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LncRNA MAGI2-AS3 acts as a tumor suppressor that attenuates
non-small cell lung cancer progression by targeting the miR-629-
5p/TXNIP axis
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Background: Lung cancer is a malignant tumor that seriously threatens the health of human beings. Long
non-coding RNAs (IncRNAs) are thought to play important roles in the pathophysiology of lung cancer.
In this study, we identified a new IncRNA, MAGI2-AS3 in non-small cell lung cancer (NSCLC) tissues by
conducting an integrated bioinformatics analysis. Mechanistic studies were also performed to explore the
biological functions of MAGI2-AS3 in NSCLC progression.

Methods: A bioinformatics analysis was conducted to determine the prognostic role of MAGI2-AS3. CCK-
8, EdU assay, colony formation and Transwell were performed to determine the effects of MAGI2-AS3 on
the progression of NSCLC cells. A nude mice model was used to evaluate the effects of MAGI2-AS2 on
the i vivo tumor growth of NSCLC. Luciferase reporter and RNA pull-down assays were used to evaluate
interactions between MAGI2-AS3 and its downstream targets.

Results: MAGI2-AS3 was found to be downregulated in NSCLC tissues. The gain-of-function i vitro
studies showed that the overexpression of MAGI2-AS3 suppressed NSCLC cell proliferation and invasion.
Conversely, the knockdown of MAGI2-AS3 had the opposite effects. The bioinformatics analysis and
luciferase report assay revealed that MAGI2-AS3 functioned as competing endogenous RNA to suppress
microRNA (miR)-629-5p expression, while miR-629-5p suppressed thioredoxin-interacting protein (TXNIP)
expression by targeting its 3' untranslated region. The rescue experiment results showed that MAGI2-AS3
knockdown enhanced NSCLC cell progression (increasing cell proliferation and invasion, but reducing cell
apoptosis), which was counteracted by miR-629-5p inhibition or TXINIP overexpression.

Conclusions: The study revealed that MAGI2-AS3 was downregulated in NSCLC tissues and cells, and
MAGI2-AS3 suppressed NSCLC cell progression. Further, the mechanistic results showed that MAGI2-AS3
exerted a tumor-suppressive effect in NSCLC by targeting the miR-629-5p/TXNIP axis.
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Introduction

Lung cancer is one of the most common human
malignancies worldwide. Non-small-cell lung cancers
(NSCLCs) account for more than 80% of all lung
cancers (1). Based on pathological features, NSCLC
can be classified into 3 subtypes: lung adenocarcinoma
(LAD), large cell carcinoma (LCC), and lung squamous
cell carcinoma (LSCC) (2,3). LSCC and LAD account
for ~40% and ~50% of all NSCLC cases, respectively
(2,3). Traditional therapeutic strategies have been greatly
improved and targeted therapies, including as tyrosine
kinase inhibitors of the epidermal growth factor receptor
and immune checkpoint inhibitors, have been applied in
NSCLC treatment; however, the 5-year overall survival rate
of NSCLC remains less than 20% (4-6). The poor clinical
outcomes of NSCLC patients could be attributed to the
lack of early diagnostic biomarkers and therapeutic targets,
and an insufficient understanding of the pathogenesis of
NSCLC (7,8). To date, no precise molecular mechanism or
relevant target have been identified in NSCLC progression
or in the effective prediction of NSCLC metastasis. Thus,
the molecular mechanism underlying NSCL progression
needs to be urgently explored from a new perspective.
Research from the Human Genome Project shows that
only about 19,000 genes (approximately 1-2% of the entire
genome) encode proteins; the remaining 98-99% comprise
“dark matter” non-coding sequences. Due to advances in
next generation sequencing, the important role of long non-
coding ribonucleic acid (IncRNA), which was originally
regarded as transcription noise, has gradually been revealed.
LncRNA is a non-coding RNA with a transcript length of
more than 200 bases. It has a wide tissue expression profile
and tissue expression specificity (9). There is increasing
evidence that LncRINA can regulate gene function through
multiple mechanisms, thereby affecting the biological
function of tumor cells, and that it plays a role in promoting
or inhibiting tumors (10,11). For example, IncRNA Highly
upregulated in liver cancer (HULC) was identified during
the screening of a hepatocellular carcinoma-specific gene
library, and was demonstrated to be aberrantly expressed
in many types of tumors (12). The recent studies revealed
that IncRNA MAGI2-AS3 exerted inhibitory functions in
different cancer types. For instance, MAGI2-AS3 inhibits
bladder cancer progression through MAGI2/PTEN/EMT
axis (13). MAGI2-AS3 also inhibits tumor progression
and angiogenesis by regulating ACY1 via interacting with
transcription factor HEY1 in clear cell renal cell carcinoma
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(14). Therefore, anti-MAGI2-AS3 compounds or agents
might serve as novel therapeutic strategies for cancer
treatment. In addition, miRNA serves as an oncogene and
contributes to the progression of lung cancer (15). miR-
629-5p promotes the invasion of lung adenocarcinoma via
increasing both tumor cell invasion and endothelial cell
permeability (16). Additionally, a large number of IncRNA
or miRNA are used for the early diagnosis and molecular
typing of NSCLC.

