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Abstract
Objective  Glioblastoma (GBM) is the most common central nervous system tumor. Temozolomide (TMZ) is a commonly 
used drug for GBM management. This study explored the mechanism of extracellular vesicles (EVs) regulating TMZ-
resistance in GBM.
Methods  LN229 cells were inducted into TMZ-resistant LN229r strain by stepwise induction. After the intervention of miR-
27a-3p expression, cell viability of GBM cells treated with different concentrations of TMZ was detected by MTT and IC50 
value was calculated. Cell proliferation and apoptosis were detected by colony formation and flow cytometry. EVs extracted 
from LN18 cells were identified and the internalization of EVs by LN229r cells was evaluated. The 100 μmol/L TMZ-treated 
LN229r cells were treated with EVs or EVs with downregulated miR-27a-3p to verify the effect of EVs-carried miR-27a-3p 
on TMZ resistance. The binding relation between BTG2 and miR-27a-3p was verified. miR-27a-3p and BTG2 expressions in 
GBM cells and EVs were detected by RT-qPCR. The BTG2 effect on TMZ-resistance in GBM was verified. The xenograft 
tumor nude mouse model was established by injecting LN229r cells and treated with EVs and 100 μmol/L TMZ.
Results  miR-27a-3p was highly expressed in LN229r cells. IC50 value and proliferation of LN229r cells with silenced 
miR-27a-3p were decreased and apoptosis was increased, indicating that miR-27a-3p silencing reduced the drug-resistant 
cell LN229r resistance to TMZ. LN18-derived EVs could be internalized by LN229r cells, and release its encapsulated 
miR-27a-3p into LN229r cells and increase miR-27a-3p expression. EV treatment increased LN229r cell proliferation and 
reduced apoptosis, while EVs with silenced miR-27a-3p showed the opposite trend. miR-27a-3p targeted BTG2. BTG2 over-
expression reduced LN229r cell resistance to TMZ. In vivo, after EVs treatment, tumor volume and weight, Ki67-positive 
rate, and miR-27a-3p were increased, while BTG2 expression was decreased.
Conclusion  GBM-derived EVs were internalized by GBM cells, released miR-27a-3p into GBM cells, upregulated miR-
27a-3p expression, and targeted BTG2, thus promoting TMZ resistance.
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Introduction

Glioblastoma (GBM) is a common primary tumor of the 
spinal cord and brain, which histologically shares the 
characteristics of normal glial cells [1]. Although GBM is 
relatively rare, it’s the most aggressive form of malignant 
primary tumor of the brain and leads to significant morbid-
ity and mortality worldwide with a poor prognosis of only 
about 28.4% of the patients surviving 1 year and 3.4% sur-
viving 5 years [2, 3]. Besides the influence of age, a vari-
ety of demographical aspects and stress, such as chemical 
exposure and alcohol consumption affect the incidence and 
manifestation of GBM [4]. Temozolomide (TMZ) is an 
alkylating agent, which has shown an anti-tumor effect as 
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a single agent in GBM treatment [5]. At present, although 
there are intensive researches and therapeutic options for 
GBM, including chemotherapy with TMZ, radiotherapy, 
and surgery, the prognosis of the patients with GBM is 
very poor due to notorious drug resistance [4, 6]. Further 
investigations are needed on the drug resistance in GBM.

Extracellular vesicles (EVs) are the bilayer-enclosed 
structures with a diameter of 30–1000 nm, which are impor-
tant mediators for the intercellular communication of tumor 
cells and other cells that are also located in the microen-
vironment but in the sites far away by transferring nucleic 
acids and proteins (lncRNA, miRNA, mRNA) [3, 7]. micro-
RNAs (miRNAs) are a variety of noncoding single-stranded 
RNAs with 18–22 nucleotides that post-transcriptionally 
influence the expression of genes through binding to the 
regions of 3’-UTR in the mRNAs and various specific miR-
NAs are deregulated in GBM, which are involved in the 
drug-resistant regulation [8]. EVs affect drug resistance in 
the tumor microenvironment through carrying miRNAs [9]. 
miRNAs are reported to play a role in modulating the TMZ-
resistance of the GBM cells [10]. miR-27a-3p is involved 
in radiotherapy-resistance in GBM [11]. However, whether 
EVs can carry miR-27a-3p into GBM cells and thus play a 
role in TMZ-resistance of GBM is largely unknown. The 
downstream targets of miR-27a-3p were predicted using the 
database. B-cell translocation gene 2 (BTG2) was obtained. 
BTG2 is identified to be an anti-proliferation gene with the 
protein product of it affecting various cellular processes, 
such as messenger RNA stability, DNA repair, cell division, 
and transcriptional regulation, which is often downregulated 
in tumors and its reduction is related to the cell malignant 
behavior and poor outcome of the patients with cancers [12]. 
BTG2 is reported to be downregulated in human GBM tis-
sues and is significantly related to a worse prognosis [13]. 
However, there is no domestic and foreign report at present 
on the effect and mechanism of EVs shuttled miR-27a-3p 
on the TMZ-resistance of GBM. This study investigated the 
mechanism of EVs derived miR-27a-3p on the TMZ resist-
ance of GBM, so as to provide a theoretical basis for GBM 
treatment.

