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Propofol, an anesthetic agent with known anticancer properties in various tumor types, holds promise as
a potential therapeutic option for glioma. However, the specific functions and underlying mechanisms of
propofol in glioma tumorigenesis remain poorly understood. We collected twenty-one glioma tissue samples for
analysis. In vitro experiments, including 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide, flow
cytometry, Western blot, transwell and wound healing assays, were performed to assess the effects of propofol
on glioma cells. We also examined the expression levels of long noncoding ribonucleic acid SET binding factor
2-antisense strand 1, microRNA-373-3p, and pyruvate dehydrogenase kinase 3 through quantitative reverse
transcription-polymerase chain reaction and Western blotting. Propofol demonstrated inhibitory effects
on glioma cell viability by promoting cell apoptosis and inducing cell cycle arrest. Additionally, propofol
suppressed the migratory and invasive capacities of glioma cells. We observed an increased expression of SET
binding factor 2-antisense strand 1 in glioma, which was attenuated upon propofol treatment. Furthermore,
overexpression of SET binding factor 2-antisense strand 1 weakened the inhibitory effects of propofol on
glioma progression. MicroRNA-373-3p was identified as a target of SET binding factor 2-antisense strand 1,
and its up-regulation counteracted the functional impact of SET binding factor 2-antisense strand 1 in glioma
cells treated with propofol. Additionally, we found that microRNA-373-3p targeted pyruvate dehydrogenase
kinase 3 and knockdown of microRNA-373-3p reversed propofol-mediated suppression of glioma progression
by increasing pyruvate dehydrogenase kinase 3 expression. Our findings suggest that propofol exerts inhibitory
effects on glioma cell oncogenic phenotypes through the SET binding factor 2-antisense strand 1/microRNA-
373-3p/pyruvate dehydrogenase kinase 3 axis. This study sheds light on the potential application of propofol
in glioma prevention and provides valuable insights into the molecular mechanisms underlying its antitumor
properties in this challenging malignancy.
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Glioma, the most common and aggressive primary
brain tumor, poses a formidable challenge to
modern medicine due to its high morbidity and
mortality rates!!!. Despite extensive research
efforts, effective therapeutic strategies for glioma
remain limited, emphasizing the urgent need to
explore novel and innovative therapeutic avenues.
Recently, there has been growing interest in
repurposing existing drugs for cancer treatment,
given their established safety profiles and well-
documented  pharmacological  properties>3],
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One such candidate is propofol, a widely used
intravenous anesthetic, which has demonstrated
potential anticancer properties in various tumor
types!*.

Emerging evidence suggests that propofol exhibits
remarkable antitumor effects in several cancer
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models by influencing critical cellular pathways,
including proliferation, migration, invasion and
apoptosis®®. Propofol could induce cytotoxicity
to play an inhibitive role in gliomal®. More
specifically, the previous study suggests that
propofol was able to damage cell proliferative
and invasive capacities in gliomal!”. Nevertheless,
the mechanism underlying propofol in glioma
progression needs more exploration.

Propofol could induce the long noncoding RNAs
(IncRNAs) dysregulation to implicate the treatment
of tumors®. IncRNAs are the RNA transcripts
with a length of >200 nucleotides, which have
essential roles in glioma by stimulating messenger
Ribonucleic Acid (mRNA) expression via acting
as the ceRNAs for microRNAs (miRNAs)Pl. The
IncRNA SET Binding Factor 2-Antisense Strand
1 (SBF2-AS1) plays a promoting role in multiple
tumors, like colorectal, live, and pancreatic
cancers!'!2l, Moreover, SBF2-AS1 could promote
the development and drug resistance in glioma
cells!'>, However, how and whether SBF2-AS1
could be implicated in the mechanism mediated by
propofol remains unclear.

miR-373-3p was discovered to function in different
tumors, such as prostate, tongue squamous cell
and pancreatic cancers!>"'"l. Previous studies have
suggested that low levels of miR-373-3p indicated
the poor outcome of glioma and it could inhibit
the malignancy of gliomal'®!"”). The Pyruvate
Dehydrogenase Kinase (PDK) takes part in the
development of tumors?’. PDK3 belongs to the
PDK family, and the inhibition of PDK3 could
induce cell death of glioma cells?!!. Moreover,
PDK3 promoted the survival and mobility of glioma
cells??, Interestingly, the star base and TargetScan
exhibited the complementary sites between SBF2-
AS1 or PDK3 and miR-373-3p. Thus, we assumed
there might be a SBF2-AS1/miR-373-3p/PDK3
axis in glioma.

