cells, and also up-regulat-

ed miR-127-3p expression and repressed MED28 
expression in the xenograft tumors. In the clin-
ical aspect, the downregulation of miR-127-3p 
and up-regulation of MED28 were respectively 
detected in lung cancer tissues. 

CONCLUSIONS: Our findings provided new ev-
idence that the FOXD3-AS1 regulated NSCLC pro-
gression via targeting the miR-127-3p/MED28 axis.
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Abbreviations
3’UTR = 3’ untranslated region; CCK-8 = cell counting 
kit-8; ceRNA = competing endogenous RNA; FBS = fe-
tal bovine serum; FOXD3-AS1 = FOXD3 antisense RNA 
1; HOTAIR = HOX transcript antisense RNA; lncRNA 
=  long non-coding RNA; MALAT1 =  metastasis as-
sociated lung adenocarcinoma transcript 1; MED28 =  
mediator complex subunit 28; MMP2 = matrix metal-
loproteinase-2 NHBE = human bronchial epithelial cell 
line; NSCLC = non-small cell lung cancer; OD = optical 
density; qRT-PCR = quantitative real-time PCR; TGF-β 
= transforming growth factor beta.

Introduction

Lung cancer is one of the most common malig-
nancies in the world, and its incidence rate ranks 
first in all kinds of malignant tumors. Also, the in-
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cidence of lung cancer in the female has increased 
significantly1. Lung cancer has become the leading 
cause of tumor-related deaths1. In China, the inci-
dence of lung cancer has risen rapidly annually. In 
the past few decades, mortality has increased by 
around 465%, ranking first in the cities and second 
in the rural areas2. Non-small cell lung cancer (NS-
CLC) accounts for 75-80% of all types of lung can-
cers. Although advances have been made in clini-
cal and experimental oncology, the prognosis and 
treatment of lung cancer remain unsatisfactory3. 
The expected 5-year survival rate was only about 
11%. The main cause of high mortality in lung can-
cer is that the tumor cells have invaded and me-
tastasized at the time of diagnosis, and there is no 
effective treatment4-6. Therefore, it is necessary to 
identify effective early diagnostic and prognostic 
markers to have better management of lung cancer.

Genome-wide analysis revealed that less than 
2% of the genes are encoded in the human genome 
and more than 90% are transcribed into non-cod-
ing RNAs7,8. Long non-coding RNA (lncRNAs) 
are a class of non-coding RNAs greater than 200 
nucleotides in length. LncRNAs play an important 
role in the development of cancer and involve in 
the process of formation, infiltration, and metasta-
sis9-11. Although genomic analysis revealed a large 
number of lncRNAs, only part of these lncRNAs 
has been widely studied. LncRNAs such as HOX 
transcript antisense RNA (HOTAIR) and metas-
tasis associated lung adenocarcinoma transcript 1 
(MALAT1) are the most explored ones in NSCLC. 
MALAT1 is the first lncRNA to be explored in NS-
CLC. It was discovered in NSCLC in 2003 and it 
can be used as an independent biomarker for the 
prognosis of patients with early lung adenocarci-
noma12-14. The high expression of HOTAIR is as-
sociated with NSCLC lymph node metastasis and 
advanced clinical grade. In addition, patients with 
high expression of HOTAIR have a poor prog-
nosis15. Other lncRNAs such as GAS6 antisense 
RNA 1 and maternally expressed 3 were found to 
be down-expressed in NSCLC tissues, and their 
expression levels were associated with lung adeno-
carcinoma size, stage, and prognosis16,17. LncRNA 
FOXD3 antisense RNA 1 (FOXD3-AS1) demon-
strated the biological actions in several types of 
malignancies, including glioma, colon cancer, 
breast cancer, and melanoma18-22; while the role of 
FOXD3-AS1 in NSCLC remains to be elusive.

In this study, we used data mining to determine 
differential expression of lncRNA FOXD3 anti-
sense RNA 1 (FOXD3-AS1) between normal lung 
tissues and lung cancer tissues. Further function-

al studies showed that FOXD3-AS1 promoted cell 
proliferation, growth, and invasion. In vitro and in 
vivo experiments indicated that FOXD3-AS1 ex-
erted the oncogenic actions through miR-127-3p/
mediator complex subunit 28 (MED28) axis.

