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Exosomes are small membranous vesicles which contain 
abundant RNA molecules, and are transferred from releasing 
cells to uptaking cells. MicroRNA (miRNA) is one of the 
transferred molecules affecting the adopted cells, including 
glioma cells. We hypothesized that mesenchymal stem cells 
(MSCs) can secrete exosomes loading miRNA and have 
important effects on the progress of gliomas. To determine 
these effects by treating exosomal miRNA in culture media of 
miRNA mimic transfected MSCs, we assessed the in vitro cell 
proliferation and invasion capabilities, and the expression 
level of relative proteins associated with cell apoptosis, growth 
and migration. For animal studies, the mice injected with U87 
cells were exposed to exosomes derived from miRNA-584-5p 
transfected MSCs, to confirm the influence of exosomal 
miRNA on the progress of glioma. Based on our results, we 
propose a new targeted cancer therapy wherein exosomes 
derived from miRNA transfected MSCs could be used to 
modulate tumor progress as the anticancer vehicles. [BMB 
Reports 2018; 51(8): 406-411]

INTRODUCTION

Malignant gliomas are the most common primary brain tumors 
affecting the central nervous system, with accompanying high 
morbidity and mortality (1, 2). Despite current advances in 
surgical resection techniques, radiation therapy and chemo-
therapy, the prognosis of glioma remains extremely poor (3, 4, 
5). Limitations of these therapies include incomplete removal 

of gliomas during surgery, impact of irradiation on surrounding 
normal brain tissues as well as the target tissues, and difficult 
for infiltration of chemicals to cross the blood brain barriers (2, 
6). Based on these limitations, some researchers turned their 
attention to alternate candidates for cancer management.

Mesenchymal stem cells (MSCs) are recently highlighted as 
a new approach to overcome the demerits of previous gliomas 
therapies (2, 7). In recent years, cancer related studies using 
MSCs have got interested in tropism for tumor sites (8). The 
tropism of MSCs is based on their inherent homing ability 
towards damaged or injured tissues in response to released 
substances and factors from the tissues (2, 9). After reaching 
the tumor site, MSCs show anti-tumor properties, such as 
decreasing proliferation and increasing apoptosis of cancer 
cells (7, 10, 11). MSCs secrete numerous bioactive molecules 
including exosomes that contribute to establishing immuno-
modulatory functions, and remodeling a suitable micro-
environment for preparation of tissue regeneration (10). 
Exosomes are small membranous vesicles secreted from a 
variety of cell types (12). These vesicles contain microRNAs 
(miRNAs) and can transfer from cell to cell and contributes to 
cell-to-cell communication, modulation of cellular activities of 
target cells (13, 14, 15). Some studies have reported that the 
intercellular transport of miRNAs occurs through exosomes 
(16, 17). MiRNAs, as gene regulators, modulate diverse 
biological processes, during development, such as cell 
proliferation, differentiation, and apoptosis (18). MiRNA-584, a 
major tumor suppressive biomarker in various cancers, is 
known to inhibit tumor cell growth, metastasis, and invasion 
through decrease of oncogenes, and induce cell apoptosis by 
blocking the expression and activity of relative proteins 
(19-22). It targets the expression of CYP2J2 which is associated 
with the pathogenesis and progression of metastatic cancers.

In this study, we hypothesized that exosome derived from 
MSCs may load miRNA-584 and exosomal miRNA-584 
regulate the activities of malignant glioma cells. We 
demonstrated the effects of exosomal miRNA-584 derived 
from transfected MSCs on cell proliferation, migration and 
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Fig. 1. Effect of miRNA-584 for CYP2J2 expression and patho-
physiological changes in miRNA-584 transfected U87 cells. (A) 
The data of RT-PCR show miRNA-584 transfection substantially 
reduced CYP2J2 expression of U87. (B) The sequence of 
miRNA-584 shows it regulates the expression of CYP2J2. (C) 
Transfection of miRNA-584 decreased CYP2J2 expression. (D) The 
data of luciferase assay indicate decreased CYP2J2 expression by 
miRNA-584 transfection. (E, F) Proliferation and migratory ability 
of miRNA-584 transfected U87 was analyzed with light 
microscopic photographs and statistical analysis. Experiments were 
repeated three times. LV-Scramble, lentivirus-pre-miRNA-scramble
sequence; LV-miR-584, lentivirus-pre-miRNA-584. Columns, mean; 
bars, SE. (*P ＜ 0.05).

