ONCOLOGY LETTERS 20: 306, 2020

miR-421 promotes the viability of A549 lung cancer cells by
targeting forkhead box O1
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Abstract. MicroRNA (miR)-421 has been reported to serve
various important roles in numerous types of cancer, including
neuroblastoma and gastric cancer. However, to the best of our
knowledge, few reports have determined the role of miR-421
in lung cancer. The aim of the current study was to analyze
the expression levels of miR-421 in A549 lung cancer cells, to
determine the target gene of miR-421, and to investigate the
function and mechanism of miR-421 in cellular cytotoxicity.
miR-421 expression levels were analyzed in A549 lung cancer
cells using reverse transcription-quantitative PCR,aMTT assay
was performed to determine the effect of miR-421 on A549 cell
cytotoxicity and the protein expression levels of forkhead box
01 (FOXOL1) were determined via western blotting. The target
gene of miR-421 was predicted and verified using TargetScan
and a dual-luciferase reporter assay, respectively. The results
revealed that miR-421 expression levels were significantly
upregulated in A549 lung cancer cell lines compared with
the normal cells (P<0.01). Additionally, it was discovered that
miR-421 promoted A549 cell viability (P<0.01) compared
with A549 transfected with negative control. miR-421 was
also identified to bind to the 3'-untranslated region of FOXOI.
In A549 cells transfected with miR-421-mimics, the expres-
sion levels of phosphorylated (p)-AKT, p-glycogen synthase
kinase-3p, p-retinoblastoma and cyclin D1 were significantly
upregulated (P<0.01), whereas the expression levels of FOXO1
and p21 were significantly downregulated (P<0.01) compared
with the control group. In conclusion, the results of the present
study suggested that miR-421 may promote the viability of
A549 lung cancer cells by targeting FOXO1 and modulating
cell cycle, indicating that targeting miR-421 and FOXO1 may
represent future therapeutic strategies for the treatment of
patients with lung cancer.
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Introduction

Lung cancer is the leading cause of cancer-associated mortality
worldwide (1), accounting for more deaths than breast, prostate
and colon cancer combined (2-4). Although numerous studies
have investigated the role of microRNAs (miRNAs/miRs) in
patients with lung cancer, there has been relatively little prog-
ress in developing novel therapeutic strategies (5-8).

miRNAs are 20-22 nucleotides in length and serve as
negative regulators of gene expression by binding to the
complementary 3'-untranslated regions (UTRs) of their target
genes (9). Previous studies have revealed that miRNAs partici-
pate in specific biological processes, including the cell cycle,
aging and death (10,11), and serve as hallmarks of several
pathological conditions, including neoplasms (12,13). It has
been hypothesized that miRNAs may serve critical roles in
the progression of cancer, cancer metastasis, angiogenesis (14)
and drug resistance (15).

Numerous studies have revealed that miR-421 may be
associated with several types of cancer, including neuroblas-
toma (16) and gastric cancer (17,18). It has been revealed that
miR-421 enhanced the proliferation and metastasis of gastric
cancer cells by targeting claudin-11 (19). In addition, miR-421
induced cisplatin resistance by targeting E-cadherin and
caspase-3 (20), and miR-421 promoted breast cancer progres-
sion by inhibiting caspase-10 (21). In lung cancer, miRNA
sequencing revealed that the expression levels of various
miRNAs were aberrantly upregulated, including miR-421 (22);
however, the effect and mechanism of miR-421 in lung cancer
cells remains unclear.

Several signaling pathways have important roles in cancer;
for example, the AKT/glycogen synthase kinase (GSK)-3f3
pathway was discovered to regulate tumor cell proliferation
and apoptosis (23). Upon activation of this pathway, various
downstream molecules associated with the cell cycle, including
forkhead box O1 (FOXO1), p21, retinoblastoma (Rb) and cyclin
D, are regulated, resulting in cell proliferation (24,25). As a
member of the FOX family, FOXOLI is a transcription factor
that has been reported to serve a role in apoptosis and cancer
development (26). FOXO1 has also been suggested to serve
important roles in cell cycle regulation, apoptosis, prolifera-
tion and immune responses in various types of cancer (27).