Materials and Methods

Data Mining
The bioinformatics data for FOXD3-AS1 ex-

pression in lung cancer were retrieved from the 
Cancer Genome Atlas (TCGA) and the Geno-
type-Tissue Expression (GETx) database using 
the Gene Expression Profiling Interactive Analy-
sis (GEPIA; http://gepia.cancer-pku.cn/) tool. 

Clinical Samples
The study was approved by the Research Eth-

ics Committee of Hwamei Hospital and written 
informed consent was signed by all the patients. 
Total 40 NSCLC and adjacent normal tissues were 
obtained from patients who undergone surgeries 
from 2015 to 2018. No patients received chemo-
therapy or radiotherapy prior to the surgeries. All 
the samples were immediately snap-frozen in liq-
uid nitrogen and stored at −80 °C freezer until use. 

Cell Culture
Human lung carcinoma cell lines SPC-A1, 

H1299, A549, and the normal human bronchial 
epithelial cell line (NHBE) were obtained from 
the Cell Bank of Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China). 
SPC-A1 and NHBE cells were cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM; In-
vitrogen, Carlsbad, CA, USA) supplemented with 
10% (v/v) fetal bovine serum (FBS; Thermo Fisher 
Scientific, Waltham, MA, USA), penicillin (100 
UI/ml; Sigma-Aldrich, St. Louis, MO, USA) and 
streptomycin (100 µg/ml; Sigma-Aldrich, St. Lou-
is, MO, USA). H1299 and A549 cells were cultured 
in Roswell Park Memorial Institute-1640 (RPMI-
1640) medium (Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% (v/v) FBS (Thermo Fish-
er Scientific, Waltham, MA, USA), penicillin (100 
UI/ml; Sigma-Aldrich, St. Louis, MO, USA) and 
streptomycin (100 µg/ml; Sigma-Aldrich, St. Lou-
is, MO, USA). All the cell lines were incubated in a 
humidified incubator at 37°C with 5% CO2. 

Oligonucleotides and Cell Transfections
The pcDNA3.1 empty vector, FOXD3-AS1 

overexpressing vector (pcDNA3.1-FOXD3-AS1), 
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FOXD3-AS1 siRNA (si-FOXD3-AS1), scrambled 
siRNA (si-NC), miR-127-3p mimics, negative control 
(NC) for mimics (mimics NC), miR-127-3p inhibi-
tors, negative control for inhibitors (inhibitors NC), 
MED28 overexpressing vector (pcDNA3.1-MED28) 
and MED28 siRNA (si-MED28) were purchased 
from GeneChem (Shanghai, China). Cells were trans-
fected with the above oligonucleotides using Lipo-
fectamine® 2000 reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocol.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated from tissues and cells 

using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) and the concentration and quality of extracted 
RNA were assessed using a NanoDrop microvol-
ume spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). A total of 500 ng RNA was 
reversely transcribed into cDNA using The Pri-
meScript 1st strand cDNA Synthesis Kit (TaKaRa, 
Dalian, Shandong, China). Real-time PCR analysis 
and data collection were performed on an ABI 7900 
real-time PCR system (Applied Biosystems, Fos-
ter City, CA, USA) with SYBR Premix Ex Taq kit 
(TaKaRa). LncRNA and mRNA expression levels 
were normalized by glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) and miRNA expression 
level was normalized by U6. The relative expres-
sion of the examined genes was calculated by the 
comparative Ct method. The primers for qRT-PCR 
were: FOXOD3-AS1, forward, 5’-GAATAGTTG-
CCGAGAGAAA-3’, reverse, 5’-GACAGA-
CAGGGATTGGGTT-3’; MED28, forward, 
5’-TTCGAACCGGTGTTGATCAG-3’, reverse, 
5’-GCCAATGCCTCAGCTTTGTC-3; GAPDH, 
forward, 5’-AGAAGGCTGGGGCTCATTTG-3’, 
reverse, 5’-AGGGGCCATCCACAGTCTTC-3’; 
miR-127-3p, forward, 5’-GGAAGATCTG-
TAGTCCTGTCTGTTGGTCAG-3’, reverse, 
5’- CCCAAGCTTCCTGAAGAACTGCTTC-
CGCC-3’; U6, forward, 5’- GCTTCGGCAGCA-
CATATACTAAAAT-3’, reverse, 5’-CGCTTCAC-
GAATTTGCGTGTCAT-3’. 

