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MicroRNA-373-3p inhibits the proliferation and
invasion of non-small-cell lung cancer cells by
targeting the GAB2/PI3K/AKT pathway
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Abstract. MicroRNAs (miRNAs) were previously demon-
strated to be involved in the pathogenesis of non-small-cell
lung cancer (NSCLC); however, the roles of certain miRNAs
in NSCLC remain to be elucidated. The present study aimed to
investigate the functions of screened miRNAs in NSCLC and
the potential mechanisms. First, expression profiles of miRNAs
were downloaded from the Gene Expression Omnibus (dataset
no. GSE29248) and the differentially expressed miRNAs
were analyzed by bioinformatics methods. Reverse transcrip-
tion-quantitative PCR was used to validate the differential
expression of miR-373 in clinical samples. The association
between miR-373 expression levels and clinicopathological
characteristics was also investigated. To further examine
how miR-373 mediates the emergence of NSCLC, western
blot, Cell Counting Kit-8, cell invasion and wound-healing
assays, as well as apoptosis detection and a luciferase assay
were used. The results indicated significant downregulation of
miR-373 in NSCLC tissues and its low expression was closely
associated with the degree of differentiation, clinical stage
and tumor size, and was indicative of an unfavorable prog-
nosis for patients with NSCLC. A functional study indicated
that overexpression of miR-373 inhibited the proliferation,
promoted apoptosis, and suppressed invasion and migration of
NSCLC cells. Bioinformatics prediction and functional assays
suggested that Grb-associated binding protein 2 (GAB2) was
a direct target of miR-373. In addition, GAB2 was found to
be significantly upregulated in NSCLC tissues, and clinically,
miR-373 was negatively associated with GAB2. Furthermore,
overexpression of GAB2 blocked the tumor suppressive
effects of miR-373 on NSCLC cells. Mechanistically, miR-373
mimics were able to reduce the expression of GAB2 and
subsequently decrease the phosphorylation level of AKT and
mTOR protein. The present results indicate that miR-373
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lung cancer,

exerts its anti-tumor effects in NSCLC cells by targeting the
GAB2/PI3K/AKT pathway, suggesting that miR-373 may be a
potential therapeutic target in NSCLC.

Introduction

Currently, non-small cell lung cancer (NSCLC) is the leading
cause of lung cancer-associated mortality, which accounts for
up to 85% of all lung cancer cases (1). In spite of the improve-
ment of the existing methods of diagnosis and treatment, as
well as targeted therapy development, the recurrence and
mortality rates remain high and the rate of 5-year survival is
<20% (2-4). Therefore, it is crucial to deeply investigate the
occurrence and mechanisms of NSCLC in order to explore
novel therapeutic drug targets for early diagnosis and treat-
ment, and to improve patient prognosis.

MicroRNAs (miRNAs) have a length of 20-25 nucleotides
and regulate gene expression at the post-transcriptional stage
by preventing transcription (5). In the past 10 years, it has
become clear that miRNAs have critical roles in the regula-
tion of tumor cell proliferation, as well as tumor invasion and
metastasis (6,7). Numerous miRNAs have been determined to
be ectopically expressed in NSCLC tissues and to promote the
development or progression of the disease (6-11). For instance,
miR-92a was found to be upregulated in NSCLC, and miR-92a
overexpression led to the promotion of NSCLC tumor growth
in vivo (12). miRNA-605 promotes cell proliferation, migra-
tion and invasion in NSCLC by directly targeting large tumor
suppressor 2 (LATS2) (13). Furthermore, recent studies have
indicated that miR-373 has important roles in human cancers,
but the effect is controversial (14,15). A previous study reported
that miR-373 may be associated with the progression of
NSCLC (16). However, the biological role of miR-373 during
the development of NSCLC requires further investigation.

The aim of the present study was to investigate the role
of miR-373 in the regulation of NSCLC cell proliferation and
invasion in vitro and the underlying molecular mechanism of
this process. The current findings provided a new therapeutic
strategy for clinical patients.

Materials and methods

Clinical specimens. From March 2019 to June 2020, 60
pairs of NSCLC tissues and adjacent non-tumor tissues were
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collected from 60 NSCLC patients who underwent lobectomy
at the Department of Thoracic Surgery at Huadong Hospital
(Shanghai, China). Patients were included when: i) They had
primary NSCLC, excluding recurrence cases; ii) they did
not receive radiotherapy, chemotherapy or other neoadjuvant
treatment before surgery; iii) their diagnoses were confirmed
by professional pathologists according to the NSCLC histo-
pathological diagnostic criteria; and iv) had no history of other
malignant tumors. All of the patients provided written informed
consent prior to tissue collection. The clinicopathological data
are presented in Table I. The present study was approved by
the ethics committee of Huadong Hospital (Shanghai, China;
approval no. 2019-0037). The adjacent tissue was 5 cm away
from the edge of the tumour; all of the tissue samples were
snap-frozen using liquid nitrogen, and then stored at -80°C
until further analysis.

