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Yang et al.: Effect of Long Non-Coding RNA MAGI2-AS3 on Cervical Cancer Cells

To investigate the effect of long non coding RNA MAGI2-antisense RNA 3 on the proliferation, invasion 
and migration of cervical cancer cells and the underlying mechanism. SiHa cells were divided into plasmid 
cloning DNA group, plasmid cloning DNA-MAGI2-antisense RNA 3 group, anti-microRNA-negative 
control group, anti-microRNA-31-5p group, plasmid cloning DNA-MAGI2-antisense RNA 3+microRNA-
negative control group and plasmid cloning DNA-MAGI2-antisense RNA 3+microRNA-31-5p group; 
quantitative reverse transcription polymerase chain reaction was used to determine the messenger 
RNA expression levels of microRNA-31-5p and MAGI2-antisense RNA 3; cell viability was detected by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide assay; the number of cell migration and 
invasion in each group was detected by Transwell assay; dual luciferase reporter assay was performed to 
detect the fluorescence activity. The expression levels of microRNA-31-5p were significantly increased and 
those of MAGI2-antisense RNA 3 messenger RNA were decreased in cervical cancer cell lines (p<0.05); 
overexpression of MAGI2-antisense RNA 3 or inhibition expression of microRNA-31-5p could suppress 
SiHa cell proliferation, migration and invasion (p<0.05). MAGI2-antisense RNA 3 targeted regulation 
of microRNA-31-5p; overexpression of microRNA-31-5p partially reversed the inhibitory effects of 
overexpressing MAGI2-antisense RNA 3 on the proliferation, migration, invasion of SiHa cells. Long non 
coding RNA MAGI2-antisense RNA 3 can inhibit cervical cancer cell proliferation, migration and invasion 
by regulating microRNA-31-5p.
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Cervical cancer is one of the common malignancies 
in women and its incidence is gradually increasing. 
Although treatment modalities such as surgery, 
radiotherapy and chemotherapy have improved the 
survival time and quality of life of patients, it is still 
more difficult to clinically treat advanced and recurrent 
forms of cervical cancer; with the development of 
molecular biology, targeted therapy research has made 
breakthrough progress, aiming at improving the efficacy 
and reducing toxic side effects[1]. Long non coding RNA 
(LncRNA) and microRNA (miRNA) belong to the same 
class of lncRNAs, which do not encode proteins but play 
important roles in the normal physiological functions of 

the body; it may serve as a potential therapeutic target 
for cervical cancer. Studies have reported that lncRNA 
MAGI2 Antisense RNA 3 (MAGI2-AS3) inhibits breast 
cancer cell growth by targeting the Fas Cell Surface 
Death Receptor/Fas Ligand (Fas/FasL) signaling 
pathway[2]; in addition, MAGI2-AS3 can also inhibit 
the migration and invasion of breast cancer cells by 
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sponging miR-374a[3]. Studies have found that aberrant 
expression of miRNAs is associated with cervical 
cancer metastasis and differentiation[4]. Studies have 
reported that inhibition of miR-31-5p targets AXIN1 
to activate Wingless-related integration site (Wnt)/
beta (β)-catenin signaling pathway, thereby inhibiting 
the proliferation, invasion, and tumorigenicity of 
osteosarcoma cells[5]. The proliferation and migration 
ability of cervical cancer HeLa cells of overexpressing 
miR-31 was obviously enhanced[6]. However, the 
effects of MAGI2-AS3 and miR-31-5p on cervical 
cancer proliferation, migration and invasion and 
whether MAGI2-AS3 regulates cervical cancer cell 
proliferation, migration and invasion by targeting miR-
31-5p are unknown. The present experiment aimed 
to investigate whether lncRNA MAGI2-AS3 affects 
cervical cancer progression by regulating miR-31-5p.

MATERIAL AND METHODS

Materials:

Cervical cancer cells SiHa, CaSki, HeLa and normal 
cervical Ectocervical Epithelium (Ect1/E6E7) cells 
were purchased from Shanghai Cell Bank, Chinese 
Academy of Sciences; Roswell Park Memorial 
Institute (RPMI)-1640 medium was purchased from 
Guangzhou Taylor Biological Technology Co., Ltd.; the 
fluorescence quantitative Polymerase Chain Reaction 
(PCR) kit was purchased from Shanghai Kemin 
Biotechnology Co., Ltd.; dual luciferase reporter 
assay kit was purchased from GeneCopoeia, USA; 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) kit was purchased from Shanghai 
Meixuan Biological Science and Technology Co., 
Ltd.; Transwell chambers and Matrigel were purchased 
from Shanghai Yubo Biological Technology Co., Ltd. 
and Radio Immunoprecipitation Assay (RIPA) protein 
lysate was purchased from Beyotime Biotech Inc., 
Shanghai.

