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	 Background:	 Propofol is a common intravenous anesthetic used to induce and maintain anesthesia. Numerous studies have 
reported that propofol plays an anti-tumor role in diverse human cancers, including glioma. In this research, 
we explored the roles of propofol and its related molecular mechanisms in glioma.

	 Material/Methods:	 U251 and A172 cells were exposed to different doses of propofol for 24 h. Cell proliferation, migration, and in-
vasion in glioma were evaluated using MTT assay and Transwell assay, respectively. The levels of microRNA-
410-3p (miR-410-3p) and transforming growth factor-b receptor type 2 (TGFBR2) were detected by quantitative 
real-time polymerase chain reaction (qRT-PCR) assay and Western blot assay, respectively. The association be-
tween miR-410-3p and TGFBR2 was predicted by TargetScan and confirmed by dual-luciferase reporter assay.

	 Results:	 Propofol inhibited the proliferation, migration, and invasion of glioma cells in a concentration-dependent way. 
miR-410-3p was induced and TGFBR2 was inhibited by different concentrations of propofol treatment. Moreover, 
TGFBR2 was confirmed to be a target gene of miR-410-3p and TGFBR2 was inversely modulated by miR-410-3p 
in glioma cells. Depletion of miR-410-3p reversed the inhibition of propofol treatment on U251 and A172 cell 
growth and metastasis, but the effects were further abolished by knocking down the expression of TGFBR2.

	 Conclusions:	 Propofol can suppress cell growth and metastasis by regulating the miR-410-3p/TGFBR2 axis in glioma.
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Background

Glioma is the most common intracranial malignancy in adults 
and accounts for 40–50% of brain tumors [1]. According to 
the classification system established by the World Health 
Organization (WHO), glioma is classified into grades I–IV [2]. 
In recent years, with the advancement of imaging diagnostic 
technology and the application of microsurgical techniques, the 
diagnosis and treatment of glioma have generally made sig-
nificant progress, but the survival time of patients with high-
grade (grade III–IV) glioma remains very low [3,4]. Hence, it is 
crucial to elucidate the molecular pathogenesis of glioma and 
discover new treatment methods for glioma patients.

Propofol is an anesthetic that can be used to induce and main-
tain general anesthesia. Surgical resection is one of the main 
treatments of tumors, and the use of anesthesia is very neces-
sary to relieve the pain of patients during this process. Hence, 
the impact of anesthesia on tumor development needs to be 
studied. More and more reports have confirmed that propo-
fol can suppress the progression of different human cancers. 
For example, Zhang et al. indicated that propofol induced cell 
apoptosis and repressed tumor growth in cervical cancer [5]. 
Ye et al. reported that propofol inhibited cancer progression by 
inhibiting cell proliferation and invasion in osteosarcoma [6]. 
Several glioma studies have reports indicated that propofol 
plays crucial roles in tumor cell growth, apoptosis, and metas-
tasis [7,8]. However, to the best of our knowledge, there are 
very few studies about the roles and related regulatory mech-
anisms of propofol in glioma.

MicroRNAs (miRNAs) can modulate gene expression by recog-
nizing the 3’-untranslated region (3’-UTR) of their target mes-
senger RNAs at the post-transcriptional level [9]. Numerous 
studies have determined that miRNAs are associated with di-
verse biological processes, including differentiation, migration, 
invasion, and apoptosis [9–11]. Recently, it has been confirmed 
that miRNAs are involved in the occurrence and progression 
of various human cancers, including glioma. For instance, miR-
30b-3p was demonstrated to promote cell viability and metas-
tasis in glioma [12]. Zhou et al. found that miR-132 was ab-
normally expressed and its overexpression repressed glioma 
cell viability, migration, and invasion [13]. These data suggest 
that various miRNAs exert different effects in glioma. miR-410 
has been verified by several studies to be associated with the 
progression of glioma [14,15], but the exact regulatory mech-
anism remains ill-defined.

Transforming growth factor-b receptor type 2 (TGFBR2), a trans-
membrane protein with serine (Ser)/threonine (Thr) kinase ac-
tivity, plays vital roles in the occurrence and development of 
tumors [16,17]. Wei et al. demonstrated that TGFBR2 was a 
target for miR-373 and induced cell migration and invasion in 

glioma [18]. However, whether miR-410-3p can target TGFBR2 
in glioma has not been confirmed.

