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Objective: Glioma is one of the most common central nervous system malignant tumors,
accounting for 45%—60% of adult intracranial tumors. However, the clinical treatment of
glioma is limited. It is of great significance to seek new therapeutic methods for glioma via
gene therapy.

Materials and Methods: Microarray is used to identify the IncRNAs that are differentially
expressed in glioma. The expression of long non-coding RNA (IncRNA) ROR1-AS1 and
miR-4686 was detected by qRT-PCR. Exosomes were isolated from the supernatant of
normal and cancerous cells, and TEM was used for exosomes identification. MTT assay,
wound healing assay, transwell assay, and colony formation assay were used to detect the
ex0-ROR1-AS1 function on proliferation, migration, and invasion in glioma cells. Luciferase
assay and RIP assay were used to identify the relationship between IncRNA ROR1-AS1 and
miR-4686. The effect of exo-ROR1-AS1 on tumorigenesis of glioma was confirmed by the
xenograft nude mice model.

Results: ROR1-AS1 was up-regulated in glioma tissues, and the high expression of ROR1-
ASI1 indicated a poor prognosis in glioma patients. Interestingly, ROR1-AS1 was packaged
into exosomes and derived from tumor cells. Functional analysis showed exo-ROR1-AS1
promoted the progression of glioma cell lines SHG44 and U251. Furthermore, ROR1-AS1
acted as a sponge of miR-4686 and inhibited its expression. Functionally, forced expression
of miR-4686 removed the promoted effects of IncRNA ROR1-AS1 on glioma development.
In vivo tumorigenesis experiments showed that exo-ROR1-AS1 promoted glioma develop-
ment via miR-4686 axis.

Conclusion: Our study suggested tumor cells derived exo-ROR1-AS1 promoted glioma
progression by inhibiting miR-4686, which might be a potential therapeutic target for glioma
clinical treatment.
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Introduction

Glioma is the most common primary tumor of the central nervous system produced
by astrocytes.! Glioma has become one of the most invasive and lethal cancers
because of its high metastasis rate and drug resistance. Surgical resection, radio-
therapy and chemotherapy are commonly used at present, but most of these treat-
ments are inefficient, often leading to recurrence and eventually death.* The main
reason for the weak therapeutic effect is the lack of understanding of the mechan-
ism of glioma.* Therefore, it is vital to clarify the mechanism of glioma
progression.
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Tumor cells usually increase tumorigenicity by affect-
ing normal cells in their environment, such as vascular
cells, microglia, peripheral immune cells and neural
premises.” There is growing evidence that intercellular
communication in tumors depends on a nano-sized lipid
bilayer vesicle, including exosomes, vesicles and apopto-
tic bodies.® In recent years, exosomes have been shown
to mediate the interaction between glioma microenviron-
ment and may become a new anti-tumor target in
microenvironment.” Because all kinds of cells can secrete
exosomes under normal and pathological conditions, the
exosomes of different cells interact with each other,
forming a complex communication network.®
Information is transmitted from tumor exosomes to
other tumor cells and normal stromal cells to create
a microenvironment that promotes the growth and pro-
gression of tumor.” Exosomes are associated with drug
resistance, angiogenesis, evasion of immune surveillance,
apoptosis and tumor metastasis.'®'" Tumor exosomes
have a strong ability to regulate tumor microenvironment.

LncRNA is an RNA with a length of more than 200 bp
that does not have the ability to encode a protein.'?
Previous studies have shown that IncRNA is associated
with the occurrence and development of cancer and tumor-
related signaling pathways.'*>'* The IncRNA in exosomes
is easy to extract and is expected to be used in the diag-
nosis and treatment of cancer.'> Most of the exosome in
the tumor microenvironment are secreted by tumor cells.
On the one hand, exosomes derived from tumor cells use
IncRNA to change normal stromal cells.'® On the other
hand, exosomes from highly malignant tumor cells can
regulate the physiological state and function of low malig-
nant tumor cells through IncRNA, so that tumor cells have
strong viability.'” For example, IncRNA HOTAIR is
highly expressed in glioma cells, and the highly expressed
HOTAIR can be loaded into the exosomes secreted by
glioma cells and transferred to endothelial cells, resulting
in the increase of angiogenic factor VEGFA in vascular
endothelial cells, resulting in enhanced angiogenesis.'®
LncRNA RORI1-AS1 was first identified in mantle cell
lymphoma and acted as an oncogene by interacting with
EZH2 and SUZ12." Following researchers found ROR1-
AS1 also contributed to colorectal cancer, bladder cancer
and nasopharyngeal carcinoma.'® ' However, the func-
tion of ROR1-AS1 in glioma has not yet been fully
revealed. Herein, we aimed to explore the effect of
IncRNA ROR1-AS1 in glioma, and further illuminate the
possible underlying mechanisms.

