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Abstract. – OBJECTIVE: Glioma is characterized by high metastasis with poor outcomes.
Long non-coding RNA metastasis associated lung adenocarcinoma transcript 1 (MALAT1)
was well-explored in numerous human cancers,
including glioma. This study aimed to provide a
novel action mechanism of MALAT1 in glioma.
MATERIALS AND METHODS: The expression
of MALAT1, microRNA-384 (miR-384) and Golgi membrane protein 1 (GOLM1) was detected
by quantitative Real-time polymerase chain reaction (qRT-PCR). The protein levels of GOLM1,
light chain3 (LC3-II/LC3-I), p62, Vimentin and
E-cadherin were proved by Western blot. Cell
migration and invasion were monitored using
the transwell assay. Bioinformatics tool starBase was used to predict target genes and associated binding sites. RNA immunoprecipitation
assay (RIP) and dual-luciferase reporter assay
were utilized to verify the relationship between
miR-384 and MALAT1 or GOLM1. Tumor formation analysis in nude mice was conducted to ascertain the role of MALAT1 in vivo.
RESULTS: MALAT1 was highly expressed in
glioma tissues and cells. MALAT1 knockdown
inhibited autophagy, migration and invasion of
glioma cells. MiR-384 was a target of MALAT1,
and miR-384 inhibition reversed the effects of
MALAT1 knockdown in glioma cells. GOLM1
was a target of miR-384, and miR-384 inhibition
eliminated the function of GOLM1 downregulation in glioma cells. In addition, GOLM1 was regulated by MALAT1 through miR-384. Moreover,
MALAT1 knockdown blocked tumor growth and
development in vivo.
CONCLUSIONS: MALAT1 knockdown depleted
migration and invasion by inhibiting autophagy
through MALAT1/miR-384/GOLM1 axis in glioma
in vitro and in vivo. The MALAT1/miR-384/GOLM1
axis was first proposed in our report, enriching
the action mechanism of MALAT1 in glioma.
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Introduction
Glioma is the most common primary malignancy
in the central nervous system 1. The morbidity and
mortality of glioma have remained high due to the
highly complex molecular genetic traits 2,3. Glioma
can be classified into four grades, and high-grade
glioma is challenging to treat because of invasiveness and lethality, leading to recurrence after surgery4,5. Although advances in a variety of treatments
have made, including surgical resection, radiation
therapy, and chemotherapy, the survival rate of
glioma patients within 5 years is still unsatisfactory6,7. Therefore, further exploration of the molecular
mechanisms of glioma development and progression and more appropriate therapeutic targets will
provide additional options for glioma treatment.
The role of autophagy in cancer varies from
case to case. On the one hand, autophagy plays
a vital role in the maintenance of cellular homeostasis. Therefore, autophagy mediates the role of
tumor suppression8,9. On the other hand, autophagy also maintains the survival and proliferation of tumor cells in specific environments, thus
supporting tumor growth, invasion and metastasis10-12. The activation of autophagy is identified
according to the expression of specific autophagy
marker proteins, including beclin-1, light chain
3 (LC3) and p6213. As markers of the autophagosome, the protein levels of LC3-II and p62 represent the amount of autophagosome. Invasion of
glioma cells into surrounding tissues is one of the
leading causes of poor survival due to treatment
failure14. Glioma cells have a significant ability to
infiltrate the brain and can migrate long distances
from the primary tumor, which poses a considerable challenge for complete surgical resection15.
Especially, autophagy was reported to be closely associated with cell migration and invasion in

