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Abstract

Background: Propofol is a kind of common intravenous anaesthetic agent that plays an anti-tumor role in a variety
of cancers, including ovarian cancer. However, the working mechanism of Propofol in ovarian cancer needs further
exploration.

Methods: The viability and metastasis of ovarian cancer cells were assessed by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay and transwell assays. Flow cytometry was used to evaluate the cell cycle
and apoptosis. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to examine the abundance of
circular RNA vacuolar protein sorting 13 homolog C (circVPS13C) and microRNA-145 (miR-145). The target
relationship between miR-145 and circVPS13C was predicted by circinteractome database and verified by dual-
luciferase reporter assay, RNA-binding protein immunoprecipitation (RIP) assay and RNA-pull down assay. Western
blot assay was used to detect the levels of phosphorylated extracellular regulated MAP kinase (p-ERK), ERK, p-MAP
kinse-ERK kinase (p-MEK) and MEK, in ovarian cancer cells.

Results: Propofol treatment suppressed the viability, cell cycle and motility and elevated the apoptosis rate of
ovarian cancer cells. Propofol up-regulated miR-145 in a dose-dependent manner. Propofol exerted an anti-tumor
role partly through up-regulating miR-145. MiR-145 was a direct target of circVPS13C. Propofol suppressed the
progression of ovarian cancer through up-regulating miR-145 via suppressing circVPS13C. Propofol functioned
through circVPS13C/miR-145/MEK/ERK signaling in ovarian cancer cells.

Conclusion: Propofol suppressed the proliferation, cell cycle, migration and invasion and induced the apoptosis of
ovarian cancer cells through circVPS13C/miR-145/MEK/ERK signaling in vitro.
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Highlights

1. Propofol hampers the proliferation, cell cycle and
metastasis and enhances the apoptosis of ovarian
cancer cells.

2. Propofol up-regulates miR-145 while down-

regulates circVPS13C in ovarian cancer cells.

MiR-145 is a direct target of circVPS13C.

4. Propofol suppresses the development of ovarian
cancer through suppressing MEK/ERK signaling via
circVPS13C/miR-145 axis.

w

Introduction

Ovarian cancer is a common gynecological cancer with
the highest mortality rate among all kinds of
gynecological cancers [5]. The 5-year survival rate of
ovarian cancer patients remains low due to the difficul-
ties in diagnosis at early stage. The combined therapy of
surgery and chemotherapy is the standard therapy for
ovarian cancer [6, 12]. However, chemoresistance is a
big obstacle for ovarian cancer therapy. Thus, disclosing
novel therapeutic targets is crucial to improve the prog-
nosis of ovarian cancer patients.

Propofol is a kind of central nervous system anesthetic
that is commonly used in surgical operations. The anti-
tumor role of Propofol has been found in cancers [29,
31, 32]. For instance, Yang et al. found that Propofol
suppressed the proliferation and viability of gastric can-
cer cells through up-regulating ING3 [29]. Besides, Pro-
pofol has been found to impede the invasion and induce
the apoptosis of ovarian cancer cells [27]. Nevertheless,
the underlying mechanism behind the function of Pro-
pofol in ovarian cancer cells is barely known.

Emerging articles have suggested that circular RNAs
(circRNAs) could act as pivotal regulators in the path-
ology of many cancers [9, 26]. The dysregulation of cir-
cRNAs has been found in a variety of cancers,
containing breast cancer, gastric cancer and colorectal
cancer [35]. Bao et al. reported that circRNA vacuolar
protein sorting 13 homolog C (circVPS13C) was up-
regulated in ovarian cancer, and circVPS13C accelerated
the progression of ovarian cancer [1]. However, the
working mechanism of circVPS13C in ovarian cancer re-
mains to be revealed.