Methods:

Cell transfection and grouping: Cervical cancer cells 
SiHa, CaSki, HeLa and normal cervical cells Ect1/E6E7 
were routinely cultured in RPMI-1640 medium; SiHa 
cells were divided into plasmid cloning DNA (pcDNA) 
group (transfected with pcDNA), pcDNA-MAGI2-
AS3 group (transfected with pcDNA-MAGI2-AS3), 
anti-miR-Negative Control (NC) group (transfected 
with anti-miR-NC), anti-miR-31-5p group (transfected 
with anti-miR-31-5p), pcDNA-MAGI2-AS3+miR-NC 
group (co-transfected with pcDNA-MAGI2-AS3 and 

miR-NC) and pcDNA-MAGI2-AS3+miR-31-5p group 
(co-transfected with pcDNA-MAGI2-AS3 and miR-
31-5p).

Quantitative Reverse Transcription-Polymerase Chain 
Reaction (qRT-PCR) detection of miR-31-5p and 
MAGI2-AS3 messenger RNA (mRNA) expression 
levels: 

Total cellular RNA was extracted, reversely transcribed 
into pcDNA and the reaction system was set up according 
to the instruction of fluorescence quantitation kit, U6 
and β-actin was used as an internal reference for PCR 
amplification and relative expression was calculated by 
the 2-△△Ct method.

Western blot for protein expression: 

Cells in each group were added RIPA lysis solution 
to extract total protein, subjected to Sodium Dodecyl 
Sulfate-Polyacrylamide Gel Electrophoresis (SDS-
PAGE), transferred to membrane, blocked with skim 
milk powder; primary and secondary antibodies were 
added separately for incubation, exposure in a dark 
room for development, fixation imaging and analysis of 
absorbance of protein bands.

MTT assay for cell proliferation: 

Cells were incubated for 24 h, 48 h and 72 h, and the 
absorbance/Optical Density (OD) value at 490 nm was 
measured according to the instructions of the kit.

Transwell assay for cell migration and invasion: 

Migration: The upper chamber of the Transwell was 
added with cell suspension, the lower chamber was 
added with culture solution, incubated at 37° for 24 h, 
the chamber was taken out, the culture solution was 
removed, 0.1 % crystal violet was stained for 10 min 
and five fields were randomly selected for counting 
under the microscope. 

Invasion: Matrigel was diluted, added to the upper 
chamber of the Transwell and dried for the co-migration 
assay.

Luciferase reporter gene assay: 

Luciferase expression vectors Wild-Type (WT)-
MAGI2-AS3 and Mutant (MUT)-MAGI2-AS3 were 
constructed, and log phase SiHa cells were harvested 
and transfected with miR-NC and miR-31-5p into SiHa 
and dual luciferase assays were performed according to 
the instructions.
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Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
20.00 was used for statistical analysis. Measurement 
data were expressed as x̄±s. t test was performed for 
comparison between two groups. Single factor analysis 
of variance was used for comparison among multiple 
groups. p<0.05 was used for statistical significance.

RESULTS AND DISCUSSION

The expression levels of MAGI2-AS3 mRNA were 
significantly decreased and those of miR-31-5p were 
increased in cervical cancer cells SiHa, CaSki and 
HeLa compared with normal cervical cells ECT1/E6E7 
(p<0.05) as shown in Table 1.

TargetScan predicted the presence of a binding site 
for MAGI2-AS with miR-31-5p as shown in fig. 1. 
Luciferase activity of SiHa was significantly reduced 
in cells co-transfected with WT-MAGI2-AS and miR-
31-5p (p<0.05); however, there was no significant 
difference in the luciferase activity of SiHa cells co-
transfected with MUT-MAGI2-AS and miR-31-5p as 
shown in Table 2. The miR-31-5p expression level 
decreased in SiHa after overexpression of MAGI2-AS; 
the expression level of miR-31-5p in cell SiHa was 
increased after suppression of MAGI2-AS expression 
(p<0.05) as shown in Table 3. It was seen that 
MAGI2-AS could target to regulate the expression of  
miR-31-5p.

