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Abstract. Long non‑coding RNAs (lncRNAs) are involved in 
the occurrence and progression of numerous types of cancer. 
The aim of the present study was to evaluate the effect of the 
lncRNA maternally expressed gene 3 (MEG3) on the migra‑
tion and invasion of non‑small cell lung cancer (NSCLC) 
H1299 and PC9 cells. Reverse transcription‑quantitative 
(RT‑q)PCR analysis showed that MEG3 was downregulated 
in NSCLC PC9 and H1299 cells. Additionally, bioinformatics 
analysis indicated that MEG3 sponges microRNA (miR)‑21‑5p; 
miR‑21‑5p was predicted to target the phosphatase and 
tensin homolog (PTEN) 3'‑untranslated region sequence. 
MEG3 overexpression led to miR‑21‑5p suppression and 
PTEN upregulation in PC9 and H1299 cells, as detected by 
RT‑qPCR. Subsequently, western blot analysis confirmed that 
MEG3 overexpression enhanced PTEN expression levels and 
inhibited the PI3K/AKT signaling pathway in NSCLC cells. 
These effects were attenuated by miR‑21‑5p. Dual luciferase 
assay supported the sponging effect of MEG3 on miR‑21‑5p 
and validated the direct interaction between miR‑21‑5p 
and PTEN. Furthermore, Transwell assay demonstrated 
that MEG3 overexpression had an inhibitory effect on cell 
migration and invasion. MEG3 overexpression also medi‑
ated epithelial‑to‑mesenchymal transition by significantly 
enhancing E‑cadherin and decreasing N‑cadherin, Vimentin 
and matrix metalloprotein 9 expression levels in NSCLC cells, 

as indicated by western blot analysis. These changes were 
partially reversed by an miR‑21‑5p mimic. These results indi‑
cated that MEG3 acted as a tumor suppressor that inhibited 
NSCLC cell migration and invasion via sponging miR‑21‑5p, 
which, in turn, enhanced the expression levels of PTEN, in 
part via the PI3K/AKT signaling pathway. The results of the 
present study have suggested the potential of MEG3 as a novel 
therapeutic target for NSCLC treatment.

Introduction

Lung cancer is the leading cause of cancer‑associated 
mortality worldwide (1). Non‑small cell lung cancer (NSCLC) 
accounts for ~80% of cases of lung cancer, contributing to the 
majority of cases in terms of both incidence and mortality (2). 
Tumor invasion and metastasis are primary reasons for cancer 
progression and therapy failure (3). Therefore, investigation 
of the molecular mechanisms underlying NSCLC invasion 
may be of significance for therapy in patients with metastatic 
NSCLC.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑coding transcripts that are >200 nucleotides in length (4). 
lncRNAs serve essential roles in cell physiological and 
pathological processes, including proliferation, apoptosis, 
differentiation, migration and invasion  (5,6). A number of 
dysregulated lncRNAs have been identified in cancer and 
characterized as oncogenes or tumor suppressors (7,8). For 
example, maternally expressed gene  3 (MEG3) has been 
reported to act as an antitumor lncRNA in multiple types 
of cancer, such as breast, liver, colorectal, lung and gastric 
cancer  (9). Previous studies have suggested that MEG3 is 
significantly downregulated in NSCLC tissues and cell lines, 
and that low MEG3 expression levels are associated with poor 
prognosis (10,11). In vitro experiments have demonstrated that 
MEG3 overexpression can inhibit cell proliferation, promote 
apoptosis and enhance chemotherapy sensitivity in NSCLC 
cells (11,12). However, little is known about the functions and 
underlying mechanisms of MEG3 in lung cancer metastasis. 
Given that MEG3 participates in migration and invasion of 
numerous other types of cancer, including glioma, as well as 
breast and ovarian cancer (13‑15), it was hypothesized that 
MEG3 may mediate migration and invasion of NSCLC cells.
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As another type of non‑coding RNA, microRNAs (miRNAs 
or miRs) are small (18‑22 nucleotides in length) single‑stranded 
transcripts that are able to regulate gene expression levels 
at the post‑transcriptional level by specific binding to the 
3'‑untranslated region (UTR) of the target mRNA, leading to 
translational repression or degradation (16,17). Similarly to 
lncRNAs, miRNAs are also involved in numerous biological 
behaviors of cancer cells, and aberrant expression levels of 
miRNAs are an important indicator of cancer (18,19). Previous 
studies have shown that miR‑21‑5p is significantly increased in 
NSCLC cell lines and tissues (20‑22); this is positively associ‑
ated with tumor size, metastasis and poor prognosis of patients 
with NSCLC (23,24), indicating the oncogenic properties of 
miR‑21‑5p. miR‑21‑5p has been shown to promote NSCLC cell 
proliferation in vitro (23,25). However, the involvement and 
mechanisms of miR‑21‑5p in NSCLC metastasis have yet to 
be fully elucidated.

