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ABSTRACT
Glioma is emerging as an aggressive type of glioma characterized by invasive growth pattern and dismal 
oncologic outcomes. microRNAs (miRNAs) have been attracting research attention in tumorigenesis. 
Herein, the aim of the current investigation was to explore the functional role of mesenchymal stem 
cells (MSCs)-derived extracellular vesicles (EVs) containing miR-503 in glioma. The glioma tissues and 
corresponding normal brain tissues were collected from patients with glioma, followed by quantification 
of miR-503, kinesin family member 5A (KIF5A) and interleukin-7 (IL-7). EVs were isolated from bone 
marrow MSCs and identified by transmission electron microscope and nanoparticle tracking analysis. 
EVs from miR-503 mimic-transfected MSCs, miR-503 agomir,, oe-KIF5A, or sh-IL-7 was delivered into 
glioma cells to determine their effects on biological behaviors of glioma and T cells as well as the release 
of immunosuppressive factors. Lastly, a mouse model of glioma was developed to validate the function 
in vivo. miR-503 was expressed at a high level in glioma tissues while KIF5A was poorly expressed and 
targeted by miR-503. Furthermore, miR-503 loaded in MSC-EVs or upregulated miR-503 was demonstrated 
to facilitate glioma cell proliferation, migration and invasion accompanied by promoted release of 
immunosuppressive factors. Effects of overexpressed KIF5A on T cell behavior modulation were depen-
dent on the IL-7 signaling pathway. Such results were reproduced in mice with glioma. Collectively, the 
discovery of miR-503 incorporated in MSC-EVs being a regulator that controls immune escape in glioma 
provides a novel molecular insight that holds promises to develop therapeutic strategies against glioma.
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Introduction

Human gliomas are the most prevalent and lethal brain 
tumors, accounting for 70% of malignant primary brain 
tumors in adults, with high invasiveness and recurrence.1 

Glioma, the grade IV gliomas, possesses the worst prog-
nosis. Even in the presence of standard radiation and che-
motherapy, patients with glioma have a median survival of 
less than fifteen months.2 Glioma is characterized by sig-
nificant intertumoral and intratumoral heterogeneity that 
contributes to a profound challenge to developing effective 
therapy for individual patient.3 Recently, immunotherapy 
has been suggested as a new approach for various refractory 
cancers, which promotes the development of immune ther-
apeutic strategies that usurp the power of a patient’s 
immune system to recognize and eliminate residual glioma 
cells.4 However, these strategies are often limited by the 
profound immune suppression mediated by glioma 
microenvironment.

Extracellular vesicles (EVs), nano-sized vesicles (30 to 100  
nm in diameter), have been recognized as critical regulators of 
brain tumors by the delivery of oncogenic proteins, receptors, 
and small RNAs that may support brain tumor progression, 

including glioma.5 EVs have also shown to affect host anti- 
tumor immune response and tumor cell immune escape in 
glioma.6 EVs are released by both normal and diseased cells 
including mesenchymal stem cells (MSCs).7 The pluripotency 
and immunoregulation of MSCs can facilitate tumor develop-
ment, progression and even metastasis in glioma.8 microRNA- 
503 (miR-503) serves as an upregulated miR in glioma from 
previous evidence and functionally facilitates glioma cell 
proliferation.9 A web-available bioinformatic prediction 
shows kinesin-1 (KIF5) as a putative target gene of miR-503. 
KIF5 family members are microtubule-dependent molecular 
motors that consist of KIF5A, KIF5B, and KIF5C. Among the 
KIF5s, KIF5A is neuron specific and highly expressed in the 
central nervous system, which is required for neuronal 
function.10 Mutation of KIF5A is linked with the pathogenesis 
of neurological diseases.11 Evidence shows that peripheral 
immunization by combining interleukin-7 (IL-7)- and inter-
feron-gamma (IFNγ)-producing tumor cells prolong survival 
in two rat glioma models.12 Herein, we proposed a prevailing 
hypothesis that MSC-derived EVs transfer miR-503 to glioma 
cells, and overexpressed miR-503 enhances glioma immune 
escape.

CONTACT Cheng Huang huangcheng600303@163.com Department Of Neurosurgery, The First Hospital of Qiqihar & Affiliated Qiqihar Hospital, Southern 
Medical University, No. 700, Bukui South Street, Longsha District, Qiqihar 161000, Heilongjiang Province, China

ONCOIMMUNOLOGY                                        
2022, VOL. 11, NO. 1, e1965317 (12 pages) 
https://doi.org/10.1080/2162402X.2021.1965317

© 2021 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0001-7894-3701
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2021.1965317&domain=pdf&date_stamp=2021-12-17


Materials and methods

Ethics statement

The study was conducted with the approval of the Ethics 
Committee of The First Hospital of Qiqihar & Affiliated 
Qiqihar Hospital, Southern Medical University. Each partici-
pant signed written informed consent prior to the study. 
Experiments involving human beings were performed in strict 
accordance with the Declaration of Helsinki. The experimental 
animals were treated according to the Guide for the Care and 
Use of Laboratory Animals.

Study subjects

In total, 66 patients (35 males, 31 females, median age: 43 years 
ranging from 18 to 75 years, with 34 cases ≤43 years old and 32 
cases >43 years old) who were diagnosed as glioma and experi-
enced resection in The First Hospital of Qiqihar & Affiliated 
Qiqihar Hospital, Southern Medical University between 1st 

January 2015 and 1st January 2017 were enrolled in our 
study. There were 28 cases of glioma localized at the frontal 
lobe, 11 cases at the temporal lobe and 27 cases at the occipital 
lobe. Considering the pathological types, 43 cases were con-
firmed as low-graded astrocytoma, 14 cases as anaplastic oli-
godendroglioma and 9 cases as glioblastoma. There were 37 
cases of low-grade glioma and 29 cases of high-grade glioma. 
Patients were considered qualified if they met the following 
criteria: (1) glioma was suggested by enhanced magnetic reso-
nance imaging (MRI) and magnetic resonance spectroscopy 
before operation and pathologically confirmed after resection; 
(2) patients were subjected to operation for the first time with-
out reoperation for recurrence; (3) patients were not treated by 
radiotherapy or chemotherapy before operation. In addition, 
30 patients (19 males, 11 females, median age: 41 years ranging 
from 22 to 75 years) who experienced intracranial decompres-
sion during the corresponding period were enrolled if they met 
the following criteria: (1) patients were diagnosed as hyperten-
sive cerebral hemorrhage; (2) normal brain tissues in the non-
functional area were confirmed for collection during operation. 
The rotten fish-like tumor tissues were resected and made into 
three tissue blocks (diameter = 1 cm) while another three 
normal brain tissue blocks (diameter = 1 cm) in the nonfunc-
tional area were obtained. All tissue samples were stored in 
liquid nitrogen and further transferred in a refrigerator at 
−80°C for further experiments.