MicroRNAs (miRNAs) are small non-coding RNAs
(ncRNAs) with 21-23 nucleotides. MiRNAs could regu-
late gene expression through directly targeting corre-
sponding messenger RNAs (mRNAs) via their miRNA
binding sites in mRNAs [13, 17]. MiR-145 played an
anti-tumor role in many cancers. For instance, Sui et al.
found that Lidocaine suppressed the malignant behav-
iors of gastric cancer cells through up-regulating miR-
145 [22]. Ding et al. claimed that miR-145 restrained the
development of breast cancer via TGF-f1 [3]. As for
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ovarian cancer, Zhu et al. found that miR-145 elevated
the sensitivity of ovarian cancer cells to paclitaxel via
Spl and Cdké [36]. However, the role of miR-145 in
Propofol-mediated influence of ovarian cancer cells re-
mains to be uncovered.

We found that Propofol inhibited the viability, cell
cycle and metastasis while induced the apoptosis of
ovarian cancer cells. CircVPS13C/miR-145 axis was
identified for the first time, and this signal pathway pro-
vided novel insight of the working mechanism of Propo-
fol in ovarian cancer cells.

Materials and methods

Clinical tissue samples

Forty pairs of ovarian cancer tissue samples and adjacent
non-tumor tissue samples were collected from patients
diagnosed with ovarian cancer at Fujian Provincial Ma-
ternity and Children’s Hospital. Written informed con-
sents have been provided by all subjects before the
surgery. This experiment was authorized by the Institu-
tional Ethics Committee of Fujian Provincial Maternity
and Children’s Hospital.

Cell culture

Human normal ovarian epithelial cell line IOSE-80, two
ovarian cancer cell lines (A2780 and SKOV3) and hu-
man embryonic kidney cell line 293 T were purchased
from BeNa Culture Collection (Beijing, China) and
maintained in Dulbecco’s Modified Eagle Medium
(DMEM) added with 10% fetal bovine serum (FBS), 100
U/mL penicillin, and 100 mg/mL streptomycin at 37 °C
incubator with 5% CO,.

Propofol treatment
The blood concentration of Propofol in clinical usage is
1 pg/mL-10 pg/mL. Ovarian cancer cells treated with
3 pg/mL, 6 pg/mL, 9 pg/mL Propofol or dimethyl sulfox-
ide (DMSO, Sigma, St. Louis, MO, USA) were utilized
for further analysis.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

Cell Proliferation Reagent Kit (Roche, Shanghai, China)
was used to examine the viability of ovarian cancer cells.
After indicated treatment, MTT reagent (20 puL/5mg/
mL) was added to the wells of 96-well plates. The forma-
zan products were dissolved using 200 uL. DMSO. The
spectrophotometric absorbance was detected at 490 nm.

Flow cytometry

For cell cycle analysis, the treated or untreated ovarian
cancer cells were collected and rinsed using phosphate
buffered saline (PBS) followed by immobilization in 70%
ethanol overnight at -20°C. After RNase (Sigma)
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digestion, DNA content was dyed using 20 mg/mL pro-
pidium iodide (PI; Sigma). Cell cycle of ovarian cancer
cells was analyzed using the flow cytometer.

For apoptosis analysis, ovarian cancer cells after Propo-
fol exposure for 72 h were double-stained with fluorescein
isothiocyanate (FITC)-Annexin V (BD Biosciences, Frank-
lin Lakes, NJ, USA) and PI (BD Biosciences). The normal
ovarian cancer cells were distinguished from necrotic,
early apoptotic and late apoptotic ovarian cancer cells
using the flow cytometer.

Transwell assays

The abilities of migration and invasion in ovarian cancer
cells were assessed by transwell assays. To assess the in-
vasion ability, upper chambers were pre-coated with
Matrigel (BD Biosciences). Ovarian cancer cells after
Propofol treatment for 24h were suspended in serum-
free medium. 100 uL cell suspension was plated in the
upper chambers (Costar, Corning, NY, USA). 500 uL
culture medium added with 10% FBS was added to the
lower chambers. The invaded cells were stained with
crystal violet and counted after 24 h-incubation. To as-
sess the migration ability, cell suspension was plated in
un-coated upper chambers, and the other steps were
similar as transwell invasion assay.

