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Purpose: Sevoflurane (SEV) is a frequently used volatile anesthetic in cancer surgery.
Sevoflurane treatment has been shown to suppress the migration and invasion of several
human cancer cells. However, the effect of sevoflurane on glioma remains largely unclear.
Methods: Glioma cell lines (U251 and U343) were treated by various concentrations of
sevoflurane. 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT), flow
cytometry assay, and transwell assay were performed to detect the cell viability, apoptosis,
migration and invasion. Western blot assay was employed to detect the protein levels of B-
catenin, c-Myc, CyclinD1, B-catenin, N-cadherin, vimentin, and DEK. Moreover, quantitative
real-time polymerase chain reaction (QRT-PCR) was used to examine the expression level of
miR-218-5p. The target interaction between miR-218-5p and DEK was predicted through
bioinformatics analysis and verified by dual-luciferase reporter assay system.

Results: We found that sevoflurane aberrantly inhibited the abilities on viability, migration,
invasion, EMT and B-catenin signaling and promoted cell apoptosis in U251 and U343 cells
in a dose-dependent manner. MiR-218-5p strikingly suppressed the abilities of proliferation,
migration, invasion rather than apoptosis and activation of B-catenin signaling. Sevoflurane
could facilitate the miR-218-5p expression, and its suppressing effects on glioma cells were
reversed by pre-treatment with miR-218-5p inhibitors or pcDNA3.1/DEK in vitro and
in vivo. Silencing of miR-218-5p reverted sh-DEK and sevoflurane-induced repression on
proliferation, migration, invasion, and B-catenin signaling, and promotion on apoptosis in the
glioma cells.

Conclusion: Our data showed that sevoflurane inhibited the proliferation, migration, inva-
sion, and enhanced the apoptosis in glioma cells through regulating miR-218-5p/DEK/B-
catenin axis.
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Introduction

Glioma is one of the most common primary malignant brain tumors with poor
prognosis in the world.! Owing to the limitations of brain tissue function and
structure and the formation of chemical resistance of tumor cells, most patients
are easy to relapse, with less than 5 percentage of survival rates within 5 years.'
Currently, the treatment methods for glioma, including surgery, radiation therapy,
and chemotherapy, while especially surgery, are still the primary means of treating
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glioma.?? Although glioma treatment has improved over
the decades, there is still a long way to go for glioma
diagnosis or treatment research. Sevoflurane (SEV) is an
inhaled anesthetic gas commonly used in many surgical
operations in cancer patients.* Sevoflurane has been shown
to inhibit cell growth, invasion, and migration, triggering
morphological changes and apoptosis in several types of
cancer cell lines.*”’ However, the function of sevoflurane
in glioma needs to be further elucidated.

MicroRNAs (miRNAs) are small, non-coding RNAs
that specifically inhibit translation and trigger mRNA
degradation, thereby controlling genes involved in cellular
processes such as inflammation, cell cycle regulation, dif-

invasion.®’

ferentiation, apoptosis, migration, and
Previous studies have shown that many miRNAs are
abnormally expressed under sevoflurane treatment. For
example, miR-203 had the aberrant expression in sevoflur-
ane-treated colorectal cancer cells.'® In addition, sevoflur-
ane up-regulated miR-34a-5p expression in glioma.'
More importantly, mounting evidence has suggested that

miRNAs are involved in influencing cell proliferation,lz’13

' migration, and invasion'® ability in glioma

apoptosis,
cells. Emerging evidence suggests that dysregulation of
miRNAs may lead to cancer progression in humans.'® In
human gliomas, abnormal expression of miRNAs or muta-
tions in miRNA genes has been well characterized.'”'®
miR-218 has been shown to be downregulated in many
types of human malignancies.'” ' In addition, some stu-
dies demonstrated the inhibitory effect of miR-218 in
gliomas because it inhibits cell growth and invasion and
induces apoptosis.”*** Yet, it is unknown the regulatory
role of miR-218 in gliomas and the interaction between
sevoflurane and miR-218.

DEK is preferentially expressed in active proliferating
and malignant cells, and its function is closely related to
many human diseases.>* %’ The DEK of amplification and
upregulated expression has been described in a variety of
cancer types, including ovarian cancer,”® bladder cancer,”
and breast cancer.”® In addition, DEK promotes cell growth
by inhibiting cell senescence and differentiation.’®*
Therefore, the overexpression of DEK is closely associated
with tumor growth and pathological progression, with poor
prognosis.**>® However, the mechanism of action of DEK
in gliomas is rarely reported.

