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Abstract 

Human glioma is the most common malignant and fatal primary tumor in the central nervous system. 
Currently, the high incidence and low cure rate of glioma make it a considerable threat to human health. 
Thus, elucidating the molecular mechanisms of glioma development and progression has become a major 
focus to identify new and effective biomarkers and improve the comprehensive neurosurgical treatment 
of glioma from the basic research and clinical perspectives. In our present study, we aimed to investigate 
the expression pattern and biological function of Metastasis suppressor protein 1(MTSS1) in glioma and 
to further explore whether miRNAs were involved in the deregulation of MTSS1. By overexpressing 
MTSS1 in highly malignant human glioma cells, we discovered a role for MTSS1 in suppressing the 
proliferation and invasion of glioma cells, and we showed that MTSS1 participated in transforming growth 
factor-beta 1 (TGF‐β1) -induced epithelial‐mesenchymal transition (EMT) in glioma cells. Biochemical 
analyses suggested that miR-182 may target MTSS1 and that miR-182 expression is negatively correlated 
with MTSS1 expression in glioma tissues. This finding was further confirmed by luciferase reporter 
experiments. Furthermore, a miR-182 inhibitor induced glioma cell proliferation and invasion by 
increasing MTSS1 expression. In conclusion, we believed that miR-182 modulates glioma cell migration 
and invasion by targeting the MTSS1 and suggested that miR-182 was a potential therapeutic target for 
gliomas. 
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Introduction 
Gliomas are the most common malignant 

primary intracranial tumors, accounting for 46% of 
intracranial tumors [1-4]. Gliomas generally show 
infiltrative growth and glioma cells can be found in 
normal brain tissues with up to 2 cm outside the 
tumor focus [5]. Even if the tumor is completely 
removed by clinical surgery, it may inevitably recur at 
the edge of the surgical cavity [6]. Therefore, it is 
difficult to completely remove glioma cells during 
surgery. However, the therapeutic effect of radio-
therapy and chemotherapy on glioma cells is not 
obvious. Therefore, clarifying the pathogenesis of 
gliomas and identifying new effective therapeutic 
targets are challenging and becoming popular topics 
in neurosurgery. 

MTSS1 is a metastasis suppressor in several 
cancers. Recently, the role of the MTSS1 in tumor 
development, especially in invasion and metastasis, 
has been reported. MTSS1 is also called missing in 
metastasis (MIM), MIM-B, BEG4 and LIAA042. 
MTSS1 was first identified in human bladder cancer 
cells [7]. MTSS1 is expressed in most normal tissues 
and a few nonmetastatic cancer cell types, but its 
expression is significantly reduced or even absent in 
many metastatic tumors. For example, in metastatic 
prostate cancer [8], gastric cancer [9] and renal cancer 
[10], MTSS1 may play an antimetastatic role in tumor 
progression. Overexpression of MTSS1 can 
significantly inhibit the invasion, migration and 
growth abilities of breast cancer cells [11]. More 
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studies on the transcriptional or posttranscriptional 
regulation of MTSS1 and the regulation of MTSS1 at 
the protein level are needed. 

EMT is an important process promoting cancer 
proliferation and invasion. EMT is characterized by 
loss of cell polarity and adhesion and increased 
invasion and migration [12]. Tumor cells can produce 
several growth factors to induce EMT, among which 
TGF‐β1 is one of the most important factors. TGF‐β1 
induces the transformation of cancer cells from a 
highly differentiated morphology to a migratory 
phenotype [13]. 

MicroRNAs (miRNAs) are short RNA molecules 
with a length of 19 to 25 nucleotides. A single miRNA 
can influence the expression of many genes and target 
hundreds of mRNAs. MiRNAs are often involved in 
functionally interactive pathways and playing roles in 
RNA silencing and posttranscriptional regulation of 
gene expression [14-17]. In addition, miRNAs control 
cellular processes such as proliferation, growth, 
death, inflammation, and development [18]. As 
oncogenes or tumor suppressors, miRNAs are 
involved in the development and progression of 
cancers. For example, miR-182 promotes prostate 
cancer progression by activating the Wnt/βcatenin 
signaling pathway [19], and miR-182 enhances 
radio-resistance in non-small cell lung cancer cells by 
regulating FOXO3 [20]. However, whether miR-182 
can directly target MTSS1 and affect the progression 
of glioma is unclear. 