Corresponding Author: Quanjun Deng, MD; e-mail: blymeb@163.com

2601

R. Ma, B.-W. Zhang, Z.-B. Zhang, Q.-J. Deng

human cancers16. Hence, the determination of autophagy will be helpful in understanding cancer
cell migration and invasion.
Long non-coding RNA (lncRNA) is one of the
non-coding RNAs with over 200 nucleotides. It
is universally acknowledged that lncRNAs are
implicated in the development of cancers. In glioma, several lncRNAs, such as OIP5-AS1, DANCR and DLX6-AS1, were proved to play crucial
roles in cell cycle, apoptosis, drug resistance, invasion, migration and tumor growth17-19. Metastasis associated lung adenocarcinoma transcript 1
(MALAT1) was widely mentioned in dozens of
cancers, including cervical cancer, tongue squamous cell carcinoma, and ovarian cancer20-22.
Acting as an oncogene, its role was gradually determined. However, the function of MALAT1 on
autophagy in glioma is still limited.
LncRNAs regulate stability and translation of
message RNAs (mRNAs) by serving as a precursor to microRNAs (miRNAs) or acting as competitive endogenous RNAs (CeRNAs)23. MiRNAs
are short non-coding RNAs (ncRNAs) with ~22
nucleotides24. Recently, the role of miR-384 was investigated in details, serving as a tumor suppressor
to block tumor progression25,26. Interestingly, the
research of miR-384 in glioma has proceeded and
made us realize the role of miR-384 in glioma27,28.
Indeed, the characterization of miR-384 in glioma
is still inadequate, and the associated mechanism
is lacking. Generally, miRNAs modulate gene expression at post-transcriptional and translational
levels via binding to the specific binding site in 3’
untranslated region (3’ UTR) of targeted mRNAs29.
Golgi membrane protein 1 (GOLM1) also plays a
vital role in tumorigenesis and progression of cancers, including prostate cancer, lung cancer and
glioma30-32. Unfortunately, the effect of GOLM1 on
autophagy is hard to find, and its action mechanism
in glioma needs further exploring.
In our present study, the expression level of
MALAT1 in glioma tissues and cell lines was detected, and the role of MALAT1 on autophagy,
migration and invasion was investigated in vitro
and in vivo. The purpose of this study was to observe the role of MALAT1 in glioma and provide
a novel mechanism of glioma metastasis.

Materials and Methods
Tissues and Cell Lines
A total of 25 glioma patients and 25 healthy
volunteers were recruited from Tianjin Medi2602

