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MicroRNA-92a promotes non-small cell lung cancer cell
growth by targeting tumor suppressor gene FBXW7
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Abstract. MicroRNA (miRNA/miR)-92a has been identified
as being significantly downregulated in non-small cell lung
cancer (NSCLC) tissues using a miRNA array. However, its
biological function and molecular mechanisms in NSCLC have
not been fully elucidated. The aim of the present study was
to determine the role of miR-92a in NSCLC and the mecha-
nisms by which it affects NSCLC cells. The expression levels
of miR-92a in NSCLC tissues and cell lines were analyzed
using reverse transcription-quantitative PCR. Cell viability
and cell apoptosis were determined using an MTT assay and
flow cytometry, respectively. It was observed that miR-92a
was significantly upregulated in NSCLC tissues and cell lines.
Inhibition of miR-92a significantly suppressed viability of
NSCLC cells, with concomitant downregulation of key prolif-
erative genes, such as proliferating cell nuclear antigen and
Ki-67. miR-92a downregulation induced apoptosis of NSCLC
cells, as evidenced by flow cytometry and apoptosis-related
protein detection. Luciferase assays confirmed that miR-92a
could directly bind to the 3'-untranslated region of tumor
suppressor F-box/WD repeat-containing protein 7 (FBXW7)
and suppress its translation. Furthermore, small interfering
RNA-mediated FBXW?7 inhibition partially attenuated the
tumor suppressive effect of an miR-92a inhibitor on NSCLC
cells. Collectively, these findings demonstrated that miR-92a
might function as an oncogene in NSCLC by regulating
FBXW?7. In conclusion, miR-92a could serve as a potential
therapeutic target in NSCLC treatment.

Introduction

Lung cancer is one of the leading causes of cancer-related
mortality in China (1). Among the two major lung cancer
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subtypes, non-small-cell lung cancer (NSCLC) accounts for
>80% of all lung cancer cases (2). Over the past several years,
surgical resection has remained the main choice of treatment
for patients with NSCLC, but the survival rate of these patients
remains <18% due to rapid tumor metastasis (3,4). Therefore,
there is a pressing need to identify new highly sensitive
biomarkers and targets for therapeutic intervention to aid in
the diagnosis of NSCLC and improve patient outcomes.

MicroRNAs (miRNAs/miRs) are single-stranded
non-coding RNAs that negatively regulate gene expression
by binding to the 3'-untranslated region (UTR) of their
target gene mRNAs at the post-transcriptional level (5).
Previous studies have revealed that miRNAs are crucial for
various biological and pathological processes, and aberrant
expression or function of miRNAs are commonly observed
in various types of cancer, including NSCLC (6-8). It has
been shown that the overexpression of miR-30e could inhibit
cell viability and invasion by targeting SRY-box transcrip-
tion factor 9 in NSCLC cells (9). Liu et al (10) also revealed
that miR-661 promoted NSCLC viability, migration and
metastasis by targeting retinoblastoma 1. However, the
role of miRNAs in NSCLC and the molecular mechanisms
by which they affect this type of cancer remain largely
unknown.

miR-92a, a putative oncogene, is frequently upregulated
in numerous types of human cancer (11). For example,
Yu et al (12) demonstrated that upregulation of miR-92a
promoted the viability, migration and invasion of osteosarcoma
cells. Shigoka et al (13) reported that miR-92a was upregulated
in hepatocellular carcinoma (HCC) and overexpression of
miR-92a enhanced HCC cell viability. A recent study also
confirmed the oncogenic role of miR-92a in colorectal cancer
(CRC), and revealed its pro-proliferative and anti-apoptotic
functions in CRC cells (14). Jiang et al (15) demonstrated that
overexpression of miR-92a promoted osteosarcoma tumor
growth in vivo. In a previous study, miR-92a was more highly
expressed in NSCLC tumor tissues than in adjacent tissue
samples and plasma from healthy donors (16). However, the
mechanisms by which miR-92a affects NSCLC tumorigenesis
remains unclear. Therefore, the aim of the present study
was to examine the potential molecular mechanisms by
which miR-92a affects the pathogenesis of NSCLC cells by
examining miR-92a expression in NSCLC tissues and cell
lines. The regulatory role of miR-92a in NSCLC cell viability
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and apoptosis, and the relevant mechanisms by which it affects
NSCLC cells, were also investigated.