However, the precise molecular mechanisms
underlyingtheseeffectsingliomacellshavenotbeen
fully elucidated. To address this gap in knowledge,
we investigated the potential involvement of non-
coding RNAs (ncRNAs), specifically the IncRNA
SBF2-AS1 and miRNA, miR-373-3p, in mediating
propofol inhibitory actions on glioma oncogenic
phenotypes. In this research article, we present
compelling experimental data that highlight the
regulatory role of the SBF2-AS1/miR-373-3p axis

1310

Indian Journal of Pharmaceutical Sciences

in glioma progression and how propofol modulates
this axis to exert its antitumor effects. Our
findings provide new insights into the molecular
mechanisms by which propofol can potentially
serve as an effective therapeutic option for glioma,
complementing existing treatment modalities.

The objectives of this study were threefold; to
evaluate the expression levels of SBF2-AS1 and
miR-373-3p in glioma tissues and their correlation
with clinic pathological features, to investigate
the impact of propofol treatment on glioma cell
proliferation, migration, invasion, and apoptosis,
and to delineate the regulatory interactions between
SBF2-AS1, miR-373-3p, and their downstream
target gene PDK3 in the context of propofol-
mediated glioma inhibition.

MATERIALS AND METHODS
Clinical samples:

The glioma tissues and normal brain tissues were
harvested via surgical resection and stored at
-80° which were recruited from Chun'an County
Hospital of Traditional Chinese Medicine. We have
got the permission from the Ethics Committee of
Chun'an County Hospital of Traditional Chinese
Medicine.

Cell culture and exposure to propofol:

Human NHA astrocytes and glioma cell lines
(A-172 and LN-229) (Bena Culture Collection,
Beijing, China) were cultured in Dulbecco's
Modified Eagle Medium (DMEM) (Thermo Fisher,
Wilmington, Delaware, United States of America
(USA)) containing 100 U/ml of antibiotics and
10 % Fetal Bovine Serum (FBS) (Thermo Fisher)
at 37° in 5 % Carbon dioxide (CO,). Cells were
treated with 0, 5 and 10 pg/ml of propofol for the
indicated time for functional analysis.

Cell transfection:

SBF2-AS1 overexpression vector was constructed
using pcDNA3.1 vector (Thermo Fisher) with
empty pcDNA3.1 vector as the negative control
(vector). The PDK3 siRNA (si-PDK3), miR-373-
3p mimic, inhibitor (anti-miR-373-3p,) and the
controls (si-NC, miR-NC, or anti-miR-NC) were
synthesized by Genomeditech (Shanghai, China).
Then, 1 pg of vectors or 40 nm of oligonucleotides
was used with the Lipofectamine™ 2000 (Thermo
Fisher). 24 h later, cells were harvested for
September-October 2023
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propofol treatment.

Quantitative Reverse Transcription-Polymerase
Chain Reaction (QRT-PCR):

As per the instructions of Trizol kit (Solarbio,
Beijing, China) and TaqMan complementary
Deoxyribonucleic Acid (cDNA) synthesis kit
(Thermo Fisher), total RNA was isolated for
reverse transcription, followed by qRT-PCR on
an ABI PRISM 7500 system with Glyceraldehyde
3-Phosphate Dehydrogenase (GAPDH) and U6
as endogenous references. The 242 method
was applied for the calculation of molecule
expression?*,

Western blot:

The total protein was extracted via 1 % protease
inhibitor-supplemented Radioimmunoprecipitation
Assay (RIPA) lysis buffer (Thermo Fisher).
Following the detection of protein concentration
via the Bicinchoninic Acid (BCA) method,
immunoblotting was conducted as described
beforel*). The antibodies included; the primary
antibodies anti-Cyclin Dependent Kinase (CDK)-
2 (ab235941, 1:3000), anti-CDK4 (ab137675,
1:1000), anti-Matrix Metalloproteinase (MMP)-
2 (ab97779, 1:2000), anti-MMP9 (ab137867,
1:2000 dilution), anti-PDK3 (ab154549, 1:3000),
anti-GAPDH (ab9485, 1:2000) and secondary
antibodies Immunoglobulin G (IgG) labeled via
horseradish peroxidase (ab205718, 1:10000) were
provided via Abcam (Cambridge, United Kingdom
(UK)). The BeyoECL Plus kit (Beyotime, Shanghai,
China) was used for visualizing protein signaling.

3-14,5-Dimethylthiazol-2-yl]-2,5-Diphenyl
Tetrazolium Bromide (MTT) assay:

A-172 and LN-229 cells (1x104 cells per well)
were incubated with propofol for 48 h in the 96-
well plates. Next, the culture medium was discard-
ed, and replaced with 200 pl fresh culture medium,
followed by adding with 20 pul MTT solution (So-
larbio) in each well. After 4 h, flipping the board
over and snapping it upside down, and gently de-
ducting the supernatant culture in the well. After
150 pul Dimethyl Sulfoxide (DMSO) reaction, the

absorbance was examined at 570 nm.
Flow cytometry:
After the treatment of propofol for 48 h, A-172
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and LN-229 cells were (1x10° cells) fixed with 75
% ethanol, followed by 30 min incubation with
RNase A (1 mg/ml) and Propidium lodide (PI) (20
pg/ml) (Solarbio). Cells distribution was analyzed
via a flow cytometer (Agilent, Hangzhou, China).

For cell apoptosis analysis, cell in different group
were suspended in 400 pl of Membrane Linker V
Binding Buffer, then an Annexin V-Fluorescein
Isothiocyanate (FITC)/PI apoptosis detection kit
(Solarbio) was exploited to stain with 1x105 A-172
and LN-229 cells, then apoptotic rate was tested
via a flow cytometer.

Wound healing assay:

When the glioma cells in 6-well plates cultured
until 80 % confluence, a straight scratch was made
by a 200 ul pipette tip. Following 24 h culture, the
wound was imaged at 0 h and 24 h (100x), and cell
migratory ability was tested in accordance to the
wound closure rate.

Transwell assay:

About 1x10° A-172 and LN-229 cells in se-
rum-free DMEM were put into the upper chambers
of Matrigel-coated transwell chambers (Costar,
Corning, New York, USA) with 500 ul 10 % se-
rum-supplemented medium in the lower chambers.
24 h later, invasive cells were texted via a micro-
scope with three random fields after crystal violet
staining.

Dual-luciferase reporter assay:

The targets were searched via Starbase or Target-
Scan. Wild Type (WT) or Mutant (MUT) SBF2-
AS1 and PDK3 3’ Untranslated Regions (3" UTRs)
were built using psiCHECK-2 vector. Then the
constructs (SBF2-AS1 WT/MUT or PDK3 3’UTR
WT/MUT) with miR-NC or miR-373-3p were
co-transfected into A-172 and LN-229 cells, and
the binding intensity was examined 48 h later.

Statistical analysis:

The data were expressed as meantstandard devia-
tion. Student’s t-tests or one-way Analysis of Var-
iance (ANOVA) was used to compare differences.
The difference was statistically significant when
p<0.05.

