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Abstract
The present study aimed to evaluate the antitumor effects of MAGI2- AS3 and its 
mechanism in liver cancer. Cancer tissues and adjacent nontumor tissues were 
collected, and lncRNAs were analyzed via chip assay. The correlation between 
MAGEI2- AS3 and patient pathology and prognosis was then analyzed. Bel- 7402 
and Huh- 7 cell lines were also used in our study. For the in vitro study, MTT assay, 
flow cytometry, transwell assay, and wound healing assay were conducted to 
evaluate hepatic cancer cell (Bel- 7402 and Huh- 7) proliferation, apoptosis, inva-
sion, and migration. The relative mechanisms were evaluated by Western blot 
(WB) and cellular immunofluorescence. The correlation among MAGI2- AS3, 
miRNA- 23a- 3p, and PTEN was determined by a dual- luciferase reporter assay. 
The expression of lncRNA MAGI2- AS3 was significantly downregulated in tumor 
tissues. MAGI2- AS3 expression was closely correlation with HCC patient's clin-
icopathology and prognosis and prognosis. In the cell experiment, compared with 
the negative control (NC) group, MAGI2- AS3 overexpression reduced cell pro-
liferation, invasion, and migration and increased cell apoptosis in Bel- 7402 and 
Huh- 7 cell lines. However, when Bel- 7402 and Huh- 7 cells were transfected with 
miRNA- 23a- 3p, their biological activities (proliferation, invasion, and migration) 
were significantly increased. Through WB assay, MAGI2- AS3 could increase PTEN 
and depress p- AKT and MMP- 9 protein expressions via miRNA- 23a- 3p suppres-
sion. The dual- luciferase reporter assay revealed that MAGI2- AS3 directly tar-
geted miRNA- 23a- 3p and that miRNA- 23a- 3p could target PTEN. MAGI2- AS3 
might be a potential therapeutic target for liver cancer owing to its regulation by 
the miRNA- 23a- 3p/PTEN axis.
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1  | INTRODUC TION

More than 90% of the human genome is the transcriptome 
(Carninci et al., 2005; Kapranov et al., 2007; Willingham & 
Gingeras, 2006), which contains approximately 20,000 protein- 
coding genes accounting for fewer than 2% of the entire genome 
(Wilusz et al., 2009). Due to the substantial progress in next- 
generation sequencing techniques, thousands of lncRNAs can 
be quickly identified in vertebrates and invertebrates. The vast 
majority of lncRNAs are located in the nucleus, and increasing 
efforts have been made to explore their physiological and patho-
logical functions. With a wide range of functions, lncRNAs are 
involved in various aspects of gene expression, translation and 
stabilization of proteins, as well as cell differentiation and organ 
formation. They are also involved in the pathological changes that 
are closely related to a variety of diseases, such as malignant tu-
mors, cardiovascular diseases, and endocrine diseases. Although 
some lncRNAs are produced by RNA polymerase Ⅲ, most of them, 
such as coding genes, are transcribed by RNA polymerase Ⅱ (Dieci 
et al., 2007; Martone et al., 2003). Since RNA polymerase Ⅱ is 
located in the nucleus (Roeder & Rutter, 1970), lncRNAs are pri-
marily produced in that location. However, unlike coding RNAs, 
lncRNAs do not contain an open reading frame and thus do not 
encode proteins. Depending on the relative position of lncRNAs 
and the protein- coding genes on the chromosome, about half 
of the lncRNAs in the human genome are long intergenic non-
coding RNAs (Hon et al., 2017). LncRNAs differ from mRNAs in 
terms of abundance, genome location, subcellular location, met-
abolic characteristics, epigenetic regulation, and tissue specific-
ity (Ransohoff et al., 2018). LncRNAs are typically distributed in 
the nucleus, chromatin, or subnuclear region but are rarely found 
in the cytoplasm (Kretz et al., 2013). Compared with mRNAs, ln-
cRNAs are associated with lower synthesis, higher degradation, 
and slower splicing (Ransohoff et al., 2018). LncRNAs are also 
more restricted to specific cell types than mRNAs. They have 
evolutionary conserved functions, secondary structures, and 
micro- homologous regions, but there is a slight overall sequence 
similarity (Hezroni et al., 2015). Moreover, some studies found 
that lncRNA is correlated with the development of hepatocellular 
carcinoma (HCC) (Wang et al., 2017; Xiong et al., 2017).

As one of the most commonly diagnosed malignant tumors, liver 
cancer has high morbidity and mortality rates and thus seriously 
threatens human health. Moreover, it is associated with high med-
ical costs and social burdens. Currently, approaches for the early 
diagnosis of liver cancer are quite limited and result in unfavorable 
treatment and prognosis. With the advances in next- generation se-
quencing techniques, researchers have gradually found that non-
coding RNAs in the human body play a significant role. LncRNAs 
have been confirmed to be closely related to the proliferation and 
invasiveness of liver cancer cells and to the prognosis of patients 
with liver cancer. They can function as oncogenes to induce liver 
cancer and to accelerate the growth and metastasis of liver can-
cer cells (Jiao et al., 2019; Zhang et al.,). In this study, a detection 

chip was used to evaluate lncRNA expression in liver cancer tissues 
depending on TCGA database, and patients who exhibited the larg-
est difference were chosen as the research subjects. The role of 
lncRNAs in the biological activity of liver cancer cells and their un-
derlying mechanisms were investigated via cell experiments.

2  | MATERIAL S AND METHODS

2.1 | Case data

A total of 40 HCC patients who underwent radical resections for liver 
cancer from March 2011 to March 2013 at Jiangxi Integrated Chinese 
and Western Medicine Hospital and who satisfied the inclusion criteria 
were randomly selected. The inclusion criteria were as follows: (a) no 
other anticancer treatment received before surgery; (b) availability of 
complete clinical data; and (c) lesion pathologically confirmed as pri-
mary liver cancer following surgery. During the surgery, the liver cancer 
tissues and adjacent liver tissues (distance from tumor boundary > 2 cm 
with pathologic confirmation of no tumor cells) were collected and 
stored at −80°C for later use. All patients provided informed consent, 
and approval from the hospital's ethics committee was obtained.

Adjacent nontumor tissues from six cases and liver cancer tis-
sues from five cases were randomly selected for the chip assay. Chip 
test and lncRNA differential analysis were conducted by Shanghai 
GeneChem Co., Ltd.

