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Long non-coding RNA MEGS3 inhibits the proliferation of cervical carcinoma
cells through the induction of cell cycle arrest and apoptosis
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Cervical cancer remains an important public health problem worldwide. New and effective therapeutic strategies
targeting cervical cancer are urgently needed. Long non-coding RNAs (IncRNAs) are newly identified regulators in tu-
morigenesis and tumor progression. To investigate the role of IncRNA MEGS3 in the development of cervical cancer, we
examined MEG3 expression in 18 pairs of cervical cancer and matched adjacent non-neoplastic tissues. Real-time quan-
titative RT-PCR (qRT-PCR) results showed high expression levels of MEG3 in non-neoplastic tissues, but markedly lower
levels in cancer tissues. We further investigated whether the restoration of MEG3 expression might affect the proliferation
of cervical carcinoma cells. Ectopic expression of MEG3 inhibited the proliferation of human cervical carcinoma cells
HeLa and C-33A in vitro. On the other hand, knockdown of MEG3 promoted the growth of well-differentiated cervical
carcinoma HCC94 cells. Further investigation into the mechanisms responsible for the growth inhibitory effects revealed
that overexpression of MEG3 resulted in the induction of G2/M cell cycle arrest and apoptosis. These results identified an
important role of MEG3 in the molecular etiology of cervical cancer and implicated the potential application of MEG3

in cervical cancer therapy.
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Although the incidence of cervical cancer has been greatly
reduced with the application of pap smear screening, cervical
cancer is still the third most commonly diagnosed cancer in
women worldwide, with estimated 529,800 new cases diag-
nosed annually [1]. Therefore, new and effective therapeutic
strategies for cervical cancer are urgently needed.

Noncoding RNAs (ncRNAs) are newly discovered regula-
tors of diverse biological functions. In cancer, ncRNAs have
been shown to have both supportive and inhibitory effects in
tumor development [2, 3]. ncRNAs can be grouped into two
major classes based on the sizes of their transcripts: small
ncRNAs (< 200 bp) and long ncRNAs (IncRNAs) (>= 200 bp)
[4, 5]. Small ncRNAs comprise a broad range of RNA spe-
cies, and many of them are associated with 5" or 3’ regions of
genes. microRNA is one of the most important small ncRNAs
that have been documented to play important roles in cancer
development [6-8].

Recent studies identified an important role for IncRNAs
in tumor progression [9]. LncRNAs, ranging from 200 nu-

cleotides to over 10 kb, are abundantly transcribed by the
mammalian genome [10, 11]. Increasing evidence support
the association of aberrant IncRNA expression with human
cancers. As IncRNAs are emerging as critical components of
the cancer transcriptome, it is reasonable to anticipate that
IncRNAs may contribute to the tumorigenesis and progression
of cervical cancer. Gibb EA et al [12] provided the first IncRNA
expression profile in the human cervical intraepithelial neopla-
sia (CIN) transcriptome and demonstrated aberrant IncRNA
expression in early-stage neoplasia.

Maternally expressed gene 3 (MEG3), an imprinted gene,
is a tumor suppressor gene located in chromosome 14q32
[13]. The potential functions of MEG3 have been studied
in a number of cancer types. MEG3 is down-regulated in
several cancer types. In addition, overexpression of MEG3
inhibits pituitary tumor cell proliferation, suggesting that
MEGS3 is a potential tumor suppressor gene [14]. Likewise,
re-expression of MEG3 inhibits the proliferation of tumor
cells in vitro in glioma [15] and meningioma [16]. Further,
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MEGS3 is reported to be dysregulated in certain tumors,
such as hepatocellular carcinoma [17], Wilms tumors [18],
and multiple myeloma [19]. However, the role of MEG3 in
tumorigenesis and progression of cervical cancer remains
unknown.

In this study, we examined the expression of IncRNA
MEGS3 in 18 pairs of cervical cancer and matched non-
neoplastic tissues using real-time quantitative RT-PCR
(qRT-PCR). Moreover, we investigated the impact of ectopic
expression of MEG3 in proliferation, cell cycle progression
and apoptosis in vitro in human cervical carcinoma cells
HeLa and C-33A.

