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Abstract: Objective: To investigate the expression of MEG3 in lung cancer and the role of MEG3 in the invasion and
migration of lung cancer cells and its mechanism. Methods: The expression of MEG3 in lung cancer and adjacent
lung cancer cells was detected by qPCR. Transwell invasion assay was used to detect the invasion ability of lung
cancer cells after silencing MEG3. The migration ability of lung cancer cells after silencing MEG3 was detected by
scratch test. The expression of miR-219a was detected by flow cytometry. The expression of miR-219a in lung can-
cer and adjacent tissues and different lung cancer cells was detected by gPCR. Transwell invasion assay was used to
detect the effect of miR-219a on the invasion of lung cancer cells after silencing MEG3. The effect of miR-219a on
the tumor size and volume of lung cancer was detected by subcutaneous tumorigenesis of MEG3 in nude mice. The
effect of miR-219a on the tumor size and volume of lung cancer cells was detected by scintigraphy. Western blotting
was used to detect the expression of Notch pathway protein after silencing MEG3. The morphological changes of
microcapsule microtubules after silencing MEG3 were detected by phalloidin staining. Results: The expression of
MEG3 was significantly increased in lung cancer tissues compared with adjacent tissues; The expression of MEG3
was the highest in lung cancer cell A549; MEG3 could specifically bind to 3'UTR of miR-219a; The expression of
miR-219a was significantly decreased in lung cancer tissues compared with adjacent tissues; Inhibition of miR-
219a could promote the invasion and migration of lung cancer cells after silencing MEG3; The tumor volume and
weight of MEG3-siRNA + miR-219a-inhibitor group were significantly increased compared with MEG3-siRNA group.
The expression of Notch pathway protein was down-regulated after silencing MEG3. The number of microfilament
microtubules decreased and the number of pseudopods decreased after silencing MEG3. Conclusion: MEG3 plays
an important role in the development of lung cancer. MEG3 can regulate the invasion and migration ability of miR-
219a through Notch signaling pathway.
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Introduction MEG3 maternal expression gene 3 (MEG3) is a
o functional IncRNA with a tumor suppressor [3].
In recent years, the incidence of lung cancer It has been reported that MEG3 expression in a

and mortality rate shows a sharp upward trend,
lung cancer ranks first in the respiratory malig-
nancy, the mortality rate accounts for the third
rate of malignant tumor mortality [1]. Early diag-
nosis is difficult due to the lack of specificity in
the early stage and diagnosis is more than in
the late, 5-year survival rate is low [2]. Therefore,
finding effective early diagnosis, targeted ther-
apy and prognostic markers is a hot topic for

variety of malignant tumors, such as breast
cancer, liver cancer and prostate cancer, its
expression level is relatively reduced or even
missing [4-6]. It was found that the demethyl-
ation of MEG3 promoter and the change of
gene region are the main reasons for the
abnormal expression of MEG3 in tumors [7].
Overexpression of MEG3 gene can induce cell

current research. The new molecular targeting growth cycle arrest and increase cell apoptosis
therapy strategy of lung cancer has been grad- in human breast cancer cell lines [8]. However,
ually promoted to the direction of diagnosis the level of MEG3 expression in lung cancer
and treatment of lung cancer with the deepen- and lung cancer progression has not yet been

ing of molecular biology research. reported.
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MicroRNA (miRNAs) is an endogenous single-
stranded small molecule RNA that regulates
protein expression by inhibiting or degrading
messenger RNA [9]. MiRNAs plays a unique
role in the diagnosis, treatment and prognosis
of tumors [10]. MiR-219a is relatively less stud-
ied in the field of miRNA, it's reported that the
expression of specific in brain tissue, but also
in the brain glioma has a certain role in the inhi-
bition of cancer [11]. Recent investigations
have shown that miR-219a expression in lung
cancer, breast cancer and other malignant
tumors, may be involved in the process of
tumor invasion and migration [12]. Mitogen
activated protein kinase (MAPK) signal trans-
duction pathway is also known as extracellular
signal-regulated kinase (ERK) cascade pathway
[13]. The structure of MAPK family members is
highly conservative, and plays an important
role in cell proliferation and differentiation, and
plays a different role in the occurrence and
development of different tumors. This pathway
is a signal transduction pathway will stimulate
signal transmitted to the nucleus to the cell
surface and internal mediated cell response in
most a major pathway, such as growth, differ-
entiation, division and apoptosis are regulated
by MAPK signal transduction pathway [14]. This
investigation intends to analyze the expression
of MEG3 in lung cancer, and further investigate
the interaction between MEG3 and miR-219a,
and investigate the role and mechanism of
MAPK pathway in the invasion and metastasis
of lung cancer.

