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Abstract: Gliomas are the most common malignant primary brain tumors, and new clinical 

biomarkers and therapeutic targets are imminently required. MicroRNAs (miRNAs) are a 

novel class of small non-coding RNAs (∼22nt) involved in the regulation of various biologi-

cal processes. Here, by using real-time polymerase chain reaction, miRNA-132 was found to 

be significantly deregulated in glioma tissues. Based on the prediction of the target genes of 

miR-132, we hypothesized that there is a significant association between miR-132 and matrix 

metalloproteinase (MMP) 16 (MT3-MMP), a protein of the MMP family. We showed that the 

up-expression of miR-132 inhibited cell migration and invasion in the human glioma cell lines 

A172, SHG44, and U87. Furthermore, the overexpression of miR-132 reduced the expression 

of MMP16 in A172, SHG44, and U87 cells. Taken together, our study suggested that miR-132 

affects glioma cell migration and invasion by MMP16 and implicates miR-132 as a metastasis-

inhibiting miRNA in gliomas.
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Introduction
Gliomas are the most common malignant primary brain tumors and are characterized 

by increased proliferation, robust angiogenesis, and invasion into the surrounding 

normal brain tissue.1 Despite aggressive surgery, radiation, and chemotherapy, the 

median survival of glioblastoma patients is 12–15 months.2 Since tumor invasion is a 

major reason for treatment failure,3,4 the development of novel therapeutic strategies 

aimed at limiting or reducing the ability of invasion of glioma cells could have a deep 

effect on patient outcome.

MicroRNAs (miRNAs) are short single-stranded nucleotide RNA molecules, which 

regulate gene expression by binding to the 3′-UTRs translated regions of their target 

mRNA molecules, to repress transcription or induce mRNA degradation.5,6 miRNA 

controls cell growth, proliferation, metabolism, and apoptosis.7,8 Indeed, specific 

miRNA dysregulation has been shown to correlate with particular types of cancer.9,10 

For example, miR-16, lower expressed in glioma cells, suppresses Bcl-211 and miR-145, 

overexpressed in metastatic glioma cells, suppresses ADAM17.12

Matrix metalloproteinase (MMP) 16 (membrane type 3 MMP [MT3-MMP]) is a 

membrane-type metalloprotease that functions in activating proMMP2 (gelatinase A) 

into its active form as the zymogen is excreted out of the cell.13 Therefore, a zymogram 

depicting the gelatinase activity of activated MMP2 would be an indirect mechanism 

of determining the activity of MMP16. MMP2 can cleave collagen IV of the basement 

membrane and is implicated in cancer metastasis.14 It is therefore not surprising that 

high MMP16 expression has been associated with increasing invasiveness in gastric 

cancer,15 hepatocellular carcinoma,16 prostate cancer,17 as well as melanoma cells.18
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hsa-miR-132 gene is located in chromosome 17 

(1953202–1953302) with 100 bp in miRbase. In the last 

several years, many studies have found the deregulated 

expression of miR-132, which has been implicated in 

the development and progression of various cancers. For 

instance, miR-132 can act as a tumor suppressor and inhibit 

cell proliferation in breast cancer.19 Furthermore, the dysregu-

lation of miR-132 has been found in primary osteosarcoma,20 

Alzheimer’s disease,21 prostate cancer,22 and pancreatic 

cancer.23 But the function of miR-132 in regulating glioma 

cell migration and invasion remains unexplored.

In our study, the expression of miR-132 in glioma tissues 

compared with normal brain tissue was studied by real-time 

reverse transcription polymerase chain reaction (RT-PCR). 

We demonstrated that miR-132 inhibits glioma cell invasion 

by directly targeting the three prime untranslated region 

(3′-UTRs) of MMP16, at the time impair activation of MMP2. 

Our results suggest that downregulation of miR-132 plays an 

important role in enhancing the invasion of glioma cells.

