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Abstract
Background: TMZ resistance plays a critical role in the treatment of glioma, our research try to explore
how circRNAs affect the chemosensitivity of glioma cells.

Methods: In this study, we proceeded gene sequencing, and selected circRNAs speci�cally expressed in
TMZ resistant cells and use them as target genes for subsequent studies; by knocking out the target gene
we clarify its effect on TMZ resistant glioma proliferation, invasion, migration and cell apoptosis; through
tumor-burdened animals we explore the effect of target gene in vivo environment.

Results: In our research we revealed that circ-GLIS3 was signi�cantly upregulated in TMZ resistant
glioma cells. Functionally, knocking down circ-GLIS3 could inhibit proliferation, invasion, and migration
abilities of TMZ resistant glioma cells; moreover, the downregulation of circ-GLIS3 could induce cell cycle
arrest and apoptosis, while miR-548m inhibition and MED31 mRNA could reverse this progress. In vivo
condition, the silencing of circ-GLIS3 could induce cell apoptosis and suppressed tumor growth.
Mechanistically, circ-GLIS3 positively upregulated MED31 expression by sponging miR-548m.

Conclusions: All these research �ndings demonstrate that circ-GLIS3 accelerates TMZ resistant glioma
progression through miR-548m/MED31 axis.

Introduction
Glioma is a tumor which shares malignancy with strong aggressiveness. The mortality rate of glioma has
decreased with the improvement of surgery-related technologies and chemoradiotherapy. However, since
its diagnosis is incurable, the prognosis of glioma remains poor, patients share only 5.5% in 5 years
survival rate (1–3). Temozolomide (TMZ) is recognized as the most common and effective treatment for
glioma patients at present (4–7), however about 50% patients treated with TMZ developed chemotherapy
resistance, partly owing to the elevated expression of O6-methylguanine methyltransferase (MGMT) and
the lack of a DNA repair pathway in tumor cells, prognosis for these patients remains poor (8). All these
clinical di�culties remind us we should explore the mechanism of TMZ resistance in glioma.

Exosomes are small, extracellular vesicles with lipid bilayer membranes. When these vesicles incorporate
into target cells, vesicular-contented RNA molecules, proteins and lipids will be released into cellular
microenvironment, thus mediating cell-cell communication (9–12). Circular RNAs (circRNAs) are novel
discovered noncoding RNAs which could function as essential regulators in cancer progression. Up to
now, several evidence suggested that tumor-derived exosomes could be engaged in cancer biological
processes, including tumor angiogenesis, metastasis and chemoresistance (13–16).

In our previous work, we discovered that circ_0086248 (chr9:4286037–4298496; gene symbol: GLIS3)
was obviously increased in A172/TMZ-R cells compared with SVG cells. Functionally, we detected cell
proliferation and invasion affected by circRNA-GLIS3 in vitro. Through bioinformatics analysis, we
predicted that circRNA-GLIS3 could interact with miR-548m to regulate MED31 expression and ultimately
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affect TMZ resistant glioma cells. In the present study, we aim to explore whether circRNA-GLIS3 is
involved in TMZ resistance of glioma and attempt to con�rm whether circRNA-GLIS3/miR-548m/MED31
signal pathway could promote the malignant biological properties of TMZ resistant glioma cells and
clarify their regulatory mechanism. Thus could indicate a potential therapeutic target.

Materials And Methods
TMZ resistant glioma cell culture

A172 and U251 cell lines were incubated in DMEM medium with increasing TMZ concentration, to
established TMZ-resistant glioma cells (A172/TMZ-R and U251/ TMZ-R) by stepwise (8 months)
increasing exposure (Initially cultured in DMEM medium containing 5 µM of TMZ, and maintain for 2
weeks at each dose; thereafter, the dose gradually increased and �nally reached 400 µM). SVG cells were
proceeded with adhesive culture.

Isolation and characterization of cell-derived exosomes

We use Hieff™ Quick exosome isolation kit to extract exosomes from A172/TMZ-R, U251/TMZ-R and
SVG cell lines. Thirty microliters of exosomes were placed in an EP tube, and RIPA lysis buffer was added.
Then, all these reagents were mixed and frozen.