cal University General Hospital. Tumor tissues
(n=25) from glioma patients and normal tissues
(n=25) from healthy volunteers were placed in
liquid nitrogen and stored at -80°C condition. Informed consent was obtained from each subject
before surgery. This research was authorized by
the Ethics Committee of Tianjin Medical University General Hospital.
Glioma cells (SHG-44) were purchased from
BeNa Culture Collection (Suzhou, China). Another Glioma cells (LN229), cerebral microvascular endothelium (HBEC-5i) and 293T cells were
obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). All cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Life Technologies, Waltham, MA,
USA) supplemented with 10% fetal bovine serum
(FBS; Life Technologies) in a humidified condition with 5% CO2 at 37 °C.
Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)
Total RNA from tissues and cells was extracted using TRIzol reagent (TaKaRa, Dalian, China)
and detected by NanoDrop 2000 spectrophotometers (Thermo Fisher Scientific, Waltham, MA,
USA). Then complementary DNA (cDNA) was
assembled using TIANScript RT Kit (Tiangen,
Beijing, China) and miRcute miRNA First-Strand
cDNA Synthesis Kit (Tiangen). Next, FastFire
qPCR PreMix (SYBR Green) (Tiangen) was used
to perform qRT-PCR under ABI 7500 Thermocycler (Thermo Fisher Scientific). Relative expression was calculated using the 2-ΔΔCt method and
calibrated by β-actin or small nuclear RNA U6.
The primers were listed as follows: MALAT1, F:
5’-TGATAGCCAAATTGAGACAA-3’ and R: 5’TTCAGGGTGAGGAAGTAAAA-3’; miR-384,
F: 5’-TGTTAAATCAGGAATTTTAA-3’ and R:
5’-TGTTACAGGCATTATGAA-3’; GOLM1, F:
5’-CCGGAGCCTCGAAAAGAGATT-3’ and R:
5’-ATGATCCGTGTCTGGAGGTC-3’; β-actin,
F: 5’- ATGGGTCAGAAGGATTCCTATGTG-3’
and R: 5’- CTTCATGAGGTAGTCAGTCAGGTC-3’; U6, F: 5’-CTCGCTTCGGCAGCAGCACATATA-3’ and R: 5’-AAATATGGAACGCTTCACGA-3’.
Western Blot
Total proteins were isolated from tissues and cells
using Radio Immunoprecipitation Assay (RIPA)
buffer (Beyotime, Shanghai, China) and then electrophoresed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
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electro-transferred onto polyvinylidene diﬂuoride
(PVDF) membranes (Bio-Rad, Hercules, CA, USA)
on ice. Subsequently, the membranes were placed
in a blocking solution (phosphate-buffered saline
(PBS) containing 5% skim milk) for 2 h and next
probed with the primary antibodies against LC3B
(1:500, 18725-1-AP; Proteintech Group; Chicago,
IL, USA), p62 (1:1000, 18420-1-AP; Proteintech
Group), Vimentin (1:5000, 10366-1-AP; Proteintech
Group), E-cadherin (1:5000, 20874-1-AP; Proteintech Group), GOLM1 (1:1000, 15126-1-AP; Proteintech Group) and β-actin (1:2000, 20536-1-AP;
Proteintech Group) at 4°C overnight. The next day,
the membranes were probed by the horseradish peroxidase (HRP)-labeled secondary antibody (1:2000,
15134-1-AP; Proteintech Group) at room temperature for 2 h. Finally, protein blot signals were visualized using the enhanced chemiluminescence (ECL)
detection kit (Beyotime, Shanghai, China).
Cell Transfection
Small interference RNA (si-RNA) against
MALAT1 (si-MALAT1), siRNA against GOLM1
(si-GOLM1) and siRNA negative control (si-NC)
were assembled by Sangon Biotech (Shanghai,
China). MiR-384 mimic, miR-384 inhibitor and
their separate control (miR-NC or anti-miR-NC)
were obtained from Ribobio (Guangzhou, China). Cell transfection was executed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
based on the product’s instruction.
Transwell Assay
The transfected LN229 and SHG-44 cells were
harvested, resuspended in serum-free DMEM
containing 10% FBS and placed into the upper
24-well transwell chambers (Corning Inc.; Corning, NY, USA) for migration assay or chambers
coated with Matrigel (Corning) for invasion assay. Meanwhile, DMEM mixed with 10% FBS
was added into the lower chambers. After 24 h,
the migrated or invaded cells on the lower surface
were fixed with 4% paraformaldehyde (PFA) and
stained with methanol containing 0.1% crystal
violet for 15 min. Then, five randomly selected
fields were taken to calculate cell amounts using
an Olympus microscope (Olympus, Tokyo, Japan)
at a magnification of × 100.
Bioinformatics Prediction and
Dual-Luciferase Reporter Assay
The targets of lncRNA or miRNA were predicted by the online bioinformatics tool starBase
(http: starbase.sysu.edu.cn).