Materials and methods

Tissue samples. Eighteen pairs of primary cervical cancer
and matched adjacent non-neoplastic tissues were obtained
from the Department of Gynecology and Obstetrics in the First
Affiliated Hospital of Xinxiang Medical University. The study
protocol was approved by the Institutional Review Board of
Xinxiang Medical University. Written informed consent was
obtained from all patients enrolled in the study. Tissues were
cutinto pieces smaller than 0.5 cm in any single dimension and
immediately immersed into 2 ml RNAlater solution (Ambion,
Foster City, CA). Tissue samples were stored in liquid nitrogen
until use. Tissue sections from each sample were reviewed and
classified by a pathologist.

Quantitative reverse transcriptase PCR (qRT-PCR).
Total RNA was isolated from cervical cancer and matched
non-tumor tissues using the RNeasy kit (Qiagen, Grand Is-
land, NY) according to manufacturer’s instructions. Reverse
transcription reactions were carried out with 1 mg total RNA
using the PrimeScript® RT reagent kit (TaKaRa BIO, Shiga,
Japan). Random hexamer primers were used in the RT reac-
tions. Real-time PCR was performed on a Bio-Rad CFX-96
real-time PCR system (Bio-Rad, Hercules, CA) using SYBR®
Premix DimerEraser kit (TaKaRa, Shiga, Japan) following the
manufacturer’s instructions. MEG3 primer sequences were
obtained from previous publication [15] as following: Sense,
CTGCCCATCTACACCTCACG;

Antisense, CTCTCCGCCGTCTGCGCTAGGGGCT.
GAPDH was used as a housekeeper gene for the qRT-PCR
reactions. Each test was done in triple replication and the 2-
A2t method was used to calculate the expression of IncRNA
MEG3 in tissue samples.

Cell culture. Human cervical carcinoma cells lines HeLa,
C-33A and HCCY94 (well-differentiated) were obtained
from the Cell Bank of the Chinese Academy of Sciences
and maintained in modified Eagle’s media (MEM) con-
taining 10% fetal bovine serum (FBS) at 37°C in a 5% CO,
atmosphere.

MTS cell growth assay. Plasmid pEGFP-MEG3 was con-
structed by subcloning MEG3 c¢DNA in an EcoRIBamHI
fragment into the pEGFP vector. HeLa or C-33A cells were
transiently transfected with pEGFP-MEG3 using Lipo-

fectamine 2000 (Life technologies, Carlsbad, CA). These
cells were reported to have high transfection efficiencies
[20]. Cell proliferation was evaluated using colorimetric
MTS assay (Promega, Madison, WI) following the manu-
facturer’s protocol. MTS assay measures the restoration of
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) to formazan by
metabolically active cells.

siRNA transfection and MTS cell growth assay. Well-dif-
ferentiated cervical carcinoma HCC94 cells were grown in
24-well culture plates to 80-90% confluence overnight and
then transfected with 25 nM non-targeting siRNA control, or
synthetic siRNAs against MEG3 (Guangzhou RiboBio Co.,
Ltd.) for 48 h using Lipofectamine™ transfection reagent
(Invitrogen) following the manufacturer’s protocol. Following
transfection, the cells were harvested and MEG3 knockdown
was confirmed by qRT-PCR. HCC94 cells were transiently
transfected with siRNA-MEGS3 or control non-targeting siRNA
for 24 to 72 h, and cell proliferation was evaluated by MTS cell
growth assay as described above.

Cell cycle analysis. HeLa or C-33A cells (5 x 10°) were
plated in 60 mm dishes overnight. The cells were then tran-
siently transfected with pEGFP-MEG3 or control vector for
48 h. Adherent cells were trypsinized and resuspended in
cold PBS. Three volumes of cold 70% ethanol were added in
a dropwise manner while vortexing. Cell suspensions were
fixed for 24 h at -20°C, washed twice with cold PBS. Cells were
resuspended in 100 pg/ml RNase A in 100 ul PBS. Five min
later, 50 pg/ml propidium iodide in 400 pl PBS was added.
Cell cycle progression was analyzed using a Becton Dickinson
FACScan flow cytometer. Cell cycle analysis was performed
using the FCS Express 4 software (De Novo Software, Los
Angeles, CA).

