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Abstract. Poor prognosis in patients with glioma is primarily
due to rapid tumor growth and cell invasion and migration.
In addition, microRNA (miR)‑27b is decreased in metastatic
glioma. The present study investigated whether sevoflurane
inhibited glioma cell progression by targeting miR‑27b. Cell
proliferation was analyzed using a Cell Counting Kit‑8 assay
and a wound healing assay was used to detect cell migration.
Western blotting and reverse transcription‑quantitative PCR
analysis were performed to determine the protein and mRNA
expression levels. A dual luciferase assay was used to deter‑
mine the relationship between vascular epithelial growth factor
(VEGF) and miR‑27b. VEGF was identified to be a direct
target of miR‑27b. Moreover, sevoflurane treatment increased
the expression of miR‑27b and decreased the expression of
VEGF in U251 and U87 cells. Compared with the control
group, sevoflurane inhibited the proliferation and migration of
U251 and U87 cells, as well as the expression of matrix metal‑
loproteinase (MMP)‑2 and MMP‑9, which were subsequently
abolished by pre‑treatment with an miR‑27b inhibitor. The
present results indicated the potential use of sevoflurane by
anesthesiologists for the surgical resection of glioma, which
may improve patient outcomes in the clinical setting.
Introduction
Glioma tumors originate from the glial cells of the brain or
spine (1), with various oncogenes serving a role in its develop‑
ment (2). Certain angiogenic blockers, including bevacizumab,
have been used in combination with conventional chemotherapy
for the successful treatment of recurrent high‑grade glioma (3).
A previous meta‑analysis also compared the clinical
outcomes of surgical resection and biopsy, as these are the first
surgical interventions for patients with low‑grade glioma (4).
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Another meta‑analysis compared radiotherapy against radio‑
therapy in combination with chemotherapy for the treatment
of patients with high‑grade glioma. The results of this analysis
revealed that the latter strategy demonstrated a small but clear
improvement in the outcomes of treatments (5). While there
are several treatment options for patients, including surgery,
radiation and chemotherapy, the median overall survival of
patients with malignant glioma is 1‑2 years (6). Moreover,
the poor prognosis of patients with glioma is largely a result
of rapid tumor growth and cell invasion and migration (7).
Therefore, suppressing cell proliferation and migration may
serve as a novel therapeutic strategy for patients with glioma.
Anesthetics and anesthesia techniques impact the migra‑
tion of tumor cells (8). Sevoflurane, a volatile anesthetic agent,
inhibits the proliferation of colonic (9) and laryngeal cancer
cells (10), and inhibits the migration of lung cancer cells (11).
Furthermore, sevoflurane has been reported to modulate
multiple microRNAs (miRNAs/miRs) in the brain (12).
However, the effect of sevoflurane on the migration and
proliferation of glioma cells is unknown.
miRNAs are a group of small, non‑coding RNAs comprised
of 21‑23 nucleotides (13). miRNAs regulate gene expression by
binding to the 3'‑untranslated regions of target mRNAs (14).
Moreover, miRNAs serve crucial roles in multiple oncogenic
activities, including proliferation, migration, invasion and
angiogenesis (15). In addition, miRNAs are deregulated in
various types of cancer, including glioblastoma (16). miR‑27b
acts as an important tumor suppressor in numerous cancer
types and reduces tumor growth and metastasis via targeting
nuclear receptor subfamily 2 group F member 2 in gastric
cancer (17). Moreover, miR‑27b induces cell apoptosis and
reduces cell viability and survival by targeting frizzled class
receptor 7 in lung cancer (18), and reduces cell growth and
invasion via targeting Rab3D in colorectal cancer (19). In
addition, miR‑27b also serves a tumor suppressor in glioma
and miR‑27b expression is significantly lower in metastatic
glioma tissues compared with non‑metastatic tissues (20).
However, whether sevoflurane regulates glioma cell migration
and proliferation by targeting miR‑27b is yet to be elucidated.
