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Abstract. Non‑small‑cell lung cancer (NSCLC) is the most 
common cause of cancer‑associated mortality worldwide. 
MicroRNAs (miRs) are a class of small non‑coding RNAs that 
are commonly dysregulated in human cancer. The aim of the 
current study was to evaluate the effect of miR‑296‑3p on the 
cell migration and invasion of NSCLC. Pairs of tumor tissues 
and para‑cancerous tissues (n=50) were collected from patients 
with NSCLC, and the expression of miR‑296‑3p was analyzed 
by reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Additionally, tumor cell viability, migration and 
invasion were examined in vitro using Cell Counting Kit‑8, 
wound healing and Matrigel assays, respectively. Furthermore, 
potential targets of miR‑296‑3p were screened for using 
TargetScan and validated using a dual‑luciferase reporter assay. 
The expression levels of phosphoinositide‑3‑kinase (PI3K), AKT 
serine/threonine kinase (AKT), mammalian target of rapamycin 
(mTOR), matrix metallopeptidase 2 (MMP2) and SRY‑box 4 
(SOX4) were detected by RT‑qPCR and western blot analysis. 
The data indicated that miR‑296‑3p was downregulated in tumor 
tissues compared with adjacent normal tissues. Overexpression 
of miR‑296‑3p inhibited NSCLC cell viability, migration 
and invasion in  vitro. Furthermore, apurinic/apyrimidinic 
endodeoxyribonuclease 1 (APEX1) was identified as a direct 
target of miR‑296‑3p. APEX1 expression was upregulated in 
tumor tissues compared with para‑cancerous tissues, and the 
mRNA and protein expression levels of APEX1 were decreased 
following transfection of NSCLC cells with miR‑296‑3p mimics 
compared with control cells. Additional investigations revealed 
that miR‑296‑3p was involved in regulating the PI3K/AKT/mTOR 
signaling pathway, and miR‑296‑3p mimics decreased the mRNA 
and protein expression levels of MMP2 and SOX4. In summary,  
the findings demonstrated that miR‑296‑3p may function as a 

tumor suppressor, and inhibits the migration and invasion of 
NSCLC cells by targeting APEX1. miR‑296‑3p is therefore a 
potential therapeutic molecular modulator of NSCLC.

Introduction

Non‑small‑cell lung cancer (NSCLC) is a heterogeneous class 
of lung cancer, and in 2015 ranked as the most common cause 
of cancer‑associated mortality worldwide (1). The majority 
of patients with NSCLC are diagnosed during the metastatic 
period, and the median survival time following diagnosis is 
1 year (2). Although surgical techniques and biological treat-
ments have been developed, the overall 5‑year survival rate is 
18% (3). In addition, patients diagnosed at the advanced stage 
are not suitable for surgery (3). Thus, the identification of novel 
targeted agents may produce effective methods for treating 
patients with advanced NSCLC (4). However, the underlying 
molecular mechanisms of NSCLC remain poorly defined.

MicroRNAs (miRNAs/miRs) are a class of endogenous, 
non‑coding RNAs, which are 18‑25 nucleotides in length and 
can regulate gene expression by inhibiting translation and/or 
degradation of mRNA (5). The regulation of gene expression 
by miRNAs is mediated via base pairing with 3'‑untranslated 
regions (3'‑UTRs) in mRNA molecules  (6,7). miRNAs are 
commonly dysregulated in cancer, which affects tumorigenesis 
processes and the expression of specific genes (7). miR‑296 is 
located at the chromosome 20q13.32 genomic locus. It functions 
as a tumor suppressor in cervical, pancreatic and colorectal 
cancer by regulating specific targets  (8‑10). miR‑296‑3p is 
derived from the 3' arm of mature miR‑296, and miR‑296‑5p is 
derived from the 5' arm (11). In NSCLC, miR‑296‑5p has been 
demonstrated to suppress tumor progression by targeting polo 
like kinase 1 (12). In addition, miR‑296‑3p has been reported to 
inhibit NSCLC cell proliferation, promote cell apoptosis, and 
enhance resistance to cisplatin and paclitaxel (13). However, to 
the best of our knowledge, whether miR‑296‑3p is involved in 
the migration and invasion of NSCLC has not been investigated.