Herein, we intended to investigate the role of sevoflur-
ane on cell growth and metastasis of U251 and U343 cells,
and explored the underlying mechanism in vitro and
in vivo.

Methods
Cell Culture and Sevoflurane

Administration

Human glioma cell lines U251 and U343 were obtained from
Shanghai Innovation Biotechnology Co., Ltd. (Shanghai,
China), with 1%
Biotechnology Company, Shanghai, China), cultured as pre-

penicillin/streptomycin  (Beyotime
viously described.’” The cells were exposed to the different
dosage of sevoflurane for 6 hours at a velocity of 6 L/min in
a mixture of 95% air and 5% CO, condition, respectively.®**
The U251 and U343 cells were divided into 4 groups: control
group (without sevoflurane), 1% sevoflurane group, 2%
sevoflurane group, and 4% sevoflurane group. Glioma cells
were exposed to 4% sevoflurane for 48 hours for subsequent
experiments. Cells in log phase were seeded onto plates and
incubated for 24 hours at 37°C. The cell culture plate was
then placed at the inlet and connected to a sealed glass
chamber of an anesthesia device (Cicero-EM 8060; Drager,
Liibeck, Germany), and the other chamber was a gas monitor
(PM8060; Drager) to monitor the concentration of sevoflur-
ane. The anesthesia machine was connected to an anesthetic
vaporizer (Sevorane; Abbott, Abbot Park, IL, USA) to sup-
ply sevoflurane. After treatment with sevoflurane, the cells
were incubated for 24 hours at 37°C and then used for
subsequent functional and molecular biology experiments.

3-(4,5-Dimethyl-2-Thiazolyl)-
2,5-Diphenyl-2-H-Tetrazolium Bromide
(MTT)

The proliferation capacity of glioma cells was evaluated
through MTT assay. Briefly, transfected glioma cells (3x10°/
well) were seeded into 96-well plates (Corning Inc., Corning,
NY, USA) and maintained in an incubator with 5% CO, at 37°
C for 24 h, 48 h, and 72 h. Then, MTT (20 pL) from Sigma
was replenished to each well and kept for 4 h. Following this,
the supernatant of each well was discarded, and DMSO (150
pL, Sigma) was added to dissolve formed formazan crystals.
The Microplate Absorbance Reader (Thermo Fisher
Scientific, Waltham, MA, USA) was executed for the assess-
ment of the optical density value at 490 nm.

Flow Cytometry

Cells were collected by digesting with pancreatin and cen-
trifuging. After that, cells were washed by iced phosphate-
buffered saline (PBS) and resuspended with 1xbinding
buffer. Next, following the manufacturer’s instructions,
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Annexin V-fluorescein isothiocyanate propidium iodide
(Annexin V-FITC/PI) kit (BD Pharmingen, San Diego,
CA, USA) was conducted to steps subsequently. The flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA) was
applied to examine the apoptosis cells.

Transwell Assay

The rate of cell migration was detected by using the
transwell chamber (Corning Inc.). At the same time, inva-
sion assay was conducted with transwell chamber pre-
coated with matrigel matrix (Corning Inc.). RPMI-1640
medium containing 10% FBS was added into the lower
chamber, whereas the treated U251 and U343 cells in100
pL serum-free medium were injected into the upper one.
And the whole steps were carried out according to the
manufacturer’s instructions. The paraformaldehyde (PFA;
Sigma) was used to attach cells located on the lower sur-
face of the upper chamber. Cells were analyzed under
a microscope after staining with crystal violet.

Western Blot

Total proteins from U251 and U343 cells were isolated using
RIPA buffer (Solarbio, Beijing, China), followed by quanti-
fied with a NanoDrop 3000 (Thermo Fisher Scientific).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was used to separate proteins, and then proteins
were transferred onto polyvinylidene fluoride (PVDF) mem-
branes. Following blocked in skim milk for 2 h at 37°C,
membranes were incubated with primary antibodies at 4°C
overnight. After 2 h of incubation with secondary antibody
[Goat Anti-Rabbit IgG H&L (HRP) (1:1000; ab205718,
UK)], an ECL detection kit
(Beyotime) was employed to detect the chemiluminescence.

