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Background: Propofol has been identified to perform anti-tumor functions in glioma.
However, the molecular mechanisms underlying propofol-induced prevention on migration
and invasion of glioma cells remain unclear.

Methods: Cell proliferation, invasion and migration were measured by 3-(4,5)-dimethylthiahiazo
(—z-y1)-3,5-di-phenytetrazoliumromide assay and transwell assay, respectively. The expression of
microRNA (miR)-206 and Rho-associated coiled coil-containing protein kinase 1 (ROCK1) was
detected by quantitative real-time polymerase chain reaction. Western blot was used to measure the
activation of the PI3K/AKT pathway. The interaction between miR-206 and ROCK1 was analyzed
using the dual-luciferase reporter assay, RNA immunoprecipitation assay, and pull-down assay.
Results: Propofol treatment inhibited the migration, invasion, and PI3K/AKT pathway activation
in glioma cells. MiR-206 was decreased in glioma tissues and cells, while propofol exposure
induced the upregulation of miR-206 in glioma cells. Besides that, we also found overexpressed
miR-206 enhanced propofol-mediated inhibition on the migration, invasion, and PI3K/AKT path-
way activation of glioma cells. Subsequently, ROCK1 was confirmed to be a target of miR-206.
ROCKI1 was elevated in glioma tissues and cells, but was reduced by propofol exposure in glioma
cells. The rescue assay indicated that the miR-206/ROCK1 axis was involved in propofol-induced
inhibition on the migration, invasion, and PI3K/AKT pathway activation in glioma cells.
Conclusion: Propofol inhibited the migration and invasion of glioma cells by blocking the
PI3K/AKT pathway through the miR-206/ROCKI1 axis, suggesting an effective clinical
implication for the anesthetic to prevent the metastasis of glioma.
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Introduction

Glioma is the most common primary intracranial tumor, accounting for 4050% of brain
tumors, and is a lethal threat to human health. Currently, conventional treatments,
including surgery, radiotherapy, and chemotherapy, have shown limited effectiveness
for glioma therapy. Despite the improvement in multimodal therapy, the 5-year survival
rate of glioma patients is consistently less than 5%.> Thus, further investigations on
molecular mechanisms of glioma pathogenesis are necessary to manage the survival of
glioma patients. Propofol is a common and useful intravenous anesthetic in clinical
surgery, characterized by rapid effect, short action, and few side effects.®* In addition to
the advantages of anesthesia, emerging clinical evidence reveals that propofol paraver-
tebral anesthesia in cancer patients undergoing tumor surgery can reduce the risk of
recurrence and metastasis.” In addition, recent studies have found that propofol exerts

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 361-370 361
© 2020 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:yangmx2015@126.com; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Wang et al

Dove

anticancer activity in many cancers, such as gastric cancer,
esophageal squamous cell carcinoma, lung cancer, and hepa-
tocellular carcinoma,® via different molecular mechanisms.
Emerging studies also identified the protective effects of pro-
pofol on glioma development.'™'" However, the molecular
mechanisms by which propofol affects glioma cell migration
and invasion remain vague.

MicroRNAs (miRNAs) are an endogenous group of small
non-coding RNA molecules, which modulate gene expression
by inducing translational inhibition or mRNA degradation.'*'?
MiRNAs have been reported to be involved in various biolo-
gical processes under physiological or pathological conditions,
such as cell metabolism, apoptosis, proliferation, metastasis,
tumorigenesis, and immune response,' thereby regulating the
development of many diseases. Among these miRNAs, miR-
206 was identified to have protective effects on the develop-
ment of coronary artery disease and cancers.'>'® In particular,
studies revealed that miR-206 participated in the progression
of glioma by functioning as a tumor inhibitor to regulate
cellular biological processes, and decreased miR-206 expres-
sion was associated with poor prognosis in glioma.'” "
Further, miR-206 knockdown was shown to protect human
embryonic stem cells (hESCs) against propofol-induced cell
apoptosis, thereby inhibiting neurotoxicity.”® Rho-associated
coiled coil-containing protein kinase 1 (ROCK1) is a protein
serine/threonine kinase and a major regulator of the actomyo-
sin cytoskeleton, thereby governing various cellular processes,
including cell division, adhesion, contraction, migration, apop-
tosis, and proliferation.?! Accumulating studies have indicated
that ROCK1 plays crucial roles in cancer development by
modulating diverse vital cellular biological processes related
to malignancy.”> Additionally, ROCK1 was also found to be
involved in the regulation of glioma development.*** Thus,
we further explored whether miR-206 or ROCK1 were impli-
cated in propofol-mediated regulation on glioma cells.