To verify the relationship between miR-384
and MALAT1 or GOLM1, dual-luciferase reporter assay was carried out. In brief, MALAT1
wild-type (MALAT1 WT) sequences containing
the binding site with miR-384 and corresponding
MALAT1 mutant (MALAT1 MUT) sequences
were respectively constructed onto the downstream of pmirGLO vectors (Promega, Madison,
WI, USA) to assemble fusion plasmid, named as
MALAT1 WT and MALAT1 MUT. Afterward,
MALAT1 WT or MALAT1 MUT and miR-384
mimic were co-inserted into 293T cells. Dual-luciferase assay system (Promega) was used to detect luciferase activities in 293T cells at 48 h after
transfection. The wild-type 3’ UTR sequences of
GOLM1 containing the binding site with miR384 and corresponding GOLM1 3’ UTR mutant
(GOLM1 MUT) sequences were also amplified
and cloned into pmirGLO (Promega) to generate
GOLM1 WT or GOLM1 MUT luciferase reporter
vector, respectively. Then, the following experiments were executed as mentioned above.
RNA Immunoprecipitation Assay (RIP)
Magna RNA-binding protein immunoprecipitation kit (Millipore, Billerica, MA, USA)
was utilized to execute RIP assay in line with
the manufacturer’s protocol. Briefly, LN229 and
SHG-44 cells were collected and exposed to RNA
lysis buffer. Then, cell lysate was cultured with
RIP buffer containing human Ago2 antibody and
mouse IgG (control). Later, immunoprecipitated
RNA was extracted, and qRT-PCR was conducted as the above-mentioned to detect the level of
MALAT1 and miR-384.
In Vivo Experiments
Mice experiments were approved by the Animal Care and Use Committee of Tianjin Medical University General Hospital. A total of 12
nude mice were purchased from HFK bioscience (Beijing, China) and divided into 2 groups
(n=6). Lentiviral vector (lenti-short hairpin shMALAT1) and its negative control (sh-NC) were
obtained from Genechem (Shanghai, China) and
introduced into LN229 cells for stable MALAT1
knockdown. After 48 h, transfected LN229 cells
were injected into the right flank of mice groin.
Subsequently, the mice were kept for 7 days, and
next, the tumor volume was recorded every 5
days according to the formula: volume=length ×
width2 × 0.5. 35 days later, all mice were killed,
and the tumors were removed for weighting and
other molecular investigations.
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Statistical Analysis
GraphPad Prism v5.01 (GraphPad Software, La
Jolla, CA, USA) was used for data processing. All
data from 3 independent biological replications
were presented as the mean ± standard deviation
(SD). Difference analysis was performed using
the Student’s t-test between 2 groups and oneway analysis of variance among multiple groups,
and Bonferroni post-hoc analysis was conducted.
The Spearman rank correlation coefficient was
utilized to determine the correlation between the
two parameters. Differences were regarded as
statistically significant when p < 0.05.

Results
MALAT1 Was Enriched in Glioma Tissues
and Cells, and Autophagy Was Activated
in Glioma Tissues and Cells
The expression of MALAT1 and autophagy-related proteins were monitored in glioma tissues
and cells by qRT-PCR or Western blot. The result showed that the expression of MALAT1 was
significantly enhanced in tumor tissues (n=25)
relative to normal tissues (n=25) (Figure 1A). Besides, the increased protein level of LC3-II and
the decreased protein level of p62 were observed

in glioma tissues rather than that in normal tissues (Figure 1B). Likewise, the expression of
MALAT1 in LN229 and SHG-44 cells was notably higher than that in HBEC-5i cells (Figure
1C). The protein level of LC3-II in LN229 and
SHG-44 cells was elevated, while the level of p62
in LN229 and SHG-44 cells was reduced relative
to HBEC-5i cells (Figure 1D). The data suggested
that MALAT1 was up-regulated in glioma, and
autophagy was activated in glioma.
MALAT1 Knockdown Inhibited Cell
Migration and Invasion via Restricting
Autophagy
The endogenous level of MALAT1 was reduced in LN229 and SHG-44 cells by transfecting with si-MALAT1 to ascertain the role
of MALAT1 in glioma in vitro. First, the qRTPCR analysis exhibited that the expression of
MALAT1 was obviously decreased in LN229
and SHG-44 cells transfected with si-MALAT1
(Figure 2A). Besides, the Western blot analysis exposed that the level of LC3-II was rapidly
decreased in LN229 and SHG-44 cells with the
knockdown of MALAT1, while the level of p62
was reinforced (Figure 2B). Moreover, the number of migrated or invaded cells was investigated,
and the result indicated that cell migration and in-