Materials and methods
Cell lines. Normal human glial HEB cells and U251
(U251‑MG; has not been authenticated yet; glioma cells;
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Type culture Collection of the Chinese Academy of Science)
and U87 (cat. no. ATCC®HTB‑14; has not been authenti‑
cated yet; glioblastoma of unknown origin; American Type
Culture Collection) glioma cell lines were cultured in DMEM
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.), 1%
penicillin and 1% streptomycin at 37˚C in 5% CO2.
miRNA transfection. miR‑27b mimics (5'‑CGT C TT GAA
TCG GTGACAC TT‑3'), miR‑27b inhibitors (5'‑GGUA AU
CCCUGGCAAUGU GAU‑3') and miR‑negative control
(miR‑NC; 5'‑UUGUACUACACAA AAGUAC UG‑3') were
purchased from Shanghai GenePharma Co., Ltd. Once cells
reached a confluence of 50‑70%, they were transfected with
the aforementioned agents using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with
the manufacturer's protocol. The final working concentration
of the miR‑27b mimic, miR‑27b inhibitor or miR‑NC was
40 nmol/l. Following transfection for 24 h at 37˚C, the cells
were collected for subsequent experimentation.
Small interfering (si)RNA transfection. Transfection with
siRNA‑NC (0.01 µM; 5'‑ACGU GACACGUUC GGAGA
ATT‑3'; Shanghai GenePharma Co., Ltd.) or siRNA vascular
epithelial growth factor (VEGF; 0.01 µM; siRNA‑1 VEGF,
5'‑ GAU C UC AUC AGG G UA C UC C dT d T‑3'; siR NA‑2
VEGF, 5'‑GTG C TG G CC T TG GTGAGGT TT‑3'; Shanghai
GenePharma Co., Ltd.) was performed using the TurboFect
siRNA transfection reagent (Fermentas; Thermo Fisher
Scientific, Inc.) in accordance with the manufacturer's protocol.
At 48 h post‑transfection, U251 and U87 cells were collected
and used for further analyses.
Groups. U251 and U87 cells (1x105 cells/well) in the exponen‑
tial growth phase were seeded into 6‑well plates and incubated
at 37˚C overnight in DMEM (Thermo Fisher Scientific, Inc.).
Cell exposure to 3.4% sevoflurane (Maruishi Pharmaceutical
Co., Ltd.) for 6 h at 37˚C was conducted according to a previous
report (11). Cell plates were put into an airtight chamber that
was connected to an anesthesia machine (Cicero‑EM 8060;
Drägerwerk AG & Co. KGaA), attached to which was an
anesthetic vaporizer (Sevorane; Abbott Pharmaceutical Co.,
Ltd.) that supplied sevoflurane and the sevoflurane concentra‑
tion (3.4%) was monitored using PM 8060 (Dräger KGaA).
Subsequently, cells were randomly divided into the following
four groups: Untreated control (95% air and 5% CO2), sevo‑
flurane (3.4% sevoflurane mixed with 95% air and 5% CO2),
sevoflurane + miR‑27b inhibitor (administered 48 h prior
to sevoflurane) and sevoflurane + VEGF siRNA + miR‑27b
inhibitor. The untreated control group acted as a negative
control group for the experiments. After cells were exposed
to sevoflurane for 6 h at 37˚C, cells were grown at 37˚C in a
5% CO2 incubator for an additional 24 h. Cells were then used
for cell proliferation assays, migration assays or molecular
analyses.
RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. Total miRNA from U251 and U87 cells was extracted
using the mirVana miRNA Isolation kit (Ambion; Thermo
Fisher Scientific, Inc.) in accordance with the manufacturer's

protocol. Subsequently, cDNA was synthesized from 5 ng total
RNA using the TaqMan miRNA RT kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) in accordance with the manu‑
facturer's protocol. The following RT protocol was used: 37˚C
for 45 min and 65˚C for 10 min. The expression of miR‑27b
was quantified using the miRNA‑specific TaqMan miRNA
Assay kit (Applied Biosystems; Thermo Fisher Scientific, Inc.)
with the Applied Biosystems 7500 RT PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The following
thermocycling conditions were used for the qPCR: 95˚C for
10 min; followed by 40 cycles of 95˚C for 10 sec and 60˚C for
1 min. The relative quantification of miR‑27b was normalized
to that of U6. The primer sequences were as listed: miR‑27b
forward, 5'‑CGGCGGT TCACAGTGGCTA A‑3' and reverse,
5'‑ GTG CAG G GTCCGAGGT‑3'; and U6 forward, 5'‑GCT
TCG G CAG CACATATACTA A AAT‑3' and reverse, 5'‑CGC
TTCACGAATTTGCGTGTCAT‑3'.
