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Background: MAGI1-IT1 is a long non-coding RNA (IncRNA) previously reported to
regulate several cancer types, but its functional role in gastric cancer (GC) remains to be
defined. This study therefore explored the mechanistic role played by MAGI1-IT1 in the
regulation of GC cell proliferation.

Methods: 120 pairs of GC patient tumor, paracancerous tissues, human GES-1 control cells
and human AGS, MKN-74, MKN-45, and MGC-803 GC cell lines were used to detected
MAGI1-IT1, miR-302d-3p, and IGF1 expression by a qPCR approach. An shRNA approach
was used to knock down MGI1-IT1 in order to examine the effect of such treatment on GC
cell proliferation, and rescue experiments were subsequently conducted. In addition, the
functional role of MAGI1-IT1 in GC in vivo was evaluated with a xenograft model system.
P < 0.05 was the significance threshold.

Results: Elevated MAGI1-IT1 expression was detected in GC cell lines and tissues, and was
linked to poorer patient overall survival. Knocking down this IncRNA disrupted GC cell
proliferation in vitro and in vivo, and miR-302d-3p was identified as a MAGI1-IT1 target.
Notably, miR-302d-3p inhibition partially reversed the impact of MAGI1-IT1 knockdown on
GC cell proliferation. IGF1 was subsequently identified as a miR-302d-3p target gene that
was upregulated by MAGI1-IT1 through miR-302d-3p.

Conclusion: Overall, these results indicated that MAGI1-IT1 controlled GC cell prolifera-
tion by modulating the miR-302d-3p/IGF1 axis, suggesting that this may be a viable treat-
ment target in those with GC.
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Background

Gastric cancer (GC) is a leading cause of cancer-related death globally.! While
many diagnostic and therapeutic advances for this cancer type have been made in
recent years,” those with advanced disease still have a poor prognosis, under-
scoring the need for the identification of novel therapeutic targets that can be
leveraged to better treat this deadly disease.

Long noncoding RNAs (IncRNAs) are RNAs that are > 200 nucleotides long
and which exhibit prognostic or diagnostic utility in many oncogenic contexts.”
Several IncRNAs have been shown to be dysregulated in GC, such as FAM230B,
which controls the miR-27a-5p/TOP2A axis to drive GC cell metastasis and
proliferation.” Similarly, AC093818.1 is a IncRNA that can induce PDK1 expres-
sion via epigenetic mechanisms, thereby enhancing GC metastasis.° BRD4 can
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control the expression of the IncRNA MAGI2-AS3, which
in turn sequesters miR-141/200a and thereby induces
ZEBI overexpression to drive GC progression.” MAGII-
IT1 is a IncRNA that has been found to promote ovarian
and non-small-cell lung cancer development,®® but its role
in GC has yet to be clarified.

Many IncRNAs regulate tumor cells by serving as
competing endogenous RNAs (ceRNAs) for particular
miRNAs.'*"? In cervical squamous cell carcinoma, miR-
302d-3p has previously been shown to suppress tumor cell
growth,'® while IGF1 is an important glioma progression
inhibitor.'"* Predictive analyses conducted with the
TargetScan database suggested that both MAGI1-IT1 and
IGF1 shared sequence complementarity with miR-302d-
3p, suggesting that a MAGII-IT1/miR-302d-3p/IGF1
ceRNA regulatory axis may control tumor cell prolifera-
tion. As such, we herein explored MAGII1-IT1 and its
interactions with IGF1 and miR-302d-3p as potential reg-
ulators of GC cell proliferation through both in vitro and
in vivo experiments.

Methods

Clinical Samples and Cell Lines
In total, 120 pairs of GC patient tumor and paracancerous
tissues were obtained from The Third Affiliated Hospital
of Soochow University following patient diagnosis.
Patients participated in this study never received any
other therapeutic method but surgery. All patients provided
written informed consent, and the Ethics Committee of
The Third Affiliated Hospital of Soochow University
(N0.00019675) approved all human studies detailed
herein. The research involving human subjects conform
to the principles laid out in the Declaration of Helsinki.
Human GES-1 control cells and human AGS, MKN-
74, MKN-45, and MGC-803 GC cell lines were obtained
from Bena Culture Collection (Beijing, China) and were
grown in DMEM (Sigma, MO, USA) supplemented with
10% fetal bovine serum at 37 °C in a 5% CO, incubator.