Materials and methods

Patients and sample collection. The present study was
approved by the Research Ethics Committee of Shanghai
Ninth People's Hospital, Shanghai JiaoTong University School
of Medicine (Shanghai, China). All patients provided written,
informed consent. Paired NSCLC tissues and adjacent normal
tissues were obtained from 15 patients (9 men, 6 women; age,
60.3+8.5 years) during surgery between January and June
2018. None of the patients with NSCLC received treatment
before surgery. In addition, SCLC tissues and adjacent normal
tissue were collected from 15 patients (8 men, 7 women,;
age, 62.1+9.2 years) before chemotherapy between August
and November 2019. All samples were collected at the
Department of Thoracic Surgery, Shanghai Ninth People's
Hospital, Shanghai JiacTong University School of Medicine,
and both tumor and adjacent normal tissues were confirmed
by pathological examinations. Patients were excluded if they
had recurrent tumors or had primary tumors but received
chemoradiotherapy before surgical operation. Tissues were
immediately snap frozen in liquid nitrogen and stored at -80°C
prior to RNA extraction.

Cell lines and culture conditions. The four NSCLC cell
lines (A549, H358, NCI-H520 and H1299), a normal human
bronchial epithelial cell line (16HBE) and 293T cells were
purchased from The Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences. All cells were cultured
in DMEM (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (Invitrogen; Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 mg/ml
streptomycin, in humidified air at 37°C with 5% CO,.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted from NSCLC tissues
and cell lines with TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
For RT-qPCR, RNA was reverse transcribed to cDNA from
100 ng total RNA using a RT kit (Tiangen Biotech Co., Ltd.),
and qPCR was performed with SYBRGreen (Tiangen Biotech
Co., Ltd.). All protocols were carried out according to the
manufacturer's instructions. The primer sequences are listed
as follows: miR-92a, forward 5-CCGCGTGCTGGGATTC-3',
reverse, 5S"TCCAGAAGGCTGCAAATGG-3'; U6, forward
5-CTCGCTTCGGCAGCACA-3, reverse 5-GTCATACTC
CTGCTTGCTGAT-3'; F-box/WD repeat-containing protein
7 (FBXWT7), forward 5-GTCCCGAGAAGCGGTTTG
ATA-3', reverse 5S"TGCTCAGGCACGTCAGAAAAG-3'"; and
GAPDH, forward 5-GAAGATGGTGATGGGATTTC-3/,
and reverse 5-AACGCTTCACGAATTTGCGT-3". RT-qPCR
was performed on a Step-One Plus Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.), and
each RT-qPCR reaction was performed in triplicate, including
no-template controls. The reaction was performed under the
following conditions: 95°C for 5 min, followed by 40 cycles
at 95°C for 15 sec and 60°C for 50 sec, and a final extension
at 72°C for 10 min. The relative quantification of miR-92a
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and FBXW7 were normalized to the expression of U6 and
GAPDH, respectively using the 2224 method (17).

Cell transfection. The miR-92a mimics (5'-UAUUGCACU
UGUCCCGGCCUGU-3"), mimics negative control (NC;
5'-CGGTGUGUUCAGACUACCUGUUC-3"), miR-92a
inhibitor (5'-ACAGGCCGGGACAAGUGCAAUA-3") and
inhibitor NC (5'-TAACACGTCTATACGCCCA-3') were
obtained from Guangzhou RiboBio Co., Ltd. FBXW7 small
interfering (si)RNA (si-FBXW7; sense, 5-"-TAAAGAGTT
GGCACTCTAT-3' and antisense, 5-ATAGAGTGCCAACTC
TTTA-3") and corresponding NC siRNA (si-scramble; sense,
5" TTCTCCGAACGTGTCACGT-3' and antisense, 5'-ACG
TGACACGTTCGGAGAA-3") were also purchased from
Guangzhou RiboBio Co., Ltd.

Upon A549, H1299, H358 and NCI-H520 cells in six-well
plates reaching 80% confluence, 1x10° cells/well were trans-
fected with the transfectants using Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. A final concentration of 50 nM
miR-92a mimics, 100 nM mimics NC, 200 nM miR-92a
inhibitor, 100 nM inhibitor NC, 100 nM si-FBXW7 or 100 nM
si-Scramble were used for each transfection. A blank control
(untransfected cells) was set up for each transfection. Following
transfection at 37°C for 24 h, the transfection efficiency was
analyzed using RT-qPCR or western blotting.