Cell Counting Kit-8 (CCK-8) Assay
CCK-8 (Sigma-Aldrich, St. Louis, MO, USA) 

assay was used to evaluate the proliferative poten-
tial of NSCLC cells. Briefly, the transfected NS-
CLC cells were incubated for 0, 24, 48, and 72 h 
prior to add 200 μl of CCK-8 reagent to each well. 
The cells were incubated at 37°C for another 2 h. 
The optical density (OD) values were measured 
at 450 nm wavelength using a microplate reader 
(Bio-Rad, Hercules, CA, USA) to determine cell 

proliferative potential. The experiments were re-
peated for three times.

Colony Formation Assay
At 24 h after transfection, the cells were seeded 

in the 6-well plates at a density of 500 cells/well in 
triplicate. After culturing for 14 d, the cells were 
washed with phosphate-buffered saline (PBS), 
fixed with 4% paraformaldehyde (Sigma-Aldrich, 
St. Louis, MO, USA), and then stained with 0.1% 
crystal violet (Sigma-Aldrich, St. Louis, MO, 
USA). The cells were visualized under the mi-
croscope (Zeiss, Oberkochen, Germany), and the 
number of colonies was counted. 

Transwell Invasion Assay
At 24 h after transfection, the cells were tryp-

sinized and seeded in the upper chamber of the 
24-well transwell inserts (8 µm pore size; Milli-
pore, Burlington, MA, USA) coated with Matrigel 
(Sigma-Aldrich, St. Louis, MO, USA) at a density 
of 5x104 cells/well. The upper chamber was filled 
with FBS-free culture medium, and the lower 
chamber was filled with medium containing 20% 
FBS. 24 h later, the cells in the upper chamber 
were removed, and the cells that had invaded the 
membrane were fixed with 4% paraformalde-
hyde (Sigma-Aldrich, St. Louis, MO, USA) and 
stained with 0.1% crystal violet (Sigma-Aldrich, 
St. Louis, MO, USA). The cells were visualized 
and counted under the microscope (Zeiss). The 
experiments were repeated for three times.

Dual-Luciferase Reporter Assay
The fragments of FOXD3-AS1 and 3’ untrans-

lated region (3’ UTR) of MED28 containing the 
putative target sites for miR-127-3p were insert-
ed into the pmirGLO vector (Promega, Madison, 
WI, USA). The mutant ones were generated using 
a Site-directed Mutagenesis kit (Stratagene, San 
Diego, CA, USA). For the Luciferase reporter 
assay, A549 cells were co-transfected with cor-
responding reporter vectors and mimics NC, 
miR-127-3p mimics, inhibitors NC or miR-127-3p 
inhibitors. At 48 h after transfection, Dual-Lu-
ciferase reporter assay system (Promega, Madi-
son, WI, USA) was used to detect the activities 
of Renilla Luciferase and firefly Luciferase. The 
relative Luciferase activity was normalized to the 
Renilla Luciferase activity.

Western Blot
Total proteins from the tissues and cells were ex-

tracted using radioimmunoprecipitation assay buffer 
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(RIPA; Sigma-Aldrich, St. Louis, MO, USA). The 
extracted protein samples were separated by 12% so-
dium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and electro-transferred onto poly-
vinylidene difluoride membranes (PVDF; Millipore, 
Billerica, MA, USA) for immunoblotting analysis. 
The membranes were then blocked with 5% non-fat 
milk at room temperature for 1 h followed by incu-
bating with the primary antibodies against MED28 
(1:500, Abcam, Cambridge, MA, USA) and β-actin 
(1:2000, Abcam, Cambridge, MA, USA) at 4°C 
overnight. After further incubation with secondary 
antibodies conjugated with horseradish peroxidase 
(HRP; Abcam, Cambridge, MA, USA), the bands 
were detected using Immobilon enhanced chemi-
luminescence kit (ECL; Millipore, Billerica, MA, 
USA) in an iBright CL1000 Imaging System (Invit-
rogen, Carlsbad, CA, USA).