Here, we explored the function of propofol in glioma cells and 
the impact of propofol on miR-410-3p and TGFBR2 expression. 
We also explored the exact roles of miR-410-3p and TGFBR2 
in the promotion of glioma.

Material and Methods

Cell culture

U251 and A172 glioma cell lines were bought from the Cell 
Bank of the Chinese Academy of Sciences (Shanghai, China). 
All cells were kept in Dulbecco’s modified Eagle’s medium 
(DMEM; Solarbio, Beijing, China) including 10% fetal bovine 
serum (FBS; HyClone, Logan, UT, USA). The medium was placed 
at 37°C in an incubator with 5% CO2.

Cell transfection and treatment

miR-410-3p mimic and its control (miR-NC), inhibitor of miR-
410-3p (anti-miR-410-3p) and corresponding control (anti-NC), 
small interfering RNA targeting TGFBR2 (si-TGFBR2) and its 
control (si-NC) were synthesized by GenePharma (Shanghai, 
China). Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA, 
USA) was then used for U251 and A172 cell transfection based 
on the descriptions in the manual.

Propofol was dissolved in DMSO (Solarbio) and diluted in a 
complete culture medium. Then, U251 and A172 cells, trans-
fected or untransfected, were exposed to different doses of 
propofol (5 µg/mL or 10 µg/mL) or an equal volume of DMSO 
(0 µg/mL of propofol) for 24 h.

3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-
tetrazolium bromide (MTT) assay

Glioma cells were seeded into 96-well plates and kept for 24 
h, then cells were untransfected or transfected with synthet-
ic oligonucleotides and untreated or treated with propofol. 
Next, cells were interacted with MTT solution (Sigma-Aldrich, 
St. Louis, MO, USA) for 4 h at 37°C. Subsequently, we removed 
the supernatant and added DMSO (Solarbio) to each well to 
solubilize the formazan crystals. Finally, the absorbance at 490 
nm was examined with a microplate reader (BMG LABTECH, 
Offenburg, Baden-Württemberg, Germany).

Transwell assay

To examine cell migration ability, glioma cells that were treated 
with propofol or transfected as above together with propofol 
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treatment were suspended and seeded into the upper cham-
ber of a Transwell device (Corning, Inc., Corning, NY, USA). 
DMEM (Solarbio) including 10% FBS (HyClone) was added to 
the lower chamber. After 24 h, we removed the cells that re-
mained on the upper chamber, and cells that migrated were 
fixed with methanol, stained with crystal violet (Sigma-Aldrich), 
and counted under a microscope. To determine cell invasion 
ability, the upper chamber was coated with Matrigel (Solarbio), 
and the other steps were consistent with the migration assay.

RNA extraction and quantitative real-time polymerase 
chain reaction (qRT-PCR)

After being transfected as above or treated with propofol, to-
tal RNA was isolated from glioma cells using an RNeasy Mini 
kit (Qiagen, Hilden, NRW, Germany). Then, the RNA samples 
were quantified and reverse-transcribed into cDNAs using a 
MicroRNA Reverse Transcription kit (Takara, Dalian, China) 
or a Prime Script RT reagent kit (Takara). The expression of 
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Figure 1. �Propofol inhibited cell development in glioma. Glioma cells were exposed to 5 µg/mL or 10 µg/mL of propofol or an equal 
volume of DMSO (0 µg/mL of propofol) for 24 h. (A, B) Proliferation of glioma cells was measured by MTT assay. (C, D) 
Migration and invasion of glioma cells were assessed through Transwell assay. * P<0.05.
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miR-410-3p and TGFBR2 was examined using a SYBR Premix 
Ex Taq™ kit (Takara) and calculated by the 2–DDCt method. U6 
or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
used as an internal control. The primers were:
miR-410-3p: (F) 5’-AGTTGTTCACCACCTTCTCCAC-3’ and
(R) 5’-TATCGTTGTACTCCAGTCCAAGTC-3’;
TGFBR2: (F) 5’-CTAACCTGCTGCCTGTGTGA-3’ and
(R) 5’-TCTGGAGCCATGTATCTTGC-3’;
U6: (F) 5’-CTCGCTTCGGCAGCACATA-3’ and
(R) 5’-AACGATTCACGAATTTGCGT-3’;
GAPDH: (F) 5’-CACCCACTCCTCCACCTTTG-3’ and
(R) 5’-CCACCACCCTGTTGCTGTAG-3’.