2.2 | Follow- up

Patients were followed up regularly to determine their prognosis. 
Short- term follow- up (within 1 year) was mainly conducted through 
outpatient review, whereas long- term follow- up (beyond 1 year) was 
mainly conducted through telephone interview. The patients were 
followed up at an interval of 3 months for the first 2 years after 
surgery and at an interval of 6 months after 2 years. The follow-
 up ended on March 2015, and the median follow- up time was 45.3 
(range, 1– 60) months; no patients were lost to follow- up. The follow-
 up covered postoperative prognosis (progression, recurrence, and 
death), imaging changes, blood AFP levels, and liver function.

2.3 | LncRNA microarray screening

Adjacent nontumor tissues (n = 6) and cancer tissues (n = 5) were 
subjected to microarray detection and analyzed by Shanghai 
GeneChem Co., Ltd.

2.4 | RT- qPCR assay

According to the manufacturer's instructions, total RNAs were rou-
tinely extracted using TRIzol reagent (Toyobo, Osaka, Japan). Reverse 
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transcription reactions were performed according to the manufac-
turers’ protocol. The total reaction system was 20 μl, including 2 μg 
of sample RNA, 1 μl of primer mix (0.5 μl forward primer and 0.5μL 
reverse primer), 4 μl of 5 × buffer, 1 μl of enzyme, and 12 μl Diethyl 
pyrocarbonate (DEPC). The reaction was performed at 37°C for 
15 min, followed by inactivation at 98°C for 5 min. Glyceraldehyde- 
3- phosphate dehydrogenase (GAPDH) served as the internal con-
trol for MAGI2- AS3, whereas U6 served as the internal control for 
miRNA- 23a- 3p. MAGI2- AS3, GAPDH, miRNA- 23a- 3p, and U6 were 
detected by relative fluorescence quantitative PCR, and the relative 
expression levels of the target genes were calculated for different 
samples. The primer sequences are presented in Table 1.

2.5 | Cell culture and transfection

L02 (normal hepatic cells) and the hepatocellular carcinoma cells Bel- 
7402, Huh- 7, HepG2, and SMMC- 7721 (ATCC, USA) were used. L02, 
Bel- 7402, Huh- 7, HepG2, and SMMC- 7721 cells were cultured in RPMI 
1,640 medium supplemented with 10% fetal bovine serum (FBS) con-
tained 100 μg/ml penicillin and 0.1 mg/ml streptomycin in a 5% CO2 
incubator at 37°C. The culture medium was replaced with fresh me-
dium every 2 days. When the cell adherent growth rate reached 80% 
or more, trypsin was used for digestion and passage. Bel- 7402 and 
Huh- 7 cells in the logarithmic growth phase were selected and inocu-
lated into a 96- well plate at 5 × 105 cells/well. Then, the cells were in-
cubated in a 37°C constant temperature incubator. Transfection was 
conducted when cells were 50% confluent. The transfection process 
was performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA), according to the manufacturer's instructions. The pcDNA3.1- 
vector, miRNA- NC, MAGI2- AS3, and miRNA- 23a- 3p were synthe-
sized by NanJing KeyGen Biotech Co., Ltd. Subsequent experiments 
were conducted 48 hr after transfection.

2.6 | MTT assay

Cells in all groups were inoculated into a 96- well plate at a density 
of 4 × 103 cells/well. At 72 hr after transfection, the cells from each 
group were removed from the 6 wells, and 20 µl of the MTT solution 

was added. Subsequently, the plates were incubated in an incubator 
at 37°C for 4 hr. After the cell culture plate was removed, 100 μl of 
dimethyl sulfoxide was added to the samples, which were then oscil-
lated for 10 min. The cell absorbance value (A value) at 450 nm was 
detected using a microplate reader.

2.7 | Apoptosis experiment

Cells of all groups were treated for 48 hr and then digested and col-
lected to generate a single- cell suspension. The cells were washed 
twice with cold PBS solution. Binding buffer was then diluted with 
deionised water at a ratio of 1∶4 (20 ml binding buffer + 60 ml deion-
ized water). The cells were resuspended in 250 μl of diluted binding 
buffer, and the cell density was adjusted to 1 × 106 cells/ml. Cell sus-
pension (100 μl) was placed in a 5- ml flow tube, at which point 5 μl 
of Annexin V and 10 μl of PI dye were added, followed by staining at 
room temperature in the dark for 15 min. No Annexin V was added 
to the control tube. Next, 400 μl of binding buffer was immediately 
added to the flow tube for the flow cytometry. The light source was 
a 488- nm argon ion laser; Annexin V was excited to emit green flu-
orescence, whereas PI emitted red fluorescence. The results were 
analyzed using random software.

2.8 | Transwell invasion assay

The bottom of the Transwell chamber (with a well size of 8 μm) was 
coated with a 1∶8 dilution of 50 mg/L Matrigel and was air- dried at 
4°C. Then, 50 μl of serum- containing RPMI 1640 medium was added 
(37°C, 30 min). After cells from all the groups were treated for 48 hr, 
the serum was removed, and the cells were serum- starved for 12 hr. 
The cells were then digested and collected. After they were resus-
pended, the cells were counted and the cell suspension was adjusted 
to 1 × 106 cells/ml. The Transwell chamber was placed in a 24- well 
cell culture plate, and 200 μl of the cell suspension was added to the 
Transwell chamber. The number of cells was 2 × 105. Then, 500 μl 
of the complete medium containing 100 ml/L FBS was added to the 
lower chamber of a 24- well plate. The experiment was repeated using 
three samples in each group. After incubation in a 50 ml/L CO2 incu-
bator at a constant temperature of 37°C for 48 hr, the cells were re-
moved, fixed in 950 ml/L ethanol, and stained with 1 g/L crystal violet. 
The cells were observed under an inverted microscope and imaged, 
and the number of cells that had migrated to the lower layer of the mi-
croporous membrane was counted. Five fields of view were randomly 
selected for each sample, and the average value was calculated.

2.9 | Wound healing assay

Cells in the logarithmic growth phase were obtained from each 
group, enzyme- digested and centrifuged and then resuspended as 
a single- cell suspension, which was evenly inoculated into a 24- well 

TA B L E  1   The primer sequences

Gene name Primer sequences

MAGI2- AS3 F: 5′- CACCTTGCTTGACACACTTGA−3′

R:5′- CATTACAGCTCGGCTACTGC−3′

miRNA−23a−3p F: 5′- GCGATCACATTGCCAGGG−3′

R: 5′- CAGTGCGTGTCGTGGAGT−3′

U6 F:5′- CTCGCTTCGGCAGCACA−3′

R:5′- AACGCTTCACGAATTTGCGT−3′

GAPDH F:5′- AGGTCGGTGTGAACGGATTTG −3′

R: 5′- GGGGTCGTTGATGGCAACA−3′
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cell culture plate. After the cells were grown as a single layer, the 
culture solution was discarded. A 200- μl pipette tip was used to 
draw a mark at the center of each well of the 24- well plate. After 
the dead cells were washed away, the samples were imaged under 
a microscope and recorded at time point 0 hr. After drug treatment 
for 24 and 48 hr, the healing of the cell scratches at these 2 time 
points was recorded and imaged at the same observation points. 
This experiment was repeated three times. Image- Pro Plus software 
was used to measure the multi- scratch distance of each well, and the 
average value was calculated. Then, the distance after the treatment 
was subtracted from the distance before the treatment, the value of 
which was the cell migration distance for 24 subjects over 48 hr. The 
data were analyzed using statistical software.