Increasing evidence has shown that interactions between 
lncRNAs and miRNAs have a critical role in potential mecha‑
nisms of tumorigenic processes (26,27). lncRNAs can serve 
as competing endogenous RNAs (ceRNAs) or natural miRNA 
sponges to modulate miRNA expression levels or sequester 
miRNAs away from target mRNAs via competitively 
combining with miRNAs, which decreases mRNA expression 
levels (26,27). Bioinformatics analysis here suggested puta‑
tive binding sites for miR‑21‑5p in MEG3; therefore, it was 
possible to hypothesize whether MEG3 could function as a 
ceRNA for miR‑21‑5p to regulate migration and invasion of 
NSCLC cells in vitro.

The present study assessed the ability of MEG3 to function 
as an miR‑21‑5p sponge to inhibit miR‑21‑5p expression levels, 
and, in turn, enhance the expression levels of phosphatase and 
tensin homolog (PTEN) and suppress the PI3K/AKT signaling 
pathway in NSCLC PC9 and H1299 cells. Functional analyses 
demonstrated that MEG3 overexpression could inhibit cell 
migration, invasion and epithelial‑to‑mesenchymal transition 
(EMT). These effects, induced by MEG3, were attenuated by 
a miR‑21‑5p mimic. To the best of our knowledge, the present 
study is the first to identify the molecular mechanism under‑
lying the involvement of the MEG3/miR‑21‑5p/PTEN axis in 
NSCLC metastasis.

Materials and methods

Cell culture. NSCLC cell lines PC9 and H1299 (purchased 
from Shanghai Cell Bank of Chinese Academy of Sciences) 
and human lung bronchial epithelial BEAS‑2B cells (American 
Type Culture Collection) were cultured in RPMI‑1640 medium 
supplemented with 10%  fetal bovine serum (both Gibco; 
Thermo Fisher Scientific, Inc.) and 1% (w/v) penicillin/strep‑
tomycin (Sigma‑Aldrich; Merck KGaA) at 37˚C in a 5% CO2 
incubator. Cells in the exponential growth phase were used for 
subsequent experiments.

Target prediction for miR‑21‑5p. Potential target genes of 
miR‑21‑5p were predicted by TargetScan (targetscan.org/), 
which is a web‑based resource used for the prediction of 
biological targets of miRNAs by searching for the presence of 
8mer, 7mer and 6mer sites that match the seed region of each 
miRNA.