MiRNA expression profile data from Gene Expression
Omnibus (GEO). The expression levels of miRNAs were
assessed in NSCLC tissues and normal tissue samples from the
GEO database (https:/www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE29248). Differentially expressed miRNAs were
identified using the R ‘limma’ package (version 4.2), which
is a widely used tool that may be used to analyze data from
any GEO series and significance analysis of microarray
(SAM), to determine the differential expression of miRNAs
among groups. miRNAs were considered to be differentially
expressed according to the P<0.05 threshold from the limma
analysis and median false discovery rate <0.05 from SAM.
Data were visualized as heat maps using the online tool
Morpheus (a web-based tool; https://software.broadinstitute.
org/morpheus/).

Reverse transcription-quantitative (RT-q)PCR analyses.
Total RNA from tumor tissues and transfected cells was
isolated using the miRNeasy Mini kit (Qiagen GmbH).
RNA concentrations were determined using the NanoDrop
2000 (Thermo Fisher Scientific, Inc.). To obtain comple-
mentary DNA (cDNA), 1.0 ug total RNA was added for
reaction using the OneScript Plus Reverse Transcription Kit
(GeneCopoeia) and the PrimeScript RT reagent Kit (Takara
Biotechnology, Inc.) in a 20-xI total volume reaction according
to the manufacturer's instructions. qPCR was performed using
PowerTrack SYBR Green kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.) on a Bio-Rad CFX96 real-time PCR
detection system (Bio-Rad Laboratories, Inc.) according to the
manufacturer's instructions. PCR was conducted at 95°C for
10 min followed by 40 cycles of 95°C for 15 sec and 60°C
for 60 sec. Primers for cDNA amplification were as follows:
miR-21 forward, 5'-ATGCGCAACACCAGTCGATGG-3'
and universal reverse, 5-GCAGGGTCCGAGGTATTC-3
miR-224 forward, 5'-CGCAGAAAATGGTGCCCTAGT-3";
miR-96 forward, 5'-CGCTAATCATGTGCAGTGCC-3';
miR-30a forward, 5-GCAGCGCTTTCAGTCGGATGTT-3";
miR-126, forward, 5-GCACGTCGTACCGTGAGTAAT-3";
miR-7 forward, 5'-CAGTGGA AGACTAGTGATT-3"; miR-373
forward, 5'-CGAGAAGTGCTTCGATTTTG-3"; U6 forward,
5-GCTTCGGCAGCACATATACTAAAAT-3" and reverse,
5-CGCTTCACGAATTTGCGTGTCAT-3"; Grb-associated
binding protein 2 (GAB2) forward, 5'-AGAAGTTGAGGC

GCTATGCC-3' and reverse, 5-AAGGTGCGTTCACTG
GTCTT-3"; GAPDH forward, 5“TCAACGACCCCTTCATTG
ACC-3'and reverse, 5'-CTTCCCGTTGATGACAAGCTTC-3'.
miRNA was normalized to U6 and GAB2 was normalized to
GAPDH. Data were analyzed by using the 2244 method (17).

Cell lines and cell culture. The NSCLC cell lines (A549, H358
and H2170) were purchased from the American Type Culture
Collection (ATCC) and the normal human bronchial epithelial
cell line 16HBE was purchased from the Cell Bank of the
Chinese Academy of Sciences. All cells were maintained in
DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS; Sigma-Aldrich;
Merck KGaA) and specific antibiotics (100 U/ml penicillin
and 0.1 mg/ml streptomycin) at 37°C in 95% air and 5% CO,.

Cell transfection. miR-373 mimics, mimics negative control
(NC), inhibitor and inhibitor NC were synthesized by
Genepharma (Shanghai, China). The sequences are as follows:
MiR-373 mimics, 5-GAAGUGCUUCGAUUUUGGGGU
GU-3"; mimics NC, 5-GCUUUAUUAGAGUGCUAUUGC
UU-3'; miR-373 inhibitor, 5~ACACCCCAAAAUCGAAGC
ACUUC-3" and inhibitor NC, 5-~AUUCUCAUCACCAAU
CACGAAAUA-3". A549 and H358 cells were transfected using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) in accordance with the manufacturer's instructions with
a GAB2-overexpression pcDNA3.1 plasmid (1 pug; Invitrogen;
Thermo Fisher Scientific, Inc.). As an NC, a pcDNA3.1 vector
that was empty was utilized. After 48 h of transfection, the cells
were harvested for the following experiments. The efficiency
of overexpression or inhibition was verified by RT-qPCR and
western blot.

