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Abstract: Long non-coding RNAs (IncRNAs) act critical roles in many biological processes, including cell prolifera-
tion, apoptosis, development, invasion and migration. LncRNA maternally expressed gene 3 (MEG3) is found to
be downregulated in several tumors; however, its role in the atherosclerosis is still unknown. In the present study,
we demonstrated that MEG3 expression level was downregulated in the coronary artery disease (CAD) tissues
compared to in the control tissues. We also showed that TNF-a« enhanced EC cell proliferation. In addition, the
expression of MEG3 was increased in EC after treated with TNF-a. Overexpression of MEG3 suppressed EC cell
proliferation and inhibited the expression of cyclin D1, ki-67 and PCNA. Elevated expression of MEG3 suppressed
the type | collagen, type V collagen and proteoglycan expression. In addition, we showed that elevated expression of
MEG3 suppressed the miR-21 expression in the EC and promoted the expression of RhoB and PTEN, which were the
direct target genes of miR-21. We demonstrated that miR-21 expression level was upregulated in the CAD tissues
compared to in the control tissues. Moreover, miR-21 expression was reversely correlated with MEG3 expression in
the CAD tissues. Overexpression of MEG3 suppressed EC cell proliferation and type | collagen, type V collagen and
proteoglycan expression through inhibiting miR-21 expression. These results suggested that MEG3 played a critical
role in regulating EC proliferation and type | collagen, type V collagen and proteoglycan expression partly through
suppressing miR-21 expression.
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Introduction such as cell proliferation, differentiation, migra-
tion, invasion and development [18-20]. Incre-
asing evidences have demonstrated that a lot
of IncRNAs are deregulated in a variety of
tumors including gastric cancer, bladder can-
cer, breast cancer, hepatocellular carcinoma
and colorectal cancer [21-25]. Recently, a novel
long noncoding, Maternally Expressed Gene 3
(MEG3) has been identified to be upregulated
and plays as a tumor suppressor gene in a lot of
tumors [25-28]. However, the role of MEG3 in
the function of endothelial cells remains
unknown.

Atherosclerosis is one of the most common
chronic inflammatory disease which fibrous
and lipids elements are deposited in the arteri-
al wall [1-4]. Atherosclerosis is the most com-
mon cause of cardiovascular diseases includ-
ing stroke and coronary heart disease [5-8].
Reendothelialization is an important step for
vascular healing which depends on endothelial
cells proliferation and migration [9-12]. There-
fore, activation of endothelial cell viability and
proliferation is important for promoting endo-
thelial healing and improving the vascular

function.
In this study, we found that the MEG3 expres-

sion level was downregulated in the coronary
artery disease (CAD) tissues compared to in the

Long noncoding RNAs (IncRNAs) are longer
than 200 nucleotides with no protein coding

capacity or limited protein coding potential [13-
17]. Recently, IncRNAs is identified to play
important roles in several biological processes

control tissues. Overexpression of MEG3 sup-
pressed EC cell proliferation and inhibited the
expression of cyclin D1, ki-67 and PCNA.
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Figure 1. MEG3 expression was downregulated in CAD tissues and the proliferating EC. A. The expression of MEG3
in CAD tissues and normal arterial tissues was measured by qRT-PCR. B. MEG3 expression was downregulated in
CAD tissues compared to in the control tissues. C. TNF-a (50 ng/ml) enhanced EC cell proliferation by using CCK-8
analysis. D. The expression of MEG3 was measured by qRT-PCR. **P<0.01 and ***P<0.001.

Elevated expression of MEG3 suppressed the
expression of type | collagen, type V collagen
and proteoglycan.