In vivo Tumor Growth 
A549 cells stably transfected with sh-FOXD3-

AS1 or the control shRNA were obtained from 
GenePharma (Shanghai, China) and were subcuta-
neously injected into the flank of the male BAL-
B/c nude mice (Zhejiang University Laboratory 
Animal Center, Hangzhou, Zhejiang, China) at 4 
weeks of age (n = 6 for each group). The tumor vol-
ume was measured every week in mice for 5 weeks 
after injection, the mice were then sacrificed, and 
the tumor tissues were isolated, weighed, and pro-
cessed for further analysis. All the animal pro-
cedures were performed in accordance with the 
Guide for the Care and Use of Laboratory Animals 
and were approved by the Animal Research Ethics 
Committee of Hwamei Hospital.

Statistical Analysis
The data are presented as the mean values ± stan-

dard deviation. Student’s t-test or one-way ANO-
VA followed by Bonferroni’s post-hoc test, were 
used to compare the differences among different 
groups, as appropriate. All statistical analyses were 
performed using GraphPad Prism 5 (GraphPad 
Software, La Jolla, CA, USA). p-values less than 
0.05 were considered statistically significant.

Results

FOXD3-AS1 Expression Was Up-Regulated 
In Lung Cancer

By using the GEPIA data mining analysis, 
FOXD3-AS1 was found to be up-regulated in 
lung cancer tissues (Figure 1A). To validate the 

finding, qRT-PCR was performed to determine 
the expression of FOXD3-AS1 in the lung cancer 
tissues and paired normal adjacent lung tissues. 
As expected, the expression level of FOXD3-AS1 
was much higher in lung cancerous tissues than 
that in normal tissues (Figure 1B). The FOXD3-
AS1 expression levels were further determined 
in the human lung carcinoma cell lines SPC-A1, 
H1299, A549, and the normal human bronchi-
al epithelial cell line. FOXD3-AS1 expression 
was significantly up-regulated in the SPC-A1, 
H1299, A549 when compared with NHBE cells 
(Figure 1C).

FOXD3-AS1 Overexpression Promoted 
Cell Proliferation, Cell growth and 
Invasion of NSCLC Cells

Overexpression of FOXD3-AS1 was achieved 
by transfection of pcDNA3.1-FOXD3-AS1, and 
FOXD3-AS1 expression in A549 and H1299 
cells was increased by around 10-fold after pcD-
NA3.1-FOXD3-AS1 transfection (Figure 2A). 
CCK-8 assay results showed that FOXD3-AS1 
promoted cell proliferation in both A549 and 
H1299 cells (Figure 2B and 2C). In addition, 
the colony formation and transwell invasion 
assays showed that FOXD3-AS1 significantly 
increased the colony number and the number of 
invaded cells when transfected with pcDNA3.1-
FOXD3-AS1 (Figure 2D and 2E). 

FOXD3-AS1 Knockdown Inhibited Cell 
Proliferation, Cell Growth and Invasion 
of NSCLC Cells

Knockdown of FOXD3-AS1 was achieved by 
transfection of si-FOXD3-AS1, and FOXD3-AS1 
expression levels in A549 and H1299 cells were 
markedly decreased after si-FOXD3-AS1 trans-
fection (Figure 3A). Similarly, CCK-8 assay re-
sults showed that silence of FOXD3-AS1 inhibited 
lung cancer cell proliferation (Figure 3B and 3C). 
Moreover, the colony formation and transwell in-
vasion assays showed that silencing FOXD3-AS1 
inhibited cell growth and invasive activities of 
A549 and H1299 cells when transfected with si-
FOXD3-AS1 (Figure 3D and 3E). 