Materials and methods

Ethics statement

All procedures were authorized by the academic ethics com-
mittee of The First Affiliated Hospital of Xi’an Jiaotong Uni-
versity. The experiment was carried out in strict accordance 
with the guidelines for the management and use of labora-
tory animals issued by the Laboratory Association of China.

Cell culture

Human GBM cell lines LN18, LN229, and T98G (ATCC, 
Manassas, VA, USA) were cultured using ATCC’s recom-
mendations to 80% confluence in 75 cm2 flasks in complete 
Dulbecco’s modified Eagle’s medium (DMEM, Thermo 
Fisher Scientific Inc., Waltham, MA, USA) containing 5% 
fetal bovine serum (FBS, Thermo Fisher Scientific Inc.) at 
37 ℃/5% CO2. According to the published literature [14], 
LN18 and T98G cells were selected as chemoresistant 
strains and LN229 as chemosensitive strains.

Stepwise induction of drug‑resistant strains

LN229 cells were seeded into a 25 cm2 culture flask at 
1 × 105/mL. After 24 h cell adhesion, the cells were cultured 
in complete medium with the initial induction concentra-
tion of 10 μg/mL TMZ until the cell confluence reached 
80–90%, and then cells were subcultured. The cells were 
seeded at a proper proportion into a new culture flask. After 
the cell adhesion was stable, the medium was refreshed with 
a fresh medium containing 10 μg/mL TMZ for further induc-
tion. The concentration of TMZ was doubled after repeated 
induction 5 times. When the induced concentration of TMZ 
reached 100 μg/mL, the increase of the concentration was 
stopped and the concentration was maintained. Each induc-
tion concentration was maintained for 20–30 d and LN229 
resistant strains LN229r was successfully constructed after 
6 months. The drug resistance was maintained using TMZ 
at a final concentration.

Lentivirus transfection

The lentivirus carrying miR-27a-3 was packaged according 
to the operation manual of GenePharma (Shanghai, China). 
In short, LN18 cells were infected by the lentivirus carrying 
miR-27a-3p in 5 μg/mL polybrene. After the infection for 
72 h, LN18 cells were treated with puromycin dihydrochlo-
ride (Thermo Fisher Scientific Inc.) for 2 weeks and the cells 
stably expressing miR-27a-3p were obtained.

Extraction and identification of EVs

When the confluence of LN18 cells or LN18 cells with 
downregulated expression of miR-27a-3p was 70%, the 
medium was discarded. The sample was washed twice 
with phosphate-buffered saline (PBS) and the medium was 
refreshed with the medium made of EVs-free FBS (FBS was 
centrifuged at 100,000 g for 18 h to remove EVs). The super-
natant was collected after continuous culture for 48 h and 
centrifuged at different speeds. The steps were as follows: 
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at 300 g for 10 min, at 1000 g for 20 min, at 10,000 g for 
30 min, at 100,000 g at 4 ℃ for 3 h after filtration with 
0.22 μm filter (Millex-GP, EMD Millipore, Darmstadt, 
Germany). The supernatant was removed and the precipita-
tion obtained was resuspended with PBS. The sample was 
centrifuged at 100,000 g at 4 ℃ for 3 h and the superna-
tant was removed. The precipitate obtained at this time was 
the EVs (EVs, EVs-NC, EVs-inhibitor). The sample was 
resuspended with PBS. The protein quantification of EVs 
was determined using the bicinchoninic acid (BCA) protein 
quantitative kit (Beyotime, Shanghai, China). The morphol-
ogy and the size distribution of EVs were observed using 
transmission electron microscopy (TEM, Hitachi, Japan) and 
nanoparticle tracking analysis (NTA, Malvern Instruments 
Ltd., Malvern, UK) [15]. Western blot (WB) was used to 
analyze the expressions of surface antigens CD63, CD9, and 
calnexin. In addition, GW4869 (living cell EVs inhibitor, 
20 μg/mL, Sigma-Aldrich, St. Louis, MO, USA) was added 
into LN18 cells following the instructions. The precipitates 
extracted using the above method were resuspended in PBS 
and used as the GW group. The EVs were added with RNase 
I (Thermo Fisher Scientific Inc.) and heat-inactivated and 
used as RNase group.