Figure 1. The expression of MALAT1 and the level of autophagy were enhanced in glioma tissues and cells. (A) The expression of MALAT1 in tumor tissues and normal tissues was detected by qRT-PCR. (B) The protein levels of LC3-II and p62 in
tumor tissues and normal tissues were quantified by Western blot. (C) The expression of MALAT1 in LN229, SHG-44 and
HBEC-5i cells was measured by qRT-PCR. (D) The protein levels of LC3-II and p62 in LN229, SHG-44 and HBEC-5i cells
were quantified by Western blot. *p < 0.05.
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Figure 2. MALAT1 knockdown inhibited autophagy, migration and invasion in glioma cells. (A) The efficiency of siMALAT1 transfection in LN229 and SHG-44 cells was monitored by qRT-PCR. (B) The protein levels of LC3-II and p62 in
LN229 and SHG-44 cells transfected with si-MALAT1 or si-NC were assessed by Western blot. (C and D) The migration and
invasion of LN229 and SHG-44 cells transfected with si-MALAT1 or si-NC were detected using transwell assay (100×). (E)
The protein levels of Vimentin and E-cadherin were measured using Western blot. *p < 0.05.

vasion were blocked in LN229 and SHG-44 cells
transfected with si-MALAT1 (Figure 2C and 2D).
Additionally, the expression of epithelial-mesenchymal transition (EMT) markers (Vimentin and
E-cadherin) was determined, and we discovered
that the level of E-cadherin was prominently enhanced, while the level of Vimentin was sharply declined with the knockdown of MALAT1 in
LN229 and SHG-44 cells (Figure 2E). These data
revealed that MALAT1 knockdown weakened the
ability of migration and invasion through mediating autophagy in glioma cells.
MALAT1 Acted as a Sponge of miR-384
The candidate miRNAs with complementary sequences to MALAT1 were predicted using
online the bioinformatics tool starBase. MiR384 was one of these predicted targets and was

down-regulated in glioma tissues or cells (LN229
and SHG-44) relative to normal tissues or cells
(HBE-5i) (Figure 3A and 3B). Besides, the expression levels of miR-384 in glioma tissues were
negatively correlated with the expression of
MALAT1 (Figure 3C). To further verify the relationship between MALAT1 and miR-384, RIP
assay was performed and showed higher levels of
MALAT1 and miR-384 in the Anti-Ago2 group
compared with that in the Anti-IgG group (Figure
3D). In addition, the binding site of MALAT1 and
miR-384 was obtained by starBase and used for
dual-luciferase reporter assay. The result showed
that miR-384 mimic pronouncedly reduced the
luciferase activity in 293T cells transfected with
MALAT1 WT but did not alter the luciferase activity in 293T cells transfected with MALAT1
MUT (Figure 3E). Furthermore, the expression
2605

Figure 3. MiR-384 was a target of MALAT1. (A and B) The expression of miR-384 in glioma tissues and cell lines was monitored by qRT-PCR. (C) The correlation
between miR-384 expression and MALAT1 expression in glioma tissues was assessed following the Spearman rank correlation coefficient. (D and E) The relationship between miR-384 and MALAT1 was verified by RIP assay and dual-luciferase reporter assay. (F) The expression of miR-384 was examined in LN229 and
SHG-44 cells transfected with si-MALAT1 or si-NC. *p < 0.05.
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of miR-384 was enhanced with the weak level of
MALAT1 in LN229 and SHG-44 cells (Figure
3F). The above data showed that MALAT1 could
directly bind to miR-384.
Inhibition of miR-384 Reversed the
Regulatory Effects Mediated by MALAT1
Knockdown
Rescue experiments were conducted to observe
whether MALAT1 functioned by sponging miR384. LN229 and SHG-44 cells were introduced
with si-MALAT1, si-NC, si-MALAT1+miR-384
inhibitor or si-MALAT1+anti-miR-NC. The
transfection efficiency was monitored through
observing the expression of miR-384, and the result exhibited that the expression miR-384 was
significantly strengthened in the si-MALAT1
group but repressed in the si-MALAT1+miR-384
inhibitor group (Figure 4A). Western blot analysis showed that the level of LC3-II, inhibited by
MALAT1 knockdown, was recovered by miR384 inhibition. On the contrary, the levels of p62,
stimulated by MALAT1 knockdown, were suppressed by miR-384 inhibition (Figure 4B). In addition, the number of migrated and invaded cells,
blocked in the si-MALAT1 transfection group,
was restored in the si-MALAT1+miR-384 inhibitor transfection group (Figure 4C and 4D). Not
surprisingly, the expression level of Vimentin was
restrained in the si-MALAT1 group but elevated in the si-MALAT1+miR-384 inhibitor group,
while the expression of E-cadherin was promoted
by MALAT1 knockdown but inhibited by miR384 inhibition (Figure 4E). These data hinted that
MALAT1 regulated autophagy, migration and invasion through sponging miR-384.
GOLM1 Was a Downstream Target of
miR-384
The putative target genes of miR-384 were predicted by starBase. GOLM1 was one of several
targets of miR-384 and was markedly up-regulated in glioma tissues relative to normal tissues
at mRNA and protein levels (Figure 5A and 5B).
Moreover, the expression of GOLM1 in LN229
and SHG-44 cells was also reinforced relative to
HBEC-5i cells at both mRNA and protein levels
(Figure 5C and 5D). The mRNA level of GOLM1
was negatively correlated with miR-384 expression level in glioma tissues (Figure 5E). Subsequently, the GOLM1 3’ UTR wild-type sequences containing the binding site with miR-384 and
mutated GOLM1 3’ UTR mutant sequences were
obtained by the analysis of starBase for dual-lu-