Materials and methods
Cell line and cell culture and transfection

The human CAD tissues and normal arterial tis-
sues (control tissues) were collected from our
department. The ethics committee of The First
Affiliated Hospital, School of Medicine, Zhejiang
University has approved this research, and all
subjects signed the informed consent forms.
Human endothelial cell from umbilical vein
(HU-VECs) was purchased from Cell Application
(Santiago, USA) and kept in the EBM-2 medium
supplemented with penicillin/streptomycin and
FBS. MEG3 and control vector were purchased
from the Gene Pharma (Shanghai, China). Cell
transfection was performed by using Lipofe-
ctamine 2000 (Invitrogen, USA) following to the
manufacturer’s information.
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RNA extraction and real-time PCR

Total RNA from cell was extracted using the
TRIzol Reagent (Invitrogen, CA) according
to manufacturer’'s information. Quantitative
RT-PCR was used to detect the expression of
MEG3 and GAPDH using the standard proto-
cols on the ABI 7500 Real-Time PCR Detection
system. The primers of genes were list: pri-
mer: MEG3, Forward, 5-CCTTCCATGCTGAGCT-
GCT-3’, reverse primer: 5-TGTTGGTGGGATCC-
AGGAAA-3'. GAPDH, Forward: 5-GACTCATGA-
CCACAGTCCATGC-3’, Reverse: 5-AGAGGCAGG-
GATGATGTTCTG-3..

Cell proliferation

Cell proliferation was performed using the MTT
analysis as previously described. Cell was
seeded in the 96-well plate and the 100 pl MTT
was added to the culture medium. After incu-
bated for 4 hours at 37°C, the absorbance of
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Figure 2. Overexpression of MEG3 suppressed the EC cell proliferation. A. The expression of MEG3 was in the EC treated with pcDNA-MEG3 ws determined by qRT-
PCR. B. Overexpression of MEG3 inhibited EC cell proliferation. C. Elevated expression of MEG3 suppressed the expression of cyclin D1. D. Overexpression of MEG3
decreased the ki-67 expression. E. Elevated expression of MEG3 suppressed the expression of PCNA.
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cell was determined at 570 nm using the micro-
plate reader (Cell Application, CA, USA).

Statistical analysis

Statistical assay was performed by using SPSS
17.0 (SPSS, Chicago, USA). Significant differ-
ence among two or more than two groups was
assessed by Student’s t-test or one-way analy-
sis of variance. P<0.05 was considered to be
the statistically significant.

Result

MEG3 expression was downregulated in CAD
tissues and the proliferating EC

We firstly determined the MEG3 expression in
CAD tissues. The expression of MEG3 in CAD
tissues and normal arterial tissues (control tis-
sues) was shown in the Figure 1A by using the
gRT-PCR. MEG3 expression was downregulated
in CAD tissues compared to in the control tis-
sues (Figure 1B). TNF-a (50 ng/ml) enhanced
EC cell proliferation (Figure 1C). The expression
of MEG3 was decreased in the EC after treated
with TNF-o (Figure 1D).
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Figure 3. Elevated expression of MEG3 sup-
pressed matrix gene expression in EC. A. Over-
expression of MEG3 inhibited the expression
of type | collagen. B. Overexpression of MEG3
decreased the expression of type V collagen. C.
Overexpression of MEG3 suppressed the expres-
sion of proteoglycan.

Overexpression of MEG3 suppressed the EC
cell proliferation

We confirmed that the expression of MEG3 was
significantly upregulated in EC treated with
pcDNA-MEG3 (Figure 2A). MMT assay showed
that overexpression of MEG3 inhibited EC cell
proliferation (Figure 2B). Elevated expression
of MEG3 decreased the expression of cyclin D1
(Figure 2C), ki-67 (Figure 2D) and PCNA (Figure
2E) by using the qRT-PCR.

Elevated expression of MEG3 suppressed
matrix gene expression in EC

Elevated expression of MEG3 inhibited the
expression of type | collagen (Figure 3A). In
addition, overexpression of MEG3 decreased
the expression of type V collagen (Figure 3B).
Moreover, ectopic expression of MEG3 sup-
pressed proteoglycan expression (Figure 3C).

Elevated expression of MEG3 decreased miR-
21 expression in EC

Elevated expression of MEG3 suppressed miR-
21 expression in EC (Figure 4A). We also con-
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Figure 4. Elevated expression of MEG3 decreased miR-21 expression in EC. A. The miR-21 expression in EC was
determined by qRT-PCR. B. The expression of miR-21 was downregulated in EC using the PCR analysis. C. Overex-
pression of MEG3 promoted the expression of RhoB in EC. D. Overexpression of MEG3 promoted the expression of

PTEN in EC.

firmed the expression of miR-21 was decreased
in EC using the PCR analysis (Figure 4B).
Overexpression of MEG3 promoted the expres-
sion of RhoB (Figure 4C) and PTEN (Figure 4D),
which were the direct target genes of miR-21.