2.10 | Western blot assay for relative 
protein expression

The cells of all groups were collected 48 hr after transfection, 
washed twice with precooled PBS, and placed on ice for the extrac-
tion of total cell proteins. The protein concentration was determined 
via the BCA method, and 40 mg of protein was added to the sample 
wells with sodium lauryl sulfate. Polyacrylamide gel was used for 
electrophoresis, after which the cells were transferred to the mem-
brane and blocked for 1 hr at room temperature in 5% skim milk 
powder. Primary antibodies against PTEN (50 kDa), phosphoryl-
ated AKT(68 kDa), MMP- 9 (94 kDa), and GAPDH(37 kDa)(Abcam, 
Cambridge, UK) were added. The dilution ratio was 1:1,000, and 
incubation was performed at 4°C overnight. Then, the membrane 
was washed with TBST for 3 times (10 min each time) and incubated 
with the appropriate secondary antibody (diluted 1:5,000) at room 
temperature for 2 hr. The membrane was washed with TBST for 
three times (10 min each time), incubated with ECL illuminant, and 
developed and imaged with a gel imaging system. The ImageJ analy-
sis software was used to analyze the gray value of each band, which 
was calibrated with GAPDH, and the relative expression levels of the 
target proteins in the cells of all groups were calculated.

2.11 | Cell immunofluorescence assay

Bel- 7402 and Huh- 7 cells were inoculated into a 24- well plate con-
taining glass coverslips. pcDNA3.1, miRNA- NC, MAGI2- AS3, and 
miRNA- 23a- 3p were transfected into the cells, which were observed 
after 48 hr. Cell immunofluorescence staining was employed to de-
tect the localization of p- AKT protein in the nucleus. Briefly, the steps 
were as follows: after cell growth, the samples were fixed in 40 g/L 
of paraformaldehyde solution and immediately treated with 2.5 ml/L 
of Triton X- 100 at room temperature for 10 min. After washing with 
PBS for 5 × 3 min, the cells were blocked in normal goat serum at 
room temperature for 30 min and incubated with a rabbit antihuman 
primary antibody against p- AKT (1:100, Abcam, Cambridge, UK) at 
4°C overnight. After washing with PBS for 5 × 3 min, the cells were 

incubated with an FITC- labeled goat anti- rabbit secondary antibody 
at room temperature in the dark for 2 hr. This experiment was re-
peated three times, and three duplicate wells were included for each 
group. The coverslips were sealed onto slides with glycerine and 
then observed and imaged using a laser confocal microscope (Nikon, 
Japan). Quantitative analysis was conducted on the results of the 
fluorescent staining.

2.12 | Dual- luciferase reporter assay

The 3'UTR fragment of MAGI2- AS3 was cloned into a plasmid to 
construct a wild- type MAGI2- AS3- WT reporter gene plasmid. The 
mutant MAGI2- AS3- Mut plasmid was constructed by mutating 
the miRNA- 23a- 3p binding site on the MAGI2- AS3- 3'UTR using 
a Takara point mutation kit. The plasmid and miRNAs were trans-
fected into the cells using Lipofectamine 2000, according to the 
manufacturer's protocols. Specifically, the cells transfected with the 
MAGI2- AS3- WT plasmid and miRNA- 23a- 3p mimics were classified 
as the MAGI2- AS3- WT group, whereas the cells co- transfected with 
miRNA- NC served as the control group. The cells transfected with 
the MAGI2- AS3- Mut plasmid and miRNA- 23a- 3p were classified as 
the MAGI2- AS3- Mut group, whereas the cells co- transfected with 
miRNA- NC served as the control group. After 48 hr, the cells were 
collected, and the luciferase activities of the cells in all groups were 
determined using a dual- luciferase assay kit.

2.13 | Statistical analysis

The experimental results were analyzed using the SPSS 22.0 soft-
ware. The count data were analyzed by x2, and the measurement 
data were expressed as means ± SD. The Wilcoxon signed- rank sum 
test was employed for the paired groups. Kaplan– Meier and log- rank 
tests were employed for the survival analysis. A multivariate analysis 
was conducted using the Cox regression model. p <.05 was consid-
ered statistically significant.

3  | RESULTS

3.1 | Clinical data and analysis

A fold change ≥3.0 was considered to be the screening criterion 
for differentially expressed lncRNA genes. A heat map was used 
to show the expression levels of these genes in liver cancer tissues 
and adjacent nontumor tissues, as presented in Figure 1a. Among 
them, MAGI2- AS3 exhibited the greatest difference, and thus, it 
was selected as the subject for this study. RT- qPCR was used to 
determine the expression of MAGI2- AS3 mRNA in adjacent nontu-
mor tissues and in liver cancer tissues. The results revealed that the 
expression of MAGI2- AS3 mRNA was significantly downregulated 
in liver cancer tissues (p <.001, Figure 1b). Based on the median of 
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MAGI2- AS3 mRNA expression in the tissue samples, the 40 patients 
were divided into the MAGI2- AS3 low- expression group and the 
MAGI2- AS3 high- expression group. A clinicopathologic analysis re-
vealed that tumor size, TNM stage, and metastasis were significantly 
improved in the MAGI2- AS3 high- expression group compared with 
the MAGI2- AS3 low- expression group (p <.05, Table 2). The survival 
analysis revealed that the survival rate of patients in the MAGI2- AS3 
high- expression group was significantly higher than that of patients 
in the MAGI2- AS3 low- expression group (p =.0130, Figure 1c).