Reverse transcription‑quantitative (RT‑q)PCR. RNA was 
extracted from cells using a MagMAX™ MiRVana™ Total 
RNA Isolation kit (Thermo Fisher Scientific, Inc.), and subse‑
quently transcribed into cDNA using a PrimeScript™ RT 
reagent kit (Takara Biotechnology Co., Ltd.) according to 
the manufacturers' protocols. RT‑qPCR was performed using 
SYBR Green PCR Master Mix on an ABI 7300 Real‑Time 
PCR System (both Applied Biosystems; Thermo  Fisher 
Scientific, Inc.) with customized primer sets for MEG3, PTEN 
and miR‑21‑5p. RT‑qPCR amplification included a holding 
stage at 95˚C for 10 min, followed by 40 cycles of 95˚C for 
15 sec and 60˚C for 1 min. The subsequent melt curve stage 
consisted of 95˚C for 15 sec, 60˚C ˚for 1 min and 95˚C for 
15 sec. GAPDH was used as the internal control for MEG3 
and PTEN, whereas U6 was used as the internal control 
for miR‑21‑5p. The relative fold change of gene expression 
levels was determined using the 2‑ΔΔCq method (28). Primers 
(synthesized by Sangon Biotech Co., Ltd.) are listed in Table I.

Cell transfection. The pcDNA3.1‑MEG3 plasmid (termed 
MEG3) was constructed by sub‑cloning MEG3 sequence 
into pcDNA  3.1 vector (Shanghai GenePharma Co., Ltd.). 
The cells were transfected with MEG3 and and pcDNA 3.1 
empty vector (vector) to a final concentration of 100 nM 
using Lipofectamine® 2000 (cat. no. 11668019; Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocols. miR‑21‑5p inhibitor (5'‑UAG​CUU​AUC​AGA​CUG​
AUG​UUG​A‑3'), miR‑21‑5p mimic (5'‑UAG​CUU​AUC​AGA​
CUG​AUG​UUG​A‑3') and their negative controls (NC, 5'‑CCC​
AGA​ATG​TTG​ACA​GCT​GCC​TCT​T‑3') were synthesized by 
Guangzhou RiboBio Co., Ltd. The cells were transfected with 
miR‑21‑5p mimic or inhibitor to a final concentration of 50 nM 
using Lipofectamine 2000 according to the manufacturer's 
protocols. Subsequent experiments were performed 24 h after 
transfection.

In order to assess the effects of miR‑21‑5p on 
MEG3‑mediated cellular responses, cells were transfected 
with MEG3, miR‑21‑5p mimic, miR‑21‑5p inhibitor, 
MEG3+miR‑21‑5p mimic and their negative controls using 
Lipofectamine 2000, respectively.

Luciferase reporter assay. The 3'‑UTR regions of MEG3 or 
PTEN containing the predicted miR‑21‑5p specific binding 
sites were amplified by PCR and cloned into the firefly lucif‑
erase reporter vector, pmirGLO (Promega Corporation), to 
obtain the wild‑type luciferase reporter plasmids, wt‑MEG3 
and wt‑PTEN, respectively. In order to generate the mutant 
reporter plasmids mut‑MEG3 and mut‑PTEN, certain nucleo‑
tides in MEG3 or PTEN 3'‑UTR were mutated using PCR 
lacking miR‑21‑5p‑binding sites. The constructed luciferase 
reporter plasmids (wt‑MEG3, mut‑MEG3, wt‑PTEN and 
mut‑PTEN) were separately co‑transfected with miR‑21‑5p 
mimic or mimic control into PC9 and H1299 cells using 
Lipofectamine 2000. Cells were lysed and luciferase activity 
was assayed at 24 h post‑transfection using a Dual‑Luciferase 
Reporter Assay system (Promega Corporation), according to 
the manufacturer's instructions.