Fig. 2. Efficacies of exosomal miRNA-584 derived from transfected 
MSCs for U87 cells. (A) Expression of exosomes markers were 
identified in exosomes isolated from CM of miRNA-584 trans-
fected MSCs by western blot. (B) The qPCR data show 
miRNA-584 were high in U87 treated exosomes derived from 
transfected MSCs. (C) Caspase-3 activity was increased in 
co-cultured U87 with CM of transfected MSCs. (D, E) Proliferation 
assay and migration assay of U87 treated with exosomal 
miRNA-584 derived from transfected MSCs. Experiments were 
repeated three times. MSC-CM, culture media of MSCs; EV-584, 
extracellular vesicles (exosomal miRNA-584) derived from transfected
MSCs. Columns, mean; bars, SE. (*P ＜ 0.05).

invasion of U87 in vitro, and alleviation of tumor progression 
in vivo. Summarizing our results, we propose that utilization 
of MSCs derived exosomes as vehicles of therapeutic miRNAs 
is a new cell-based strategy for tumor therapies.

RESULTS

Effect of miRNA-584 for CYP2J2 expression of U87 cells
To investigate the regulatory effects of miRNA-584 for 
expression of CYP2J2 as a tumor biomarker, we performed of 
miRNA-584-5p transfection and RT-PCR with transfected U87. 
Based on Target Scan, miRNA-584 was selected as a regulator 
of CYP2J2. We expected that the binding site of miRNA-584 is 
located in CYP2J2 gene, thereby inhibiting the gene 
expression. In Fig. 1A, CYP2J2 expression was substantially 
reduced in miRNA-584-5p transfected U87. Fig. 1B shows the 
sequence of miRNA-584 and its target gene, CYP2J2. To 
determine whether miRNA-584 was bound with 3’-UTR of 
CYP2J2, a control or pmirGLO-CYP2J2 vector was co-transfected 
with miRNA-584-5p or a negative control in U87. In 

miRNA-584-5p transfected U87, there was a decrease in 
CYP2J2 expression, and targeting 3’-UTR of CYP2J2 resulted in 
decreased luciferase activity (Fig. 1C, D). Taken together, these 
findings indicate that miRNA-584 suppresses the expression of 
CYP2J2, which could inhibit the activity of U87.

Pathophysiological changes of U87 cells by transfected 
miRNA-584
We evaluated whether exosomal miRNA-584 of transfected 
MSCs affected cell proliferation and invasion abilities of U87. 
Because tumor pathophysiology plays a central role in growth, 
invasion and metastasis of cancer cells (23). Fig. 1E indicates 
cell proliferation was significantly decreased in miRNA-584-5p 
transfected U87. Especially, the number of transfected U87 
reduced almost 2.0-fold than observed in control group. In 
addition, Fig. 1F shows the migratory ability of transfected 
U87 was inhibited 1.7-fold as compared to control. Based on 
these results, we deduce that increased miRNA-584 in U87 
diminished the tumor cell proliferation and invasion abilities 
by targeting CYP2J2.

Efficacies of exosomal miRNA-584 derived from MSCs for 
U87 cells
After confirming that culture media (CM) of miRNA-584 
transfected MSCs contained exosomes using exosome and 
intracellular markers (Fig. 2A), we next examined whether 
extracellular miRNAs are located within exosomes secreted 
from transfected MSCs. MiRNA-584 was present in high 
concentrations in extracellular vesicles (EV)-584 treated group, 
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Fig. 3. Expression of related genes of U87 cells by treatment of 
exosomal miRNA-584 of transfected MSCs. (A) The data of RT-PCR
indicate MMP-2 mRNA expression was significantly reduced in 
group treated with exosomes derived from miRNA-584 transfected 
MSCs. (B, C) Expression levels of related genes of U87 viability, 
growth and invasion were confirmed by western blot. Experiments 
were repeated three times. Columns, mean; bars, SE. (*P ＜ 0.05).