Total RNA was isolated from U251 and U87 cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
cDNA was then reverse transcribed from total RNA using a
SuperScript II RT kit (Invitrogen; Thermo Fisher Scientific,
Inc.). The following RT temperature protocol was used: 50˚C
for 10 min and 80˚C for 10 min. qPCR was performed using
the SYBR Green PCR Master Mix (Thermo Fisher Scientific,
Inc.) and the Applied Biosystems 7500 RT PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
following thermocycling conditions were used for the qPCR:
95˚C for 30 sec; followed by 40 cycles of 95˚C for 5 sec and
60˚C for 30 sec. The expression of target genes was normal‑
ized to that of GAPDH. The primer sequences were as listed:
Matrix metalloproteinase (MMP)‑2 forward, 5'‑GCCCCA
GAC AGG T GAT CT  T G‑3' and reverse, 5'‑GCT  T GC GAG
GGAAGAAGTTGT‑3'; MMP‑9 forward, 5'‑AGACGGGTA
TCC C TT C GA C G‑3' and reverse, 5'‑AAA C CG AGT T GG
AACCACGAC‑3'; and GAPDH forward, 5'‑GGTCTCCTC
TGACTTCAACA‑3' and reverse, 5'‑GTGAGGGTCTCTCTC
TTCCT‑3'. Expression levels were quantified using the 2‑ΔΔCq
method (21).
Cell proliferation assay. The proliferation of U251 and U87
cells was analyzed using a Cell Counting Kit‑8 (CCK‑8) assay
(Beyotime Institute of Biotechnology), according to the manu‑
facturer's protocol. In total, 3x103 cells (100 µl) were seeded
in 96‑well plates and incubated for 24 and 48 h. Subsequently,
10 µl CCK‑8 solution was added into each well and incubated
for a further 1 h at 37˚C. Absorbance at 450 nm was then
measured using an ELX‑800 spectrometer reader (BioTek
Instruments, Inc.).
Wound healing assays. U251 and U87 cells (1x105 cells/well)
were seeded into 6‑well plates and cultured to 100% conflu‑
ence, after which a wound was created by manually scraping
the cell monolayer with a 10 µl pipette tip. Cells were washed
with serum free medium to remove floating cells and then
incubated in DMEM supplemented with 1% FBS at 37˚C. Cell
migration into the wound was observed at two time points
(0 and 24 h) in six randomly selected fields of view. Images
were acquired using a phase‑contrast Leitz light microscope
(magnification, x100). The migratory distance of U251 and
U87 cells was determined by subtracting the wound width at
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24 h from the wound width at 0 h and analyzed using ImageJ
software (version 1.8.0; National Institutes of Health). The
obtained values were expressed as migration percentages,
setting the gap width at 0 h as 0%.
Western blot analysis. Total protein was extracted from cells
using RIPA lysis buffer (Beyotime Institute of Biotechnology),
according to the manufacturer's protocol. Total protein was
quantified using a bicinchoninic acid assay kit (Beyotime
Institute of Biotechnology). Subsequently, 15 µg protein/lane
was separated using 8‑10% SDS‑PAGE and transferred onto
a PVDF membrane, which was subsequently blocked with
5% skimmed milk diluted with TBS‑1% Tween (TBST) for
2 h at room temperature. The PVDF membrane was then
incubated overnight at 4˚C with polyclonal antibodies for
MMP‑2 (cat. no. ab215986; 1:1,000; Abcam) and MMP‑9
(cat. no. ab219372; 1:1,000; Abcam), with GAPDH antibody
(cat. no. ab8245; 1:10,000; Abcam) serving as an internal
control. The membrane was further incubated with horse‑
radish peroxidase‑conjugated anti‑rabbit (cat. no. sc‑2030) or
anti‑mouse (cat. no. sc‑2005) immunoglobulin‑G secondary
antibodies (1:5,000; Santa Cruz Biotechnology, Inc.) diluted
with TBST for 1 h at room temperature. The resulting protein
signals were detected using an enhanced chemiluminescence
reaction system (EMD Millipore) and quantified using ImageJ
software (version 1.8.0; National Institutes of Health).
