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Abstract. Glioma invasion is a main cause of a poor prognosis 
and relapse in patients suffering from the disease. However, 
the molecular mechanisms responsible for glioma cell invasion 
remain poorly understood. In this study, the characteristics of 
exosomes were identified using electron microscope (TEM), 
and western blot analysis. The potential mechanism of long 
non‑coding RNA (lncRNA) activated by TGF‑β (lncRNA‑ATB) 
was demonstrated using luciferase reporter assays and RNA 
immunoprecipitation. We found that glioma cell‑derived 
exosomes promoted the activation of astrocytes and had the 
ability to shuttle long non‑coding RNA (lncRNA) activated 
by TGF‑β (lncRNA‑ATB) to astrocytes. More importantly, 
lncRNA‑ATB activated astrocytes through the suppression 
of microRNA (miRNA or miR)‑204‑3p in an Argonaute 2 
(Ago2)‑dependent manner. Furthermore, astrocytes activated 
by lncRNA‑ATB in turn promoted the migration and invasion 
of glioma cells. Taken together, the findings of this study suggest 
that lncRNA‑ATB may play an important role in modulating 
glioma microenvironment through exosomes. Thus, a better 
understanding of this process may provide implications for the 
prevention of highly invasive glioma.

Introduction

Despite the standard of care, consisting of surgical resection 
combined with chemotherapy and radiotherapy, the prognosis 

of patients with glioma remains dismal  (1). A number of 
factors promote the malignant potential of glioma, including 
the capacity of glioblastoma multiforme (GBM) to regulate 
immune responses both locally and systemically (2). Increasing 
evidence indicates that cancer cells can change the normal cell 
phenotype by the secretion of growth factors, chemokines and 
cytokines, which in turn promotes tumor growth, invasion and 
metastases (3,4). In the brain, chronic inflammation due to the 
presence of glioma cells results in the infiltration of reactive 
astrocytes, which are major components of the invasive niche 
at the interface of glioma cells (5‑7). Tumor‑stroma interac-
tions are in part mediated by secreting soluble factors, such 
as growth factors. However, the mechanisms underlying the 
communication between astrocytes and glioma cells are 
complex, and exosomes are likely involved.

Exosomes are small (30‑100 nm) vesicles secreted from 
cells into the extracellular space (8). Exosomes are formed 
by an inward budding of the plasma membrane in the late 
endosomes, thus enclosing within the internal vesicles to form 
multivesicular bodies (MVBs) within the cytoplasm, which 
may fuse with the plasma membrane and release its content 
of exosomes (9). Exosomes contain a set of specific proteins, 
including tetraspanins (CD9, CD63 and CD81), TSG101, Alix 
and flotillin  (10). Exosomes are highly enriched in sphin-
gomyelin, hexosylceramides and cholesterol at the expense 
of phosphatidylethanolamine and phosphatidylcholine  (11). 
Several crucial signals, including small GTPases, the endo-
somal sorting complex required for transport (ESCRT) and the 
SNARE complex are involved in exosome release (12). Although 
they were initially considered as removal of the garbage for 
cells, more recently exosomes have been shown to mediate 
intercellular communications (13,14). Exosomes are released 
by many cell types into the extracellular environment and are 
found in a variety of body fluids, such as saliva, urine, blood, 
ascites, breast milk and cerebrospinal fluid (15). Exosomes 
carry a specific payload of fully functional proteins, lipids 
and nucleic acids when transferred into recipient cells (16‑18). 
Functionally, exosomes have been implicated in the modulation 
of host immune responses and microbial pathogenesis by the 
regulation of intercellular communications (19,20). In cancer, 
for instance, exosomes can transfer oncogenic proteins and 
nucleic acids to modulate the activity of recipient cells, and 
then shape the microenvironment of tumor (21‑23).
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Long non‑coding RNA (lncRNA) activated by TGF‑β 
(lncRNA‑ATB) was initially identified as an lncRNA in 
hepatocellular carcinoma (HCC). LncRNA‑ATB expression 
was significantly increased hepatocellular carcinoma, which 
promotes HCC cells invasion and tumor growth. Additionally, 
lncRNA‑ATB can induce epithelial‑mesenchymal transition 
(EMT) and promote invasion by competitively binding 
and sequestering the microRNA (miRNA or miR)‑200 
family in HCC  (24). Our previous study revealed that 
lncRNA‑ATB promoted the migration and invasion of 
glioma cells by acting as a competitive endogenous RNA 
(ceRNA) of miR‑200a (25). Recently, plasma lncRNA‑ATB 
expression has been shown to be increased in lung disease, 
suggesting that circular lncRNA‑ATB may play a key role 
in disease (26).