Cell culture

Human astrocytoma cell line U-251 MG (JK-CS0022, Shanghai 
Jingkang Bioengineering Co., Ltd., Shanghai, China; https:// 
shjingk.biomart.cn/), murine glioma cell line GL261 (fk- 
hy186 J, Shanghai Yan Mu Industrial Co., Ltd. Shanghai, 
China; https://fanketech.biomart.cn), and human bone mar-
row MSCs (MZ-0958, Ningbo Mingzhou Biotechnology Co., 
Ltd., Zhejiang, China) were used. The cells were cultured in 
Dulbecco’s Modified Eagle’s medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS), 50 μIU/mL penicillin and 
50 μg/mL streptomycin sulfate in moist air with 5% CO2 at 
37°C. Human bone marrow was isolated from three patients 

with osteonecrosis of the femoral head in The First Hospital of 
Qiqihar & Affiliated Qiqihar Hospital, Southern Medical 
University. The extracted bone marrow fluid was diluted and 
mixed with an equal volume of PBS, centrifuged at 1500 rpm 
for 10 min at room temperature. After the fat layer was dis-
carded, the diluted bone marrow fluid was slowly added to the 
equal volume of Ficoll separation solution along the wall of the 
centrifuge tube, and centrifuged at 2500 rpm for 30 min at 
room temperature to obtain the mononuclear cells in the 
albuginea-like layer, followed by suspension in PBS and cen-
trifugation at 1500 rpm at room temperature for 10 min. The 
supernatant was discarded. The cells were resuspended in 
a special medium for bone marrow MSCs containing 10% 
FBS, adjusted to a suitable cell density, seeded in a culture 
flask, and placed in a 37°C, 5% CO2 incubator for culture.

Cell treatment

The glioma cells were seeded in a 6-well plate or 6-cm petri 
dish (Techno Plastic Products, Trassadingen, Switzerland) 
overnight at an appropriate density for adherence. When cell 
confluence reached 90%, cells at the logarithmic growth phase 
were trypsinized and dispersed into cell suspension (2.5 × 104 

cells/mL), which was then seeded in a 6-well plate (2 mL/well). 
Corresponding lentiviral vectors were transduced into cells 
when cells grew logarithmically and reached 30% confluence. 
Briefly, 2 × 106 TU lentiviral vectors and 5 μg Poly-brene were 
added into 1 mL culture medium in the absence of serum and 
antibacterial agents for transduction. After 2– 3 days, lentiviral 
infection was observed under the inverted fluorescence micro-
scope. Then, 48 h later, stably infected cells were screened by 
adding 1 μg/mL puromycin into each well. The medium was 
renewed with conventional culture medium when cells were 
stably infected. Transient transfection was followed using miR- 
503 mimic/inhibitor with reference to manual of 
LipofectamineTM 2000 (Invitrogen, Carlsbad, CA, USA) when 
cell density reached 70–80%. After 48 h, cells were collected at 
different time points for further experiments.

The human glioma cell line (U-251 MG) was treated with 
overexpressed-negative control (oe-NC) + phosphate buffer 
saline (PBS), oe-KIF5A + PBS, oe-KIF5A + MSC-EVs-NC, oe- 
KIF5A + MSC-EVs-miR-503, oe-NC, oe-KIF5A, oe-NC + sh- 
NC, oe-KIF5A + sh-NC, or oe-KIF5A + sh-IL-7.

Human bone marrow MSCs were transfected with mimic- 
NC + oe-NC (vector lentivirus), miR-503 mimic + oe-NC, or 
miR-503 mimic + oe-KIF5A. mimic-NC and miR-503 mimic 
were transfected into MSCs. After extracting MSC-EVs, MSC- 
EV-miR-503 and oe-KIF5A were cotransfected into glioma cell 
line U-251 MG.

Murine glioma cells (GL261) were treated with vehicle as 
the control group, agomir-NC + oe-NC, miR-503 agomir + oe- 
NC or miR-503 agomir + oe-KIF5A.

Isolation of EVs from bone marrow MSCs

Bone marrow was provided by five patients (three males, two 
females, age: 26–52 years) with osteonecrosis of the femoral 
head in The First Hospital of Qiqihar & Affiliated Qiqihar 
Hospital, Southern Medical University. According to 
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Association Research Circulation Osseous (ARCO), the stages 
of osteonecrosis of three male patients were classified into 
stages I, I, and II, respectively, while two female patients were 
classified into stage I, and II. Five patients were found to have 
obvious sclerosis in the femoral head without joint space ste-
nosis and other abnormalities diagnosed with X-ray examina-
tions. According to MRI, patients were not suffering much loss 
of femoral head, wound, diseases of blood system, or tumor 
infiltration. EVs were depleted from FBS through ultracentri-
fugation at 4°C for 16 h at 1 × 106 ×g (Avanti J-30I, Beckman 
Coulter, Brea, CA, USA). The EVs-depleted FBS was used for 
subsequent experiments to avoid the effects of EVs. After cell 
culture for 48–72 h, EVs were collected from culture medium 
through ultracentrifugation. An equal volume of plasma 
(1 mL) and filtered PBS were mixed to reduce the viscosity of 
the solution before centrifugation. In brief, cell culture medium 
was centrifuged at 300 ×g for 10 min, at 2000 ×g for 15 min and 
at 12,000 ×g for 30 min to remove floating cells and cellular 
debris and then filtered through a 0.22-μm filter. The super-
natant was further centrifuged at 1 × 106 ×g for 2 h at 4°C and 
washed in PBS, followed by another round of spin under the 
same condition. The precipitate was resuspended in 100 mL 
PBS and stored at −80°C.