Luciferase assay. TargetScan release 7.1 (http://www.
targetscan.org/vert_71/) was used in the present study for the
prediction of binding site between miR‑27b and VEGF. The
3'UTR of VEGF mRNA was amplified from the cDNA of
HEB cells and inserted into a pGL3‑basic plasmid (Promega
Corporation). The pGL3‑VEGF 3'UTR‑mutant (Mut) was
created by introducing VEGF 3'UTR site mutations using a
Quick Site‑Directed Mutation kit (Agilent Technologies, Inc.).
U251 and U87 cells were co‑transfected with miR‑27b mimics
(20 nM) or miR‑NC (20 nM), pGL3‑VEGF 3'UTR‑wild
type (WT; 0.4 mg) or pGL3‑VEGF 3'UTR‑Mut (0.4 mg)
and Renilla luciferase vectors using Lipofectamine® 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. A dual luciferase assay was
performed at 48 h after transfection using a Dual Luciferase
kit (Promega Corporation). Activities were normalized to that
of Renilla luciferase.
Statistical analysis. Each experiment was performed three
times and data were analyzed using SPSS 16.0 software (IBM
Corp.). Differences between two groups were analyzed using a
two‑tailed Student's t‑test, while differences among ≥3 groups
were evaluated using one‑way ANOVA followed by a Tukey's
multiple comparison post hoc test. Data are presented as the
mean ± SEM. P<0.05 was considered to indicate a statistically
significant difference.
Results
Sevoflurane induces the expression of miR‑27b in glioma
cells. To determine the expression of miR‑27b in glioma cells
compared with normal cells, RT‑qPCR was performed. It was
found that U251 cells had significantly decreased miR‑27b
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expression compared with HEB cells (Fig. 1A). RT‑qPCR was
also performed to determine whether sevoflurane effects the
expression of miR‑27b in glioma cells. It was demonstrated that
U251 cells treated with sevoflurane had significantly increased
miR‑27b expression compared with the control group (Fig. 1B).
Furthermore, in U87 cells, a decreased expression of miR‑27b
was identified compared with HEB cells (Fig. 1C). In addition,
sevoflurane treatment also significantly increased miR‑27b
expression compared with the control group (Fig. 1D).
miR‑27b mimics and inhibitors affect the expression of
miR‑27b. Following transfection with the miR‑27b mimic,
miR‑27b was significantly increased in U251 cells (Fig. 2A).
Moreover, after transfection with miR‑27b inhibitors, miR‑27b
expression was significantly decreased in U251 cells (Fig. 2B).
The same effects were observed in U87 cells (Fig. 2C and D).
VEGF is a target of miR‑27b. TargetScan was used to search
for the potential targets of miR‑27b in humans and a conserved
binding site for miR‑27b in the 3'UTR region of the VEGF
gene was identified (Fig. 3A).
To further assess whether miR‑27b alters the expression
of VEGF by post‑transcriptionally regulating its 3'UTR, a
luciferase reporter plasmid containing the 3'UTR of VEGF
was constructed. It was found that the luciferase activity
of miR‑27b mimic + pGL3‑VEGF 3'UTR‑WT‑transfected
U251 and U87 cells was significantly decreased compared
with miR‑NC + pGL3‑VEGF 3'UTR‑WT‑transfected cells
(Fig. 3B and C).
Sevoflurane reduces the expression of VEGF in glioma cells
by targeting miR‑27b. To determine the expression of VEGF
in glioma cells compared with normal cells, VEGF expres‑
sion was determined via RT‑qPCR. It was found that U251
cells had significantly increased expression levels of VEGF
compared with HEB cells (Fig. 4A).
To examine whether sevoflurane effects the expression of
VEGF in glioma cells, RT‑qPCR was performed following
sevoflurane treatment in U251 cells. The untreated control
group acted as a negative control group for the experiments.
Decreased VEGF expression was identified in the sevoflu‑
rane group compared with the control group, which was
subsequently reversed following treatment with the miR‑27b
inhibitor (Fig. 4B). Moreover, the same results were obtained
in U87 cells (Fig. 4C and D).