3.2 | MAGI2- AS3 gene expression and its effects on 
Bel- 7402 and Huh- 7 cell proliferation and apoptosis

RT- qPCR revealed that, compared with the normal liver cell line L- 
02, the levels of MAGI2- AS3 gene expression in Bel- 7402, Huh- 7, 
HepG2, and SMMC- 7721 liver cancer cells were significantly lower 
(p <.05, respectively). Among the liver cancer cell strains, Bel- 7402 
and Huh- 7 cells exhibited the lowest level of MAGI2- AS3 expression, 
as presented in Figure 2a. After the transfection of MAGI2- AS3 into 
Bel- 7402 and Huh- 7 cells, RT- qPCR revealed that the expression level 
of MAGI2- AS3 m RNA was significantly increased, whereas that of 
miRNA- 23a- 3p mRNA was significantly decreased in the pcDNA3.1- 
MAGI2- AS3 group in these two cell types (p <.001, Figure 2b,c). 
The results of the MTT and flow cytometry assays revealed that the 
cell proliferation rate of Bel- 7402 and Huh- 7 cells in the pcDNA3.1- 
MAGI2- AS3 group was significantly decreased and that the apopto-
sis rate was significantly increased (p <.001, Figure 2d- f).

3.3 | Effects of MAGI2- AS3 on Bel- 7402 and Huh- 7 
cell invasiveness and migration

To evaluate the effects of MAGI2- AS3 on the invasiveness and mi-
gration of liver cancer cells, a Transwell assay was performed and 

F I G U R E  1   Clinical data and analysis. 
(a) Hot map. N: Adjacent nontumor 
tissues; C: liver cancer tissues. (b) MAGI2- 
AS3 mRNA expression in difference 
tissues by RT- qPCR assay. Adjacent: 
Adjacent nontumor tissues; Cancer: liver 
cancer tissues. ***: p <.001, compared 
with adjacent nontumor tissues. (c) 
Percent survival

TA B L E  2   The correlation between MAGI2- AS3 level and 
pathological characteristics of Hepatic cancer patients (n = 40)

Clinical 
pathologic 
features Numbers

MAGI2- AS3 expression

p 
value

Low 
(n = 20)

High 
(n = 20)

Age (year old)

≤50 19 9 10 .613

>50 21 11 10

Gender

Male 22 12 10 .451

Female 18 8 10

Tumor Size

≤3 cm 16 4 12 .011

>3 cm 24 16 8

TNM stage

I- II 15 4 11 .021

III- IV 25 16 9

Metastasis

Yes 23 15 8 .033

No 17 5 12
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revealed that in the pcDNA3.1- MAGI2- AS3 group of Bel- 7402 and 
Huh- 7 cells, the number of invading cells was significantly lower than 
that in the NC group (p <.001, respectively, Figure 3a,b). Moreover, 
a wound healing assay revealed that in the pcDNA3.1- MAGI2- AS3 
group of Bel- 7402 and Huh- 7 cells, the wound healing rates at 24 and 
48 hr were significantly lower than those in the NC group (p <.001, 
Figure 3c,d).

3.4 | Effects of MAGI2- AS3 on relative protein 
expression and p- AKT nuclear localization

WB was employed to determine the relative protein expression. In 
the Bel- 7402 and Huh- 7 cell lines, the expression of PTEN protein 
was significantly higher, whereas that of p- AKT and MMP- 9 was 
significantly lower in the pcDNA3.1- MAGI2- AS3 group compared 

F I G U R E  2   MAGI2- AS3 Gene Expression and Its Effects on Bel- 7402 and Huh- 7 Cell biological activities. NC: Bel- 7402 cell were treated 
with normal; pcDNA3.1- vector: Bel- 7402 cell were transfected with pcDNA3.1- vector which were negative control; pcDNA3.1 MAGI2- AS3: 
Bel- 7402 cell were transfected with pcDNA3.1 MAGI2- AS3. (a) MAGI2- AS3 gene expression in difference cell lines by RT- qPCR assay. *: 
p <.05, ***: p <.001, compared with L- 02 cell line. (b) MAGI2- AS3 and miRNA- 23a- 3p gene expression of difference groups in Bel- 7402 cell. 
***: p <.001, compared with NC group. (c) MAGI2- AS3 and miRNA- 23a- 3p gene expression of difference groups in Huh- 7 cell. ***: p <.001, 
compared with NC group. (d) The cell viability of difference groups in Bel- 7402 and Huh- 7. ***: p <.001, compared with NC group. (e). The 
cell apoptosis rate of difference groups in Bel- 7402 cell line by flow cytometry. ***: p <.001, compared with NC group. (f). The cell apoptosis 
rate of difference groups in Huh- 7 cell line by flow cytometry. ***: p <.001, compared with NC group

F I G U R E  3   MAGI2- AS3 had effects on cell invasion and migration. NC: Bel- 7402 cell were treated with normal; pcDNA3.1- vector: Bel- 
7402 cell were transfected with pcDNA3.1- vector which were negative control; pcDNA3.1 MAGI2- AS3: Bel- 7402 cell were transfected with 
pcDNA3.1 MAGI2- AS3. (a) MAGI2- AS3 affect invasion Bel- 7402 cell number of difference groups by transwell assay (200×). ***: p <.001, 
compared with NC group. (b) MAGI2- AS3 affect invasion Huh- 7 cell number of difference groups by transwell assay (200×). ***: p <.001, 
compared with NC group. (c) MAGI2- AS3 affect Bel- 7402 cell wound healing rate of difference groups (100×). ***: p <.001, compared with 
NC group. (d). MAGI2- AS3 affect Huh- 7 cell wound healing rate of difference groups (100×). ***: p <.001, compared with NC group
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with the NC group (p <.001, Figure 4a,b). The cell immunofluo-
rescence assay revealed that in Bel- 7402 and Huh- 7 cells, the 
nuclear localization of p- AKT protein was significantly lower in 
the pcDNA3.1- MAGI2- AS3 group than in the NC group (p <.001, 
Figure 4c,d).

3.5 | Expression levels of MAGI2- AS3 and miRNA- 
23a- 3p mRNA and effects of miRNA- 23a- 3p on Bel- 
7402 and Huh- 7 cell proliferation and apoptosis

In Bel- 7402 and Huh- 7 cells, the level of MAGI2- AS3 m RNA expres-
sion was significantly increased in the pcDNA3.1- MAGI2- AS3 and 
pcDNA3.1- MAGI2- AS3 + miRNA groups compared with the NC 
group (p <.001, Figure 5a,b). The gene expression level of miRNA- 
23a- 3p was significantly decreased in the pcDNA3.1- MAGI2- AS3 
group (p <.001, Figure 5a,b). Compared with the pcDNA3.1- 
MAGI2- AS3 group, the expression level of miRNA- 23a- 3p mRNA 
was significantly increased in the pcDNA3.1- MAGI2- AS3 + miRNA 

group (p <.001, Figure 5a,b). MTT and flow cytometry assays re-
vealed that in Bel- 7402 and Huh- 7 cells, the cell proliferation rate 
in the pcDNA3.1- MAGI2- AS3 group was significantly decreased, 
whereas the apoptosis rate was significantly increased compared 
with the NC group (p <.001, Figure 5c- e). After the cells were 
co- transfected with miRNA- 23a- 3p, the cell proliferation rate in 
the pcDNA3.1- MAGI2- AS3 + miRNA group was significantly in-
creased, whereas the apoptosis rate was significantly decreased 
compared with the pcDNA3.1- MAGI2- AS3 group (p <.001, 
Figure 5c– e).