In this study, we aimed to investigate the functional role of 
glioma cell‑derived exosomal lncRNA‑ATB in astrocytes. We 
describe the effects of glioma cell‑derived exosomes on the 
activation of astrocytes. We demonstrate that lncRNA‑ATB 
in glioma cell‑derived exosomes activates astrocytes through 
the suppression of miR‑204‑3p and that reactive astrocytes 
stimulate glioma cell invasion. These results suggest that 
lncRNA‑ATB may prove to be a novel therapeutic target for 
the treatment of invasive glioma.

Materials and methods

Cell culture. The A172 and U251 glioma cells were purchased 
from the Chinese Academy of Sciences (Shanghai, China) and 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
HyClone, Logan, UT, USA) with high glucose supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) and streptomycin 
(100 µg/ml), penicillin (100 U/ml). Normal human astrocytes 
(NHAs) were obtained from Sun Yat‑Sen University and 
cultured in astrocyte medium with low glucose supplemented 
with 10% fetal bovine serum. All cell lines were cultured at 
37˚C in a humidified incubator containing 5% CO2.

Isolation and analysis of exosomes. For exosomes isola-
tion, we first transplanted an equal number of different cells 
into 10  cm plates and changed the culture medium with 
fresh DMEM‑supplemented serum, which was depleted 
of exosomes. The culture medium was collected following 
centrifugation at 3,000  x  g for 15  min. Exosomes were 
extracted from the cell culture medium using a Total Exosome 
Isolation kit (Thermo Fisher Scientific) according to the 
manufacturer's instructions. The samples were then exam-
ined by transmission electron microscopy (TEM) on a JEM 
1010 transmission electron microscope at an accelerating 
voltage of 80 Kv. Digital images were obtained using the 
AMT Imaging System (Advanced Microscopy Techniques 
Corp., Woburn, MA, USA).

Uptake of exosomes by astrocytes. Exosomes from the A172 
and U251 glioma cells were labeled with Dil (Sigma, St. Louis, 
MO, USA) according to the supplier's instructions, suspended 
in low serum medium (10 µg/ml), and incubated with the 
astrocytes for 24 h at 37˚C. Following incubation, the cells 
were processed as previously described (27).

miRNA transfection and plasmid construction. miR‑204‑3p 
mimic (sequence: GCUGGGAAGGCAAAGGGACGU) and 
negative control (NC) were designed and synthesized by 
RiboBio Co., Ltd. (Guangzhou, China). miRNA was trans-
fected into the cel ls using Lipofectamine  2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). The transfection 
process was conducted according to manufacturer's guide-
lines. lncRNA ATB sequences (forward, 5'‑CTCAAGCTTGGC 
CCTGGGGCTCTGCAA‑3' and reverse, 5'‑GGAATTCTG 
GTAAATGAGTCCAAAGTC‑3') were synthesized and 
subcloned into the pCDNA3.1 vector (Sangon Biotech, 
Shanghai). The pCDNA constructs or the empty vector were 
transfected into the cells cultured in 6‑well plates according to 
the manufacturer's instructions (Invitrogen; Thermo Fisher 
Scientific, Inc.).