Materials and methods
Samples collection

50 cases of lung cancer patients and 50 cases
of adjacent tissues were collected admitted to
our hospital from March 2015 to May 2016. All
patients had no chemotherapy or radiotherapy
before operation, and they were postoperative
pathological staging by two sub-high above
the pathologist jointly read the tumor tissue in
vitro then put into RNA preservation solution
quickly.

Cell lines

Human cells PGCI3, H1299, 95D, A549 were
purchased from Shanghai Zhongshan cell bank
and they were cultured and passaged in culture
medium containing 10% fetal bovine serum in
5% CO, incubator at 37°C. Fetal bovine serum,
RPMI 1640 medium were purchased from
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Hyclone Corporation (Hyclone, Logan, UT).
Transwell Chamber was purchased from Mil-
lipore (Millipore, Billerica, MA), Matrigel was
purchased from Bio-Rad (Bio-Rad, Madrid,
Spain). Lipofectamine 2000 and miR-219a-in-
hibitor were purchased from (Gnenpharma Co.,
Shanghai, China). Trierol was purchased from
Ambion (Ambion Inc., Austin, TX, USA), reverse
transcription kit (FSQ-101) was purchased from
Japan TOYOBO Corporation (TOYOBO, FSQ-101,
Japan), PCR kit was purchased from Sigma
(KapaBiosystems Inc., Boston, US). The lucifer-
ase activity assay kit was purchased from
Promega Corporation (Promega Biotech Co.,
Beijing, China). The luciferase reporter vector
was synthesized by Promega Corporation
(Promega Biotech Co., Beijing, China).

Quantitative real-time polymerase chain reac-
tion

Total RNA from tumor tissues and cell lines
were extracted using the Trizol reagent (In-
vitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Total RNA was
eluted with RNase-free water and stored at
-80°C. gRT-PCR was performed by using SYBR-
green PCR Master Mix in a Fast Real-time PCR
7500 System (Applied Biosystems). The RT-PCR
primers were purchased from GeneCopoeia
(SanDiego, California, USA). GAPDH was used
as the internal control of the mRNA or miRNA,
respectively. Fold change of MEG3 or miR-219
was calculated by the equation 224,

Cell transfection

Mimics/inhibitors specific for miR-219 and
short hairpin RNA (shRNA)/scramble fragments
targeting MEG3 were designed and purchased
from Invitrogen (USA). Cells were seeded in
24-well plates at 1x10° cells per well. Mimics/
inhibitors or shRNA/scramble fragments was
transfected into cells with lipofectamine 3000
(Invitrogen) following the manufacturer’s ins-
tructions for 24 h, respectively. After transfec-
tion, the cells were allowed to recover by incu-
bating them for 4 h at 37°C. The experiment
was replicated thrice for data calculations.

Transwell invasion assays

The two transwell invasion chambers with Ma-
trigel (1 mg/ml) (Becton-Dickinson, New Jersey,
USA) were used in assay invasion assays of
cells in vitro. Firstly, 200 pl serum-free medium
containing 1x10° cells/well was added into the
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Figure 1. A. The mRNA expression of MEG3 were detected by gPCR in lung cancer tissue and normal tissue. B. The
mMRNA expression of MEG3 were detected by qPCR in different lung cancer cells. C, D. MEG3 binds to miR-219a.
E. Luciferase report gene detects miR-219a the direct target of MEG3-siRNA. F. The mRNA expression of miR-219a
were detected by qPCR in pancreatic lung cancer tissue and normal tissue. G. The mRNA expression of miR-219a
were detected by qPCR in different pancreatic cancer cells. Error bars represent standard error. “P < 0.05.

upper chamber, and the lower chamber contained
0.6 ml medium containing 20% FBS. After incuba-
tion at 37°C for 24 h, non-invading cells on the
upper membranes were removed with a cotton
swab. The migrated or invaded cells were fixed in
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95% ethanol, stained with hematoxylin. The cell
numbers were counted by ImageJ software and
photographed under an inverted microscope on
10 random fields in each well. Each experiment
was independently repeated in triplicate.