Sevoflurane‑induced inhibition of glioma cell proliferation
is mediated by the miR‑27b/VEGF axis. To further assess
the effects of sevoflurane on glioma cell proliferation, U251
and U87 cells were treated with miR‑27b inhibitors or VEGF
siRNA + miR‑27b inhibitor prior to sevoflurane exposure.
The effect of VEGF siRNA on the expression of VEGF in
U251 and U87 cells was determined via RT‑qPCR. The present
results suggested that, compared with the siRNA‑NC group,
VEGF siRNA‑1 and VEGF siRNA‑2 significantly decreased
the expression of VEGF, with siRNA‑2 demonstrating a more
significant effect (Fig. 5A and B). Therefore, VEGF siRNA‑2
was used for subsequent experimentation.
It was demonstrated that the inhibitory effects of sevoflu‑
rane on U251 and U87 cell proliferation were abolished by
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Figure 1. Sevoflurane induces the expression of miR‑27b in glioma cells. Decreased miR‑27b lower expression was identified in (A) U251 cells compared with
HEB cells, which was significantly increased by (B) sevoflurane. Similar miR‑27b expression levels were found in (C) U87 cells and (D) after sevoflurane
treatment. **P<0.01 vs. HEB, or sevoflurane vs. control. miR, microRNA.

Figure 2. miR‑27b mimic and inhibitor affect miR‑27b expression levels. In (A) U251 cells, miR‑27b was significantly increased after miR‑27b mimics transfec‑
tion, while significantly decreased after (B) miR‑27b inhibitor transfection. Similar results were obtained in U87 cells after (C) miR‑27b mimic and (D) inhibitor
transfection. **P<0.01, ***P<0.001, miR‑27b mimics vs. miR‑NC mimics; ##P<0.01, miR‑27b inhibitor vs. miR‑NC inhibitor. miR, microRNA; NC, negative control.
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sevoflurane treatment (Fig. 7A and B). Moreover, similar
effects were demonstrated in U87 cells (Fig. 7C and D).
Discussion

Figure 3. VEGF is a target of miR‑27b. (A) A conserved binding site for
miR‑27b in the 3'UTR region of the VEGF gene was identified. miR‑27b
targeted VEGF 3'UTR in (B) U251 and (C) U87 cells. **P<0.01 miR‑27b
mimics vs. miR‑NC mimics. miR, microRNA; NC, negative control; 3'UTR, 3'
untranslated region; WT, wild‑type; VEGF, vascular epithelial growth factor.

pre‑treatment with the miR‑27b inhibitor (Fig. 5C and D).
However, no effect was identified when cells were treated with
VEGF siRNA + miR‑27b inhibitor (Fig. 5C and D).
Sevoflurane‑induced inhibition of glioma cell migration is
mediated by the miR‑27b/VEGF axis. To further investigate
the effects of sevoflurane on glioma cell migration, U251
cells were treated with miR‑27b inhibitor or siRNA VEGF
+ miR‑27b inhibitor prior to sevoflurane exposure. It was
found that the inhibitory effect of sevoflurane on U251 cell
migration was partially reversed by the pre‑treatment with
the miR‑27b inhibitor; however, no effect was observed when
cells were treated with siRNA VEGF + miR‑27b inhibitor
(Fig. 6A and B). Furthermore, similar results were obtained in
U87 cells (Fig. 6C and D). The present results indicated that
there were no significant pathological morphology changes in
U251 or U87 cells (Fig. 6A‑D).
Sevoflurane inhibits the expression levels of MMP‑2 and
MMP‑9. To determine whether sevoflurane inhibits the
expression levels of MMP‑2 and MMP‑9, U251 and U87 cells
were pre‑treated with miR‑27b inhibitors or VEGF siRNA +
miR‑27b inhibitors, and these proteins were assessed following
sevoflurane exposure. The untreated control group acted as a
negative control group for the experiments.