Western blot assay

After appropriate transfection or treatment, U251 and A172 
cells were lysed in RIPA buffer (Beyotime, Shanghai, China) 

to isolate total protein. Concentrations of these protein sam-
ples were examined using a BCA assay kit (Beyotime). Then, 
the proteins were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to polyvinylidene difluoride (PVDF) membranes (Pall, 
NY, USA). Next, membranes were blocked in 5% skim milk at 
room temperature for 1 h and maintained with primary anti-
bodies anti-TGFBR2 (Abcam, Cambridge, MA, USA) and anti-
b-actin (Abcam) overnight at 4°C and the indicated secondary 
antibody at room temperature for 2 h. Finally, protein signal-
ing was visualized by an enhanced chemiluminescence sys-
tem (Pierce, Rockford, IL, USA).

Dual-luciferase reporter assay

The 3’-UTR region TGFBR2, which contained the complementary 
sequences of wild-type or mutant miR-410-3p, was introduced 
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Figure 2. �Propofol activated miR-410-3p expression and inhibited TGFBR2 expression in glioma cells. Glioma cells were exposed to 5 
µg/mL or 10 µg/mL of propofol or an equal volume of DMSO (0 µg/mL of propofol) for 24 h. (A, B) The expression of miR-
410-3p in glioma cells was assessed by qRT-PCR. (C, D) The expression of TGFBR2 was assessed using Western blot assay. 
* P<0.05.
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into the pGL3 vector (Promega, Madison, WI, USA) to estab-
lish luciferase reporter vector TGFBR2 WT and TGFBR2 MUT, 
respectively. Then, TGFBR2 WT or TGFBR2 MUT in combina-
tion with miR-410-3p or miR-NC were transfected into glioma 
cells. A dual-luciferase reporter assay kit (Promega) was used 
to evaluate luciferase activity after 48 h of co-transfection.

Statistical analysis

The experiments were carried out 3 times and the values are 
shown as means±standard deviation (SD). The difference was 
analyzed via the t test or one-way analysis of variance (ANOVA). 
Data analysis in this study was conducted using GraphPad 
Prism 7 software (GraphPad, San Diego, CA, USA). A statisti-
cally significant difference was defined as P<0.05.

Results

Propofol suppressed cell proliferation, migration, and 
invasion in glioma

To investigate the functions of propofol in the progression of 
glioma cells, U251 and A172 cells were exposed to different 
doses of propofol for 24 h, and an equal volume of DMSO (0 
µg/mL of propofol)-treated cells were used as control group. 
The result of MTT assay revealed that the proliferation of 

U251 and A172 cells was distinctly repressed by propofol in 
a concentration-dependent manner (Figure 1A, 1B). Transwell 
assay demonstrated that different concentrations of propo-
fol treatment led to significant suppression in the migration 
and invasion of glioma cells compared to the control group 
(Figure 1C, 1D). These data suggested that propofol treatment 
suppressed glioma cell growth and metastasis in a concentra-
tion-dependent manner.

Propofol led to an upregulation of miR-410-3p and a 
downregulation of TGFBR2 in glioma cells

Glioma cells were exposed to propofol for 24 h. Then, the rel-
ative expression levels of miR-410-3p and TGFBR2 were an-
alyzed by qRT-PCR and Western blot assay, respectively. We 
found that miR-410-3p was markedly increased in U251 and 
A172 cells after treatment with various concentrations of pro-
pofol compared to the untreated group, as determined by qRT-
PCR assay (Figure 2A, 2B). Western blot analysis displayed that 
TGFBR2 protein was greatly inhibited by propofol in U251 and 
A172 cells in a concentration-dependent manner compared to 
the normal group (Figure 2C ,2D). These results show that pro-
pofol treatment promoted miR-410-3p expression and sup-
pressed TGFBR2 expression in glioma cells.
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Figure 3. �miR-410-3p restored the inhibition on cell development mediated by propofol in glioma cells. Glioma cells were exposed 
to DMSO (0 µg/mL of propofol), 10 µg/mL of propofol, or 10 µg/mL of propofol together with anti-miR-410-3p or anti-NC. 
(A, B) miR-410-3p expression in glioma cells was examined by qRT-PCR. (C, D) Cell proliferation of glioma cells was analyzed 
by MTT assay. (E–H) glioma cell migration and invasion abilities were evaluated via Transwell assay. * P<0.05.
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Figure 4. �miR-410-3p directly interacted with TGFBR2 and negatively regulated its expression. (A) The complementary sequences 
between miR-410-3p and TGFBR2 are displayed. (B, C) TGFBR2 WT or TGFBR2 MUT and miR-410-3p or miR-NC were 
transfected into glioma cells, and luciferase activities were determined. (D, E) The level of TGFBR2 protein in glioma cells 
treated with miR-NC, miR-410-3p, anti-NC, or anti-miR-410-3p was examined by Western blot assay. * P<0.05.
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Figure 5. �miR-410-3p knockdown restored the downregulation of TGFBR2 caused by propofol in glioma cells. Glioma cells were 
exposed to DMSO (0 µg/mL of propofol), 10 µg/mL of propofol, or 10 µg/mL of propofol together with anti-miR-410-3p or 
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MiR-410-3p inhibition restored the inhibition of 
proliferation, migration, and invasion caused by propofol 
in glioma cells