Cell viability. The effect of miR-92a on NSCLC cell viability
was measured using an MTT assay. After transfection with
the indicated miRNA mimics, inhibitor or siRNA, 20 ul MTT
solution (Sigma-Aldrich; Merck KGaA) was added to each
well (2x10°/well), and A549, H1299, H358 and NCI-H520
cells were cultured for an additional 2 h at 24, 36 and 48 h
post-transfection. Then, 150 ul dimethyl sulfoxide was used to
dissolve the purple formazan. Subsequently, the absorbance of
the samples at 450 nm was detected using a microplate reader
(Bio-Rad Laboratories, Inc.).

Flow cytometry. At 24-h post-transfection, apoptotic cells were
detected using Annexin V/APC and propidium iodide (PI)
apoptosis detection kit I (BD Pharmingen; BD Biosciences),
according to the manufacturer's protocol. Briefly, NSCLC
cells were collected after centrifugation at 400 x g for 10 min
at room temperature, and then washed with cold PBS. Then,
1x10° cells/ml were stained with binding buffer, containing
5 ul Annexin V-FITC and 10 ul PI at 4°C in the dark for 15 min.
Following the incubation, cell apoptosis was analyzed using
a FACScan flow cytometer (BD Biosciences) and CellQuest
software version 3.3 (BD Biosciences).

Luciferase reporter assay. The targets of miR-92a were
predicted using TargetScan 7.0 (http://www.targetscan.org)
and miRanda (http:/www.microrna.org). The 3'-untranslated
region (UTR) fragment of FBXW7 containing the putative
wild-type (wt) sequence was amplified by PCR. The ampli-
fied product was inserted into the pGL3 luciferase reporter
vector (Promega Corporation), namely pGL-FBXW7-wt.
The QuikChange Lightning Site-Directed Mutagenesis
kit (Stratagene; Agilent Technologies, Inc.) was used to
construct the miR-92a binding site mutation in the 3'-UTR
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of FBXW7, according to the manufacturer's protocol; this
construct was named pGL-FBXW7-mutant (mut). A total
of 2x10° 293T cells/well were seeded into 24-well plates
and transfected with miR-92a mimics or mimics NC, and
100 ng pGL-FBXW7-wt or pGL-FBXW7-mut, together with
100 ng pRL-TK Renilla plasmids (Promega Corporation)
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) at 37°C. A total of 48 h after transfection, the
luciferase activity was determined using a Dual-Luciferase
Reporter Assay system (Promega Corporation), according to
the manufacturer's protocol. Relative luciferase activity was
normalized to Renilla luciferase activity.

Western blot analysis. Total protein was extracted from
cells using RIPA buffer (Sigma-Aldrich; Merck KGaA) with
1% phenylmethylsulfonyl fluoride. The protein concentra-
tion was determined using a BCA protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.). Total protein samples (30 pg)
were separated by SDS-PAGE on 8% gels and transferred to
a polyvinylidene fluoride membrane (EMD Millipore). The
membranes were blocked with 5% non-fat milk at 4°C over-
night and incubated with primary antibodies overnight at 4°C.
Primary antibodies against Bax (1:1,000; cat. no. sc-70408),
Bcl-2 (1:1,000; cat. no. sc-7382), proliferating cell nuclear
antigen (PCNA; 1:1,000; cat. no. sc-9857) and p-actin
(1:2,000; cat. no. sc-8432) were purchased from Santa Cruz
Biotechnology, Inc., while cleaved caspase-3 (1:1,000; cat.
no. 9661) and Ki-67 (1:1,000; cat. no. 12075) were purchased
from Cell Signaling Technology, Inc. After washing with PBS,
the membrane was incubated with HRP-conjugated antibodies
(1:2,000; cat. nos. ab205718 and ab97040; Abcam) for 1 h at
room temperature and the bands were detected with an ECL
Advance reagent (GE Healthcare). The intensity of the bands
of interest was analyzed with ImageJ software version 1.46
(National Institutes of Health).