The present results suggested that the decreased protein
expression levels of MMP‑2 and MMP‑9 induced by sevoflurane
in U251 cells were reversed following pre‑treatment with the
miR‑27b inhibitor. However, no effect was identified following
VEGF siRNA + miR‑27b inhibitor treatment compared with

Sevoflurane has been shown to exert anti‑proliferative effects in
colon cancer (9) and laryngeal cancer cells (10). Furthermore,
sevoflurane prevents the migration of lung cancer cells (11)
and regulates various miRNAs of the brain (12). Moreover,
sevoflurane was reported to inhibit the migration and inva‑
sion of glioma cells by upregulating miR‑637 (22). Various
miRNAs have also been revealed to inhibit glioma cell prolif‑
eration and migration, including miR‑10b (23), miR‑218 (24)
and miR‑29c (25). The inhibitory effects of miR‑27b on the
progression of cancer have been identified in different cancer
types: miR‑27b inhibits cell proliferation and migration by
targeting PI3K p110 α in colorectal cancer (26), and long
non‑coding RNA DLX6‑AS1 induces the progression of lung
cancer by targeting miR‑27b‑3p (27). With regard to glioma,
the role of miR‑27b is controversial. It has been shown that
miR‑27b promotes cell invasion in glioma cells (28), and that
upregulation of miR‑27b contributes to the malignancy of
glioma (29), which indicates that miR‑27b has an oncogenic
role. However, miR‑27b expression is significantly lower
in metastatic glioma tissues compared with non‑metastatic
tissues (20), and miR‑27b is decreased in metastatic tumors
of glioma (20), which indicates that miR‑27b acts as a tumor
suppressor. Yet, whether sevoflurane inhibits glioma cell
migration and proliferation by regulating miR‑27b is not fully
understood.
The present results indicated that there were significantly
decreased expression levels of miR‑27b in U251 and U87 cells
compared with HEB cells. Furthermore, sevoflurane treatment
significantly increased miR‑27b expression in cells compared
with the control group. Thus, the present results suggested that
miR‑27b may serve as a tumor suppressor in glioma, which
is consistent with previous studies (20). Furthermore, it was
speculated that sevoflurane may serve a pivotal role in the
progression of glioma by upregulating miR‑27b.
miRNAs negatively regulate gene expression by inhibiting
translation or inducing the degradation of target mRNA (30).
Therefore, future studies should focus on mRNAs that function
as oncogenes.
Using computational methods, the present study predicted
that miR‑27b targeted the 3'UTR of VEGF. Adequate blood
supply is indispensable for tumor growth and metastasis. As
neoplasms grow larger, adequate blood supply is obtained
via angiogenesis (31). Moreover, tumor cells produce various
inducers of angiogenesis, including VEGF, which has impor‑
tant roles in endothelial survival, proliferation and new vessel
formation (32). To assess whether miR‑27b targeted the 3'UTR
of VEGF, a dual‑luciferase reporter assay was performed.
The present results indicated that there was increased VEGF
expression in U251 and U87 cells compared with HEB cells.
In addition, compared with the control group, decreased
VEGF expression was demonstrated in the sevoflurane group,
which was subsequently rescued following treatment with the
miR‑27b inhibitor.
The effects of miR‑27b on the sevoflurane‑induced prolif‑
eration and migration of U251 and U87 cells were examined
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Figure 4. Sevoflurane reduces the expression of VEGF in glioma cells by targeting miR‑27b. (A) Increased expression of VEGF in U251 cells compared with
HEB cells. The untreated control group acted as a negative control group for the experiments. (B) Compared with control group, there was decreased VEGF
expression in the sevoflurane group, which was rescued by miR‑27b inhibitor. (C) Increased expression of VEGF in U87 cells compared with HEB cells.
(D) Compared with the control group, there was decreased VEGF expression in the sevoflurane group, which was rescued by the miR‑27b inhibitor. &&P<0.01,
U251/U87 vs. HEB. **P<0.01, sevoflurane vs. control. #P<0.05 sevoflurane + miR‑27b inhibitor vs. sevoflurane. miR, microRNA; VEGF, vascular epithelial
growth factor.

Figure 5. Sevoflurane‑induced inhibition of glioma cell proliferation is mediated by the miR‑27b/VEGF axis. Compared with the siRNA‑NC group, siRNA‑1
VEGF and siRNA‑2 VEGF significantly decreased the expression of VEGF in (A) U251 and (B) U87 cells. The untreated control group acted as a negative
control group for the experiments. The inhibitory effects of sevoflurane on (C) U251 and (D) U87 cell proliferation were abolished by pre‑treatment with
miRNA‑27b inhibitor, but were not affected by siRNA VEGF + miR‑27b inhibitor. &P<0.05 siRNA‑1 VEGF vs. siRNA‑NC. &&P<0.01 siRNA‑2 VEGF vs.
siRNA‑NC. **P<0.01 sevoflurane vs. control. #P<0.05 sevoflurane + miR‑27b inhibitor vs. sevoflurane. n.s, sevoflurane + siRNA VEGF + miR‑27b inhibitor vs.
sevoflurane. n.s, not significant; siRNA, small interfering RNA; miR, microRNA; VEGF, vascular epithelial growth factor.