FOXD3-AS1 Repressed the Expression of 
MiR-127-3p in NSCLC Cells

After online bioinformatics screening, miR-
127-3p was found to be the potential downstream 
target of FOXD3-AS1. To validate this, wild-type 
and mutant FOXD3-AS1 Luciferase reporter vec-
tors were constructed (Figure 4A). MiR-127-3p 
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mimics transfection increased the expression lev-
el of miR-127-3p; while miR-127-3p inhibitors de-
creased the miR-127-3p expression level in A549 
cells (Figure 4B). A549 cells were co-transfected 
with the indicated vectors and miR-127-3p mim-
ics or inhibitors, and the Luciferase activity was 
determined. As shown in Figure 4C and 4D, the 
Luciferase activity of wild type reporter vector 
was markedly inhibited by miR-127-3p mimics 
transfection while being significantly increased 
by miR-127-3p inhibitors transfection. The chang-
es of the Luciferase activity were abolished when 
transfecting with the mutant reporter vector. The 
qRT-PCR analysis was used to determine the in-
teraction between FOXD3-AS1 and miR-127-3p. 
Ectopic expression of FOXD3-AS1 decreased 
miR-127-3p expression level while silence of 
FOXD3-AS1 up-regulated miR-127-3p expression 
(Figure 4E and 4F).

MiR-127-3p Repressed the Expression 
of MED28 in NSCLC Cells

Similarly, the bioinformatics program was 
performed to explore the downstream target-
ed genes of miR-127-3p, and miR-127-3p was 
predicted to target MED28 3’UTR. Wild type 
and mutant MED28 3’UTR Luciferase report-
er vectors were constructed (Figure 5A). Af-
ter co-transfection with the indicated reporter 
vectors and miR-127-3p mimics or inhibitors, 
the Luciferase activity in A549 cells was de-
termined. The Luciferase activity of wild type 

reporter vector was markedly suppressed by 
miR-127-3p mimics transfection, whereas being 
increased significantly by miR-127-3p inhibi-
tors transfection. For the mutant one, there was 
no alteration in the Luciferase activity (Figure 
5B and 5C). Furthermore, miR-127-3p mim-
ics repressed the expression of MED28 in both 
mRNA and protein levels, while inhibition of 
miR-127-3p showed the opposite effects (Fig-
ure 5D). On the other hand, overexpression of 
FOXD3-AS1 up-regulated MED28 expression 
and knockdown of FOXD3-AS1 down-regulat-
ed MED28 expression in A549 cells (Figure 5E 
and 5F).

FOXD3-AS1 Regulated Cell Proliferation, 
Cell Growth, and Invasion Via MiR-127-
3p/MED28 Axis in NSCLC Cells

To further determine whether FOXD3-AS1 
regulated the proliferation, growth, and inva-
sion of NSCLC cells via miR-127-3p/MED28 
axis, we performed CCK-8, colony formation, 
and transwell invasion assays. Silence of MED28 
was achieved by si-MED28 transfection, which 
down-regulated the expression level of MED28 
significantly (Figure 6A). The functional results 
showed that overexpression of FOXD3-AS1 pro-
moted proliferative and invasive activities of 
A549 cells, while overexpression of miR-127-
3p or silence of MED28 substantially restored 
FOXD3-AS1-induced effects (Figure 6B-6D).

Figure 1. FOXD3-AS1 expression was up-regulated in lung cancer tissues and cell lines. A, FOXD3-AS1 expression in the 
lung cancer tissues (n = 483) and normal lung tissues (n = 347) using data mining. B, QRT-PCR determination of FOXD3-AS1 
in lung cancer tissues (n = 40) and normal adjacent lung tissues (n = 40). C, FOXD3-AS1 expression in NHBE cells and NSCLC 
cell lines (SPC-A1, H1299, and A549; n = 3). Significant differences between groups were shown as *p<0.05 and ***p<0.001.
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Figure 2. FOXD3-AS1 overexpression promoted cell proliferation, cell growth, and invasion of NSCLC cells. A, QRT-PCR determination of FOXD3-AS1 expression in A549 
and H1299 cells with pcDNA3.1 or pcDNA3.1-FOXD3-AS1 transfection (n = 3). B-C, CCK-8 assay determination of cell proliferation in A549 cells with pcDNA3.1 or pcD-
NA3.1-FOXD3-AS1 transfection (n = 3). D, Colony formation assay determination of cell growth in A549 and H1299 cells with pcDNA3.1 or pcDNA3.1-FOXD3-AS1 transfection 
(magnification 100X). E, Transwell invasion assay determination of cell invasive ability in A549 and H1299 cells with pcDNA3.1 or pcDNA3.1-FOXD3-AS1 transfection (n = 3; 
magnification 200X). Significant differences between groups were shown as *p<0.05, **p<0.01, and ***p<0.001.
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FOXD3-AS1 Knockdown Suppressed In 
Vivo Tumor Growth