Western blotting. Proteins were extracted from cells 
using ice‑cold RIPA lysis buffer (Beyotime Institute of 
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Biotechnology). Following quantification using a BCA kit 
(Thermo Fisher Scientific, Inc.), 40 µg total protein of each 
sample was denatured in a boiling water bath and separated 
by SDS‑PAGE (10% gels), then transferred to a polyvinyli‑
dene fluoride membrane. Subsequently, the membranes were 
probed with 5% non‑fat milk in TBS at room temperature 
for 1  h, and incubated with specific primary antibodies 
for PTEN (1:500; cat.  no.  ab31392; Abcam), N‑cadherin 
(N‑cad; 1:500; cat.  no.  ab76011; Abcam), E‑cadherin 
(E‑cad; 1:500; cat.  no.  ab1416; Abcam), Vimentin (Vim; 
1:500; cat.  no.  ab137321; Abcam), matrix metalloprotein 
(MMP)9 (1:500; cat no.  ab38898; Abcam), PI3K (1:500; 
cat.  no.  GW21071; Sigma‑Aldrich; Merck  KGaA), phos‑
phorylated (p)‑PI3K (1:1,000; cat. no. 4228; Cell Signaling 
Technology, Inc.), AKT (1:1,000; cat.  no.  SAB4500797; 
Sigma‑Aldr ich;  Merck  KGaA),  p ‑AKT (1:1,0 0 0, 
cat. no. 9271; Cell Signaling Technology, Inc.) and β‑actin 
(1:1,000; cat. no. 3700; Cell Signaling Technology, Inc.) at 
4˚C overnight. After being washed five times, the membranes 
were incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit IgG (1:2,000; cat. no. ab6721; Abcam) at room 
temperature for 2  h, and detected using a Novex® ECL 
Chemiluminescent Substrate Reagent kit (Thermo Fisher 
Scientific, Inc.) and ChemiDoc™  XRS+imaging system 
(Bio‑Rad Laboratories, Inc.). The signal intensity was quan‑
tified using ImageJ software (version 5.0; National Institutes 
of Health).

Migration and invasion assays. Cell migration was assessed 
using 24‑well Transwell filters (Corning Life Sciences). 
Briefly, a total of 5x104  cells was seeded into the upper 
chamber in serum-free medium, while the lower chamber 
was filled with complete medium containing 20% FBS. After 
24 h incubation at 37˚C, cells that passed through the filter 
were fixed using 5% glutaraldehyde at 4˚C for 30 min and 
stained with 0.5% crystal violet solution at 37˚C for 30 min. 
Images were captured using an inverted light microscope 
(magnification, x200; Olympus Corporation) and cells in 
five randomly selected fields were counted. For cell invasion 
assay, the filter membranes were pre‑coated with Matrigel™ 

(Beijing Solarbio Science & Technology Co., Ltd.) at 37˚C for 
30 min, and other steps were performed as described in the 
migration assay.

Statistical analysis. All data were analyzed using GraphPad 
Prism software (version 5; GraphPad Software, Inc.) and are 
expressed as the mean ± SD of three independent repeats. 
Significant differences were analyzed by one‑way ANOVA 
to compare >2 groups, followed by Tukey's post hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

MEG3 suppresses miR‑21‑5p expression levels and acts as a 
sponge of miR‑21‑5p. First, RT‑qPCR was used to analyze the 
expression levels of MEG3 in NSCLC cell lines. The results 
demonstrated that MEG3 was downregulated in the NSCLC 
cell lines PC9 and H1299 compared with normal lung bron‑
chial epithelial BEAS‑2B cells (Fig. 1A). Next, to investigate 
the effect of MEG3 on miR‑21‑5p expression levels, MEG3 
was overexpressed by transfecting MEG3‑overexpressing 
plasmid in PC9 and H1299 cells. The expression levels of 
MEG3 were shown to be upregulated, assessed via RT‑qPCR 
(Fig. 1B). MEG3 overexpression significantly suppressed the 
expression levels of miR‑21‑5p (Fig. 1C).

In order to investigate whether MEG3 functions as a sponge 
of miR‑21‑5p to regulate its expression levels, the online 
database TargetScan (targetscan.org) was used to predict the 
association between MEG3 and miR‑21‑5p. Bioinformatics 
analysis demonstrated that miR‑21‑5p directly interacts with 
MEG3 via sequence complementarity (Fig. 1D). In order to 
verify the direct binding of miR‑21‑5p to MEG3, luciferase 
reporter plasmids containing wt‑MEG3 or mut‑MEG3 were 
co‑transfected with either miR‑21‑5p mimic or NC‑mimic into 
cells. As expected, miR‑21‑5p mimic significantly repressed 
the luciferase intensity of wt‑MEG3, but had no effect on 
the luciferase activity of mut‑MEG3 (Fig. 1E). These results 
demonstrated that MEG3 repressed miR‑21‑5p expression 
levels via directly targeting miR‑21‑5p.