In this study, we identified a new IncRNA (i.e., MAGI2-
AS3) in NSCLC tissues using an integrated bioinformatics
analysis, Mechanistic studies were also performed to
explore the biological functions of MAGI2-AS3 in NSCLC
progression. Our findings strongly suggested that MAGI2-
AS3 participates in NSCLC progression and is a promising
therapeutic target.

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-6466).

Methods
Collection of microarray data and data processing

The microarray data were retrieved from the Gene
Expression Omnibus (GEO) database. The collected data
sets included GSES51852, GSE52248, and GSE81089.
iGEAK software was used to analyze the expression data
sets between the NSCLC group and non-tumor group (17).
The overlapping differentially expressed genes (DEGs) in
the data sets are illustrated in a Venn diagram. The study
was conducted in accordance with the Declaration of

Helsinki (as revised in 2013).

Analysis of MAGI-AS23 using Gene Expression Profiling
Interactive Analysis (GEPIA) database and KNM-plotter tool

The expression profile of the MAGI-AS23, which identified
from the overlapping genes, were analyzed using the Gene
Expression Profiling Interactive Analysis (GEPIA) database (18).
The association between MAGI-AS3 expression and the
overall survival of patients with lung cancer was evaluated
using the Kaplan-Meier (K-M)-plotter tool (19). A P value
<0.05 was considered statistically significant.

Cell lines and cell culture

All the cell lines, including Beas-2B, A549, and H1299,
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came from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). All the cells were cultured in
Dulbecco’s Modified Eagle Medium (Gibco, Waltham,
USA), supplemented with 10% fetal bovine serum (FBS;
Gibco), and 1% penicillin/streptomycin (Sigma-Aldrich, St.
Louis, USA). The cells were grown in culture dishes and
maintained in cell incubators in a humidified atmosphere of
at 37 °C with 5% carbon dioxide.

QRT-PCR

Total RNA was extracted from the tissue samples or cell
lines using TRIzol reagent (Takara, Dalian, China) in
accordance with the manufacturer’s guidelines. RNA was
reversed transcribed into complementary deoxyribonucleic
acid (cDNA) using random primers and a Reverse
Transcription Kit (Takara). RNA concentration and purity
were determined using Nanodrop 1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, USA). To evaluate the
expression of IncRNA or messenger (nRINA), quantitative
reverse transcription-polymerase chain reaction (qRT-
PCR) was performed using SYBR Green PCR Master Mix
(Takara, Dalian, China) with ABI7900 Biosystems (Applied
Biosystems, Foster City, USA) with a miRNA-specific 5'
primer and the mRQ 3' primer supplied with (Genechem
Company, Shanghai, China). Relative expression was
normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) or U6, and was determined using the 27
method.