Immunofluorescence staining. The NHAs were fixed with 4% 
paraformaldehyde, and permeabilized with 0.2% Triton X‑100 
in 1% bovine serum albumin (BSA) for 10 min and blocked 
with 5% BSA for 1 h at room temperature. Incubation with 
anti‑glial fibrillary acidic protein (GFAP) antibodies (1:400, 
ab7260; Abcam, Cambridge, MA, USA) at 4˚C overnight was 
followed by incubation with rabbit IgG, Cy3 (1:100, bs‑0295P; 
Bioss Antibodies Inc., Beijing) at room temperature for 1 h. 
The cells were mounted with SlowFade Gold antifade reagent 
with DAPI (Sigma, St. Louis, MO, USA) and images were 
acquired using fluorescence microscopy (Olympus IX71; 
Olympus, Tokyo, Japan). Counting the number of lipid droplets 
containing a specific amount of pixels was carried out using 
Image J software.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from the cultured cells 
and exosomes using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Using a Nanodrop spectrophotometer (Implen GmbH, 
Munich, Germany), the RNA concentration and quality were 
determined by the 260/280 nm absorbance. Subsequently, the 
RNA was reverse transcribed into high capacity cDNA using 
PrimeScriptTM RT Master Mix (Perfect Real‑Time) (Takara 
Biotechnology, Dalian, China). Maxima SYBR‑Green/ROX 
qPCR Master Mix (Thermo Fisher Scientific, Inc.) was used 
for quantitative PCR. In brief, each PCR reaction mixture in a 
total volume of 10 µl, containing 5 µl of 2X SYBR‑Green 
Master Mix, 1 µl of sense and antisense primers, 3 µl of cDNA, 
was run for 45 cycles with denaturation at 95˚C for 15 sec, 
annealing at 60˚C for 30 sec, and extension at 72˚C for 30 sec. 
The primers for genes were determined as follows: 
lncRNA‑ATB forward, 5'‑ACAAGCTGTGCAGTCTCAGG‑3' 
and reverse, 5'‑CTAGGCCCAAAGACAATGGA‑3'; GFAP 
forward, 5'‑AGGTCCATGTGGAGCTTGAC‑3' and reverse, 
5'‑GCCATTGCCTCATACTGCGT‑3'; and GAPDH forward, 
5'‑AGCAAGAGCACAAGAGGAAG‑3' and reverse, 5'‑GGT 
TGAGCACAGGGTACTTT‑3'.

The All‑in‑One™ miRNA First‑Strand cDNA Synthesis 
kit (Genecopoeia, Guangzhou, China) was used for miRNA 
reverse transcription and RT‑qPCR was conducted using the 
All‑in‑One™ miRNA qPCR kit (Genecopoeia) for miR‑204‑3p 
and U6 (miRQ0022693‑1‑1/MQP‑0202, respectively; RiboBio 
Co., Ltd.), respectively, using ABI 7100 (Applied Biosystems, 
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Darmstadt, Germany). For relative quantification, the 2‑ΔΔCq 
value was calculated and used as an indication of the relative 
expression levels (28), which was calculated by subtracting 
the CT values of the control gene from the CT values of 
lncRNA‑ATB, GFAP and miR‑204‑3p.

Cell migration and invasion assays. The cell migratory and 
invasive ability was examined using 24‑well chambers with 
an 8 μm pore size (Corning, Inc., Corning, NY, USA). A total 
of 5x103 cells were resuspended in 100 µl serum‑free medium 
and seeded into the upper chamber with or without pre‑coated 
with 500 ng/ml Matrigel solution (BD Biosciences, San Jose, 
CA, USA), while serum‑containing medium was placed in 
the bottom chamber of Transwell plates, following incuba-
tion at 37˚C for 48 h for the migration and invasion assays. 
Non‑migrated and non‑invaded cells from the upper chamber 
were scraped off using a cotton swab. The migrated and invaded 
cells on the lower chamber membrane were fixed with 4% poly-
oxymethylene and stained with crystal violet (Sigma) at room 
temperature for 5 min, and dried. Five predetermined fields 
were counted under a microscope (Olympus IX71, (Olympus; 
x200 magnification). All assays were performed in triplicate.