Dil‑labeled EVs

After NTA quantification, the extracted EVs were diluted 
with PBS and adjusted to the same number of particles and 
mixed evenly with Dil dyeing solution (RiboBio, Guang-
zhou, China) according to the volume ratio of 500:1. The 
sample was incubated at 37 ℃ in the dark for 15 min. After 
the incubation, the sample was centrifuged at 16,000 g for 
60 min and the supernatant was removed. The sample was 
washed with PBS 3 times to remove the excess dye. The 
labeled EVs were co-cultured with LN229r cells. After 48 h, 
the sample was washed with PBS 3 times, added with immu-
nostaining fixative (Beyotime), and then placed for 15 min 
at room temperature, added with 4’,6-diamidino-2-phenylin-
dole (DAPI, Solarbio, Beijing, China) and 0.5 mL anti-flu-
orescence quenching sealing solution (Beyotime), observed 
and imaged under the fluorescence microscope (Olympus 
Optical Co., Ltd, Tokyo, Japan).

Cell grouping

miR-27a-3p mimic and the NC, pcDNA-NC, and pcDNA-
BTG2 were purchased from GenePharma company. miR-
27a-3p mimic and the NC (50 nM) were transfected into 
LN229 cells, and pcDNA-NC and pcDNA-BTG2 (40 nM) 
were transfected into LN229r cells using Lipofectamine 
2000 (Thermo Fisher Scientific Inc.). LN229r cells were 
infected with lentivirus of silencing miR-27a-3p or its NC 
(GenePharma, 5 μg/mL). LN229r cells were treated with 

LN18-conditioned medium after treatment of 30 μg EVs, 
EVs-NC, EVs-inhibitor, or GW4869. The following experi-
ment was carried out 24 h later.

Colony formation assay

The cell proliferation and effects of gene manipulation and/
or drug therapy were evaluated by colony formation assay. 
Briefly, the cells (500 cells/well) were seeded into a 6-well 
plate. The colonies were fixed with methanol and stained 
with 0.1% crystal violet on the 10th day. The colony was 
microscopically observed under a light microscope. Each 
of the dishes containing ≥ 50 cell colonies was counted and 
imaged using a digital camera (Olympus Optical Co., Ltd).

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazo‑
lium bromide (MTT) assay

Cells in the logarithmic phase were collected and treated 
with different concentrations of TMZ (0, 25, 50, 100, 
200, and 400 μmol/L). The concentration of cell suspen-
sion was adjusted to 1 × 105/mL, and the cells were seeded 
into 96-well plates at 100 μL/well, incubated in 5% CO2 
incubator at 37 ℃ for 48 h, and observed under an inverted 
microscope (Leica, Wetzlar, Germany). Each well was added 
with 10 μL MTT solution (Sigma, 5 mg/mL, 0.5%MTT) and 
the cells were cultured for 4 h. The cells were centrifuged 
(400 g, 15 min) carefully and the supernatant was washed 
off. Each well was added with 200 μL dimethyl sulfoxide 
(DMSO) and the sample was shaken in a decolorizing shaker 
for 20 min to fully dissolve the crystal. The optical density 
(OD) value of each well was detected at 570 nm using a 
microplate reader (Bio-Rad, Hercules, CA, USA).

Flow cytometry

The cells to be detected were detached and centrifuged and 
resuspended with PBS. The cells were counted and the sus-
pension was adjusted to 100 cells/μL. Then, 1 mL suspen-
sion was drawn into the centrifuge tube and centrifuged at 
250 g for 5 min. The supernatant was removed. The cell 
precipitate was resuspended using 200 μL Annexin V-flu-
orescein isothiocyanate (FITC) binding solution. The sam-
ple was incubated in the dark for 10 min. The sample was 
centrifuged at 250 g for 5 min after the incubation and the 
supernatant was removed. The sample was added with 190 
μL Annexin V-FITC binding solution and 10 μL propidium 
iodide (PI) staining solution, evenly mixed, incubated in the 
dark for 10 min, and detected using flow cytometry (Beck-
man Coulter, Brea, CA, USA).
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Dual‑luciferase assay

The wild type (WT) and mutant type (MUT) vectors 
(Ambion, Austin, TX, USA) of BTG2 were constructed fol-
lowing the binding sites predicted using TargetScan database 
(http://​www.​targe​tscan.​org/​vert_​71/) [16]. The vectors were 
cotransfected with mimic NC or miR-27a-3p mimic into the 
293 T cells using the Lipofectamine 2000. The activity of 
relative luciferase was detected using Dual-Lucy Assay Kit 
(Solarbio, Beijing, China). After 48 h of transfection, the 
cells were collected and detected using the dual-luciferase 
reporter gene detection system (Promega, Madison, WI, 
USA).