Cell treatment and transfection

For circRNA-GLIS3 knockdown, the TMZ resistant cells were transfected with 20 nM of siRNA against
circRNA-GLIS3 (si-circ-GLIS3, GenePharma, Shanghai, China) as treatment group. For circRNA-GLIS3 up-
regulation, 50 ng of circRNA-GLIS3 overexpression plasmids (vector-circRNA-GLIS3, GenePharma) were
transfected into cells. MiR-548m overexpression or knockdown was achieved using 20 nM of miR-548m
mimic (GenePharma) or miR-548m inhibitor (anti-miR-548m, GenePharma). A172/TMZ-R and
U251/TMZ-R cells were transduced for 24 hours. Then, we proceeded with qPCR to con�rm
circRNA/miRNA inhibition in stable cells.

Western blotting

Total proteins were extracted with an extraction kit (supplemented with a protease inhibitor cocktail). The
primary antibody was diluted in the appropriate ratio of T-TBS (containing 3% BSA) and incubated at 4°C
overnight. The secondary antibody was diluted in the appropriate ratio of T-TBS (containing 3% BSA) in a
certain proportion. ECL was used to visualize Western blotting substrate immunoreactive bands.

EdU and clone formation assay

In EDU assay cell nuclei were stained with Hoechst for 15 min. After that, all cells were examined. For
clone formation assay, transfected cells were seeded in 6-well plates and cultured in medium containing
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10% FBS at 37°C with 5% CO2. Approximately 10 days later, the cells were stained with 0.1% crystal violet
(Beyotime, Beijing, China).

CCK-8 assay

Cells were plated into 96-well plates (3000 cells/well). 10 µl of Cell-Counting Kit-8 (Dojindo Laboratories,
Kumamoto, Japan) reagent was added after cultured for 24, 48, 72, and 96 hours. Two hours later, the OD
value was measured at a wavelength of 450 nm.

Transwell assay

Invasion abilities were tested using a matrigel-coated 24-well transwell plate. Cells in serum-free medium
were added to the upper chamber. After culturing for 24 hours, the cells were �xed with methanol and
stained with 1% crystal violet. After that, the cells were viewed through a Nikon TE 2000 microscope.

Migration assay

Cells were added after culture plate marking, and were washed with sterile PBS 3 times as a scratch was
completed. The cells were cultured in an incubator with 5% CO2 at 37°C. Then, all cells were removed and
observed under a microscope after 24 hours.

Cell cycle assay

Examine cells were harvested 48 hours after transfection and washed with PBS, then �xed in 70% ethanol
for 24 hours and incubated for 15 mins. Cell cycle was immediately analyzed using a �ow cytometer
(Millipore Guava).

Apoptosis assay

All samples were analyzed by �ow cytometry, the cells were grouped into viable, necrotic, and apoptotic
cells, and the percentages of apoptotic cells of each group were counted.

Xenograft model

Ten BALB/c nude mice (200 µL per mouse) aged 3 weeks were randomly divided into two groups. In
experimental group, A172/TMZ-R cells were suspended in serum-free DMEM (1×106 to 1×107/mL), after
circRNA-GLIS3 was knocked down (inhibitor transfected by lentivirus), we implanted the cells
subcutaneously into the right anterior side of nude mice continuously for 5 days. In NC group, the mice
were subcutaneously injected with A172/TMZ-R cells (PBS transfected with lentivirus). We chose 6, 12,
18, 24 and 30 days after subcutaneous injection as measurement points, tumor size was measured by
caliper, and tumor volume (mm3) was calculated as follows: length×width2/2. 30 days after injection, the
BALB/c nude mice were killed and dissected to remove the subcutaneously implanted tumors, and the
tumors were weighed by electronic balance. Pathological sections were made and observed under a
microscope after hematoxylin and eosin staining.
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Statistical analysis
Data analysis was performed using SPSS18.0. GraphPad 5.0 was applied to present the data analyses.
Differences were analyzed by Student’s t-test, with P 0.05 indicating statistical signi�cance.