Statistical analyses. SPSS 13.0 software (SPSS, Inc.) was used
to analyze the data. Data were expressed as the mean + SD
of three independent experiments. Differences between two
groups were analyzed by a paired t-test when comparing paired
NSCLC tissues and adjacent normal tissues, and an unpaired
t-test for comparing two groups in other cases. Differences
between multiple groups were analyzed by one-way analysis
of variance, followed by Tukey's post-hoc test. Pearson's corre-
lation analysis was carried out to determine the association
between miR-92a and FBXW7. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-92a is upregulated in NSCLC tissues and cell lines. To
investigate the potential involvement of miR-92a in NSCLC
development, RT-qPCR analysis was conducted to determine
miR-92a expression levels in 15 paired NSCLC and adjacent
tissues. As shown in Fig. 1A, the expression levels of miR-92a
were significantly upregulated in NSCLC tissues compared
with in adjacent tissues. In addition, higher expression levels of
miR-92a were also observed in SCLC tissues compared with
adjacent tissues (Fig. 1B), which is consistent with the results
of a previous study (18). This analysis was also extended to
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four NSCLC cell lines; A549, H1299, NCI-H520 and H358,
with 16HBE as a control. Consistent with the results of
miR-92a expression levels in clinical tissues, miR-92a expres-
sion was markedly increased in these cell lines compared with
in 16HBE cells (Fig. 1C). Together, these data suggested that
miR-92a may be involved in NSCLC progression.

Inhibition of miR-92a suppresses the viability of NSCLC cells.
According to the aforementioned detection of miR-92a expres-
sion in the four NSCLC cell lines, the highly metastatic A549
and H1299 cell lines, in which miR-92a was highly expressed,
were chosen to conduct loss-of-function experiments. miRNA
transfection efficiency was evaluated using RT-qPCR. As
shown in Fig. 2A, miR-92a was significantly decreased in
AS549 and H1299 cells post-transfection with the miR-92a
inhibitor. The biological effects of miR-92a inhibition on regu-
lating cell viability was then assessed using an MTT assay.
Inhibition of miR-92a significantly suppressed A549 and
H1299 cell viability compared with inhibitor NC-transfected
cells (Fig. 2B). PCNA and Ki-67 expression may reflect the
degree of viability because their rate of synthesis is directly
associated with the rates of cellular proliferation and DNA
synthesis (19). Therefore, to further confirm the miR-92a
inhibitor-induced reduction in cell viability, the protein
expression levels of PCNA and Ki-67 were examined. Western
blot analysis indicated that miR-92a inhibition resulted in a
significant decrease in PCNA and Ki-67 protein expression
(Fig. 2C). Therefore, these results demonstrated that inhibition
of miR-92a could suppress the viability of NSCLC cells.

Inhibition of miR-92a promotes apoptosis of NSCLC cells.
To determine whether apoptosis inhibited growth, the effects
of miR-92a inhibitor on cell apoptosis were assessed. It was
demonstrated that miR-92a inhibition markedly promoted
apoptosis of A549 and H1299 cells compared in the inhibitor
NC group (Fig. 3A and B). In addition, miR-92a inhibition
significantly increased the expression levels of pro-apoptotic
proteins, cleaved caspase-3 and Bax, and reduced the expres-
sion levels of the anti-apoptotic protein Bcl-2 (Fig. 3C and D).
These data suggested that miR-92a inhibition promoted
apoptosis of NSCLC cells.

Overexpression of miR-92a inhibits the viability and induces
cell apoptosis of NSCLC cells. Next, weakly metastatic
cells H358 and NCI-H520, which expressed lower levels of
miR-92a compared with the other NSCLC cell lines, were
used for gain-of-function experiments. As shown in Fig. 4A,
miR-92a was significantly increased in H358 and NCI-H520
cells post-transfection with miR-92a mimics. The MTT assay
revealed that miR-92a overexpression significantly promoted
cell viability, compared with that in mimics NC-transfected
cells (Fig. 4B). Apoptosis of H358 and NCI-H520 cells was
also markedly suppressed with miR-92a overexpression
(Fig. 4C). Collectively, miR-92a overexpression may promote
cell viability and suppress cell apoptosis in vitro.

