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The IncRNA-MALAT1/miR-330-3p Axis Promotes Growth and
Metastasis of Gastric Cancer Through Regulation of Vascular
Endothelial Growth Factor A: A Genetic and Cell Evaluation Study
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SUMMARY: Overexpression of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) in various tumor tissues
and cell lines was found to promote tumor cell proliferation, migration, and invasion. However, the role of MALATL1 in gaséiic ¢
(GC) is still unclear. We aimed to investigate the correlation between long-chain non-coding RNAs (IncRNAs), MALAT1, MicroRNAs
(miRNA) and vascular endothelial growth factor A (VEGFA) in gastric cancer and to disclose underlying mechanism. Thercorrelatio
between MALATL1 levels and clinical features was analyzed by bioinformatics data and human samples. The expression of MALAT1
was down regulated in AGS cells to detect the cell proliferation, migration, and invasion characteristics, as well as e stjaal
pathways. Furthermore, we validated the role of MALAT1/miR-330-3p axis in GC by dual luciferase reporter gene assaysnbBxpressio
MALAT1 was higher in cancer tissues than in para-cancerous tissues. The high MALAT1 level predicted malignancy and waise progno
Down-regulation of MALAT1 expression in AGS cells inhibited cell proliferation, migration, and invasion by targeting VEGd4alBy
luciferase reporter gene assay and miR-330-3p inhibitor treatment, we demonstrate that MALAT1 sponged miR-330-3p in GC, leading
to VEGFA upregulation and activation of the mTOR signaling pathway. The MALAT1/miR-330-3p axis regulates VEGFA through the
MTOR signaling pathway and promotes the growth and metastasis of gastric cancer.
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INTRODUCTION

Gastric cancer is the most common malignancy @éhgiogenesis, cell proliferation, apoptosis, autophagy, cell
the digestive system and is one of the leading causesnaigration and invasion (Let al, 2012; Fang & Fullwood,
cancer-related deaths worldwide. Despite advanced pati@ftl6; Sun, 2018). Various studies have shown that INcRNA
management and aggressive surgical techniques, tplgys animportant role in the development of various types
improvement in 5-year overall survival has beem@fcancers, such as breast, colorectal, and liver cancers (Lee
unsatisfactory (Russo & Strong, 2019). Furthermore, tie$ al, 2012; Yanget al, 2012; Fang & Fullwood, 2016; Sun,
molecular mechanisms underlying gastric cancer progressiddl8; Tsaiet al, 2018; Zhanget al, 2019). In addition,
are unclear. Therefore, further studies are needed to elucidéd&ious previous studies have reported the aberrant
the mechanisms of gastric cancer progression and to ideng#pression and function of IncRNA in cancer (Yat@l,
new therapeutic targets. 2012; Fang & Fullwood, 2016).

Long-chain non-coding RNAs play important roles Metastasis-associated lung adenocarcinoma
in various biological processes such as immune respong@nscript 1 is a IncRNA that is strongly associated with lung
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cancer progression and poorer clinical outcomest @li, were purchased from the Model Culture Collection (ATCC,
2012). Currently, Xieet al, reported that MALAT1 can Manassas, VA, USA). All of the cells were cultured with
be served as a diagnostic marker for gastric cancd@PMI1640 medium. All complete medium consisted of
metastasis (Xiat al, 2016). Furthermore, MALAT1 has 10 % FBS (fetal bovine serum), 1 % penicillin (100 U/
been reported to upregulate VEGFA and promotmlL) and streptomycin (0.1 mg/mL). Total cells were
angiogenesis (Regt al, 2019). However, the mechanismcultivated at 37 °C with 5 % COReagents used in cell
by which MALAT1 promotes GC progression is largelyculture were bought from Invitrogen (Waltham, MA,
unclear. USA).