Cell transfection

To overexpress MAGI2-AS1 or thioredoxin-interacting
protein (TXNIP), pcDNA3.1 vector (Genechem Company,
Shanghai, China) were subcloned with MAGI2-AS3 or
TXNIP (pcDNA-MAGI2-AS1, pcDNA-TXNIP). Empty
pcDNA3.1 vector was used as the negative control. The
short hairpin RNAs (shRNAs) against MAGI2-AS3 (sh-
MAGI2-AS3#1/2: 5'-CCGGTTATAGGAAAGCTTTTA
TCTTCTCGAGAAGATAAAAGCTTTCCTATAATTT
TTG-3") were designed and synthesized by GenePharma
(Shanghai, China). To overexpress miR-629-5p, miR-629-
5p mimics were transfected into NSCLC cell lines. To
silence miR-629-5p, miR-629-5p inhibitor was transfected
into NSCLC cells. For the cell transfection, A549 and
H1299 cell lines were planted in 6-well plates at around
80% confluence. Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was used for the transfection in accordance with
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the manufacturer’s protocol. After 24 h, the cells were used
for subsequent experiments.

Cell proliferation assays

For the cell counting kit 8 (CCK-8) assays, cells with
different treatments were harvested and seeded in 96-well
plates. Cell viability at different time points was assessed
using the CCK-8 reagent (DOJINDO, Kumamoto, Japan)
in accordance with the manufacturer’s protocol. At 450 nm,
absorbance was evaluated using a microplate reader.

For the colony formation assays, cells with different
treatments were plated into 6-well plates at 500 cells per
well. After culturing for 2 weeks, the cells were fixed in 4%
paraformaldehyde for 10 min, and then stained with 0.1%
crystal violet for 30 min. Finally, the colonies were counted
and recorded under a light microscope.

For the EdU incorporation assays, A549 and H1299 cell
lines on sterile coverslips were seeded in 24-well plates. Cell
proliferation was detected using an EdU incorporation assay
kit (Ribobio, Guangzhou, China). The nuclei were double-
stained with EdU and 4',6-diamidino-2-phenylindole
(DAPI, Beyotime, Shanghai, China). The stained cells were

visualized using a fluorescent microscope.

Transwell invasion assays

For the Transwell invasion assays, cells that underwent
different treatments were added to the upper surface of
matrigel-coated transwell chambers (BD Biosciences,
San Jose, USA) with inserts containing 12-pm pore-size
membrane. The lower chambers were filled with complete
medium supplemented with 10% FBS. After culturing for
24 h, the invasive cells in the lower chambers were fixed
with 4% paraformaldehyde, and then stained with 0.1%
crystal violet. The invaded cells were counted using a light
microscope.

Western blotting

Protein samples from tissues or cells were extracted using
a radioimmunoprecipitation assay buffer supplemented
with proteinase inhibitors (Beyotime, Beijing, China) and
separated on 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis by electrophoresis. After being
transferred onto polyvinylidene fluoride membranes, the
proteins were blocked with 5% skimmed milk at room
temperature for 1 h. Subsequently, the polyvinylidene
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fluoride membranes were incubated with primary
antibodies against TXNIP (Abcam, Cambridge, UK) and
B-actin (Abcam) at 4 °C overnight. Next, the membranes
were incubated with corresponding secondary antibodies
conjugated to horseradish peroxidase. The immunoreactive
band were visualized using an enhanced chemiluminescence
substrate kit (Pierce, Rockford, USA). B-actin was used as
the internal reference.

RNA pull-down assays

The cells that underwent different treatments were
transfected with a biotinylated-MAGI2-AS3 (wild type or
mutants), and were trypsinized and homogenized. The RNA
pull-down was performed on cell lysates using streptavidin-
coated magnetic beads (Sigma-Aldrich). The bound mRNA
was purified using the RNeasy mini kit (Qiagen, Hilden,
Germany), and miR-629-5p expression in the bound
fractions was examined by qPCR, and normalized to the
“Input” controls.