miR-92a directly targets FBXW7. To explore the molecular
mechanism by which miR-92a mediates its inhibitory effect
on NSCLC, TargetScan 7.0 and miRanda analyses were
conducted to predict the target genes of miR-92a. FBXW7,
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Figure 1. Expression levels of miR-92a in NSCLC tissues and cell lines. (A) miR-92a expression was examined by RT-qPCR in 15 paired NSCLC tissues and
adjacent tissues. Paired Student's t test; “P<0.01 vs. adjacent tissues. (B) Expression of miR-92a was determined by RT-qPCR in SCLC tissues. Paired Student's
ttest; “P<0.01 vs. adjacent tissues. (C) Expression of miR-92a was determined by RT-gPCR in A549, H1299, NCI-H520 and H358 NSCLC cell lines. A normal
human bronchial epithelial cell line, IGHBE, was used as a control. Data are presented as mean of three replicates + SD and analyzed using one-way ANOVA
with a Tukey's post hoc test; “P<0.05, “P<0.01 vs. IcHBE. NSCLC, non-small-cell lung cancer; miR, microRNA; RT-qPCR, reverse transcription-quantitative
PCR; SCLC, small-cell lung cancer.
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Figure 2. Inhibition of miR-92a suppresses viability of non-small-cell lung cancer cells. (A) miR-92a expression was measured by reverse transcription-quan-
titative PCR after miR-92a inhibitor transfection. (B) miR-92a inhibitor was transfected into A549 and H1299 cells. The effects of miR-92a on A549 and
H1299 cell viability were examined using an MTT assay at 24, 36 and 48 h post-transfection. (C) Protein expression levels of PCNA and Ki-67 in A549 and
H1299 cells were measured by western blot analysis. Relative protein expression levels of PCNA and Ki-67 were normalized to the protein expression levels
of B-actin. Data are presented as mean of three replicates = SD. Unpaired t-test; "P<0.05 and “"P<0.01 vs. inhibitor NC group. NC, negative control; miR,
microRNA; PCNA, proliferating cell nuclear antigen.

a well-known tumor suppressor, was identified as a potential
target of miR-92a, with the target site located in the 3'-UTR of

3'-UTR segment of FBXW7, but not those of the construct
containing a mut binding site (mut FBXW7 3'-UTR), compared

FBXW7 mRNA (Fig. 5A). To validate whether FBXW7 is a
direct target gene of miR-92a, the 3'-UTR region of FBXW7
was fused to a luciferase system. As shown in Fig. 5B, miR-92a
mimics significantly suppressed the luciferase activities of the

with the NC group.

Western blotting was conducted to further determine
whether miR-92a regulated the expression of FBXW7. The
results revealed that FBXW7 expression levels were markedly
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Figure 3. Inhibition of miR-92a promotes apoptosis of non-small-cell lung cancer cells. (A) A549 and (B) H1299 cells were transfected with miR-92a inhibitor
for 24 h. Then, the effects of miR-92a inhibition on A549 and H1299 cell apoptosis were examined using flow cytometry. Protein expression levels of cleaved
caspase-3, Bcl-2 and Bax in (C) A549 and (D) H1299 cells were measured by western blot analysis. Data are presented as mean of three replicates + SD.
Unpaired t-test; “P<0.01 vs. inhibitor NC group. NC, negative control; miR, microRNA; PI, propidium iodide.
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Figure 4. Overexpression of miR-92a promotes proliferation and inhibits apoptosis of non-small-cell lung cancer cells. (A) Expression of miR-92a was
measured by reverse transcription-quantitative PCR after miR-92a mimics transfection. (B) miR-92a mimics were transfected into NCI-H520 and H358 cells.
Then, the effects of miR-92a on cell viability were examined using an MTT assay at 24, 36 and 48 h post-transfection. (C) The effects of miR-92a mimics on
cell apoptosis were examined using flow cytometry. Data are presented as mean of three replicates + SD. Unpaired t-test; "P<0.05, “P<0.01 vs. mimics NC
group. NC, negative control; miR, microRNA; PI, propidium iodide.



2822

NI et al: miR-92a FACILITATES NSCLC CELL GROWTH

A B BB FBXW7 3-UTR wt
2 4.5, O FBXW7 3-UTR mut
e *k
Position 1596-1603 of FBXW7 3' UTR E
w 1.04
wt FBXW7 3-UTR: 5 - UUUCUUAUAACUUAAGUGCAAUA -3’ £
IRRARIRE =
hsa-miR-92a:  3'- UGUCCGGCCCUGUUCACGUUAU -5’ S o5l
sssss s e @
sR BB B RN BN _:_’
mut FBXW7 3-UTR: 5’ - UUUCUUAUAACUUGGCACGUGCA - 3’ s
T (.0-
4
O & o &
,o‘ﬂe \‘6\\ 0‘9$ \@
& 0& & @&
& ¥ & gV
& &
c D. . - E ¢4
s§3 . &
FBXW? .- Eg 3 . B 20
i eE S 15
gr 2 . g
B-actin “ 82 R 2 10
2m 1 =% 2
gk g g 05
3 & € 9 . & 0.04 : . ,
& 0\6‘ & & 15 3.0 45 6.0
& & \,;3“ ) \gy‘) Relative level of miR-92a
ks A o
{S‘Q' o"‘é ¢bé
.3 o
"_a.\ [