The above data demonstrated that FOXD3-
AS1 had a significant effect on the proliferation 
and invasion of NSCLC cells in vitro. The effect 
of FOXD3-AS1 on lung cancer growth in vivo 
was further evaluated in the nude mice xenograft 
model. As shown in Figure 7A and 7B, silence of 
FOXD3-AS1 remarkably restrained the growth of 
the tumors with a smaller size and reduced tumor 
weight when compared with control group. Fur-
thermore, the expression levels of FOXD3-AS1, 
miR-127-3p, and MED28 were examined in the 
dissected tumor tissues. As expected, FOXD3-
AS1 and MED28 expression levels were decreased 
and miR-127-3p expression level was increased in 
the FOXD3-AS1 silence group (Figure 7C-7E).

Expression of MiR-127-3p and MED28 in 
Clinical Tissues

Finally, we examined the expression pattern of 
miR-127-3p and MED28 in the lung cancer tissues 

and found that the expression level of miR-127-
3p was lower in the cancerous tissues than that in 
the normal adjacent ones (Figure 8A); while the 
MED28 level was much higher in cancerous tis-
sues than that in normal adjacent ones (Figure 8B).

Discussion

Most patients with NSCLC are diagnosed in 
the advanced stage. The overall 5-year surviv-
al rate is <15%23. Therefore, we urgently need a 
new strategy for the early diagnosis and man-
agement of NSCLC. In the present research, the 
up-regulation of FOXD3-AS1 was detected in 
both lung cancer tissues and cell lines. In vitro 
studies showed that FOXD3-AS1 overexpression 
promoted NSCLC cell proliferation and invasion; 
while FOXD3-AS1 knockdown exerted the op-
posite effects. Of note, FOXD3-AS1 acted as a 
competing endogenous (ceRNA) for miR-127-3p 
and inversely regulated miR-127-3p expression in 

Figure 3. FOXD3-AS1 knockdown inhibited cell proliferation, cell growth, and invasion of NSCLC cells. A, QRT-PCR 
determination of FOXD3-AS1 expression in A549 and H1299 cells with si-NC or si-FOXD3-AS1 transfection (n = 3). B-C, 
CCK-8 assay determination of cell proliferation in A549 and H1299 cells with si-NC or si-FOXD3-AS1 transfection (n = 3). 
D, Colony formation assay determination of cell growth in A549 and H1299 cells with si-NC or si-FOXD3-AS1 transfection 
(magnification 100X). E, Transwell invasion assay determination of cell invasive ability in A549 and H1299 cells with si-NC 
or si-FOXD3-AS1 transfection (n = 3; magnification 200X). Significant differences between groups were shown as *p<0.05 
and **p<0.01.
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NSCLC cells. Further investigations revealed that 
FOXD3-AS1 promoted NSCLC cell proliferation 
and invasion via targeting miR-127-3p/MED28 
axis. Further analysis of miR-127-3p and MED28 
in the clinical samples showed the downregula-
tion of miR-127-3p and upregulation of MED28 in 
lung cancer tissues. Collectively, these data may 
imply the oncogenic actions of FOXD3-AS1 in 
NSCLC progression. 