Transmission electron microscope (TEM)

The precipitate containing EVs (400 mL) through ultracentri-
fugation was fixed in 2% glutaraldehyde at 4°C, fixed with 1% 
OsO4 for 1 h, dehydrated by ethanol and embedded with epoxy 
resin for 10 min. TEM (JEM-1010, JEOL, Tokyo, Japan) was 
introduced for observation on size distribution and morpho-
logical characteristics of EVs. The EV suspension was mixed 
with 4% paraformaldehyde of equal volume and precipitated 
on the Formvar carbon-coated EM grid. Images were captured 
under TEM (Hitachi, Tokyo, Japan). The EV marker proteins, 
CD63 and CD81 were identified by Western blot analysis using 
antibodies to CD63 (ab59479, Abcam, Cambridge, UK) and 
CD81 (ab79559, Abcam), respectively.

Nanoparticle tracking analysis (NTA)

20 μg EVs were suspended in 1 mL PBS to evenly distribute 
EVs, followed by observation using NanoSight NTA (Malvern 
Panalytical, Malvern, UK).

Isolation and activation of T cells

Blood was collected from healthy adult human volunteers. 
Peripheral blood mononuclear cells (PBMCs) were centrifuged 
and purified by Ficoll-Plaque PLUS. In short, heparinized 
blood was diluted by PBS as a ratio of 1:1, spread on Ficoll 
and centrifuged. The cell interface layer was collected and 
resuspended in Magnetically Activated Cell Separator 
(MACS) buffer (Miltenyi Biotec, Cologne, Germany). T cells 
were purified using EasySep™ human T cell isolation kit 
(STEMCELL Technologies, Vancouver, BC, Canada). The iso-
lated T cells were resuspended in NeuroCult™ basal culture 
medium and seeded in the 96-well round plate, which was 
further coated with 1 μg/mL human antibody to CD3 (BD 

Biosciences, San Jose, CA, USA) for 2–3 h. The inactivated 
T cells were collected by un-coated plate. The isolated T cells 
were seeded with 100,000 cells/well at a final volume of 100 μL. 
The soluble human antibody to CD28 (BD Pharmingen, 
Franklin Lake, NJ, USA) was added into the coated wells. 
Cells were collected 48 h after activation.

Co-culture of glioma cells and T cells

The glioma cell line (U-251 MG) was cultured with T cells 
in vitro for 72 h after different treatment protocols for 48 h. The 
glioma cells, CD4+ T lymphocytes and supernatant were col-
lected respectively. The CD4+ T lymphocyte proliferation was 
detected by carboxyfluorescein succinimidyl amino ester 
(CFSE) and T cell apoptosis was evaluated by Annexin 
V-fluorescein isothiocyanate/propidiumiodide (FITC/PI) dou-
ble staining. The levels of prostaglandin E2 (PGE2), transform-
ing growth factor-β (TGF-β), and vascular endothelial growth 
factor (VEGF) in the supernatant were determined by enzyme 
linked immunosorbent assay (ELISA).

Dual-luciferase reporter gene assay

KIF5A 3ʹuntranslated region (3ʹUTR) dual-luciferase reporter 
gene vector, PmirGLO-KIF5A-wild type (PmirGLO-KIF5A- 
WT), and mutant (MUT) vector containing mutated binding 
sites to miR-503, PmirGLO-KIF5A-MUT, were constructed, 
respectively, both of which were co-transfected with miR-503 
mimic or mimic NC into HEK293T cells (104, Hanbio 
Biotechnology Co., Ltd., Shanghai, China, https://hanhbio.bio 
mart.cn/). After transfection for 24 h, cells were collected and 
lysed. The supernatant was collected through centrifugation at 
12,000 rpm for 1 min. The luciferase activity was measured 
using Dual-Luciferase® Reporter Assay System (E1910, 
Promega, Madison, WI, USA) and expressed as the ratio of 
firefly luciferase activity to renilla luciferase activity (for inter-
nal reference).

Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR)

Total RNA was extracted from cells using TRIzolTM Reagent 
(Invitrogen). Total RNA was reversely transcribed into com-
plementary DNA (cDNA) using a RT kit (RR047A, Takara, 
Kusatsu, Shiga, Japan) for mRNA detection and using 
miRNA First Strand cDNA Synthesis (Tailing Reaction) kit 
(B532451-0020, Sangon Biotech Co., Ltd., Shanghai, China) 
for miRNA detection. Samples were loaded using SYBR® 
Premix Ex TaqTM II (Perfect Real Time) kit (DRR081, 
Takara) and subjected to RT-qPCR in a real-time fluores-
cence qPCR instrument (ABI7500, ABI, Foster City, CA, 
USA). The universal negative primer for miRNA and forward 
primer of U6 were provided by miRNA First Strand cDNA 
Synthesis (Tailing Reaction) kit while the remaining primers 
were synthesized by Shanghai Sangon. The relative fold 
enrichment of target regions was calculated based on the 
differences in Ct values (ΔCt) between fold change = 2−ΔΔCt 

with U6 or glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) serving as the loading control.
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Cell counting kit-8 (CCK-8) assay

The transfected cells or EVs-treated cells for 24 h were seeded 
in a 96-well plate at a concentration of 2.5 × 104 cells/well 
overnight. Cell proliferation was detected at 0, 24, 48 and 72 h 
by means of CCK-8 kit (Dojindo Molecular Technologies, 
Kyushu, Japan). Following addition of 10 µL CCK-8 solution, 
cells were cultured for 2 h at 37°C. Cell viability was measured 
at the wavelength of 450 nm by a microplate reader (Wellscan 
MK3; Labsystems Dragon, Finland).

Transwell migration and Matrigel invasion assays

Transwell migration assay was performed using a Transwell 
insert that contained polycarbonate filters with 8-μm pores 
(cat. no. 3422; Corning, Corning, NY, USA). The 5 × 104 

glioma cells were suspended in 200 µL serum-free medium 
and added into the apical chambers. The EVs suspending in 
DMEM supplemented with 10% FBS and penicillin/streptomy-
cin were added into the basolateral chambers. After 24 h, the 
migrated cells were fixed in 4% paraformaldehyde, stained by 
crystal violet, and microscopically observed (CKX41, Olympus, 
Japan). Cell migration was quantified in 10 randomly selected 
fields.