Materials and Methods

Tissue Specimen

The surgical specimens of 30 glioma patients from
Affiliated Hospital of Zunyi Medical University were col-
lected, which were used for follow-up experimental detec-
tion. The experiment was permitted by the Ethics Review
Committee of Affiliated Hospital of Zunyi Medical
University and the patients signed informed consent.

Exosome Isolation and Identification

Cells were isolated from cancer and adjacent normal tis-
sues of glioma patients as previously described.?* Briefly,
each glioma tissue specimen was minced into 1 mm?® cube
chunks and enzymatically dissociated to single cells.
Exosomes in culture medium and several centrifugations
were performed to purify exosomes. Transmission electron
microscopy (TEM) was used to identify exosomes struc-
tures. Exosomes were analyzed using exosome marker
protein CD63, Alix and Tsgl01 via Western blot.

Animals

Animal experiments were permitted by the Animal
Protection and Ethics Committee of Affiliated Hospital
of Zunyi Medical University. The research was carried
out based on the proposals in the Guidelines for the Care
and Use of Laboratory Animals of the National Institutes
of Health. BALB/c nude mice (6-8 weeks) were pur-
chased from Beijing Weitong Lihua Experimental
Animal Technology Co., Ltd. (Beijing, China). For the
experiment of Xenograft, U251 cells (5 x 10°) were sus-
pended in 200 pL normal saline and subcutaneously
injected into the right flanks. And a dosage of 5 mg
(20ul) exosomes was administered into mice via tail vein
injection once every 3 days for 2 weeks. Tumor volume
(mm?): V. (Mm®) = S2 (Mm?) x L (Mm)/2.

Cell Culture

Cell lines were purchased from CHI Scientific, Inc
(Jiangsu, China). The cells were cultured with complete
medium including 89% 1640 and 10% FBS, both were
(Beit-Haemek,
Israel), and maintained in an incubator with 37°C and
5% of CO, saturated humidity.

purchased from Biological Industries

Cell Transfection and Treatment
The SHG44 cells were plated until the cell density reached
80% confluency of dishes to transfect. The plasmids

submit your manuscript

8864

Dove

International Journal of Nanomedicine 2020:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Chai et al

2000
Carlsbad, CA). 5 ug/mL exosomes were added into the
medium of SHG44 and U251 cells every 24 h. Plasmid of
RORI1-AS1 or miR-4686 mimics or small interfering RNA
(si-RNA) of ROR1-AS1 were constructed by Genechem
(Shanghai, China).

transfected with Lipofectamine (Invitrogen,

qRT-PCR

As for cells, RNA was isolated after 20 h of exosomes
treatment. RNA extraction was performed using trizol
reagent. NanoDrop 8000 (Thermo Scientific, Waltham,
MA, USA) was used to detect the concentration and purity
of RNA. The single-stranded cDNAs were synthesized
from 1 pg of RNA. The expression of mRNAs and
miRNAs were quantified by RT-PCR with SYBR Green
I (Thermo Fisher Scientific, Inc). Primer list: ROR1-AS1
(F: 5'-CTGACGAAACACTGGAACTC-3', R: 5-GTCTG
ATTTGGTAGCTTGGATG-3'), miR-4686 (F: 5'- CAAC
CTATCTGCTGGGCTTTC-3', R: 5-TATGCTTGTTCTC
GTCTCTGTGTC-3"), U6 (F: 5-TCGCCCTTGGCA CAG
CA-3', R: 5-CGAACCATTCAAGTGTTGCT-3"), GAD
PH (F: 5'- CTCCTGCACCACCAACTGCT -3', R: 5'-
GGGCCATCCACAGTCTTCTG -3').