Considering the possible role of MTSS1 in 
tumorigenesis and development, this study pre-
liminarily investigated the expression and biological 
function of MTSS1 and the mechanism regulating its 
expression in human gliomas. 

Materials and Methods 
Patients and samples 

Thirty-four human glioma and matched normal 
tissues were obtained from patients who underwent 
surgery between March 2013 and March 2014 in the 
Department of Neurosurgery in Xiangya Hospital, 
Central South University, Changsha, Hunan, China. 
All patients received informed consent before 
surgery, and all experiments were conducted in 
accordance with the bioethical standards issued by 
the Research Ethics Committee of Central South 
University. The main clinical and pathological 
parameters of the glioma patients are summarized in 
Table 1. 

Cell culture and transfection 
The malignant human glioma cell lines U87MG 

and T98G were purchased from the Cell Center of 
Central South University, Changsha, China. The cells 

were cultured in DMEM (Dulbecco's modified Eagle's 
medium) (30023.01; Cytiva, MA, USA) supplemented 
with 10% fetal bovine serum (16000044; Thermo-
Fisher, MA, USA) in an atmosphere of 37°C and 5% 
CO2. All cell lines were tested to ensure that they were 
free of contamination, and cells in exponential growth 
phase were used for subsequent experiments. Glioma 
cells were transfected with the miR-182 inhibitor/ 
inhibitor NC (negative control) (GenePharma, 
Shanghai, China) according to the manufacturer’s 
protocol [21]. 

RNA extraction, reverse transcription and 
qRT-PCR 

Total RNA was extracted from tissues or cells 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). An All-in-One™ miRNA qRT-PCR Detection 
Kit (GeneCopoeia Inc, MD, USA) was applied for 
reverse transcription and quantitative detection of 
miRNAs according to the user manual. MiRNA 
qRT-PCR primers were used to measure the 
expression of miRNAs, and GAPDH was used as the 
control for PCR. Finally, miRNA levels were 
quantified using the 2−ΔΔCT method. The sequences 
of the primers used for PCR are listed in Table S1. 

Immunohistochemistry 
The tissue chips were baked in an oven at 60 °C 

for 2-4 hours, deparaffinized in xylene twice for 10 
min each, and rehydrated sequentially in anhydrous 
ethanol for 10 min, 95% ethanol for 10 min, 75% 
ethanol for 10 min, 50% ethanol for 10 min, and 
ddH2O for 10 min. Antigen retrieval was conducted 
in 10 mmol/L citric acid buffer (pH 6.0) in a 
microwave oven at 100 °C for 15 min. Endogenous 
peroxidase activity was blocked with 3% hydrogen 
peroxide for 10 min at room temperature. Slides were 
incubated overnight at 4 °C with an anti-MTSS1 
mouse polyclonal antibody (SC101204; 1:1000, Santa 
Cruz Biotechnology, TX, USA) and an HRP-labeled 
goat anti-mouse polymer (HS20101; 1:3000 dilution, 
TransGen Biotech, Beijing, China) was then added. 
Immunoreactive proteins were stained with 3’,3’- 
diaminobenzidine, and slides were then restained 
with Meyer's hematoxylin. The negative control slides 
were reacted with normal sheep serum under the 
same experimental conditions. 

MTSS1 transfection 
The pLEX-control, pLEX-MTSS1, and pMIR- 

REPORTTM miRNA expression reporter vectors were 
provided by the Cancer Research Institute of Central 
South University. Plasmids (4 micrograms of plasmid 
dissolved in 250 µl of Opti-MEM) were transfected 
into U87MG and T98G cells with Lipofectamine 2000. 
Forty-eight hours after transfection, 5 µg/ml 
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puromycin dihydrochloride was used to screen stable 
cell lines expressing MTSS1 shRNAs for 2 weeks. 
Transfected cells were expanded and cultured in 3 
µg/ml puromycin dihydrochloride, and the 
expression of MTSS1 was confirmed by Western blot 
analysis [22]. 

CCK-8 assay 
All types of glioma cells were seeded in a 96-well 

plate at a concentration of 2000 cells per well. The cells 
were then maintained at 37 °C for 24, 48, 72 and 96 
hours after transfection. The cells were treated with 
CCK-8 (Beyotime, Shanghai, China) reagent (5 
mg/ml) for 1 hour at 37 °C. The absorbance at 450 nm 
was measured in a microplate reader. The values from 
triplicate experiments were averaged [23]. 