Invasion capacity of glioma cells was measured by Matrigel 
matrix gel invasion assay using a Transwell system (BD 
Biosciences) where apical chambers (pore diameter: 8 µm) 
were coated with 1 mg/mL Matrigel.

Bioinformatics analysis

miRNA expression dataset GSE42658 and gene expression 
dataset GSE65626 were downloaded from GEO database 
(https://www.ncbi.nlm.nih.gov/geo/). GSE42656 dataset con-
tained three normal brain tissue samples (normal) and three 
glioma samples (tumor), while GSE42658 dataset contains four 
normal brain tissue samples (normal) and five glioma samples 
(tumor). The differentially expressed genes were screened 
using the “limma” package, with |log2FC| >2, p < .05 as the 
threshold. The miRNAs related to MSC-derived EVs through 
the EVmiRNA database (http://bioinfo.life.hust.edu.cn/ 
EVmiRNA#!/browse) were obtained, and intersected with the 
differentially expressed miRNAs from GSE65626 dataset to 
screen the differentially expressed miRNAs related to EVs. 
The expression of miRNA was predicted using GSE65626 
dataset. The target genes of differential miRNAs were predicted 
through StarBase database (http://starbase.sysu.edu.cn/) and 
TargetScan database (http://www.targetscan.org/vert_71/). 
The above results were intersected with the differentially 
expressed genes from the GSE42658 dataset to screen the target 
genes of the different miRNAs. The StarBase database was 
adopted to obtain the binding sites of miRNAs and target 
genes. The expression of the target gene was obtained through 
the GSE42658 dataset, and finally the expression level of the 
target gene in TCGA was verified through the GEPIA online 
website (http://gepia.cancer-pku.cn/). The KEGG database 
(https://www.genome.jp/kegg/pathway.html) was adopted 
query the relevant signal pathways of target genes to further 
predict the relevant regulatory mechanisms.

Xenograft tumor of GL261 cells in nude mice

Six-week male C57BL/6J mice were purchased from River of 
Life Co., Ltd., (Beijing, China) and kept apart in new specific 
pathogen-free environment for at least 5 days with free access 
to sterilized food and water under (55 ± 15)% humidity at 
(21 ± 5)°C in a room exposed to artificial 12/12-h light-dark 
cycles.

Mice were anesthetized by pentobarbital sodium and sub-
cutaneously inoculated with 3 × 106 murine glioma cells 
(GL261, 20 µL). When the tumor volume reached 100 mm3, 
every 7 mice at the same growth rate were randomly selected 
for subsequent injection of GL261 cytomedicine treated with 
PBS of equal volume, agomir-NC + oe-NC, miR-503 agomir + 
oe-NC or miR-503 agomir + oe-KIF5A. The agomir was 
diluted in autoclaved PBS and injected into mice at a dose of 
5 nmol each time (volume: 20 µL) every 3 days for 30 days in 
total at multiple points. The day of the first injection was 
designated as the 1st day. The tumor width (W) and length 
(L) were measured by a vernier caliper and tumor volume (V) 
was calculated with the formula that V = 0.5 × L × W.2 The 
mouse weight and tumor volume were measured every 3 days. 
The tumors were resected and weighed immediately after the 
research.

Flow cytometry

The blood from mouse eyeball was diluted. PBMCs were iso-
lated and added with Hanks solution. The supernatant was 
removed through centrifugation. The cells were resuspended 
in 0.5 mL Roswell Park Memorial Institute (RPMI) 1640 med-
ium and counted with the cell concentration adjusted. In a 24- 
well plate, cells were added into each well with 5 × 105 cells/mL 
and incubated in RPMI 1640 medium at room temperature for 
30 min under condition void of light in the presence of 20 μL 
FITC-labeled antibody to CD4, followed by flow cytometric 
analysis. Tumor-infiltrating lymphocytes were harvested from 
tumors in accordance with the instructions of tumor dissocia-
tion kit (Miltenyi Biotech). The erythrocytes in cell suspension 
were removed by adding erythrocyte lysis working solution for 
15-min incubation. Following centrifugation at 300 ×g for 
10 min, the cell concentration was adjusted to 107 cells/mL 
by PBS. The proliferation ability of CD4+T lymphocytes was 
evaluated by CFSE and apoptosis was assessed by Annexin 
V-FITC/PI double staining.

Protein preparation and Western blot analysis

Total protein extracted from cells and tissues was lysed by 
Radio Immunoprecipitation Assay lysis (Thermo Fisher 
Scientific, Waltham, MA, USA) containing protease inhibitor 
and phosphatase inhibitor (Roche Life Science, Basel, 
Switzerland) on ice for 30 min. The protein concentration 
was determined by Bio-Rad protein detection kit (Bio-Rad 
Laboratories, Hercules, CA, USA). Samples were loaded into 
the wells of sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and transferred onto the polyvinylidene fluoride 
membrane (Bio-Rad). The membrane was probed with diluted 
primary antibodies (Abcam) of rabbit antibodies to KIF5A 
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(ab5628), IL-7 (ab175380) and β-actin (1:1000, ab5694) at 4°C 
overnight and re-probed with secondary antibody of goat anti- 
rabbit antibody to Immunoglobulin G (IgG) (ab6721) at room 
temperature for 1 h. The protein signal was detected by 
enhanced chemiluminscense kit (BB-3501, Amersham, Little 
Chalfont, UK) and analyzed by Quantity One v4.6.2. Images 
were captured by Bio-Rad image analysis system (Bio-Rad). 
The relative protein expression was expressed as the ratio of the 
gray value of protein to be tested to that of internal reference 
(β-actin).

ELISA

The levels of PGE2, TGF-β1 and VEGF in U-251 MG cell 
supernatant and murine peripheral blood were measured 
using commercially purchased ELISA kits (Abcam) of PGE2 
(ab136948), TGF-β1 (ab119557 for mice and ab100647 for 
human) and VEGF (ab222510).