Table I. Primers for reverse transcription‑quantitative PCR.

Name	 Direction	 Sequence (5'-3')

Maternally expressed gene 3	 Forward	 TCCATGCTGAGCTGCTGCCAAG
	 Reverse	 AGTCGACAAAGACTGACACCC
PTEN	 Forward	 CCCAGTCAGAGGCGCTATG
	 Reverse	 GGCAGACCACAAACTGAGGATT
GAPDH	 Forward	 AATGGACAACTGGTCGTGGAC
	 Reverse	 CCCTCCAGGGGATCTGTTTG
MicroRNA-21-5p	 Forward	 GCACCTAGCTTATCAGACTGA
	 Reverse	 GTGCAGGGTCCGAGGT
U6	 Forward	 GCTTCGGCAGCATATACTAAAAT
	 Reverse	 CGCTTCACGAATTTGCGTGTCAT 

PTEN, phosphatase and tensin homolog.
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PTEN is a direct target of miR‑21‑5p. First, the expression 
levels of miR‑21‑5p in NSCLC cell lines were evaluated via 
RT‑qPCR; the results showed that miR‑21‑5p was substan‑
tially increased in the two NSCLC cell lines PC9 and H1299 
in comparison with BEAS‑2B cells (Fig. 2A). PTEN was 
predicted to be a candidate target gene of miR‑21‑5p using 
TargetScan (targetscan.org) (Fig. 2E). Subsequently, cells 
were transfected with miR‑21‑5p inhibitor to determine 
whether the expression levels of PTEN were regulated by 
miR‑21‑5p. Suppressed expression levels of miR‑21‑5p were 
confirmed via RT‑qPCR (Fig. 2B), and significant increases 
in PTEN expression, at both the mRNA (Fig. 2C) and protein 
(Fig. 2D) levels, were observed following miR‑21‑5p inhibitor 
transfection.

Next, it was determined whether the enhanced PTEN 
expression levels were caused by the direct binding of 
miR‑21‑5p to the 3'‑UTR of PTEN. To this end, PTEN 3'‑UTR 
containing the wild‑type or mutated miR‑21‑5p target site 
was cloned in a firefly luciferase reporter vector to obtain 
the reporter plasmids wt‑PTEN and mut‑PTEN, respectively. 
Following miR‑21‑5p mimic and wt‑PTEN co‑transfection, 
the luciferase activity was markedly attenuated, whereas 
co‑transfection with miR‑21‑5p and mut‑PTEN had little 
effect on luciferase activity (Fig. 2F). These data indicated 

that miR‑21‑5p inhibited PTEN expression levels by directly 
binding to PTEN 3'‑UTR.

MEG3 positively regulates PTEN expression levels by 
sponging miR‑21‑5p. It was further investigated whether MEG3 
targeted PTEN expression levels by sponging miR‑21‑5p. 
miR‑21‑5p mimic and MEG3‑overexpressing plasmid were 
co‑transfected into H1299 cells, and PTEN expression at both 
the mRNA (Fig. 3A) and protein (Fig. 3B) levels was analyzed. 
The results indicated that upregulation of miR‑21‑5p signifi‑
cantly repressed MEG3-induced increased expression levels 
of PTEN.