This study aimed to investigate the effects of propofol
on cell migration and invasion in glioma, uncover the
relationship between propofol and miR-206, and identify
the means by which it mediates ROCK1 to affect cell
migration and invasion in glioma.

Materials and Methods

Clinical Specimens

Human glioma tissues from 28 surgical glioma patients and
normal brain tissues from 28 brain trauma surgical patients
were collected from the First Affiliated Hospital of Zhengzhou
University. No patients had received any preoperative

treatment. All specimens were frozen in liquid nitrogen until
use. The study was permitted by the Ethics Committee of the
First Affiliated Hospital of Zhengzhou University and written
informed consent has been collected from all patients.

Cell Culture, Transfection, and Propofol

Exposure

Normal human astrocytes (NHAs) and human glioma cell
lines (U251 and LN229) were purchased from the Chinese
Academy of life Sciences (Shanghai, China) and cultured
in Dulbecco’s modified Eagle’s medium (DMEM;
Invitrogen, Carlsbad, CA, USA) with 10% fetal calf
serum (Invitrogen) at 37°C with 5% CO,.

MiR-206 mimic (miR-206), miR-206 inhibitor (miR-
206-1), their corresponding control (miR-NC or miR-NC-I),
small interfering RNA (siRNA) targeting ROCKI1 (si-
ROCKI1) and siRNA negative control (si-NC) were synthe-
sized by Genepharma (Shanghai, Chinaexit ), and then these
oligonucleotides or vectors were transfected into U251 and
LN229 cells using Lipofectamine 2000 (Invitrogen) for 48
h before propofol treatment.

Propofol was obtained from Sigma (St Louis, MO,
USA), following by being dissolved in DMSO in accor-
dance with the protocol of the manufacturer. Cells were
maintained in 96-well plates and treated with 5 pg/mL
propofol for 6 h, and cells treated by the same volume of
PBS were regarded as blank controls.

Cell Viability

Cells were cultured in a 96-well plate (5000 cells/well) and
were incubated with 10 pL 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) solution (Sigma) for
4 h. After removing the supernatants, 150 pL DMSO (Sigma)
was added to each cell. Finally, the absorbance was detected at
490 nm. The experiment was performed three times.

Transwell Assay

For migration assay, cells were seeded on the top of the
transwell chambers with serum-free DMEM. Then, 500 pL
DMEM mixed with 10% FCS was added into the lower
chambers. After incubation for 24 h at 37°C, migrated
cells were fixed and stained. For the invasion assay, the
upper chamber membranes were pre-coated with Matrigel
(BD Biosciences, San Jose, CA, USA); otherwise, the
measurement was similar to the steps of cell migration.
Finally, cells were counted with a microscope in five
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randomly selected fields. The same experiment was
repeated three times, and the average was taken.

Western Blot

Proteins were isolated using RIPA lysis buffer (Beyotime,
Shanghai, China ) and quantified by a bicinchoninic acid
(BCA) method following the recommendations of the manu-
facturer. Then, extracted protein was separated by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene difluoride mem-
branes (Millipore, Billerica, MA, USA). Subsequently, the
membranes were interacted with primary antibodies against
phosphorylated (p-) PI3K (1:1000, abl182651, Abcam,
Cambridge, MA, USA), PI3K (1:1000, ab40776, Abcam),
p-AKT (1:1000, 9271, Cell Signaling Technology, Boston,
MA, USA), AKT (1:1000, 9272, Cell Signaling
Technology), and B-actin (1:1000, 4967, Cell Signaling
Technology), and followed by incubation with HRP-
conjugated secondary antibody (1:1000; ab9482; Abcam).
Finally, protein signals were visualized using an ECL method.
Experiments were performed three times.

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

Total RNA was isolated using Trizol reagent (Invitrogen)
according to the standard introductions. Complementary
DNA (cDNA) was synthesized using M-MLV reverse
transcriptase (Promega, Shanghai, China ). Then, qPCR
was carried out with SYBR Green PCR Master Mix
(Takara, Dalian, China ). The relative expression was

calculated using the 274CT

method and normalized by
U6 small nuclear B noncoding RNA (U6) or glyceralde-
hyde 3-phosphate dehydrogenase (GADPH). All experi-
ments were repeated three times independently. The
sequences of primers used in this study were listed as
follows: miR-206, F 5-CGATGGAATGTAAGGAAGT
-3', R, 5-GTGCAGGGTCCGAGGT-3’; ROCKI, F, 5'-
AGGAAGGCGGACATATTAGTCCCT-3, R, 5'-AGAGA
TAGTTGGGTCCCGGC-3’; GAPDH F, 5-ATTCCATG
GCACCGTCAAGGCTGA-3', R, 5-TTCTCCATGGTGG
TGAAGACGCCA-3', U6, F, 5-CTCGCTTCGGCAGC
ACA-3', R 5-CGCTTCACGAATTTGCGT-3'".