Figure 5. FBXW7 is a direct target of miR-92a. (A) Prediction of miR-92a binding site in FBXW7 3'-UTR. (B) Luciferase assay of 293 T co-transfected with
firefly luciferase constructs containing the FBXW7 wt or mut 3'-UTR and miR-92a mimics or mimics NC. Data are presented as the mean of three replicates +
SD. "P<0.01 vs. mimics NC. (C) Protein expression of FBXW7 after transfection with miR-92a mimics in H358 cells, as measured by western blotting.
(D) Levels of FBXW7 mRNA expression were determined by reverse transcription-quantitative PCR in 15 paired non-small-cell lung cancer and adjacent
tissues. Paired t-test; “P<0.01 vs. adjacent tissues. (E) The relationship between miR-92a and FBXW?7 expression was assessed by Spearman correlation
analysis; r=-0.8019, P<0.01. UTR, untranslated region; miR, microRNA; FBXW7, F-box/WD repeat-containing protein 7; wt, wild type; mut, mutant.

downregulated by the miR-92a mimics (Fig. 5C). The mRNA
expression levels of FBXW7 were detected in 15 pairs of NSCLC
and adjacent tissues using RT-qPCR. The results revealed that
FBXW7 mRNA expression was significantly downregulated
in NSCLC tissues compared with in adjacent tissues (Fig. 5D).
Further analyses indicated that FBXW7 expression was nega-
tively correlated with miR-92a expression in NSCLC tissues
(Fig. 5E). These data suggested that miR-92a directly targets
FBXW7 and suppresses its expression in NSCLC cells.

Downregulation of miR-92a inhibits cell viability and
promotes apoptosis by targeting FBXW7. As aforementioned,
FBXW?7 was a direct target of miR-92a in NSCLC cells;
therefore, it was further investigated whether downregulation
of miR-92a exerted its antiproliferative and pro-apoptotic
effects by upregulating FBXW7. A549 and H1299 cells were
co-transfected with siRNA-FBXW?7 and miR-92a inhibitor,
and cell viability and apoptosis were evaluated. Firstly,
siRNA-FBXW7 transfection efficiency was confirmed by
western blotting. The results revealed that siRNA-FBXW7
transfection markedly inhibited FBXW?7 levels compared
with siRNA-scramble transfection in A549 cells and H1299
cells (Fig. 6A). Compared with untransfected cells, miR-92a
inhibitor significantly reduced cell viability, whereas this
inhibitory effect was attenuated by siRNA-mediated FBXW7
knockdown (Fig. 6B and C). Meanwhile, siRNA-FBXW7
could significantly weaken apoptosis enhancement caused by
miR-92a inhibitor in A549 and H1299 cells (Fig. 6D and E).
Collectively, these data suggested that miR-92a downregulation

may suppress NSCLC cell growth and enhance apoptosis by
targeting FBXW7.

Discussion

The present study demonstrated that miR-92a was upregulated
in NSCLC tissues and cell lines. Moreover, miR-92a downreg-
ulation suppressed cell viability and promoted cell apoptosis
in vitro by targeting the tumor suppressor FBXW7. These
findings suggested that miR-92a may potentially provide a
novel strategy for the treatment of NSCLC.

Emerging evidence has indicated that aberrant expression
of miRNAs can affect tumorigenesis processes by regulating
key oncogenes or tumor suppressors (20); therefore, miRNAs
may have great potential as prognostic indicators and thera-
peutic targets (21). Previous studies have demonstrated that
aberrant miRNA expression may contribute to NSCLC
progression (22,23). For example, Yang et al (24) showed
that miR-218 was significantly downregulated in lung cancer
tissues and was associated with prognosis of patients with
lung cancer. Zhuang et al (25) reported that serum levels of
miR-484 could help screen patients for NSCLC with a high
sensitivity and specificity using receiver operating curve
analyses. In the present study, miR-92a was significantly
upregulated in NSCLC tissues and cell lines, which suggested
that miR-92a could potentially act as a new diagnostic marker
and therapeutic target in NSCLC treatment.