The aim of the current study was to investigate the 
biological and functional role of miR‑296‑3p in NSCLC. The 
effects of miR‑296‑3p on NSCLC cell migration and invasion 
in vitro were investigated, which indicated that miR‑296‑3p 
may exhibit tumor‑suppressive functions. Understanding 
the molecular mechanism of miR‑296‑3p may provide novel 
therapeutic targets for the treatment of NSCLC.
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Materials and methods

Clinical tissue specimens. NSCLC tissues and adjacent normal 
tissues (the distance between tumor tissues and normal tissues 
was 5  cm) were collected from 50 patients with NSCLC, 
including 29 male and 21 female patients, with a median age of 
59.92 years (range, 45‑75 years) that received surgery at Xi'an 
High‑Tech Hospital (Xi'an, China) and Shaanxi Provincial 
People's Hospital (Xi'an, China) between September 2015 and 
December 2016. All specimens were immediately frozen in 
liquid nitrogen and stored at ‑80˚C prior to further use. The 
present study was approved by the Ethics Committees of Xi'an 
High‑Tech Hospital and Shaanxi Provincial People's Hospital. 
Written informed consent was obtained from all patients.

Cell culture. A549 cells were purchased from the American 
Type Culture Collection (Manassas, VA, USA). Cells were 
cultured in RPMI‑1640 medium (GE Healthcare Life Sciences) 
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and 1% (w/v) penicillin/streptomycin 
(Invitrogen; Thermo Fisher Scientific, Inc.). The cells were 
maintained at 37˚C with 5% CO2.

Cell transfection. miR‑296‑3p mimics and corresponding 
negative control (NC) vectors were purchased from 
Guangzhou RiboBio Co., Ltd. (Guangzhou, China). A549 cells 
were transfected with 30 nM miR‑296‑3p mimics (5'‑GAG​
GGU​UGG​GUG​GAG​GCU​CUCC‑3') and miR‑NC (5'‑UUC​
UCC​GAA​CGU​GUC​ACGU‑3') using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from tissues and cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. Subsequently, RNA 
was reverse transcribed to cDNA using the PrimeScript™ RT 
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China). RT 
conditions were as follows: 37˚C for 15 min and 85˚C for 5 sec. 
RT‑qPCR was performed using SYBR® Premix Ex Taq™ kit 
(Takara Biotechnology Co., Ltd.) using an ABI 7500 real‑time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). qPCR reaction conditions were as follows: 95˚C for 
10 min, followed by 95˚C for 30 sec, 60˚C for 30 sec and 72˚C 
for 30 sec (40 cycles). U6 was used as the internal control for 
miR‑296‑3p, and GAPDH was used as the internal control for 
apurinic/apyrimidinic endodeoxyribonuclease 1 (APEX1), 
phosphoinositide‑3‑kinase (PI3K), AKT serine/threonine 
kinase (AKT), mammalian target of rapamycin (mTOR), 
matrix metallopeptidase 2 (MMP2) and SRY‑box 4 (SOX4). 
All samples were normalized to internal controls and the 
fold change was calculated using the 2‑ΔΔCq method (14). The 
sequences of the primers used were as follows: miR‑296‑3p 
forward, 5'‑GAG​GGT​TGG​GTG​GAG​GCT​CTCC‑3'; U6 
forward, 5'‑ATG​ACA​CGC​AAA​TTC​GTG​AAGC‑3'; the 
reverse primers of miR‑296‑3p and U6 used universal primers. 
APEX1 forward, 5'‑TGA​AGC​CTT​TCG​CAA​GTT​CCT‑3' 
and reverse, 5'‑TGA​GGT​CTC​CAC​ACA​GCA​CAA‑3'; PI3K 
forward, 5'‑CAT​CAC​TTC​CTC​CTG​CTC​TAT‑3' and reverse, 
5'‑CAG​TTG​TTG​GCA​ATC​TTC​TTC‑3'; AKT forward, 