Int J Clin Exp Pathol 2017;10(6):7144-7153
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Wound-healing assays

Wound-healing assay was performed to evalu-
ate the migration rate of cells transfected with
MEG3-siRNA/MEG3 scramble/miR-219 inhibi-
tor. To accomplish this, 1.5x10° cells/well
were seeded in 6-well plates and cultured
overnight until the cells reached 90% conflu-
ence. A straight scratch was created by a ster-
ile pipette tip. The destroyed cells were rinsed
off with PBS 3 times gently and cultured in
medium for another 24 h. Cell migration was
observed and imaged at O h, 24, 48, 72 h with
a digital camera (Leica DFC300FX).

Luciferase activity assays

The luciferase reporter vector was co-trans-
fected with A549 cells with MEG3-siRNA. The
transfected pRL-TK was used as standard
internal control. The cells were harvested
after transfection for 36 h. The luciferase ac-
tivity of A549 cells was detected by Promega’s
luciferase activity assay kit. Calculate relative
luciferase activity = firefly luciferase activity
value/bloody luciferase activity value.

Lung cancer xenografts

Nude mice are selected from 4 to 6 weeks old.
The lung cancer MEG3-siRNA cells and MEG3-
siRNA + miR-219a-inhibitor cells were cultured
in logarithmic phase. Adjusted to cell concen-
tration of 2x108/ml. Take 0.1 ml cell suspen-
sion injection in each nude mice left forelimb
axillary subcutaneous, a total of 10. Within 4
weeks after injection, the survival, weight, and
survival status of the mice were monitored,
and the size and weight of the tumor in the
immediately-dead mice were measured.

Statistical analysis

The results are presented as the mean + the
standard error of the mean of 3 replicates.
Differences between means were analyzed
using Student’s t test. The difference was con-
sidered statistically significant at P < 0.05.

Results

Expression of MEG3 mRNA in lung cancer tis-
sues, adjacent tissues and lung cancer cells

The results (Figure 1A) of gPCR showed that
the expression of MEG3 mRNA in lung cancer
tissues was significantly higher than that in
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adjacent tissues [(0.86+0.05) vs (0.22+0.03),
P < 0.05], the difference was statistically sig-
nificant; The expression level of MEG3 in A549
cells was the highest in different lung cancer
cells (Figure 1B). We selected A549 for further
experimental cell lines combined with the
above results and consider MEG3 in lung can-
cer play a role in cancer.

Luciferase reporter gene detection of MEG3
and miR-219a relationship

We use the bioinformatics predictor to make
clear that MEG3 may interact directly with
miR-219a to clarify the case of miRNAs asso-
ciated with MEG3. MEG3-siRNA and miR-219a
were co-transfected into lung cancer cell A549
to confirm whether MEG3 binds to miR-219a
3'UTR. The luciferase reporter gene results
showed that MEG3-siRNA significantly inhibited
luciferase activity in miR-219a (Figure 1C-E).
The results show that MEG3-siRNA can specifi-
cally bind to the 3’'UTR of miR-219a.

Expression of miR-219a mRNA in lung cancer
tissue, adjacent tissues and lung cancer cells

The results of gPCR showed that the expres-
sion of miR-219a mRNA in lung cancer tissues
was significantly lower than that in adjacent tis-
sues [(0.784£0.03) vs (0.29+£0.01), (P < 0.05)]
(Figure 1F), the difference was statistically sig-
nificant; The expression level of MEG3 was the
lowest in A549 cells in different lung cancer
cells (Figure 1G).

Effect of MEG3-siRNA on invasion and migra-
tion of human lung cancer cell line A549

The ability of cells to penetrate through Matrigel
can reflect the ability of cells to invade. The
results of Transwell showed that the number of
cells in Matrigel matrix was (179.2+7.4) (Figure
2A), which was significantly higher than that of
MEG3-siRNA group (44.8+2.9), the difference
was statistically significant (P < 0.01). It indi-
cated that MEG3-siRNA can inhibit the invasion
of human lung cancer cell A549. The results of
scratches showed that the mobility of MEG3-
siRNA group was significantly decreased at 24
h, 48 h and 72 h compared with NC group [24 h
(34.2£2.3)% vs (18.6+1.3)%, P < 0.05and 48 h
(62.8+4.8)% vs (39.9+3.1)%, P < 0.05; 72 h
(86.4+7.8)% vs (52.1+5.0)%, P < 0.01] (Figure
2B), the difference was statistically significant.
It indicated that MEG3-siRNA can inhibit the