The expression level of MAGI2-AS3 in SiHa cells was 
significantly increased in the pcDNA-MAGI2-AS3 
group compared with the pcDNA group; the activity of 
SiHa cells was significantly decreased, the expression 
levels of cyclin D1, Matrix Metalloproteinase-2 
(MMP-2) and Matrix Metalloproteinase-9 (MMP-9) 
proteins were significantly decreased, the expression 
level of p21 was significantly increased and the 
migration and invasion numbers of SiHa cells were 
decreased (p<0.05) as shown in fig. 2 and Table 4. It 
can be seen that MAGI2-AS3 overexpression inhibited 

the proliferation, migration and invasion of SiHa in 
cervical cancer cells.

Compared with the anti-miR-NC group, the expression 
levels of miR-31-5p in SiHa cells were significantly 
decreased in the anti-miR-31-5p group, the expression 
levels of cyclin D1, MMP-2 and MMP-9 proteins were 
significantly decreased, the expression level of p21 was 
significantly increased, the activity of SiHa cells was 
significantly decreased and the number of migration 
and invasion in SiHa cells was significantly decreased 
(p<0.05) as shown in fig. 3 and Table 5. It can be seen 
that inhibition of miR-31-5p expression inhibited the 
proliferation, migration and invasion of SiHa in cervical 
cancer cells.

Group MAGI2-AS3 miR-31-5p

ECT1/E6E7 1.03±0.09 1.00±0.09

SiHa 0.32±0.03* 2.76±0.27*

CaSki 0.56±0.05* 2.98±0.29*

HeLa 0.43±0.04* 2.81±0.28*

F 268.305 127.810

p 0.000 0.000

TABLE 1: MAGI2-AS3 AND miR-31-5P EXPRESSION 
IN CERVICAL CANCER CELLS AND NORMAL 
CERVICAL CELLS (x̄±s, n=9)

Note: *p<0.05, compared with the ECT1/E6E7 group

Group WT-MAGI2-AS3 MUT-MAGI2-AS3
MiR-NC 1.04±0.09 1.03±0.08

MiR-31-5p 0.38±0.04* 1.01±0.09

t 20.104 0.498

p 0.000 0.625

TABLE 2: DUAL LUCIFERASE REPORTER ASSAY 
(x̄±s, n=9)

Note: Compared with miR-NC group, *p<0.05

Fig. 1: Sequences of MAGI2-AS3 contain nucleotide sequence 
complementary to miR-31-5p

Group miR-31-5p
pcDNA 1.01±0.09
pcDNA-MAGI2-AS3 0.48±0.04#

si-NC 1.00±0.08
si-MAGI2-AS3 2.87±0.28&

F 419.683
p 0.000

TABLE 3: MAGI2-AS3 REGULATES miR-31-5P (x̄±s, 
n=9)

Note: si-NC: small interfering-NC and si-MAGI2-AS3: small 
interfering-MAGI2-AS3, compared with pcDNA group, #p<0.05 and 
compared with the si-NC group, &p<0.05

Fig. 2: Effect of MAGI2-AS3 overexpression on proliferation, 
migration and invasion of SiHa cells in cervical cancer, (A): 
Proliferation, migration and invasion related protein expression 
and (B): Migration and invasion of cervical cancer SiHa cells
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Compared with the pcDNA-MAGI2-AS3+miR-NC, 
the pcDNA-MAGI2-AS3+miR-31-5p group showed 
significantly higher levels of miR-31-5p expression 
in SiHa cells, higher levels of cyclin D1, MMP-2 and 
MMP-9 protein expression, lower levels of p21, and 
higher activities in SiHa cells, and higher amounts of 
SiHa cell migration and invasion (p<0.05) as shown 
in fig. 4 and Table 6. It can be seen that miR-31-5p 
overexpression reversed the suppressive effects of 
MAGI2-AS3 overexpression on the proliferation, 
migration and invasion of SiHa cells of cervical cancer.

As a common malignant tumor, cervical cancer 
seriously threatens women's physical health and quality 
of life and now targeted therapy has received increasing 
attention[7]. Recently, studies have found that lncRNA 
and miRNAs can be used as biomarkers for cervical 
cancer screening, diagnosis, prognosis, treatment 
response assessment as well as detecting cancer 
recurrence[8]. MAGI2-AS3 is an lncRNA MAGI2 AS3 
and studies have found that MAGI2-AS3 is down-
regulated in breast cancer tissues and peripheral blood, 
and may be involved in breast cancer development, 
progression, as well as recurrence and metastasis[9]. 