5'‑GGA​CAA​CCG​CCA​TCC​AGA​CT‑3' and reverse, 5'‑GCC​
AGG​GAC​ACC​TCC​ATC​TC‑3'; mTOR forward, 5'‑ATT​TGA​
TCA​GGT​GTG​CCA​GT‑3' and reverse, 5'‑GCT​TAG​GAC​ATG​
GTT​CAT​GG‑3'; MMP2 forward, 5'‑GAC​CTT​GAC​CAG​AAC​
ACC​ATCG‑3' and reverse, 5'‑GCT​GTA​TTC​CCG​ACC​GTT​
GAAC‑3'; SOX4 forward, 5'‑GTG​AGC​GAG​ATG​ATC​TCG​
GG‑3' and reverse, 5'‑CAG​GTT​GGA​GAT​GCT​GGA​CTC‑3'; 
and GAPDH forward, 5'‑TGC​CAA​ATA​TGA​TGA​CAT​CAA​
GAA‑3' and reverse 5'‑GGA​GTG​GGT​GTC​GCT​GTTG‑3'.

Western blot analysis. Proteins were extracted from tissues and 
cells using radioimmunoprecipitation assay lysis buffer, and the 
concentration of each sample was measured using a bicincho-
ninic acid protein assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). The proteins (30 µg) were separated by 10% SDS‑PAGE 
and transferred to polyvinylidene difluoride membranes. The 
membranes were blocked with 5% not‑fat milk in 0.05% 
TBS‑Tween‑20 (TBST) for 1  h at room temperature. The 
membranes were incubated with primary antibodies against 
APEX1 (cat. no. ab137708; 1:2,000), PI3K (cat. no. Ab191606; 
1:1,000), phospho (p)‑PI3K (cat. no. ab192651; 1:1,000), AKT 
(cat.  no.  Ab179463; 1:10,000), p‑AKT (cat.  no.  ab131443; 
1:1,000), mTOR (cat. no. Ab2732; 1:2,000), p‑mTOR (p‑S2448; 
cat. no. ab109268; 1:1,000), MMP2 (cat. no. ab92536; 1:1,000), 
SOX4 (cat. no. ab80261; 1:500) and GAPDH (cat. no. ab181602; 
1:1,000) overnight at 4˚C. All primary antibodies were 
purchased from Abcam (Cambridge, MA, USA). Subsequently, 
the membranes were washed in TBST and then incubated 
with secondary antibody (goat anti‑rabbit IgG horseradish 
peroxidase‑conjugated antibody; cat. no. ab205718; 1:2,000; 
Abcam) at room temperature for 1 h. Protein expression signals 
were detected using enhanced chemiluminescence reagents 
(GE Healthcare, Chicago, IL, USA) with GAPDH used as the 
loading control. Data was analyzed by Image‑Pro Plus 6.0 
software (Media Cybernetics, Inc.).

Cell viability assay. Cell viability was analyzed using the 
Cell Counting Kit‑8 (CCK‑8) assay (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan). Cells (4x103 cells/well) 
were seeded into 96‑well plates and cultured at 37˚C with 5% 
CO2 for 0, 12, 24 and 48 h. CCK‑8 reagent (10 µl) was added 
into each well. Subsequently, cells were cultured at 37˚C for 
2 h. The optical density value was measured at a wavelength of 
450 nm using a microplate reader.