Cell proliferation. A Cell Counting Kit (CCK)-8 assay
(Dojindo Molecular Technologies, Inc.) was carried out in
order to measure cell proliferation according to the manufac-
turer's instructions. In brief, A549 and H358 cells (2x10* cells)
were seeded into 96-well plates and transfected with miR-373
mimics, mimics-NC or pcDNA-GAB2. The cells were then
incubated for 1, 2 and 3 days at 37°C and 5% CO, in an
incubator with 95% air and saturated humidity. Subsequently,
10 u1 CCK-8 solution was added into each well and incubated
for a further 2 h at 37°C, and the absorbance at 450 nm was
measured using a microplate reader (Bio-Rad Laboratories,
Inc.).

Cell apoptosis. The apoptotic rate was analyzed using
an Annexin V-FITC/PI Apoptosis Detection kit (BD
Biosciences) according to the manufacturer's protocol.
In brief, following miR-373 mimics, mimics-NC or
pcDNA-GAB2 transfection for 48 h, cells were digested
with trypsin, centrifuged at 600 x g for 5 min at 4°C and
resuspended in 400 pl binding buffer. Subsequently, 5 ul
Annexin V-fluorescein isothiocyanate (FITC) and 5 ul prop-
idium iodide (PI) solution (cat. no. 556547; BD Pharmingen;
BD Biosciences) was added and incubated in a dark room
at room temperature for 20 min. The apoptotic cell ratio
was then detected on a BD FACSCalibur flow cytometer
(BD Biosciences) using FlowJo software (version 7.6.1;
FlowJo LLC). The results showed healthy viable cells in the
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Table I. Association between miR-373 and clinicopathological features of patients with non-small cell lung cancer.

MiR-373 expression

Clinical parameters Total (n=60) High (n=35) Low (n=25) P-value

Gender 04744
Male 38 23 15
Female 22 22 10

Age, years 0.8953
=60 33 19 14
<60 27 16 11

Tumor size, cm 0.0455
=5 42 21 21
<5 18 14 4

Smoking 0.5930
No 24 13 11
Yes 36 22 14

Differentiation degree 0.0395
Moderate 21 16 5
Poor 39 19 20

Clinical stage 0.0428
I-11 26 19 7
II-1v 34 16 18

Distant metastasis 0.1736
No 15 11 4
Yes 45 24 21

Lymph node involvement 0.0804
No 11 9 2
Yes 49 26 23

miR, microRNA.

lower left quadrant on the scatter plot as (FITC-/PI-). The
lower right quadrant (Q3) represented the early-stage apop-
totic cells as (FITC+/PI-). The upper right quadrant (Q2)
represented late-stage apoptotic cells as (FITC+/PI+). The
calculation was made as follows: Apoptotic rate=percentage
of early-stage apoptotic cells (Q3) + percentage of late-stage
apoptotic cells (Q2).

Caspase 3 activity assay. After treatment, total protein was
extracted using RIPA buffer (cat.no.P0013B; Beyotime Institute
of Biotechnology) and the protein concentration was evaluated
using the bicinchoninic acid assay (cat. no. PO010S; Beyotime
Institute of Biotechnology) according to the manufacturer's
protocols. The caspase-3 activity assay was performed using
a Caspase-3 colorimetric assay kit (cat. no. C1115; Beyotime
Institute of Biotechnology) according to the manufacturer's
protocol. The results were evaluated using a microplate reader
(Bio-Rad Laboratories, Inc.) at 405 nm.