Results
Circ-GLIS3 expression was upregulated in A172/TMZ-R cells and cell-derived exsomes

A172/TMZ-R and SVG cells were identi�ed through microscopic examination (Fig. 1A, B). To determine
whether cell-derived exosomes were successfully puri�ed, the exosome morphology was veri�ed under
transmission electron microscopy (Fig. 1C, D). CircRNA sequencing was performed in A172/TMZ-R and
SVG cell lines. Differential expression was revealed through boxplots, scatter plots, volcano plots and
hierarchical clustering (Fig. 1E). Then, primer screening and RT-PCR were conducted to localize candidate
circRNAs. According to the relative circRNA expression, we found that circ-GLIS3 was signi�cantly
upregulated in A172/TMZ-R cells (both in cells and exsomes).

CircRNA-GLIS3 knockdown inhibited the progression of TMZ resistant glioma cells

To examine the biological function of circ-GLIS3 in TMZ resistant glioma, it was silenced in A172/TMZ-R
and overexpressed in U251/TMZ-R cells (Fig. 2A and B). CCK-8 and clone formation assays illustrated
that silencing of circ-GLIS3 could suppress A172/TMZ-R cell proliferation, whereas its overexpression
could promote U251/TMZ-R cell proliferation (Fig. 2A, B, C, D). Transwell assays revealed that silencing
of circ-GLIS3 inhibited A172/TMZ-R cell invasion abilities, while its overexpression promoted the invasion
abilities in U251/TMZ-R cells (Fig. 2E, F). These results suggested that circ-GLIS3 may act as a promoter
in TMZ-resistant glioma cell progression.

Circ-GLIS3 upregulated MED31 expression by sponging miR-548m in TMZ resistant glioma cells

We assumed that circ-GLIS3 could act as a miRNA sponge to regulate glioma phenotype. Through
bioinformatics tool screening, we found that among all candidate miRNAs, miR-548m may act as the
downstream target of circ-GLIS3 (https://circinteractome. nia.nih.gov/). The junction sites are UACCUUUG
and AUGGAAAC. The downstream target of miR-548m was predicted by TargetScan database, MED31
(Chromosome 17: 6,643, 311-6,651,634) was selected as the downstream target, and the potential
junction sites of miR-548m were UACCUUU and AUGGAAA. RT-PCR revealed that miR-548m was markedly
decreased while MED31 mRNA was markedly increased in A172/TMZ-R and U251/TMZ-R cells,
accompanied with circ-GLIS3 reduction (Fig. 3A, B).

Moreover, in our study, we transfected sh-circ-GLIS3 into A172/TMZ-R cells. The results indicated that
circ-GLIS3 knockdown obviously repressed MED31 mRNA expression in TMZ resistant cells, whereas inh-
miR548m and MED31 mRNA could rescue this effect. Meanwhile we transfected circ-GLIS3 mimics into
U251/TMZ-R cells. The results indicated that circ-GLIS3 overexpression obviously promoted MED31
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mRNA expression in TMZ resistant glioma cells, whereas miR548m mimics and MED31 inhibitor could
achieve the opposite effect. Overall, these data prove that circ-GLIS3 is targeted by miR-548m as a miRNA
sponge to regulate MED31 expression.

At the same time we explored the subcellular location of circ-GLIS3 to investigate its role in glioma
progression. The results revealed that circ-GLIS3 was located mostly in the cytoplasm of A172/TMZ-R
cells (Fig. 3C), which indicated that circ-GLIS3 could regulate glioma pathological processes in
posttranscriptional procedures.

Circ-GLIS3 promoted TMZ resistant glioma cell progression through miR-548m/MED31 axis

In EdU cell proliferation assay, proliferating cell ratio statistically decreased in si-circ-GLIS3 group, in clone
formation assay, the results illustrated that silencing of circ-GLIS3 obviously reduced colony-formation
ability in A172/TMZ-R and U251/TMZ-R cells (Fig. 4A, B, C, D). In Transwell assay, the number of invasive
cells was signi�cantly reduced in si-circ-GLIS3 group (Fig. 4E, F). The scratch assay indicated that circ-
GLIS3 knockdown could inhibit cell migration ability (Fig. 4G, H), these results indicated that circ-GLIS3
could promote TMZ resistant glioma cell’s proliferation, invasion and migration abilities.