ciferase reporter assay, and the consequence presented that the luciferase activity in 293T cells
cotransfected with miR-384 mimic and GOLM1
3’ UTR-WT was strikingly reduced compared
with miR-NC, while the luciferase activity in
293T cells cotransfected with miR-384 mimic and
GOLM1 3’ UTR-MUT had no noticeable difference compared with miR-NC (Figure 5F). Moreover, the expression of GOLM1 at the protein
level was declined with the enrichment of miR384 in LN229 and SHG-44 cells (Figure 5G). The
above-mentioned data indicated that GOLM1 was
a target of miR-384.
The Regulatory Effects of GOLM1
Knockdown Were Eliminated by miR-384
Inhibition
To investigate whether miR-384 inhibited
the role of GOLM1 in glioma cells, si-GOLM1,
si-NC, si-GOLM1+miR-384 inhibitor and siGOLM1+anti-miR-NC were introduced into
LN229 and SHG-44 cells, respectively. The expression of GOLM1 at the protein level was monitored to assess transfection efficiency (Figure
6A). The expression of GOLM1 was decreased
in LN229 and SHG-44 cells transfected with siGOLM1 but recovered with the transfection of siGOLM1+miR-384 inhibitor. The level of LC3-II
was decreased with the knockdown of GOLM1
but regained with the inhibition of miR-384, while
the level of p62 was opposite to the expression of
LC3-II (Figure 6B). Transwell assay elucidated
that the number of migrated or invaded cells was
depleted in the si-GOLM1 group but enhanced
in the si-GOLM1+miR-384 inhibitor group compared with their corresponding controls (Figure
6C and 6D). Additionally, the level of Vimentin
was declined in LN229 and SHG-44 cells transfected with si-GOLM1, while the level of E-cadherin was elevated. However, the level of Vimentin was strengthened in LN229 and SHG-44 cells
transfected with si-GOLM1+miR-384 inhibitor,
while the level of E-cadherin was reduced (Figure
6E). These results indicated that miR-384 inhibition could reverse the GOLM1 knockdown-mediated effect on cell activities.
MALAT1 Regulated the Expression of
GOLM1 Through miR-384
The expression of GOLM1 at mRNA and
protein levels was examined in si-MALAT1,
si-NC, si-MALAT1+miR-384 inhibitor or siMALAT1+anti-miR-NC transfected LN229 and
SHG-44 cells. The result manifested that the ex2607
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Figure 4. MiR-384 inhibition reversed the effects of MALAT1 knockdown on autophagy, migration and invasion in glioma cells. LN229 and SHG-44 cells were
transfected with si-MALAT1 or si-MALAT1+miR-384 inhibitor, si-NC or si-MALAT1+anti-miR-NC as the control. (A) The transfection efficiency was detected by
qRT-PCR. (B) The protein levels of p62 and LC3-II were monitored by Western blot. (C and D) The migration and invasion were assessed by transwell assay (100×).
(E) The expression of Vimentin and E-cadherin at the protein level was quantified by Western blot. *p < 0.05.