Western blot analysis. Total cellular proteins were lysed
in RIPA lysis buffer (Beyotime Institute of Biotechnology)
containing 2% protease inhibitor PMSF and the protein

concentration of each sample was evaluated with a bicin-
choninic acid protein assay kit (Beyotime Institute of
Biotechnology). Following separation by 10-12% SDS-PAGE,
proteins were transferred onto a PVDF membrane (GE
Healthcare; Cytiva). The membranes were blocked with a 5%
skimmed milk solution in PBS with 0.05% Tween-20 overnight
at 4°C, and then incubated with specific primary antibodies
for 2 h at room temperature, including GAB2 (1:500 dilution;
cat.no.ab32365),Bax (1:2,000; cat.no.ab32503),Bcl-2 (1:2,000;
cat. no. ab32124), cleaved caspase 3 (1:2,000; cat. no. ab32042),
E-cadherin (1:2,000; cat. no. ab40772), N-cadherin (1:1,500;
cat. no. ab76011), Vimentin (1:1,000; cat. no. ab92547),
Fibronectin (1:1,000; cat. no. ab2413), PI3K(p85) (1:1,000;
cat. no. ab191606), mTOR (1:1,000; cat. no. ab2732), phosphor-
ylated (p)-mTOR (1:1,000; cat. no. ab109268), Akt (1:1,000;
cat. no. ab8805), p-Akt (1:2,000; cat. no. ab81283) and [3-actin
(1:1,000; cat. no. ab8227; all from Abcam). Subsequently,
the membranes were incubated with the mouse anti-rabbit
IgG-HRP antibody (1:1,000 dilution; cat. no. sc2537; Santa
Cruz Biotechnology, Inc.) used as a secondary antibody for
60 min at room temperature. The proteins were visualized
with an ECL kit (cat. no. 34580; Thermo Fisher Scientific,
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Inc.). Semi-quantification was performed using ImagelJ soft-
ware (version 1.46; National Institutes of Health).

Transwell assay. At 24 h after transfection, 1.0x10° cells/200 ul
were added to the upper chambers of Transwell inserts with
8-pm pores coated with Matrigel (Corning, Inc.). Furthermore,
600 ul 10% FBS in DMEM was added to matched bottom
chambers. After 48 h at 37°C, cells on the bottom filter surfaces
were fixed for 15 min at room temperature with 4% parafor-
maldehyde (Beyotime Institute of Biotechnology) and stained
for 10 min at room temperature with 0.1% crystal violet. Under
an IX81 microscope (Olympus Corp.), images were acquired
at a magnification of x100 and the number of invaded cells was
calculated by analyzing five random fields per well.

Wound-healing assay. When cell confluence reached ~80%, a
scratch wound was generated using the tip of 10-ul pipette by
making a straight line and the culture medium was replaced
by DMEM supplemented with 1% FBS. Digital photographs
were obtained at O and 48 h after scratching under a micro-
scope at x100 magnification (Olympus IX81; Olympus Corp.)
and the scratch area was measured using ImageJ software
(version 1.46; National Institutes of Health).

Luciferase assays. The biological targets of miRNA targets
were predicted using the algorithms TargetScan (https:/www.
targetscan.org/vert_80/) and microRNA.org (http://www.
microrna.org/). The 3'-untranslated region (UTR) of human
GAB2 was amplified as previously described (18) and cloned
into pmirGLO (E1330; Promega Corp.) luciferase vector,
named pGAB2-wild-type (WT). The human GAB2 mRNA
was extracted from adjacent non-tumor lung tissues and
reverse-transcribed to cDNA using a Reverse Transcription Kit
with gDNA eraser kit (Takara Bio, Inc.). The mutant form of
the 3'-UTR of GAB2 was also cloned into the pmirGLO vector
to construct pGAB2-mutant (Mut) using the QuikChange
Site-Directed Mutagenesis kit (Thermo Fisher Scientific, Inc.).
To examine whether miR-373 directly target GAB2 mRNA, the
reporter plasmids, WT-GAB2-PGL3 and Mut-GAB2-PGL3,
were co-transfected with miR-373 mimics/inhibitor into 293T
cells (7x10* ATCC) using Lipofectamine® 2000 according to
the manufacturer's instructions. The relative firefly luciferase
activity normalized to Renilla luciferase was measured 48 h
after transfection by using the Dual-Light luminescent reporter
gene assay (Applied Biosystems; Thermo Fisher Scientific,
Inc.).

Statistical analysis. Statistical analysis was performed using
SPSS software (version 16.0; SPSS Inc.). Values are expressed
as the mean + standard deviation. An unpaired Student's t-test
was used to perform comparisons of parameters between the
two groups, while one-way analysis of variance followed by
Tukey's post-hoc test was performed for comparing multiple
groups. Differences in miR-373 expression and GAB2 gene
expression between adjacent noncancerous tissues and cancer
tissues were examined using a paired t-test. The correlation
between miR-373 and clinicopathological features of patients
with NSCLC was analyzed using the chi-square test; however,
the variable ‘lymph node involvement’ was analyzed with
Fisher's exact test. Survival rates were calculated using the

Kaplan-Meier method and comparisons were performed using
the log-rank test. The correlation between the expression of
miRNA and GAB2 was analyzed using Pearson's correlation
analysis. P<0.05 was considered to indicate statistical signifi-
cance.