Abcam, Cambridge,

The primary antibodies were as follows: anti-B-catenin
(1:1000; ab16051, Abcam), anti-c-Myc (1:1000; ab32072,
Abcam), anti-cyclinD1 (1:1000; ab226977, Abcam), anti-
DEK (1:1000; ab245430, Abcam), anti-GAPDH (1:5000;
ab37168, Abcam), anti-Vimentin (1:1000; ab92547,
Abcam), anti-E-cadherin (1:1000; ab40772, Abcam), anti-
N-cadherin (1:1000; ab76011, Abcam).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

In this assay, TRIzol reagent (Life Technologies Corporation,
Carlsbad, CA, USA) was used to extract the total RNAs from
U251 and U343 cells. Primer-Script one-step RT-PCR kit
(Takara, Shiga, Japan) or miRNA Reverse Transcription kit

(GeneCopoeia, FulenGen, China) was employed to synthe-
size the first-strand complementary DNA of miR-218-5p and
DEK. The levels of miR-218-5p and DEK were assessed via
SYBR Premix Dimer Eraser Kit (Takara). The primer
sequences used were presented as below:

miR-218-5p forward (5-TGCGGCGGCCCCACGCA
CCAG-3"),

miR-218-5p reverse (5'-CCAGTGCAGGGTCCGAG
GT-3";

DEK forward (5-AAGAATGTGGGTCAGTTCAG-
39,

DEK reverse (5'-GTGCTGCTATCTGCTTTCTT-3");

U6 forward (5-GCTTCGGCAGCACATATACTAAA
AT-3"),

U6 reverse (5-CGCTTCACGAATTTGCGTGTCAT-3");

GAPDH forward (5-GACTCATGACCACAGTCCATG
C-3),

GAPDH reverse (5'-AGAGGCAGGGATGATGTTC
TG-3").

According to the 2-24<"

method, the expression levels of
miR-218-5p and DEK were calculated, and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) or U6 snRNA was
viewed as an internal control for DEK or miR-218-5p,
respectively.

Transfection of U251 and U343 Cells
MiR-218-5p mimics, miR-218-5p inhibitors, short hairpin
RNA (shRNA) targeting DEK (sh-DEK), pcDNA 3.1-DEK
plasmid (pcDNA3.1/DEK), and controls (miR-NC mimics,
miR-NC inhibitors, sh-control, pcDNA 3.1 plasmid) were all
obtained from Thermo Fisher Scientific. According to the
manufacturer’s  instructions,  Lipofectamine 3000
(Invitrogen, Carlsbad, CA, USA) kit was used for transfec-
tion. The sequences were shown as follows: sh-DEK (sense:
5'-GGAGAGATCAGGTGTAAATAG-3',
CTATTTACACCTGATCTCTCC-5").

anti-sense: 3'-

Dual-Luciferase Reporter Assay
The TargetScan (http://www.targetscan.org) database was exe-

cuted for the prediction of the binding sites between the miR-
218-5p and DEK. Following this, the pGL3-control vector
(Promega, Madison, WI, USA) with the wild type DEK
sequence (DEK-WT) and mutant DEK sequence (DEK-
MUT) (with predicted miR-218-5p binding sites or not)
were constructed to verify the binding sites between miR-
218-5p and DEK. Afterward, the miR-control or miR-218-
5p was co-transfected into glioma cells with dual-luciferase
reporter vectors for the execution of the dual-luciferase
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reporter assay, respectively. Finally, the luciferase activities of
luciferase reporter vectors were tested through the dual-
luciferase reporter assay kit (Promega).

Xenograft Mouse Model

Animal experiments were guided by the care and use of
laboratory animals. The xenograft mouse model was estab-
lished according to reference.’® U251 cells were transfected
with miR-NC inhibitors or miR-218-5p inhibitors. Fifteen
female nude mice (4-week-old) with no specific pathogen
free (SPF) were randomly divided into three groups: Groupl
was subcutaneously injected with 1x10° U251 cells; Group2
was injected with U251 cells transfected with miR-NC inhibi-
tors; Group3 was injected subcutaneously with U251 cells
transfected with miR-218-5p inhibitors. After feeding for 3
days, sevoflurane (50 mg/kg) was dissolved in 0.5 mL soybean
oil and injected into Group2 and Group3 mice once a day and
Groupl mice were injected with 0.5 mL soybean oil for 25
days. To analyze the tumor size, the tumor volumes were
measured every 7 days and tumor weights were measured
after the animals were sacrificed. All the animal studies were
approved by the ethics committee of Liaocheng People’s
Hospital.