3.6 | Effects of miRNA- 23a- 3p on Bel- 7402 and 
Huh- 7 cell invasion and migration

The Transwell assay revealed that the number of invading Bel- 7402 
and Huh- 7 cells was significantly lower in the pcDNA3.1- MAGI2- AS3 
group than in the NC group (p <.001, Figure 6a,b). After the cells 
were co- transfected with miRNA- 23a- 3p, the number of invading 

F I G U R E  4   Effects of MAGI2- AS3 on Related Proteins and p- AKT Nucleation. NC: Bel- 7402 cell were treated with normal; pcDNA3.1- 
vector: Bel- 7402 cell were transfected with pcDNA3.1- vector which were negative control; pcDNA3.1 MAGI2- AS3: Bel- 7402 cell were 
transfected with pcDNA3.1 MAGI2- A (a) MAGI2- AS3 affect relative proteins in Bel- 7402 by WB assay. ***: p <.001, compared with NC 
group. (b) MAGI2- AS3 affect relative proteins in Huh- 7 by WB assay. ***: p <.001, compared with NC group. (c) MAGI2- AS3 affect p- AKT 
nuclear volume in Bel- 7402 cell. ***: p <.001, compared with NC group. (d) MAGI2- AS3 affect p- AKT nuclear volume in Huh- 7 cell. ***: 
p <.001, compared with NC group
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cells in the pcDNA3.1-  MAGI2- AS3 + miRNA group was signifi-
cantly increased compared with the pcDNA3.1- MAGI2- AS3 group 
(p <.001, Figure 6a,b). Moreover, the wound healing assay revealed 
that the wound healing rates in Bel- 7402 and Huh- 7 cells at 24 and 
48 hr were significantly lower in the pcDNA3.1- MAGI2- AS3 group 

compared with the NC group (p <.001, Figure 6c,d). After the cells 
were co- transfected with miRNA- 23a- 3p, the wound healing rates 
in the pcDNA3.1- MAGI2- AS3 + miRNA group were significantly 
higher compared with the pcDNA3.1- MAGI2- AS3 group (p <.001, 
Figure 6c,d).

F I G U R E  5   Expressions of MAGI2- AS3 and miRNA- 23a- 3p mRNA and Effects of miRNA- 23a- 3p on Bel- 7402 and Huh- 7 Cell biological 
activities. NC: The cell were treated with normal; miRNA- NC: The cell were transfected with miRNA- negative control; pcDNA3.1- MAGI2- 
AS3: The cell were transfected with pcDNA3.1- MAGI2- AS3; pcDNA3.1- MAGI2- AS3 + miRNA: The cell were transfected with pcDNA3.1- 
MAGI2- AS3 and miRNA- 23a- 3p. (a) MAGI2- AS3 and miRNA- 23a- 3p mRNA expression of difference groups in Bel- 7402 cell. ***: p <.001, 
compared with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group. (b) MAGI2- AS3 and miRNA- 23a- 3p mRNA expression 
of difference groups in Huh- 7 cell. ***: p <.001, compared with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group. (c) 
miRNA- 23a- 3p affect cell viabilities by MTT assay in Bel- 7402 and Huh- 7 cell lines. ***: p <.001, compared with NC group; ###: p <.001, 
compared with pcDNA3.1- MAGI2- AS2 group. (d) miRNA- 23a- 3p affect Bel- 7402 cell apoptosis by flow cytometry. ***: p <.001, compared 
with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group. (e) miRNA- 23a- 3p affect Huh- 7 cell apoptosis by flow 
cytometry. ***: p <.001, compared with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group
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F I G U R E  6   miRNA- 23a- 3p affect invasion and migration in Bel- 7402 and Huh- 7 cell lines. NC: The cell were treated with normal; 
miRNA- NC: The cell were transfected with miRNA- negative control; pcDNA3.1- MAGI2- AS3: The cell were transfected with pcDNA3.1- 
MAGI2- AS3; pcDNA3.1- MAGI2- AS3 + miRNA: The cell were transfected with pcDNA3.1- MAGI2- AS3 and miRNA- 23a- 3p (a) miRNA- 23a- 3p 
affect invasion Bel- 7402 cell number of difference groups by transwell assay (200×). ***: p <.001, compared with NC group; ###: p <.001, 
compared with pcDNA3.1- MAGI2- AS2 group. (b) miRNA- 23a- 3p affect invasion Huh- 7 cell number of difference groups by transwell assay 
(200×). ***: p <.001, compared with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group. (c) miRNA- 23a- 3p affect Bel- 
7402 cell wound healing rate of difference groups (100×). ***: p <.001, compared with NC group; ###: p <.001, compared with pcDNA3.1- 
MAGI2- AS2 group. (d) miRNA- 23a- 3p affect Huh- 7 cell wound healing rate of difference groups (100×). ***: p <.001, compared with NC 
group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group
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3.7 | Effects of miRNA- 23a- 3p on relative protein 
expression and p- AKT nuclear localization

WB was employed to detect the relative protein expression. In the 
Bel- 7402 and Huh- 7 cell lines, the PTEN protein expression was sig-
nificantly higher, and the p- AKT and MMP- 9 expression was signifi-
cantly lower in the pcDNA3.1- MAGI2- AS3 group compared with the 
NC group (p <.001, Figure 7a,b). After the cells were co- transfected 
with miRNA- 23a- 3p, PTEN protein expression was significantly 
lower, whereas p- AKT and MMP- 9 expression was significantly 
higher in the pcDNA3.1- MAGI2- AS3 + miRNA group compared 
with the pcDNA3.1- MAGI2- AS3 group (p <.001, Figure 7a,b). Cell 
immunofluorescence experiments revealed that in Bel- 7402 and 
Huh- 7 cells, nuclear localization of p- AKT protein was significantly 

lower in the pcDNA3.1- MAGI2- AS3 group compared with the NC 
group (p <.001, Figure 7c,d). After the cells were co- transfected with 
miRNA- 23a- 3p, the nuclear localization of p- AKT protein was sig-
nificantly higher in the pcDNA3.1- MAGI2- AS3 + miRNA group com-
pared with the pcDNA3.1-  MAGI2- AS3 group (p <.001, Figure 7c,d).