We screened for miRNAs that could bind toCell transfection. MALAT1 shRNA and shRNA negative
MALAT1 or VEGFA respectively, in which miR-330-3p control (NC) miR-330-3p inhibitor were bought from
had opposite regulatory effects to MALAT1. In the preserienePharma (Shanghai, China). AGS cells were harvested
study, we investigated the effect of MALAT1 on GC anét confluence of 70-80 % and 35nM shRNA were
the correlation between MALAT1 and miR-330-3p usindgransfected into F0cells in a 2 ml cell suspension. This
human GC in situ tissues and in vitro GC cell lines. Wexperiment included untransfected cells as control group.
proved that MALAT 1 expression was upregulated in gastrithe interval between transfection and the subsequent
cancer tissues compared to normal gastric tissues and #gieriment was 24 h.

MALAT1 was negatively correlated with miR-330-3p by

targeting VEGFA and its downstream signaling molecule3otal RNA and qPCR. Total RNA was isolated from
Furthermore, our current evidence suggests that MALATHuman gastric cancer tissue samples using TRIzol®
is an endogenous RNA (ceRNA) that competes with miRReagent Invitrogen (Invitrogen, USA). Then RNA samples

330-3p. were reversely transcribed by PrimeScript RT Master Mix
kit (Bestar, Shanghai, China). The expression levels of
MATERIAL AND METHOD mMRNA was examined by SYBR Premix Ex Taq™ (Bestar,

Shanghai, China). GAPDH was considered as the internal
Patients and specimen#\ total of 7 benign gastric tissue, reference gene.”2% was used to analyze the relative
29 poor-differentiated and 48 well-differentiated cancerowesxpression ofach genes. Primers were designed as follows:
tissue were collected under surgical resection in ti@APDH: sense, 5- AGAAGGCTGGGGCTCATTTG -3'
Liuzhou People’s Hospital during 2022 Jan to 2023 Noand antisense, 5'- AGGGGCCATCCACAGTCTTC -3;
All of the samples were saved in liquid nitrogen untiMALAT1: sense, 5'- TGGGATGGTCTTAACAGGGA -3'
further analysis. Patients did not receive any chemotheragyd antisense, 5'- CCTGAAGGTGTTCGTGCCAA -3;
or radiotherapy prior to the procedure. This research waEGFA: sense, 5'- CGCAGCTACTGCCATCAAT -3' and
permitted by Ethics Committee of the Liuzhou Peopleantisense, 5'- GTGAGGTTTGATCCGCATAATCT -3; AKT:
Hospital. sense, 5'- CCCAGGAGGTTTTTGGGCTT -3' and
antisense, 5'- AAGGTGCGTTCGATGACAGT -3; mTOR:
Bioinformatic analysis. The website of Gene Expressionsense, 5'- AACCTCCTCCCCTCCAATGA -3' and antisense,
Profiling Interactive Analysis (http://gepia.cancer-pku.cnb'- AATCCCATGAGGCCTTGGTG -3; ERK1: sense, 5'-
was applied to inquire and analyze the expressiafGAAAACCACACGTCACATGG -3' and antisense, 5'-
differences of MALAL between gastric cancer tissueSCCTGCATTGATCCACCTGT -3; ERK2: sense, 5'-
(n=408) and para-cancer tissue (n=211). The gastric caneSTTCTTGACCCCTGGTCCT -3' and antisense, 5'-
data set from Kaplan-Meier Plotter online database (httf2CTGGGACATCCCCAGAAAC -3.
kmplot.com/analysis/) was used for online data, and the
gastric cancer samples were divided into the higlcCK 8 assayCell proliferation was analyzed by using CCK
expression group and the low-expression group for survivabssay kit (Beyotime, China) according to the manufacturer
analysis. instructions. Treated cells were incubated in 96-well plates
with or without inhibitor for indicated times and followed
We screened the miRNA which can bind withby the addition of 1QL CCK 8 reagent to each well. Samples
MALAT1 or VEGFA by analysis of the public databasesvere further incubated at 37 °C for 1 h. OD values were
in starBase, miRTarbase and Lncbase, and then usednteasured at 450 nm.
intersection to obtain MiRNA that can predict the target
with MALAT1 and VEGFA. Cell apoptosis and cell cycle assagells were harvested
after specific treatment, washed with ice-cold PBS for 3 ti-
Cell culture. GES1, MKN45, MGC803, and AGS cells mes, and stained with annexin V-fluorescein isothiocyanate
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apoptosis detection kits (KeyGEN Biotech, Nanjing, ChiMALAT1, MALAT1 mutant and VEGFA mutant sequence
na). Cell apoptosis was analyzed in a flow cytometer (B®ere conducted on the basis of wild-type sequence.
Biosciences). Recombinant plasmids were co-transfected into HEK 293T
cells (Shanghai Institute of Biological Sciences, Chinese
After trypsinization, AGS cells were washed withAcademy of Sciences, Shanghai, China) with miR-330-
cold PBS. Cold ethanol (75 %) was used to dissolve tlBg inhibitor and the negative control (NC) of miR-330-
cells, followed by incubation at 4C for 4 h. Cells were 3p, respectively. After transfection for 48 h, the cells were
washed with cold PBS three times. After washing, cellgsed for determination of luciferase activity, which was
were stained with BD Pharmingen™ PI/RNase for 30 mimeasured on a Luminometer TD-20/20 (E5311; Promega,
at 25°C. The cell cycle was then analyzed by flonMadison, WI, USA) using a dual-Luciferase Reporter
cytometry. Assay System kit (Promega, Madison, WI, USA).