The current study aimed to determine whether miR-421
modulated the viability of lung cancer cells by targeting
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FOXOI and various other downstream molecules. The expres-
sion levels of miR-421 were analyzed in seven different lung
cancer cell lines, the target gene of miR-421 was identified
and verified, and the effect of miR-421 on the viability of lung
cancer cells was determined. In addition, the potential mecha-
nisms of action were investigated. The results of the current
study may provide novel insights into the role of miR-421 in
lung cancer and its possible molecular mechanisms.

Materials and methods

Cell lines and reagents. Seven lung cancer cell lines (A549;
hLAMP,cat.no. XY-XB-2164; Calu-3; NCI-H1975; NCI-H1299;
NCI-H1650; and NCI-H460) and human bronchial epithelial
cell line (BEAS-2B) were purchased from Shanghai Oulu
Biological Technology Co., Ltd. Moloney murine leukemia
virus reverse transcriptase (MMLV-RT) was obtained from
Toyobo Life Science. Anti-FOXOI (cat. no. ab52874) was
purchased from Abcam. The following primary antibodies
were purchased from Santa Cruz Biotechnology, Inc.:
anti-p21 (cat. no. sc-6246), anti-phosphorylated (p)-AKT (cat.
no. sc-81433), anti-p-GSK-3p (cat. no. sc-81496), anti-p-Rb
(cat. no. sc-377528), anti-cyclin DI (cat. no. sc-8396), anti-Rb
(cat. no. sc-102), anti-AKT (cat. no. sc-81434), anti-GSK3f
(cat. no. sc-81462) and anti-B-actin (cat. no. sc-81178). The
horseradish peroxidase (HRP)-conjugated rabbit anti-mouse
antibody (cat. no sc-358914) was also purchased from Santa Cruz
Biotechnology, Inc. LightSwitch™ luciferase assay reagents
were obtained from Promega Corporation. miR-421-mimics,
miR-421-inhibitors and their negative controls (NCs) were
purchased from Guangzhou RiboBio Co., Ltd.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from A549, hLAMP, Calu-3, NCI-H1975,
NCI-H1299, NCI-H1650, NCI-H460 and BEAS-2B cells
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). Total RNA was reverse transcribed into cDNA using
MMLV-RT at 42°C for 50 min. qPCR was subsequently
performed to detect the expression levels of miR-421 and
SYBR Green I was provided by Thermo Fisher Scientific, Inc.
[Mo, 2014 #10303]. Each PCR cycle involved denaturation
(95°C, 30 sec), annealing (60°C, 30 sec) and extension (72°C,
30 sec) for 40 cycles. The specific primers for miR-421 and
small nuclear RNA U6 were designed by Guangzhou RiboBio
Co. Ltd. as follows: miR-421, forward 5-GGCCGCGATCAA
CAGACAT-3, reverse 5-CCAGTGCAGGGTCCGAGGTA-3
and small nuclear RNA U6, forward 5"TGGCACCCAGCA
CAATGAA-3' and reverse 5'-CTAAGTCATAGTCCGCCT
AGAAGCA-3'". Expression levels were quantified using the
2-44¢ method (28). Small nuclear RNA U6 was used as the
loading control and for normalization.

Bioinformatics analysis. The target gene of miR-421 was
predicted using TargetScan 7.2 software (http:/www.
targetscan.org/vert_72; Whitehead Institute for Biomedical
Research).

Cell transfection. A549 cells (3x10°) were transfected with
100 nmol miR-421-mimics, miR-421-inhibitors or their NCs
(Guangzhou RiboBio Co., Ltd.) using Lipofectamine® 2000

(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. After 48 h, transfected cells were
subsequently used for the MTT assay and western blotting.

Luciferase reporter assay. The miR-421-mimics-NC,
miR-421-mimics, miR-421-mutant (mut, synthesized by
Guangzhou RiboBio Co., Ltd) or miR-421-inhibitor were
co-transfected at 37°C using Lipofectamine 2000 into
5x1035 A549 cells with the FOXOI1-3'-UTR (inserted into
the pGL3-control luciferase reporter plasmid; Promega
Corporation) for 24 h. Luciferase assays were performed using
the LightSwitch™ reagents according to the manufacturer's
protocol. The relative firefly and Renilla luciferase activities
were determined using a luminometer (Promega Corporation).
The relative luciferase activity was calculated as relative
light units (Renilla luciferase/firefly luciferase) to determine
whether FOXO1 was a target gene of miR-421.