Apoptosis assay. HeLa or C-33A cells (5 x 10°) were plated
in 60 mm dishes overnight. The cells were then transiently
transfected with pEGFP-MEGS3 or control vector for 48 h.
Cells were collected by trypsinization, washed twice with
cold PBS and then resuspended in 1 x Binding buffer at
a concentration of 1 x 10°cells/ml. 100 pl cell suspension
was transferred to a 5 ml tube and stained with annexin
V and 7-aminoactinomycin D (7-AAD) (BD Biosciences,
San Diego, CA) according to the manufacturer’s protocol.
Stained cells were immediately analyzed using a BD FACScan
flow cytometer. Data analysis were performed using the FCS
Express 4 software.

Western blot analysis. The cells were transfected with
pEGFP-MEG3 or control vector for 48 h, and immediately
lysed in RIPA buffer (10 mm Tris, pH 7.4, 150 mm NaCl, 5 mm
EDTA, 8% glycerol, 1% Triton X-100, 0.1% SDS, 0.5 % sodium
deoxycholate, 10 mm Na3VO4, 1 mm sodium fluoride, and
Complete Protease Inhibitor Mixture (Roche Diagnostics)).
40 ug of total protein per sample was separated by SDS-PAGE,
blotted onto polyvinylidene fluoride membranes that were
blocked for 1 h at room temperature with 5 % nonfat dry
milk in TBS containing 0.05 % Tween 20. The membranes
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were then incubated overnight at 4°C in nonfat dry milk in
TBS containing 0.05 % Tween 20 with the indicated primary
antibodies. Membranes were washed in nonfat dry milk in
TBS containing 0.05% Tween 20 and incubated with anti-
rabbit (1:1,000) or anti-mouse (1:1,000) secondary antibody
conjugated to horseradish peroxidase (Amersham Pharmacia
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Figure 1. Down-regulation of IncRNA MEG3 expression in cervical cancer.
A. Upper panel: Comparing the non-neoplastic cervix with CIN2 and CIN3
revealed differential IncRNA MEGS3 expression. CIN: cervical intraepithe-
lial neoplasia. CIN1: MILD, CIN2: moderate, CIN3: severe. Adapted from
Gibb EA, et al. Aberrant Expression of Long Noncoding RNAs in Cervical
Intraepithelial Neoplasia. Int ] Gynecol Cancer 2012 Nov;22(9):1557-63.
Lower panel: Oncomine study data shows lower MEG3 RNA expression
levels in cervical cancer compared to normal. 1. normal, 2. cervical ad-
enocarcinoma, 3. cervical cancer, 4. cervical squamous cell carcinoma.
Adapted from Biewenga (http://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE7410) and Scotto’s (http://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE9750) publication. B. Real-time qRT-PCR was carried out
on cervical cancers and their matched adjacent non-tumor tissue samples.
Data were analyzed using the 222 method.
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Biotech, Piscataway, NJ). Visualization of the protein bands
was done using the enhanced chemiluminescence plus kit as
recommended by the manufacturer (Perkin-Elmer, Boston,
MA). The following primary antibodies were obtained from
Santa Cruz Biotechnology: p53 (sc-6243), p21 (sc-397), cyclin
B1 (sc-245), Cdk1/Cdk2 Antibody (sc-53219), caspase 3 (sc-
7148), caspase 8 (sc- 56070), and actin (sc-8432).

Statistical analysis. Statistical significances between groups
were determined by two-tailed Student’s t-test. A p-value of <
0.05 was considered significant.

Results

Down-regulation of IncRNA MEG3 expression in cervical
cancer. Obtained data revealed that IncRNA MEG3 was mark-
edly down-regulated in moderate (CIN2) and severe (CIN3)
histopathologic grades of CIN compare to non-neoplastic
cervical tissues [12] (Fig. 1A, upper panel). MEG3 expression
was reversely correlated with the severity of the tumor.

To further evaluate the clinical relevance of MEG3, ex-
pression of MEG3 in 18 pairs of cervical cancer and matched
non-neoplastic tissues were analyzed by qRT-PCR. High
expression levels of MEG3 were detected in non-neoplastic
tissues, but markedly lower levels were identified in cancer
tissues (P < 0.01, Fig. 1B).