Transfection

A MAGII-ITI-specific shRNA was purchased from
GenePharma (Shanghai, China), while pcDNA3.1-IGF1
was generated via the sub-cloning of full-length IGF1
cDNA into the pcDNA3.1 vector (Invitrogen), with
pcDNA3.1-Ctrl and sh-Ctrl serving as corresponding
negative control constructs. Both miR-302d-3p mimics
and inhibitors were obtained from RiboBio (Guangzhou,

China), along with corresponding scrambled miR-Ctrl
constructs. These constructs were then transfected into
AGS or MGC-803 cells with Lipofectamine 2000
(Invitrogen) based on provided directions, and cells were
used for downstream analyses at 48 h post-transfection.

qPCR

TRIzol (Invitrogen) was used to extract sample RNA, after
which a PrimeScript™ strand ¢cDNA synthesis kit (Takara,
Dalian, China) was used based on provided directions. All
qPCR reactions were performed using an ABI 7900 instrument
(Thermo Fisher Scientific, MA, USA) and the Power SYBR
Green PCR Master Mix (Thermo Fisher Scientific). GAPDH
and U6 served as a normalization control, and primers were as
follows: MAGII-IT1, F: 5-GCAGTCCCCCTTTGTCTG
AA-3" and R: 5-CTGTCCGTGGGTAAAGTGCT-3'; IGF1,
F: 5-CATGCCTGCTCAGAAGGGTA-3' and R: 5-GCCT
CTGATCCTTGAGGTGA-3"; GAPDH, F: 5-CCATTTGC
AGTGGCAAAG-3' and R: 5-CACCCCATTTGATGTT
AGTG-3'; miR-302d-3p, F: 5’-TCTACTTTAACATGGA
GGCACTT-3’ and R: 5-TCACCAAAACATGGAAGCAC
-3’; U6, F: 5’-CGCTTCGGCAGCACATATACTA-3’ and R:
5’-CGCTTCACGAATTTGCGTGTCA-3".

CCK-8 Assay

Appropriately treated AGS or MGC-803 cells (3x10°/
well) were seeded in 96-well plates for 24, 48, or 72 h,
after which 10puL of CCK-8 solution (KeyGen Biotech,
Jiangsu, China) was added per well. Following a 4
h incubation at 37°C, the absorbance was measured by
microplate reader (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) at a wavelength of 490 nm.

Luciferase Reporter Assay

MAGTII-IT1 or IGF1 3°’UTR sequences harboring putative
wild-type (WT) or mutant (Mut) miR-302d-3p binding
sites were cloned into the pmirGLO luciferase reporter
construct (Promega, WI, USA), after which these reporters
were co-transfected into 293T cells along with miR-302d-
3p mimics or controls (miR-Ctrl) with Lipofectamine 2000
(Invitrogen) in a 24-well plate format. At 48 h post-
transfection, a dual luciferase assay kit (Promega) was
used to evaluate luciferase activity.

RNA Immunoprecipitation (RIP)

An Imprint RNA Immunoprecipitation Kit (Sigma, USA)
was used for RIP assays based upon provided directions
using anti-Ago2 (CST, Shanghai, China) and anti-IgG (CST).
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ELISAs
ELISAs were conducted using commercial IGF1 ELISA
kits from Abcam (USA) based on provided directions.

Xenograft Tumor Model

The Ethics Committee of The Third Affiliated Hospital of
Soochow University approved all animal studies, which were
consistent with the NIH Guidelines for Animal Use. In total,
12 male BALB/c nude mice (4 weeks old) from the Shanghai
Laboratory Animal Center (SLAC, Shanghai, China were
subcutaneously implanted with AGS (5x10° cell/mouse) or
MGC-803 (5x10° cell/mouse) cells transfected with sh-
MAGII1-IT1 or sh-Ctrl. Tumor growth was monitored once
per week, and survival outcomes were monitored.