Int J Clin Exp Pathol 2017;10(6):7144-7153
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Figure 2. A. Effect of MEG3-siRNA on the invasion ability of A549 cells were detected by Transwell matrigel invasion
assays. B. Effect of MEG3-siRNA on the A549 cells migration ability were detected by wound healing assays. Error

bars represent standard error. “P < 0.05.

migration ability of human lung cancer cell
A549.

Effects of miR-219a on the invasion and
migration ability of human lung cancer cell line
A549 after silencing MEG3

The results of Transwell showed that the num-
ber of cells in Matrigel matrix was (63.4+5.3),
which was significantly less than that of MEG3-
siRNA + miR-219a-inhibitor group (187.2+6.9)
(Figure 3A), the difference was statistically sig-
nificant (P < 0.01). The results indicated that
inhibition of miR-219a could promote the inva-
sion of human lung cancer cell line A549 after
silencing MEG3. The results of scratches sho-
wed that the mobility of MEG3-siRNA + miR-
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219a-inhibitor group was significantly higher
than that of MEG3-siRNA group at 24 h, 48 h
and 72 h [24 h (29.2+2.4)% vs (12.1+£1.3)%, P <
0.05; 48 h (62.4+4.9)% vs (38.2+2.8)%, P <
0.05; 72 h (89.5£9.1)% vs (53.4+£3.8)%, P <
0.01] (Figure 3B), the difference was statisti-
cally significant. It indicated that inhibition of
miR-219a could promote the migration of hu-
man lung cancer cell line A549 after silencing
MEG3.

Effect of miR-219a on tumor growth after
silencing MEG3 showed by the experiment of
subcutaneous tumor formation in nude mice

The survival time of tumor-bearing mice was
4-9 weeks, the median survival time was 6.5

Int J Clin Exp Pathol 2017;10(6):7144-7153
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Figure 3. A. Effect of miR-219a on the invasion ability of A549 cells were detected after silencing MEG3 by Transwell
matrigel invasion assays. B. Effect of miR-219a on the A549 cells migration ability were detected after silencing
MEG3 by wound healing assays. Error bars represent standard error. “P < 0.05.

weeks. The autopsy showed that all the tumors
in the left armpit were growing, and the tumors
were gray white, solid, round or oval, with nodu-
lar protrusions on the surface and fish in the
profile. The tumor formation rate was 100%.
The tumor growth in nude mice (Figure 4A): the
tumor size of MEG3-siRNA group was signifi-
cantly higher than that of MEG3-siRNA group
compared with MEG3-siRNA group. The tumor
weight and volume of contrast (Figure 4B, 4C):
MEG3-siRNA miR-219a-inhibitor group the
tumor volume and weight were significantly
higher compared with MEG3-siRNA group [vol-
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ume (2.99 + 0.35) cm3vs (0.29 + 0.11) cm?3, P
< 0.05; weight (3.12 + 0.34) g vs (0.36 + 0.07)
g, P <0.05].

Changes in cytoskeleton morphology and
ROCK family protein levels

The changes of ROCK family protein and the
changes of cytoskeleton morphology after
silencing MEG3 were detected by phalloidin
staining. The results (Figure 4D) showed that
the expression levels of ROCK and RhoA
were decreased after the MEG3 silencing

Int J Clin Exp Pathol 2017;10(6):7144-7153
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[(81.26%+5.23%) vs (19.62+1.62), P < 0.05;
(78.28+8.15) vs (11.31+2.61) g, P < 0.05]. It
was detected by Phalloidin staining (Figure 4E,
4F) that microfilament microtubule cytoskele-
ton in MEGS3 silencing pseudopodia increased
intracellular reduction, burr like structure,
which can influence the movement and migra-
tion of cells.