Previous studies have also examined the oncogenic role
of miR-92a in other types of human cancer (14,26,27). For
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Figure 6. Downregulation of miR-92a inhibits cell viability and promotes apoptosis by targeting FBXW7. A549 and H1299 cells were co-transfected with
si-FBXW?7 (or si-Scramble) and miR-92a inhibitor, and cell viability and apoptosis were evaluated. Non-transfected cells were used as a control (Blank group).
(A) Transfection efficiency of si-FBXW7 was confirmed by western blotting. (B and C) Cell viability was measured by an MTT assay. (D and E) Apoptosis was
determined by flow cytometry. Data are presented as mean of three replicates + SD. One-way ANOVA with Tukey's post hoc test; “P<0.05, “P<0.01 vs. blank
group; "P<0.01 vs. miR-92a inhibitor group. FBXW7, F-box/WD repeat-containing protein 7; miR, microRNA; si, small interfering; PI, propidium iodide.

example, Ke et al (28) showed that miR-92a promoted CRC
cell metastasis through the PTEN-mediated PI3K/AKT
pathway. Chen et al (29) demonstrated that miR-92a promoted
the migration and invasion of human esophageal squamous
cell carcinoma by, at least partially, suppressing cadherin-1
expression. Notably, miR-92a has been observed to be highly
expressed in NSCLC tissues and cell lines (30,31), which indi-
cates that miR-92a may be involved in NSCLC progression.
Lu et al (32) revealed that miR-92a regulated cell migration
and invasion of NSCLC cells by targeting PTEN; therefore, it
was hypothesized that miR-92a may affect NSCLC progres-
sion, which had not been previously investigated. The results
of the present study demonstrated that miR-92a inhibition
could suppress cancer cell viability (with suppressed PCNA
and Ki-67 protein expression) and promote apoptosis (with
increased caspase-3 and Bax, and decreased Bcl-2 protein

expression). Together, these results suggested that miR-92a
may function as an oncogene in NSCLC progression.

To elucidate the mechanisms by which NSCLC progres-
sion is induced by miR-92a, bioinformatics analyses were
conducted to predict the putative targets of miR-92a, and
FBXW?7 was identified as one of these potential targets.
FBXW?7 has been reported to be a tumor suppressor in
human tumorigenesis, with marked effects on cell cycle
progression, cell growth and invasion (33,34). For example,
Li et al (35) revealed that upregulation of FBXW7 attenuated
osteosarcoma cell proliferation and its low expression was
associated with a worse patient outcome. Xiao et al (36) also
demonstrated that FBXW7 knockdown enhanced NSCLC
tumorigenesis and resistance to gefitinib in a xenograft mouse
model. Notably, a previous study (15) showed that overexpres-
sion of miR-92a promoted osteosarcoma growth by targeting
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FBXW?7. Zhou et al (37) also reported that miR-92a was
upregulated in cervical cancer, and promoted cell proliferation
and invasion by targeting FBXW7. Yang et al (38) reported
that miR-92a promoted the tumor growth of HCC by targeting
FBXW7. However, to the best of our knowledge, whether
FBXW?7 is a functional target of miR-92a in NSCLC cells
has not been elucidated. In the present study, FBXW7 was
validated as a target gene of miR-92a in NSCLC cells. In
addition, the expression levels of FBXW?7 in NSCLC tissues
were low, and negatively correlated with miR-92a expression.
Moreover, knockdown of FBXW?7 in NSCLC cells attenuated
the miR-92a inhibitor-induced reduction in cell viability. This
indicated that an miR-92a inhibitor might inhibit NSCLC cell
viability by targeting FBXW7.

In conclusion, in the present study, miR-92a was upregu-
lated in NSCLC tissues and cell lines. Notably, miR-92a
inhibition suppressed cell viability and promoted cell apop-
tosis by increasing FBXW?7 expression in NSCLC cells. As
a result, reducing miR-92a expression could have important
implications for clinical management of NSCLC.

There are some limitations to the present study. For
example, the clinical sample size was relatively small, and a
larger sample size should be used in future studies to vali-
date the accuracy of miR-92a as a biomarker for NSCLC.
Furthermore, additional experiments in vivo should be
performed to confirm whether miR-92a may be utilized as a
therapeutic target for NSCLC. It has been shown that several
targets can also be controlled by miR-92a in NSCLC, such as
PTEN and double-strand-break repair protein rad21 homolog
1 (31,39), which remains to be determined in future studies.
Thus, further research is required to gain deeper insight into
these mechanisms.
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