MTT assay. Following transfection, A549 cells (1x10%) were
cultured at 37°C in 96-well plates. After 1,2, 3,4 and 5 days of
incubation,an MTT assay was performed to detect the viability
of A549 cells as described by van Tonder ef al (29). Briefly,
following the incubation, 20 ul MTT solution (5 mg/ml) was
added to each well and incubated at 37°C for 4 h. The medium
was subsequently aspirated and 150 1 DMSO was added to
each well. The plates were placed on a shaker for 10 min and
the absorbance was then determined at 570 nm using a refer-
ence wavelength of 630 nm on a microplate reader (Thermo
Fisher Scientific, Inc.).

Colony formation assay. A549 cells transfected with
miR-421-mimics or miR-421 mimics-NC were digested into
single cells using 0.25% trypsin and plated at a density of
200 cells/well into 6-well-culture plates, which were incu-
bated with 5% CO, at 37°C for 7-14 days. When a colony
was observed, the supernatant was discarded and the cell
culture was terminated. Subsequently, samples were washed
three times with PBS and fixed with 1 ml 4% methanol for
10 min at room temperature. The colonies were subsequently
stained with 0.1% hematin for 10 min at room tempera-
ture and washed with distilled water. Colonies including
>50 cells were counted under a microscope (IX71; Olympus
Corporation).

Western blotting. The expression levels of FOXO1, AKT,
p-AKT, GSK-3p, p-GSK-3p, p21, Rb, p-Rb and cyclin DI
in transfected cells were analyzed using western blotting.
Briefly, total protein was extracted from cells using RIPA
lysis buffer (Sigma-Aldrich; Merck KGaA). Total protein was
quantified using a bicinchoninic acid protein assay kit and
20 ug protein/lane was separated via 12% SDS-PAGE. The
separated proteins were subsequently transferred onto PVDF
membranes and blocked with 5% skimmed milk at room
temperature for 2 h. The membranes were then incubated with
the primary antibodies (1:3,000) at 4°C overnight. Following
the primary antibody incubation, the membranes were incu-
bated with the HRP-conjugated secondary antibody (1:6,000)
at room temperature for 2 h. Protein expression was quantita-
tively assessed using a HRP-ECL scanner (Lenovo, Beijing,
People's Republic of China).
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Table I. MicroRNA-421 expression levels in lung cancer cell
lines, as determined using reverse transcription-quantitative
PCR.

Cell line 248 yalue
BEAS-2B 1.00+£0.00

A549 11.19+0.85*
hLAMP 15.38+1.24*
Calu-3 6.12 £0.86*
NCI-H1975 5.57+0.12*
NCI-H1299 8.05+1.07*
NCI-H1650 16.41£2.97*
NCI-H460 15.44+0.94*

Data are presented as the mean + SD. “P<0.01 vs. BEAS-2B.

Table II. Verification of the miR-421 target gene FOXO1 using
a luciferase reporter assay.

Group RLuc/FLuc
A549-miR-421-mimics-negative control 1.00£0.00
A549-miR-421-mimics 0.43+0.03
A549- miR-421-inhibitor 401+0.07*
A549-miR-421-mutant 1.08+0.01
Data are presented as the mean =+ SD. *P<0.01 vs.

A549-miR-421-mimics-NC. FOXO1, forkhead box Ol;
microRNA; RLuc/FLuc, Renilla luciferase/firefly luciferase.

miR,

Statistical analysis. Statistical analysis was performed using
SPSS 15.0 software (SPSS Inc.). Three independent experi-
ments were performed and data were presented as the means +
SD. An unpaired Student's t-test was used to determine the
statistical differences between two groups, whereas a one-way
ANOVA followed by Tukey's post hoc test was performed to
determine statistical differences between >2 groups. P<0.05
was considered to indicate a statistically significant difference.