Wound healing assay. Cells (4x105) were seeded in 6‑well 
plates. When confluence reached >90%, a 10‑µl pipette tip 
was used to scratch two parallel wounds in the cell monolayer. 
The cell debris was washed twice with PBS and cells were 
incubated at 37˚C with 5% CO2 in serum‑free RPMI‑1640 
medium. Following 24 h of incubation at 37˚C, images of the 
cells were captured using a light microscope (magnification, 
x200) and the width of the wound was calculated using a 
standard caliper.

Matrigel assays. A549 cells (2x105  cells/ml) were seeded 
in the upper chamber of Transwell filled with serum‑free 
RPIM‑1640 medium inserts coated with 100 µl Matrigel (BD 
Biosciences, San Jose, CA, USA) at 37˚C for 4 h. The bottom 
chamber was filled with RPMI‑1640 medium containing 10% 
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FBS. Following incubation for 24 h, the cells that had invaded 
into the lower chambers were fixed with 4% paraformaldehyde 
for 10 min and stained with 0.1% crystal violet for 15 min at 
room temperature. Cells were imaged and quantified from 5 
randomly‑selected fields using a light microscope (magnifica-
tion, x200).

Prediction of target genes and dual‑luciferase reporter 
assay. The potential targets of miR‑296‑3p were predicted 
using the TargetScan online tool (targetscan.org/). The DNA 
regions coding wild‑type (WT) APEX1 3'‑untranslated region 
(3'‑UTR; miR‑296‑3p binding sites) and a mutant sequence 
(miR‑296‑3p binding site deletion) were inserted into a 
pmirGLO vector (Promega Corporation). miR‑296‑3p mimics 
and miR‑NC were co‑transfected into A549 cells with WT 
and mutant vectors using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). After transfection for 48 h, 
firefly luciferase activity was normalized to Renilla lucif-
erase activity using the dual‑luciferase reporter assay system 
(Promega Corporation, Madison, WI, USA), according to the 
manufacturer's protocol.

Statistical analysis. All experiments were repeated three 
times. All data are analyzed by GraphPad Prism 7 software 
(GraphPad, Inc.) presented as the mean ± standard deviation. 
Student's t‑test was used to analyze two groups, except for the 
comparison between tumor tissues and normal tissues where a 
paired Student's t‑test was used. One‑way analysis of variance 
followed by the Newman‑Keuls test was used to compare the 
differences among multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Downregulated expression of miR‑296‑3p in NSCLC tissues. 
In order to determine the role of miR‑296‑3p in NSCLC, 
50 pairs of tumor tissues and adjacent normal tissues were 
collected from patients with NSCLC. miR‑296‑3p expression 
was detected by RT‑qPCR, revealing that miR‑296‑3p expres-
sion was significantly lower in tumor tissues compared with 
corresponding normal tissues (P<0.01; Fig. 1).

miR‑296‑3p inhibits NSCLC cell viability, migration and inva‑
sion in vitro. Transfection of miR‑296‑3p mimics into NSCLC 
cells was used to investigate the functional role of miR‑296‑3p. 
Initially, the transfection efficiency of miR‑296‑3p was deter-
mined by RT‑qPCR. miR‑296‑3p expression was significantly 
upregulated in A549 cells transfected with miR‑296‑3p 
mimic compared with the miR‑NC group (P<0.01; Fig. 2A). 
The effects of miR‑296‑3p overexpression on cell viability, 
migration and invasion were determined by CCK‑8, wound 
healing and Matrigel assays, respectively. Cell viability was 
significantly downregulated in the miR‑296‑3p mimics group 
compared with the miR‑NC‑transfected cells at 48 h (P<0.01), 
with similar viability rates in the miR‑NC and untransfected 
control group (Fig. 2B). As presented in Fig. 2C, miR‑296‑3p 
mimic inhibited the migration of cells at 24 h, compared with 
the miR‑NC group (P<0.01). Similarly, overexpression of 
miR‑296‑3p significantly reduced the number of invaded cells, 
suggesting that miR‑296‑3p suppressed cell invasion in vitro 

(P<0.01; Fig. 2D). These findings indicate that overexpression 
of miR‑296‑3p exhibits tumor suppressive effects via reduced 
cell viability, migration and invasion.