Results

miR-373 is downregulated in NSCLC tissues and cell lines.
Using the GSE29248 microarray dataset, the differentially
expressed miRNAs in NSCLC tissues and adjacent noncan-
cerous tissues were first examined. As presented in Fig. 1A,
35 miRNAs were elevated and 25 miRNAs were downregu-
lated in NSCLC. In addition, some of these miRNAs were
confirmed by RT-qPCR in NSCLC tissues and adjacent
noncancerous tissues in order to evaluate the validity of the
in silico findings. According to the experimental results of the
present study, miR-21, miR-224 and miR-96 were elevated,
whereas miR-30a, miR-126 and miR-7 were downregulated
(Fig. 1B), which was consistent with previous studies (19-24).
Consistent with the array data, the results showed that
miR-373 had the lowest expression and the most significant
difference. Considerable evidence suggests that miR-373 is
downregulated in multiple tumor tissues and acts as a tumor
suppressor (14,15). Therefore, the subsequent research in the
present study focused on this miRNA.

To confirm the downregulation of miR-373, its expres-
sion was then examined in 60 pairs of NSCLC and adjacent
tissues by RT-qPCR. Compared to adjacent noncancerous
tissues, miR-373 was found to be downregulated in NSCLC
tissues (Fig. 1C). The association between miR-373 expres-
sion and survival outcomes among patients with NSCLC
was then evaluated. According to the relative expression
levels of miR-373-3p in 60 paired tumor and normal tissues,
the patients were divided into two groups: High miR-373-3p
group (miR-373-3p expression above the median value; n=35)
and a low miR-373-3p group (miR-373-3p expression below
the median value; n=25). The results indicated that miR-373
low expression was closely associated with the degree of
differentiation, clinical stage and tumor size (Table I). Patients
with NSCLC with low miR-373 expression had poorer overall
survival than patients with high miR-373 expression (Fig. 1D).
Subsequently, RT-qPCR was used to determine the expression
of miR-373 in three NSCLC cell lines (A549, H358 and H2170)
and a healthy human bronchial epithelial cell line (16HBE) in
order to further determine whether miR-373 is downregulated
in NSCLC cells. As indicated in Fig. 1E, the three NSCLC cell
lines expressed miR-373 at a lower level than the 16HBE cells,
indicating that miR-373 may have a role in the occurrence of
NSCLC.

Overexpression of miR-373 suppresses cell proliferation
and promotes apoptosis. To investigate the role of miR-373
in NSCLC, a gain-of-function analysis was performed by
transfecting A549 and H358 cells with chemically synthesized
miR-373 mimics. As presented in Fig. 2A, miR-373 levels were
effectively enhanced after miR-373 mimics transfection in
A549 and H358 cells. The results of the CCK-8 assay indicated
that miR-373 mimics weakened the capacity of proliferation
compared with that in the mimics NC group (Fig. 2B and C).
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cell lung cancer.

Furthermore, the cell apoptosis rate was evidently increased
in the miR-373 mimics compared with that in the mimics NC
group (Fig. 2D). Consistently, miR-373 overexpression mark-
edly increased the expression of cleaved-caspase-3 and Bax,
and decreased the expression of Bcl2 in A549 and H358 cells
compared with the levels in the mimics NC group (Fig. 2E).
Collectively, these data indicate that overexpression of
miR-373 suppressed cell proliferation and induced apoptosis
in NSCLC cells.

Overexpression of miR-373 suppresses cell invasion and
migration. Next, the migration and invasion ability of
NSCLC cells were assessed by Transwell and wound-healing
assays. The results of the Transwell assay indicated that
miR-373 mimics led to a significant reduction in cell invasion
compared to the mimics NC group (Fig. 3A and B). In the

wound-healing assay, it was shown that the cells' ability to
metastasize was significantly weakened by miR-373 mimics
compared with the mimics NC group (Fig. 3C and D). The
influence of miR-373 on the protein markers of epithe-
lial-mesenchymal transition (EMT) of A549 and H358 cells
was then determined. The western blot results showed that
the expression of E-cadherin, an epithelial marker, was
markedly increased, while N-cadherin, Fibronectin and
Vimentin, three mesenchymal markers, were significantly
decreased in A549 and H358 cells after miR-373 mimics
transfection (Fig. 3E). These results suggest that miR-373
regulates NSCLC cell invasion and migration via inhibiting
the EMT process.