Statistical analysis

Data analysis was performed using SPSS 21.0 software (IBM, 
Armonk, NY, USA). Measurement data obeying normal distri-
bution and homogeneity of variance were expressed as mean ± 
standard deviation unless otherwise indicated. Data of unpaired 
design between two groups were compared by unpaired t-test. 
Data comparison among multiple groups was analyzed by one- 
way analysis of variance (ANOVA), followed by Tukey’s post 
hoc test. Data comparison at different time points was analyzed 
by Bonferroni-corrected repeated measures ANOVA. A p-value 
<0.05 was considered statistically significant.

Results

miR-503 is highly expressed in glioma and targets KIF5A

Through microarray-based expression analysis available in 
GSE65626, 302 differentially expressed genes were obtained, 
155 of which were upregulated and 147 were downregulated 

Figure 1. High expression of miR-503 and low expression of KIF5A are identified in glioma. a) The volcano plot displaying the differentially expressed genes in glioma 
samples (red dots: upregulated genes, green dots: downregulated genes). The abscissa refers to log10 p value and the ordinate corresponds to logFoldChange. b) Venn 
diagram displaying the intersection of differentially expressed miRNAs from GSE65626 and MSC-EVs-related miRNAs from EVmiRNA. c) The box plot displaying the 
expression of miR-503 in glioma-related microarray dataset GSE65626. d) Venn diagram displaying the intersection of predictions results regarding target genes of miR- 
503 from TargetScan and differentially expressed genes from GSE42658. e) The box plot displaying the expression of PGM2L1, PPP3CB, C1orf21 and KIF5A in glioma 
samples from The Cancer Genome Atlas with. f) The box plot displaying the expression of KIF5A in microarray dataset GSE65626. g) The putative binding sites between 
miR-503 and KIF5A from StarBase. H, The targeting relation between miR-503 and KIF5A verified by dual-luciferase reporter gene assay. *p < .05 vs. the KIF5A 3ʹUTR-WT 
+ miR-NC group. The measurement data were expressed as mean ± standard deviation derived from at least 3 independent experiments. Data comparison among 
multiple groups was analyzed by one-way ANOVA, followed by Tukey’s post hoc test.
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(Figure 1a). As revealed from EVmiRNA database regarding 
miRNAs related to MSC-EVs, eight miRNAs were selected 
through intersection with results of GSE65626, hsa-miR 
-199a-3p, hsa-miR-199a-5p, hsa-miR-10b-5p, hsa-miR-199b- 
3p, hsa-miR-503-3p, hsa-miR-21-5p, hsa-miR-503-5p and hsa- 
miR-27a-3p (Figure 1b). Notably, high expression of miR-503 
has been reported in glioma tissues and holds potentials of 
functioning as a molecular target for treatment against glioma.9 

Therefore, miR-503 was selected in our study for further ana-
lysis. Concordantly, the putative expression pattern of miR-503 
in glioma was found to be higher according to dataset 
GSE65626 (Figure 1c). The potential target genes of miR-503 
were predicted in StarBase and TargetScan databases, followed 
by intersection with differentially expressed genes from 
GSE42658, after which four genes PGM2L1, PPP3CB, 
C1orf21 and KIF5A were obtained (Figure 1d). Gene 
Expression Profiling Interactive Analysis was then introduced 
to verify the expression patterns of PGM2L1, PPP3CB, C1orf21 
and KIF5A in glioma (Figure 1e), results of which showed that 
KIF5A was the most significantly poorly expressed in glioma 
samples (p < .05). In addition, differential analysis from 
GSE42658 also revealed low expression of KIF5A in glioma 
(Figure 1f). Subsequently, the binding sites between KIF5A and 
miR-503 were obtained from StarBase (Figure 1g). As verified 
by dual-luciferase reporter gene assay, the relative luciferase 
activity was the lowest in response to KIF5A 3ʹUTR-WT + 
miR-503 (Figure 1h), indicating that KIF5A was targeted by 

miR-503. Taken together, these findings demonstrated the high 
miR-503 expression and low KIF5A expression along with 
their targeting relation in glioma.

MSC-EVs promote glioma cell proliferation, migration, 
and invasion through target-inhibition of KIF5A by miR- 
503

With results determining that miR-503 targeted and negatively 
regulated expression of KIF5A, next research focus was shifted to 
the involvement of KIF5A in the effects of MSC-EVs-loaded 
miR-503 on immune invasion of glioma. Firstly, the expression 
of miR-503 in normal brain tissues (n = 30) and glioma tissue 
samples (n = 66) from World Health Organization was analyzed 
by means of TaqManTM array MicroRNA evaluation (Figure 2a). 
Results revealed significantly higher expression of miR-503 in 
glioma tissue samples than that in normal brain tissues (p < .05). 
The immunohistochemical staining for positive expression of 
KIF5A showed that the positive rate of KIF5A expression was 
13.64% (9/66) in glioma tissue samples but 83.33% in normal 
brain tissues (25/30) (Figure 2b), suggesting that KIF5A was 
expressed at a low level in glioma. Then, EVs derived from 
MSCs were isolated, followed by identification using TEM 
(Figure 2c), NTA and Western blot analysis (Figure 2d). RT- 
qPCR was performed to determine the expression of miR-503 in 
MSC-EVs (Figure 2e). It was observed that the average diameter 
of MSC-EVs was (150 ± 3.9) nm and MSC-EVs were positive for 