RESULTS AND DISCUSSION

Fig. 1A and fig. 1B illustrate the concentration-
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dependent inhibitory effects of propofol on the
viability of A-172 and LN-229 cells. Moreover,
treatment with increasing concentrations of
propofol induced a significant rise in apoptosis
rates, as depicted in fig. 1C. Additionally, propofol
treatment led to cell cycle arrest at the GO0/Gl
phase, as evidenced by the data presented in fig. 1D
and fig. 1E. Furthermore, the levels of cell cycle
proteins CDK2 and CDK4 were markedly reduced
upon propofol treatment, as shown in fig. 1F and
fig. 1G. Remarkably, a concentration-dependent
decrease in the migratory and invasive capabilities
of A-172 and LN-229 cells was observed following
exposure to different concentrations of propofol,
as represented in fig. 1H-fig. 1J. Concomitantly,
propofol exposure led to reduced protein levels of
MMP2 and MMP9, as depicted in fig. 1K and fig.
IL.

Subsequently, the response of SBF2-AS1 to
propofol was examined. Fig. 2A illustrates that
SBF2-AS1 expression was notably elevated in
glioma tissues compared to normal tissues (n=21).
Furthermore, A-172 and LN-229 cells exhibited
significantly higher levels of SBF2-AS1 compared
to NHA cells, as depicted in fig. 2B. To investigate
the effect of propofol on SBF2-AS1 expression,
we conducted dose-dependent experiments in
A-172 and LN-229 cells. As presented in fig. 2C
and fig. 2D, propofol treatment resulted in a dose-
dependent reduction in SBF2-AS1 levels. These
findings suggest a potential association between
SBF2-AS1 and the propofol-mediated inhibition
of glioma development.

Later, we investigated the role of SBF2-ASI
in  propofol-mediated  anti-glioma  effects.
Glioma cells were transfected with SBF2-AS1
overexpression vector or control vector, followed
by propofol treatment. Propofol exposure led to a
significant decrease in SBF2-AS1 levels in A-172
and LN-229 cells, while transfection with the SBF2-
AS1 overexpression vector effectively restored
SBF2-AS1 abundance in the presence of propofol
(fig. 3A and fig. 3B). MTT assays demonstrated
that propofol-challenged glioma cells exhibited
significantly reduced viability after SBF2-AS1
transfection (fig. 3C and fig. 3D). Moreover,
overexpression of SBF2-AS1 provided protection
against propofol-induced apoptosis in A-172 and
LN-229 cells (fig. 3E and fig. 3F). Additionally,
propofol-induced cell cycle arrest at the GO/
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G1 phase was weakened upon overexpression of
SBF2-AS1 (fig. 3G and fig. 3H).

Furthermore, Western blot analysis revealed
that restoration of SBF2-ASI attenuated the
suppressive effects of propofol on CDK2 and CDK4
protein levels (fig. 31 and fig. 3J). Moreover, up-
regulation of SBF2-AS1 rescued the migratory and
invasive capabilities of A-172 and LN-229 cells
following propofol treatment (fig. 3K-fig. 3N).
Additionally, the increased expression of SBF2-
AS1 counteracted propofol-mediated suppression
of MMP2 and MMP9 protein levels (fig. 30 and
fig. 3P).

Collectively, these results suggest that SBF2-
AS1 plays a crucial role in the propofol-mediated
anti-glioma effects, influencing cell viability,
apoptosis, cell cycle progression, migration, and
invasion in glioma cells.

IncRNA have been identified as functional decoys
for miRNAs. To explore the potential targeted
relationship between SBF2-AS1 and miR-373-
3p, StarBase analysis was performed, revealing
a predicted interaction (fig. 4A). Subsequently,
a dual-luciferase reporter assay confirmed this
interaction, showing that introduction of the miR-
373-3p mimic led to a significant reduction of
luciferase activity in the SBF2-AS1 WT group,
while no effect was observed in the SBF2-AS1
MUT group (fig. 4B and fig. 4C).

Furthermore, overexpression of SBF2-ASI
resulted in a significant decrease in miR-373-3p
levels (fig. 4D and fig. 4E). Consistently, both
glioma tissues and cells exhibited decreased levels
of miR-373-3p (fig. 4F and fig. 4G). Strikingly,
propofol treatment prominently increased the
abundance of miR-373-3p in A-172 and LN-229
cells (fig. 4H and fig. 41). These findings suggest
a direct regulatory association between SBF2-
AS1 and miR-373-3p and indicate that propofol
treatment may influence miR-373-3p expression
levels in glioma cells.