To further confirm our finding that MEG3 is down-regu-
lated in cervical cancer in comparison to non-tumor tissues,
we analyzed published data on Oncomine Database and found
increased expression of MEG3 in non-tumor cervial tissues
compared with cervical cancers (Fig. 1A, lower panel). These
results strongly indicate that MEG3 may contribute to tumori-
genesis and malignant progression of cervical cancer.

MEGS3 inhibits cell proliferation in human cervical
carcinoma cell lines in vitro. Based on the observation that
MEGS3 expression level is high in normal cervical tissues but
is low or undetectable in cervical cancer, we hypothesized
that MEG3 is involved in the regulation of cervical cell pro-
liferation. We tested this hypothesis in human cervical cancer
cell lines HeLa and C-33A, which express very low levels of
MEG3 [21]. HeLa or C-33A cells were transiently transfected
with pEGFP-MEGS3 or control vector, and cell viability was
examined using the MTS cell growth assay. HeLa and C-33A
cells were efficiently transfected with the pEGFP vector, as
indicated by the green fluorescence introduced to the cells
(data not shown). Over-expression of MEG3, as confirmed
by qRT-PCR (Fig. 2A, left two panels), significantly (P <
0.05) inhibited the growth of HeLa or C-33A cells compared
with control (Fig. 2B). To study whether down-regulation of
MEGS3 promotes cervical cancer cell proliferation, MEG3 was
knocked down by siRNA in the well-differentiated HCC94
cells which have high levels of endogenous MEG3(Fig. 2A,
right panel). siRNA-MEG3 transfection increased the growth
of HCC94 cells (P < 0.05, Fig. 2B). These results indicate that
MEGS3 inhibits the proliferation of human cervical cancer
cells in vitro.
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Figure 2. MEG3 inhibited the proliferation of human cervical carcinoma cells in vitro. A. HeLa and C-33A cells were transiently transfected
with pEGFP-MEGS3 or control vector for 48 h. HCC94 cells were tranfected with MEG3 siRNA or control non-targeting siRNA for 48 h. qRT-
PCR analysis was performed to examine MEG3 RNA levels in HeLa, C-33A cells (two Left panels), and HCC94 cells (Right panel). B. HeLa and

C-33A cells were transfected with pEGFP-MEG3 or pEGFP plasmid for

72 h. HCC94 cells were transfected with MEG3 siRNA or control siRNA

for 72h. Cell viability was measured using the MTS cell growth assay. The results shown are from three independent experiments and reported

as the mean + SD. *, P <0.05.

MEG3 induces G2/M cell cycle arrest and apoptosis.
Induction of cell cycle arrest is an important anti-prolifera-
tion mechanism. Next we investigated whether the growth
inhibitory activity of MEG3 involved the control of cell cycle
progression. Over-expression of MEG3 resulted in cell cycle
arrest at G2/M phase in HeLa and C-33A cells (Fig. 3A).
Microscopic observations revealed significant amount of cell
death in addition to growth arrest following MEG3 transfec-
tion (data not shown). Therefore, we investigated whether
MEGS3 could also promote apoptotic cell death. HeLa and
C-33A cells were transiently transfected with MEG3 for 48
h and apoptosis was analyzed by annexin V/7AAD stain-
ing. Over-expression of MEG3 induced both early (annexin
V+/7-AAD-) and total (annexin V+) apoptosis in HeLa and
C-33A cells (Fig. 3B).

The p53 protein is a potent tumor suppressor and one of
the important players in apoptosis signaling. LncRNAs have

been shown to physically associate with p53, suggesting that
IncRNAs may function through p53 pathway [22]. Therefore,
we examined whether MEG3 regulates the expression of p53.
Overexpression of MEG3 resulted in increased expression
of p53 in Hela and C33A cells, as assessed by Western blot
analysis (Fig. 4). Additionally, MEG3 increased the cleavage
of p53 downstream target caspase 3 (Fig. 4). To elucidate the
mechanisms for the G2/M phase arrest in MEG3-transfected
cells, we investigated the expression of pivotal protein (cyclin
B1 and CDK1) for G2/M transition [23]. Compared with
control transfected cells, transfection with MEG3 resulted
in decrease in cyclin B1 and CDK1 expression (Fig. 4). p21
is one of the p53 targets and acts as an inhibitor of G2/M
transition [24]. As shown in Fig. 4, elevated p21 level was
detected following MEG3 transfection. These results suggest
that MEG3 may induce apoptosis through p53-mediated
pathway.
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Figure 3. Over-expression of MEG3 induced G2/M arrest and apoptosis in cervical cancer cells. HeLa and C-33A cells were transiently transfected with
PEGFP-MEGS3 or control vector for 48 h. A. Cell cycle analysis was performed by PI staining using flow cytometry. Representative histograms were
presented (right panel). Results shown are representative of two independent experiments. *, p < 0.05. (left panel). B. Apoptosis was assessed by an-
nexin V-FITC/7-AAD staining using flow cytometry. Representative histograms were presented (right panel). Results shown are representative of two
independent experiments. ¥, p < 0.01.
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Discussion