Western blot. After trypsinization, AGS cells were Statistical analysis.All assays were conducted in three
harvested and then lysed in RIPA buffer (RIBO-BIO) wittseparate experiments. All data were expressed asinean
protease inhibitors (Roche, Switzerland). Thestandard deviation (SD). Statistical analysis was performed
concentration of protein was examined by using the BCWith SPSS 22.0 software (SPSS, Chicago, IL, USA). Sin-
Protein Assay kit (Genstar, China). Protein samples wegée factor analysis of variance is used to compare
separated by 10 % SDS-PAGE, and then transferreddidferences between multiple groups. Kaplan-Meier
PVDF membranes (Millipore, Boston, MA, USA). Next,analysis was used to determine the effects on overall
the membranes were blocked with 5 % milk for 1 h aurvival of GC patients. Differences were considered
room temperature and following incubation of primangtatistically significant when P values less than 0.05.
antibodies (anti-VEGFA, anti-AKT, anti-p-AKT, anti-
MTOR, anti-p-mTOR, anti-p-ERK, anti-ERK, and anti-RESULTS
GADPH) at 4°C overnight. The PVDF membranes were
incubated for another 1 h at room temperature in seconddALAT1 leads to poor clinical prognosis.According to
antibody after washing three times with TBST. Strips welthie bioinformatics analysis of the database, we found that
exposed with StarSignal Plus Chemiluminescent Assay Klite expression of MALAT1 was higher in cancer tissues
(Genstar, China). than in para-cancerous tissues (Fig. 1A).Kaplan-Meier
curves suggested that elevated MALATL1 levels resulted
Transwell assayCells were cultured for 72 h, and then inn shorter overall survival (Fig. 1B). In addition, we
serum-free medium for another 24 h. After detachment witihalyzed MALAT1 levels in gastric cancer tissues with
0.05 % trypsin- EDTA the cells were resuspended in different degrees of malignancy and found that MALAT1
serum-free medium. Upper insert was filled with 00 expression in cancer tissues was positively correlated with
of the cell suspension while reservoir chamber was filldtie malignancy of the tumor. MALAT1 expression was
with 600ul of culture medium. Matrigel invasion assayshigher in low-differentiated carcinoma than in high-
were carried out in modified Boyden chambers with filtedifferentiated carcinoma, and MALAT1 expression was
inserts with 8-mm pores in 24-well plates (Corning, NYhigher in gastric cancer than in benign gastric tissues (Fig.
USA). The surfaces of the filters were coated with 50md/C).Kaplan-Meier curve was consistent with these results,
L ice-cold Matrigel (Matrigel basement membrane matrixand low-differentiated carcinoma with higher MALAT1
BD Bioscience, NJ, USA). The migration experiment wakevels had a poorer prognosis (Fig. 1D).
treated the same as the invasion experiment except that no
Boyden cavity was added. Migration or invasion of cellMALAT1 promotes cell proliferation, migration and
was monitored at 3, 6, and 12 h at&in 5 % CQ. invasion by targeting VEGFA. Since we have found a
Crystal violet was used as the staining solution for stainingositive correlation between MALATL1 levels and tumor
Afterwards, images were observed and captured usinglzaracteristics, we will next attempt to demonstrate the
microscope. role of MALATL1 in gastric cancer cells. We tested four
different types of gastric cells and found that MALAT1
Dual-luciferase reporter gene assayThe relationship was the most highly expressed in AGS cells (Fig. 2A).
between miR-330-3p and MALAT1 was identified using®CR analysis showed that all three Lnc-shRNAs were well
dual-luciferase reporter gene assay. MALAT1 and VEGF4ownregulated, with Lnc-shl being the most
untranslated region was artificially synthesized and insertddwnregulated (Fig. 2B).
into pGL3-control vector (Promega, Madison) between
Xhol and BamH sites. Using site-directed mutagenesis, After transfection of Lnc-shl in AGS cells, AGS
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Fig. 1. MALAT1 is positively associated with clinical outcomes of patients with gastric cancer. (A) Relative MALAT1 expiression
carcinoma tissue and para-carcinoma tissue of gastric cancer. (B) Kaplan-Meier analysis of patients with high or low MALAT1 lev
gastric cancer. (C) Relative MALAT1 expression in benign gastric tissue, well or poor differentiated carcinoma of gastrigance
Kaplan-Meier analysis of patients with well or poor differentiated gastric cancer.