APEX1 is a potential target of miR‑296‑3p. To determine how 
miR‑296‑3p mediates the aforementioned effects in NSCLC 
cells, bioinformatics analysis was used to predict the potential 
targets of miR‑296‑3p. The results indicated that miR‑296‑3p 
directly binds to position 782‑789 of the APEX1 mRNA 
3'‑UTR (Fig. 3A). A dual‑luciferase reporter assay was used to 
validate this prediction. Overexpression of miR‑296‑3p signifi-
cantly decreased luciferase activity in A549 cells transfected 
with WT APEX1 3'‑UTR compared with the miR‑NC group 
(P<0.01; Fig. 3B). However, overexpression of miR‑296‑3p did 
not effect the luciferase activity in A549 cells transfected with 
the mutant APEX1 3'‑UTR.

Furthermore, the expression of APEX1 was analyzed in 
NSCLC tissues and cells. The mRNA and protein expression 
levels of APEX1 were significantly higher in tumor tissues 
compared with normal tissues (P<0.01; Fig.  4A  and  B). 
The expression levels of APEX1 mRNA and protein were 
significantly downregulated in A549 cells transfected with 
miR‑296‑3p mimics compared with the miR‑NC group 
(P<0.05; Fig. 5A, I and J).

miR‑296‑3p regulates the PI3K/AKT/mTOR signaling pathway 
and the expression of MMP2 and SOX4. In order to investi-
gate how miR‑296‑3p regulates the signaling associated with 
cellular processes, RT‑qPCR was used to evaluate the mRNA 
expression levels of PI3K, AKT, mTOR, MMP2 and SOX4. As 
presented in Fig. 5B‑F, overexpression of miR‑296‑3p did not 
induce a change in PI3K, AKT and mTOR expression at the 
mRNA level (P>0.05); however, it did significantly decrease 
the mRNA and protein levels of MMP2 and SOX4 (P<0.01), 
compared with the miR‑NC group (Fig. 5E, F, I and J). The 
protein expression levels of total PI3K, AKT and mTOR were 
not affected by miR‑296‑3p; however, the phosphorylation 
levels of PI3K, AKT and mTOR were significantly reduced 
in A549 cells transfected with miR‑296‑3p mimic (P<0.01; 
Fig. 5G and H).

Figure 1. Expression of miR‑296‑3p is significantly reduced in non‑small‑cell 
lung cancer tissues compared with para‑cancerous tissues. Reverse 
transcription‑quantitative polymerase chain reaction was used to determine 
the expression levels in tumor tissues and adjacent normal tissues. n=50. 
**P<0.01. miR, microRNA.
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Figure 2. Overexpression of miR‑296‑3p inhibits non‑small‑cell lung cancer cell viability, migration and invasion. (A) A549 cells were transfected with 
miR‑296‑3p mimics and miR‑NC. The transfection efficiency was determined by reverse transcription‑quantitative polymerase chain reaction. (B) Cell 
viability was analyzed by the Cell Counting Kit‑8 assay. (C) Wound healing assay was used to measure cell migration (magnification, x200). (D) Matrigel 
assay was used to evaluate cell invasion (magnification, x200). Data are presented as the mean ± standard deviation. **P<0.01 vs. NC. miR, microRNA; NC, 
negative control; OD, optical density.