Statistical Analysis

Date from three independent experiments are shown as mean
+ standard deviation (SD). Student’s #-test and ANOVA were
respectively conducted for the test of significant difference
between two groups or more. The relationship between
MAGII1-IT1 expression levels and the overall survival rates
of GC patients was assessed by using Kaplan-Meier analysis
with log rank test. The correlation significance was deter-
mined by Pearson correlation analysis. Statistical analyses
were conducted using Prism 7 (GraphPad Software, Inc.,
CA, USA). P < 0.05 was the significance threshold.

Results

GC Cells and Tissues Exhibit MAGII-IT
Upregulation

To understand the functional relevance of MAGI1-IT1 in GC,
we began by clarifying its expression in GC patient samples
and cell lines. GC tumor tissues exhibited significant MAGI1-
IT1 upregulation relative to paracancerous tissues (Figure 1A).

Similarly, MAGI1-IT1 upregulation was observed in the AGS,
MKN-74, MKN-45, and MGC-803 tumor cell lines relative to
GES-1 control cells (Figure 1B). Those GC patients with
higher MAGII-IT1 expression also exhibited poorer survival
outcomes (Figure 1C), suggesting that MAGI1-IT1 may serve
as an important regulator of GC progression.

Knocking Down MAGII-ITI Impairs

in vitro and in vivo GC Cell Proliferation
To explore how MAGII1-IT1 influenced GC progression, we
next knocked down this IncRNA with a specific shRNA
construct (Figure 2A). Subsequent CCK-8 assays indicated
that MAGI1-IT1 knockdown impaired the proliferation of
these cells (Figure 2B). To test these findings in vivo, we
then implanted nude mice with ASG or MGC-803 cells
stably transfected with sh-MAGI1-IT1 or control constructs,
and we found tumors in which MAGII-IT1 had been
knocked down grew significantly more slowly in these
mice (Figure 2C). Additionally, mice in the sh-MAGI1-IT1
group survived better than control mice (Figure 2D).

MAGII-IT| Targets miR-302d-3p

Starbase v2.0 was next employed to identify miR-302d-3p
as a putative target for MAGI1-IT1 (Figure 3A). Luciferase
reporter assays confirmed the ability of MAGI1-IT1 and
miR-302d-3p to interact with one another (Figure 3B), and
MAGII1-IT1 knockdown resulted in miR-302d-3p upregula-
tion (Figure 3C). Anti-Ago2 RIP assays additionally con-
firmed MAGI1-IT1 and miR-302d-3p enrichment in Ago2
complexes (Figure 3D). When we assessed miR-302d-3p
expression in GC tissues, we determined that this miRNA
was expressed at lower levels in GC patient tumor tissues
relative to paracancerous tissues (Figure 3E). Pearson corre-
lation analyses further confirmed MAGII-ITI and miR-
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Figure | MAGII-ITI is upregulated in GC cells and tissues. (A) qPCR was used to gauge MAGII-IT| expression in pairs of GC patient tumor and paracancerous tissues. (B)
MAGII-IT| expression was examined by qPCR in the AGS, MKN-74, MKN-45, and MGC-803 GC cells and the control GES-1 cells. (C) Kaplan-Meier curves were used to
assess the link between elevated MAGII-IT| expression and poor GC patient prognosis. *P < 0.05.
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Figure 2 MAGII-IT| knockdown impairs in vitro and in vivo GC cell proliferation. (A) qPCR was used to assess MAGII-IT| expression following sh-MAGII-ITI
transfection. (B) CCK-8 assays were used to assess GC cell proliferation at the indicated time points after MAGII-IT| knockdown. (C) Tumor size was measured every 7
days. (D) Overall murine survival was assessed for control mice and those bearing tumors in which MAGII-IT| had been knocked down. *P < 0.05.

302d-3p levels to be negatively correlated with one another
in GC tissues (Figure 3F).

