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Abstract 

Purpose: To investigate the effect of microRNA-16 (miR-16) on glioma cell migration and invasiveness, 
and the mechanism involved. 
Methods: MicroRNA-16 mimic or inhibitor was transfected into human glioma (SHG44) cells. Cell 
migration, invasiveness and morphology were determined using scratch test, Transwell invasion assay, 
and immunohistochemical staining, respectively. Expressions of bcl-2, MMP-9 and MMP-2, and NF-κB1 
proteins were measured using Western blotting.     
Results: Overexpression of MicroRNA-16 significantly down-regulated MMP-9 protein in SHG44 cells 
(p < 0.05), but MMP-2 protein expressions in the 2 groups were comparable (p > 0.05). Protein 
expressions of MMP-9 and NF-κB1 were significantly down-regulated in human glioma positive cells, 
relative to negative control.            
Conclusion: MiR-16 overexpression suppresses the migration and invasiveness of SHG44 cells via the 
regulation of NF-κB1/MMP-9 signaling pathway, and it directly targets bcl-2 gene by inhibiting its protein 
expression. This finding affords a new target for developing new anti-glioma drugs.   
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INTRODUCTION 
 
Glioma, a highly invasive cancer tumor that 
originates from brain or spinal cord glial cells, 
accounts for 80 % of brain malignancies. Glioma 
treatments include surgery, radiation therapy, 
chemotherapy and targeted molecular therapy 
[1].  
 
MicroRNAs (miRNAs) have been implicated in 
the pathogenesis of gliomas. They function as 
proto-oncogenes or tumor suppressor genes 

which regulate the degradation and translation of 
mRNA [2]. The expression of miR-16 is down-
regulated in malignant tumors such as prostate 
and lung cancer [3]. Studies have also revealed 
a close association between miR-16 expression 
and human glioma.  
 
Apoptosis and necrosis, two major forms of cell 
death, are universal biological phenomena [4]. 
The proliferative capacity of tumor cells is due to 
their ability to resist apoptosis.     
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B-Cell lymphoma 2 (bcl-2), an oncogene located 
in mitochondria, is both pro-apoptotic and anti-
apoptotic. As a pro-apoptotic regulatory gene, 
bcl-2 is involved in the pathogenesis of several 
diseases [5]. Impairment of the bcl-2 gene is 
associated with anti-cancer drug resistance and 
etiology of some tumors [6]. Studies have shown 
that in patients with chronic myelogenous 
leukemia, the expressions of miR-15a and miR-
16-1 are markedly down-regulated, while bcl-2 
protein expression is significantly upregulated [7]. 
However, the precise molecular mechanism 
underlying the involvement of miR-16 and bcl-2 
in the initiation and progression of gliomas has 
not been fully elucidated. The influence of miR-
16 on glioma cell migration and invasiveness, 
and mechanism involved, were the aim of the 
present study. 
 
EXPERIMENTAL 
 
Materials 
 
Human glioma SHG44 cells were obtained from 
Guangzhou Ginio Biotech Company Limited, 
China. The BALB/C nude mice used for this 
study were obtained from Wuhan Yunclone 
Diagnostic Reagent Research Institute Co. Ltd, 
China. Rabbit MMP-2, MMP-4, NF-κB1 
monoclonal antibodies, real-time fluorescent 
quantitative PCR reagent, RPMI 1640 medium, 
DMEM, FBS, trypsin and miR-16 primer were 
products of Shanghai Biotechnology Co. Ltd. 
(China). Carbon IV oxide (CO2) incubator, ultra-
clean bench, inverted microscope, bench-top 
high-speed centrifuge, constant temperature 
water bath, electronic scale, ultra-low 
temperature refrigerator, PCR machine, 
Transwell cell chamber, microtome, embedding 
machine, optical and fluorescence microscope, 
electrophoresis tank, and electric transfer tank 
were purchased from Dalian (China). 
 
Cell culture  
 
The SHG44 cells were maintained for 24 h in 
DMEM tainted with 10 % FBS and antibiotics in a 
5 % CO2 incubator. Logarithmic growth phase 
cells were selected and used for the study. 
 
Cell transfection 
 
Liposome transfection method was employed 
with lipofectamine 2000 transfection reagent. The 
cells were seeded in 6-well plates until they 
attained 40 – 50 % fusion. The cells were 
cultured in serum-free medium with equal volume 
of miR-16 mimic or inhibitor, each at a 
concentration of 10 μmol/L. Incubation was done 
at laboratory temperature for 5 min. 

Lipofectamine 2000 was dissolved in serum-free 
medium and incubated at laboratory temperature 
for 10 min to form a mixture. The mixture was 
then added to cells in each group, and cultured 
at 37 oC in a 5 % CO2 atmosphere for 48 h. 
Normal cell culture without miR-16 mimics or 
inhibitor served as control group. The 
transfection efficiency was determined with qRT-
PCR. 
 