Discussion

Lung cancer is the most common malignant
tumor of the respiratory system, its rapid devel-
opment of the disease, recurrence rate and
mortality is high, the prognosis is very poor,
which has become a serious threat to human
health and life in China and even malignant dis-
ease [2]. So the prognosis of lung cancer
patients and early intervention is very impor-
tant. DNA abnormal methylation can lead to
microRNA and other tumor suppressor gene
inactivation and oncogene activation in the
occurrence and development of tumor [15].
Therefore, miR-219a may be associated with
lung cancer progression and prognosis.

It was reported that only about 2% of the
genome sequence was translated into protein,
most of which were transcribed as non-coding
RNA with the deepening of research and the
understanding of genomics deepened [16].
Non-coding RNA is divided into IncRNA and
small non-coding RNA according to the se-
quence of the transcribed gene. LncRNA is a
class of RNA molecules of about 200 nucleo-
tides in length, and there is no relatively com-
plete open reading frame that was once con-
sidered to have no biological function. However,
recent researches have shown that InCRNA is
closely related to a variety of diseases, such
as some malignant tumors, cardiovascular dis-
ease, neurodegenerative diseases, autoim-
mune diseases [17].

MEG3 is located on chromosome 14q32.3,
about 1.6 kb, and is initially found to have a
class of IncRNA with anti-cancer effect. Re-
searches have shown that MEG3 expression in
the liver, brain, lung and ovary and other nor-
mal tissues is relatively high, but in a variety of
malignant tumor cells show the phenomenon
of down-regulation or deletion [18, 19]. The
current investigation confirmed that MEG3 its
anti-tumor effect and p53 pathway are partially
related. Kobayashi et al. [20] found that MEG3
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expression decreased in liver cancer and cell
lines. By increasing the expression of MEG3
and found that p53 gene activity increased,
suggesting that MEG3 P53 pathway may inhibit
the proliferation and invasion of liver cancer
cells, and promote its apoptosis. It has been
reported that MEG3 can play a role in tumor
suppressing by a variety of ways, and its mech-
anism is related to DNA methylation, P53 path-
way, Rb pathway and angiogenesis [21]. In this
investigation, the expression of IncRNA MEG3
in lung cancer tissue was significantly down-
regulated compared with normal lung tissue.
Follow-up of MEG3 inhibition in lung cancer cell
lines was performed in order to verify the role
of MEG3 expression in the development of lung
cancer. These findings suggest that IncRNA
MEG3 lung cancer plays a role in the develop-
ment of tumor suppressor genes, and its dele-
tion or downregulation is involved in the devel-
opment and progression of lung cancer.
Therefore, MEG3 plays an important role in
lung cancer and can serve as a target for future
lung cancer treatment. Mature miR-219a is
generally expressed in tissues such as gastric
cancer, lung cancer and breast cancer. Torres
et al. [22] demonstrated that miR-219a expres-
sion in gastric cancer was down-regulated and
was closely related to the up-regulation of te-
lomerase reverse transcriptase by detecting
the expression of miR-219a in gastric cancer. In
this investigation, the expression of miR-219a
in lung cancer tissues and normal lung tissues
was confirmed by qPCR. The expression of miR-
219ain lung cancer was significantly down-reg-
ulated, indicating that miR-219a had an anti-
cancer effect in lung cancer. The effect of
miR-219a on the invasion and migration of lung
cancer cells was further studied by silencing
MEG3 and inhibiting the expression of miR-
219a in combination with the previous experi-
mental results. The results showed that inhibi-
tion of miR-219a expression after silencing
MEG3 could promote the invasion and migra-
tion of lung cancer cells. In vivo experiments
using subcutaneous tumor formation in nude
mice also have similar results. Similar results
were observed in vivo experiments using nude
mice subcutaneously.

In this investigation, we used qPCR to detect
the expression of MEG3 and miR-138 in lung
cancer and adjacent tissues, and to further
investigate the interaction between MEG3 and

Int J Clin Exp Pathol 2017;10(6):7144-7153
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miR-138. The role of MEG3 and miR-138 in the
invasion and migration of lung cancer cells was
further investigated. The results showed that
MEG3 was up-regulated in lung cancer, miR-
138 was down regulated in lung cancer, HOTAIR
and miR-138 had direct interaction. MEG3 can
target the migration and invasion of lung can-
cer by miR-138, which indicated that MEG3 and
miR-138 may be involved in lung cancer cell
invasion and migration process, there may be a
prognostic marker for predicting lung cancer
progression, and monitoring the effect of trea-
tment.
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