3.8 | Correlations among MAGI2- AS3, miRNA- 23a- 
3p, and PTEN

A dual- luciferase assay revealed that in Bel- 7402 and Huh- 7 
cells, MAGI2- AS3 could target the regulation of miRNA- 23a- 3p 
(Figure 8a,b). It was also found that in Bel- 7402 and Huh- 7 cells, 
miRNA- 23- 3p could target the regulation of PTEN (Figure 8c,d).

F I G U R E  7   Effects of miRNA- 23a- 3p on Related Proteins and p- AKT Nucleation. NC: The cell were treated with normal; miRNA- NC: 
The cell were transfected with miRNA- negative control; pcDNA3.1- MAGI2- AS3: The cell were transfected with pcDNA3.1- MAGI2- AS3; 
pcDNA3.1- MAGI2- AS3 + miRNA: The cell were transfected with pcDNA3.1- MAGI2- AS3 and miRNA- 23a- 3p. (a) miRNA- 23a- 3p affect 
relative proteins in Bel- 7402 by WB assay. ***: p <.001, compared with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 
group. (b) miRNA- 23a- 3p affect relative proteins in Huh- 7 by WB assay. ***: p <.001, compared with NC group; ###: p <.001, compared with 
pcDNA3.1- MAGI2- AS2 group. (c) miRNA- 23a- 3p affect p- AKT nuclear volume in Bel- 7402 cell. ***: p <.001, compared with NC group; ###: 
p <.001, compared with pcDNA3.1- MAGI2- AS2 group. (d) miRNA- 23a- 3p affect p- AKT nuclear volume in Huh- 7 cell. ***: p <.001, compared 
with NC group; ###: p <.001, compared with pcDNA3.1- MAGI2- AS2 group
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4  | DISCUSSION

LncRNAs regulate gene expression by regulating RNAs at various 
levels (Kopp & Mendell, 2018; Slaby et al., 2017). Recent studies 
have reported that lncRNAs are widely involved in various biological 
processes and that the abnormal expression of lncRNAs is related 
to numerous diseases, including cancer (Lin & Yang, 2018). LncRNA 
SNHG20 enhances the proliferation and invasion by regulating 
ADAM10 (Guo et al., 2018). The dysregulation of lncRNA expression 
has been confirmed in numerous tumor types, suggesting that they 
play key roles in tumorigenesis. MAGI2- AS3 is a type of lncRNA, and 
some studies have found a correlation between MAGI2- AS3 and 
cancer development (Xu et al., 2017; Zheng & Liu, 2017). MAGI2- AS3 
also exerts effects on the biological activities of hepatic cancer cells 

(Jiang et al., 2016), but the effects and mechanisms of MAGI2- AS3 in 
HCC treatment are still unclear.

In the present study, we evaluated lncRNA expression in HCC 
and adjacent nontumor tissues via chip assay. The results revealed 
that the lncRNA MAGI2- AS3 was expressed at a low level in liver 
cancer tissues. RT- qPCR showed that MAGI2- AS3 gene expression 
was significantly lower in liver tumor tissues. The median expression 
of MAGI2- AS3 in cancer tissues could be used to divide the patients 
into low-  and high- expression groups. A clinicopathologic analysis 
revealed that patients in the MAGI2- AS3 high- expression group 
had advantages in terms of tumor size, TNM stage, and metasta-
sis compared with those in the MAGI2- AS3 low- expression group. 
Moreover, the follow- up results revealed that the survival rate of 
patients was higher in the MAGI2- AS3 high- expression group than in 

F I G U R E  8   Correlations between MAGI2- AS3, miRNA- 23a- 3p, and PTEN. (a) Correlation between miRNA23a- 3p and MAGI2- AS3 in 
Bel- 7402 cell line. ***: p <.001, compared with miRNA- NC. (b) Correlation between miRNA23a- 3p and MAGI2- AS3 in Huh- 7 cell line. ***: 
p <.001, compared with miRNA- NC. (c) Correlation between miRNA23a- 3p and PTEN in Bel- 7402 cell line. ***: p <.001, compared with 
miRNA- NC. (d) Correlation between miRNA23a- 3p and PTEN in Huh- 7 cell line. ***: p <.001, compared with miRNA- NC
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the MAGI2- AS3 low- expression group. Further cell biological stud-
ies were conducted to explore how MAGI2- AS3 functions in liver 
cancer.

In the in vitro cell experiment, after MAGI2- AS3 was transfected 
into liver cancer cells, the biological activities (proliferation, invasion, 
and migration) of the liver cancer cells Bel- 7402 and Huh- 7 were 
significantly inhibited. It was also found that the level of miRNA- 
23a- 3p expression was significantly inhibited by MAGI2- AS3. A 
dual- luciferase target experiment revealed that MAGI2- AS3 could 
target the regulation of miRNA- 23a- 3p.

The expression of P13K/AKT signaling is dysregulated in a variety 
of human tumors. The activation of AKT by P13K phosphorylation pro-
motes cell proliferation, invasion, and migration and inhibits apoptosis, 
which is the core effect of this pathway (Germano et al., 2019; Lee & 
Pandolfi, 2019; Xi et al., 2019). PTEN is a significant tumor suppressor 
gene that can negatively regulate P13K/AKT signaling, whereas the 
absence of its expression can lead to tumor progression, poor prog-
nosis, and lymph node metastasis (Li et al., 2019; Song et al., 2019; Xi 
et al., 2019). PTEN dephosphorylates P13K and disables the activa-
tion of AKT, thereby inhibiting P13K/AKT signaling. For this reason, 
most researchers call this axis the P13K/PTEN/AKT signaling pathway 
(Zheng & Liu, 2017; Zheng et al., 2019; Zhu et al., 2019). In this study, 
after the transfection of MAGI2- AS3 into liver cancer cells, as the bi-
ological activity of the liver cancer cells weakened, the expression of 
PTEN protein was significantly increased. However, its downstream 
p- AKT activity and nuclear localization were significantly inhibited. 
Further molecular bioassays revealed that MAGI2- AS3 overexpres-
sion activated PTEN, which might be related to the inhibitory effect of 
MAGI2- AS3 on miRNA- 23a- 3p. A dual- luciferase assay revealed that 
PTEN was a target protein of miRNA- 23a- 3p.