Western blot

The protein of EVs was extracted using RIPA lysate and the 
extracted protein was determined using BCA (Beyotime). 
The 30 μg protein was isolated by 10% SDS-PAGE and 
transferred to polyvinylidene fluoride membranes, which 
were blocked with 5% bovine serum albumin at room tem-
perature for 1 h, and added with the corresponding primary 
antibodies CD9 (1:2000, ab92726, Abcam, Cambridge, MA, 
USA), CD63 (1:1000, ab134045, Abcam), calnexin (1:1000, 
ab133615, Abcam) and actin (1:1000, ab8227, Abcam) at 
4 ℃ overnight. Next, the membranes were added with sec-
ondary antibody (1:2000, ab205718, Abcam) for 1 h. The 
enhanced chemiluminescence was used for development and 
Image J software (NIH, Bethesda, MD, USA) was used to 
quantify the gray scale.

Xenograft tumor model in nude mice

BALB/c female athymic nude mice (6 weeks old, weigh-
ing 18-22 g) used for GBM xenograft model establishment 
were purchased from Beijing Vital River Laboratory Ani-
mal Technology Co., Ltd [SYXK (Beijing) 2017-0033, 
Beijing, China]. The mice were raised in a micro-isolation 
cage. The nude mice were injected with 5 × 105 LN229r 
cells through the right abdomen. About 3  weeks later, 
when the measurable tumor could be touched (about 100 
mm3), the mouse was treated with 100 μmol/L. The nude 
mice were assigned into 4 groups (N = 12 in each group): 
LN229r group (injected with LN229r); LN229r + TMZ 
group (injected with LN229r + TMZ); LN229r + GW + TMZ 

group (injected with LN229r + GW4869 treated LN18-
conditioned medium and TMZ); LN229r + EVs + TMZ 
group (injected with LN229r + 30 μg EVs + TMZ). The 
injections were performed 5 times a week. The mice were 
monitored every day and the tumor size was measured 
every 7 day. The tumor volume formula was: tumor volume 
(mm3) = (width) × (height)2/2. On the 28th day of injection, 
the nude mice were euthanized by intraperitoneal injection 
of ≥ 100 mg/kg pentobarbital sodium. After tumor dissect-
ing and weight measurement, 6 nude mice of each group 
were used for immunohistochemistry and the other 6 for 
reverse transcription quantitative polymerase chain reaction 
(RT-qPCR).

Immunohistochemistry

The tumor tissue was embedded with paraffin and cut into 
5 μm-thick sections, dewaxed, dehydrated, and repaired in 
antigen repair solution, and then blocked at room tempera-
ture with goat serum (Beyotime) for 20 min and then goat 
serum was removed. The sections were incubated with Ki67 
primary antibody (ab16667, Abcam) at 4 ℃ overnight, incu-
bated with a corresponding secondary antibody (ab205718, 
Abcam) for 1 h at room temperature, and further detected 
using diaminobutyric acid (DAB) system (Beyotime).

RT‑qPCR

The TRIzol (Invitrogen, Carlsbad, CA, USA) was used to 
extract the total RNA of cells or tumor tissue. The concentra-
tion and purity of RNA were detected using NanoDrop 2000. 
Following the instructions of the SYBR Premix Ex Tap™ 
II kit (Takara, Shiga, Japan), fluorescent quantitative PCR 
was performed on ABI 7500 quantitative PCR instrument 
(7500, ABI, Foster City, CA, USA). GAPDH and U6 were 
internal parameters and the 2−△△Ct method [17] was used 
to calculate. The primer sequences are shown in Table 1. 

Statistical analysis

All data were processed by SPSS21.0 statistical software 
(IBM Corp. Armonk, NY, USA). Normal distribution and 
homogeneity of variance tests were performed and the values 
were in normal distribution and the variance was homogene-
ous. The data were described as mean ± standard deviation. 

Table 1   Primer sequence Gene Forward 5’-3’ Reverse 5’-3’

miR-27a-3p TTC​ACA​GTG​GCT​AAG​TTC​CGC​ GCG​GAA​CTT​AGC​CAC​TGT​GAA​
BTG2 ATG​AGC​CAC​GGG​AAG​GGA​ACC​GAC​ CTA​GCT​GGA​GAC​TGC​CAT​CAC​GTA​
GAPDH ATG​GTT​TAC​ATG​TTC​CAA​TATG​ TTA​CTC​CTT​GGA​GGC​CAT​GTGG​
U6 CGC​TTC​GGC​AGC​ACA​TAT​AC AAT​ATG​GAA​CGC​TTC​ACG​A

http://www.targetscan.org/vert_71/
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Independent t test was applied for the comparison between 
two groups and one-way analysis of variance (ANOVA) was 
applied for the comparison among multi groups. Tukey’s 
multiple comparisons test was used for the post hoc test. 
P < 0.05 indicated statistical significance.