GAB?2 is a direct target of miR-373. TargetScan and miRanda,
two publicly accessible databases, were used to identify GAB2
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Figure 2. MiR-373 suppresses cell proliferation and promotes apoptosis. (A) Transfection of miR-373 mimics significantly increased the expression level of
miR-373 in A549 and H358 cells. (B and C) Cell proliferation was measured with a Cell Counting Kit-8 assay after transfection in (B) A549 and (C) H358 cells.
(D) The percentage of apoptotic A549 and H358 cells was evaluated by flow cytometry after transfection. (E) The expression levels of cleaved-caspase-3, Bcl-2
and Bax in A549 and H358 cells were detected by western blot after transfection. Values are expressed as the mean + standard deviation. "P<0.05, “P<0.01 vs.
mimics NC groups. MiR, microRNA; NC, negative control; PI, propidium iodide; OD450, optical density at 450 nm.

as a novel target of miR-373 (Fig. 4A). Previous research has
shown that GAB2 is involved in a variety of carcinogenic
activities, such as cellular growth, survival, proliferation and
migration, through controlling the AKT pathway (25-27). To
verify whether GAB2 is a direct target of miR-373, a luciferase
reporter assay was performed. The results obtained with the
dual-luciferase reporter assay system indicated that miR-373
mimics significantly suppressed the luciferase activity of the
vector carrying the WT-GAB2 3'UTR, but not of that with
the mutant 3'UTR, whereas knockdown of miR-373 led to the
opposite result (Fig. 4B), indicating that miR-373 was able to
bind to the GAB2 3'-UTR.

Subsequent experiments revealed that overexpression of
miR-373 inhibited GAB2 expression at the mRNA and protein
levels in A549 and H358 cells (Fig. 4C and D). Furthermore,
RT-qPCR demonstrated that GAB2 expression levels were
markedly increased in NSCLC cell lines and NSCLC tissues

as compared with 16HBE and adjacent noncancerous tissues,
respectively (Fig. 4E and F). An obvious inverse correlation
between GAB2 and miR-373 expression levels in NSCLC
tissues was also observed (Fig. 4G). These results demonstrated
that miR-373 was able to suppress the expression of GAB2 in
NSCLC cells by directly targeting the GAB2 3'-UTR.

Overexpression of GAB2 attenuates the effects of miR-373
on cell proliferation and apoptosis. In order to determine
whether miR-373 controls cell proliferation and apoptosis
by targeting GAB2, pcDNA-GAB2 and miR-373 mimics
were transfected into A549 and H358 cells. Following
pcDNA-GAB?2 transfection, GAB2 protein expression was
markedly enhanced in A549 and H358 cells, as indicated in
Fig. 5A. After transfection with miR-373 mimics, the expres-
sion level of GAB2 was significantly inhibited. However,
this inhibitory effect was reversed by simultaneous GAB2
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overexpression. A549 and H358 cells transfected with
miR-373 mimics had reduced cell proliferation compared
with that in the mimics NC group, according to the results
of a CCK-8 assay, whereas the inhibitory effect was effi-
ciently attenuated by simultaneous overexpression of GAB2
(Fig. 5B and C). Furthermore, overexpression of GAB2
substantially reversed the stimulatory effects of miR-373 on
caspase 3 activity and cell apoptosis in A549 and H358 cells
(Fig. 5D-G). Together, these findings demonstrate that GAB2
contributes to the function of miR-373 in the proliferation
and apoptosis of NSCLC cells.

Overexpression of GAB2 attenuates the inhibitory effects of
miR-373 on the invasion and migration of NSCLC cells. Next,

it was investigated whether miR-373 regulates cell invasion
and migration by targeting GAB2. As anticipated, miR-373
mimics-transfected A549 and H358 cell lines displayed
decreased invasion activity when compared to the mimics NC
group, while overexpression of GAB2 effectively reduced the
inhibitory effect of miR-373 mimics (Fig. 6A-C). Similarly,
overexpression of GAB2 abolished the effects of miR-373
mimics on migration (Fig. 6D-F). According to the above
results, miR-373 mimics significantly raised E-cadherin
expression, while significantly decreasing N-cadherin,
Fibronectin and Vimentin levels, and simultaneous GAB2
overexpression significantly reversed these effects (Fig. 6G).
These findings demonstrated that miR-373 inhibited cell
invasion and migration by specifically targeting GAB2.
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miR-373 suppresses the AKT/mTOR signaling pathway via
downregulation of GAB2. GAB2 is an important oncogenic
protein that affects the AKT/mTOR signaling pathway and
regulates tumor cell proliferation, apoptosis and migration in
various types of cancer, such as NSCLC and renal cell carci-
noma (27-29). Thus, the following experiment was designed
to study whether the miR-373/GAB2 regulatory axis affects
the PI3K/AKT signaling pathway in NSCLC. The effects of
miR-373 on proteins relevant to the AKT/mTOR signaling
pathway were determined. It was shown that A549 and H358
cells with high expression of miR-373 had lower levels of
GAB2, PI3K(p85), p-AKT and p-mTOR protein than those
in the NC group, indicating that overexpression of miR-373
blocked AKT/mTOR signaling pathway activation. However,
the inhibitory effect was reversed by overexpression of GAB2
(Fig. 7A-C). Collectively, these data suggest that miR-373
suppressed the AKT/mTOR signaling pathway via downregu-
lation of GAB2.