Materials and methods
cell lines and cell culture
The following three human glioma cell lines were used: 

U87MG, SHG44, and A172. They were maintained in 

Dulbecco’s Modified Eagle’s Medium (DMEM) (U87MG, 

A172) or RPMI-1640 (SHG44) medium supplemented with 

10% fetal bovine serum (FBS) and 100 U/mL penicillin/

streptomycin. All cultures were maintained in a humidified 

atmosphere of 5% CO
2
 at 37°C.

clinical specimens
Glioma tissues were obtained from therapeutic procedures 

performed as routine clinical management at our institu-

tion. Tissue samples were resected during surgery and 

immediately frozen in liquid nitrogen for subsequent total 

RNA extraction. A total of eleven low-grade glioma tissues 

(glioma grades I–II), 12 high-grade glioma tissues (glioma 

grades III–IV), and eight nonneoplastic brain specimens were 

included in our study.

Transfection of mirna mimics or 
inhibitor
Glioma cells were seeded in six-well plates at 50% conflu-

ence without antibiotics on the day before transfection. Trans-

fection with miR-132 mimics (UAACAGUCUACAGCCAU 

GGUCGACCAUGGCUGUAGACUGUUAUU) or miRNA 

mimics negative control (UUCUCCGAACGUGUCA 

CGUTTACGUGACA CGUUCGGAGAATT) and miR-132 

inhibitor (5′-3′CGACCAUGGCUGUAGACUGUUA) 

or miRNA inhibitor negative control (5′-3′CAGUACU 

UUUGUGUAGUACAA) was performed using Lipo-

fectamine 2000 reagent (Thermo Fisher Scientific, Waltham, 

MA, USA). Transfection complexes were prepared according 

to the manufacturer’s instructions.

rna extraction and quantitative 
real-time Pcr
Total RNA was isolated from tumor sample and glioma cell 

lines with TRIzol reagent (Thermo Fisher Scientific), and 

their RNA concentrations were measured with an Eppendorf 

BioPhotometer at 260 nm and 280 nm (A260/280). cDNA 

was synthesized with the ReverTra Ace®qPCR RT kit (FSQ-

101; Toyobo, Osaka, Japan). Real-time PCR analyses were 

performed with SYBR® Green Real-Time PCR Master Mix 

(QPK-201; Toyobo). Quantification of miR-132 was per-

formed with a stem-loop real-time PCR miRNA kit (RiboBio, 

Guangzhou, People’s Republic of China). Operation is based 

on manufacturer’s instructions. The primer pairs for MMP16 

were sense 5′-GAAGACGGTTGGATTTCGTG-3′ and anti-

sense 5′-GTCAGTCGGTGGAAGGTAGC-3′, and those for 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were 

sense 5′-GGGTGTGAACCATGAGAAGT-3′ and antisense 

5′-GGCATGGACTGTGGTCATGA-3′. RT-PCR was done 

in a preheated real-time instrument (ABI7300) for 40 cycles 

of 15 seconds at 94°C and of 1 minute at 58°C.

in vitro matrigel invasion assay
Matrigel chambers (BD Biosciences) were used to deter-

mine the effect of miR-132 on invasiveness according to 

the manufacturer’s instructions. A total of 5×104 cells, 

after being transfected 36 hours, were resuspended in basic 

DMEM culture medium, supplemented with 0.5% FBS, and 

added 200 µL to the upper chamber of a transwell system 

(8 µm pore size, Corning 3422), while the lower chamber 

was filled with 0.5 mL of complete medium that served as 

a chemoattractant. After incubation for 24 hours at 37°C, 

invasive cells, which had the ability to push themselves 

through the 8 µm pores and grow on the lower surface, were 

fixed with 100% methanol and stained with 1% toluidine 

blue (Sigma-Aldrich Co.) before counting under an inverted 

microscope. All the experiments were done in duplicate, and 

results were expressed as mean ± SEM of three independent 

experiments.

Western blotting
Forty-eight hours after miRNA mimics or miRNA inhibitor 

transfection, total proteins were isolated from tissues and 

cell lines with radioimmunoprecipitation (RIPA) lysis buffer 
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(P0013B, Beyotime, People’s Republic of China). The super-

natants containing the whole protein extracts were obtained 

after centrifugation of the lysates at 12,000× g for 20 minutes 

at 4°C. The protein concentrations were determined by 

enhanced bicinchoninic acid protein assay kit (Beyotime). 