Western Blot

Cells were treated with exosomes for 24 h. After RIPA
cleavage, total protein was extracted and measured with
BCA method. After quantitative denaturation, protein elec-
trophoresis membrane was transferred, and blockage of
used 5% BSA. The first
and second incubation were carried out according to the

membrane incubation
operation steps. The expression of the protein was
expressed by the gray value. Primary antibodies list:
CD63 (ab134045, Abcam), TsglO1 (ab125011, Abcam),
and Alix (ab88388, Abcam).

MTT Assay

SHG44 and U251 cells were plated in 96-well plates, and
MTT was used assay to detect the cell viability. MTT (20
nmol/L; Beyotime Biotechnology, China) was added after
12 h of exosomes treatment and incubated at 37°C for 4 h.
The absorbance of 450 nm was measured with 150 pL
DMSO.

Luciferase Assay

PsiCHECK-2 luciferase reporter plasmid was inserted with
the wildtype WT-ROR1-AS1 and Mut-ROR1-AS1 3'UTR
sequences that contain the putative binding sites of miR-

4686 in GenePharma company (Shanghai, China).
HEK?293 cells were co-transfected with 20 mmol/L miR-
4686 mimic or miR-NC together with WT-ROR1-AS1
/Mut-ROR1-AS1. Luciferase activity was measured with
Dual Luciferase Reporter Assay Kit (Transgene, China) on
GloMax20/20 at 48 hr after the transfection.

Colony Formation Assay

The cells were digested and the cell suspension was
diluted and inoculated in a dish containing 10 mL 37°C
preheated medium, and gently rotated to make the cells
dispersed evenly. The cells were then cultured for 14
days. Discard the supernatant and rinse carefully with
PBS for 2 times. The cells were fixed with 4% parafor-
maldehyde and fixed with 5 mL for 15 minutes. Then, go
to the fixed solution, add appropriate amount of GIMSA
to dye solution for 10 minutes and 30 minutes, and then
wash off the dye solution slowly with running water and
dry the air.

RNA-Binding Protein

Immunoprecipitation (RIP)

RIP assay was used to determine the binding between
RORI1-AS1 and miR-4686 using Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore) as
in previous study.?® Briefly, U251 cells were transfected
with biotinylated miR-4686 or miR-NC, and the expres-
sion of ROR1-AS1 was detected using qRT-PCR.

Statistical Analysis

Data were shown as mean£SD. Student’s #-test or one-way
ANOVA was used to compare the groups. P<0.05 was
considered significant.

Results
LncRNA RORI-ASI| Was Upregulated in
Glioma Tissues and Indicated a Poor

Prognosis in Glioma Patients

Firstly, bioinformatics was used to analyze the differentially
expressed IncRNA genes in tumor tissues and adjacent
tissues from glioma patients (Figure 1A and B). According
to volcano plot and microarray data, a total of three signifi-
cantly up-regulated IncRNAs were found to be differentially
expressed between the tumor tissues and corresponding
adjacent normal tissues. Among these up-regulated
IncRNAs, IncRNA RORI1-AS1 was significantly higher
than other IncRNAs. Suggesting ROR1-AS1 may involve
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Figure | The expression of IncRNA RORI-ASI in glioma tissues and cells. (A). Volcano plot of the differential IncRNA expression analysis. (B). LncRNA expression
profiles. (C). We collected 30 samples of patients diagnosed with glioma. The expression of RORI-ASI in normal and cancer tissues was detected by qRT-PCR. n = 30. (D).
According to the median level of RORI-ASI in Figure |A, 40 glioma patients was divided into low (n = |5) and high expression group (n = |5). Kaplan-Meier curves indicated
5-year survival rate of glioma patients. (E). qRT-PCR analysis for RORI-AS| level in glioma cell lines (SHG44, U251, U87 and SHG139) and normal astrocytes. Data are mean

+ SD; *P < 0.05. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.

in the progression of glioma. Then, the expression level of
RORI1-AS1 in 30 paired glioma patients was detected,
IncRNA ROR1-AS1 was upregulated in glioma cancer com-
pared with normal tissues (Figure 1C). According to the
median level of ROR1-AS1 in Figure 1A, 30 glioma patients
were divided into low (n = 15) and high expression group (n
= 15). Kaplan—Meier curves indicated a 5-year survival rate
of glioma patients was significantly higher in low expression
patients than high expression patients (Figure 1D). In addi-
tion, normal astrocytes and glioma cell lines SHG44, U251,
U87 and SHG139 were cultured and found the level of
RORI1-AS1 was dramatically higher in glioma cell lines
than that in astrocytes (Figure 1E). Together, these data
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indicated that RORI1-AS1 might be involved in glioma

progression.