Results

miR‑27a‑3p was highly expressed in TMZ‑resistant 
GBM cells

miR-27a-3p can induce TMZ resistance in GBM [18], but 
its specific mechanism needs further study. To investigate 
the role of miR-27a-3p in the TMZ resistance of GBM, we 
firstly induced LN299 cell line into TMZ resistant cell line 
step by step. Colony formation assay showed that after TMZ 
treatment, the number of colonies in the LN229r group was 

higher than that in the LN229 group, indicating the success-
ful induction (P < 0.01, Fig. 1A). In addition, the IC50 of 
GBM cells was verified using the MTT method. The results 
showed that the IC50 of LN229r (resistant) was 152.65 μg/
mL, which was much higher than that of LN18 (resistant), 
T98G (resistant) and LN229 (sensitive) (LN18: 86.54 μg/
mL; T98G: 98.59 μg/mL; LN229: 20.14 μg/mL) (P < 0.01, 
Fig. 1B). These results indicated that we successfully con-
structed a TMZ-resistant strain LN229r. Subsequently, the 
expression of miR-27a-3p in GBM cells was detected by 
RT-qPCR and it was found that miR-27a-3p was highly 
expressed in TMZ-resistant cells (P < 0.01, Fig. 1C). In 
addition, the relation between miR-27a-3p expression and 
the survival of GBM patients was predicted using ENCORI 
Pan-Cancer Analysis Platform database (http://​starb​ase.​sysu.​
edu.​cn/​panCa​ncer.​php) and it was found that the progno-
sis of patients with high miR-27a-3p expression was worse 
(P < 0.01, Fig. 1D).

Fig. 1   miR-27a-3p was highly expressed in TMZ-resistant GBM 
cells. (A) LN229 cells were induced into TMZ-resistant strain step 
by step and verified by colony formation assay; (B) The drug resist-
ance of GBM cells to TMZ was detected using MTT method; (C) 
The expression of miR-27a-3p was detected by RT-qPCR; (D) The 
relationship between the expression of miR-27a-3p and the survival 

of GBM patients was predicted using the database. Three independ-
ent tests were performed. Independent t test was used for comparison 
of data in panel A and one-way ANOVA was used for comparison of 
data in panel B/C. Tukey’s multiple comparisons test was used for the 
post hoc test. **P < 0.01

http://starbase.sysu.edu.cn/panCancer.php
http://starbase.sysu.edu.cn/panCancer.php
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miR‑27a‑3p induced drug resistance of GBM to TMZ

To verify the role of miR-27a-3p in GBM resistance to 
TMZ, miR-27a-3p mimic was used to increase the expres-
sion of miR-27a-3p in LN229 cells and the expression of 
miR-27a-3p in LN229r (drug-resistant) cells was downregu-
lated using miR-27a-3p inhibitor. RT-qPCR confirmed that 
the transfection was successful (P < 0.01, Fig. 2A). Subse-
quently, the sample was treated with different concentrations 
of TMZ. MTT assay elicited that miR-27a-3p overexpres-
sion significantly elevated IC50 of LN229 to TMZ, while 
inhibition of miR-27a-3p reduced IC50 of LN229r to TMZ 
(P < 0.01, Fig. 2B). In addition, 100 μmol/L TMZ-treated 
cells were taken for detection. After overexpression of miR-
27a-3p, colony formation assay demonstrated that the pro-
liferation of LN229 cells was increased and flow cytometry 
showed that the apoptosis rate was decreased; while down-
regulated miR-27a-3p decreased the proliferation of LN229r 
cells and increased the apoptosis rate (P < 0.01, Fig. 2C, D). 
In conclusion, overexpression of miR-27a-3p could increase 
the resistance of LN229 to TMZ, while inhibition of miR-
27a-3p could reduce the resistance of LN229r to TMZ.

miR‑27a‑3p existed in EVs

Tumor EVs are important mediators of intercellular com-
munication between tumor cells and other cells located in 
the microenvironment and farther away [7, 19, 20]. EVs car-
rying miRNAs in the tumor microenvironment affect drug 
resistance [3, 9, 21]. We speculated that the EVs might carry 
miR-27a-3p in the microenvironment of GBM cells to com-
municate with each other, thus affecting the drug resistance 
of GBM cells to TMZ. EVs were extracted from LN18 cells 
and observed in a typical cup with a size of about 20–500 nm 
(P < 0.01, Fig. 3A). NTA elicited that the average particle 
size of EVs was 84.78 ± 6.5 nm (Fig. 3B). WB demonstrated 
that there were CD63 and CD9 expressions but no calnexin 
expression in EVs (Fig. 3C). miR-27a-3p expression in EVs 
was detected by RT-qPCR and it was shown that miR-27a-3p 
expression in EVs was upregulated and the expression was 
not affected by RNase treatment, indicating that miR-27a-3p 
was encapsulated in EVs (P < 0.01, Fig. 3D). In conclusion, 
miR-27a-3p existed in EVs.