Dual-Luciferase Reporter Assay

The wild-type (WT) or mutant (MUT) ROCK1 3'UTR
containing miR-206 sequences was synthesized and cloned
into the pmiR-RB-Report (Promega). Subsequently, these

constructed vectors were transfected into U251 and LN229
cells with miR-206 mimics, miR-NC, miR-206-I, or miR-
NC-I. Finally, the relative luciferase activity was analyzed
by a dual-luciferase reporter assay kit (Promega).

RNA Immunoprecipitation Assay

RNA immunoprecipitation (RIP) assay was carried out
with the Magna RIP Kit (Millipore). Cells transfected
with miR-NC or miR-206 were lysed, and then the lysate
was incubated with magnetic beads coated with anti-Ago2
(Millipore) or IgG antibody (Abcam). Finally, the enrich-
ment of ROCK1 was measured by qRT-PCR.

Pull-Down Assay

MiR-206 and miR-NC were biotinylated to generate Bio-
miR-206, Bio-miR-206 MUT, and Bio-miR-NC by
GenePharma Company (Shanghai, China), and then these
biotinylated oligonucleotides were transfected into the
U251 and LN229 cells for 48 h. Subsequently, cells were
collected and lysed, and the lysate was incubated with
streptavidin-coated magnetic beads. After elution, the bio-
tin-coupled RNA complex was pulled down, and then was
analyzed by qRT-PCR.

Statistical Analysis

Statistical data from three independent experiments were
presented as the mean + standard deviation (SD) and.
Significant differences were analyzed using one-way analy-
sis of variance (ANOVA) or Student’s ¢-test on GraphPad
Prism 7 software (GraphPad Inc., San Diego, CA, USA).
P<0.05 suggested statistically significant differences.

Results

Propofol Suppresses Migration, Invasion,
and PI3K/AKT Pathway Activation of

Glioma Cells

To explore the effects of propofol on cell tumorigenesis in
glioma, U251 and LN229 cells were treated with or without
propofol. After that, we found propofol treatment inhibited
cell migration and invasion in glioma (Figure 1C and D).
Propofol exposure also suppressed the activation of the
PI3K/AKT pathway in U251 and LN229 cells, reflected by
the reduction of p-PI3K and p-AKT expression (Figure 1E).
However, treatment with propofol did not affect cell prolif-
eration in glioma (Figure 1A and B). Therefore, these data
indicated that propofol repressed the migration, invasion,
and the activation of the PI3K/AKT pathway in glioma cells.
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Figure | Propofol suppresses migration, invasion, and PI3K/AKT pathway activation of glioma cells. U251 and LN229 cells were treated with or without 5.1% sevoflurane.
(A, B) Cell proliferation was detected using the MTT assay. (C, D) Transwell assay was used to measure cell migration and invasion. (E) Western blot was applied to

examine the levels of p-PI3K, PI3K, p-AKT, and AKT. *P<0.05.

Propofol Promotes the Expression of
miR-206 in Glioma Cells

To investigate whether the expression of miR-206 was
affected by propofol in glioma cells, first, the expression
of miR-206 was detected in glioma, and qRT-PCR ana-
lysis showed that miR-206 was decreased in glioma
tissues and cell lines compared with the non-tumor
tissues and NHAs (Figure 2A and B). After that, U251
and LN229 cells were treated with propofol and we
found propofol significantly promoted miR-206 expres-
sion in U251 and LN229 cells (Figure 2C and D),
indicating the potential regulatory role of miR-206 in

propofol-induced glioma cells.