Statistical Analysis

All data were expressed as mean =+ standard deviation (SD)
and analyzed by the SPSS 17.0 software. A P value less
than 0.05 was regarded as statistically significant. Paired
Student’s #-test or one-way ANOVA analysis of variance
was used to compare the difference between groups.

Results

Sevoflurane Regulated the Abilities of
Viability, Apoptosis, Migration, Invasion,
and Suppressed the -Catenin Signaling in

Glioma Cells

To validate the role of sevoflurane on the progression of
glioma cells, MTT assay was employed to detect the cell
viability in U251 or U343 cells treated with various concen-
trations of sevoflurane. Compared with the control group, the
U251 and U343 cells treated with sevoflurane showed
decreased cell viability in a concentration-dependent way
(Figure 1A and B). In terms of the rate of cell apoptosis,
flow cytometry was performed when cells were administered
with sevoflurane. Results showed that sevoflurane promoted
cell apoptosis in a dose-dependent manner (Figure 1C). For
migration and invasion assay, transwell assay was applied to

measure the migration and invasion abilities of U251 or U343
cells treated with various concentrations of sevoflurane fol-
lowing 8 h of incubation. We found that treatment with sevo-
flurane weakened the cell migration and invasion abilities
relative to the control group in a concentration-dependent
manner (Figure 1D and E). It is well known that B-catenin
signaling played essential roles in glioma progression by
regulating cell proliferation, migration, invasion, and angio-
genesis. Then, we explored the activation of B-catenin signal-
ing by detecting the B-catenin pathways-associated proteins,
and found that B-catenin, c-Myc, and CyclinD1 were down-
regulated in glioma cells under the increased dosage of sevo-
flurane (Figure 1F and G). Besides, Wnt/B-catenin signaling
usually promotes the invasion and metastasis by regulating the
process of epithelial-mesenchymal transition (EMT). We also
detected the EMT markers (E-cadherin, N-cadherin, and
Vimentin) in U251 or U343 cells treated with different con-
centrations of sevoflurane. As shown in Suppl. Figure S1A-B,

E-cadherin protein levels were increased, while N-cadherin
and Vimentin were decreased with the elevated concentrations
of sevoflurane, suggesting that sevoflurane blocked B-catenin
signaling pathway by inhibition of EMT.

Overexpression of miR-218-5p
Repressed Cell Viability, Migration,
Invasion, and -Catenin Signaling, but
Promoted the Apoptosis in Glioma Cells

Emerging evidence have demonstrated that miR-218-5p
modulate glioma cells,"® however, the effects of sevoflurane
on miR-218-5p in glioma cells are not yet known. To inves-
tigate sevoflurane function on miR-218-5p expression, we
perform qRT-PCR assay to examine the expression of miR-
218-5p in glioma cells treated with various concentrations of
sevoflurane. And data suggested that the expression of miR-
218-5p was increased versus the control group in
a concentration-dependent manner (Figure 2A). And then,
we up-regulated the expression of miR-218-5p by transfec-
tion with miR-218-5p mimics in U251 and U343 cells, qRT-
PCR assay was carried out to verify transfection efficiency
(Figure 2B). The cell viability was detected through MTT
assay, and results indicated that overexpression of miR-218-
5p induced obvious repression of cell viability in the two cell
lines (Figure 2C and D). What is more, transfection of miR-
218-5p mimics enlarged cell apoptosis, compared with miR-
NC mimics transfection in U251 and U343 cells (Figure 2E).
As shown in Figure 2F and G, the migration and invasion
abilities of U251 and U343 cells were notably blocked by
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Figure | Sevoflurane regulated the abilities of viability, apoptosis, migration, invasion, and suppressed the B-catenin signaling in glioma cells. (A and B) MTT assay was used
to manifest the cell viability of U251 or U343 cells at 24 h, 48 h, and 72 h after treatment of sevoflurane for various concentrations (1%, 2%, 4%). (C) Flow cytometry was
carried out to measure the rate of apoptosis when cells administrated with sevoflurane. (D and E) Transwell assay was applied to evaluate migration and invasion abilities of
U251 and U343 cells after treatment with sevoflurane (magnification: 100x, n=3). (F and G) Western blot assay was used to detect the expression of B-catenin signaling-

related proteins, namely B-catenin, c-Myc, CyclinDI in glioma cells. *P<0.05.

miR-218-5p mimics. Meanwhile, a significant decrease
among B-catenin, c-Myc, CyclinD1 could be seen in cells
transfected with miR-218-5p mimics (Figure 2H and I). miR-
218-5p mimics also upregulated E-cadherin protein levels,
but suppressed protein levels of N-cadherin, and Vimentin in
contrast with the miR-NC group (Suppl. Fig. S1C-D).