Figure 5. GOLM1 was a target of miR-384. (A-D) The expression of GOLM1 at mRNA and protein levels in glioma tissues and cells was detected by qRT-PCR and
Western blot. (E) The correlation between GOLM1 expression and miR-384 expression in glioma tissues was established according to the Spearman rank correlation
coefficient. (F) The relationship between GOLM1 and miR-384 was confirmed using the dual-luciferase reporter assay. (G) The expression of GOLM1 at the protein
level was quantified by Western blot. *p < 0.05.

2609

Figure 6. MiR-384 inhibition abolished the role of GOLM1 downregulation on autophagy, migration and invasion in glioma cells. LN229 and SHG-44 cells were introduced with
si-GOLM or si-GOLM+miR-384 inhibitor, si-NC or si-GOLM+anti-miR-NC as the control. (A) The transfection efficiency was examined using qRT-PCR. (B) The protein levels
of p62 and LC3-II were monitored by Western blot. (C and D) The migration and invasion were assessed by transwell assay (100×). (E) The expression of Vimentin and E-cadherin
at the protein level was quantified by Western blot. *p < 0.05.
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pression of GOLM1 was substantially diminished
with the transfection of si-MALAT1 compared
with si-NC but steeply recovered with the transfection of si-MALAT1+miR-384 inhibitor compared with si-MALAT1+anti-miR-NC (Figure 7A
and 7B), indicating that the expression of GOLM1
was modulated by MALAT1 through miR-384.
MALAT1 Downregulation Inhibited
Tumor Growth in Vivo
Xenograft models were established to assess
the role of MALAT1 in vivo. The tumor volume and weight in the experimental group (shMALAT1) were notably weaker than those in the
control group (sh-NC) (Figure 8A and 8B). The
analysis of Western blot showed that the level of
LC3-II was significantly decreased, while the level of p62 was inversely elevated in tumor tissues
from the sh-MALAT1 group relative to the shNC group (Figure 8C). Besides, the expression of
MALAT1 was lower in the sh-MALAT1 group
than that in the sh-NC group, while the expression
of miR-384 exhibited higher expression in the shMALAT1 group. The expression of GOLM1 at
mRNA and protein levels was suppressed in the
sh-MALAT1 group relative to the sh-NC group
(Figure 8D and 8E). Furthermore, the level of
Vimentin was noticeably weakened in the shMALAT1 group, while the level of E-cadherin
was visibly enhanced in the sh-MALAT1 group
relative to sh-NC group (Figure 8F). These data
proved that MALAT1 downregulation inhibited
tumor growth and autophagy in vivo, leading to
the block of migration and invasion.

Discussion
Glioma is characterized by high metastasis, resulting in treatment obstacles and poor prognosis.
Advanced human tumors are often accompanied
by increased autophagy flux, which is associated
with metastatic and invasive phenotypes and poor
prognosis 33. Therefore, it is of considerable significance for the treatment of glioma to explore
the metastasis and invasion of glioma through autophagy. In this paper, we reported that MALAT1
was aberrantly up-regulated in glioma tissues and
cells, and MALAT1 downregulation sequestered
cell migration and invasion by blocking autophagy. Mechanism analysis concluded that miR-384
was a target of MALAT1 and interacted with
the 3’ UTR of GOLM1. Inhibition of miR-384
reversed or abolished the effects of MALAT1