Discussion

In the present study, it was found that miR-373 was downregu-
lated in NSCLC tissues and cell lines, and closely associated

with the clinicopathological features and prognosis of patients
with NSCLC. Furthermore, upregulation of miR-373 had
a tumor suppressor effect in NSCLC cells by targeting
GAB2/PI3K/AKT signaling. These findings implicate
miR-373 as a potential therapeutic target for NSCLC.

Recent studies have indicated that miRNAs have a
crucial role in tumor cell proliferation, apoptosis, inva-
sion and migration (30,31). It has been reported that
certain miRNAs, including miR-383 (32), miR-205 (33),
miR-134 (34) and miR-132 (35), have important roles in
regulating the proliferation and function of NSCLC cells.
miR-383 overexpression inhibited proliferation, invasion
and migration of A549 and H596 cells, and low tumorous
miR-383 expression was significantly associated with poor
prognosis of patients with NSCLC (32). It was previously
reported that in lung cancer, miR-205 targeted Smad4 to
promote cell growth in vitro and in vivo (33). Furthermore,
miR-134 was observed to suppress NSCLC cell migra-
tion and invasion via regulating integrin beta 1 (34). To
date, large-scale miRNA expression profile analysis has
been carried out (36,37). In the present study, miRNA
microarray profiling analysis was performed in the public
dataset GSE29248, which was searched and downloaded
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Grb-associated binding protein 2; OD450, optical density at 450 nm; PI, propidium iodide.

from the GEO database. A signature of miRNAs that was
dysregulated in NSCLC tissues compared with that in
normal samples of the GSE29248 dataset was identified,
including those that have already been recognized by other
studies: MiR-21, miR-224, miR-96, miR-30a, miR-126 and
miR-7 (14-19). However, among these miRNAs, miR-373
showed the highest fold change in NSCLC samples compared
to adjacent noncancerous tissues. miR-373, which has been
shown to be aberrantly expressed in a variety of human
cancers (14,15,38). However, the mechanism and function
of miR-373 in NSCLC remain unclear. Therefore, miR-373
was selected for further study. In the present analysis, it was
observed that miR-373 was significantly downregulated in
NSCLC tissues and cell lines. Furthermore, miR-373 had a
close relationship with the degree of differentiation, clinical
stage, tumor size and prognosis of patients with NSCLC,

and it was indicated that miR-373 may be involved in the
development of NSCLC.

To date, miR-373 has raised considerable interest in
cancer research for its dual function as an oncogene and
tumor suppressor (39,40). For instance, overexpression of
miRNA-373-3p inhibited prostate cancer progression by
targeting AKT1 (41). miR-373 overexpression decreased cell
proliferation and invasion by targeting Ras-related protein
Rab22a, a well-known oncoprotein in liver cancer cells (42).
In cervical cancer, miR-373-3p targeted AKT1 to suppress
cell growth in vitro and in vivo (43). Another previous study
showed that the expression of miR-373 was decreased in
NSCLC tissues and served as a tumor suppressor by targeting
TFIIB-related factor 2 (44). As an oncogene, miR-373
promoted urinary bladder cancer cell proliferation, migra-
tion and invasion through upregulating epidermal growth
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Figure 6. Overexpression of GAB2 is required for the miR-373-mediated suppression of migration and invasion in non-small cell lung cancer cells. pcDNA-GAB2
was transfected into A549 and H358 cells, along with miR-373 mimics, and the cells were then harvested for subsequent experiments. (A-C) The invasion of
A549 and H358 cells was measured by Transwell assay after transfection. (A) Representative images and quantified results for (B) A549 and (C) H358 cells
(magnification, x200). (D-F) The migration of A549 and H358 cells was measured by wound-healing assay after transfection. (D) Representative images and
quantified results for (E) A549 and (F) H358 cells (magnification, x200). (G) The expression levels of E-cadherin, N-cadherin, Fibronectin and Vimentin in
A549 and H358 cells were detected by western blot after transfection. Values are expressed as the mean + standard deviation. 'P<0.05, “P<0.01 vs. mimics
NC, #P<0.01 vs. miR-373 mimics. MiR, microRNA; NC, negative control; GAB2, Grb-associated binding protein 2.