cell survival was significantly decreased at 48 h and 72dased on the apoptosis assay, we found that reducing
compared with normal AGS cells and NC-transfected AGBALAT1 levels in AGS cells could significantly induce
cells (Fig. 2C). After Lnc-shl transfection in AGS cellsapoptosis (Fig. 2E). Moreover, down-regulation of
most of the cells remained in the GO/G1 phase, which WeBALAT1 expression significantly inhibited cell migration
the result of reduced cell viability (Fig. 2D). Furthermoreand invasion capacity (Figs. 2F and 2G).
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Fig. 2. MALAT1 promotes cell proliferation, migration, and invasion. (A) Relative MALAT1 expression in GES1, MKN45, MGC803,
and AGS cell lines. (B) Relative MALAT1 expression in AGS cell after transfection with NC, Lnc-sh1, Lnc-sh2, and Lnc-ske8. (C) C
viability of AGC cells after transfection with NC, Lnc-sh1. Representative and quantification of (D) cell cycle and (E)pteBiamf

AGC cells after transfection with NC, Lnc-sh1l.Representative and quantification of (F) cell migration and (G) cell invagsaofass
AGC cells after transfection with NC, Lnc-sh1. NC: Negative control, Lnc-shl: shRNAL Lnc-MALATL1.
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Fig. 3. MALAT1 regulates VEGFA and activates mTOR signal pathway. (A) Relative VEGFA expression in GES1, MKN45, MGC803,
and AGS cell lines. (B) Relative mRNA levels of mTOR, AKT, ERK1, ERK2, and VEGFA in AGS cells after transfection with NC, Lnc-
shl. (C) Western blot analysis of activation of mTOR signal pathway and VEGFA in AGS cells after transfection with NC,M@c-sh1.
Negative control, Lnc-sh1l: shRNA1 Lnc-MALAT1.