To further verify the regulatory relationship among circ-GLIS3, miR-548m and MED31, we tested the
proliferation, invasion and migration abilities of A172/TMZ-R and U251/TMZ-R cells after transfection
with inh-miR-548m and MED31 mRNA. The results indicated that the downregulation of miR-548m and
upregulation of MED31 could rescue the si-circ-GLIS3-inhibited proliferation, invasion and migration
abilities (Fig. 4). Through these cell function assays, we concluded that circ-GLIS3 could promote glioma
cell proliferation, invasion and migration through miR-548m/ MED31 axis.

Circ-GLIS3 inhibited cell cycle arrest and cell apoptosis in TMZ resistant glioma cells through miR-
548m/MED31 axis

We proceeded �ow cytometry to investigate the effects of circ-GLIS3/miR-548m/MED31 signaling
pathway on TMZ resistant glioma cell cycle and apoptosis. As shown in Fig. 5A and 5B, the apoptosis
ratio was higher in si-circ-GLIS3 group, Moreover the cells in si-circ-GLIS3 group were arrested in G0/G1
phase, meanwhile circ-GLIS3 cells co-transfected with miR-548m inhibitor or MED31 mRNA could reverse
this effect. These results proved that circ-GLIS3 may inhibit cell cycle arrest and cell apoptosis in TMZ
resistant glioma cells by binding to miR-548m and upregulating MED31 expression.

Downregulation of circ-GLIS3 suppressed TMZ resistant tumor growth in vivo

Nude mouse xenograft tumors were generated to verify the effect of circ-GLIS3 on TMZ resistant glioma
proliferation in vivo. In tumor-bearing mice injected with circ-GLIS3-de�cient A172/TMZ-R cells, the
volume and weight of tumors were markedly smaller than those injected with normal A172/TMZ-R cells
(Fig. 6A, C, D). The timing measurements represented a large slowdown in tumor growth (Fig. 6B). HE
staining showed that apoptotic cells in subcutaneous tumor sections were obviously increased in the si-
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circ-GLIS3 group (Fig. 6E). All these results proved that circ-GLIS3 could promote TMZ resistant glioma
cell growth in vivo.

Discussion
High-grade glioma treatment is associated with poor median survival time so a better understanding of
its mechanisms is needed to improve the treatment e�cacy (17). In clinical work we found that TMZ
resistance plays a critical role in the treatment of glioma, but the underlying mechanisms are not fully
clari�ed yet (18–20). Previous studies revealed that the development of high grade glioma is associated
with abnormal expression of circRNAs (21–22). Therefore, in this research we try to explore how circRNAs
affect the chemosensitivity of glioma cells.

Increasing evidence suggests that exsomes and circRNAs they carried may play important roles in glioma
progression. Until now the exact correlation between exsomes, circRNAs and glioma progression is still
unclear. Previous studies suggested that exosomes derived from glioma cells could modify recipient cells
by transferring proteins, miRNAs and noncoding RNAs (23, 24, 25, 26). Due to their ability to mediate their
function by directly binding to miRNAs, circRNAs are considered miRNA sponges and competing
endogenous RNAs (ceRNAs) for miRNAs. In osteosarcoma downregulation of circPVT1 enhanced the
sensitivity to doxorubicin and cisplatin through downregulating the expression of ATP-binding cassette
sub-family B member 1 (27). CircPAN3 functioned as a sponge for miR-153-3p/miR-183-5p to promote
ADM resistance in THP-1/ADM cells (28). Furthermore, circRNA-MTO1 is up-regulated in monastrol-
resistant breast cancer cells and promoted monastrol resistance through regulating tumor necrosis factor
receptor-associated factor 4/kinesin-5 axis (29).