Figure 3. APEX1 is a direct target of miR‑296‑3p. (A) WT sequence of the putative miR‑296‑3p binding site in the APEX1 3'‑UTR was predicted by bioin-
formatics analysis. (B) Dual‑luciferase reporter assay was performed following transfection of A549 cells with plasmids containing WT or mutant APEX1 
3'‑UTR. Data are presented as the mean ± standard deviation. **P<0.01. APEX1, apurinic/apyrimidinic endodeoxyribonuclease 1; miR, microRNA; 3'‑UTR, 
3'‑untranslated region; NC, negative control; WT, wild‑type.
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Figure 4. Expression of APEX1 is upregulated in non‑small‑cell lung cancer tissues compared with para‑cancerous tissues. (A) The mRNA expression level 
of APEX1 in tumor tissues and adjacent normal tissues was assessed by reverse transcription‑quantitative polymerase chain reaction. n=50. (B) Western blot 
analysis measured the protein expression level of APEX1 in tumor tissues and corresponding normal tissues. GAPDH was used as the loading control. **P<0.01 
vs. Normal. APEX1, apurinic/apyrimidinic endodeoxyribonuclease 1.

Figure 5. Overexpression of miR‑296‑3p does not affect the mRNA and protein expression levels of PI3K, AKT and mTOR; however, it does reduce the phosphory-
lation of PI3K, AKT and mTOR. mRNA and protein levels of APEX1, MMP2 and SOX4 were decreased following transfection of A549 cells with miR‑296‑3p 
mimics. The mRNA expression levels of (A) APEX1, (B) PI3K, (C) AKT, (D) mTOR, (E) MMP2 and (F) SOX4 were detected using reverse transcription‑quantita-
tive polymerase chain reaction. (G) Protein levels of total PI3K, p‑PI3K, total AKT, p‑AKT, total mTOR and p‑mTOR were examined using western blot analysis. 
GAPDH was used as a normalization control. (H) Quantification of the ratios of p‑AKT/AKT, p‑PI3K/PI3K and p‑mTOR/mTOR. (I) Protein levels of APEX1, 
MMP2 and SOX4 were measured by western blot analysis. (J) The fold change of proteins/GAPDH according to the APEX1, MMP2 and SOX4 protein levels. Data 
are presented as the mean ± standard deviation. *P<0.05, **P<0.01 vs. NC. miR, microRNA; PI3K, phosphoinositide‑3‑kinase; AKT, AKT serine/threonine kinase; 
mTOR, mammalian target of rapamycin; MMP2, matrix metallopeptidase 2; SOX4, SRY‑box 4; p‑, phosphorylated‑; NC, negative control.
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Discussion

In the present study, the molecular mechanism of miR‑296‑3p 
in NSCLC was investigated, and the results revealed 
that miR‑296‑3p acted as a tumor suppressor in NSCLC. 
miR‑296‑3p was demonstrated to inhibit NSCLC cell viability, 
migration and invasion in vitro, and was revealed to directly 
target APEX1 mRNA.

Previous studies have examined the expression and role 
of miR‑296‑3p in human cancer. For example, miR‑296‑3p 
was demonstrated to be upregulated in prostate cancer, 
which increased tumor cell resistance to natural killer cells 
by targeting intercellular adhesion molecule‑1  (15). By 
contrast, miR‑296‑3p has been reported to suppress tumor cell 
proliferation, migration and invasion in several types of malig-
nancy. In choroidal malignant melanoma, overexpression of 
miR‑296‑3p suppressed tumor cell proliferation, migration 
and invasion (16). Additionally, miR‑296‑3p was downregu-
lated in glioblastoma cells and decreased cell proliferation 
and invasion by inhibition of potassium voltage‑gated channel 
subfamily H member 1 (17). The current study revealed that 
miR‑296‑3p expression was lower in NSCLC tissues compared 
with para‑cancerous tissues, which was consistent with a 
previous study by Luo et al (13). Furthermore, overexpres-
sion of miR‑296‑3p inhibited tumor cell viability, migration 
and invasion in vitro. These results indicate that miR‑296‑3p 
exerts antitumor effects in NSCLC. However, the underlying 
molecular mechanism of how miR‑296‑3p mediates these 
effects in NSCLC remained unclear.