MEG3 mediates the EMT process via sponging miR‑21‑5p. 
Given the role of EMT in cancer migration and invasion, 
it was investigated whether MEG3 or miR‑21‑5p mediated 
EMT. Transfection with MEG3‑overexpressing plasmid or 
miR‑21‑5p inhibitor significantly increased levels of the 
epithelial marker E‑cad, but decreased levels of the mesen‑
chymal markers N‑cad, Vim and MMP9 (Fig. 4A and C). 
Then, to determine whether MEG3 mediated the EMT 
process via sponging miR‑21‑5p, mir‑21‑5p mimic or 
NC‑mimic was co‑transfected with MEG3‑overexpressing 
plasmid in PC9 and H1299 cells. The alterations in expression 

Figure 1. MEG3 acts as a molecular sponge to suppress miR‑21‑5p expression levels. RT‑qPCR analysis of MEG3 expression levels in (A) non‑transfected 
and (B) MEG3‑transfected non‑small cell lung cancer cell lines PC9 and H1299. (C) RT‑qPCR analysis of miR‑21‑5p expression levels in MEG3‑transfected 
PC9 and H1299 cells. (D) Sequence alignment between miR‑21‑5p and MEG3. The wt binding sites of miR‑21‑5p on MEG3 and its mutated binding sequences 
are shown. (E) Luciferase activity in cells following co‑transfection with miR‑21‑5p mimic and luciferase reporters containing wt‑ or mut‑MEG3 transcript. 
Data are presented as the mean ± SD. **P<0.01 vs. control. MEG3, maternally expressed gene 3; miR, microRNA; RT‑q, reverse transcription‑quantitative; 
wt, wild‑type; mut, mutant; UTR, untranslated region; NC, negative control.
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levels of epithelial and mesenchymal markers induced by 
MEG3 were significantly abrogated by miR‑21‑5p mimic 
(Fig. 4A and C).

MEG3/miR‑21‑5p/PTEN axis function may be mediated via 
the PI3K/AKT signaling pathway. PTEN has been reported to 
be an antagonist regulator of the PI3K/AKT pathway, which is 
involved in the regulation of cancer migration and invasion (29). 

It was therefore speculated that the MEG3/miR‑21‑5p/PTEN 
axis may function via the PI3K/AKT signaling pathway. In order 
to investigate this, phosphorylation of PI3K and AKT in cells 
transfected with MEG3‑overexpressing plasmid was analyzed. 
MEG3 overexpression significantly decreased phosphorylation 
of both PI3K and AKT (Fig. 4B and D). Similar patterns of 
p‑PI3K and p‑AKT were observed in cells transfected with 
miR‑21‑5p inhibitor (Fig.  4B and D). The participation of 

Figure 2. miR‑21‑5p targets PTEN to suppress its expression levels. RT‑qPCR analysis of miR‑21‑5p expression levels in (A) non‑transfected cells, and (B) the 
miR‑21‑5p inhibitor and miR‑21‑5p mimic‑transfected non‑small cell lung cancer cell lines, PC9 and H1299. (C) RT‑qPCR analysis and (D) representative 
western blotting of PTEN expression levels in miR‑21‑5p inhibitor‑transfected PC9 and H1299 cells. (E) Sequence alignment between miR‑21‑5p and PTEN. 
The wt binding sites of miR‑21‑5p on PTEN and its mutated binding sequences are shown. (F) Luciferase activity in cells following co‑transfection with 
miR‑21‑5p mimic and luciferase reporters containing wt‑ or mut‑PTEN transcript. Data are presented as the mean ± SD. **P<0.01 vs. control; ##P<0.01 vs. 
NC‑mimic. miR, microRNA; RT‑q, reverse transcription‑quantitative; wt, wild‑type; mut, mutant; NC, negative control; UTR, untranslated region; PTEN, 
phosphatase and tensin homolog.
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miR‑21‑5p in MEG3‑mediated regulation of the PI3K/AKT 
pathway was further investigated by co‑transfecting miR‑21‑5p 
mimic or NC‑mimic with MEG3‑overexpressing plasmid into 
PC9 and H1299 cells. The results showed that the decreases in 
phosphorylation levels of PI3K/AKT induced by MEG3 were 
significantly abrogated by miR‑21‑5p (Fig. 4B and D).