In our previous research, we extracted exosomes from A172/TMZ-R, U251/TMZ-R and SVG cell lines.
Through exsome-contained circRNA-seq analysis, we discovered that compared with SVG cells circ-GLIS3
was obviously upregulated in A172/TMZ-R cell lines. According to bioinformatic analysis, circ-GLIS3
harbors a binding site for miR-548m, thus regulate MED31 expression. Previous study revealed that miR-
548m expression was downregulated in breast cancer patients, overexpression of miR-548m increased E-
cadherin expression and decreased EMT-associated transcription factors expression. Thus could
inhibited migration and invasion capabilities of breast cells (30). Jiang reported that downregulation of
Med31 suppressed osteosarcoma cell proliferation, and overexpression of Med31 abrogated the effects
of miR-1 on cell proliferation (31). Furthermore, the interaction between circ-GLIS3, miR-548m and MED31
was con�rmed by luciferase reporter assay, miR-548m was downregulated while MED31 mRNA was
upregulated in A172/TMZ-R and U251/TMZ-R cell lines, implicated that circ-GLIS3 may function as a
sponge for miR-548m to regulate MED31 expression in TMZ resistant glioma cells. Through primary
functional veri�cation, we revealed that circ-GLIS3 silencing could inhibit TMZ resistant glioma
proliferation and invasion in vitro.

In this study, Western blotting analysis revealed that the circ-GLIS3 silencing could downregulate MED31
expression, while miR-548m co-silencing and MED31 mRNA partially rescued this reduction. According to
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these research �ndings, we determined that circ-GLIS3 could regulate the MED31 downstream signaling
pathway by sponging miR-548m.

By functional veri�cation, we revealed that circ-GLIS3 knockdown could inhibit TMZ resistant glioma
proliferation, invasion and migration in vitro, and circ-GLIS3 ornithine decarboxylase could achieve the
opposite result. Subsequent interventions showed that reduced miR-548m expression and upregulation of
MED31 could rescue si-circ-GLIS3-induced proliferation, invasion and migration ability reduction in TMZ
resistant glioma cells. In addition, the reduced expression of circ-GLIS3 could promote glioma cell cycle
arrest and cell apoptosis and circ-GLIS3 ODC could lead to the opposite result, meanwhile miR-548m
inhibitor or MED31 mRNA could reverse this progression. According to these results, we concluded that
circ-GLIS3 could promote proliferation, invasion and migration ability in TMZ resistant glioma cells, and it
could also weaken TMZ-induced apoptosis by activating miR-548m/MED31 axis, thus resulting in
resistance to TMZ application.

In animal models, we revealed that downregulation of circ-GLIS3 could result in a reduction in tumor
volume and weight. HE staining of subcutaneous tumor sections showed that cell apoptosis obviously
increased with circ-GLIS3 silencing. This indicated that circ-GLIS3 could promote TMZ resistant tumor
growth in vivo.

In summary, our �ndings revealed the alteration of expression patterns of circRNAs, miRNA and mRNAs
in temozolomide-resistant glioma cells, and explored their effect on glioma progression in vitro and vivo
condition. After a series of research analysis we demonstrated the following conclusions: First, TMZ
resistant glioma cell derived exsome-contained circ-GLIS3 could regulate MED31 expression by sponging
miR-548m; second, circ-GLIS3 could promote TMZ resistant glioma proliferation, invasion and migration,
it could also inhibited their cell cycle arrest and apoptosis, miR-548m inhibitor or MED31 mRNA could
rescue these processes; third, circ-GLIS3 could inhibited TMZ resistant glioma cell apoptosis and promote
tumor growth in vivo condition. These �ndings suggested that circ-GLIS3 could regulate TMZ resistant
glioma malignancy through miR-548m/MED31 axis, our research data highlighted a novel mechanism of
resistance to TMZ in glioma, which could serve as a potential therapeutic target in the treatment of
glioma patients.
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Figure 1