Luciferase reporter assays. The lncRNA‑ATB fragment 
containing the predicted miR‑204‑3p binding site (miRDB, 
http://mirdb.org/), and the putative sequences of the binding 
site were cloned into a pmirGlO Dual‑luciferase miRNA 
Target Expression Vector (Promega, Madison, WI, USA) 
to form the reporter vector pmiRGLO‑lncRNA‑ATB. 
PmiRGLO‑lncRNA‑ATB was co‑transfected with miR‑204‑3p 
mimics or NC into NHAs using Lipofectamine  2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Following 48 h 
of transfection, luciferase assay was carried out using a 
Dual‑Luciferase Reporter Assay System (Promega) according 
to the manufacturer's instructions. All assays were indepen-
dently performed in triplicate.

RNA immunoprecipitation. The EZ‑Magna RIP RNA‑binding 
protein immunoprecipitation kit (EMD Millipore, Billerica, 
MA, USA) was used in RNA immunoprecipitation (RIP). 
RIP was implemented to pull down endogenous miR‑204‑3p 
associated with lncRNA‑ATB in NHAs, and was performed 
following the manufacturer's instructions. NHAs were lysed 
with RIP lysis buffer, and 100 µl of cell lysate were incubated 
with RIP immunoprecipitation buffer containing magnetic 

beads conjugated with human anti‑Argonaute  2 (Ago2) 
antibody (EMD Millipore) and normal IgG (EMD Millipore) 
was used as negative control. The samples were incubated with 
Proteinase K buffer and then target RNA was extracted using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. Purified RNA 
was subjected to RT‑qPCR analysis.

Western blot analysis. Total proteins were extracted from 
the cells using RIPA buffer with PMSF (Beyotime Institute 
of Biotechnology, Shanghai, China) on ice, subjected to 
10%  SDS‑PAGE gel and electrophoretically transferred 
onto polyvinylidene difluoride (PVDF) membranes. The 
membranes were incubated in 5% non‑fat milk dissolved in 
Tris‑buffered saline (TBS) containing 0.1% Tween‑20 for 
1.5 h at room temperature and then incubated with primary 
antibodies at 4˚C overnight as follows: CD63, CD9 and 
GAPDH (1:1,000, ab193349/ab223052/ab9484, respectively; 
Abcam). Following incubation at room temperature for 2 h 
with secondary antibodies (goat anti‑rabbit or goat anti‑mouse, 
1:5,000, ZB‑2301/ZB‑2305, respectively; ZSGB‑BIO, Beijing, 
China), immune complexes were visualized using the 
SuperSignal® West Femto Trial kit (Thermo Fisher Scientific, 
Inc.) and blot bands were scanned using Find‑do x6 Tanon 
(Tanon, Shanghai, China).

Statistical analysis. Experimental data are presented as 
the means ± standard deviation (SD). GraphPad Prism V5.0 
software (GraphPad Software, Inc., La Jolla, CA, USA) 
was used for statistical analysis. Differences were analyzed 
using SPSS 17.0 statistical software with the Student's t‑test 
or one‑way ANOVA. A value of P<0.05 was considered to 
indicate a statistically significant difference.

Results

Isolation and characterization of glioma cell‑derived 
exosomes. Exosomes purified from the media of the A172 
and U251 glioma cells are shown in Fig. 1A, as visualized 
by TEM. TEM revealed a relatively uniform population of 
membrane‑bound vesicles around 100 nm. Moreover, western 
blot analyses revealed the isolated particles expressed markers 
associated with exosomes (CD9 and CD63) (Fig. 1B). Thus, 
these nanovesicles have the characteristics of exosomes and 
can be isolated in a consistent manner.