As far as we know, the role of FOXD3-AS1 in 
the development of malignant tumors has been 
deciphered by several lines of evidence. FOXD3-

AS1 was found to be up-regulated in malignant 
glioma tissues and predicted poor prognosis of 
patients with glioma, and inhibition of FOXD3-
AS1 suppressed the proliferation, migration, and 
invasion of glioma cells19. FOXD3-AS1 served as 
an important prognostic marker for colorectal can-
cer24, and FOXD3-AS1 promoted colon adenocar-
cinoma progression via regulating miR-153a-5p/
SRIT1 axis25. Up-regulation of FOXD3-AS1 was 
also detected in breast cancer and predicted worse 
clinical outcomes of breast cancer patients; knock-
down of FOXD3-AS1 suppressed breast cancer 

Figure 4. FOXD3-AS1 repressed the expression of miR-127-3p in NSCLC cells. A, Predicted binding sites between FOXD3-
AS1 fragments and miR-127-3p. WT = wild type; MUT = mutated. B, QRT-PCR determination of miR-127-3p expression in 
A549 cells with mimics NC, miR mimics, inhibitors NC or miR inhibitors transfection (n = 3). C-D, Dual-Luciferase reporter 
assay analysis of relative Luciferase activity of reporter vector containing wild type or mutated FOXD3-AS1 fragment in A549 
cells with mimics NC, miR mimics, inhibitors NC or miR inhibitors transfection (n = 3). E, QRT-PCR determination of miR-
127-3p expression in A549 cells with pcDNA3.1 or pcDNA3.1-FOXD3-AS1 transfection (n = 3). F, QRT-PCR determination of 
miR-127-3p expression in A549 cells with si-NC or si-FOXD3-AS1 transfection (n = 3). Significant differences between groups 
were shown as *p<0.05, **p<0.01, and ***p<0.001.
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Figure 5. MiR-127-3p repressed the expression of MED28 in NSCLC cells. A, Predicted binding sites between MED28 
3’UTR and miR-127-3p. WT = wild type; MUT = mutated. B-C, Dual-Luciferase reporter assay analysis of relative Luciferase 
activity of reporter vector containing wild type or mutated MED28 3’UTR in A549 cells with mimics NC, miR mimics, in-
hibitors NC or miR inhibitors transfection (n = 3). D, qRT-PCR and Western blot analysis of MED28 expression in A549 cells 
with mimics NC, miR mimics, inhibitors NC or miR inhibitors transfection (n = 3). E, QRT-PCR and Western blot analysis 
of MED28 expression in A549 cells with pcDNA3.1 or pcDNA3.1-MED28 transfection (n = 3). F, QRT-PCR and Western blot 
analysis of MED28 expression in A549 cells with si-NC or si-FOXD3-AS1 transfection (n = 3). Significant differences between 
groups were shown as *p<0.05, **p<0.01, and ***p<0.001.
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Figure 6. FOXD3-AS1 regulated cell proliferation, cell growth, and invasion via miR-127-3p/MED28 axis in NSCLC cells. 
A, QRT-PCR and western blot analysis of MED28 expression in A549 cells with si-NC or si-MED28 transfection (n = 3). B, 
CCK-8 analysis of cell proliferative ability in A549 cells with different oligonucleotides transfection (n = 3). C, Colony forma-
tion analysis of cell growth in A549 cells with different oligonucleotides transfection (n = 3). D, Transwell cell invasion analy-
sis of cell invasive ability in A549 and H1299 cells with different oligonucleotides transfection (n = 3). Significant differences 
between groups were shown as *p<0.05, **p<0.01, and ***p<0.001.
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cell proliferation, migration, and invasion26. Con-
versely, FOXD3-AS1 was down-regulated in neu-
roblastoma cells and suppressed neuroblastoma 
progression via suppressing Poly [ADP-ribose] 
polymerase 1-mediated CCCTC-binding factor 
activation22. This discrepancy for the differential 
actions of FOXD3-AS1 may be due to different 
cancer types. In the present study, FOXD3-AS1 
was up-regulated in both NSCLC tissues and cell 
lines, and FOXD3-AS1 overexpression promoted 
NSCLC cell progression and vice versa, indicating 
that FOXD3-AS1 acted as an oncogene in NSCLC. 