Due to the critical role of VEGFA in tumor treatment (Fig. 4E). Moreover, compared with the Lnc-
progression, we detected the expression of VEGFA in fodMiC group, miR-330-3p inhibitor treatment significantly
different gastric cancers, and we found that AGS celishibited apoptosis (Fig. 4F). In addition, miR-330-3p
expressed more VEGFA than other cells, which washibitor had a strong promoting effect on cell migration
consistent with the level of MALAT1 (Fig. 3A). By gPCRand invasion, whereas the inhibitory effect of MALAT1
and western blot analysis, knockdown of MALAT1could be completely reversed (Figs. 4G and 4H).
expression significantly inhibited the activation of ERK
and mTOR signaling pathways and VEGFA expression After we demonstrated the ability of MALAT1 to
(Figs. 3B and 3C). regulate miR-330-3p and that VEGFA is downstream of

the MALAT1/miR-330-3p axis, we sought to demonstrate
miR-330-3p has binding sites to both of MALAT1 and the mechanism. As shown in Figure 5, gPCR and western
VEGFA. Based on bioinformatics analysis, we screendulot data indicated that inhibition of MALAT1 expression
16 microRNAs for the potential to bind MALAT1 andin AGS cells inhibited VEGFA expression and activation
VEGFA, and dual luciferase assay showed that the inhibitof the mTOR signaling pathway. Negative control cells
of mir-330-3p in AGS, the ability to express luciferase waseated with miR-330-3p inhibitor showed a significant
elevated in cells with dual luciferase vectors for either thacrease in VEGFA levels and activation of mTOR
MALAT1 target or the VEGFA target. Whereas thesignaling, whereas knockdown of MALAT1 reversed these
luciferase expression capacity was not significantlgromotive effects, indicating that MALAT1 sponging miR-
different from miRNA-NC transfected cells after mutatiorB30-3p to regulates VEGFA and activation of signaling
of the target gene. The above results indicated that miPathways.
330-3p had binding sites for both MALAT1 and VEGFA
(Figs. 4A and 4B). In addition, the miR-330-3p level iDISCUSSION
Lnc-shl-transfected AGS cells was higher than that in the
control group, indicating a strong negative correlation Various studies have shown that IncRNA plays a
between MALAT1 and miRNA-330-3p (Fig. 4C). crucial role in the development of various types of cancers.

The function of INcCRNA in GC has been less studied.
MALAT1/miR-330-3p axis regulate VEGFA and The interaction of tumor-associated INncRNA and miRNAs
activating mTOR signal pathway.After downregulation is crucial for exploring their roles in tumor progression
of MALAT1 expression, cell viability was significantly and developing new therapeutic strategies. This study
inhibited, which was reversed by miR-330-3p inhibitoexplored the role of IncRNA MALAT1 and its related
(Fig. 4D). The cell cycle results showed that comparadiRNAs in GC and their potential mechanisms. This
with the Lnc-NC group, the proportion of cells with GOkstudy explored the role of IncRNA MALAT1 in GC and
G1 phase block was reduced after miR-330-3p inhibitdts mechanism.

244



HU, Z. L,; HU, Y. Z. & PAN, G. D. The IncRNA-MALAT1/miR-330-3p axis promotes growth and metastasis of gastric cancer through regulation of vascular encmthielfattpr A: A genetic
and cell evaluation studint. J. Morphol., 42(2p39-248, 2024.