To investigate whether the functional impact of
SBF2-AS1 relied on miR-373-3p, we conducted
rescue analyses. In the presence of propofol, SBF2-
AS1 over expression led to a notable reduction
in miR-373-3p levels, which were subsequently
restored by the introduction of the miR-373-3p
mimic (fig. 5A and fig. 5B).
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Fig. 1: The function of propofol in glioma cells. (A and B): The viability of A-172 and LN-229 cells was analyzed by MTT assay; (C-E): Cell apoptosis
and cycle distribution analysis by flow cytometry; (F and G): Levels detection of CDK2 and CDK4 by Western blot; (H-J): Cell migration and inva-
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Functional assays revealed that the up-regulation
of miR-373-3p counteracted SBF2-AS1-mediated
promotion of cell viability and inhibition of
apoptosis in propofol-treated A-172 and LN-229
cells (fig. 5C-fig. 5F). Moreover, overexpression
of miR-373-3p increased the proportion of cells
arrested at the GO/G1 phase in propofol-treated
cells with SBF2-AS1 overexpression (fig. 5G and
fig. SH). Furthermore, miR-373-3p overexpression
attenuated SBF2-ASI-induced upregulation of
CDK2 and CDK4 expression in A-172 and LN-229
cells treated with propofol (fig. 5I and fig. 5J).

Additionally, the significant increase in the
migratory and invasive capabilities of propofol-
treated A-172 and LN-229 cells, mediated by SBF2-
AS1 overexpression, was mitigated upon miR-373-
3p overexpression (fig. SK-fig. 5N). Moreover, the
MMP2 and MMP9 proteins upregulated by SBF2-
AS1 were significantly reduced by miR-373-3p
overexpression in propofol-treated A-172 and LN-
229 cells (fig. 50 and fig. 5P).

These rescue analysis suggest that the functional
role of SBF2-AS1 in glioma cells is dependent on
miR-373-3p and highlight the regulatory interplay
between SBF2-AS1 and miR-373-3p in the context
of propofol treatment.

Subsequently, we utilized TargetScan to predict
the complementary sequences of miR-373-3p
on the PDK3 gene (fig. 6A). The dual-luciferase
reporter assay in glioma cells with PDK3 3’UTR
WT revealed decreased luciferase activity upon
the addition of the miR-373-3p mimic (fig. 6B and
fig. 6C). Glioma tissues and cells exhibited higher
protein expression levels of PDK3 (fig. 6D and fig.
6E). However, exposure to propofol significantly
reduced the protein level of PDK3 in glioma cells
(fig. 6F and fig. 6G). Moreover, knockdown of
miR-373-3p notably promoted PDK3 protein
expression (fig. 6H and fig. 6I). Furthermore,
the abundance of PDK3 protein was significantly
elevated after overexpressing SBF2-AS1 in
propofol-treated glioma cells. However, this effect
was attenuated after the addition of miR-373-3p
(fig. 6J and fig. 6K). These findings suggest that
SBF2-AS1 can enhance PDK3 expression through
the action of miR-373-3p.

Later, we investigated the functional role of
miR-373-3p in glioma through its interaction
with PDK3. In propofol-treated A-172 and LN-
229 cells, knockdown of miR-373-3p led to a

1316

Indian Journal of Pharmaceutical Sciences

significant up-regulation of PDK3 levels, which
was subsequently attenuated by transfection
with si-PDK3 (fig. 7A and fig. 7B). Functional
analysis demonstrated that deficiency of miR-
373-3p alleviated the suppression of cell viability,
migration and invasiveness caused by propofol in
A-172 and LN-229 cells (fig. 7C-fig. 7P). However,
these effects were reversed upon silencing PDK3.
These findings indicate that inhibition of miR-
373-3p could increase PDK3 expression, thereby
attenuating propofol-induced inhibition of glioma
progression. Thus, miR-373-3p's regulatory role
in glioma appears to be mediated through its
interaction with PDK3, highlighting a potential
therapeutic target for propofol anti-glioma effects.