LncRNA RORI-AS| Was Packaged into

Exosomes

To determine the origin of ROR1-AS1 in glioma, we iso-
lated exosomes in cancer tissues and adjacent normal tis-
sues. TEM data showed the morphology of exosomes
(Figure 2A). And exosomes markers were detected by
Western blot (Figure 2B). Interestingly, ROR1-AS1 level
was higher in cancer exosomes compared with normal exo-
somes (Figure 2C), which indicated that ROR1-AS1 could
be packaged into exosomes and derived from tumor cells.
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Figure 2 Tumor cells secreted exosomal RORI-ASI in glioma. (A). TEM images of exosomes isolated from normal and cancer cells. Scale bar, 200 nm. (B). Western blot for
CDé63, Tsgl01 and Alix in exosomes. (C). The expression of RORI-AS| in exosomes from normal cells and cancer cells was tested by qRT-PCR. Data are mean + SD; *P <
0.05. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Exosomal-RORI1-AS| Accelerated (Figure 3A), and SHG44 and U251 cells were incubated
Cancer Progression of Glioma Cells with exosomes isolated from tumor cells. ROR1-ASI
To evaluate the role of exosomal-ROR1-AS1 (exo- expression in isolated exosomes was detected, and
ROR1-AS1) in glioma development, tumor cells were RORI-ASI transfection induced ROR1-AS1 expression,
transfected with ROR1-AS1 or si-ROR1-AS1 or its NC  while si-RORI1-AS1 transfection reduced RORI1-ASI1
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Figure 3 Exosomal RORI-ASI promoted the proliferation, migration and invasion of glioma cells. (A) Tumor cells were transfected with RORI-ASI or si-RORI-ASI or its
NC, gRT-PCR was used to determine RORI-AS| expression in tumor cells. (B) Exosomes was isolated from tumor cells, and RORI-AS| expression in exosomes was
detected. (C) SHG44 and U251 cells were incubated with exosomes isolated from tumor cells, the expression of RORI-ASI in SHG44 and U251 cells was detected using
qRT-PCR. (D) MTT assay was to detected proliferation of SHG44 and U251 cells. (E and F) Wound healing assay was to evaluate migration of SHG44 and U251 cells. Scale
bar, 100 pm. (G and H) Transwell assay was to examine invasion of SHG44 and U251 cells. Scale bar, 50 pm. (I and J) Colony formation assay was to test proliferation of
SHG44 and U251 cells. Data are mean + SD; *P < 0.05. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test. The experiment
was repeated in triplicate.
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expression (Figure 3B). Then, we discovered that
ROR1-AS1 expression was significantly upregulated in
SHG44 and U251 cells upon incubation with exosomes
with RORI1-AS1 plasmid, but not with si-RORI1-ASI
(Figure 3C). Functionally, MTT assay was used to esti-
mate cell viability. It showed that exo-ROR1-ASI
increased cell viability, while exo0-si-ROR1-ASI1
decreased cell viability in SHG44 and U251 cells
(Figure 3D). Furthermore, wound healing assay sug-
gested that exo-ROR1-AS1 promoted cell migration in
SHG44 and U251 cells (Figure 3E), but exo-si-RORI1-
AS1 showed an opposite effect (Figure 3F). Transwell
assay showed that exo-ROR1-AS1 induced cell invasion
in SHG44 and U251 cells (Figure 3G), but exo-si-ROR1
-AS1 showed an opposite effect (Figure 3H). In addi-
tion, overexpression of ROR1-AS1 promoted prolifera-
tion of SHG44 and U251 cells (Figure 3I), while
silencing RORI1-AS1 inhibited proliferative
(Figure 3J). Together, exo-RORI1-AS1
tumor cells promoted tumor progression in glioma cells.