Sevoflurane Regulated the Cell Viability,
Apoptosis, Migration, Invasion, and
Activation of 3-Catenin Signaling by
Targeting miR-218-5p

To explore the mechanism of sevoflurane in the progress of

glioma cells, U251 and U343 cells were transfected with miR-
NC inhibitors or miR-218-5p inhibitors before exposure to

a concentration of 4% sevoflurane. Results showed that miR-
218-5p inhibitors significantly reversed the promotion of miR-
218-5p expression triggered by sevoflurane treatment
(Figure 3A). MiR-218-5p inhibitors rescued the repressive
effect on cell viability, migration, invasion, and promoted
action on cell apoptosis of sevoflurane in both U251 and
U343 cells (Figure 3B-F). Interestingly, silencing of miR-
218-5p also inverted the low expression of B-catenin signaling-
related proteins (Figure 3G and H) and the inhibition of EMT
process induced by 4% sevoflurane (Suppl. Fig. S1E-F).

DEK Was a Direct Target of miR-218-5p
and Negatively Regulated by miR-218-5p

To further investigate the underlying mechanism of miR-
218-5p in glioma cells, Starbase and miR walk software
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*P<0.05.

were employed to predict the target mRNAs of miR-218-5p.
As shown in Suppl. Fig. S2A, 130 mRNAs were predicted
that existed the binding sites of miR-218-5p. By literature
search and selection, 6 mRNAs (DEK; Nuclear Factor I A,
NFIA; Homeodomain Interacting Protein Kinase 1, HIPK1;
LIM Domain Only 3, LMO3; Chromobox 5, CBXS5; and
Cyclin D2, CCND2) were selected for further research.

Then, dual-luciferase reporter assay was utilized to confirm
the correlation relationship between miR-218-5p and 6
selected mRNAs. We found that the miR-218-5p reduced
the luciferase activity of DEK-Wt and CCND2-Wt group in
U251 cells, while it decreased the luciferase activity of
DEK-Wt and HIPK1-Wt group in U343 cells (Suppl. Fig.
S2B-C), thus DEK were selected for further research.
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Figure 3 Sevoflurane regulated the cell viability, apoptosis, migration, invasion, and activation of B-catenin signaling by targeting miR-218-5p. (A) qRT-PCR assay showed the
expression level of miR-218-5p in U251 and U343 cells after treatment with sevoflurane and miR-NC inhibitors or miR-218-5p inhibitors. (B and C) MTT assay showed cell
viability of U251 and U343 cells after treatment. (D) Flow cytometry assay witnessed cell apoptosis of U251 and U343 cells after administration. (E and F) Transwell assay
exhibited the number of migration and invasion cells after treatment (magnification: 100x, n=3). (G and H) Western blot analysis measured the activation of -catenin signal

pathways. *P<0.05.

TargetScan was applied to identify the potential targets of
miR-218-5p on the 3'-UTR of DEK mRNA contains puta-
tive a binding site for miR-218-5p (Figure 4A). Following
the dual-luciferase activity, the assay was conducted to verify
the target relationship between miR-218-5p and DEK. Data
demonstrated that the luciferase activity of DEK-WT was
inhibited by miR-218-5p mimics (Figure 4B and C), ele-
vated by miR-218-5p inhibitors in both U251 and U343 cells
(Figure 4D and E). No distinct change of DEK-MUT luci-
ferase activity was detected (Figure 4B-E). Based on the
data from miRCancer Database, DEK was significantly
increased in glioma tissues (N = 163) in contrast with the
(N =207) normal tissues (Suppl. Fig. S3). The protein level
of DEK in U251 and U343 cells was measured by Western
blot assay. Results showed that the DEK level was down-

regulated by miR-218-5p mimics (Figure 4F and G), up-
regulated by miR-218-5p inhibitors (Figure 4H and I).