MiR-206 Enhances Propofol-Mediated
Inhibition on the Migration, Invasion, and
PI3K/AKT Pathway of Glioma Cells

Based on the regulatory relationship between miR-206 and
propofol, we further uncovered whether miR-206 was
involved in propofol-mediated inhibition on glioma cell
tumorigenesis. U251 and LN229 cells were transfected with
miR-206 or miR-206-I prior to propofol exposure. The results
showed that overexpressed miR-206 enhanced propofol-
mediated inhibition on the migration, invasion (Figure 3A—
F) and PI3K/AKT pathway activation (Figure 3G and H) of
U251 and LN229 cells, while miR-206 inhibition reversed the
anticancer activity of propofol on U251 and LN229 cells

(Figure 3A—H). Therefore, we found that propofol inhibited
cell tumorigenesis in glioma by regulating miR-206.

ROCKI is a Target of miR-206

To elucidate the underlying mechanism of miR-206 in
glioma progression, the potential targets of miR-206 were
predicted according to the Starbase3.0 program and ROCK1
was found to have binding sites with miR-206 (Figure 4A).
To verify this prediction, the dual-luciferase reporter assay
was performed and we found that the miR-206 mimic sig-
nificantly reduced the luciferase activity of the ROCK1-WT
reporter vector but not the mutant reporter vector in U251
and LN229 cells (Figure 4B and D). The luciferase activity
of the ROCKI1-WT reporter was markedly promoted, but
there was no obvious change in ROCK1-MUT reporter after
miR-206 inhibition in U251 and LN229 cells (Figure 4C and
E). The RIP assay indicated ROCK1 pull-down by Ago2
was significantly enriched in miR-206-transfected cells
(Figure 4F). Meanwhile, RNA pull-down assay further
showed bio-miR-206 could enrich more ROCK1 compared
with the bio-miR-206 MUT and bio-miR-NC (Figure 4G
and H). Taken together, miR-206 directly interacted with
ROCKI in glioma cells.

Propofol Represses ROCK| Expression

in Glioma Cells
The expression of ROCKI was detected and results
showed that ROCK1 was upregulated in glioma tissues
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Figure 2 Propofol promotes the expression of miR-206 in glioma cells. (A, B) The expression of miR-206 in glioma tissues, non-tumor tissues, glioma cell lines, and NHAs
was measured using qRT-PCR. (C, D) The expression of miR-206 in U251 and LN229 cells treated with or without propofol was examined by qRT-PCR. *P<0.05.

and cell lines compared with the non-tumor tissues and
NHAs (Figure 5A and B). Afterwards, U251 and LN229
cells were treated with propofol and qRT-PCR analysis
indicated that propofol decreased ROCKI1 expression in
U251 and LN229 cells (Figure 5C and D), suggesting that
abnormal ROCK1 expression might be involved in propo-
fol-mediated regulation on glioma cells.

Propofol Inhibits the Migration, Invasion,
and PI3K/AKT Pathway Activation of
Glioma Cells by miR-206/ROCKI| Axis

Based on the interaction between miR-206 and ROCK1,
we further elaborated whether the miR-206/ROCK1 axis
was responsible for propofol-mediated glioma cell
tumorigenesis inhibition. U251 and LN229 cells were
transfected with miR-NC-I, miR-206-I, miR-206-I + si-
NC, or miR-206-1 + si-ROCKI1 prior to propofol treat-
Results that miR-206
reversed propofol-induced suppression on the migration,
6A-F), and PI3K/AKT pathway

ment. suggested inhibition

invasion (Figure

activation (Figure 6G and H) in U251 and LN229
cells, while these could be rescued by following
ROCKI1 deletion (Figure 6A-H). Altogether,
results suggested that propofol could regulate the migra-

these

tion, invasion, and PI3K/AKT pathway activation of
glioma cells by the miR-206/ROCKI1 axis.

Discussion

Glioma is still a serious problem due to its highly invasive
and diffusive infiltrative nature. Even with optimal treat-
ment, such as surgical resection combined with che-
motherapy, radiotherapy, or other adjuvant therapies, the
average survival of glioma patients is no more than 18
months.>* Propofol is commonly used in intravenous
anesthetic medicines during clinical surgery. Increasing
evidence has revealed that propofol also has neuroprotec-
tive, anti-anxiety, anti-oxidation and anti-cancer roles in
pathogenic situations.**® The aim of this study was to
identify the anti-tumor effects of propofol on the biologi-
cal behavior of glioma cells and we observed that propofol
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Figure 3 MiR-206 enhances propofol treatment mediated inhibition on the migration, invasion, and PI3K/AKT pathway activation of glioma cells. U251 and LN229 cells
were transfected with miR-206 or miR-206-| prior to propofol exposure. (A-F) Cell migration and invasion abilities were detected using a transwell assay. (G, H) The levels
of p-PI3K, PI3K, p-AKT, and AKT were determined by Western blot. *P<0.05, compared with control; *P<0.05, compared with propofol.

treatment inhibited the migration and invasion of glioma
cells, which was consistent with multiple previous find-
ings. For example, Chen et al revealed propofol inhibited
pancreatic cancer cell migration by interfering with
NMDA receptor degradation.”” Yang et al indicated that
treatment of propofol suppressed gastric cancer cell
growth and survival via inhibiting ING3 expression.?®
Thus, propofol may be a promising candidate for tumor
surgery.