Fig. 4. Suppression of glioma development after exposure to 
exosomes derived from miRNA-584 transfected MSCs. (A) Tumor 
sizes in each group were analyzed. (B) Body weights showed no 
significant difference between groups. (C) Statistical analysis 
revealed that cancer weight in group exposed to exosomal 
miRNA-584 derived from transfected MSCs was considerably 
decreased. All data were analyzed after each treatment on 5 days 
a week for 30 days. Experiments were repeated three times. SF 
media, serum-free media. Scale bar, 1 cm. Columns, mean; bars, 
SE. (*P ＜ 0.05).

as compared to those of control group where miRNA-584 was 
rarely detected in U87 (Fig. 2B). This indicates that U87 
treated exosomal miRNA-584 from transfected MSCs 
generated more miRNA-584 than control. Because 
miRNA-584 had cytotoxic effects and apoptotic-inducing 
abilities in several types of human cancer (19-21), we resorted 
to evaluating caspase-3 activity of miRNA-584-5p transfected 
MSCs derived exosomes treated U87. The caspase-3 activity of 
U87 was enhanced by treatment of exosomal miRNA-584 
from transfected MSCs as compared to control (Fig. 2C). This 
indicates that U87 underwent apoptosis in response to 
exosomal miRNA-584 derived from transfected MSCs. In Fig. 
2D, U87 treated with exosomes from miRNA-584-5p 
transfected MSCs significantly inhibited cell proliferation, 
which is similar to directly miRNA-584-5p transfected U87. In 
addition, we also examined whether exosomal miRNA-584 
from transfected MSCs affected the migration ability of U87. 
The in vitro wound healing assay showed that the ability of 
U87 was considerably attenuated by treatment of transfected 
MSCs derived exosomes (Fig. 2E). These results indicate that 
exosomal miRNA-584 present in the CM of transfected MSCs 
could be delivered to U87, resulting in a reduction in cell 
proliferation and migration capabilities of glioma cells.

Expression of related genes of U87 cells through treating 
miRNA-584 transfected MSCs derived exosomes
Invasion is a major property of malignant tumors, and is 
associated with proteolytic degradation of extracellular matrix 

(ECM) components including matrix metalloproteinases 
(MMPs) (13). MMP-2 plays an important role in cancer 
progression, and is highly expressed in gliomas as compared 
with normal tissue. We investigated whether exosomal 
miRNA-584 from transfected MSCs affected MMP-2 expression 
in U87. Our results show that the mRNA expression of MMP-2 
in U87 treated with exosomes derived from transfected MSCs 
was significantly reduced by 2.5-fold as compared to the 
control (Fig. 3A). We further evaluated the expression level of 
relative proteins associated with cell apoptosis, growth and 
migration. U87 exposed to exosomes containing miRNA-584 
had decreased expression levels of the anti-apoptotic protein 
(Bcl-2) and increased levels of pro-apoptotic protein (Bax) (Fig. 
3B). Previous studies have determined that AKT is associated 
with cancer growth and migration through inhibiting tumor 
cell apoptosis, and MAPK can be activated in response to a 
diverse range of extracellular stimuli including mitogen, 
growth factors, and cytokines (13, 24, 25). We therefore 
examined whether transfected MSCs derived exosomal 
miRNA-584 affected the phosphorylation of AKT and MAPK. 
Our results indicate that treatment of the exosomal 
miRNA-584 on U87 significantly reduced the levels of 
phosphorylated AKT and MAPK (Fig. 3C).

Suppression of tumor progress by treatment of exosomes 
derived from miRNA-584 transfected MSCs in vivo
To confirm the effect of exosomes derived from 
miRNA-584-5p transfected MSCs on glioma development, we 
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used the in vivo U87 xenograft nude mouse model. Mice were 
treated with serum-free (SF) media, MSCs-CM and exosomes 
containing miRNA-584 derived from transfected MSCs. 
Aggressive tumor growth was observed in SF media treatment 
groups, while suppressive tumor growth was identified in 
exosomes of transfected MSCs treatment group (Fig. 4A). We 
examined the change in body and tumor mass weights of all 
three groups. The tumor mass weights in the exosomes 
containing miRNA-584 treatment group considerably 
decreased when compared with other groups (Fig. 4B). 
However, the exosomal miRNA-584 treatment group did not 
show significant difference in body weights in comparison to 
SF media and MSCs-CM treatment groups (Fig. 4C).