MiR-218-5p Restored the Cell Viability,
Apoptosis, Migration, Invasion Abilities
and Revitalized B-Catenin Signaling by
Targeting DEK

In order to figure out the inhibitory mechanism of miR-218-5p
on glioma cell lines, we down-regulated the expression of
miR-218-5p in U251 and U343 cells. Western blot assay
exhibited that down-expression of miR-218-5p recuperated
the repression of DEK expression by sh-DEK in the two cell
lines (Figure 5A and B). Silencing of miR-218-5p also recov-
ered the suppressive action of sh-DEK on cell viability,
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migration, and invasion, promoting apoptosis in U251 and
U343 cells (Figure 5C-G). Unsurprisingly, down-regulated
miR-218-5p also restored the inhibitory expression (-
catenin, c-Myc, CyclinD1) (Figure SH and I) and the elevated
E-cadherin protein levels, as well as the decreased N-cadherin,
and Vimentin (Suppl. Fig. S1G-H) in the DEK silenced cells.

Upregulation of DEK Inverted
Sevoflurane-Mediated Repression on Cell
Viability, Migration, and Invasion and 3-
Catenin Signal Pathway, but a Promotion

on Apoptosis in Glioma Cells
In order to further investigate the mechanism of sevoflurane

in the progress of glioma cells, we transfected U251 and

U343 cells with pcDNA3.1-DEK to up-regulate DEK after
treatment with 4% sevoflurane. Results suggested that the
overexpression of DEK strikingly relieved the repression of
expression of DEK induced by sevoflurane in U251 and
U343 cells (Figure 6A and B). We also demonstrated that
the up-regulation of DEK also partially recovered the sup-
pressive influence on cell viability, migration, and invasion,
the promoted influence on apoptosis in both U251 and U343
cells (Figure 6C-G). In the meantime, the expression upon
B-catenin, c-Myc, CyclinD1 recuperated by enhanced
DEK could be observed in U251 and U343 cells
(Figure 6H and I). Besides, the elevated DEK also reversed
the promotion effect on E-cadherin and the inhibition effect
on N-cadherin and Vimentin that induced by 4% sevoflurane

(Suppl. Fig. S11-J).
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Figure 5 MiR-218-5p restored the cell viability, apoptosis, migration, invasion abilities and revitalized B-catenin signaling by targeting DEK. (A and B) Western blot assay
revealed the protein level of DEK in U251 and U343 cells after co-transfection. (C and D) MTT assay showed cell viability of U251 and U343 cells after co-transfection. (E)
Flow cytometry assessment performed cell apoptosis of U251 and U343 cells after treatment. (F and G) Transwell assay exhibited migration and invasion abilities of the two
cell lines (magnification: 100x, n=3). (H and I) Western blot analysis uncovered the expression patterns upon B-catenin, c-Myc, CyclinD1 in glioma cells. *P<0.05.

Sevoflurane Reduced the Growth of
Tumor by Regulating miR-218-5p/DEK
Axis

To analyze the function of miR-218-5p in glioma in vivo,
U251 cells with stable transfection of in-miR-NC, in-miR
-218-5p or control were utilized for xenograft model. As
shown in Figure 7A and B, tumor volume and weight were
significantly reduced under sevoflurane treatment, and
miR-218-5p inhibitors have reversed the effects on tumor
size. In addition, miR-218-5p was markedly increased
under the sevoflurane treatment and decreased in SEV
+miR-218-5p inhibitor group (Figure 7C). Furthermore,
the protein expression levels of DEK were reduced under
sevoflurane treatment, while DEK protein expression
levels were up-regulated in SEV+miR-218-5p group
in vivo (Figure 7D).

Discussion
The novel role of sevoflurane was found as a tumor-
suppressor in recent years. It worked as a malignancy-
inhibitor, and participated in colorectal cancer,”® breast
cancer,10 and osteosarcoma.'® Liu et al showed that sevoflur-
ane could restrain the proliferation ability in breast cancer
cells via promoting the expression of miRNA-203 in vitro.*
Also, in Fan et al research, sevoflurane inhibited the migra-
tion and invasion via deactivation of ERK/MMP-9 signaling
by up-regulating miR-203 in colorectal cancer cells.'
Besides, Gao et al reported that in osteosarcoma cells, sevo-
flurane showed the suppressed effects on cell growth and
metastasis.*' In addition, sevoflurane suppressed glioma cell
migration and invasion via regulating miR-637.”