Figure 1. Exosomes released from glioma cells. (A) Transmission electron microscopy for the examination of the morphology and size characterization of 
exosomes isolated from A172 and U251 glioma cells cultured in conditioned medium. (B) Western blot analysis with anti‑CD9 antibody and anti‑CD63 
antibody, used as markers of exosomes, confirming their correct isolation.
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Glioma cell‑derived exosomes activate astrocytes. NHAs, a 
type of normal human brain astrocytes, were selected for use 
as NHAs in our experimental model. The isolated exosomes 
from the A172 and U251 glioma cells were labeled with Dil 
dye (red), washed thoroughly and then added to the NHAs. 
The uptake of the labeled exosomes by NHAs revealed a red 
signal under a fluorescence microscope (Fig. 2A and B). These 
results suggested that the uptake of exosomes by these cells 
was very efficient. To gain insight into the effects of exosomes 
derived from the glioma cells on astrocytes, the activation of 
astrocytes was measured. The results of RT‑qPCR revealed 
that treatment with the A172 and U251 glioma cell‑derived 
exosomes induced the mRNA expression of GFAP, a marker 
of astrocyte activation (Fig. 2C and D).

lncRNA‑ATB in exosomes mediates astrocyte activation. We 
then examined the mechanisms through which the glioma 
cells‑derived exosomes activate astrocytes. The results of 
RT‑qPCR demonstrated that the exosomes derived from 
the A172 and U251 glioma cells contained higher levels of 
lncRNA‑ATB when compared with those derived from the 
parent glioma cells (Fig. 3A and B). To determine whether 
lncRNA‑ATB secreted from the A172 and U251 glioma 
cells can be transferred to astrocytes via exosomes, we 
measured the lncRNA‑ATB levels in astrocytes treated with 
exosomes derived from the glioma cells. Similar to that 
observed for exosome uptake, an increase in the expression of 
lncRNA‑ATB was observed in the NHAs following treatment 
with the glioma cell‑derived exosomes at 24 h (Fig. 3C and D). 
To explore the possible functional role of lncRNA‑ATB in 

astrocytes, lncRNA‑ATB was transfected into astrocytes. The 
results of RT‑qPCR analysis revealed the elevated expression 
of lncRNA‑ATB in the NHAs (Fig. 4A). The enhanced expres-
sion of lncRNA‑ATB in the NHAs significantly increased 
GFAP mRNA expression (Fig. 4B). In addition, the increase 
in the number of GFAP‑positive cells shown by immunofluo-
rescence staining was observed in the NHAs transfected with 
lncRNA‑ATB compared with the empty vector‑transfected 
cells (Fig.  4C). Collectively, these findings indicate that 
tumor‑derived exosomal lncRNA‑ATB mediates the activa-
tion of astrocytes.

lncRNA‑ATB activates astrocytes physically associated with 
miR‑204‑3p. Bioinformatics analysis by miRDB revealed 
putative targeting sites of miR‑204‑3p and miR‑200a shared 
by lncRNA‑ATB (Fig. 5A). To further determine whether 
lncRNA‑ATB regulates the expression of miR‑204‑3p and 
miR‑200a, the NHAs were transfected with lncRNA‑ATB or 
the empty vector. The results revealed that the expression of 
miR‑204‑3p and miR‑200a was decreased by 69 and 46% in 
the lncRNA‑ATB vector‑transfected cells compared with the 
empty vector control‑transfected cells, respectively (Fig. 5B). 
Therefore, in the subsequent experiments, we mainly focused 
on the involvement of miR‑204‑3p in the lncRNA‑ATB‑medi-
ated activation of astrocytes.