Quantitative real-time polymerase chain reaction (qRT-
PCR)

RNA samples were isolated using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA). For circVPS13C reverse transcrip-
tion, 1.0 ug RNA was used to synthesize complementary
DNA (cDNA) with a reverse transcription kit (Qiagen, Hil-
den, Germany). For the reverse transcription of miRNA,
One step miRNA RT Kit (Haigene, Harbin, China) was
used. Divergent primers were used to conduct PCR reaction
on Rotorgene 6000 series PCR machine (Qiagen). The rela-
tive expression of circVPS13C and miR-145 was normalized
to internal controls (U6 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)) with the 2724 formula, respect-
ively. The divergent primers were displayed in Table 1.

Table 1 Primer sequences in gRT-PCR assay

Gene Primer

circVPS13C TATAA GTCTGCTTCATTTA (forward; F)
TTAACACAGTCTAAAGTCTCAGAA (reverse; R)

miR-145 GTCCAG CCCAGGAATCCCT (F)

AGGGATTCCTGGGAAAACTGGAC (R)

U6 CTCGCTTCGGCAGCACA (F)
AACGCTTCACGAATTTGCGT (R)

AGAAGGCTGGGGCTCATTTG (F)
AGGGGCCATCCACAGTCTTC (R)

GAPDH
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Cell transfection

MiR-145 mimics (miR-145), miRNA negative control
(miR-NC), miR-145 inhibitor (anti-miR-145), anti-NC,
circVPS13C small interfering RNA (si-circVPS13C), si-
NC, circVPS13C overexpression plasmid (oe-VPS13C)
and vector were obtained from Genepharma (Shanghai,
China).

Dual-luciferase reporter assay

The interaction between miR-145 and circVPS13C
was predicted by circinteractome database. The se-
quences of circVPS13C with the complementary sites
of miR-145, including the wild-type sequence (WT),
Position 89-95 mutant sequence (MUT1), Position
272-278 mutant sequence (MUT2) or double mutant
sequence (MUT1 +2), were amplified and inserted
into pGL3 vectors (Promega, Madison, WI, USA) to
obtain reporter plasmids (WT, MUT1 (89-95), MUT2
(272-278) and MUT1 +2). 293T cells were co-
transfected with these reporter plasmids and miR-NC
or miR-145, and the luciferase activity in each group
was analyzed using luciferase assay kit (Promega) after
transfection for 48 h.

RNA-binding protein immunoprecipitation (RIP) assay
Ovarian cancer cells were disrupted using RIP buffer
(Millipore, Bedford, MA, USA), cell lysates were then in-
cubated with protein-A/G Sepharose beads (Bio-Rad,
Hercules, CA, USA) pre-coated with 3 pug Argonaute-2
(Ago2) antibody or control Immunoglobulin G (IgG)
antibody for 3h. The RNA complexes were isolated
using TRIzol reagent (Invitrogen) and examined by
qRT-PCR.

RNA-pull down assay

MiR-145 and miR-NC were biotinylated to generate bio-
miR-145 and bio-miR-NC. 2 pg cell lysates were incu-
bated with 100 pmol bio-miR-145 or bio-miR-NC. Beads
were washed for three times followed by detection the
expression of circVPS13C using qRT-PCR.

Western blot assay

Ovarian cancer cells were disrupted using cell lysis buf-
fer (Promega) on ice for 30 min and centrifuged at
12000 rpm for 30 min. The supernatant was transferred
into the new centrifuge tube, and the concentration of
protein samples was detected using the BCA-200 Pro-
tein Assay kit (Pierce, Rockford, IL, USA). Protein sam-
ples were separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gel and
transferred to the polyvinylidene fluoride (PVDF) mem-
brane (Millipore). The non-specific sites in the mem-
brane were blocked using 5% skim milk for 1h,
followed by incubation with primary antibodies and
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horseradish peroxidase (HRP)-labeled secondary anti-
body. The blots were visualized using the enhanced
chemiluminescent (ECL) system (Beyotime, Shanghai,
China). The primary antibodies, including phosphory-
lated extracellular regulated MAP kinase (p-ERK;
ab214036), ERK (ab17942), p-MAP kinse-ERK kinase
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(ab181602) were purchased from Abcam (Cambridge,
MA, USA).