Figure 2. miR-503 loaded in EVs derived from MSCs enhances glioma cell proliferation, migration, and invasion by negatively regulating KIF5A. (a) The relative 
expression of miR-503 in glioma samples (n = 66) and normal brain tissues (n = 30) detected by TaqManTM array MicroRNA. (b) The positive rate of KIF5A expression in 
glioma samples (n = 66) and normal brain tissues (n = 30) detected by immunohistochemistry. (c) The microscopic observation of EVs derived from MSCs by TEM (scale 
bar = 100 nm). (d) The expression of CD63, CD81 and calnexin in 5 μg EVs and 20 μg cell lysates detected by Western blot analysis. (e) The relative expression of miR-503 
in supernatant and MSC-EVs determined by RT-qPCR. (f) miR-503 expression in MSC-derived EVs and glioma cells determined with RT-qPCR. (g) The relative expression 
of miR-503 and KIF5A in U-251 MG cells determined by RT-qPCR. (h) The U-251 MG cell proliferation detected by CCK-8 assay. (i, j) The U-251 MG cell migration and 
invasion detected by Transwell assay (200 ×). *p < .05 vs. normal brain tissues, cell lysates, supernatant or U-251 MG cells treated with oe-NC + PBS. #p < .05 vs. 
U-251 MG cells treated with oe-KIF5A + MSC-EVs-NC. The measurement data were expressed as mean ± standard deviation derived from at least 3 independent 
experiments. Data comparison was analyzed by independent sample t-test between two groups and by one-way ANOVA among multiple groups, followed by Tukey’s 
post hoc test. Data at various time points were compared by Bonferroni-corrected repeated measures ANOVA.
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CD63 and CD81 but negative for calnexin while miR-503 was 
highly expressed in MSC-EVs. We compared the expression of 
miR-503 in MSCs and glioma cells and found that the expression 
of miR-503 in MSCs was significantly higher than that of glioma 
cells (Figure 2f). Then, oe-KIF5A was delivered into glioma cells 
(U-251 MG), followed by treatment of miR-503 isolated from 
MSC-EVs. After 72 h, the expression of miR-503 and KIF5A was 
determined by RT-qPCR, the results of which showed that miR- 
503 expression changed insignificantly, whereas KIF5A was 
highly expressed in the presence of oe-KIF5A when compared 
with treatment of oe-NC in glioma cells treated with PBS. 
Following addition of MSC-EVs-miR-503, miR-503 expression 
increased and KIF5A expression decreased in the presence of oe- 
KIF5A (Figure 2g).

To explore the effects of MSC-EVs-miR-503 on biological 
behaviors of glioma cells, CCK-8 and Transwell assays were 
performed for detection of cell proliferation (Figure 2h), 
migration (Figure 2i) and invasion (Figure 2j). Results revealed 
significantly suppressed proliferation, migration, and invasion 
of PBS-treated glioma cells after oe-KIF5A treatment in com-
parison to oe-NC treatment. However, opposite changing ten-
dency was observed in glioma cells treated with oe-KIF5A in 
combination with MSC-EVs-miR-503 compared with MSC- 
EVs-NC. To conclude, miR-503 in MSCs-derived EVs contrib-
uted to the malignant behaviors of glioma cells by targeting 
KIF5A.

MSC-EVs promote the release of immunosuppressive 
factors by miR-503 through target-inhibition of KIF5A

It is acknowledged that glioma cells harbor the property of 
secreting immunosuppressive factors, which can reduce the 
killing effects of immune cells on tumor cells. Herein, subse-
quent experiments were conducted to investigate whether 

MSC-EVs-loaded miR-503 was functional to the immune 
response in glioma. First, oe-KIF5A was transfected into 
U-251 MG cells, followed by delivery of miR-503 in EVs 
derived from MSCs. Western blot analysis showed that 
KIF5A protein expression was upregulated by oe-KIF5A but 
downregulated by miR-503-enriched MSC-EVs (Figure 3a, b). 
RT-qPCR and ELISA were performed to quantify multiple 
immunosuppressive factors secreted from U-251 MG cells, 
including PGE2 (Figure 3c), TGF-β (Figure 3d, e) and VEGF 
(Figure 3f, g). It was found that levels of PGE2, TGF-β and 
VEGF were diminished in PBS-treated glioma cells in response 
to oe- 
KIF5A in contrast to that of oe-NC + PBS, while elevated in 
response to oe-KIF5A in combination with MSC-EVs-miR-503 
when compared with that of oe-KIF5A + MSC-EVs-NC. These 
results validated the encouraging effects of MSC-EVs-loaded 
miR-503 on release of immunosuppressive factors by targeting 
KIF5A.

Overexpressed KIF5A promotes T cell proliferation and 
inhibits T cell apoptosis via the Il-7 signaling pathway

KIF5A has been reported to be associated with immune-mediated 
genes.13 As revealed from Kyoto Encyclopedia of Genes and 
Genomes (map04144), KIF5A was found to mediate the cytokine 
receptor signaling pathway, which has been indicated to be 
related to IL-7.14 Hence, we endeavored to explore whether 
KIF5A could mediate the IL-7 signaling pathway to be implicated 
in regulation of T cell proliferation. Immunohistochemistry 
(Figure 4a) revealed that compared with the positive rate of IL- 
7 expression in normal brain tissues, positive rate of IL-7 expres-
sion was significantly lower in glioma tissues. RT-qPCR, ELISA 
(Figure 4b) and Western blot analysis (Figure 4c, d) showed that 
expression of KIF5A and IL-7 increased in U-251 MG cells 

Figure 3. miR-503 loaded in EVs derived from MSCs promotes release of immunosuppressive factors by negatively regulating KIF5A. (a, b) The relative expression of 
KIF5A in U-251 MG cells normalized to β-actin determined by Western blot analysis. (c) The PGE2 level released from U-251 MG cells measured by ELISA. (d) The 
relative expression of TGF-β in U-251 MG cells determined by RT-qPCR. (e) The TGF-β level released from U-251 MG cells measured by ELISA. (f) The relative 
expression of VEGF in U-251 MG cells determined by RT-qPCR. (g) The VEGF level released from U-251 MG cells measured by ELISA. *p < .05 vs. U-251 MG cells treated 
with oe-NC + PBS. #p < .05 vs. U-251 MG cells treated with oe-KIF5A + MSC-EVs-NC. The measurement data were expressed as mean ± standard deviation derived 
from at least 3 independent experiments. Data comparison was analyzed by one-way ANOVA among multiple groups, followed by Tukey’s post hoc test. Data at 
various time points were compared by Bonferroni-corrected repeated measures ANOVA.
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treated with oe-KIF5A alone. However, IL-7 expression was 
reduced when IL-7 was silenced, while further overexpression 
of KIF5A did not markedly change KIF5A expression. It was 
observed by RT-qPCR and ELISA (Figure 4e-i) that overex-
pressed KIF5A significantly downregulated expression of PGE2, 
TGF-β and VEGF . Moreover, further silencing IL-7 could over-
ride the inhibitory effects of overexpressed KIF5A. It could be 
concluded that KIF5A promoted the release of immunosuppres-
sive factors via IL-7.