Results

miR-421 expression levels are upregulated in lung cancer cell
lines. Compared with the control cell line BEAS-2B, miR-421
expression levels were significantly upregulated in the lung
cancer cell lines (P<0.01), particularly in A549 (11.19+0.85),
hLAMP (15.38+1.24),NCI-H1650 (16.41+2.97) and NCI-H460
(15.44+0.94) cells (Table I). Among the aforementioned lung
cancer cell lines, miR-421 expression levels in the A549 cells
were neither the highest nor the lowest. For this reason, A549
cells were selected for further experimentation.

FOXOIl is a target gene of miR-421. The results of the
bioinformatics analysis using TargetScan revealed a comple-
mentary binding site between miR-421 and the 3'-UTR of
FOXO1 (Fig. 1). Thus, to verify the interaction between

FOXOI1-3UTR 5 2ss CAUUUUGGGGCAGUCCAAGACAU 2075 3’
[
3FACGUACUGCCGGACGUUCUGU ¥

FACGUACUGCCGGACGUCAGGU 5

miR-421
miR-42 [-mut

Figure 1. Predicted binding site between miR-421 and the 3'-UTR of FOXOL.
Red indicates the mutated sequence of FOXO1 and blue indicates the com-
plementary binding sequence of FOXO!1 and miR-421. UTR, untranslated
region; mut, mutant; FOXO1, forkhead box O1; miR, microRNA.

FOXO1 and miR-421, a luciferase assay was performed.
Compared with the A549-miR-421-mimics-NC group, in the
A549-miR-421-mimics group, the relative luciferase activity
of the FOXOI 3'-UTR was significantly decreased (1.00+0.00
vs. 0.43+0.03; P<0.01; Fig. 2; Table II). Post-transfection
with miR-421-mut, the relative luciferase activity of the
FOXOL1 3'-UTR remained at similar levels compared with the
A549-miR-421-mimics-NC group (1.08+0.01 vs. 1.00+0.00;
P=0.71). Meanwhile, in the A549-miR-421-inhibitor
group, the relative luciferase activity of the FOXOI1
3'-UTR were significantly increased compared with in the
A549-miR-421-mimics-NC group (4.01+0.07 vs. 1.00+0.00;
P<0.01). Thus, the results of the TargetScan analysis and lucif-
erase reporter assay indicated that FOXO1 may be a target
gene of miR-421.

miR-421 increases A549 cell viability. To determine whether
transfection with the miR-421-mimics and inhibitor was
successful, RT-qPCR was performed. In cells transfected with the
miR-421-mimics, the expression levels of miR-421 were signifi-
cantly upregulated compared withthe A549-miR-421-mimics-NC
group (13.37+1.21 vs. 1.00+0.00; P<0.05; Fig. 3). Conversely, in
cells transfected with the miR-421-inhibitor, the expression levels
of miR-421 were significantly downregulated compared with the
A549-miR-421-inhibitors-NC group (0.26+0.05 vs. 1.03+0.03;
P<0.05; Fig. 3)

The viability of the A549-miR-421-mimics group was signif-
icantly increased compared with in the miR-421-mimics-NC
group [optical density (OD)s; 5.72+0.02 vs. 2.97+0.04;
P<0.01]; Table III at 72 h post-transfection. By contrast, in the
A549-miR-421-inhibitor group, cell viability was significantly
decreased compared with in the A549-miR-421 inhibitor NC
group (ODs;, 1.64+0.01 vs. 3.02+0.04; P<0.01) at 72 h.

Following transfection of A549 cells with the
miR-421-mimics, the number of colonies formed was
significantly increased compared with in the A549-miR-421-
mimics-NC group (113.96+7.22 vs. 44.07+5.10; P<0.01; Fig. 4).

miR-421 downregulates FOXOI expression levels. To inves-
tigate whether miR-421 affected the expression levels of
FOXO1, western blotting was performed. Compared with in
the A549-miR-421-mimics-NC group, the expression levels of
FOXOL1 and p21 were downregulated, whereas the expression
levels of p-AKT, p-GSK-3p, p-Rb and cyclin D1 were upregu-
lated in the A549-miR-421-mimics group (P<0.05 Fig. 5).
Compared with the A549-miR-421-inhibitor-NC group,
the expression levels of FOXOI1 and p21 were upregulated,
whereas the expression levels of p-AKT, p-GSK-3p, p-Rb and
cyclin D1 were downregulated in the A549-miR-421-mimics
group (P<0.05 Fig. 5). These results indicated that miR-421
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Table III. A549 cell viability following transfection with miR-421-mimics or miR-421-inhibitor.