2
315 2.0
£ K]
® %‘ o 5
Q b 2 ™
3 S 15 ] 1.5
o 1.0 d 8- LncNC
K] 2 a 4
S ] @ ~@ Lnc-NC-inhibitor
= 2 0 (% 3 —&— Lncsh1
2 E] ? 07 = Lncssht-inibitor
£ 05 = £ 2
= 205 T 24 Q
o £ 12 o
= £
® .
0.0 © 0.0 2 14
MALATIWT + % % = 5 5 = . VEGFAWT  + +  + 4 £
MALATI-MUT = . . . s+ 4+ VEGFAMUL®  wc = 2 = s v o o 0.0 T T 1
mimcNC  + . o # = = mimcNC  + - . - + o G 0 24 48 72
miR-330-3p mimic - 4+ - - - 4 . . miR-330-3p mimic -+ - - SR RO a}(\ Time (h)
NC+inhibitor - - + - - - - NC+inhibitor - - + - - - - oo(‘ &
A miR-330-3ptinhibitor = - -+ - - .+ B miR-330-3ptinhibitor - - -+ - - . F ( : A D
Lnc-NC-inhibitor Lnc-sh1 Lnc-sh1-inhibitor
& 8 & & T & & ST & &
w 2 W i Lnc-NC 0o G2
: 8| e, s o =
& Freq G1: 38.23 - Freq G1: 73.97 8 Freq G1: 49.73
S:19.58 ° FreqS: 14.24 Freq S: 27.61 Lnc-sh1: = Gt
2 Freq G2: 3262 & 629, Freq G2: 11.15.
i i e Eal | | 3| Soun
0 G2. 686, s 3 jan G2: 598 NC-
8 &g GoG1- 185 £ Lo s 3 Meon G255 Lnc-NC-inhibito
8 ol ko e | i o J Eune
v 3 :
Freq Sub-G1: 613 mqs\.fcﬁ%a 18 |Freq SubG1- 7.04 Lnc-sh1-inhibitor
8 2 Freq Super-G2: 3.44 B Freq Super-G2: 1.81 El Freq Super-G2: 4.48
J A \ A 0 50 100
° - s / -
R o 04 08 12 17 o 04 08 12 17 o 04 08 12 17 Percent
PE-A (10%) PE-A (105) PE-A (105) PE-A (105)
Lnc-NC Lnc-NC-inhibitor Lnc-sh1 Lnc-sh1-inhibitor
60 Bl Lnc-NC
3 3 9 Lnc-NC-inhibitor
W Jar o2 W Jar @ W Jor T o & -
R 185 o 089 % L1 o s» % 40 B3 Lnc-sh1
b g g £ P E [ Lnc-sh1-inhibitor
3w 31 5w 54 e g "
e 5 e
.04 §] .4 o] il g
o o o @ o o o
w' {820 13 o' {oas 28 w'uss 99 w0
;LU o
w® ° 0’ w° ° 0’ "0 o' 0’ 0
CompFLIASFITCA CompFLIAFTCA CampLLAZFTCA

N Lnc-NC
[ Lnc-NC-inhibitor
3 Lnc-sh1
3 Lnc-sh1-inhibitor

Lnc-NC-inhibitor Lnc-sh1 Lnc-sh1-inhibitor

Migration

Cells/field

a2 N w oA @

s 8 8 & 8
o 8 8 8 8 8
' :

800 N Lnc-NC
Lnc-NC-inhibitor
B Lnc-sh1

3 Lnc-sh1-inhibitor

600

400

Invasion
Cells/field

=

200

0

Fig. 4. MALAT1 exerts promoting function by down-regulation of miR-330-3p. (A-B) Double luciferase experiment. (C)
Relative miRNA-330-3p levels in AGS cells after transfection of NC, Lnc-shl. (D) Cell viability of AGS cells after transfection
of NC, Lnc-sh1 with or without treatment of miR-330-3p inhibitor. Representation and quantification of (E) cell cycle and
(F) cell apoptosis of AGS cells after transfection of NC, Lnc-shl with or without treatment of miR-330-3p inhibitor.
Representation and quantification of (G) cell migration and (H) cell invasion of AGS cells after transfection of NC, Lnc-
shl with or without treatment of miR-330-3p inhibitor. Lnc-shl: shRNAL1 Lnc-MALAT1, Lnc-NC: LncRNA Negative
control, Lnc-NC-inhibitor: LncRNA Negative control+miR-330-3p inhibitor, Lnc-shl-inhibitor: shRNA1 Lnc-
MALAT1+miR-330-3p inhibitor