Luciferase reporter assays

The amplified MAGI2-AS3 or 3' untranslated region (3'-
UTR) of TXNIP was subcloned into the firefly plasmids
in the pmirGLO luciferase vector (Promega, Madison,
USA). The wild type of MAGI2-AS3 or TXNIP 3'-
UTR was constructed. The site-directed mutation of
miR-629-5p binding sites in MAGI2-AS1 or TXNIP 3'-
UTR was generated using the Site-Directed Mutagenesis
Kit (Invitrogen, Carlsbad, USA) in accordance with the
manufacturer’s protocol. The cells were separately co-
transfected with different plasmids and miR-629-5p mimics
or normal group (NC) mimics. 48 h after transfection, the
Dual-Luciferase Reporter Assay System (Promega) was
used to determine the relative luciferase activity.

Animal studies

Animal experiments were performed under a project
license (No. 2021-0894) granted by the Animal Care and
Use Committee, Affiliated Cancer Hospital of Nantong
University, in compliance with the Guide for the Care and
Use of Laboratory Animals of the Chinese Institutes of
Health. To establish NSCLC-bearing xenograft models,
4-week-old male BALB/c nude mice were used in this
study. Approximately 5x10° NSCLC cells with stably
transfected pcDNA, pcDNA-MAGI2-AS3, lv-sh-MAGI2-
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AS3, or Iv-sh-NC NSCLC cells were injected into the right
flanks of the nude mice (there were 6 mice in each group).
The length and width of tumors were measured with a
digital caliper. Tumor volume was calculated using the
following formula: volume = length x width x height x0.5.
Tumor size was measured every 5 days, and the mice were
sacrificed 5 weeks after injection.

Statistical analysis

All the experimental data are presented as the mean =
standard deviation. GraphPad PRISM 6.0 (GraphPad,
San Diego, USA) was used for the statistical analysis.
Significant differences between and among treatment
groups were evaluated using the Student’s #-test or a 1-way
analysis of variance followed by Bonferroni’s post-hoc test.
Differences were considered statistically significant if the
P value was <0.05.

Results
MAGI2-AS3 was downregulated in NSCLC

First, we analyzed the 3 GEO data sets (i.e., GSE51852,
GSE52248, and GSE81089), The DEGs in these data
sets are visualized by volcano plots (Figure 14-1C). In the
GSE51852 data set, 3,471 DEGs (of which 1281 were
upregulated and 2,190 were downregulated) were identified
(Figure 1A4). In the GSE52248 data set, 815 DEGs (of
which 326 were upregulated and 489 were downregulated)
were identified (Figure 1B). In the GSE81809 data set,
9,341 DEGs (of which 6,987 were upregulated and 2,354
were downregulated) were identified. Additionally, a total
of 262 common DEGs were identified among the data sets
(Figure 1D), one of which was IncRNA MAGI2-AS3. Based
on the GEPIA analysis, the expression of MAGI2-AS3 was
more downregulated in NSCLC tissues than normal lung
tissues (Figure 1E). Similarly, the results of the KM-plotter
analysis revealed that a high expression of MAGI2-AS3 was
correlated with better overall survival in patients with lung
cancer (Figure 1F).

MAGI2-AS3 suppressed NSCLC cell progression

"To examine the role of MAGI2-AS3 in NSCLC progression,
we performed in vitro functional studies. As expected,
MAGI2-AS3 was more downregulated in the NSCLC
cell lines than the normal NSCLC cells (Figure 2A4). The
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Figure 1 MAGI2-AS3 was downregulated in NSCLC. Volcano plots of differentially expressed genes in (A) GSE51852, (B) GSE52248, and
(C) GSEB1089. (D) Venn plot of the DEGs among GSE51852, GSE52248, and GSE81089; (E) expression of MAGI2-AS3 between non-
tumor tissues and NSCLC tissues in the GEPIA data sets; (F) the association between MAGI2-AS3 expression and overall survival analysis

of patients with lung cancer was evaluated using the KM-plotter tool. NSCLC, non-small cell lung cancer; DEGs, differentially expressed

genes; GEPIA, Gene Expression Profiling Interactive Analysis.