Heat-denatured protein samples (50 µg per lane) were 

resolved by 10% sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS–PAGE) gel and transferred to 

an Immobilon-P transfer membrane (EMD Millipore). 

The membrane was blocked in 5% non-fat dry milk in 

Tris-buffered saline (pH 7.4) containing 0.05% Tween-20 

to block nonspecific binding, followed by incubation over-

night at 4°C with a primary rabbit polyclonal antibody 

against human MMP16 (1:200, Boster, People’s Republic 

of China), MMP2 (1:250, Santa Cruz Biotechnology Inc., 

Dallas, TX, USA), and was blotted with goat anti-rabbit 

immunoglobulin G (1:3,000, Santa Cruz Biotechnology 

Inc., USA). Then GAPDH was used as a loading control. 

Signals were detected by secondary antibodies labeled with 

HRP, and the bound antibody was detected with the use of 

enhanced chemiluminescence detection reagents (Beyotime) 

according to the manufacturer’s instructions.

Plasmids construction and dual-luciferase 
reporter assay
We entrusted Shanghai Ltd. to construct pGL3-MMP16 by 

amplifying 3′-UTR of MMP16 gene harboring the miR-

132 binding site predicted by the TargetScan (http://www.

targetscan.org) and subsequently cloning it into the pGL3 

control vector (Promega Corporation, Fitchburg, WI, USA) 

at the Xbal site immediately downstream of firefly luciferase. 

pGL3-MMP16-mut, which has three mismatch mutations 

in the miR-132 seed complementary site, was generated to 

be a negative control. For the luciferase assay, 293T cells 

were cultured in 12-well plates and each was cotransfected 

with 400 ng of either pGL3-MMP16 or pGL3-MMP16-mut, 

50 ng of pRL-TK (Promega Corporation), and 50 nmol/L 

of miR-132 mimics or NC. The pRL-TK Renilla luciferase 

plasmid was used as an internal control to correct differences 

in both transfection and harvest efficiencies.

Forty-eight hours after transfection, firefly and Renilla 

luciferase activities were measured using the dual-luciferase 

reporter assay (Promega Corporation). The results were 

expressed as relative luciferase activity (firefly luciferase/

Renilla luciferase).

statistical analysis
Data are presented as mean ± standard deviation. The 

data were analyzed using the SPSS 12.0 Windows version 

software. Statistical analyses were done by analysis of 

variance or Student’s t-test. P-value ,0.05 was considered 

statistically significant.

Result
expression of mir-132 is lower in glioma 
tissue compared to normal brain tissues
To determine the role of miR-132 in glioma tissues, we used 

real-time PCR analyses to determine the expression of miR-132 

in eleven low-grade glioma tissues and 12 high-grade glioma 

tissues compared to eight normal brain tissues. As shown in  

Figure 1A, miR-132 expression levels were significantly 

decreased in glioma tissues compared to normal brain tissues.

In addition, we found that the expression of miR-132 was 

lower in glioma cell lines compared to normal brain tissues 

(Figure 1B). The downregulation of miR-132 in glioma tis-

sues and glioma cell lines suggests that miR-132 may be as 

a potential target in glioma therapy.

mir-132 can inhibit invasion of glioma cells
In order to understand the effect of miR-132 on glioma 

cell invasion and migration, we used miR-132 mimics and 

inhibitors to infect human glioma U87, SHG44, and A172 

cells. Seventy-two hours after transfection with miR-132 

or scrambled-miRNA, U87, SHG44, and A172 cells were 

seeded into the upper chamber, and then cells that invaded 

through the extracellular matrix (ECM) after 48 hours were 

imaged and counted (Figure 2A and B). In both cell lines, 

miR-132 could decrease the number of cells that invaded 

compared to controls. Taken together, these data indicate 

that miR-132 may be as a regulatory molecule concern cell 

migration and invasion in vitro.

expression of MMP16 mrna in glioma 
tissues
Real-time PCR analyses showed that the expression of 

MMP16 mRNA was dramatically higher in eleven low-grade 

glioma tissues and 12 high-grade glioma tissues compared to 

eight normal brain tissues. The result is shown in Figure 1C. 