knockdown or GOLM1 knockdown in glioma
cells. The targeting relationship between miR-384
and MALAT1 or GOLM1 was identified in this
work for the first time.
MALAT1 is highly conserved and enriched
in the nucleus34. An increasing number of studies have expounded the role of MALAT1 in glioma. In particular, Li et al35 demonstrated that the
expression of MALAT1 was enriched in glioma
cells, and MALAT1 knockdown could suppress
proliferation and accelerate apoptosis. Han et
al36 maintained that MALAT1 downregulation
regulated the activity of stemness markers and
cell proliferation in glioma stem cells. Xiang et
al37 put forward that MALAT1 was highly expressed in glioma tissues and cells, and cell viability was declined with MALAT1 knockdown,
while the apoptosis rate was drastically promoted. Consistent with these studies, the expression of MALAT1 was also reinforced in glioma
tissues and cells through our analysis. However,
the function of MALAT1 on autophagy in glioma was weakly explored. Only a previous report
manifested that MALAT1 activated autophagy, leading to an increase of cell proliferation.
Besides, 3-MA-inhibited autophagy weakened
MALAT1-mediated proliferation38. Similarly, in
our research, MALAT1 knockdown relieved autophagy activity, leading to the inhibition of cell
migration and invasion, suggesting the carcinogenic effect of MALAT1 in glioma.
To determine the action mechanism of
MALAT1, the putative target miRNAs of
MALAT1 were forecasted and verified. MiR384 was screened and identified as one of its
targets, and its function in glioma was partly detected. Gu et al27 summarized that miR-384 was
poorly expressed in glioma tissues, and the reintroduction of miR-384 significantly sustained
glioma cell proliferation, migration and invasion. Zheng et al28 elucidated that miR-384 exerted tumor-suppressive role in glioma cells and
invalidated lncRNA CRNDE-mediated tumor
malignant progression. In agreement with their
data, we discovered that miR-384 expressed with
a low level in glioma tissues and cell lines. Inhibition of miR-384 reversed the regulatory effects
of MALAT1 knockdown on autophagy, migration and invasion.
To further explore the action mechanism of
MALAT1, the downstream target mRNAs of
miRNAs were also identified. Through the prediction of the online bioinformatics tool starBase
and the verification of dual-luciferase reporter as2611
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Figure 7. MALAT1 regulated the expression of GOLM1 through miR-384. LN229 and SHG-44 cells were inserted with
si-MALAT1, si-NC, si-MALAT1+miR-384 inhibitor or si-MALAT1+anti-miR-NC. (A and B) The expression of GOLM1 at
mRNA and protein levels was monitored using qRT-PCR and Western blot. *p < 0.05.
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Figure 8. MALAT1 knockdown blocked tumor growth and development in vivo. (A) The tumor volume was recorded every 5 days. (B) The tumor weight was measured at 37-day post injection. (C) The protein levels of LC3-II and p62 were detected in removed tumor tissues. (D) The expression of MALAT1, miR-384 and GOLM1
in tumor tissues was checked using qRT-PCR. (E and F) The protein levels of GOLM1, Vimentin and E-cadherin were monitored using Western blot. *p < 0.05.
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say, GOLM1 was indicated as a target of miR-384,
which was negatively correlated with miR-384 expression in glioma tissues. The role of GOLM1 in
glioma was partly explored before, and the results
suggested that the expression level of GOLM1
was strengthened in glioma tissues and cells.
Overexpression of GOLM1 promoted the proliferation, migration and invasion, while GOLM1
silence alleviated these malignant behaviors 32. In
line with this study, our research exhibited a similar consequence. Besides, we proved that GOLM1
knockdown inhibited autophagy in glioma cells.

Conclusions
Collectively, the abundance of MALAT1 was
abnormally enhanced in glioma tissues and cell
lines. This study first put forward that MALAT1
knockdown weakened cell migration and invasion
by depleting autophagy via miR-384/GOLM1
regulatory axis in vitro and in vivo. This newly
identified MALAT1/miR-384/GOLM1 axis might
provide new insights into the mechanism of glioma metastasis, and MALAT1 may be a promising
therapeutic target for glioma in the future.
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