overexpression of MAGI2-AS3 was achieved by transfecting
A549 cells with pcDNA-MAGI2-AS3 vector (Figure S1A).
The knockdown of MAGI2-AS3 was detected in H1299
cells transfected with MAGI2-AS3 shRNAs (Figure S1B).
The overexpression of MAGI2-AS3 suppressed A549
cell proliferation and growth (Figure 2B,2C). Conversely,
the knockdown of MAGI2-AS3 promoted H1299 cell
proliferation and growth (Figure 2D,2E). Additionally, the
overexpression of MAGI2-AS3 reduced the number of EdU-
positive A549 cells (Figure 2F), while the knockdown of
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MAGI2-AS3 reduced the number of EdU-positive H1299
cells (Figure 2G). Further, MAGI2-AS3 overexpression
impaired the invasive ability of A549 cells (Figure 2H), while
H1299 cells with MAGI2-AS3 knockdown showed a decrease
in casepase-3 activity (Figure 21).

MAGI2-AS3 suppressed in vivo tumor growth

The effects of MAGI2-AS3 on in vive tumor growth
were evaluated in xenograft nude mice. As Figure 34,3B
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show, the overexpression of MAGI2-AS3 suppressed the
in vivo tumor growth of A549 cells in the nude mice.
Further, the expression of MAGI22-AS3 in tumor tissues
was more upregulated in the pcDNA-MAGI22-AS3
group than the pcDNA group (Figure 3C). Conversely,
the knockdown of MAGI2-AS3 enhanced the in vivo
tumor growth of H1299 cells (Figure 3D,3E), and the
expression of MAGI22-AS3 in the tumor tissues was
more downregulated in the sh_MAGI22-AS3#1 group
than the sh-NC group (Figure 3E,3F).

MAGI2-AS3 targets miR-629-5p and represses its

expression

The downstream targets of MAGI2-AS3 were predicted by
the Starbase online database. Figure 44 shows the binding
sites between MAGI2-AS3 and miR-629-5p. The RNA
pull-down results revealed that MAGI2-AS3 could bind to
the miR-629-5p in A549 and H1299 cells (Figure 4B), and
the mutation of the MAGI2-AS3 sequence could abolish the
binding between MAGI2-AS3 and miR-629-5p (Figure 4C).
The overexpression of MAGI2-AS3 suppressed miR-629-
5p expression (Figure 4D), while the knockdown of MAGI2-
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AS3 increased miR-629-5p expression in H1299 cells
(Figure 4E). The physical interaction was then confirmed
by luciferase reporter assays. The overexpression of miR-
629-5p was achieved by transfecting H1299 cells with miR-
629-5p mimics (Figure S1C). The overexpression of miR-
629-5p suppressed the luciferase activity of the wild-type
MAGI2-AS3 cells, but not the mutant cells (Figure 4F).

MiR-629-5p targets TNXIP and represses its expression

The downstream targets of miR-629-5p were further
predicted by the Starbase online database. Figure 54 shows
that binding sites between miR-629-5p and TXNIP 3'-
UTR. Overexpression of miR-629-5p down-regulated
the expression of TXNIP in H1299 cells, while the
transfection of miR-629-5p inhibitors suppressed the
expression of miR-629-5p in H1299 cells (Figure S1D)
and upregulated the expression of TXNIP in H1299 cells
(Figure SB-5D). Similarly, the knockdown of MAGI2-AS2
downregulated the expression of TXNIP in H1299 cells,
while the overexpression of MAGI2-AS2 upregulated the
expression of TXNIP in H1299 cells (Figure SE-5G). The
luciferase reporter assay showed that the overexpression
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of miR-629-5p suppressed the luciferase activity of the
wild-type TXNIP 3'-UTR cells, but not the mutant cells
(Figure SH). Further, in vitro rescue functional studies
were performed to examine the interaction between miR-
629-5p and TXNIP. The overexpression of miR-629-5p
increased H1299 cell proliferation and invasion, while
the oncogenic effects of miR-629-5p overexpression on
H1299 cells were partially counteracted by the enforced
expression of TXNIP (Figure 5I-5L).