DISCUSSION

In the present study, we demonstrated that miRNA mimic 
packaged into exosomes of MSCs are integrated in glioma 
cells and are attributable to activities of gliomas. MSCs as an 
alternative material for glioma treatment have gained attention 
due to their ability of tropism to track tumor cells and delivery 
of therapeutic drugs or genes exerting antitumor effects (1,  
26-29). Especially, MSCs release large amounts of exosomes 
that contribute to genetic communication, and supply the 
exogenous miRNA mimics on glioma cells, providing an 
efficient route of therapeutic miRNA delivery (30, 31). 
MiRNA-584 acts as a tumor suppressor in some cancers and 
suppresses the activity of glioma cells by binding to the 
3’-UTR of CYP2J2 (21, 22). On the basis of these factors, we 
confirmed that CYP2J2 expression in miRNA-584-5p 
transfected U87 was significantly decreased, thereby resulting 
in reduced proliferation and invasive ability of the glioma cells 
(Fig. 1). We hypothesized that exosomal miRNA-584 were 
transferred from MSCs to U87, and affected the activities of 
U87 in vitro and the tumor progress in vivo. To analyze the 
effects of MSCs derived exosomal miRNA-584 on glioma, we 
confirmed the existence of exosomes and the quantity of 
exosomal miRNA-584 in CM of transfected MSCs using 
exosome markers (CD9, CD81 and CD63) and intracellular 
markers (calnexin and cytochrome C). In addition, U87 treated 
with exosomes containing miRNA-584 showed significantly 
reduced cell proliferation and migration in vitro (Fig. 2). 
Proteolytic degradation of ECM components is also necessary 
for invasion of malignant tumors, and MMPs are major 
regulators of ECM proteins (13). Our studies revealed that U87 
treated with exosomal miRNA-584 of transfected MSCs have 
reduced expression of MMP-2. This result suggests that 
decrease of MMP-2 expression through treatment of 
transfected MSCs derived exosomal miRNA-584 could 
suppress glioma metastasis. We further confirmed that 
miRNA-584 in exosomes derived from transfected MSCs were 
associated with cell apoptosis, by assessing the related protein 
expressions such as Bcl-2 and Bax. We observed decreased 
expression of Bcl-2, and an increased expression of Bax, in 

U87 treated with exosomal miRNA-584. We also investigated 
if miRNA-584 in exosomes derived transfected MSCs affected 
the signaling pathway in U87. CYP2J2 promotes tumor cell 
proliferation and protects carcinoma cells from apoptosis 
through activation of both AKT and MAPK pathways (18, 25). 
We therefore investigated phosphorylated AKT and MAPK 
expression, and both levels showed a decline in the MSCs 
derived exosomal miRNA-584 treated U87 in vitro (Fig. 3). 
Furthermore, we demonstrated the effects of exosomal 
miRNA-584 in CM of MSCs on progression of glioma with 
U87 injected in athymic NCr-nu/nu mice. Our in vivo data 
revealed attenuation of the malignant gliomas after exposure 
to the exosomes derived from miRNA-584 transfected MSCs; 
the treatment had no effect on body weight of the animals (Fig. 4).

This study ascertained whether transferred miRNA through 
exosomes from MSCs affects the activities of glioma cells and 
the tumor progression. After careful deliberation of our data, 
we propose that release of specific therapeutic miRNA through 
exosomes of MSCs could be considered as an alternative 
strategy for treatment of various cancers, including malignant 
gliomas. 

MATERIALS AND METHODS

Cell culture
U87 human glioma cells were obtained from the American 
Type Culture Collection (ATCC, VA, USA), and human MSCs 
(hMSCs; Cat no: PT-2501) were purchased from Lonza (MD, 
USA). U87 and hMSCs were maintained routinely in 
Dulbecco’s Modified Eagle’s Media (DMEM; HyClone, UT, 
USA) supplemented with 10% Fetal Bovine Serum (FBS; 
HyClone) and 1% Penicillin-Streptomycin antibiotic solution 
(HyClone).

Transfection
Transfection was conducted with using lentivirus-mediated 
transfer of pre-miRNA (LV-miR) precursor molecule 
(Macrogen, Seoul, Korea). Cells (7 × 105) were plated and 
transfected with 100 nM LV-miR-584-5p or LV-miR of 
scrambled sequence at a multiplicity of injection (MOI) of 5 in 
the presence of 6 g/ml polybrene (Sigma-Aldrich, MO, USA).

Total RNA isolation and cDNA synthesis
Total RNA was prepared using a Hybrid-R RNA purification kit 
(GeneAll, Seoul, Korea) and converted to cDNA using the 
cDNA synthesis kit (Thermo Scientific, Vilnius, Lithuania). 
Amplification using RT-PCR kit (Solgent, Daejeon, Korea) was 
performed in a DNA thermal cycler under the appropriate 
conditions. The PCR products were electrophoresed on a 
1.0% agarose gel.