Group MAGI2-
AS3

Cell viability (OD 490 nm) Migration 
cell number

Invasive cell 
number

CyclinD1 
protein

p21 
protein

MMP-2 
protein

MMP-9

protein24 h 48 h 72 h

pcDNA 0.99 
±0.08

0.29 
±0.03 0.51±0.05 0.68±0.06 165.28±13.25 141.26±11.73 0.78±0.07 0.26±0.03 0.65±0.06 0.72±0.07

pcDNA-
MAGI2-
AS3

2.93 
±0.28*

0.26 
±0.03 0.32±0.03* 0.45±0.04* 79.29±7.35* 62.45±6.38* 0.36±0.03* 0.61±0.06* 0.28±0.03* 0.33±0.03*

t 19.986 2.121 9.775 9.569 17.025 17.706 16.545 15.653 16.547 15.363
p 0.000 0.05 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

TABLE 4: EFFECTS OF MAGI2-AS3 OVEREXPRESSION ON CELL PROLIFERATION, MIGRATION AND 
INVASION IN SIHA CELLS (x̄±s, n=9)

Note: *p<0.05 when compared with pcDNA group

Fig. 3: miR-31-5p expression on proliferation, migration and 
invasion of cervical cancer SiHa cells

Group miR-
31-5p

Cell viability (OD490 nm) Migration 
cell number

Invasive cell 
number

CyclinD1 
protein

p21 
protein

MMP-2 
protein

MMP-9 
protein24 h 48 h 72 h

Anti-
miR-NC

1.03 
±0.09

0.28 
±0.03 0.53±0.05 0.69±0.06 153.28±14.05 138.25±10.97 0.77±0.07 0.25±0.03 0.66±0.06 0.73±0.07

Anti-
miR-
31-5p

0.42 
±0.04*

0.27 
±0.03 0.39±0.03* 0.48±0.04* 86.38±8.64* 75.38±7.95* 0.39±0.03* 0.57±0.05* 0.31±0.03* 0.36±0.03*

t 18.581 0.707 7.203 8.737 12.168 13.922 14.989 16.464 15.653 14.575

p 0 0.49 0 0 0 0 0 0 0 0

TABLE 5: EFFECTS OF INHIBITING miR-31-5P EXPRESSION ON PROLIFERATION, MIGRATION AND 
INVASION OF CERVICAL CANCER SIHA CELLS (x̄±s, n=9)

Note: Compared with anti-miR-NC group, *p<0.05 

Fig. 4: MAGI2-AS3 overexpression on cell proliferation, 
migration and invasion in SiHa cells
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MAGI2-AS3 is also significantly under-expressed in 
glioma tissues and represents an important prognostic 
factor for glioma patients[10]. Overexpression of MAGI2-
AS3 can inhibit cell proliferation and migration in liver 
cancer and bladder cancer[11,12]. In this study, MAGI2-
AS3 was under-expressed in cervical cancer cells and 
overexpression of MAGI2-AS3 also inhibited SiHa cell 
proliferation, migration and invasion.

The occurrence and development of cervical cancer is 
a complex process of multiple gene dysregulation and 
studies have found that miRNA is involved in regulating 
cervical cancer progression, exploring the mechanism 
of miRNAs in cervical cancer and is also of great 
significance in improving the diagnosis and treatment 
of cervical cancer and improving prognosis[13]. Studies 
have found that inhibition of miR-31-5p expression can 
play a pro-atherosclerotic role by targeted inhibition 
of Insulin Degrading Enzyme (IDE)[14]. MiR-31-
5p expression is down-regulated in acute myeloid 
leukemia and overexpression of miR-31-5p can inhibit 
cell proliferation and promote cell differentiation and 
maturation in the mononuclear direction, exerting a 
tumor suppressor function by targeting Human antigen 
R protein (HuR) in acute myeloid leukemogenesis[15]. 
While miR-31-5p is highly expressed in colorectal 
tissues, inhibition of miR-31-5p can inhibit the 
malignant biological behavior of colorectal cancer 
cells[16]. Our results showed that miR-31-5p was highly 
expressed in cervical cancer cells, while inhibition 
of miR-31-5p expression could suppress SiHa cell 
proliferation, migration and invasion. MAGI2-AS3 
was found to target miR-31-5p; overexpression of miR-
31-5p reversed the effects of overexpressing MAGI2-
AS3 on proliferation, migration, invasion of SiHa 
cells. These results suggest that the inhibitory effect 

of MAGI2-AS3 on the proliferation, migration and 
invasion of SiHa cells is related to miR-31-5p.

Taken together, lncRNA MAGI2-AS3 may inhibit 
cervical cancer cell proliferation, migration and 
invasion by regulating miR-31-5p.
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