Transwell invasion assay 
Transwell chambers were coated with 200ug/ml 

of Matrigel (356255; Corning, NY, USA) and used 
polycarbonate filter. Transfeted cells were seeded in 
Transwell cell culture inserts at a concentration of 2 × 
104 cells/well. The cells were cultured at 37 °C in a 5% 
CO2 incubator for 48 hours. Then, the supernatants 
were aspirated and washed 3 times with PBS. After 
the cells on the Transwell membranes were wiped 
away, the remaining cells were fixed with 0.1% crystal 
violet and stained with 4% methanol. Finally, the 
number of cells was counted under a light 
microscope. The experiment was repeated 3 times. 

Luciferase reporter assays 
The sequence of the MTSS1 3’-UTR (3’-un-

translated region) was synthesized by chemical 
synthesis and fused to the luciferase enzyme sequence 
in the pMIR-REPORT vector. After the ligation 
products were transformed into competent bacteria 
and incubated overnight at 37 °C with shaking at 250 
rpm, the plasmids were extracted. U87MG and T98G 
cells were seeded in a 24-well plate. Each cell line was 
cotransfected with 0.5 µg of luciferase reporter 
plasmid containing the MTSS1 promoter, 100pmol of 
miR-182 inhibitor and 0.5μg of marine luciferase 
plasmid. After 48 hours of transfection, a luciferase 
assay system kit was used to measure luciferase 
activity. 

Western blot analysis 
Whole-cell protein extracts were collected before 

Western blot analysis was performed as described 
previously [24, 25]. Thirty micrograms of total protein 
were separated by 10% SDS‐PAGE for 1 hour and 
were then transferred to a polyvinylidene difluoride 
membrane for 90 min (IPFL85R; Millipore, MA, USA). 
The membrane was incubated with primary mouse 
antibodies against MTSS1 (SC-101204; 1:1000 dilution; 

Santa Cruz, TX, USA), E‐cadherin (SC8426; 1:1000 
dilution; Santa Cruz, TX, USA), Vimentin (10366-1- 
AP; 1:1000 dilution, Proteintech, IL, USA), β-actin 
(20536-1-AP; 1:1000 dilution, Proteintech, IL, UAS), 
and a goat antibody against HRP (HS201-01; 1:3000 
dilution, TransGen Biotech, Beijing, China) at 4 °C 
overnight. After incubation, PBST (phosphate- 
buffered saline with Tween‐20; HyClone, Logan, UT) 
was used to wash the membrane 3 times at room 
temperature, and the membrane was incubated with 
HRP‐labeled goat anti‐rabbit IgG for 1 hour at room 
temperature. Each experiment was repeated in 
triplicate. 

Statistical analyses 
All data were evaluated using IBM SPSS version 

13.0 and GraphPad Prism 6. Student’s t-test or 
one-way ANOVA (analysis of variance) was 
performed to assess the significance of differences 
between samples in data from three independent 
experiments. Categorical variables are expressed as 
absolute frequencies and percentages, and continuous 
data were analyzed with descriptive statistics (mean 
values). P < 0.05 was considered statistically 
significant. Two‐tailed tests were performed. 

 

Table 1. Correlations between MTSS1 levels and 
clinicopathological parameters in glioma patients 

Factors Numbers Mean ± SD P-value 
Gender   0.347 
Male 26 0.29±0.26  
Female 8 0.26±0.37  
Age   0.771 
<50 7 0.34±0.31  
≥50 27 0.26±0.25  
Smoking history   0.354 
No 19 0.33±0.31  
Yes 15 0.22±0.19  
Alcohol consumption   0.817 
No 22 0.31±0.30  
Yes 12 0.23±0.18  
T stage   0.0005*** 
T1+T2 13 0.47±0.26  
T3+T4 21 0.16±0.19  
Clinical stage   0.001*** 
I+II 11 0.48±0.28  
III+IV 23 0.18±0.19   
*P<0.05, ***P<0.001, *****P<0.0001. 