Circ-GLIS3 expression is up-upregulated in A172/TMZ-R cells A. A172/TMZ-R cells before sample
collection. B. SVG cells before sample collection. C+D. TEM observation of A172/TMZ-R and SVG derived
exosomes. E. Boxplot of A172/TMZ-R and SVG cirRNA-seq; volcano plot of cirRNA-seq, upregulated (right
side red), downregulated (left side red) or unchanged (gray); hierarchical cluster analysis presented
signi�cantly upregulated/downregulated circRNAs between A172/TMZ-R and SVG cells; scatter plot of
A172/TMZ-R and SVG cirRNA-seq. F. Circ-GLIS3 expression was detected after transfection by qRT-PCR.
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Figure 2

Circ-GLIS3 promotes glioma cell progression A+B. Circ-GLIS3 expression was detected after transfection
in A172/TMZ-R and U251/TMZ-R cells by qRT-PCR; CCK-8 assays were used to detect cell viability after
transfection. C+D. Colony formation assays were used to detect the clone ability after transfection. E+F.
Transwell assays were used to detect cell invasion capacities after transfection. The results indicated
that circ-GLIS3 could promote glioma cell progression in vitro, magni�cation, ×10.



Page 14/17

Figure 3

Circ-GLIS3 upregulated MED31 expression by sponging miR-548m A+B. Relative circ-GLIS3, miR-548m
and MED31 mRNA expression was detected by qRT-PCR in A172/TMZ-R and U251/TMZ-R cells. C+D.
MED31 expression was detected by Western Blot assays after transfection. Results indicated that
silencing of circ-GLIS3 could downregulate MED31 expression, while co-transfected with miR-591
inhibitor and MED31 mRNA could reverse this effect; meanwhile circ-GLIS3 over-expression could
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upregulate MED31 expression, while co-transfected with miR-591 mimics and MED31 inhibitor could
reverse this effect; the circRNA expression levels were assessed by qRT-PCR, GAPDH was used as
cytoplasmic markers and U6 was used as nuclear markers.

Figure 4

Circ-GLIS3 promoted proliferation, invasion and migration capacities of glioma cells through miR-
548m/MED31 axis A+B+C+D. EdU and Colony formation assays showed that knockdown of circ-GLIS3
inhibited cell proliferation, while co-transfecting with miR-548m inhibitor or MED31 mRNA plasmid
abolished the decreased proliferation. E+F. Cell invasion assays showed that knockdown of circ-GLIS3
inhibited cell invasion, while co-transfecting with miR-548m inhibitor or MED31 mRNA plasmid promoted
cell invasion. G+H. Scratch test was used to detect the migration ability after transfection (0 hour, 24
hours). The result shows that knockdown of circ-GLIS3 inhibited cell migration, while co-transfecting with
miR-548m inhibitor or MED31 mRNA plasmid promoted cell migration. Pictures were captured under a
light microscope with the magni�cation, ×10.
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Figure 5

Circ-GLIS3 inhibited cell apoptosis and promoted cell cycle through miR-548m/MED31 axis A. Flow
cytometric assay was performed to detect cell apoptosis after transfection. Cell apoptosis assays
showed that knockdown of circ-GLIS3 induced cell apoptosis. While co-transfecting with miR-548m
inhibitor or MED31 mRNA plasmid reversed this effect. B. Cell cycle assays showed that knockdown of
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circ-GLIS3 induced cell cycle arrest. While co-transfecting with miR-548m inhibitor or MED31 mRNA
plasmid reversed this effect.

Figure 6

Circ-GLIS3 promoted glioma growth in vivo. A. It shows that the tumor of si-circ-GLIS3 group is smaller
than NC group, indicated that downregulation of circ-GLIS3 inhibited glioma proliferation in
subcutaneous tumor formation assay; B. Results showed that the growth rate was signi�cantly
decreased in si-circ-GLIS3 group; C+D. Tumors were harvested in day 30, results showed that tumor
weight was signi�cantly decreased in si-circ-GLIS3 group; E. HE dye for subcutaneous tumor, the result
shows that the apoptosis tumor cell increases in si-circ-GLIS3 group.