MiR-21 expression was reversely correlated
with MEG3 expression in CAD tissues

The expression of miR-21 in the CAD tissues
and control tissues was shown in the Figure 5A
by using the qRT-PCR. MiR-21 expression level
was upregulated in CAD tissues compared to in
the control tissues (Figure 5B). Interestingly,
miR-21 expression level was reversely correlat-
ed with MEG3 expression in CAD tissues (Figure
5C).

Overexpression of MEG3 suppressed EC cell
proliferation through regulating the miR-21
expression

We transfected the miR-21 mimic or scramble
mimic to the MEG3-induced EC. We confirmed
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that overexpression of miR-21 promoted the
MEG3-overexpressing EC cell proliferation
(Figure 6A). Elevated expression of miR-21
increased the expression of cyclin D1 (Figure
6B), ki-67 (Figure 6C) and PCNA (Figure 6D) in
the MEG3-overexpressing EC cell. Elevated
expression of miR-21 enhanced the expression
of type | collagen in the MEG3-overexpressing
EC cell (Figure 6E). In addition, overexpression
of miR-21 increased the expression of type V
collagen in the MEG3-overexpressing EC cell
(Figure 6F). Moreover, ectopic expression of
miR-21 promoted proteoglycan expression
(Figure 6G).

Discussion

In the present study, we demonstrated that
MEG3 expression level was downregulated in
CAD tissues compared to in the control tissues.
We also showed that TNF-a enhanced EC cell
proliferation and the expression of MEG3 was
increased in the EC treated with the TNF-c.

Am J Transl Res 2017;9(7):3326-3335



LncRNA MEG3 suppressed endothelial cell proliferation and migration

A 47 BN CAD

c |k Control

2 N \

(1]

S R yoq |

S

AN IR
\ \ \

||||.|1‘||||.

e (MEEI BEBREEEL o

YRR YR

||||||1||||||||

= |LBE LB LB LB LB LB LB LhE LD LD LBE L 1 L L

5 [o O

IIIIIi)IIIIIilI
N D kD O0A DI NIDNE

Relative miR-21 expression @
nN

C

2.5
2.0
1.54

1.0

0.5+

Relative miR-21 expression

0.0 T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5
relative MEG3 expression

Figure 5. MiR-21 expression was reversely corre-
lated with MEG3 expression in CAD tissues. A. The
expression of miR-21 in the CAD tissues and control
tissues was measured by using the qRT-PCR. B. MiR-
21 expression level was upregulated in CAD tissues
compared to in the control tissues. C. The miR-21
expression level was reversely correlated with MEG3
expression in CAD tissues.

Overexpression of MEG3 suppressed EC cell
proliferation and inhibited the cyclin D1, ki-67
and PCNA expression. Elevated expression of
MEG3 suppressed the expression of type | col-
lagen, type V collagen and proteoglycan. In
addition, we showed that elevated expression
of MEG3 suppressed miR-21 expression in the
EC and promoted the expression of RhoB and
PTEN, which were the direct target genes of
miR-21. We demonstrated that miR-21 expres-
sion level was upregulated in CAD tissues com-
pared to in the control tissues. Moreover, miR-
21 expression was reversely correlated with
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MEG3 expression in CAD tissues. Overex-
pression of MEG3 suppressed EC cell prolifera-
tion and the expression of type | collagen, type
V collagen and proteoglycan through inhibiting
miR-21 expression. These results suggested
that MEG3 played a critical role in regulating EC
proliferation and type | collagen, type V colla-
gen and proteoglycan expression partly through
suppressing miR-21 expression.