 

Results 
MTSS1 levels are decreased in glioma tissues 

To investigate whether MTSS1 was involved in 
the development of human gliomas, we first detected 
the expression of MTSS1 in 34 human glioma and 
matched normal tissues, specifically, 5 grade I glioma 
tissues, 8 grade II glioma tissues, 12 grade III glioma 
tissues and 9 grade IV glioma tissues. The expression 
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of MTSS1 in glioma tissues was significantly lower 
than that in the matched paracancerous tissues (Fig. 
1A). The expression of MTSS1 was closely related to 
the grade of the gliomas—the higher the degree of 
malignancy, the lower was the expression of MTSS1 
(Fig. 1B). To further evaluate the expression of MTSS1, 
immunohistochemistry was conducted in glioma 
tissue, specifically, 10 samples of normal brain tissue, 
5 samples of grade I glioma tissue, 23 samples of 
grade II glioma tissue, 26 samples of grade III glioma 
tissue and 3 samples of grade IV glioma tissue. The 
protein level of MTSS1 in glioma tissue was 
significantly decreased compared with that in normal 
brain tissue. The higher the degree of malignancy of a 
glioma, the lower was the level of MTSS1 protein in 
the brain tissue (Fig. 1C). These results suggested that 
the expression level of MTSS1 was negatively 
correlated with the degree of malignancy of gliomas 

and may play an important role in glioma occurrence 
and progression. 

MTSS1 inhibits the proliferation and invasion 
of glioma cells 

To evaluate the role of MTSS1 in glioma 
occurrence and progression, we selected the grade IV 
glioma cell lines U87MG and T98G as the research 
model. The MTSS1 overexpression vector and the 
control empty vector were separately transfected into 
the U87MG and T98G cell lines with a transfection 
reagent, and the cells were then subjected to qRT-PCR 
and Western blotting. Compared with that in the 
corresponding cells transfected with the blank control 
vector, the level of MTSS1 mRNA in U87MG and 
T98G cells was increased by 14.37- and 17.64-fold (P < 
0.0001), respectively, after introduction of the 
plex-MTSS1 vector, and the level of MTSS1 protein in 

 

 
Figure 1. MTSS1 levels decreased in gliomas tissues and cells. (A and B) Level of MTSS1 in tissues of patients with human gliomas and their matched normal tissues at 
mRNA and (C) protein level. (*P<0.05, ***P<0.001, *****P<0.0001). MTSS1, Metastasis suppressor protein 1. 
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U87MG and T98G cells was significantly increased 
(Fig. 2A). Cells from each group were inoculated into 
96-well plates at 1000 cells/well. Cell proliferation 
was evaluated with a CCK-8 assay the next day. The 
absorbance value represents the number of cells. 
Overexpression of MTSS1 significantly decreased the 
proliferation rate of U87MG and T98 cells (Fig. 2B). In 

addition, we used a Transwell assay to evaluate the 
invasion ability of cells. Overexpression of MTSS1 
significantly decreased the invasion ability of U87MG 
and T98 cells, as evidenced by the significantly 
reduced number of cells crossing the matrix barrier (P 
< 0.0001) (Fig. 2C). 

 

 
Figure 2. MTSS1 inhibits the proliferation and invasion of gliomas cells. (A) The overexpression vector of MTSS1 and the control were respectively transferred into 
U87MG and T98G cell lines and then tested by qPCR and Western blot analysis. (B) Proliferation ability was examined and quantified by CCK-8 assay. (C) Invasive ability was 
assayed and quantified by Transwell invasion assay. (*P<0.05, ***P<0.001, *****P<0.0001) MTSS1, Metastasis suppressor protein 1. 
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Figure 3. MTSS1 participated in TGF-β1-induced EMT in gliomas cells. (A, B) The protein levels of epithelial markers (E-cadherin) and mesenchymal markers 
(vimentin) in U87MG and T98G (C, D) cells were assessed using Western blot analysis. (*P<0.05, ***P<0.001, *****P<0.0001) MTSS1, Metastasis suppressor protein 1. EMT, 
epithelial-mesenchymal transition, TGF-β1, transforming growth factor beta 1. 