T cell proliferation was then assessed by determining the 
number of T cells that were cocultured with glioma cells 
through CFSE staining of flow cytometric analysis 
(Figure 4j). Additionally, T cell apoptosis was evaluated 
by measuring the percentage of Annexin V+7-AAD+ cells 
(Figure 4k). CD4 and FoxP3 expression was also quantified 
by flow cytometry for analysis of T cells (Figure 4l). T cell 
proliferation was suppressed, apoptosis was promoted, CD4 
expression decreased and FoxP3 expression increased in 
glioma cells treated with oe-NC + sh-NC. Opposite chan-
ging tendency was induced in response to overexpressed 
KIF5A, the results of which were further counterweighed by 
downregulating IL-7. To sum up, the effects of overex-
pressed KIF5A on T cell behavior modulation were depen-
dent on the IL-7 signaling pathway.

miR-503 inhibits T cell proliferation and promotes immune 
escape of glioma by targeting KIF5A via the IL-7 signaling 
pathway

Subsequent experiments were focused on the involvement of 
the IL-7 signaling pathway. For exploration purpose, miR-503 
mimic was delivered into MSCs, followed by extraction of EVs. 
Then, miR-503-EVs were co-transfected with oe-KIF5A into 
U-251 MG cells for 48 h, which were further co-cultured with 
T cells. RT-qPCR (Figure 5a) and Western blot analysis 
(Figure 5b, c) revealed that compared with mimic-NC + oe- 
NC, expression of KIF5A and IL-7 was inhibited by miR-503 
mimic + oe-NC. However, the inhibitory effects of miR-503 
mimic were abolished by overexpressed KIF5A.

The functional role of miR-503 in MSC-EVs on T cell 
proliferation and apoptosis was then investigated by flow 
cytometric analysis (Figure 5d-f). Results showed that in 
comparison to non-glioma cells, T cell proliferation was 
suppressed but apoptosis was enhanced accompanied by 
lower CD4 level and higher FoxP3 level in glioma cells 
with different treatment protocols. When miR-503 mimic 
was delivered, there were fewer proliferative T cells, more 
apoptotic T cells, diminished CD4 expression and elevated 
FoxP3 expression. Further addition of oe-KIF5A triggered 
completely opposite changing results. The above-mentioned 

Figure 4. Upregulated KIF5A mediates the IL-7 signaling pathway to promote proliferation and inhibit apoptosis of T cells. (a) The positive rate of IL-7 expression in 
glioma tissues (n = 66) and normal brain tissues (n = 30) determined by immunohistochemistry. (b) The relative expression of KIF5A and IL-7 in U-251 MG cells 
determined by RT-qPCR. (c, d) The protein expression of KIF5A and IL-7 in U-251 MG cells normalized to β-actin determined by Western blot analysis. (e) The PGE2 level 
released from U-251 MG cells measured by ELISA. (f) The relative expression of TGF-β in U-251 MG cells determined by RT-qPCR. (g) The TGF-β level released from 
U-251 MG cells measured by ELISA. (h) The relative expression of VEGF in U-251 MG cells determined by RT-qPCR. (i) The VEGF level released from U-251 MG cells 
measured by ELISA. (j) T cell proliferation detected by CFSE staining of flow cytometry. (k) T cell apoptosis detected by flow cytometry. (l) The expression of CD4 and 
FoxP3 determined by flow cytometry. *p < .05 vs. normal brain tissues or U-251 MG cells treated with oe-NC + sh-NC. #p < .05 vs. U-251 MG cells treated with oe-KIF5A + 
sh-NC. The measurement data were expressed as mean ± standard deviation derived from at least 3 independent experiments. Data comparison was analyzed by 
independent sample t-test between two groups and by one-way ANOVA among multiple groups, followed by Tukey’s post hoc test. Data at various time points were 
compared by Bonferroni-corrected repeated measures ANOVA.
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findings elaborated the functional role of the IL-7 signaling 
pathway to inhibit T cell proliferation playing a critical role 
in glioma immune escape.

Overexpressed miR-503 promoted immune escape of 
glioma in vivo

Lastly, the aforementioned functional axis was studied 
in vivo by developing a mouse model of glioma. When 
tumor volume reached 100 mm3, GL261 cells were 
injected into mice 1 time every 3 days. Total RNA was 
extracted from tumor tissues on the 3rd day after injection 
for quantification of transfection efficacy of miR-503 and 
KIF5A by RT-qPCR (Figure 6a). At the end of research, 
tumors were collected and weighed (Figure 6b) while 
mouse survival was analyzed (Figure 6c). The results illu-
strated that tumor weight increased in the presence of 

miR-503 agomir along with decreased survival rate but 
the delivery of miR-503 agomir and oe-KIF5A in combi-
nation induced opposite results. Western blot analysis 
(Figure 6d, e) and flow cytometry (Figure 6f-h) showed 
that miR-503 agomir treatment alone resulted in down-
regulated KIF5A and IL-7, inhibited T cell proliferation, 
promoted T cell apoptosis, decreased CD4 expression and 
increased FoxP3 expression. Furthermore, the addition of 
oe-KIF5A led to an opposite trend. RT-qPCR and ELISA 
(Figure 6i-k) revealed diminished IL-7 level, elevated 
expression of TGF-β and VEGF as well as higher levels 
of PGE2, TGF-β and VEGF in response to the delivery of 
miR-503 agomir. However, further delivery of oe-KIF5A 
was observed to function in an opposite way. In conclu-
sion, the promoting effects of miR-503 on immune escape 
of glioma via KIF5A through the IL-7 signaling pathway 
were validated in vivo.