To date,
miRNAs play important roles in the pathogenesis of

mounting evidence has revealed that

various cancers, including glioma.?’ MiRNAs can regu-
late glioma cell tumorigenesis, proliferation, metastasis,
apoptosis, and angiogenesis, thus affecting cancer main-
tenance and progression. For example, miR-155 func-
tioned as induce cell

an oncogene to glioma

proliferation through directly interacting with CDX1.*°
MiR-451 suppressed glioma cell proliferation and inva-
sion by blocking the mTOR/HIF-10/VEGF pathway
through regulating CAB39 expression.>’ Propofol has
also been found to exert anti-tumor functions via regulat-
ing miRNAs in many types of tumors. For instance, Yu
et al found propofol promoted cell apoptosis in breast
cancer via downregulating miR-24.*> Propofol sup-
pressed ovarian cancer cell invasion and growth by the
regulation of the miR-9/NF-kB pathway.*® Therefore, we
further investigated the underlying molecular mechanism
of propofol in the migration and invasion of glioma cells.
Previous studies revealed miR-206 served as a tumor
suppressor to involve in the development of glioma.'®**
The present study exhibited that propofol treatment
cells.

induced miR-206 upregulation in glioma
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Moreover, neutralizing miR-206 with miR-206 inhibitor
attenuated the inhibitory effects induced by propofol
treatment on glioma cell migration and invasion, while
increasing the level of miR-206 enhanced the anticancer
activity of propofol on glioma cells. Thus, propofol
restrained cell migration and invasion by inducing miR-
206 up-regulation in glioma cells.

It is well recognized that miRNAs often function by
modulating gene expression. Thus, we further explored
the downstream genes of miR-206 in glioma cells and
ROCKI1 was validated to be a target of miR-206. In
this study, we discovered that knockdown of ROCKI1
could reverse miR-206 inhibition mediated promotion
on cell migration and invasion in propofol-induced
glioma cells. Thus, we knew propofol could suppress
the migration and invasion of glioma cells by regulat-
ing the miR-206/ROCKI1 axis. The PI3K/AKT pathway
is an intracellular signaling pathway in regulating var-
ious cellular processes in different cell types, including
migration and invasion.>® In the current study, our

results demonstrated treatment with propofol led to an
obvious downregulation of p-PI3K and p-AKT expres-
sion, but there were no notable changes of total PI3K
and AKT expression in the glioma cells, indicating that
PI3K/AKT
Subsequently, we also found propofol treatment could
inhibit the activation of the PI3K/AKT pathway
through regulating the miR-206/ROCKI1 axis.

propofol  inactivated the pathway.

Conclusion

Taken together, our data proved that propofol treat-
ment increased the expression of miR-206, but
decreased the level of ROCKI
Propofol treatment could inhibit the migration and
invasion of glioma cells by blocking the PI3K/AKT
pathway through the miR-206/ROCKI1 axis, providing

an effective clinical implication for the anesthetic to

in glioma cells.

inhibit the metastasis and improve patient outcomes

for glioma.
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Figure 6 Propofol inhibits the migration, invasion, and PI3K/AKT pathway activation of glioma cells by miR-206/ROCK | axis. U251 and LN229 cells were transfected with
miR-NC-I, miR-206-I, miR-206-I + si-NC, or miR-206-1 + si-ROCKI prior to propofol treatment. (A=F) Cell migration and invasion abilities were demonstrated using
a transwell assay. (G, H) Western blot was utilized to examine the expression of p-PI3K, PI3K, p-AKT, and AKT. *P<0.05.

Highlights
1. Propofol suppresses migration, invasion, and PI3K/

AKT pathway of glioma cells.

2. Propofol promotes the expression of miR-206 in
glioma cells.
3. ROCKI1 is a target of miR-206.

4. Propofol represses ROCK1 expression in glioma cells.
. Propofol inhibits the migration, invasion, and PI3K/
AKT pathway of glioma cells by miR-206/ROCK1 axis.
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