The activation of AKT enhances the proliferation of tumor 
cells and suppresses apoptosis (Golubnitschaja et al., 2016; Liang 
et al., 2017). Moreover, activated p- AKT can also activate down-
stream matrix metalloproteinases (MMPs) by increasing nuclear 
localization. This in turn leads to enhanced invasion and migration 
in cancer [34,35]. MMP- 9, a member of the MMP family, can spe-
cifically degrade type IV collagen. The inhibition of MMP- 9 expres-
sion in liver cancer can reduce the invasiveness and migration of 
cancer cells [36]. The findings of this study confirmed that when 
MAGI2- AS3 was overexpressed by transfection into cells, it could 
effectively depress MMP- 9 expression and thus suppress both inva-
sion and migration.

In summary, the lncRNA MAGI2- AS3 was decreased in HCC 
tissues. In vitro cell experiments confirmed that MAGI2- AS3 
overexpression by liver cancer cell transfection could effectively 
inhibit their biological activity. The underlying mechanism might 
involve the miRNA- 23a- 3p/PTEN axis. Therefore, MAGI2- AS3 can 
be used as a promising tool for diagnosing and treating hepatocel-
lular carcinoma.

CONFLIC T OF INTERE S T
We have no conflict of interest in the authorship and publication of 
this article.

S TUDIE S INVOLVING HUMAN SUBJEC TS
The study conforms to the Declaration of Helsinki, US, and/or 
European Medicines Agency Guidelines for human subjects.

S TUDIE S INVOLVING ANIMAL OR HUMAN SUBJEC TS
A statement that the study's protocols and procedures were ethi-
cally reviewed and approved by a recognized ethical body (provide 
its name); US authors should attest to compliance with US National 
Research Council's Guide for the Care and Use of Laboratory 
Animals, the US Public Health Service's Policy on Humane Care 
and Use of Laboratory Animals, and Guide for the Care and Use of 
Laboratory Animals. UK authors should conform to UK legislation 
under the Animals (Scientific Procedures) Act 1986 Amendment 
Regulations (SI 2012/3039). European authors outside the UK 
should conform to Directive 2010/63/EU. All patients signed in-
formed consent.

ORCID
Jianhua Xu  https://orcid.org/0000-0002-5288-3859 

R E FE R E N C E S
Carninci, P., Kasukawa, T., Katayama, S., Gough, J., Frith, M. C., Maeda, N., 

Oyama, R., Ravasi, T., Lenhard, B., Wells, C., Kodzius, R., Shimokawa, 
K., Bajic, V. B., Brenner, S. E., Batalov, S., Forrest, A. R. R., Zavolan, M., 
Davis, M. J., Wilming, L. G., … Hayashizaki, Y. (2005). The transcriptional 
landscape of the mammalian genome. Science, 309(5740), 1559– 1563.

Dieci, G., Fiorino, G., Castelnuovo, M., Teichmann, M., & Pagano, A. 
(2007). The expanding RNA polymerase Ⅲ transcriptome. Trends in 
Genetics, 23(12), 614– 622.

Germano, G., Valsecchi, M. G., Buldini, B., Cazzaniga, G., Zanon, C., 
Silvestri, D., Kronnie, G. T., Basso, G., & Paganin, M. (2019). Next- 
generation sequencing of PTEN mutations for monitoring minimal 
residual disease in T- cell acute lymphoblastic leukemia. Pediatric 
Blood & Cancer, 1, e28025. https://doi.org/10.1002/pbc.28025

Golubnitschaja, O., Yeghiazaryan, K., Stricker, H., Trog, D., Schild, H. H., 
& Berliner, L. (2016). Patients with hepatic breast cancer metasta-
ses demonstrate highly specific profiles of matrix metalloproteinases 
MMP- 2 and MMP- 9 after SIRT treatment as compared to other pri-
mary and secondary liver tumours. BMC Cancer, 8(16), 357.

Guo, H., Yang, S., Li, S., Yan, M., Li, L., & Zhang, H. (2018). lncRNA SNHG20 
promotes cell proliferation and invasion via miR- 140- 5p- ADAM10 
axis in cervical cancer. Biomedicine & Pharmacotherapy, 102, 749– 757.

Hezroni, H., Koppstein, D., Schwartz, M. G., Avrutin, A., Bartel, D. P., & 
Ulitsky, I. (2015). Principles of long noncoding RNA evolution derived 
from direct comparison of transcriptomes in 17 species. Cell Reports, 
11(7), 1110– 1122.

Hon, C. C., Ramilowski, J. A., Harshbarger, J., Bertin, N., Rackham, O. 
J., Gough, J., Denisenko, E., Schmeier, S., Poulsen, T. M., Severin, J., 
Lizio, M., Kawaji, H., Kasukawa, T., Itoh, M., Burroughs, A. M., Noma, 
S., Djebali, S., Alam, T., Medvedeva, Y. A., … Forrest, A. R. R. (2017). 
An atlas of human long non- coding RNAs with accurate 5' ends. 
Nature, 543(7644), 199– 204.

Jiang, Z. B., Huang, J., Xie, C., Li, X., Liu, L., He, J., Pan, H., Huang, L., 
Fan, X.- X., Yao, X.- J., Xie, Y., Li, N., Liu, L., He, J.- X., & Leung, E.-  L.- H. 
(2016). Combined use of PI3K and MEK inhibitors synergistically in-
hibits lung cancer with EGFR and KRAS mutations. Oncology Reports, 
36(1), 365– 375.

Jiao, Y., Li, Y., Ji, B., Cai, H., & Liu, Y. (2019) clinical value of lncrna lucat1 
expression in liver cancer and its potential pathways. The Journal of 
Gastrointestinal and Liver Diseases, 28(4):439– 447.

https://orcid.org/0000-0002-5288-3859
https://orcid.org/0000-0002-5288-3859
https://doi.org/10.1002/pbc.28025


2530  |     LIU et aL.

Kapranov, P., Cheng, J., Dike, S., Nix, D. A., Duttagupta, R., Willingham, 
A. T., Stadler, P. F., Hertel, J., Hackermüller, J., Hofacker, I. L., Bell, I., 
Cheung, E., Drenkow, J., Dumais, E., Patel, S., Helt, G., Ganesh, M., 
Ghosh, S., Piccolboni, A., … Gingeras, T. R. (2007). RNA maps reveal 
new RNA classes and a possible function for pervasive transcription. 
Science, 316(5830), 1484– 1488.

Kopp, F., & Mendell, J. T. (2018). Functional Classification and 
Experimental Dissection of Long Noncoding RNAs. Cell, 172(3), 
393– 407.