Bioinformatics analysis was used to predict the potential 
mRNA targets of miR‑296‑3p. The results indicated that 
miR‑296‑3p may bind to the 3'‑UTR of APEX1 at nucleotides 
782‑789. A dual‑luciferase reporter assay revealed that APEX1 
was a direct target of miR‑142‑3p. APEX1 is a DNA repair 
enzyme that recognizes and cleaves apurinic/apyrimidinic 
sites in damaged DNA (18). APEX1 is commonly upregu-
lated in human cancer, including in prostate cancer  (19), 
osteosarcoma (20) and human melanoma (21). Furthermore, 
high expression of APEX1 is associated with unfavorable 
prognosis in breast cancer and osteosarcoma (20,22). APEX1 
is involved in regulating biological behavior in human cancer. 
For example, APEX1 has been demonstrated to promote 
colon cancer tumorigenicity and progression in  vitro and 
in vivo  (23). Furthermore, overexpression of APEX1 is an 
independent predictor of osteosarcoma local recurrence and 
metastasis (24). Additionally, APEX1 was established as a 
prognostic indicator in NSCLC, and cytoplasmic expression of 
APEX1 was associated with poor survival rates (25). However, 
the expression and functional roles of APEX1 in NSCLC have 
remained unclear; therefore, the expression of APEX1 was 
detected in the present study. The results demonstrated that 
APEX1 was significantly upregulated in NSCLC tissues at 
the mRNA and protein levels compared with para‑cancerous 
tissues, which was consistent with previous studies in other 
cancer types, such as prostate cancer, osteosarcoma and human 
melanoma (19‑21). Additionally, the expression of APEX1 was 
significantly downregulated by transfection with miR‑296‑3p 
mimic in NSCLC cells; this suggested that overexpression of 
miR‑296‑3p may inhibit NSCLC cell migration and invasion 
by targeting APEX1.

The PI3K signaling pathway is commonly activated 
in human cancer  (26). AKT and mTOR are major effec-
tors that act downstream of PI3K (27). PI3K is activated by 
various extracellular cytokines via auto‑phosphorylation of 
cell surface receptors (27). Once activated, PI3K can phos-
phorylate downstream kinases, including AKT, and activated 
AKT phosphorylates other downstream targets to regulate 
numerous cellular processes (28‑30). The PI3K/AKT/mTOR 
signaling pathway is an important mediator of tumor cell 
proliferation, apoptosis, migration, invasion, metabolism and 
angiogenesis (28,31). MMP2 and SOX4 are also involved in 
regulating cell migration and invasion (32,33). To the best 
of our knowledge, no previous studies have investigated the 
association between APEX1, the PI3K/AKT/mTOR pathway, 
and MMP2 and SOX4. In the current study, overexpression 
of miR‑296‑3p reduced the phosphorylation of PI3K, AKT 
and mTOR, but did not affect their mRNA expression level. 
These results suggest that miR‑296‑3p may have an inhibitory 
effect on the PI3K/AKT/mTOR signaling pathway, although 
this action potentially occurs at the translation/post‑translation 
level, rather than by affecting mRNA stability. Additionally, 
miR‑296‑3p reduced the mRNA and protein levels of MMP2 
and SOX4. These findings suggest that miR‑296‑3p may inac-
tivate the PI3K/AKT/mTOR signaling pathway and suppress 
the expression of MMP2 and SOX4 by targeting APEX1, 
resulting in reduced cell migration and invasion.

In conclusion, the present study demonstrated that 
miR‑296‑3p was downregulated in NSCLC tissues compared 
with para‑cancerous tissues. Additionally, miR‑296‑3p inhibited 
NSCLC cell migration and invasion, reduced PI3K/AKT/mTOR 
signaling, and reduced the expression of MMP2 and SOX4, 
potentially by targeting APEX1. APEX1 was validated as a 
novel target of miR‑296‑3p, and these insights may be useful for 
identifying novel therapeutic targets for the clinical treatment of 
patients with NSCLC.
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