ability
secreted by

RORI-ASI Interacted with miR-4686
To clarify the underlying mechanism of RORI-AS1 in

glioma regulation, miRanda database was used to identify
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miRNA with ROR1-AS1 biding sites, which showed
a strong binding between miR-4686 and ROR1-AS1
(Figure 4A). Luciferase assay showed that miR-4686
inhibited luciferase activity of WT ROR1-AS1, but not
mutant ROR1-AS1 (Figure 4B). And qRT-PCR analysis
showed overexpression of ROR1-AS]1 significantly inhib-
ited miR-4686 level, while si-ROR1-AS1 promoted miR-
4686 expression in U251 cells (Figure 4C). Besides,
exosomes from cancer cells reduced miR-4686 level,
while transfection with si-ROR1-AS1 induced miR-
4686 expression (Figure 4D). Further, endogenous
RORI1-AS1 was enriched in biotinylated miR-4686
cells, which reveals a direct binding of ROR1-AS1 with
miR-4686 (Figure 4E).

Exo-RORI-AS| Promoted Growth via
miR-4686 in Glioma Cells

Then, miR-4686 was forced in U251 cells with the incu-
bation of exo-ROR1-AS1 (Figure 5A). Overexpression of
miR-4686 blocked the promoting effects of exo-RORI-
AS1 on cell viability, proliferation, migration and inva-
sion in U251 cells (Figure 5B—E). Moreover, miR-4686
showed an inhibitory effect of glioma development
(Supplementary Figure S1).
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Figure 4 RORI-AS| acted as a sponge of miR-4686. (A) MiRanda database showing the binding sites of miR-4686 with RORI-ASI, and the mutant sequence of RORI-ASI.
(B) Wild type and mutant RORI-AS| was transfected into HEK293 cells with or without miR-4686, and luciferase assay was to evaluate the binding between miR-4686 and
RORI-ASI. (C) U251 cells were transfected with RORI-AS| plasmid or si-RORI-AS| or its NC, the mRNA level of miR-4686 was detected using qRT-PCR. (D) U251 cells
were incubated with exosomes from normal and cancer cells and cancer cells transfected with si-RORI-ASI. (E) Biotinylated miR-4686 or NC was transfected into U251
cells, and qRT-PCR was performed to detect the enrichment of RORI-ASI. Data are mean * SD; *P < 0.05. Data among multiple groups were analyzed by one-way ANOVA,

followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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Figure 5 RORI-AS| promoted glioma growth by inhibiting miR-4686. U251 cells were transfected with miR-4686 or miR-NC with the incubation of exo-RORI-ASI. (A)
The expression of RORI-AS| and miR-4686 in U251 cells. (B) MTT assay for cell proliferation of U251 cells. (C) Wound healing assay for cell migration of U251 cells. Scale
bar, 100 pum. (D) Transwell assay for cell invasion of U251 cells. Scale bar, 50 um. (E) Colony formation assay for cell apoptosis. Data are mean * SD; *P < 0.05 vs exo-
pcDNA3.1 or exo-RORI-AS|+ miR-NC, #P< 0.05 vs exo-RORI-AS|. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey post hoc test.
The experiment was repeated in triplicate.

Exo-RORI-AS| Promoted Glioma subcutaneously injected into nude mice. And a dosage of
Tumorigenesis in vivo 5 mg exosomes was administered into mice via tail vein
To further explore the effects of RORI-AS1 in glioma, Injection once every 3 days for 2 weeks. The tumor
xenograft nude mice model was set up. Thirty mice were volume increased in RORI-ASI injection mice (Figure
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a dosage of 5 mg exosomes was administered into mice via tail vein injection once every 3 days for 2 weeks. (A) Tumor volume was measured every 7 days. (B) Tumors
were isolated after 28 days of U251 cells injection, and photos for representative tumors (up). The ratio of tumor weight to body weight was calculated (blow). (C) The
mRNA of RORI-ASI, miR-4686 in isolated tumors were detected by qRT-PCR. Data are mean * SD; *P < 0.05. Data among multiple groups were analyzed by one-way
ANOVA, followed by a Tukey post hoc test. The experiment was repeated in triplicate.
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tumor weight (Figure 6B). In addition, isolated tumor
tissues had a higher ROR1-AS1 level after injection of
exoROR1-AS1 (Figure 6C). Moreover, the injection of
RORI1-AS1 decreased the mRNA level of miR-4686
(Figure 6C). Taken together, ROR1-AS1 regulated the
progression of glioma by inhibiting miR-4686.