LncRNAs belong to a newly identified class of RNA
molecules which do not have protein-coding capacity [25].
LncRNAs control transcription of target genes, which indicates
that the difference in IncRNA profiling between normal and
cancer cells may not merely be the secondary effect of cancer
transformation. Further, IncRNAs may be associated with
cancer progression [26]. Thus, IncRNA expression profiles
may be of important value in cancer diagnosis, prognosis
and therapy.

In the present study, we evaluated the expression of IncRNA
MEGS3 in cervical cancer tissues and matched non-tumor tis-
sues. We demonstrated that MEG3 expression was significantly
(P <0.01) decreased in cervical cancer tissues compared with
adjacent non-tumor tissues. In addition, the search of Oncom-
ine database and published literature confirmed our findings
that MEG3 is significantly down-regulated in cervical cancer
compared with normal tissues. Further, ectopic expression
of MEG3 inhibited the proliferation of human cervical carci-
noma cells HeLa and C-33A in vitro. Knockdown of MEG3
promoted cell proliferation in well-differentiated cervical
cancer HCCY94 cells.

Braconi et al.[17] reported that ectopic expression of MEG3
induced apoptosis in hepatocellular cancer PRC/PRF/5 cells.
MEG3-induced apoptosis was also observed in U251 and U87
glioma cells [15]. We further demonstrated that over-expres-
sion of MEG3 promoted apoptotic cell death and induced
G2/M cell cycle arrest in HeLa and C-33A cells. We investi-
gated the molecular mechanisms responsible for apoptosis
and G2/M cell cycle arrest induced by MEG3 in Hela and
C-33A cells. Western blot analysis results showed that CDK1
and cyclinB1 were down-regulated by the overexpression of
MEGS3, indicating that CDK1 and cyclinB1 may be involved in
the induction of G2/M cell cycle arrest by MEG3. In addition,
MEGS3 activates p53 and its downstream targets caspase 3 and
p21. These results suggest that MEG3-mediated inhibition of
tumor cell proliferation is due, at least in part, to the induc-
tion of G2/M cell cycle arrest and apoptosis through p53 and
cyclin-CDK pathways.

The detailed mechanisms by which MEG3 inhibits tu-
mor growth remain to be determined. Gordon FE et al [27]
discovered increased expression of angiogenic genes in the
brains of mouse MEG3-null embryos, suggesting that dele-
tion of MEG3 promotes angiogenesis. It is well known that
tumor growth and metastasis both require angiogenesis
[28]. Therefore, enhanced angiogenesis may be another
mechanism by which inactivation of MEG3 contributes to
tumor development.

In conclusion, we demonstrate that MEG3 is significantly
down-regulated in human cervical cancer tissues compared
with matched non-neoplastic tissues. Over-expression of
MEGS3 inhibits human cervical cancer cell growth, which is
associated with the induction of G2/M cell cycle arrest and
apoptosis. These findings, together with findings by others, in-

HelLa C-33A

Caspase 3

CDK1

Cyclin B1

p21

Actin

Figure 4. MEG3 regulates the expression of cell cycle and apoptosis related
proteins in cervical cancer cells. HeLa and C-33A cells were transiently
transfected with pEGFP-MEGS3 or control vector for 48 h. Cells were har-
vested, cell lysates prepared and then analyzed by Western blotting with
antibodies to p53, caspase 3, p21, cyclinB1 and CDK1. Actin served as
the loading control. Results were representative of three independent
experiments.

dicate that MEG3 is a tumor suppressor and may be a potential
target for cancer therapy.
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