factor receptor (45). The present results confirmed the down-
regulation of miR-373 expression in NSCLC and revealed that
upregulation of miR-373 was able to suppress cell prolifera-
tion, promote apoptosis and inhibit migration and invasion in
NSCLC cells. These findings suggested that miR-31-3p may
act as a tumor suppressor of NSCLC. However, the underlying
mechanism remained elusive.

After determining the biological functions of miR-373 in
NSCLC, a functional analysis was subsequently performed
to predict the molecular mechanisms underlying miR-373.
According to a Bioinformatics analysis, GAB2 is directly

targeted by miR-373. GAB2, a scaffolding protein, mediates
interactions with various signaling pathways and is involved in
the regulation of tumor cell proliferation, apoptosis and migra-
tion (46,47). For instance, GAB2 promoted tumor cell migration
and invasion, and enhanced tumor growth and metastasis
in vivo in melanoma (48). GAB2 was overexpressed in breast
cancer cell lines and primary tumors, and its overexpression
increased the proliferative capacity of mammary epithelial
cells (49). Regarding NSCLC, GAB2 disruption impaired
the migration of NSCLC cell lines H1975 and H1299 (50).
In the present study, it was indicated that GAB2 was highly
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control; GAB2, Grb-associated binding protein 2; p-AKT, phosphorylated AKT.

expressed in NSCLC tissues and cell lines, and negatively
correlated with the level of miR-373 in NSCLC tissues. These
observations demonstrate that GAB2 can promote migration
and invasion, which counteract the role of miR-373. To further
explore whether the anti-tumor effect of miR-373 is mediated
by GAB2, rescue experiments were performed by introducing
GAB?2. It was found that manipulation of GAB2 could abrogate
the regulative role of miR-373 in NSCLC cells.

Multiple cellular signaling pathways were reported to be
dysregulated in NSCLC, such as the Ras/mTOR pathway and
PI3K-AKT pathway. In the present study, GAB2 was identified
as a functional target of miR-373 in the regulation of NSCLC
cell proliferation, invasion and migration. It is known that GAB2
has three tyrosine residues, one of which specifically binds to
the P85 subunit in PI3K, and this interaction is important for
the activation of PI3K (51,52). The PI3K/Akt pathway has
significant regulatory roles in cell proliferation, apoptosis and
invasion (53). Furthermore, the PI3K/Akt pathway is aberrantly
activated in malignant tumors including NSCLC, leading to
upregulated growth (54). Therefore, PI3K/Akt pathway was
selected for further study. The present results demonstrated that
the phosphorylation status of AKT and mTOR and the expres-
sion of PI3K(p85) were significantly decreased when miR-373
was overexpressed, but it was reactivated by GAB?2 upregulation.

Of note, the present study had certain limitations. First,
miR-373 is not the sole anti-tumor element in NSCLC. Similarly,
GAB2 is the only target gene of miR-373; there are other genes
as well. The results of the present study suggested that the
GAB2/PI3K/AKT signaling pathway may be one of the main
mechanisms through which miR-373 exerts its tumor suppressive
role in NSCLC. However, there may be other mechanisms by
which miR-373 exerts its tumor suppressive role in NSCLC and
a study reported that miR-373 targeted the TGF-$-R2/SMAD
pathway to suppress cell proliferation and migration in prostate
cancer (55). Another study also demonstrated that miR-373
targeted LATS?2 and oxidation resistance 1 to regulate the Hippo
and the p53 signaling pathway to promote the development of
esophageal squamous cell carcinoma (56); thus, further investi-
gation is required. In addition, more samples and further studies

are needed to unravel the relationship between miR-373-3p and
the clinicopathological features of patients with NSCLC.

In conclusion, the present study demonstrated that miR-373
is a crucial regulator in the tumorigenesis of NSCLC, which
is at least partially associated with GAB2-mediated PI3K/Akt
pathway activation. In the future, they will be verified on a
large number of clinical samples to evaluate the utility of
miR-373-3p as a diagnostic marker or therapeutic target.
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