Here, our result showed that MMP16 mRNA is higher expres-

sion in glioma tissues, compared that the results of miR-132 

in glioma tissues suggest that the expression of MMP16 

mRNA expression is inversely related to the miR-132.

mir-132 downregulates the expression 
of MMP16 mrna
To explicit the mechanism by which miR-132 inhibited cell 

migration in glioma cells, we founded miR-132 targets using 

the algorithms TargetScan5 and miRBase and found that 
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MMP16 might play a role in cell migration and invasion. We 

use RT-PCR assay and qPCR systems. Transfection of glioma 

cells with miR-132 mimic significantly decreased the expres-

sion of MMP16 mRNA in glioma cells compared to levels in 

control miR expressing cells (Figure 3A and B). The above 

results showed that MMP16 may be a target gene of miR-132 

to promote the glioma cell migration and invasion.

MMP16 as an activator of MMP2 can 
activate the expression of MMP2 protein 
levels
To validate whether miR-132 can affect the expression lev-

els of MMP16 protein, we measured the protein expression 

levels of MMP16 in response to the effect in the miR-132 

expression level in U87, A172, and SHG44 by transfection. 

We found that protein expression level of MMP16 was down-

regulated and upregulated by miR-132 mimics and miR-132 

inhibitor transfection, respectively (Figure 4).

mir-132 can directly downstream the 
target gene of MMP16
miR-132 is predicted to target MMP16 (MT3-MMP) (www.

microRNA.org), which is a potential activator of MMP2.23,24 

We used Western blot to validate the hypothesis. The results 

showed that miR-132 can activate the expression of MMP2 

protein by regulating the expression of MMP16 (Figure 4). 

Up-miR-132 inhibits invasion in human glioma cells by 

directly downregulating MMP16 expression. The luciferase 

assay revealed reduced relative luciferase activities in 293T 

cells stably, overexpressing miR-132 following transfection 

of MMP16 3′-UTR (Figure 5A and B) (P,0.05).

Discussion
In our study, we found lower levels of miR-132 in glioma 

cancer tissues than in normal brain tissues and in glioma 

cells than in normal brain tissues. Furthermore, we have 

found that miR-132 could inhibit glioma cell invasion 
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Figure 4 Up-mir-132 can reduce the protein expression of MMP16 and MMP2 in U87, a172, and shg44 cell lines by Western blot systems (pre-mir-132 as mir-132 
mimics; anti-mir-132 as mir-132 inhibitor).
Note: *P,0.05; **P,0.01.
Abbreviations: MMP, matrix metalloproteinase; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; nc, normal control.
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and migration in glioma cells. Glioma cells by transfected 

miR-132 mimics decreased tumor cell migration and inva-

sion, while inhibition of transfecting miR-132 inhibitor 

produced the opposite result. Nevertheless, whether miR-

132 inhibits tumor invasion and metastasis of glioma in 

vivo still remains to be investigated, because such study is 

hampered at present by the lack of an experimental strategy 

for stably increasing or silencing miRNAs over extended 

periods of time.

We further showed that the function of miR-132 inhibits 

glioma cell invasion and migration properties by reducing 

the expression of an MMP gene, MMP16. MMP16 is a 

membrane-anchored MMP that is able to activate MMP2 

for invasion. Our study suggests the functional relevance 

of MMP16 in the downregulation of glioma cell migration. 

The previous report showed that decreasing MMP16 levels 

efficiently inhibit cell invasion of glioma cells.25 As MMP2 

is activated by MMP16, this would be an indirect indication 

of the function of MMP16. MMP16 was also found to pos-

sess proteolytic activity against ECM components such as 

type III collagen. It is possible that MT3-MMP is involved 

in the turnover of ECM in the normal brain and astrocytic 

tumor tissues.26,27

In conclusion, our data suggested that miR-132 plays a 

key role in the malignancy of glioma cells possibly by direct 

regulation of MMP16 protein expression, which affects 

glioma cell migration and invasion. Our data suggested that 

miR-132 may be a potential therapeutic target for prevent-

ing GBM invasion and metastasis. However, further study 

is needed to determine if MMP16 activity is influenced by 

miR-132 in vivo in glioma.
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