Kretz, M., Siprashvili, Z., Chu, C., Webster, D. E., Zehnder, A., Qu, K., Lee, 
C. S., Flockhart, R. J., Groff, A. F., Chow, J., Johnston, D., Kim, G. E., 
Spitale, R. C., Flynn, R. A., Zheng, G. X. Y., Aiyer, S., Raj, A., Rinn, J. 
L., Chang, H. Y., … Khavari, P. A. (2013). Control of somatic tissue dif-
ferentiation by the long non- coding RNA TINCR. Nature, 493(7431), 
231– 235.

Lee, Y. R., & Pandolfi, P. P. (2019) PTEN Mouse Models of Cancer Initiation 
and Progression. Cold Spring Harbor Perspectives in Medicine, 30, 
a037283. https://doi.org/10.1101/cshpe rspect.a037283

Li, Q., Zhang, S., Wang, M., Dong, S., Wang, Y., Liu, S., Lu, T., Fu, Y., Wang, 
X., & Chen, G. (2019). Downregulated miR- 21 mediates matrine- 
induced apoptosis via the PTEN/Akt signaling pathway in FTC- 
133 human follicular thyroid cancer cells. Oncology Letters, 18(4), 
3553– 3560.

Liang, X., Sun, R., Zhao, X., Zhang, Y., Gu, Q., Dong, X., Zhang, D., Sun, 
J., & Sun, B. (2017). Rictor regulates the vasculogenic mimicry of 
melanoma via the AKT- MMP- 2/9 pathway. Journal of Cellular and 
Molecular Medicine, 21(12), 3579– 3591.

Lin, C., & Yang, L. (2018). Long Noncoding RAN in Cancer: Wiring 
Signaling Circuitry. Trends in Cell Biology, 28(4), 287– 301.

Martone, R., Euskirchen, G., Bertone, P., Hartman, S., Royce, T. E., 
Luscombe, N. M., Rinn, J. L., Nelson, F. K., Miller, P., Gerstein, M., 
Weissman, S., & Snyder, M. (2003). Distribution ofNF- kappaB- 
binding sites across human chromosome 22. Proceedings of the 
National Academy of Sciences USA, 100(21), 12247– 12252.

Ransohoff, J. D., Wei, Y., & Khavari, P. A. (2018). The functions and 
unique features of long intergenic non- coding RNA. Nature Reviews 
Molecular Cell Biology, 19(3), 143– 157.

Roeder, R. G., & Rutter, W. J. (1970). Specific nucleolar and nucleoplasmic 
RNA polymerases. Proceedings of the National Academy of Sciences 
USA, 65(3), 675– 682.

Slaby, O., Laga, R., & Sedlacek, O. (2017). Therapeutic targeting of non- 
coding RNAs in cancer. The Biochemical Journal, 474(24), 4219– 4251.

Song, W., Zhang, J., Xia, Q., & Sun, M. (2019). Down- regulated lncRNA 
TP73- AS1 reduces radioresistance in hepatocellular carcinoma via 
the PTEN/Akt signaling pathway. Cell Cycle, 29, 1– 12.

Wang, H., Huo, X., Yang, X. R., He, J., Cheng, L., Wang, N., Deng, X., Jin, 
H., Wang, N., Wang, C., Zhao, F., Fang, J., Yao, M., Fan, J., & Qin, 

W. (2017). STAT3- mediated upregulation of lncRNA HOXD- AS1 
as a ceRNA facilitates liver cancer metastasis by regulating SOX4. 
Molecular Cancer, 16(1), 136.

Willingham, A. T., & Gingeras, T. R. (2006). TUF love for“junk”DNA. Cell, 
125(7), 1215– 1220.

Wilusz, J. E., Sunwoo, H., & Spector, D. L. (2009). Long noncoding RNAs: 
Functional surprises from the RNA world. Genes & Development, 
23(13), 1494– 1504.

Xi, Y., Qi, Z., Ma, J., & Chen, Y. (2019). PTEN loss activates a functional 
AKT/CXCR4 signaling axis to potentiate tumor growth and lung 
metastasis in human osteosarcoma cells. Clinical & Experimental 
Metastasis, 37, 173– 185. https://doi.org/10.1007/s1058 5- 019- 
09998 - 7

Xiong, H., Ni, Z., He, J., Jiang, S., Li, X., He, J., Gong, W., Zheng, L., Chen, 
S., Li, B., Zhang, N., Lyu, X., Huang, G., Chen, B., Zhang, Y., & He, F. 
(2017). LncRNA HULC triggers autophagy via stabilizing Sirt1 and 
attenuates the chemosensitivity of HCC cells. Oncogene, 36(25), 
3528– 3540.

Xu, J., Li, Z., Su, Q., Zhao, J., & Ma, J. (2017). TRIM29 promotes progres-
sion of thyroid carcinoma via activating P13K/AKT signaling path-
way. Oncology Reports, 37(3), 1555– 1564.

Zhang, Z., Wang, S., Liu, Y., Meng, Z., & Chen, F.. Low LNCRNA 
ZNF385D-AS2 expression and its prognostic significance in liver 
cancer. Oncology Reports, 42(3):1110– 1124.

Zheng, H., & Liu, J. F. (2017). Studies on the relationship between 
P13K/AKT signal pathway- mediated MMP- 9 gene and lung can-
cer. European Review for Medical and Pharmacological Sciences, 21(4), 
753– 759.

Zheng, X. Y., Yang, S. M., Zhang, R., Wang, S. M., Li, G. B., & Zhou, S. 
W. (2019). Emodin- induced autophagy against cell apoptosis through 
the PI3K/AKT/mTOR pathway in human hepatocytes. Drug Design, 
Development and Therapy, 3(13), 3171– 3180.

Zhu, F., Jiang, D., Zhang, M., & Zhao, B. (2019). 2,4- Dihydroxy- 3'- methox
y- 4'- ethoxychalcone suppresses cell proliferation and induces apop-
tosis of multiple myeloma via the PI3K/akt/mTOR signaling pathway. 
Pharmaceutical Biology, 57(1), 641– 648.

How to cite this article: Liu F, Deng W, Wan Z, et al. lncRNA 
MAGI2- AS3 overexpression had antitumor effect on Hepatic 
cancer via miRNA- 23a- 3p/PTEN axis. Food Sci Nutr. 
2021;9:2517– 2530. https://doi.org/10.1002/fsn3.2199

https://doi.org/10.1101/cshperspect.a037283
https://doi.org/10.1007/s10585-019-09998-7
https://doi.org/10.1007/s10585-019-09998-7
https://doi.org/10.1002/fsn3.2199