Statistical analysis
All experiments were repeated for at least three times,
and the data were analyzed using GraphPad Prism 7.0

(p-MEK; ab96379), MEK (ab178876) and GAPDH and displayed as mean * standard deviation (SD). The
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Fig. 1 Propofol inhibits the viability, cell cycle and metastasis while triggers the apoptosis of ovarian cancer cells. a The cell viability of A2780 and
SKOV3 cells exposed to different concentrations of Propofol (3 ug/mL, 6 pug/mL or 9 ug/mL) for 48 h was analyzed by MTT assay. b-f A2780 and
SKOV3 cells were divided into two groups: Control group and Propofol treatment group (6 pg/mL). b and ¢ The percentages of ovarian cancer
cells in GO/G1, S and G2/M were measured by flow cytometry. d and e Transwell assays were used to examine the abilities of migration and
invasion of ovarian cancer cells (magnification: 100 x). The ruler in figures indicates 100 uM. f The apoptosis rate (early and late apoptosis) of
ovarian cancer cells was analyzed by flow cytometry. *P < 0.05, **P < 0.01, ***P < 0.001




Lu et al. Journal of Ovarian Research (2021) 14:30 Page 5 of 11

differences were evaluated using Student’s ¢-test or one-  Propofol-induced damage in ovarian cancer cells is

way analysis of variance (ANOVA) followed by Tukey’s attenuated by the addition of anti-miR-145

post hoc test. Differences were considered as statistically — The interference efficiency of miR-145 inhibitor (anti-

significant when P < 0.05. miR-145) was assessed by qRT-PCR. As shown in Fig. 3a,
anti-miR-145 transfection notably decreased the level of
miR-145 in ovarian cancer cells. Propofol-mediated sup-

Results pressive impact on the viability of ovarian cancer cells
Propofol inhibits the viability, cell cycle and metastasis was partly attenuated by the transfection of anti-miR-
while triggers the apoptosis of ovarian cancer cells 145 (Fig. 3b). The cell cycle was arrested with Propofol

A2780 and SKOVS3 cells were treated with 3 pg/mL, 6 ug/  treatment, and the interference of miR-145 recovered
mL or 9 pg/mL Propofol for 48 h, and cell viability was an-  the cell cycle of ovarian cancer cells (Fig. 3c). Propofol-
alyzed by MTT assay. As existed in Fig. 1a, cell viability = mediated inhibition on the migration and invasion was
was dose-dependently decreased with the increased con-  counteracted by the addition of anti-miR-145 (Fig. 3d
centration of Propofol. Meanwhile, the influence of Propo-  and e). Meanwhile, the apoptosis rate was decreased by
fol on the cell cycle, migration, invasion and apoptosis of  the introduction of anti-miR-145 that was increased by
ovarian cancer cells was further explored. After treating the treatment of Propofol (Fig. 3f). These findings sug-
with 6 pg/mL Propofol for 48 h, the cell cycle was inhib-  gested that Propofol-mediated injury could be partly al-
ited at G1/S transition (Fig. 1b and c). Propofol exposure leviated by the transfection of anti-miR-145 in ovarian
also suppressed the migration and invasion of ovarian can-  cancer cells.
cer cells (magnification: 100 x; Fig. 1d and e). Besides,
after Propofol treatment, the apoptosis rate (early and late  CircVPS13C directly interacts with miR-145
stage apoptosis) was significantly elevated (Fig. 1f). In  Through using circinteractome software, miR-145 was
summary, Propofol suppressed the malignant potential of  found as a potential target of circVPS13C (Fig. 4a).
ovarian cancer cells in vitro. There were two positions (Position 89—95 and Position
272-278) in circVPS13C that were complementary with
miR-145 sequence (Fig. 4a). CircVPS13C level was
Propofol up-regulates the level of miR-145 in ovarian higher in ovarian cancer tissues in contrast to that in
cancer cells adjacent normal tissues (Fig. 4b). Also, the level of
MiR-145 level was notably reduced in ovarian cancer  circVPS13C was notably up-regulated in ovarian cancer
tissues compared with adjacent normal tissues (Fig. 2a).  cells than that in IOSE-80 cells (Fig. 4c). Propofol treat-
Also, there was a significant decrease in miR-145 level  ment reduced the expression of circVPS13C in a dose-
in ovarian cancer cells than that in IOSE-80 cells (Fig.  dependent manner (Fig. 4d). We wondered which pos-
2b). After treating with increased doses of Propofol for ition in circVPS13C could bind to miR-145, and wild-
48h, the level of miR-145 was enhanced in a dose-  type sequence, single mutation (MUT1 and MUT2) or
dependent manner (Fig. 2c¢ and d). These results re-  double mutation of circVPS13C were amplified and
vealed that Propofol enhanced miR-145 level in ovarian  cloned into luciferase reporter vectors, termed as WT,