EVs shuttled miR‑27a‑3p promoted drug resistance 
of GBM to TMZ

To verify that miR-27a-3p shuttled by EVs induced the 
drug resistance of GBM to TMZ, EVs were labeled with 
Dil fluorescence staining and it was found that EVs could 
be internalized by LN229r (Fig. 4A), and RT-qPCR elicited 
that EVs treatment could upregulate miR-27a-3p expres-
sion in LN229r (P < 0.01, Fig. 4B). In addition, miR-27a-3p 

expression in LN18 was downregulated by miR-27a-3p 
inhibitor (P < 0.01, Fig. 4C). After transfection, EVs were 
extracted and the results showed that miR-27a-3p expression 
in EVs was also downregulated (P < 0.01, Fig. 4C), and the 
expression of miR-27a-3p in LN229r was also downregu-
lated (P < 0.01, Fig. 4B). LN229r was treated with different 
concentrations of TMZ and the results showed that the IC50 
of LN229r to TMZ was increased significantly after EVs 
treatment, while the IC50 was decreased after the EVs-inhib-
itor treatment (P < 0.01, Fig. 4D). In addition, 100 μmol/L 
TMZ-treated cells were used for detection. EVs treatment 
could increase the proliferation of LN229r cells and decrease 
apoptosis, while EVs treatment with downregulated miR-
27a-3p showed the opposite trend (P < 0.01, Fig. 4E, F). In 
brief, LN18-derived EVs could be internalized by LN229r, 
release miR-27a-3p into LN229r, upregulate miR-27a-3p 
expression and increase the resistance of LN229r to TMZ.

miR‑27a‑3p targeted BTG2

To further investigate the downstream mechanism of the 
miR-27a-3p, target genes of miR-27a-3p were predicted 
using TargetScan database, among which BTG2 was down-
regulated in GBM [13]. According to the obtained bind-
ing sites (Fig. 5A), dual-luciferase assay was designed. The 
fluorescence intensity of BTG2 wild-type plasmid (WT) and 
miR-27a-3p mimic co-transfected group was lower than that 
of BTG2 mutant plasmid (MUT) and miR-27a-3p mimic co-
transfected group, which confirmed that the targeted bind-
ing between miR-27a-3p and BTG2 (P < 0.01, Fig. 5B). In 
addition, intervention of miR-27a-3p expression could affect 
the expression of BTG2 (P < 0.01, Fig. 5C). EVs treatment 
could downregulate BTG2 expression in LN229r and BTG2 
expression was partially upregulated after EVs-inhibitor 
treatment (P < 0.01, Fig. 5D). The results above indicated 
that LN18-derived EVs carried miR-27a-3p into LN229 
cells and targeted BTG2.

Overexpression of BTG2 inhibited the effect of EVs 
on promoting TMZ resistance in GBM

To verify the role of BTG2 in TMZ resistance of GBM, the 
expression of BTG2 in LN229r cells of the EVs group was 
upregulated by pcDNA-BTG2 (P < 0.01, Fig. 6A). The sam-
ple was treated with different concentrations of TMZ. MTT 
assay, colony formation assay, and flow cytometry elic-
ited that compared with the control group, IC50 value was 
decreased, proliferation was decreased, and apoptosis rate 
was increased in the BTG2 overexpression group (P < 0.01, 
Fig. 6B, D), suggesting that BTG2 overexpression reduced 
the resistance of LN229r cells to TMZ. In brief, overexpres-
sion of BTG2 inhibited the promoting effect of EVs on TMZ 
resistance in GBM.
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Fig. 2   miR-27a-3p induced drug resistance of GBM to TMZ. miR-
27a-3p mimic was transfected into LN229 cells, and the transfected 
mimic NC was used as control. miR-27a-3p inhibitor was used to 
infect LN229r, and inhibitor NC was used as control. Untreated 
LN229 or LN229r were used as the control group. (A) The expres-
sion of miR-27a-3p was detected using RT-qPCR. The drug resist-

ance of cells was detected using (B) MTT method, (C) colony for-
mation assay, and (D) flow cytometry. Three independent tests were 
performed and the data were expressed as mean ± standard devia-
tion. One-way ANOVA was used for comparisons of data in panels 
A/B/C/D. Tukey’s multiple comparisons test was used for the post 
hoc test. **P < 0.01
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EVs carrying miR‑27a‑3p induced TMZ‑resistance 
in nude mice with xenograft tumor

The xenograft tumor nude mouse model was established by 
injection of LN229r and the mice were treated with EVs 
and 100 μmol/L TMZ. After EVs treatment, the tumor vol-
ume and weight were significantly increased, and the posi-
tive rate of Ki67 was increased (P < 0.05, Fig. 7A–C). In 
addition, after EV treatment, miR-27a-3p was upregulated, 
while BTG2 was downregulated (P < 0.01, Fig. 7D, E). The 
results above indicated that EVs mediated the miR-27a-3p/
BTG2 axis to promote the growth of xenograft tumors in 
nude mice.