MAGII-IT| Sequesters miR-302d-3p to

Influence GC Cell Proliferation

To assess whether MAGI1-IT1 mediates its effects on GC
cells by regulating miR-302d-3p, we next conducted
a rescue experiment. We first used a miR-302d-3p inhibi-
tor to knock down this miRNA (Figure 4A), after which
we transfected GC cells with sh-MAGI1-IT1 along with
miR-302d-3p inhibitor or control constructs. A subsequent
CCK-8 assay revealed that miR-302d-3p inhibition was
sufficient to partially reverse the effects of sh-
MAGII-IT1 on GC cell proliferation (Figure 4B).

IGFI is a miR-302d-3p Targe Gene

A TargetScan analysis next identified IGF1 as a putative
miR-302d-3p target gene (Figure 5A), and this binding inter-
action was confirmed via luciferase reporter assay in 293T

cells (Figure 5B). We then assessed IGF1 expression in GC
cells following miR-302d-3p mimic transfection, revealing
such transfection to suppress IGF1 levels as measured by
gqPCR and ELISA (Figure 5C and D). We also assessed IGF 1
expression in patient tissues, revealing it to be expressed at
significantly higher levels in tumors relative to paracancerous
tissues (Figure 5E). Levels of IGF1 in GC tumors were also
negatively correlated with miR-302d-3p levels (Figure 5F).

The Impact of miR-302d-3p on GC Cell
Proliferation is Mediated by IGFI

Downregulation
We next explored the influence of the miR-302d-3p/
IGF1 axis on GC cell proliferation by transfecting GC
cells with IGF1 overexpression and/or miR-302d-3p
mimic constructs or corresponding controls, revealing
that IGF1 overexpression was sufficient to rescue miR-
302d-3p IGF1

mimic-induced downregulation,
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Figure 3 MAGII-ITI directly binds miR-302d-3p. (A) Starbase v2.0 was used to predict the indicated binding sites capable of facilitating MAGI|-IT | interactions with miR-
302d-3p. (B) 293T cells were used to confirm the identified binding sites via a luciferase reporter assay. (C) qPCR was used to evaluate miR-302d-3p expression following
MAGII-ITI knockdown. (D) A RIP assay was conducted in GC cells to assess MAGII-IT| and miR-302d-3p interactions within the Ago2 complex. (E) qPCR was used to
evaluate miR-302d-3p levels in GC patient tumor and paracancerous tissues. (F) Pearson analyses revealed MAGII-IT| and miR-302d-3p levels to be negatively correlated
within GC tissues. *P < 0.05.
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Figure 4 MAGII-IT| sequesters miR-302d-3p and thereby regulates the proliferation of GC cells. (A) Cells were transfected with miR-302d-3p inhibitors or controls, after
which the expression of this miRNA was assessed. (B) CCK-8 assays were used to assess relative cell proliferation following MAGII-IT| knockdown in the presence or
absence of miR-302d-3p inhibitor transfection. *P < 0.05.

consistent with successful transfection (Figure 6A and

MAGII-IT| Upregulates IGFI Through

B). Subsequent CCK-8 assays revealed that while miR- a miR-302d-3p-Dependent Mechanism

302d-3p mimics inhibited GC cell proliferation, the
upregulation of IGF1 reversed this effect (Figure 6C),
indicating that miR-302d-3p suppresses the prolifera-
tion of GC cells by suppressing IGF1 expression.

Given that MAGI1-IT1 was able to sequester miR-302d-3p,
which was in turn able to target IGF1, we next examined the
ability of MAGI1-IT1 to indirectly influence GC cell IGF1
expression in a miR-302d-3p-dependent fashion. This
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Figure 5 IGF| is a miR-302d-3p target. (A) Target Scan was used to identify putative binding sites for miR-302d-3p and IGFI. (B) 293T cells were used to confirm the
identified binding sites via a luciferase reporter assay. IG| levels were assessed via qPCR (C) and ELISA (D) in GC cells following miR-302d-3p mimic or control transfection.
(E) Relative IGFI expression in GC patient tumor and paracancerous tissues was assessed via qPCR. (F) Pearson analyses revealed miR-302d-3p and IGFI levels to be

negatively correlated in GC tissues. *P < 0.05.

analysis revealed that MAGI1-IT1 knockdown resulted in
decreased IGF1 expression, while simultaneous miR-302d-
3p inhibitor transfection reversed this IGF1 downregulation
(Figure 7A and B). Consistent with this, Pearson correlation
analyses suggested MAGII-IT1 and IGF1 expression to be
positively correlated in GC tissues (Figure 7C).