To reveal the potential role of miR-410-3p in the progression of 
glioma cells, anti-miR-410-3p or anti-NC was transfected into 
glioma cells, then the cells were exposed to propofol for 24 h. 
As displayed in Figure 3A and 3B, miR-410-3p expression stim-
ulated by propofol was reduced by anti-miR-410-3p transfec-
tion in glioma cells. MTT assay showed that compared to the 
control group, anti-miR-410-3p restored the inhibition of pro-
pofol on cell proliferation in glioma cells (Figure 3C, 3D). The 
Transwell assay data indicated that miR-410-3p downregula-
tion markedly abolished the inhibitory effects on cell migra-
tion and invasion caused by propofol treatment (Figure 3E–3H). 
All these data demonstrated that miR-410-3p overturned pro-
pofol-induced suppression in the progression of glioma cells.

miR-410-3p directly targeted TGFBR2

Given that miR-410-3p and TGFBR2 were aberrantly expressed 
in propofol treated U251 and A172 cells, we hypothesized that 
TGFBR2 might be a direct target gene of miR-410-3p. Then, online 

TargetScan software (http://www.targetscan.org/vert_72/) was 
utilized to predict the potential target of miR-410-3p. The data 
showed that TGFBR2 was predicted as a target of miR-410-3p, 
and their potential binding sites are showed in Figure 4A. To fur-
ther confirm this prediction, dual-luciferase reporter assay was 
conducted, showing that, compared to the miR-NC and TGFBR2 
WT co-transfected group, the luciferase activities in miR-410-3p 
and TGFBR2 WT co-transfected U251 and A172 cells were nota-
bly suppressed; however, there was no change in TGFBR2 MUT 
and miR-410-3p or miR-NC co-transfected cells (Figure 4B, 4C). 
Additionally, the protein level of TGFBR2 in glioma cells trans-
fected with miR-NC, miR-410-3p, anti-NC, or anti-miR-410-3p 
was measured, showing that TGFBR2 protein was clearly de-
creased by the elevation of miR-410-3p and was drastically in-
creased by the deficiency of miR-410-3p in both U251 and A172 
cells (Figure 4D, 4E). These data suggest that miR-410-3p neg-
atively modulated TGFBR2 expression via direct interaction.

Silencing of miR-410-3p reversed the downregulation of 
TGFBR2 caused by propofol in glioma cells

To reveal the association between miR-410-3p and TGFBR2 
in propofol-activated U251 and A172 cells, anti-miR-410-3p 
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or anti-NC was transfected into glioma cells, which were then 
treated with propofol for 24 h. As illustrated by Western blot 
assay, the downregulation of TGFBR2 caused by propofol was 
significantly abrogated by the inhibitors of miR-410-3p in U251 
and A172 cells (Figure 5A, 5B). The data indicated that miR-
410-3p downregulation promoted TGFBR2 expression in pro-
pofol-activated glioma cells.

TGFBR2 knockdown abolished the effects of miR-410-3p 
inhibition on the progression of propofol-activated glioma 
cells

To further investigate the functional roles of miR-410-3p and 
TGFBR2 in glioma cell growth and metastasis, anti-NC, anti-
miR-410-3p, si-NC, or si-TGFBR2 were transfected into glioma 
cells and cells were then treated with propofol. Transfection 

efficiency was examined using Western blot assay. We found 
that anti-miR-410-3p resulted in the upregulation of TGFBR2, 
while this effect was reversed by si-TGFBR2 in propofol-treat-
ed U251 cells and A172 cells (Figure 6A, 6B). MTT assay proved 
that miR-410-3p inhibition distinctly promoted cell proliferation, 
but this promotion was abolished after TGFBR2 knockdown in 
propofol-stimulated U251 cells and A172 cells (Figure 6C, 6D). 
The Transwell assay data indicated that cell migration and in-
vasion were induced by anti-miR-410-3p, while these effects 
were reversed by si-TGFBR2 in propofol-activated U251 cells and 
A172 cells (Figure 6E, 6F). These results show that miR-410-3p 
regulated glioma cell development by interacting with TGFBR2.
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Discussion