Discussion

GBM is the most prevalent primary intracranial tumor, 
which represents about 81% of the malignant tumors of the 
brain [2]. Although there have been advances in clinical 
regimens and surgical techniques, high-grade GMB treat-
ment remains challenging and the treatment success rate 
and overall survival rate remain very low [22]. Shreds of 
evidence have shown that EVs have pivotal roles in regu-
lating drug resistance in GBM [23]. This study found that 
EVs carrying miR-27a-3p targeted BTG2, thus promoting 
TMZ-resistance of GBM.

miR-27a-3p is highly expressed and identified as an 
oncogene in a variety of cancers, including cervical cancer 
and colorectal cancer [24, 25]. Our results demonstrated 
that miR-27a-3p was upregulated in TMZ-resistant cells 
and the prognosis of GBM patients with high miR-27a-3p 
expression was poor. Consistently, miR-27a-3p is upregu-
lated in GBM tissues [26]. miR-27a-3p can be used to be 
a potential biomarker for the prognosis of GBM [27]. To 

confirm the action of miR-27a-3p in TMZ resistance of 
GBM, miR-27a-3p in LN229 cells was overexpressed using 
miR-27a-3p mimic and miR-27a-3p in LN229r cells was 
inhibited using miR-27a-3p inhibitor and then cells were 
treated with different concentrations of TMZ. IC50 was con-
ventionally used to quantify drug resistance and sensitivity 
[28]. Our results showed that miR-27a-3p overexpression 
increased the IC50 and proliferation of LN229 cells to TMZ 
and decreased apoptosis rate, while miR-27a-3p inhibition 
decreased the IC50 and proliferation of LN229r cells and 
increased apoptosis rate. It is consistent that miR-27a-3p 
induces TMZ resistance in GBM [18]. In conclusion, miR-
27a-3p overexpression increased the resistance of LN229 to 
TMZ, while miR-27a-3p inhibition reduced the resistance of 
LN229r to TMZ.

EVs are the important mediators for the communications 
between tumors and normal cells [7]. Maisano et al. have 
shown that some tumors change the movement, angiogen-
esis, and immune-related functions of other cells through 
EV transmission [20]. Kara-Terki et al. have shown that 
tumor cells can transfer miRNA through EVs to affect the 
phenotype and motor behaviors of normal cells [7]. Zeng A 
et al. have shown that drug-resistant donor cells can transfer 
miRNA through EVs to affect the drug resistance of recipi-
ent cells [21]. EVs transfer miRNAs to regulate TMZ-resist-
ance in GBM [9]. Therefore, we speculated that EVs trans-
ferred miR-27a-3p in the microenvironment of GBM cells 
and allowed intercellular communication between tumor 
cells and normal cells, thus influencing the TMZ-resistance 
of GBM. Our results identified EVs through EV positive 
markers CD63, CD9, and negative markers endoplasmic 
reticulum specific molecule calnexin [29, 30] and elicited 
that miR-27a-3p expression in EVs was upregulated and the 
expression wasn’t changed by RNase treatment. In conclu-
sion, miR-27a-3p was encapsulated in EVs. EVs transmit 

Fig. 3   miR-27a-3p existed in EVs. (A) The morphology of EVs 
secreted by LN18 was observed using TEM; (B) The concentration 
and particle size of EVs were measured using NTA; (C) WB was 
used to detect the expressions of CD9, CD63, and calnexin on the 
surface of LN18 derived EVs; (D) The expression of miR-27a-3p 

in EVs was detected by RT-qPCR. Three independent tests were 
performed and the data were expressed as mean ± standard devia-
tion. One-way ANOVA was used for comparison of data in panel 
D. Tukey’s multiple comparisons test was used for the post hoc test. 
**P < 0.01
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Fig. 4   EVs carrying miR-27a-3p induced drug resistance of GBM 
to TMZ. (A) The internalization of Dil-labeled EVs by LN229r was 
observed under a fluorescence microscope; EVs or EVs with down-
regulated miR-27a-3p were extracted to act on LN229r; (B, C) miR-
27a-3p expressions in LN229r, LN18, and EVs were detected by 
RT-qPCR. The drug resistance of cells was detected using (D) MTT 
method, (E) colony formation assay, and (F) flow cytometry. Three 
independent tests were performed and the data were expressed as 
mean ± standard deviation. One-way ANOVA was used for compari-