To validate whether lncRNA‑ATB is a target of miR‑204‑3p 
in astrocytes, we constructed a luciferase reporter plasmid 
of lncRNA‑ATB containing miR‑204‑3p binding sites. As 
shown in Fig. 5C and D, the ectopic expression of miR‑204‑3p 
decreased lncRNA‑ATB luciferase activity compared with 

Figure 2. Glioma cell‑derived exosomes activate astrocytes. (A and B) Normal human astrocytes (NHAs) were cultured in the absence (control) or presence of 
glioma cells‑derived Dil‑labeled exosomes for 24 h. Exosomes were taken up by the NHAs, as shown under a fluorescence fiberscope. NHAs were stained with 
DAPI (nuclei). (C and D) RT‑qPCR analyses of GFAP expression were done on astrocytes 24 h following treatment with A172 and U251 glioma cell‑derived 
exosomes (10 µg/ml). Untreated cells were used as a control. **P<0.01 vs. control.
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the negative control (NC). However, the overexpression 
of miR‑204‑3p did not significantly affect lncRNA‑ATB 
expression in the NHAs (Fig. 5E).

miRNAs are known to bind their targets and cause 
translational repression and/or RNA degradation in an 
Ago2‑dependent manner (25). Thus, in this study, to determine 

Figure 3. Exosomal lncRNA‑ATB is secreted by A172 and U251 glioma cells and mediates astrocyte activation. (A and B) RT‑qPCR analysis of exosomes 
derived from A172 and U251 glioma cells contained higher levels of lncRNA‑ATB when compared with those derived from parent glioma cells (control); 
**P<0.01 vs. control. (C and D) RT‑qPCR analysis of lncRNA‑ATB on normal human astrocytes (NHAs) 24 h following treatment with exosomes derived from 
A172 and U251 glioma cells. Untreated cells were used as controls. **P<0.01 vs. control.

Figure 4. lncRNA‑ATB induces astrocyte activation. (A and B) RT‑qPCR analysis of lncRNA‑ATB and glial fibrillary acidic protein (GFAP) expression in 
normal human astrocytes (NHAs) transfected with empty vector or lncRNA‑ATB plasmid; **P<0.01 vs. empty vector. (C) Immunofluorescence staining was 
performed to assess the protein level of GFAP in NHAs transfected with lncRNA‑ATB or empty vector.



BIAN et al:  EXOSOMAL lncRNA-ATB ACTIVATES ASTROCYTES718

whether lncRNA‑ATB is regulated by miR‑204‑3p in such a 
manner, we conducted anti‑Ago2 RIP in NHAs transiently 
overexpressing miR‑204‑3p. Endogenous lncRNA‑ATB 
pull‑down was specifically enriched in the miR‑204‑3p‑trans-
fected NHAs (Fig.  5F), suggesting that miR‑204‑3p are 
bona fide lncRNA‑ATB‑targeting miRNAs. These data 
demonstrated that miR‑204‑3p bound to lncRNA‑ATB, but 
did not induce the degradation of lncRNA‑ATB. All these 
data suggested that lncRNA‑ATB was physically associated 
with miR‑204‑3p in the NHAs. In addition, miR‑204‑3p 
inhibited GFAP expression in the NHAs compared with 
the NC (Fig. 6A). As shown in Fig. 6B, the decrease in the 
number of GFAP‑positive cells shown by immunofluores-
cence staining was observed in the NHAs transfected with 
miR‑204‑3p compared with the NC. These results suggest that 
lncRNA‑ATB activates astrocytes partly through the suppres-
sion of miR‑204‑3p.

Astrocytes activated by lncRNA‑ATB regulate glioma cell 
invasion. To determine the effects of astrocytes activated 
by lncRNA‑ATB on glioma cell migration and invasion, 
we investigated the migration of the A172 and U251 glioma 
cells co‑cultured with vector‑transfected NHAs or 
lncRNA‑ATB‑transfected NHAs. As a result, the migra-
tion of the glioma cells was markedly increased under 
lncRNA‑ATB‑NHA culture conditions (Fig. 7A). Similarly, 
the invasion of the glioma cells was markedly increased 