Firstly, INcRNA MALAT1 was found to be highly cancer and promotes its growth and metastasiet(hl.,
expressed in non-small cell lung cancer, and later confirmg@17a). In line with our findings, we found that MALAT1
to be expressed in a variety of tumors. previous studies hasgpression leads to poor prognosis and promotes gastric
shown that MALAT1 promotes GC cell proliferation, cancer growth and metastasis by targeting VEGFA.
migration, and invasion, and can be used as a GC marker in
the clinic (Wanget al, 2014; Xiaet al, 2016). In addition, MicroRNAs are non-coding regulatory RNA of 20 -
MALAT1 plays an important role in angiogenesis of gastri@5 bases in length that target specific mMRNAs to interact
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Fig. 5. MALAT1/miR-330-3p axis regulate VEGFA and mTOR signal pathway. (A) Relative mRNA levels of mTOR, AKT, ERK1,
ERK2, and VEGFA in AGS cells after transfection of NC, Lnc-sh1l with or without treatment of miR-330-3p inhibitor. (B) Western b

analysis of activation of mTOR signal pathway and VEGFA in AGS cells after transfection of NC, Lnc-sh1 with or withouttiefatmen

miR-330-3p inhibitor. NC: Negative control, Lnc-sh1l: shRNA1 Lnc-MALAT1, Lnc-NC: LncRNA Negative control, Lnc-NC-inhibitor:

LncRNA Negative control+miR-330-3p inhibitor, Lnc-shl-inhibitor: ShRNA1 Lnc-MALAT1+miR-330-3p inhibitor.

with oncogenes and tumor suppressors (O'Domtiell, MALAT1 expression in AGS cells by lentiviral vectors
2005). It has been shown that more than 50 % of genes anel combined with miR-330-3p inhibitors to maintain low
located in cancer-associated genomic regions, suggestmgpression of miR-330-3p, promote increased VEGFA and
that miRNAs may play a key role in tumor formation anéctivation of mTOR signaling, and enhance cell
progression (Caliet al, 2004). Based on bioinformatics proliferation, migration, and invasion.
analysis, we screened for miR-330-3p, which is an
endothelium-specific microRNA that regulates vascular In our study, we found that VEGFA could bind to
integrity and angiogenesis and is involved in the expressioniR-330-3p in GC cells by luciferase reporter gene
of a wide range of biological functions. Abnormalexperiments. Previous studies have shown that VEGFA
expression of miR-330-3p can be observed in a variety cdin activate ERK and mTOR, two known kinases, which
tumors. Through targeting CCBE1, miR330-3p caplay a role in ovarian and hepatocellular carcinoma (Park
accelerate the metastasis of breast cancere\@ei2017). et al, 2014; Siveert al, 2014). Thus, the expression of
In addition, recently, it has been demonstrated that miR#R-330-3p down-regulated VEGFA levels and inhibited
330-3p can affect the invasion and migration of GC celthe expression of downstream signaling molecules (p-AKT,
via Wnt/b-catenin pathway, which may be an effectivp-mTOR, p-ERK). mTOR signaling pathway was not
therapeutic target for diagnosis and treatment of GC (M#rectly regulated by miR-330-3p but was significantly
et al, 2020). activated with the restoration of miR-330-3p levels. This
suggests that the mTOR and ERK signaling pathways are
In our study, we examined the levels of miR-330mvolved in the miR-330-3p/VEGFA axis in GC. This
3p in AGS cells with or without MALAT1 knockdown molecular function experiment fully confirmed that
and found that the expression of miR-330-3p wadlALAT1 weakened the regulation of miR-330-3p on
significantly increased after downregulation of MALAT1.VEGFA and downstream signaling pathways through the
Several studies have shown that MALAT1 is involved imdsorption of miR-330-3p by sponge, which was the
tumor progression and development, playing the role oERNA regulatory mechanism between miRNA and
ceRNA (Wanget al, 2016; Liet al, 2017b; Chang & Hu, IncRNA.
2018). On the basis of dual luciferase reporter gene
experiments, we demonstrated the binding of MALATTZONCLUSION
and miR-330-3p. Furthermore, we demonstrated that
MALAT1 expression down-regulates miR-330-3p levels, MALAT1 elevation plays an important role in
whereas knockdown of MALAT1 had the opposite effecpromoting tumor growth and metastasis, and MALAT1
To further elucidate this point, we down-regulateaan significantly reduce miR-330-3p levels via ceRNA and
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