MAGI2-AS3 modulates NSCLC progression by targeting
the miR-629-5p/TXNIP axis

The interaction between MAGI2-AS3 and miR-629-
5/TXNIP axis was further confirmed by rescue iz vitro
functional assays. As Figure 64,68 show, the inhibition
of miR-629-5p or the enforced expression of TXNIP
attenuated the suppressive effects of MAGI2-AS3
knockdown on the expression of TXNIP in H1299 cells.
The in vitro functional studies revealed that the knockdown
of MAGI2-AS3 increased H1299 cell proliferation and

© Annals of Translational Medicine. All rights reserved.

invasion, and the oncogenic effects of MAGI2-AS3
knockdown on H1299 cells were partially counteracted by
the inhibition of miR-629-5p or the enforced expression of
"TXNIP (Figure 6C-6F).

Discussion

Patients diagnosed with advanced/metastatic NSCLC often
have a poor prognosis. Unfortunately, due to the unclear
pathophysiology of this deadly malignancy, the therapies
for advanced/metastatic NSCLC are limited. Recent
studies from different research groups have emphasized the
importance of IncRNAs in the pathophysiology of NSCLC.
A growing number of IncRNAs have been shown to exert
either oncogenic functions or tumor-suppressive functions
in NSCLC (13). In the present study, we identified a
new IncRNA (i.e., MAGI2-AS3) in NSCLC tissues using
an integrated bioinformatics analysis, and this IncRNA
was downregulated in the NSCLC tissues. The gain-of-
function in vitro studies showed that the overexpression

of MAGI2-AS3 suppressed NSCLC cell proliferation

Ann Transl Med 2021;9(24):1793 | https://dx.doi.org/10.21037/atm-21-6466
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Figure 5 MiR-629-5p targets TNXIP and represses its expression.

(A) Predicted bindings sites between miR-629-5p and TXNIP 3'-UTR;

(B-F) effects of miR-629-6p and MAGI22-AS3 on TXNIP expression; (H) luciferase activity of TNXIP 3'-UTR-WT or -MUT in H1299
cells after the transfection of miR-629-5p mimics or NC mimics; (I-L) the overexpression of TXNIP counteracted the tumor-suppressive
effects of miR-629-5p in H1299 cells. n=3, *P<0.05, **P<0.01, ***P<0.001. WT, wild type; MU, mutant type.

and invasion, while the knockdown of MAGI2-AS3
had the opposite effects. The bioinformatics analysis in
combination with the luciferase report assays revealed
that MAGI2-AS3 functioned as a competing endogenous
RNA to suppress miR-629-5p expression, while miR-629-
5p suppressed TXNIP expression by targeting its 3'-UTR
cells. The rescue experiment results showed that MAGI2-
AS3 knockdown enhanced NSCLC cell progression (i.e.,

© Annals of Translational Medicine. All rights reserved.

increased cell proliferation and invasion, but reduced
cell apoptosis), which was counteracted by miR-629-5p
inhibition or TXNIP overexpression. All the results suggest
that the MAGI-AS3/miR-629-5p/TXNIP axis plays a key
regulatory role in NSCLC progression.

LncRNAs are now regarded as important regulators in
the progression of malignant tumors. The role of MAGI2-
AS3 was first characterized by Yang et 4/., who located

Ann Transl Med 2021;9(24):1793 | https://dx.doi.org/10.21037/atm-21-6466



Page 10 of 13 Gong et al. LncRNA MAGI2-AS3 alleviates the progression of NSCLC

>
&
w

ok

- Txnp R s—— —

N
o
1
"
%
T
I
Q
=
3

Relative expression
of TXNIP mRNA

O N & Q
| S X & N
0.5 < 4 & d_%
& &
0.0 4 v\ﬁv & &
) N Q
o N o Q £3 N
S S & & N
) NS 4 @ SN
0\‘1/ ;\(& = o )
\s & F g
< B
X = o\q,'
SN
X N
& X
@Y‘
&
c b 200 1 . T
-- sh-NC g e
B~ sh-MAGI2-AS3#1 'g 150 A
—a— Sh-MAGI2-AS3#1 + miR-inhibitors 3
1.6 7 =¥~ sh-MAGI2-AS3#1 + TXNIP © 100 A
= 9]
£ g
s E 50
Q P4
a |
< ’ O N Q
> KN X N X
£ S o5 <0 N
3 N T
g N N \x
> O & 3
el \el N (2}
- S
o X NS @
¥ <
e 3
X N
&
@‘?‘
&
E F
100 1~ * @ 250 7 N
R . B 3 - .
g 807 S 200 A
2 3
[§]
o 601 8 150 A
= c
‘g 40 4 5 100 o
Q 9]
% 20 - -g 50 A
(5T} >
0 Z o
O N © Q O A ©& L
= ) & S = S S S
£ & & & 5 & &
Q’/ \{\(\ x \Q/ & \x
& & o © & o
O & S N & &
3 x X XX x /
) N W B A NZ
o € o &
o \g ) @‘?‘
X B X b
& S &
Sl N
& )