An increasing number of reports have revealed that propo-
fol exerts tumor-suppressive effects in human cancers, such 
as hepatocellular carcinoma [19], pancreatic cancer [20], and 
gallbladder cancer [21]. Here, we investigated the functions of 
propofol in glioma. We used different concentrations of propo-
fol to treat U251 cells and A172 cells, and found that propo-
fol exposure drastically suppressed proliferation and metas-
tasis of glioma cells in a dose-dependent manner. Wang et al. 
verified that viability and metastasis of glioma cell C6 were 
markedly depressed by propofol treatment in a concentration-
dependent way [22]. A report by Xu et al. also showed that 
glioma cell growth and invasion were significantly repressed 
and apoptosis was conspicuously induced by propofol treat-
ment [8]. Our findings in the present study are consistent with 
results in previous reports, adding evidence to support the tu-
mor-suppressor effect of propofol in glioma.

In addition, we explored the molecular mechanism related to 
propofol in glioma. We found that miR-410-3p was distinctly 
increased in propofol-stimulated U251 and A172 cells. Many 
studies have shown that miRNAs can be induced by propofol 
in various cancers. For instance, miR-219-5p expression was 
increased after propofol exposure in hepatocellular carcino-
ma [19], and miR-486 was stimulated by propofol in lung can-
cer cells [23]. miR-410-3p was reported to promote or inhibit 
tumor progression in different cancers, such as prostate can-
cer [24], rhabdomyosarcoma [25], and breast cancer [26]. In the 
present study, we transfected anti-miR-410-3p into U251 and 
A172 cells to knock down miR-410-3p, and found the inhibi-
tory effects on proliferation, migration, and invasion mediat-
ed by propofol were abolished after miR-410-3p was knocked 
down, suggesting that propofol-stimulated miR-410-3p sup-
presses glioma development. These data are in line with the 
findings of Chen et al. [14] and Wang et al. [27] in glioma.

TGFBR2 has been verified to take part in diverse biological pro-
cesses, such as growth, differentiation, and inflammation [17]. 

Figure 6. �TGFBR2 downregulation weakened the promotion of miR-410-3p inhibition on cell progression in propofol-treated glioma 
cells. Glioma cells were transfected with anti-NC, anti-miR-410-3p, si-NC, or si-TGFBR2 and then exposed to 10 µg/mL of 
propofol for 24 h. (A, B) The expression of TGFBR2 in glioma cells was determined by Western blot assay. (C, D) Proliferation 
of glioma cells was evaluated by MTT assay. (E, F) Migration and invasion of glioma cells were evaluated by Transwell assay. 
* P<0.05.
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In the present research, we revealed for the first time that miR-
410-3p can target TGFBR2. Propofol treatment downregulat-
ed TGFBR2 expression, and TGFBR2 expression was negative-
ly regulated by miR-410-3p in propofol-activated glioma cells. 
Further, downregulation of TGFBR2 by si-TGFBR2 restored cell 
growth and metastasis caused by miR-410-3p inhibition in pro-
pofol-stimulated U251 and A172 cells. TGFBR2 has been re-
ported to have dual roles in tumor progression. For example, 
TGFBR2 suppressed the progression of lung squamous cell car-
cinoma [28] and colorectal cancer [29] and promoted the pro-
gression of colon cancer [30] and breast cancer [31]. Studies by 
Wei et al. [18] and Hu et al. [32] indicated that TGFBR2 knock-
down repressed cell metastasis in glioma, and our results in 
this study agree with their findings.

Conclusions

Our results show that propofol suppressed cell growth and 
metastasis by upregulating miR-410-3p and downregulating 
TGFBR2 in glioma. This study advances our understanding of 
anesthesia and glioma development, indicating that propofol 
might be a better anesthetic for use in surgery for glioma pa-
tients. Nevertheless, there are still some shortcomings in this 
research. For example, we did not conduct animal experiments, 
and more clinical tests need to be performed in the future.
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