One of the well-explored mechanisms for ln-
cRNAs-mediated cancer progression is acting 
as a ceRNA to repress miRNAs expression27. 
In NSCLC, various lncRNAs have been found 
to behave in this way. In particular, lncRNA 
MIR31HG promoted cell migration and invasion 
by acting as a ceRNA for miR-214 in NSCLC28. 
Li et al29 showed that lncRNA X inactive spe-
cific transcript sponged miR-367/141 to promote 
epithelial-mesenchymal transition induced by 
transforming growth factor beta (TGF-β) in NS-
CLC. In addition, lncRNA small nucleolar RNA 
host gene 1 up-regulated metadherin via spong-
ing miR-145-5p to promote NSCLC progres-
sion30. In the present research, FOXD3-AS1 was 
predicted to interact with miR-127-3p, which 

was confirmed by the Luciferase reporter assay. 
Moreover, miR-127-3p was negatively regulat-
ed by FOXD3-AS1 in NSCLC cells. The role of 
miR-127-3p has been deciphered in several types 
of cancers. MiR-127-3p was found to inhibit 
glioblastoma proliferation and activated TGF-β 
signaling via targeting SKI31. MiR-127-3p also 
suppressed osteosarcoma cell proliferation and 
invasion via targeting lysine methyltransferase 
and integrin subunit alpha 632,33. In addition, 
miR-127-3p exerted tumor suppressive effects 
via regulating bcl-2 associated athanogene 5 
gene in epithelial ovarian cancer34. Consistently, 
our data showed that miR-127-3p overexpression 
attenuated the enhanced effects of FOXD3-AS1 
overexpression on NSCLC cell proliferation and 
invasion. In vivo studies showed that FOXD3-
AS1 overexpression suppressed miR-127-3p 
expression in xenograft tumors. Moreover, 
the miR-127-3p expression was found to be 
down-regulated in the NSCLC tissues. Collec-
tively, these results may indicate that FOXD3-
AS1 functioned as an oncogene in NSCLC via 
acting as a ceRNA for miR-127-3p. Further ex-
ploration into the novel downstream targets of 
miR-127-3p revealed MED28 was a potential 
target of miR-127-3p, which was confirmed by 
the Luciferase reporter assay. MED28 promoted 

Figure 7. FOXD3-AS1 knockdown suppressed in vivo tumor growth. A, In vivo tumor growth of A549 cells with sh-NC or 
sh-FOXD3-AS1 transfection in a xenograft nude mice model (n = 6). B, Tumor weight from a xenograft nude model in sh-NC 
and sh-FOXD3-AS1 groups (n = 6). C-D, and E, QRT-PCR determination of FOXD3-AS1, miR-127-3p, and MED28 expres-
sion in the dissected tumor tissues. Significant differences between groups were shown as *p<0.05.
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cell migration and epithelial-mesenchymal tran-
sition via regulating matrix metalloproteinase-2 
(MMP2) expression in breast cancer cells35-37. In 
lung cancer, MED28 overexpression up-regulat-
ed MMP2 expression, which subsequently led 
to the enhanced migration and invasion of NS-
CLC cells38. In our investigations, MED28 was 
inversely regulated by miR-127-3p while being 
positively regulated by FOXD3-AS1. Notably, 
the knockdown of MED28 partially reversed 
the oncogenic effects of FOXD3-AS1 in NSCLC 
cells, and MED28 was up-regulated in xenograft 
tumors with FOXD3-AS1 up-regulation and in 
lung cancer tissues. All in all, the results may 
imply that FOXD3-AS1 promoted NSCLC pro-

gression likely via regulating the miR-127-3p/
MED28 axis. 

Conclusions

For the first time we determined the role of the 
lncRNA FOXD3AS1 in NSCLC by performing dif-
ferent functional analysis. The effects of lncRNA 
FOXD3-AS1 on NSCLC progression could be res-
cued by miR-127-3p overexpression and MED28 
knockdown. Our findings provided new evidence 
that the FOXD3-AS1 regulated NSCLC progression 
via targeting miR-127-3p/MED28 axis, and further 
studies warranted to decipher the detailed mecha-
nisms of FOXD3-AS1 in NSCLC progression.
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