 

MTSS1 participates in TGF‐β1‐induced EMT in 
glioma cells 

During the process of transformation from 
benign tumors to malignant and metastatic tumors, 
the most obvious morphological change is the 
transformation of tumor cells from a highly 
differentiated epithelial morphology to a mobile and 
invasive phenotype [26]. Therefore, EMT is 
considered one of the most critical steps in cancer 
metastasis [27]. Next, we explored the impact of 
MTSS1 on EMT. As expected, the Western blot results 
indicated that overexpression of MTSS1 significantly 
increased E-cadherin expression and decreased 
vimentin expression in U87MG cells (Fig. 3A and 3B) 
and in T98G cells (Fig. 3C and 3D). These results 
indicate that MTSS1 can inhibit tumor invasion and 
metastasis by regulating EMT. TGF-β1 is a growth 
factor that induces EMT and participates in EMT 
processes. In U87MG cells, the expression of 
E-cadherin in the TGF-β1-positive group was slightly 
decreased compared with that in the negative group. 
In contrast, the expression of Vimentin in the 
TGF-β1-positive group was slightly increased 
compared with that in the negative group (Fig. 3A 
and 3B). We found the same result in T98G cells (Fig. 
3C and 3D). MTSS1 regulated the EMT process 
induced by TGF-β1 to inhibit the proliferation and 

invasion of glioma cells. 

MiR-182 expression is negatively correlated 
with MTSS1 expression in glioma tissues 

Considering the significant downregulation of 
MTSS1 expression in human gliomas and its 
important role in the proliferation and invasion of 
glioma cells, it is necessary to explore the molecular 
mechanism underlying the downregulation of MTSS1 
expression in human gliomas. To date, the role of 
epigenetics in tumors has received increasing 
attention. Here, we focused on miRNA-mediated 
control of gene expression and regulation. Through 
bioinformatics analysis, we identified a conserved 
miR-182 binding site at positions 262-268 and 
1928-1935 in the 3'-UTR of MTSS1 mRNA (Fig. 4A). To 
investigate whether miR-182 was involved in the 
regulation of MTSS1 expression in gliomas, we first 
evaluated the abovementioned 34 human glioma 
tissues and their matched normal tissues by 
miRNA-specific qRT-PCR. The expression of miR-182 
was significantly upregulated in glioma tissues 
compared with the matched paracancerous tissues 
(Fig. 4B), and upregulated expression of miR-182 was 
closely related to a higher grade of gliomas. The 
higher the degree of malignancy of a glioma, the 
higher was its expression level of miR-182 (Fig. 4C). 
Correlation analysis of the expression levels of 
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miR-182 and MTSS1 in brain gliomas showed that 
miR-182 expression was negatively correlated with 
MTSS1 expression (P < 0.0001) (Fig. 4D), suggesting 

that overexpression of miR-182 might affect the 
regulation of MTSS1 expression. 

 

 
Figure 4. miR-182 expression is negatively correlated with MTSS1 expression in gliomas tissues. (A) Bioinformatics analysis show that miR-182 binding site of 
MTSS1 mRNA. (B) Level of miR-182 in tissues of patients with human gliomas at mRNA. (C) The expression of miR-182 was related to the grade of gliomas. (D) miR-182 was 
negatively correlated with MTSS1 in tissues of patients. (*P<0.05, ***P<0.001, *****P<0.0001). MTSS1, Metastasis suppressor protein 1. 
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Figure 5. miR-182 directly targets the expression of MTSS1. (A) miR-182 was negatively correlated with MTSS1 at mRNA and protein levels in U87MG and T98G cells. 
(B) The luciferase activity of U87MG and T98G cells were detected miR-182 directly target MTSS1. (*P<0.05, ***P<0.001, *****P<0.0001) MTSS1, Metastasis suppressor protein 
1. 

 

MiR-182 directly regulates the expression of 
MTSS1 

The above results suggested that miR-182 may 
regulate the expression of MTSS1. To confirm whether 
miR-182 directly regulates the expression of MTSS1, 
we first introduced a miR-182 inhibitor and its NC 
inhibitor into U87MG and T98G glioma cells. 
qRT-PCR was used to detect the changes in the 
expression of MTSS1 mRNA after transfection of the 
miR-182 inhibitor. After treatment, the miRNA level 
of MTSS1 was increased 12.36-fold in U87MG cells 
and 8.73-fold in T98G cells. In addition, the Western 
blot results showed that after transfection of the 
miR-182 inhibitor, the protein level of MTSS1 in 
U87MG and T98G cells was significantly increased (P 
< 0.0001) (Fig. 5A). To provide direct evidence that 
miR-182 directly regulated the expression of MTSS1 
via binding of its seed sequence to the complementary 
sequence in the 3'-UTR of MTSS1, we synthesized a 