Figure 5. miR-503 negatively regulates KIF5A to suppress T cell proliferation in contribution to immune escape of glioma through the IL-7 signaling pathway. (a) The 
expression of miR-503 and KIF5A in U-251 MG cells determined by RT-qPCR. (b, c) The protein expression of KIF5A and IL-7 in U-251 MG cells normalized to β-actin 
determined by Western blot analysis. (d) T cell proliferation detected by CFSE staining of flow cytometry. (e) T cell apoptosis detected by flow cytometry. (f) The 
expression of CD4 and FoxP3 determined by flow cytometry. *p < .05 vs. U-251 MG cells treated with mimic-NC + oe-NC. #p < .05 vs. U-251 MG cells treated with miR- 
503 mimic + oe-NC. The measurement data were expressed as mean ± standard deviation derived from at least 3 independent experiments. Data comparison was 
analyzed by one-way ANOVA among multiple groups, followed by Tukey’s post hoc test.

ONCOIMMUNOLOGY e1965317-9



Discussion

Gliomas have been reported to account for approximately 30% 
of all brain and central nervous system tumors and 80% of all 
malignant brain tumors.15 The development of malignant glio-
mas has been closely associated with the proliferation and 
immune escape of tumor cells.16 Fortunately, MSC-derived 
EVs containing miRNAs exhibit anti-tumor activities by tar-
geting different molecules associated with tumor survival, thus 
representing a promising strategy against tumor.17,18 The gath-
ered findings from the current study revealed that miR-503 
shuttled from MSC-derived EVs had the potential to accelerate 
glioma cell proliferation and immune escape by inhibiting 
KIF5A-dependent IL-7 signaling pathway.

In this study, we initially found an amplified miR-503 
expression in glioma tissues. Similarly, miR-503 is observed 
to be overexpressed in human glioblastoma tissues in compar-
ison with normal brain tissues.9 Emerging evidence demon-
strates that miRNAs play an important role in the regulation of 
tumor cell growth, invasion and metastasis by inhibiting the 
expression of their targets.19 Our in vitro experiments indi-
cated that miR-503 could negatively modulate KIF5A expres-
sion by interacting with the 3ʹ UTR of KIF5A. In addition, we 
found that overexpression of miR-503 augmented glioma cell 
proliferation through inhibition of KIF5A. KIF5A encodes 
a neuron-specific kinesin heavy chain involved in intracellular 
transport of mitochondria and other cargoes, the mutation of 
which closely relates to myoclonic seizure and neonatal 

progressive leukoencephalopathy.20 The findings from the pre-
sent study showed a poor expression of KIF5A in glioma 
tissues. Previously, a significant reduction in KIF5A expression 
has been shown in clinical samples of multiple sclerosis, 
a neurological disease characterized by central nervous system 
inflammation, demyelination, axonal degeneration, and neu-
ronal injury.11 In addition, KIF5A knockout mice present with 
myoclonus reflected by mitochondrial dysfunction in the 
spinal cord.21

Some miRNAs are documented to be enriched in MSC-derived 
EVs such as miR-16, miR-222 and miR-223.22 In our study, miR- 
503 was highly expressed in MSC-derived EVs. Furthermore, 
MSC-derived EVs significantly enhanced glioma cell proliferation, 
migration, and invasion by transferring miR-503. Indeed, MSC- 
derived EVs can affect the outcomes of renal, liver, heart, and brain 
diseases via transfer of their miRNA contents.23 A previous study 
has revealed that delivery of anti-miR-9 by MSC-derived EVs 
contributes to chemosensitivity in glioblastoma multiforme 
cells,24 suggesting that miR-9 deficiency may impair glioblastoma 
multiforme cell growth. Moreover, miR-208a shuttled by MSC- 
derived EVs has been reported to promote osteosarcoma cell 
proliferation, migration, and invasion.25 VEGF, TGF-β and 
PGE2 derived from tumors serve as both pro-angiogenetic and 
immune suppressive factors and their upregulated production 
leads to suppression of T cell function.26 miR-503 has been 
demonstrated to enhance the production of VEGF27 and injection 
of miR-503 inhibitor decreases the expression of TGF-β in the 

Figure 6. miR-503 contributes to immune escape of mice with glioma by regulating KIF5A via the IL-7 signaling pathway. (a) The expression of miR-503 and KIF5A in 
tumor tissues determined by RT-qPCR. (b) The scatter plot displaying tumor weight. (c) The curve displaying survival rate of mice. (d, e) The protein expression of KIF5A 
and IL-7 in tumor tissues normalized to β-actin determined by Western blot analysis. (f) T cell proliferation detected by CFSE staining of flow cytometry. (g) T cell 
apoptosis detected by flow cytometry. (h) The expression of CD4 and FoxP3 determined by flow cytometry. (i) The levels of IL-7 and PGE2 measured by ELISA. (j) The 
expression and level of TGF-β measured by RT-qPCR and ELISA, respectively. K, The expression and level of VEGF measured by RT-qPCR and ELISA, respectively. *p < .05 
vs. mice injected with PBS. #p < .05 vs. mice injected with GL261 cells treated by miR-503 agomir + oe-NC. n = 7. The measurement data were expressed as mean ± 
standard deviation derived from at least 3 independent experiments. Data comparison was analyzed by one-way ANOVA among multiple groups, followed by Tukey’s 
post hoc test. Data at various time points were compared by Bonferroni-corrected repeated measures ANOVA.
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transverse aortic constriction mice.28 Therefore, miR-503 deliv-
ered from MSC-derived EVs could also be a contributor to the 
immune escape of glioma. In addition, increased IL-7 expression 
can improve immune cell infiltration and tumor cell survival in 
chimeric antigen receptor T cells in solid tumors.29 Our study 
found that upregulated KIF5A could activate the IL-7 signaling 
pathway and consequently promote T cell proliferation and inhibit 
its apoptosis. Thus, we reasoned that miR-503 disrupted T cell 
proliferation and promoted glioma immune escape by blocking 
KIF5A-dependent IL-7 signaling pathway.

Conclusion

Overall, miR-503, which is delivered via MSC-derived EVs, can 
promote glioma immune escape by targeting KIF5A and inacti-
vating the IL-7 signaling pathway (summarized in Figure 7), 
thereby providing a new treatment strategy for glioma. 
Considering that the isolation of EVs and the culture of MSCs 
include reagents and methods that are still inappropriate for 
human use, safety data from animal studies cannot ensure the 
safety of initial studies in humans. Improvement in the methods 
for MSC culture and EV purification will increase the feasibility 
and safety of MSC-derived EV therapy in clinical application.
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