Figure 5. lncRNA‑ATB directly targets miR‑204‑3p in astrocytes. (A) Target gene prediction of miR‑204‑3p using bioinformatics tools. (B) RT‑qPCR assays 
of miR‑204‑3p and miR‑200a expression in normal human astrocytes (NHAs) transfected with empty vector or lncRNA‑ATB plasmid; **P<0.01 vs. vector. 
(C) RT‑qPCR assays of miR‑204‑3p expression in NHAs transfected with miR‑204‑3p mimic or negative control (NC). **P<0.01 vs. NC. (D) Relative luciferase 
activity of NHAs transfected with miR‑204‑3p mimic or NC. **P<0.01 vs. NC. (E) RT‑qPCR assays of lncRNA‑ATB expression in NHAs transfected with 
miR‑204‑3p mimic or NC. **P<0.01 vs. NC. (F) RNA‑IP with anti‑Ago2 antibody was performed in NHAs transfected with miR‑204‑3p mimic or NC. 
lncRNA‑ATB expression level was detected by RT‑qPCR. **P< 0.01 vs. NC.

Figure 6. miR‑204‑3p inhibits astrocyte activation. (A) RT‑qPCR assays of 
glial fibrillary acidic protein (GFAP) expression in normal human astrocytes 
(NHAs) transfected with miR‑204‑3p mimic or NC; **P<0.01 vs. negative 
control (NC). (B) Immunofluorescence staining was performed to assess 
the protein level of GFAP expression in NHAs transfected with miR‑204‑3p 
mimic or NC.
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when the cells were cultured with lncRNA‑ATB‑NHAs in the 
bottom chamber (Fig. 7B).

Discussion

Gliomas are known to alter the phenotype of normal cells in 
their environs to promote glioma invasion, and astrocytes are 
key players in this process. A number of interactions between 
gliomas and astrocytes are regulated through chemokines 
and cytokines in the secretome (29). This study supports an 
additional form of communication in which lncRNAs are 
transferred from glioma cells into astrocytes via exosomes. 
The transfer of lncRNA‑ATB in glioma cell‑derived exosomes 
resulted in elevated levels in astrocytes and in the suppression 
of miR‑204‑3p. Although other miRNAs and proteins exist in 
these exsomes, the effects may be combinatorial.

Exosome transport is believed to be an effective means for 
modulating cell signaling and biological function in recipient 
cells (30). Several studies have described the role of exosomes 
in the tumor immune response, tumor invasiveness and 
metastasis (31‑33). Importantly, the ability of exosomes shed 
by tumor cells to transfer the malignant phenotype to normal 
cells is mediated through the delivery of nucleic acids and 
proteins, suggesting an important mechanism for ‘dissemina-
tion’ of the tumor (34). Recently, GBM‑derived exosomes have 
been shown to promote angiogenesis during hypoxia, by the 
transferring of mRNA transcripts and proteins to vascular 
endothelial cells and pericytes (35,36). However, the contribu-
tion of exosomes to the regulation of the biological function 
of astrocytes is poorly understood. In the present study, our 
data revealed that exosomes derived from glioma cells were 

taken up by astrocytes. Moreover, the exosomes exerted a 
promoting effect on the activation of astrocytes, supporting 
the notion that exosomes released from malignant cells can 
affect the functions of surrounding cells. A better charac-
terization of glioma cell‑derived exosome contents and the 
mechanisms of astrocyte interactions are necessary to reverse 
exosome‑induced dysfunction.

Increasing evidence indicates that tumor‑derived exosomes 
can regulate the functions of recipient cells probably through 
delivering their carried non‑coding RNAs. For example, high 
levels of miR‑451/miR‑21 in GBM‑EVs have been shown to be 
delivered to microglia, presumably as a means for the tumor to 
manipulate its environs (29). Qu et al reported that lncARSR 
could be incorporated into exosomes and transmitted to 
sensitive cells, thus disseminating sunitinib resistance in 
renal cancer  (37). In this study, our results suggested that 
lncRNA‑ATB embedded in exosomes derived from glioma 
cells conferred the activation phenotype to recipient astrocytes. 
Recently, plasma lncRNA‑ATB expression has been shown to 
be increased in lung disease (26). These findings suggest that 
circular lncRNA‑ATB may play a central role in glioma.