MEG3 attenuates cell migration and invasion via sponging 
miR‑21‑5p. The effect of MEG3 on cell migration and inva‑
sion was evaluated by transfecting MEG3‑overexpressing or 
empty vector plasmid into PC9 and H1299 cells. Transwell 
migration and invasion assays showed that MEG3 over‑
expression induced a significant decrease in the number 

Figure 3. MEG3 enhances PTEN expression levels via modulating miR‑21‑5p. PC9 and H1299 cells were transfected with MEG3, empty vector, MEG3+ miR‑21‑5p 
mimic and MEG3+ NC‑mimic. (A) Reverse transcription‑quantitative PCR analysis of PTEN mRNA expression levels in cells. (B) Representative western 
blots, and the corresponding semi‑quantitative analysis of relative changes in expression levels of PTEN protein in cells. **P<0.01. MEG3, maternally expressed 
gene 3; miR, microRNA; NC, negative control; PTEN, phosphatase and tensin homolog.
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of the migratory and invasive cells compared with empty 
vector control (Fig. 5A‑D). Similar results were observed 
in cells transfected with miR‑21‑5p inhibitor; miR‑21‑5p 

attenuation significantly decreased migration and inva‑
sion of PC9 and H1299 cells compared with NC‑inhibitor 
(Fig. 5A‑D).

Figure 4. MEG3 suppresses the PI3K/AKT pathway and the epithelial‑to‑mesenchymal transition process via miR21‑5p. PC9 and H1299 cells were trans‑
fected with MEG3, empty vector, miR‑21‑5p inhibitor, NC‑inhibitor, MEG3+ miR‑21‑5p mimic and MEG3+ NC‑mimic. Representative western blots, and 
semi‑quantitative analysis of relative changes in expression levels of E‑cad, N‑cad, Vim and MMP9 in (A) H1299 and (C) PC9 cells. The protein expression 
levels of p‑PI3K, PI3K, p‑AKT and AKT protein in (B) H1299 and (D) PC9 cells are also shown. **P<0.01. *P<0.05. MEG3, maternally expressed gene 3; miR, 
microRNA; NC, negative control; E‑cad, E‑cadherin; N‑cad, N‑cadherin; Vim, vimentin; MMP, matrix metalloprotein; p‑, phosphorylated.
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The contribution of miR‑21‑5p to the effect of MEG3 on 
biological behaviors of PC9 and H1299 cells was next inves‑
tigated. miR‑21‑5p mimic or NC‑mimic was co‑transfected 
with MEG3‑overexpressing plasmid into PC9 and H1299 
cells, and the migration and invasion abilities were assessed. 
The results demonstrated that miR‑21‑5p mimic significantly 
mitigated the inhibitory effects of MEG3 on cell migration 
and invasion (Fig. 5A‑D). These results indicated that MEG3 
involvement in NSCLC cell migration and invasion was 
mediated, at least partially, by sponging and suppressing 
miR‑21‑5p.

Discussion

lncRNAs have been implicated in cancer development (7,8). 
MEG3 has been reported to function as a tumor suppressor in 

a number of types of cancer (9), such as lung (10), breast (13) 
and ovarian cancer (15). Numerous studies have identified 
low expression levels of MEG3 in NSCLC tissues and cell 
lines (10,11); similarly, the present study demonstrated that 
MEG3 was downregulated in NSCLC PC9 and H1299 cells. 
Previous studies have also suggested that MEG3 overexpres‑
sion may inhibit proliferation and induce apoptosis in NSCLC 
cells  (10,11). In the present study, MEG3 overexpression 
suppressed the migration and invasion abilities of NSCLC 
PC9 and H1299 cells in vitro. EMT is a key process associated 
with cancer cell migration and invasion. The present results 
showed that MEG3 overexpression inhibited the EMT process 
by upregulating the expression levels of the epithelial marker, 
E‑cad, and downregulating the expression levels of the mesen‑
chymal markers, N‑cad, Vim and MMP9, in PC9 and H1299 
cells. MEG3 has been previously reported to show similar 