Luciferase assay
We designed a molecular beacon (MB; Bionics, Seoul, Korea) 
for miRNA-584-5p that could form a partially double stranded 
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oligonucleotide. The predicted target of miRNA-584 was 
identified using Target Scan (www.targetscan.org). The 
corresponding genes were cloned into the pmirGLO vector. 
hMSCs (3 × 104) were plated in 24-well plates. After 48 h, the 
pmirGLO vector containing the CYP2J2 binding site for 
miRNA-584 was co-transfected with either miRNA-584 or the 
negative control, using Lipofectamine 2000 (Invitrogen, CA, 
USA). Luciferase activity was measured using the Dual 
Luciferase assay (Promega, WI, USA).

Preparation of exosomes containing miRNA-584
MiRNA-584-5p or scrambled RNA oligomers were transfected 
into hMSCs (7 × 105). After 48 h, the supernatant was 
collected and centrifuged at 2,000 × g for 10 min for removal 
of cellular debris. For collection of exosome fraction, the 
supernatant was transferred to new tubes and centrifuged at 
least at 100,000 × g for 70 min. And the pellet was 
resuspended in 1 ml phosphate-buffered saline (PBS; HyClone) 
and then washed with PBS. The final centrifugation was 
performed at 100,000 × g for 1 h.

Cell proliferation assay
U87 (5 × 104) were plated in 24-well plate. After 3 h, the 
medium was replaced with CM containing exosomes from 
miRNA-584 transfected MSCs. U87 were observed using a 
light microscope (Nikon, Tokyo, Japan) and counted.

Transwell invasion assay
Invasion was evaluated by performing the modified Boyden 
chamber assay. U87 (3 × 104) were seeded into the upper 
chamber, and the lower chamber was filled with CM 
supplemented with 20% FBS as the chemoattractant. After 
24 h, U87 that had not migrated through the upper side of 
filters were scraped off with a cotton wool swab. The filters 
were washed in PBS, fixed with 4% formaldehyde 
(Sigma-Aldrich, MO, USA), and stained with 0.1% Coomassie 
blue (Santa Cruz Biotechnology, CA, USA).

Western blot
Cells were collected in lysis buffer, and equal quantities of 
proteins were subjected to 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis. Next, the proteins 
were transferred to polyvinylidene difluoride membranes 
(Millipore, MA, USA). The membranes were blocked with 
Tris-buffered saline-Tween 20 (TBS-T, 0.05% Tween 20) 
containing 10% skim milk, following which they were 
exposed to the primary antibodies overnight. Membranes were 
washed with TBS-T and then incubated with a horseradish 
peroxidase conjugated secondary antibody (Thermo Scientific). 
Immunoreactive proteins were detected using the 
WesternBright ECL HRP substrate (Advansta, CA, USA).

Real-time polymerase chain reaction (PCR) analysis
Total RNA was extracted using an RNeasy mini kit (Qiagen, 
CA, USA), and reverse transcription was performed using an 
Omniscript RT kit (Qiagen) with total RNA and oligo(dT) 
primer (Invirogen). Total synthesized cDNA was re-suspended 
in nuclease-free water and used for qPCR. The relative 
expression of each target gene was calculated using the 
threshold cycle (Ct) method. Ct was normalized to the cycle 
number of GAPDH.

Caspase-3 activity assay
Following co-culture with CM of miRNA-584 transfected MSCs 
for 24 h, U87 were lysed in CelLytic M Cell Lysis reagent 
(Sigma-Aldrich), and protein concentration was determined by 
the Bradford assay. Subsequently, caspase-3 activity was 
confirmed using a CaspACE Assay System, according to the 
manufacturer’s instructions (Promega).

Wound healing assay
U87 (1 × 105) were seeded in 24-well plate. After 24 h, a 
scratch was created in the monolayer cell surface using a 
sterile pipette tip. The wells were subsequently washed with 
SF media to remove floating cells, and then incubated with SF 
media or supernatant containing exosomes. Images were taken 
of each well using the Meta-Morph imaging software version 
7.5 (Molecular Devices, CA, USA).

In vivo tumor xenograft study
U87 (2.5 × 106) were injected subcutaneously into the right 
flank of male athymic NCr-nu/nu mice (6-weeks). After 1 
week, the mice were randomly divided into 3 groups: 
treatment groups of SF media, MSCs-CM and exosomes 
derived from miRNA-584-5p transfected MSCs. All treatment 
was administered 5 days a week for 30 days. Animals were 
handled according to the animal welfare guidelines issued by 
the Korean National Institute of Health and the Korean 
Academy of Medical Sciences for the care and use of 
laboratory animals.

Statistical analysis
All data were expressed as the mean ± SEM. Comparisons 
between more than two groups were performed by one-way 
ANOVA using Bonferroni’s correction. A P value of ＜ 0.05 
was considered statistically significant. 
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