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Figure 6. Sevoflurane‑induced inhibition of glioma cell migration is mediated by the miR‑27b/VEGF axis. The untreated control group acted as a negative
control group for the experiments. (A) Images and (B) analysis of the inhibitory effects of sevoflurane on U251 cell migration were abolished by pre‑treatment
with miR‑27b inhibitor, but were not affected by siRNA VEGF + miR‑27b inhibitor. (C) Images and (D) analysis of the inhibitory effects of sevoflurane on
U87 cell migration were abolished by pre‑treatment with miR‑27b inhibitor, but were not affected by siRNA VEGF + miR‑27b inhibitor. Magnification, x100.
*
P<0.05 and **P<0.01 sevoflurane vs. control. #P<0.05 sevoflurane + miR‑27b inhibitor vs. sevoflurane. n.s, sevoflurane + siRNA VEGF + miR‑27b inhibitor vs.
sevoflurane. n.s, not significant; siRNA, small interfering RNA; miR, microRNA; VEGF, vascular epithelial growth factor.

Figure 7. Sevoflurane inhibits the expression levels of MMP‑2 and MMP‑9. (A) Decreased in protein expression levels of MMP‑2 and MMP‑9 in U251 cells
induced by sevoflurane were reversed by pre‑treatment with miR‑27b inhibitor. However, these were not affected by siRNA VEGF + miR‑27b inhibitor.
(B) Quantification of western blotting results. (C) Decreased in protein expression levels of MMP‑2 and MMP‑9 in U87 cells induced by sevoflurane were
reversed by pre‑treatment with miR‑27b inhibitor. However, these were not affected by siRNA VEGF + miR‑27b inhibitor. (D) Quantification of western
blotting results. **P<0.01 and ***P<0.001 sevoflurane vs. control. ##P<0.01 sevoflurane + miR‑27b inhibitor vs. sevoflurane. n.s, sevoflurane + siRNA VEGF
+ miR‑27b inhibitor vs. sevoflurane. n.s, not significant; siRNA, small interfering RNA; miR, microRNA; VEGF, vascular epithelial growth factor; MMP,
matrix metalloproteinase.
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in the present study. It was found that the inhibitory effects
of sevoflurane on U251 and U87 cell proliferation and migra‑
tion were abolished following pre‑treatment with the miR‑27b
inhibitor. However, no effects were identified following
treatment with VEGF siRNA + miR‑27b inhibitor.
MMPs are a family of zinc‑dependent endopeptidases
that degrade components of the extracellular matrix (ECM).
Furthermore, MMP activation induces cell migration and
invasion (33). MMP‑2 is a key enzyme that degrades certain
components of the ECM, including type IV (34). Moreover,
the present results suggested that the sevoflurane‑induced
decrease of MMP‑2 and MMP‑9 protein expression levels
in U251 and U87 cells was reversed following pre‑treatment
with the miR‑27b inhibitor. However, no effects were demon‑
strated following treatment with VEGF siRNA + miR‑27b
inhibitor.
However, there are several limitations in the present study.
Firstly, there are several mRNAs that could be targeted by
miR‑27b and the present study only investigated the role
of VEGF. Thus, future studies will investigate these other
potential targets. Secondly, the culture medium for the wound
healing assay contained 1% FBS, which could influence the
migration, therefore it will be replaced by serum‑free culture
medium in the future.
In conclusion, the present results indicated that miR‑27b
may serve as a tumor suppressor and that VEGF acts as an
oncogene in glioma. Therefore, miR‑27b may be a novel target
for sevoflurane in glioma. Moreover, it was found that sevoflu‑
rane inhibited glioma cell proliferation and migration, which
may be related to miR‑27b and its target VEGF. Collectively,
the present results indicated that targeting the miR‑27b/VEGF
axis may be a potential treatment for glioma.
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