Discussion

Glioma originates from glial cells or neural progenitor
cells and is the most common primary tumor of the
brain.** Tt is reported that gliomas account for 80% of
malignant primary central nervous system tumors, and its
incidence is increasing year by year.””> Glioma is complex
in morphology and molecular level, and shows a high
degree of heterogeneity between tumors and within
tumors, which brings great difficulty to the treatment of
tumors. Tumor cells have the ability to communicate with
other cells in the microenvironment.”® Among them, exo-
some is an important medium, which can be involved in
the regulation of tumor migration, angiogenesis and drug
resistance.”’ In the present study, we found for the first
time that IncRNA RORI1-AS1 could be packaged in exo-
somes, which targetedly inhibited the expression of miR-
4686 and promoted the progression of glioma.

Exosomes are small vesicles secreted by cells to the
outside, which contain signal transduction receptors,
bioactive lipids, nucleic acids and proteins.”® Exosomes
are involved in the occurrence and development of glio-
mas by regulating immune escape, proliferation, invasion
and metastasis of gliomas. Domenis et al found that the
exosome secreted by glioma stem cells can inhibit the
proliferation and activation of T cells and the production
of Thl activating factors, resulting in immune escape.”” In
addition, exosomes derived from glioma cells can secrete
IncRNAs to promote the migration and invasion of glioma
cells. Lang et al found IncRNA CCAT2 was enveloped
into exosomes of glioma cells. Overexpression of CCAT2
could activate VEGFA and TGF B, promote angiogenesis
and inhibit apoptosis.®® In addition, exo-POU3F3 from
glioma cells accelerated angiogenesis and promoted
glioma development.’*’ And in the present study, we
found IncRNA RORI1-AS1 was up-regulated in glioma
using microarray, and this result was confirmed by qRT-
PCR assay, and high expression of ROR1-AS1 indicated
a poor prognosis in glioma patients. These data suggested
that ROR1-AS1 might be involved in glioma progression
and act as an oncogene. A previous study has shown that
IncRNA RORI1-AS1 was induced in colon cancer tissues

and cell lines. Overexpression of ROR1-AS1 promoted
cell proliferation and growth, and the underlying mechan-
ism might be regulating the level of DUSP5/CDKN1A.*
And our data were similar to previous researches. Next,
considering the importance of exosomes in cancer progres-
sion, we further explored the source of RORI-ASI.
Interestingly, ROR1-AS1 was packaged into exosomes
and derived from tumor cells. And functional analysis
showed exo-ROR1-AS1 secreted by tumor cells promoted
stemness of glioma cell lines SHG44 and U251.

Accumulating evidence has clarified that IncRNAs
acted as miRNA sponge, and inhibited miRNA expression,
thereby modulating the gene transcription through tran-
scription factors or modification enzymes complex.*?
Silencing of IncRNA NEAT1 suppressed the migration of
glioma cells. NEAT1 could have bound with miR-132, and
directly inhibited miR-132 expression.** And in the pre-
sent study, we found that ROR1-AS1 acted as a sponge of
miR-4686 and inhibited its expression. Functionally,
forced expression of miR-4686 removed the promoted
effects of IncRNA RORI1-AS1 on glioma development.
In vivo tumorigenesis experiments showed that exo-
ROR1-AS1 promoted glioma development via miR-4686
axis. In conclusion, this study suggested tumor cells
derived exo-ROR1-AS1 promoted glioma progression by
inhibiting miR-4686, which might be a potential therapeu-
tic target for glioma clinical treatment.

Glioma is the most common intracranial malignant tumor
with high morbidity and mortality, and it is easy to relapse
after the operation. The exosome contains genetic informa-
tion related to secretory cells, which is involved in the occur-
rence and development of glioma. It can be isolated from
blood, urine, cerebrospinal fluid and other body fluids, which
is one of the hotspots in the research of molecular biomarkers
of glioma, but there are still many problems to be further
explored. How does exosome transmit information between
cells? Can we find its specific target to prevent it from
promoting the development of glioma? The most important
thing is that it is not clear which kind of exosome is the most
valuable for the early diagnosis of glioma, and the value of
dynamic monitoring of exosome in the prognosis of glioma
patients is worthy of further study.

Conclusion
Our study suggested tumor cells derived exo-RORI1-AS1
promoted glioma progression by inhibiting miR-4686,
which might be a potential therapeutic target for glioma
clinical treatment.
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