MEG3 was located at the chromosome 14932,
where allelic loss was commonly implicated in
nasopharyngeal carcinoma [29]. Chak et al [29]
demonstrated that MEG3 expression was
downregulated in the nasopharyngeal carcino-
ma tissues and overexpression of MEG3 sup-
pressed the nasopharyngeal carcinoma colony
formation, cell proliferation, and inducted cell
cycle arrest. Guo et al [28] investigated that the
expression of MEG3 was decreased in the
endometrial carcinoma tissues and elevated
expression of MEG3 suppressed the endome-
trial carcinoma cell proliferation through inhibit-
ing the Notch signaling pathway. Sun et al [25]
showed that MEG3 expression was downregu-
lated in the breast cancer tissues and sup-
pressed the breast cancer cell proliferation,
invasion and migration through regulating the
p53 activity. Moreover, Zhang et al [26] demon-
strated that the expression of MEG3 was
decreased in the cervical cancer tissues and
was associated with tumor size, FIGO stages,
HR-HPV infection, lymphatic metastasis and
miR-21 expression. Overexpression of MEG3
increased the cervical cancer cell apoptosis
and suppressed the cervical cancer cell prolif-
eration by regulating miR-21 expression. In line
with this, we demonstrated that the MEG3
expression was downregulated in the CAD tis-
sues compared to in the control tissues. We
also showed that TNF-a can promoted the EC
cell proliferation and the expression of MEG3
was increased in the EC after treated with the
TNF-a. Overexpression of MEG3 inhibited the
EC cell proliferation and suppressed the ex-
pression of cyclin D1, ki-67 and PCNA. Over-
expression of MEG3 suppressed the expres-
sion of type | collagen, type V collagen and
proteoglycan.

Previous studies demonstrated that miR-21
played an important role in the biological func-
tion of EC [30-33]. Yang et al [30] showed that
miR-21 inhibited PTEN expression and bound
directly with 3-UTR of PTEN. The miR-21

Am J Transl Res 2017;9(7):3326-3335
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Figure 6. Overexpression of MEG3 suppressed EC
cell proliferation through regulating the miR-21 ex-
pression. A. Overexpression of miR-21 promoted the
MEG3-overexpressing EC cell proliferation. B. Elevated
expression of miR-21 increased the expression of cy-
clin D1 in the MEG3-overexpressing EC. C. Overexpres-
sion of miR-21 increased the expression of ki-67 in the
MEG3-overexpressing EC. D. Overexpression of miR-
21 increased the expression of PCNA in the MEG3-
overexpressing EC. E. The type | collagen expression
in the MEG3-overexpressing EC cell was measured
by qRT-PCR. F. Overexpression of miR-21 increased
the expression of type V collagen in the MEG3-over-
expressing EC. G. The proteoglycan expression in the
MEG3-overexpressing EC cell was measured by qRT-
PCR. *P<0.05 and **P<0.01.
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expression was increased in the cardiac infarct
model. MiR-21 acted as a protective role in the
endothelial injury by regulating the PTEN/VEGF
pathway after the acute myocardial infarction.
Zuo et al [34] demonstrated that overexpres-
sion of miR-21 inhibited endothelial progenitor
cell growth through promoting the TGF-$ path-
way by downregulation of WW domain-contain-
ing protein 1 (WWP1). Zeng et al [35] demon-
strated that the circulating miR-21 expression
was upregulated in the endothelial progenitor
cell from the diabetes patients. Deregulated
expression of miR-21 promoted the high glu-
cose-induced the endothelial cytotoxicity. Over-
expression of miR-21 protected endothelial cell
through suppressing the DAXX expression. In
our study, we demonstrated that overexpres-
sion of MEG3 inhibited miR-21 expression in
the EC and promoted the expression of RhoB
and PTEN, which were the direct target genes
of miR-21. We demonstrated that miR-21
expression level was upregulated in the CAD
tissues compared to in the control tissues.
Moreover, miR-21 expression was reversely
correlated with the MEG3 expression in CAD
tissues. Overexpression of MEG3 suppressed
the EC cell proliferation and type | collagen,
type V collagen and proteoglycan expression
through inhibiting miR-21 expression.

In conclusion, we demonstrated that MEG3
expression level was downregulated in the CAD
tissues compared to in the control tissues.
Overexpression of MEG3 suppressed the EC
cell proliferation and decreased the type | col-
lagen, type V collagen and proteoglycan expres-
sion partly through regulating miR-21 expres-
sion. These results suggested that MEG3
played a critical role in regulating EC prolifera-
tion and type | collagen, type V collagen and
proteoglycan expression partly through sup-
pressing miR-21 expression.
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