A549-miR-421-mimics-

A549-miR-421-

A549-miR-421- A549-miR-421-

Time, day NC, ODy4,, mimics, ODs;, inhibitor-NC, ODs,, inhibitor, ODs;,
0 0.02+0.000 0.03+£0.00 0.01+£0.00 0.03+£0.00

1 1.39+0.004 1.57+0.01* 1.67+0.01 1.11£0.01°

2 2.54+0.010 3.94+0.04* 2.09+0.01 1.31£0.01°

3 2.97+0.040 5.72+0.02* 3.02+0.04 1.64+0.01°

4 5.70+0.030 10.81+£0.01* 5.94+0.15 1.99+0.01°

5 8.10+0.030 17.79+0.01* 8.06+0.04 4.98+0.02°

P<0.01 vs. A549-miR-421-mimics-NC; °P<0.01 vs. miR-inhibitor-NC. miR, microRNA; NC, negative control; OD, optical density.

%

1 #
. . ]

A549-miR-421-
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Relative luciferase activity of FOXO1 3'UTR

A549-miR-421-

A549-miR-421-
mimics-inhibitor

A549-miR-421-
mimics-mut

Figure 2. Verification of the miR-421 target gene FOXO1 using aluciferase reporter assay. Relative luciferase activity of the 3'-UTR of FOXO1 in A549 cells transfected
with miR-421-mimics was decreased compared with the miR-421-mut and A549-miR-421-mimics-NC-transfected cells. “P<0.01 vs. A549-miR-421-mimics-NC.
"P<0.01 vs. A549-miR-421-mut. FOXO1, forkhead box O1; miR, microRNA; UTR, untranslated region; mut, mutant; NC, negative control.
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Expression of miR-421
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A549-miR421- A549-miR-421- A549-miR-421- A549-miR-421-
mimics-NC mimics inhibitor-NC inhibitor

Figure 3. miR-421 expression levels in A549 cells transfected with miR-421
mimics and inhibitor. Following the transfection of A549 cells with
miR-421-mimics,the expression levels of miR-421 were upregulated compared
with in the A549-miR-421-mimics-NC group. Following the transfection of
A549 cells with a miR-421-inhibitor, the expression levels of miR-421 were
downregulated compared with in the A549-miR-421-inhibitor-NC group. The
results were determined using reverse transcription-quantitative PCR. "P<0.05
vs. A549-miR-421-mimics-NC. P<0.05 vs. A549-miR-421-inhibitor-NC.
miR, microRNA; NC, negative control.

may downregulate the expression levels of FOXO1 and p21,
and upregulate p-AKT, p-GSK-38, p-Rb and cyclin DI expres-
sion levels in A549 cells.

Discussion

The present study demonstrated that miR-421 miR-421
promoted the viability of A549 lung cancer cells by targeting
FOXOL. Previous studies reported that miR-421 is upregu-
lated in neuroblastoma (16), gastric cancer (17,18) and lung
adenocarcinoma (22). The results from RT-qPCR analysis also
revealed that the expression levels of miR-421 were significantly
upregulated in the lung cancer cell lines, which is consistent
with the results of above studies. In particular, in A549 cells,
miR-421 expression levels were ~11-fold higher compared with
in the control cell line BEAS-2B. Among the seven lung cancer
cell lines analyzed, miR-421 expression levels in A549 cells
were neither the highest nor the lowest; therefore, A549 cells
were selected for further analysis. However, the role of mir-421
in lung cancer cell lines in not clear. In neuroblastoma, miR-421
substantially enhance cell proliferation, cell-cycle progres-
sion, migration and invasion of neuroblastoma cells through
upregulation of P18 and P21 (16). Furthermore, miR-421 level is
correlated with lymph node metastasis and prognosis of gastric
carcinoma (17). miR-421 may therefore serve important roles in
lung cancer cells by similar mechanisms.