Figure 6 MAGI2-AS3 modulates NSCLC progression by targeting miR-629-5p/TXNIP axis. (A,B) Expression of TNXIP in NSCLC cells
after different treatments; (C-F) the knockdown of miR-629-5p or overexpression of TXINIP countered the tumor-enhancing effects of
MAGI22-AS3 knockdown on NSCLC. n=3, *P<0.05, **P<0.01. NSCLC, non-small cell lung cancer.
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it on chromosome 7 (20). A later study by Wang ez 4l.,
showed that MAGI2-AS3 regulates CCDC19 expression
by sponging miR-15b-5p, and suppresses bladder cancer
progression (21). Pu ez 4l. also found that IncRNA MAGI2-
AS3 prevents the development of hepatocellular carcinoma
by recruiting lysine-specific histone demethylase 1A
(KDM1A) and promoting the H3K4me2 demethylation
of the RACGAPI promoter (22). Conversely, our results
consistently showed that silencing MAGI2-AS3 suppressed
NSCLC cell progression (decreasing cell proliferation
and invasion, while increasing cell apoptosis). Further, the
clinical sample evidence showing the downregulation of
MAGI2-AS3 in NSCLC tissues implies that MAGI2-AS3
acts as a tumor suppressor in NSCLC.

LncRNAs commonly act as competing endogenous
RNAs (ceRNAs) for miRNAs, and thus attenuate the
suppressive effects of these miRNAs on target genes (23-25).

Privous studies have showed that MAGI2-AS3 inhibits
bladder cancer progression through MAGI2/PTEN/
EMT axis (13). In addition, MAGI2-AS3 also inhibits
tumor progression and angiogenesis by regulating ACY1
via interacting with transcription factor HEY1 in clear
cell renal cell carcinoma (14). Our bioinformatics analysis
showed that MAGI2-AS3 could target various miRNAs,
and that among these miRNAs, MAGI2-AS3 can bind to
miR-629-5p, which has been proven to act as an oncogene
in different types of cancers (16,26,27). Thus, we further
studied miR-629-5p using luciferase reporter assays, and the
results confirmed an interaction between miR-629-5p and
MAGI2-AS3 in NSCLC cells. In the rescue experiments,
miR-629-5p knockdown attenuated the tumor-enhancing
effects of MAGI2-AS3 knockdown in NSCLC cells, which
suggests that MAGI2-AS3 exerts a tumor-suppressive action
by targeting miR-629-5p in NSCLC cells. Additionally,
we also explored the downstream signaling of miR-629-
5p, and TXNIP was identified as a target of miR-629-
6p. TXNIP has been found to act as a tumor suppressor
in NSCLC and other types of cancer (28-31). Our rescue
experiments consistently showed that the overexpression of
TXNIP attenuated the oncogenic actions of MAGI2-AS3 in
NSCLC cells. Together, our results imply that MAGI2-AS3
regulates NSCLC cell progression by targeting the miR-
629-5p/TXNIP axis.

Conclusions

In conclusion, the current investigation revealed that

MAGI2-AS3 was downregulated in NSCLC tissues and

© Annals of Translational Medicine. All rights reserved.
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NSCLC cells, and MAGI2-AS3 suppressed NSCLC cell
progression. Further, our mechanistic results showed that
MAGI2-AS3 exerted a tumor-suppressive function in
NSCLC by targeting the miR-629-5p/TXNIP axis.
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