200-bp DNA fragment with 400 bp upstream and 
downstream flanking sequences of each miR-182 
binding site in the 3'-UTR of MTSS1 and cloned it into 
the pMIR-REPORT luciferase reporter vector to 
construct the wild-type vector (pMIR-Wt). The DNA 
sequence of the 3`-UTR was cloned into the 
pMIR-REPORT luciferase reporter vector to construct 
the mutant vector (pMIR-Mt). The luciferase activity 
in U87MG and T98G cells were measured after 
cotransfection of the miR-182 inhibitor or scrambled 
control, pMIR-Wt or pMIR-Wtand pRL TK Renilla 
luciferase (a marine luciferase reporter gene vector, 
used as the internal control). Compared with the 
scrambled control, the miR-182 inhibitor increased the 
reporter gene activity in U87MG cells by 63.4% and 
increased the reporter gene activity in T98G cells by 4 
5.6% (P < 0.0001) (Fig. 5B). These results indicate that 
miR-182 can directly affect the mRNA and protein 
expression of MTSS1 by complementary binding to 
the 3'-UTR of MTSS1. 
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Figure 6. Down regulation of miR-182 inhibits the proliferation and invasion of gliomas cells. (A) The proliferation ability of U87MG and T98G was examined and 
quantified by CCK-8 assay. (B) The invasion ability of U87MG and T98G cells were examined and quantified by the Transwell invasion assay. (*P<0.05, ***P<0.001, 
*****P<0.0001) MTSS1, Metastasis suppressor protein 1. 

 

Downregulation of miR-182 inhibits the 
proliferation and invasion of glioma cells 

The above experimental results showed that 
MTSS1 can inhibit the proliferation and invasion of 
glioma cells and that miR-182 can directly target and 
regulate the expression of MTSS1. Therefore, we 
sought to further clarify the biological function of 
miR-182 in human glioma cells. After the miR-182 

inhibitor or its scrambled control was transfected into 
U87MG and T98G cells, the proliferation ability of 
these cells was evaluated by a CCK-8 assay. The 
proliferation ability of U87MG and T98G cells 
decreased significantly after the functional inhibition 
of miR-182 by the miR-182 inhibitor (Fig. 6A). In 
addition, we used a Transwell assay to evaluate the 
invasion ability of these cells. When the miR-182 
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inhibitor was used for functional inhibition of 
miR-182, the invasion ability of U87MG and T98G 
cells was significantly reduced, as evidenced by the 
significantly reduced number of cells crossing the 
matrix barrier (P < 0.0001) (Fig. 6B). These results 
indicate that inhibition of miR-182 and 
overexpression of MTSS1 had similar biological 
functions in human glioma cells, which strongly 
suggested that miR-182 may play a biological role by 
targeting the expression of MTSS1. 

Discussion 
As we know that glioma is the most common 

malignant and fatal primary tumor in the central 
nervous system and is characterized dispersal of 
tumor cell [28]. Here, we analyzed the molecules that 
play important roles in the occurrence and 
development of gliomas and can be used as potential 
markers or targets for treatment or prediction. MTSS1, 
as a metastasis suppressor gene, is an actin-binding 
protein in cytoskeleton function. This protein plays a 
very important role in cell-cell adhesion [29]. It 
belongs to the IMD (IRSp53 and MIM domain) family 
and is a kind of actin-binding scaffold protein 
involved in the occurrence and metastasis of tumors 
[30]. MTSS1 promotes actin filament assembly and is 
related to cytoskeletal and cellular movements by 
increasing RAC1-GTP expression [31, 32]. Other 
studies have shown that MTSS1 can directly inhibit 
the actin nucleation of DAAM1 in dendritic 
protrusions. MTSS1 is epigenetically regulated and 
inhibits the movement of glioma cells [33]. However, 
more research is needed on the transcriptional and 
posttranscriptional regulation of MTSS1. 

Recently, the role of the MTSS1 in tumor 
development, especially in invasion and metastasis 
has been reported. In metastatic prostate cancer [34], 
gastric cancer [35] and renal cancer [36], MTSS1 may 
play an antimetastatic role in tumor progression. It 
was also literature reported that MTSS1 was regulated 
by epigenetics in glioma cells and inhibits glioma cell 
motility. Most importantly, it showed that over-
expression of MTSS1 cannot alter cell apoptosis. [33]. 
However, the molecular mechanisms of MTSS1 
associated with invasion and metastasis of glioma 
was poorly understood. 