Glioma poses a significant challenge as a
prevalent brain disorder, and its treatment
remains a formidable task?J. The impact of
anesthetic techniques on tumor outcomes has been
increasingly recognized?*?”. Consequently, we
delved into the function of propofol in glioma cells
and, for the first time, established its association
with the SBF2-AS1/miR-373-3p/PDK3 axis.

Following propofol treatment, we observed a
consistent inhibition of glioma cell viability,
which is in line with previous findings”-?8. Cell
cycle progression and apoptosis play pivotal
roles in determining cell viability. Through flow
cytometry analysis, this study revealed that
propofol induced cell cycle arrest and promoted
cell apoptosis. Furthermore, CDK2 and CDK4
are crucial biomarkers in the cell cycle process,
and their inhibition indicates cell cycle arrest(?*-3%,
Our assessment of these protein levels further
confirmed propofol-induced cell cycle arrest.
Additionally, MMP9 and MMP?2 are key proteins
implicated in glioma cell invasiveness and
migration®!32, By evaluating the levels of MMP2
and MMP9 and conducting transwell assays, our
results demonstrated that propofol suppressed the
invasive and migratory capacities of glioma cells.

Emerging evidence has suggested that IncRNAs
play a role in mediating the anticancer effects of
propofol in glioma!™. In our study, we observed
an enhancement of SBF2-AS1 content in glioma
tissues. Moreover, we found that propofol treatment
led to a decrease in SBF2-AS1 levels in glioma
cells, implying that SBF2-AS1 may be involved in
the mechanism by which propofol exerts its effects
in glioma. Previous studies have indicated an
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oncogenic role of SBF2-AS1 in gliomal'*'¥, and in
our investigation, we also discovered that SBF2-
ASI1 attenuated the therapeutic effects of propofol.

Furthermore, SBF2-AS1 has been reported to
function as a miRNA sponge, influencing tumor
behaviorl!>33, For the first time, we validated that
SBF2-AS1 interacts with miR-373-3p in glioma.
miR-373-3p has been shown to possess anticancer
properties in gliomal***] and consistent with
this, we observed lower levels of miR-373-3p
in glioma tissues and cells. Notably, propofol
treatment increased the expression of miR-373-
3p. Importantly, the restoration of miR-373-3p
alleviated the oncogenic function of SBF2-AS1
in propofol-treated glioma cells. Additionally, we
explored and confirmed that miR-373-3p targets
PDK3, which was found to be elevated in glioma
and appeared to have a potential carcinogenic role.
Moreover, silencing PDK3 abated the promoting
effect of miR-373-3p knockdown in propofol-
treated cells, further implicating the role of PDK3 in
glioma progression. We further demonstrated that
SBF2-AS1 modulates PDK3 expression through
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miR-373-3p. Taken together, our findings indicate
that propofol exerts its repression of glioma cell
oncogenic phenotypes through the SBF2-AS1/
miR-373-3p/PDK3 axis. This study highlights the
intricate regulatory network involving IncRNAs,
miRNAs and target genes in propofol-mediated
anti-glioma effects.

In conclusion, propofol played a suppressive role
in glioma via modulating SBF2-AS1/miR-373-
3p/PDK3 axis, indicating a potential application
of propofol in glioma prevention. This study
elucidate the molecular mechanisms underlying the
antitumor properties of propofol and its potential
to disrupt glioma oncogenic phenotypes that could
pave the way for the development of more targeted
and efficient therapeutic approaches for glioma
patients. Moreover, by exploring the intricate
interplay between ncRNAs and established
oncogenic pathways, this research contributes to
the growing body of knowledge aimed at harnessing
existing drugs for cancer treatment and offers new
prospects for personalized medicine strategies in
glioma therapy.
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