Firstly, we studied the target gene of miR-421. TargetScan
is a commonly used software for the prediction of miRNA
target genes (30). The results of the present study revealed that
FOXOI1 may be a target gene of miR-421. Luciferase reporter
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Figure 4. Colony formation rate of A549 cells transfected with the miR-421-mimic. Following the transfection of A549 cells with the miR-421-mimics, the
number of colonies formed was increased compared with in the A549-miR-421-mimics-NC group. “P<0.01 vs. A549-miR-421-mimics-NC. miR, microRNA;

NC, negative control.

SoTI- [ ZH-{1W-64SV

ON-SOIW- ¢y-Ylw-6vsv
DNHIONQUUI- [ ZH-JIW-65SV
Tonquyui-1ZH-Jru-6<

2 - - .-
pRb (W . Q P
.2
» NS
- 23
=%
T B
g2
ar SN S :
_ 21
5, 2
)
: © &

B A549-miR-421-mimics-NC
f | mAs49-miR-421-mimics
| 0A549-miR-42 L-inhibitor-NC
OA549-miR-421-inhibitor

g i K
d h j 1

e

o L S R

¢ & ; &

S < S
% ~ X
= &
N

Figure 5. Western blot analysis of protein expression levels involved in the AKT/GSK-33 pathway. In A549 cells transfected with the miR-421-mimics, the
expression levels of FOXOI and p21 were downregulated, whereas the expression levels of cyclin D1 and the ratios p-AKT/AKT, p-GSK-33/GSK-3 and
p-Rb/Rb were increased. For a, c, e, g, I and k:, P<0.05 vs. A549-miR-421-mimics-NC. For b, d, f, h, j and : P<0.05 vs. A549-miR-421-inhibitor-NC. miR,
microRNA; NC, negative control; FOXOL, forkhead box Ol; p-, phosphorylated; GSK-3f3, glycogen synthase kinase 3f3; Rb, retinoblastoma.

assays are commonly performed to verify the results of
TargetScan (31). In the present study, the results demonstrated
that miR-421 bound to the 3'-UTR of FOXO1 and inhibited the
expression of the reporter gene. Therefore, these findings indi-
cated that FOXO1 may be a target gene of miR-421. The effect
of miR-421 and its target gene, FOXO1, were further analyzed
using A549 cells. Then, an MTT assay was subsequently
performed to determine the effects of miR-421 on the viability
of A549 cells. Post-transfection with the miR-421-mimics, the
OD values across 5 days were increased compared with in
the A549-miR-421-mimics-NC group. Finally, we studied the
molecular mechanisms of miR-421 on the viability of A549
cells. The effect may be associated with the downregulated
expression levels of FOXOLl. In addition, p21, GSK-3f, p-Rb
and cyclin D1 expression levels in A549 cells transfected with

miR-421-mimics were determined. The results revealed that the
expression levels of FOXO1 and p21 were significantly down-
regulated, whereas the expression levels of p-AKT, p-GSK-3,
p-Rb and cyclin D1 were significantly upregulated by the
miR-421 mimic. These proteins are downstream molecules of
FOXOL1 (23). The results from the present study indicated that
AKT/GSK-3p pathway was activated, resulting in the change
of p-AKT, p-GSK-3p, p-Rb and cyclin DI protein expression.
These proteins are strongly associated with cell cycle progres-
sion and apoptosis (32-34). Furthermore, the A549 cell cycle
transitioned from G; to S phase, which stimulates proliferation
and inhibits apoptosis (35).

In conclusion, the current study provided novel evidence
to suggest that upregulated expression levels of miR-421 may
significantly suppress FOXO1 expression, resulting in the
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enhanced viability of A549 cells in vitro. The regulation of
miR-421 via FOXO1 may provide novel insight into the patho-
physiology of lung cancer and a potential therapeutic target for
the treatment of patients with lung cancer.
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