In our study, we first tested the changed phenotype in
tumor cells (U251 and U343) treated with different
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Figure 6 Upregulation of DEK inverted sevoflurane-mediated repression on cell viability, migration, and invasion and B-catenin signal pathway, but promotion on apoptosis
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sevoflurane concentrations. Through MTT assay, transwell
assay, flow cytometry assay, individually, sevoflurane was
found to be able to inhibit the proliferation, migration, and
invasion, and promoted apoptosis in glioma cells, which is
consistent with that reported in previous articles.'®***! Tt is
well known that Wnt/B-catenin signaling usually promotes
the invasion and metastasis as well as cell migration and
proliferation during the development of cancer through
epithelial-mesenchymal transition (EMT).**** We have sub-
sequently examined the expression levels of B-catenin sig-
naling pathway-associated molecular marker proteins and
EMT markers at the exposure of sevoflurane and found the -
catenin signaling pathway was significantly activated by
sevoflurane.

Previous studies have shown that miR-218-5p was
decreased in pancreatic carcinoma, and its overexpression

repressed the biological functions of tumor growth, migra-
tion, and invasion.** In Liu et al research, miR-218-5p
targets SNHG16 limited the cell proliferation, migration,
and invasion in pancreatic cancer cells.*’ Here, we were
surprised to find that sevoflurane upregulated miR-218-5p
level, and the over expressed miR-218-5p showed signifi-
cant inhibition on biological function (consistent with the

44,4
above reports***>

) and activation of the B-catenin signal-
ing. To demonstrate that the up-regulation of miR-218-5p
is due to exposure of sevoflurane, the expression of miR-
218-5p was silenced by a loss-functional experiment, and
the data presented that miR-218-5p inhibitors restore the
above tumor-suppressive effects of sevoflurane treatment.

Aim to find the target gene of miR-218-5p, we pre-
dicted the downstream target gene of miR-218-5p and

verified by dual-luciferase reporter gene experiment. The
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Figure 7 Knockdown of miR-218-5p reversed sevoflurane-treated effects on tumor growth in vivo. U251 cells transfected with in-miR-NC or in-miR-218-5p were injected
into the nude mice for 3 days, mice were injected of 50 mg/kg sevoflurane or 0.5 mL soybean oil for 25 days. After the mice were sacrificed, the tumor was measured. Tumor
volume (A) and Tumor weight (B) were detected. (C) The expression level of miR-218-5p was detected by qRT-PCR. (D) The protein expression level of DEK was

measured by Western blot assay. ***P<0.001.

gene DEK was identified as a potential target of miR-218-
5p. Followed by, we explored the regulatory relationship
between them with each other. Results suggested that DEK
level was decreased with the increase of miR-218-5p, and
increased with the decrease of miR-218-5p, which was
verified through the loss- and gain-of function assay.
Also, miR-218-5p inhibitors reversed the biological func-
tion on proliferation, apoptosis, migration, and invasion
and limitation of B-catenin signaling pathways and EMT in
sh-DEK treated cells.

In breast cancer, the oncogene DEK was regarded as
a stimulator of B-catenin signaling pathways, contributing
to a series of biofunctional effects on invasion and mam-
mosphere formation.*® Privette Vinnedge, in her assign-
ments, confirmed that the expression of DEK stimulated
the production and secretion of Wnt ligands to sustain an
autocrine/paracrine canonical B-catenin signaling loop.*’
In order to examine whether sevoflurane inhibited the
development of gliomas through the miR-218-5p/DEK/pB-
catenin axis, we examined the tumor-suppressive action of
sevoflurane on DEK overexpressed glioma cells. And data
suggested that overexpressed DEK perfectly restored the
malignant degree on stated biological functions in tumor
as well. In addition, sevoflurane suppressed the glioma

progression via miR-218-5p/DEK axis, which has also
been verified in vivo.

There are some limitations to this experiment. For
example, this experiment did not involve clinical samples.
Also, the targeting relationship between miR-218-5p and
DEK still needs to be supplemented with the results of
RNA pull-down or RNA immunoprecipitation.

Conclusion

In summary, we identified that sevoflurane could inhibit
the glioma progression in vitro and in vivo. Furthermore,
our study firstly highlighted the role of miR-218-5p/DEK/
B-catenin axis in glioma and revealed that sevoflurane
could suppress glioma progression by regulating miR-
218-5p/DEK/B-catenin axis.
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