Accumulating evidences indicates the common existence 
of a widespread interaction network of ceRNAs. lncRNAs may 
carry out its functions by targeting miRNAs and regulating 
their functional roles. lncRNA‑ATB promotes tumor cell inva-
sion and plays a key role in the distant metastasis of HCC by 
negatively regulating the miR‑200 family (24). Our previous 
study revealed that lncRNA‑ATB was abnormally upregulated 
in glioma, and patients with glioma with a high lncRNA‑ATB 
expression had a shorter overall survival time. lncRNA‑ATB 
functions as a ceRNA by decreasing miR‑200a expression, and 

Figure 7. (A) A co‑culture Transwell migration assay was performed. A172 and U251 glioma cells in the upper chamber were co‑cultured with or without 
normal human astrocytes (NHAs) in the bottom chamber of the Transwell plate. NHAs in the bottom chamber of the Transwell plate were transfected with 
empty vector or lncRNA‑ATB plasmid; **P<0.01 vs. vector. (B) A co‑culture invasion assay (use Matrigel Transwell chambers) was performed. A172 and U251 
glioma cells in the upper chamber were co‑cultured with or without NHAs in the bottom chamber of the Transwell plate. NHAs in the bottom chamber of the 
Transwell plate were transfected with vector or lncRNA‑ATB plasmid; **P<0.01 vs. vector.
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upregulating TGF‑β2 expression in human glioma cells (25). In 
this study, we demonstrated that lncRNA‑ATB overexpression 
in astrocytes significantly decreased miR‑204‑3p, and slightly 
(although still significantly) decreased miR‑200a expression, 
compared with the empty vector‑transfected cells. These results 
indicate that the regulatory mechanism of lncRNA‑ATB may 
be cell‑specific. The results of RNA‑IP assay revealed that the 
expression of lncRNA‑ATB immunoprecipitated with in the 
miR‑204‑3p overexpression was markedly increased. In addi-
tion, miR‑204‑3p inhibited astrocyte activation. Therefore, these 
results suggest that lncRNA‑ATB may carry out its functions by 
the suppression of miR‑204‑3p in astrocytes. Further studies are 
warranted in order to fully elucidate the molecular mechanisms 
through which miR‑204‑3p inhibits astrocyte activation.

Astrocytes are the most abundant cell type in the brain and 
regulate the homeostasis of the brain microenvironment (38). 
Astrocytes represent a reactive phenotype when they contact 
tumor cells, expressing high levels of GFAP  (39). There is 
evidence to indicate that reactive astrocytes promote the brain 
metastasis of lung and breast cancer cells by secreting various 
cytokines (40,41). Reactive astrocytes assist the parenchymal 
infiltrative ability of glioma cells and further augment glioma 
malignancy (42,43). In this study, we demonstrated that astro-
cytes activated by lncRNA‑ATB promoted the migration and 
invasion of glioma cells. Reactive astrocytes secrete chemokines 
or cytokines, such as TGF‑β, among others, to promote tumor 
cell migration and invasion (44). Recently, studies have reported 
that lncRNA‑ATB governs the autocrine secretion of TGF‑β 
and increases the expression of by TGF‑β via miR‑200s (45,46). 
This evidence suggests that exosomal lncRNA‑ATB may acti-
vate astrocytes to secrete TGF‑β, which promotes the migration 
and invasion of glioma cells. However, the mechanisms through 
which NHAs activated by lncRNA‑ATB plays its role in the 
regulation of glioma cell migration/invasion is not yet clear, 
which is the field we will focus on in subsequent study.

In conclusion, our results indicate that glioma cell‑derived 
exosomal lncRNA‑ATB change phenotype of astrocytes. In 
addition, exosomal lncRNA‑ATB targeted and repressed of 
miR‑204‑3p in astrocytes, which in turn promotes the inva-
sion of glioma cells. The findings of this study provide a 
novel molecular mechanism underlying the crosstalk between 
glioma cells and astrocytes to promote the invasion of glioma, 
which contributes to efficient therapeutic strategies for the 
treatment of invasive glioma.
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