Immunoblot assay    
 
After transfection, the SHG44 cells were 
assigned to three groups: control group, miR-16 
mimic group and miR-16 inhibitor group. The 
levels of expression of bcl-2, miR-16, MMP-9 and 
MMP-2 in each group were determined using 
Western blotting. The cells were rinsed in PBS 
and lysed with ice-cold radio-immunoprecipitation 
assay (RIPA) buffer containing protease and 
phosphatase inhibitors. The protein obtained 
after centrifugation was quantified, subjected to 
SDS-PAGE, transferred to PVDF membranes 
which were then blocked with skim milk and 
incubated overnight at 4 ∘C with rabbit 1o 
polyclonal antibodies against bcl-2, miR-16, 
MMP- 9, MMP-2 and β actin, all diluted 1 to 
1000, followed by incubation for 60 min with 
HRP-linked 2o. Blot development was done with 
X-ray film, and the bands were subjected to 
Grayscale analysis with enhanced 
chemiluminescence (ECL). The β-actin protein 
served as standard. 
 
Cell migration assay 
 
The migratory ability of SHG44 cells was 
determined using scratch test. The cells were 
seeded in 6-well plates until they attained 90 - 
100 % confluency, and scratches were made on 
the cell monolayers. After washing thrice with 
serum-free medium, the cells were further 
cultured for 72 h, and then observed and 
analyzed using Image Pro Plus (6.0). Cell 
mobility (CM) was calculated as shown in Eq 1. 
 
CM = (1-S × 100%)/(IS)………… (1) 
 
where S is scratch width during measurement, 
and IS is initial scratch width. 
 
Determination of cell invasiveness  
 
The degree of invasiveness of SHG44 cells was 
determined using Transwell invasion assay. The 
cells were placed in Transwell chamber at a 
density of 1 × 105 cells/mL, coated with 
substrate, and cultured without serum, while 10 
% FBS medium was placed in the lower 
compartment. Following 24 h culture, cells that 



Luo & Zhang 

Trop J Pharm Res, December 2020; 19(12): 2501 
 

passed through the matrix gel membrane were 
subjected to staining with crystal violet after 
fixation, photographed and counted using an 
inverted microscope. 
 
Transfection of mice with glioma cells 
 
Nude mice (BALB/C) weighing 40 to 50 g (mean 
weight = 45.0 ± 4.11 g) and aged 2 – 3 weeks 
were transfected with SHG44 cells (3 x 106 cells) 
for 48 h using lipofectamine 2000 transfection kit. 
The animals were thereafter assigned to 2 
groups (7 mice/group): negative and positive 
control groups. Subcutaneous glioma models 
were successfully established in both groups. 
After 6 weeks, the mice were euthanized and 
hematoxylin and eosin (H & E) staining was used 
to determine the growth of subcutaneous tumors 
in both groups of mice. 
 
Immunofluorescence staining (SP method) 
 
In order to enhance cell dissociation, 
microspheres were immersed in dissociation 
solution containing 0.9 % NaCl, 55 mM sodium 
citrate, and 20 mM ethylenediaminetetraacetate 
(EDTA) for 5 min. The cells were thereafter 
collected and re-plated at 37 °C for 12 h to allow 
them adhere properly to the plates. The two 
groups were subjected to fixation in 
paraformaldehyde at laboratory temperature for 
30 min and treated with 0.1 % Triton X-100 for 20 
min. Primary antibodies for MMP-9 and NF-κB1 
were added, followed by overnight incubation 
before the secondary antibodies were applied. 
 
Statistics  
 
Results are shown as mean ± SEM. Two-group 
comparison was done with t-test using version 
SPSS 23.0. Values of p < 0.05 implied significant 
differences. 
 
RESULTS 
 
Expression levels of Bcl-2 and miR-16 in 
SHG44 cells after transfection  
 
Table 1 shows that the expression of bcl-2 was 
significantly down-regulated in miR-16 mimic 
group, relative to control (p < 0.05). The 
corresponding miR-16 expression was markedly 
upregulated in mimic group, but was down-
regulated in cells exposed to inhibitor (p < 0.05). 
 
Effect of miR-16 overexpression on migratory 
and invasive potential of human SHG44 cells 
 
The migratory ability of cells in miR-16 mimic 
group was significantly lower than that of control 

group, and the mean number of cells migrating in 
the inhibitor group was markedly higher than that 
in control (p < 0.05; Figure 1). 
 
Table 1: Protein expressions of bcl-2 and miR-16 in 
SHG44 cells 
 
Group Bcl-2 miR-16
Control 9.88 ± 0.49 5.63 ± 1.22 
MiR-16 inhibitor 9.91 ± 1.23b 4.55 ± 1.18b 
MiR-16 mimic 2.58 ± 0.68a 12.23 ± 1.56a 
aP < 0.05, vs control; bp < 0.05, vs miR-16 mimic 
 

 
 
Figure 1: Effect of miR-16 overexpression on the 
migration of human glioma cells. A: Control group; B: 
miR-16 inhibitor group; C: miR-16 mimic group 
 
Effect of miR-16 mimic and inhibitor on 
SHG44 cell invasiveness    
 
As shown in Figure 2, cells in miR-16 mimic 
group were less invasive than those in control 
group, but cell invasiveness was significantly 
promoted by miR-16 inhibitor (p < 0.05). 
 