Figure 5. MEG3 suppresses migration and invasion via miR‑21‑5p. PC9 and H1299 cells were transfected with MEG3, empty vector, miR‑21‑5p inhibitor, 
NC‑inhibitor, MEG3+ miR‑21‑5p mimic and MEG3 + NC‑mimic. (A) Transwell migration assay. (B) Quantitative analysis of migratory cells passing through 
the membrane. (C) Transwell invasion assay. (D) Quantitative analysis of invasive cells passing through the membrane. **P<0.01. *P<0.05. MEG3, maternally 
expressed gene 3; miR, microRNA; NC, negative control.
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effects on the migration and invasion abilities of pancreatic 
cancer cells in vitro (30).

lncRNAs regulate cancer development via sponging 
miRNAs  (26,27). MEG3 functions via sponging multiple 
miRNAs in numerous types of cancer (31,32). In NSCLC, for 
instance, MEG3 has been reported to act as a molecular sponge of 
miR‑7‑5p and miR‑3163 to inhibit cell growth (10,33). miR‑21‑5p 
has been reported to be an oncogene in NSCLC (20‑24). The 
present study showed a strong association between miR‑21‑5p 
and MEG3 in PC9 and H1299 cells. MEG3 overexpression 
significantly inhibited miR‑21‑5p expression levels in PC9 and 
H1299 cells, and dual luciferase assays demonstrated that MEG3 
directly interacted with miR‑21‑5p. These results are in agree‑
ment with a previous report by Wang et al (34). Furthermore, 
an miR‑21‑5p mimic significantly restored the changes induced 
by MEG3 on cell migration, invasion and the EMT process. 
Additionally, miR‑21‑5p attenuation also suppressed cell migra‑
tion, invasion and the EMT process in PC9 and H1299 cells. 
These results suggested that MEG3 inhibited migration and 
invasion of H1299 cells via acting as a miR‑21‑5p sponge. 
Previous studies have also indicated the involvement of the 
MEG3/miR‑21‑5p axis in cell proliferation and apoptosis in 
NSCLC and cervical cancer (34,35).

PTEN has proved to be a powerful tumor suppressor, and 
low levels of PTEN are one of the most frequent events observed 
in a variety of types of cancer (36,37). Numerous studies have 
observed decreased expression levels of PTEN in NSCLC 
tissues and cell lines (29,38), and PTEN overexpression has 
been reported to inhibit the migration and invasion of NSCLC 
cells (39). Notably, evidence suggests that PTEN expression 
levels may be downregulated by miRNAs involved in cancer 
development, including those involved in NSCLC (29,40). 
In the present study, dual luciferase assay demonstrated 
that PTEN was a direct target of miR‑21‑5p in H1299 lung 
cancer cells, and attenuation of miR‑21‑5p enhanced PTEN 
expression levels. The miR‑21‑5p/PTEN axis has also been 
reported in other types of cancer, such as breast and epithelial 
ovarian cancer  (41,42). Furthermore, in the present study, 
MEG3 overexpression resulted in increased PTEN expres‑
sion levels, which was mitigated by an miR‑21‑5p mimic in 
PC9 and H1299 cells. In addition, PTEN has been reported 
to function by negatively regulating the PI3K/AKT signaling 
pathway, which is activated in NSCLC development (38). As 
expected, MEG3 overexpression also caused suppression of 
the PI3K/AKT signaling pathway, whereas these effects were 
reversed by miR‑21‑5p in PC9 and H1299 cells. These data 
suggested that MEG3 upregulated PTEN expression levels 
and subsequently attenuated the PI3K/AKT signaling pathway, 
partially by sponging miR‑21‑5p, and thus inhibited the migra‑
tion and invasion of NSCLC PC9 and H1299 cells.

Taken together, the results of the present study have 
demonstrated that MEG3 inhibited migration and invasion 
of NSCLC PC9 and H1299 cells, partially by regulating the 
miR‑21‑5p/PTEN axis and the PI3K/AKT signaling pathway. 
Therefore, the MEG3/miR‑21‑5p/PTEN axis may represent a 
novel target pathway for NSCLC therapy.
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