Discussion

Many analyses have highlighted the essential regulatory
roles of IncRNAs in oncogenic contexts. For example,
CASC7 is a IncRNA that suppresses miR-10a and
thereby upregulates PTEN to suppress the proliferation
of neuroblastoma cells,'> while LUNARI is a IncRNA
that can modulate the miR4953p/MYCBP axis to pro-
mote colorectal cancer progression,'® and TUGI can
sequester miR-1294 to upregulate PLK1 and thereby
drive esophageal cancer development.'” MAGI1-IT1
has been found to play an oncogenic role in non-small-

cell lung cancer wherein it serves as a ceRNA to upre-
gulate AKT1,® and in epithelial ovarian cancer wherein
it can control the miR-200a/ZEB axis to promote tumor
metastasis.” Herein, we similarly observed MAGI1-IT1
upregulation in GC cells and tissues, and found that
knocking down this IncRNA was sufficient to suppress
GC tumor growth in vitro and in vivo, consistent with
its oncogenic role.

By serving as ceRNAs for specific miRNAs, many
IncRNAs
expression within cells.'® Several IncRNAs are known

are able to indirectly influence mRNA
to function via this mechanism in GC cells including
PTCSC3, MALATI1, AC118344.1, LINC00689,
p4516."2% We similarly explore the function of
MAGII1-IT1 as a ceRNA and determined that it was
predicted to bind to miR-302d-3p, which is a miRNA
that has previously been shown to suppress cervical

and

squamous cell carcinoma tumor growth.'> We con-
firmed the ability of MAGII-IT] to sequester miR-
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302d-3p through both Iluciferase reporter and RIP
assays, and we observed negative correlations between

these

two RNAs

in GC patient tumor tissues.

Importantly, miR-302d-3p inhibition was sufficient to
reverse the impacts of MAGI1-IT1 knockdown on GC
cell proliferation, confirming that MAGI1-IT1 regulates

Cancer Management and Research 2021:13

submit your manuscript

2965

Dove


http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

GC cell malignancy at least in part by serving as
a ceRNA for miR-302d-3p.

The ability of miRNAs to suppress gene expression is
linked to their binding of complementary 3’-UTR
sequences in target mRNAs. We identified IGF1 as
a putative miR-302d-3p target gene, which was noteworthy
given that miR-422a has previously been shown to suppress
the invasion and proliferation of glioma cells by suppres-
sing IGF1 and IGFIR expression,'* and circRADIS is
known to sequester miR-208a/3164 and to thereby regulate
the expression of FGF2 and IGF1 to promote the progres-
sion of triple-negative breast cancer.”* We confirmed the
ability of miR-302d-3p to target IGF1, and observed
a negative correlation between IGF1 and miR-302d-3p
expression in GC tissues. Importantly, MAGI1-IT1 was
able to upregulate IGF1 in GC cells in a miR-302-3p-
dependent manner, indicating that MAGI1-IT1 controls
the miR-302d-3p/IGF1 axis to influence GC progression.
However, as IncRNAs can sequester multiple different
miRNAs, more research is necessary to identify other
MAGI1-IT1 targets and downstream genes that may impact
the role of this IncRNA in GC.

Conclusion

In summary, we determined that MAGI1-IT1 expression
was significantly increased in GC and was linked to poorer
outcomes. From a functional perspective, knocking down
this IncRNA impaired the proliferation of GC cells by
disrupting the miR-302d-3p/IGF1 axis, indicating that
this may be a viable target for therapeutic intervention.
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