Migration, invasion and metastasis are 
important processes during tumor progression. EMT 
is a process in which epithelial cells acquire stromal 
characteristics [37]. Due to some physiological or 
pathological factors, cells lose their polarity, tight 
intercellular junctions and adhesive connections and 
acquire interstitial cell morphology and characteristics 
[38]. In cancer, EMT is associated with tumor 
development, invasion, metastasis, and treatment 

resistance [39]. Our research revealed that MTSS1 
participates in TGF‐β1‐induced EMT in glioma cells 
and miR-182 may work as an important biological 
target regulating MTSSI in proliferation and invasion 
of glioma cells. 

Considering the downregulation of MTSS1 
expression in glioma tissue and its biological function 
of inhibiting the proliferation and invasion of glioma 
cells, it is necessary to explore the molecular 
mechanism underlying MTSS1 downregulation. 
Currently, epigenetics is a research hotspot in tumor 
biology, and its role in tumor occurrence, progression 
and prognosis has been explored. The molecular 
mechanisms involved in epigenetics include DNA 
methylation, hydroxylation and carboxylation 
modifications [40]; MiRNAs have been confirmed to 
participate in many physiological processes during 
organism development as well as in the patho-
physiological processes of many diseases [41]. Many 
research reports have shown that miRNAs can be 
classified as oncogenes or tumor suppressor miRNAs 
play a key role in the differentiation, proliferation, 
apoptosis, invasion and metastasis of tumor cells [42]. 
In this study, we hypothesized the downregulation of 
MTSS1 expression in gliomas may be associated with 
miRNAs. Through bioinformatics analysis, we 
identified a conserved miR-182 binding site in the 
3'-UTR of MTSS1 mRNA. Then we assessed the 
expression of miR-182 in glioma tissues and analyzed 
its relationship with MTSS1 expression. The 
expression of miR-182 was negatively correlated with 
the expression of MTSS1. Further experiments 
showed that after functional inhibition of miR-182 in 
glioma cells, the expression of MTSS1 was 
significantly upregulated. Assays with the double 
luciferase reporter gene system also confirmed that 
miR-182 can directly affect the expression of MTSS1. 
Moreover, functional inhibition of miR-182 
suppressed the proliferation and invasion of glioma 
cells, similar to overexpression of MTSS1. 

According to current reported research, the role 
of miR-182 in human tumors be two-sided—miR-182 
may promote or inhibit cancers in a tissue-specific 
manner. The expression of miR-182 in high-grade 
serous ovarian cancer is significantly upregulated. 
Overexpression of miR-182 strongly promotes the 
malignant transformation of normal ovarian epithelial 
cells and enhances the invasion and metastasis 
abilities of ovarian cancer cells in vitro and in vivo [43]. 
MiR-182 is also overexpressed in malignant 
melanoma cells and tissues; downregulation of 
miR-182 expression can inhibit the migration and 
invasion and promote the apoptosis of melanoma 
cells, and miR-182 plays a biological role by targeting 
FoxO3 for inhibition in melanoma [44]. Recently, the 
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overexpression of miR-182 was reported to be closely 
related to the clinical characteristics and poor 
prognosis of colorectal cancer [45, 46], and the 
abundance of miR-182 in the circulating peripheral 
blood can be used as a molecular marker to evaluate 
the progression of colorectal cancer [47]. However, 
miR-182 is downregulated in gastric adenocarcinoma 
cells. Overexpression of miR-182 can inhibit the 
proliferation of gastric adenocarcinoma cells by 
targeting the expression of CREB1 [48]. The 
expression of miR-182 is downregulated in lung 
cancer and is correlated with upregulated expression 
of RGS17. Overexpression of miR-182 can inhibit the 
proliferation and anchorage-independent growth of 
lung cancer cells by downregulating the expression of 
RGS17 [49]. The role of miR-182 in human tumors 
remains to be further studied. 

The results of this study preliminarily suggested 
the expression pattern and possible biological 
function of the miR-182/MTSS1 signaling axis in 
glioma. Therefore, our study laid a solid foundation 
for the diagnosis and treatment of glioma through 
understanding the function and mechanisms of 
MTSS1 in glioma. However, the function and 
molecular mechanism still need to be further 
confirmed by in vitro and in vivo experiments. 
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