 
 
Figure 2: Effect of miR-16 overexpression on the 
invasion of human glioma cells. A: Control group; B: 
miR-16 inhibitor group; C: miR-16 mimics group 
 
Effect of miR-16 overexpression on protein 
levels of MMP-9 and MMP-2 in human glioma 
cells 
 
MicroRNA-16 overexpression significantly down-
regulated MMP-9 protein in SHG44 cells (p < 
0.05), but had no effect on MMP-2 protein 
expression (Figure 3). 
 

 
 
Figure 3: Effect of miR-16 overexpression on MMP-9 
and MMP-2 expression levels in human glioma cells. 
A: Control group; B: miR-16 inhibitor group; C: miR-16 
mimic group 
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Influence of miR-16 overexpression on 
growth and invasiveness of human glioma 
cells 
 
In the positive control group, 
immunohistochemical staining revealed visible 
cell boundary with small tumor volume. However, 
in the negative control group, the cell boundary 
was not distinct and was characterized by large 
tumor volume (Figure 4). As shown in Figure 5, 
MMP-9 expression level was markedly reduced 
in positive control group (p < 0.05). 
 

 
 
Figure 4: Influence of miR-16 expression on growth of 
human glioma cells 
 

 
 
Figure 5: Influence of miR-16 overexpression on 
MMP-9 level in human glioma. 
 
Effect of miR-16 overexpression on MMP-9 
and NF-κB1 expression levels in SHG44 cells   
 
As shown in Figure 6, protein expressions of 
MMP-9 and NF-κB1 were significantly down-
regulated in human glioma positive cells, relative 
to negative control. 
 
DISCUSSION 
 
Gliomas are one of the common diseases of the 
nervous system, and account for about 45 % of 
all intracranial tumors. At present, surgery, 
radiotherapy and chemotherapy remain the main 
treatment strategies for glioma, but they are 
characterized by poor prognosis. Studies have 
shown that the 1-year survival of patients with 
glioblastoma multiforme (GBM) is barely 58 %, 
while 2-year survival is only 31 % [8]. This study 
investigated the impact of miR-16 on glioma cell 
migration and invasiveness, and the mechanism 
involved. 

 

 
 
Figure 6: Influence of miR-16 overexpression on 
MMP-9 and NF-κB1 levels in SHG44 cells 
 
Clinical reports suggest that proto-oncogene 
activation and tumor suppressor gene 
inactivation are key in initiation and progression 
of gliomas [9]. 
 
MicroRNA-16 has been implicated in 
tumorigenesis. Its expression is reduced in 
prostate and non-small cell lung cancer [10]. It 
induces apoptosis in small lymphocytic 
lymphoma cells via down-regulation of bcl-2 
expression [11]. However, the precise molecular 
mechanism involved is yet to be fully elucidated. 
As a carcinogenic gene, bcl-2 is located primarily 
in mitochondria, where it participates in the 
initiation of glioma [12]. The upregulation of bcl-2 
expression is associated with increased degree 
of malignancy of human glioma [13]. 
 
Studies have shown that miR-16 protein 
expression is down-regulated in primary human 
glioma tissue. The present study showed marked 
decrease in bcl-2 in miR-16 mimic group, relative 
to control group. The corresponding miR-16 
expression was markedly increased in mimic 
group, but down-regulated in inhibitor group. 
These results suggest that miR-16 may directly 
target bcl-2 gene. 
 
Tumor invasiveness is one of the key factors 
involved in tumor recurrence. This is responsible 
for the failure of most cancer therapies. For a 
particular cancer therapy to be effective, it must 
effectively address the issue of cancer invasion 
and metastasis. Disruption of adhesion of cancer 
cells to the stroma causes tumor cell invasion 
and metastasis. Matrix metalloproteinase (MMP), 
a zinc-dependent protein, specifically degrades 
extracellular matrix and regulates cell adhesion, 
thereby promoting tumor cell invasion and 
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metastasis [14]. Clinical investigations have 
revealed that protein expressions of MMP-2 and 
MMP-4 are upregulated in human gliomas 
[15,16]. 
 
Nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kB) signaling pathway 
regulates tumor cell proliferation and invasion. 
Thus, it plays a key role in tumor progression and 
growth. The results of this study indicate that 
miRNA-16 overexpression inhibited MMP-9 
protein expression, thereby slowing down the 
growth and invasion of glioma cell. Similarly, 
protein expressions of MMP-9 and NF-κB1 were 
significantly down-regulated in human glioma 
positive cells, relative to the negative control 
cells. These results show that miR-16 
suppresses the proliferative and invasive 
potential of glioma cells via the regulation of NF-
κB1/MMP-9 signal route. 
 
CONCLUSION 
 
Findings obtained in this investigation suggest 
that overexpression of miR-16 suppresses 
migratory potential and invasiveness of SHG44 
cells via the NF-κB1/MMP-9 signal route. It also 
directly targets bcl-2 gene by inhibiting its protein 
expression. This provides a new target for the 
development of new anti-cancer drugs. 
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