sons of data in panels B/C/D/E/F. Tukey’s multiple comparisons test 
was used for the post hoc test. **P < 0.01. GW group (co-culture of 
GW4869-treated LN18 cell extract and LN229r cells), EVs group 
(co-culture of LN18-derived EVs and LN229r cells), EVs-NC group 
(co-culture of LN18-derived EVs transfected with inhibitor NC and 
LN229r cells), EVs-inhibitor group (co-culture of LN18-derived EVs 
transfected with miR-27a-3p inhibitor and LN229r cells), control 
group (co-culture of equal volume PBS and LN229r cells)
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drug resistance in cancers [31]. Our results showed that 
EVs could be internalized by LN229r cells, and EVs treat-
ment upregulated miR-27a-3p expression in LN229r cells. 
miR-27a-3p in LN18 cells was inhibited using miR-27a-3p 
inhibitor. The results showed that miR-27a-3p expression 
in EVs was downregulated after the transfection. The IC50 
of LN229r cells to TMZ and LN229r cell proliferation was 
increased and the apoptosis was decreased after EVs treat-
ment, while the EVs-inhibitor treatment showed the opposite 
trend. However, there is no report at present on EVs carry-
ing miR-27a-3p promoting TMZ-resistance in GBM. Our 
study found that LN18-derived EVs could be internalized by 
LN229r cells, then release miR-27a-3p into LN229r cells, 
upregulate miR-27a-3p expression, and increase the TMZ-
resistance of LN229r cells.

To study the downstream mechanism of miR-27a-3p, 
we used TargetScan database to predict the downstream 
target genes of miR-27a-3p. Then BTG2 was obtained. 
BTG2 is an important anti-proliferation gene and its reduc-
tion is closely related to a poor prognosis of GBM patients 
[12]. Dual-luciferase assay confirmed the targeted binding 
relationship between miR-27a-3p and BTG2. Our results 
demonstrated that EV treatment downregulated BTG2 
expression in LN229, and BTG2 expression was partially 

upregulated after treatment of EVs-inhibitor. Consistently, 
BTG2 was downregulated in GBM tissues [13]. In conclu-
sion, LN18 derived EVs carried miR-27a-3p into LN229 
cells and targeted BTG2. Moreover, we overexpressed 
BTG2 in LN229r cells of THE EVs group. Our results 
demonstrated that after BTG2 overexpression, IC50 value 
was decreased, proliferation was decreased and apopto-
sis rate was increased. Similarly, BTG-2 overexpression 
reversed the inhibitory action of miR-134-5p on glioma 
cell proliferation and migration [32]. In brief, BTG2 over-
expression inhibited the effect of EVs on promoting TMZ 
resistance in GBM.

In summary, this study supported that tumor cell-derived 
EVs encapsulated miR-27a-3p and delivered it in the tumor 
microenvironment. After being internalized by other tumor 
cells, EVs released miR-27a-3p to increase miR-27a-3p 
expression in cells, and targeted BTG2, thus inducing the 
TMZ-resistance of GBM. However, the roles of other miR-
NAs in EVs and other downstream target genes of miR-
27a-3p have not been explored, and the downstream passage 
of BTG2 is also unknown. Further work is needed to verify 
the role of other miRNAs in EVs and other downstream 
target genes of miR-27a-3p.

Fig. 5   miR-27a-3p targeted BTG2. (A) The binding sites of miR-
27a-3p and BTG2 were predicted using TargetScan database; (B) 
The binding relationship between miR-27a-3p and BTG2 was verified 
by dual-luciferase assay; (C, D) The expression of BTG2 in LN229 
and LN229r cells were detected by RT-qPCR. Three independent 

tests were performed and the data were expressed as mean ± stand-
ard deviation. Independent t test was used for comparison of data in 
panel B and one-way ANOVA was used for comparison of data in 
panels C/D. Tukey’s multiple comparisons test was used for the post 
hoc test. **P < 0.01
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Fig. 6   Overexpression of BTG2 inhibited the effect of EVs on pro-
moting TMZ resistance in GBM. (A) Interference efficiency of 
pcDNA-BTG2 was detected by RT-qPCR; The drug resistance 
of cells was detected using (B) MTT method, (C) colony forma-
tion assay, and (D) flow cytometry. Three cell tests were performed 
and the data were expressed as mean ± standard deviation. One-way 

ANOVA was used for comparisons of data. Tukey’s multiple com-
parisons test was used for the post hoc test. **P < 0.01. EVs group 
(EVs-treated LN229r cells), EVs + pcDNA-BTG2 group (EVs-treated 
LN229r cells were transfected with pcDNA-BTG2), EVs + pcDNA-
NC group (EVs-treated LN229r cells were transfected with pcDNA-
NC)
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