cancer cells. MUT1 (89-95), MUT2 (272-278) and MUT1 + 2. 293
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T cells were co-transfected with miR-NC or miR-145
and these reporter vectors. As presented in Fig. 4e, the
luciferase activity was decreased in WT, MUT1 and
MUT?2 group when co-transfected with miR-145 rather
than miR-NC. Among these groups, the decrease in lu-
ciferase activity was the most obvious in WT and miR-
145 co-transfected group than that in WT and miR-NC
co-transfected group (Fig. 4e), suggested that both
these two sites in circVPS13C could directly bind to
miR-145. The results of RIP assay showed that both
circVPS13C and miR-145 were substantially enriched

in Ago2 group (Fig. 4f), suggested that both these two
genes could bind to Ago2-contained RNA inducing si-
lence complex (RISC). The results of RNA-pull down
assay revealed that circVPS13C was enriched when
using biotinylated miR-145 (bio-miR-145, Fig. 4g), sug-
gested that there existed spatial interaction between
miR-145 and circVPS13C. qRT-PCR was applied to un-
cover the regulatory relationship between miR-145 and
circVPS13C. The transfection efficiencies of si-
circVPS13C and oe-circVPS13C were high in ovarian
cancer cells (Fig. 4h). CircVPS13C knockdown elevated
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Fig. 5 Propofol inhibits the progression of ovarian cancer via circVPS13C/miR-145 axis. a We transfected miR-145 or miR-NC into ovarian cancer
cells, and the level of miR-145 was analyzed by gRT-PCR. (B-F) Ovarian cancer cells were divided into four groups, including vector + miR-NC
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assessed by transwell assays. f The apoptotic ovarian cancer cells were distinguished from normal or necrotic cells by flow cytometry. *P < 0.05,

the level of miR-145, and the accumulation of
circVPS13C decreased the level of miR-145 (Fig. 4i).
Collectively, circVPS13C directly interacted with and
down-regulated miR-145.

Propofol inhibits the progression of ovarian cancer via
circVPS13C/miR-145 axis

The overexpression efficiency of miR-145 mimics (miR-
145) was high in ovarian cancer cells (Fig. 5a). The accu-
mulation of circVPS13C recovered the viability, cell

cycle, migration and invasion of Propofol-induced ovar-
ian cancer cells, and the addition of miR-145 suppressed
the malignant behaviors of ovarian cancer cells again
(Fig. 5b-e). CircVPS13C overexpression inhibited the
apoptosis of Propofol-treated ovarian cancer cells, and
the apoptosis rate was enhanced by the addition of miR-
145 (Fig. 5f). Taken together, Propofol inhibited the pro-
liferation, cell cycle and metastasis and promoted the
apoptosis of ovarian cancer cells via circVPS13C/miR-
145 axis.
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Propofol suppresses MEK/ERK signaling through
circVPS13C/miR-145 axis in ovarian cancer cells

Propofol treatment down-regulated the phosphorylation
of MEK and ERK in A2780 and SKOV3 cells, and the
addition of o0e-VPS13C recovered the phosphorylation
levels of MEK and ERK (Fig. 6a-d). Besides, the phos-
phorylation levels of MEK and ERK were reduced in
Propofol + 0e-VPS13C + miR-145 group compared with
Propofol + o0e-VPS13C + miR-NC group (Fig. 6a-d).
These findings revealed that Propofol inhibited the pro-
gression of ovarian cancer through suppressing MEK/
ERK signaling via circVPS13C/miR-145 axis.

Discussion

Propofol is a common central nervous system anesthetic
that is responsible for the induction and maintenance of
anesthesia. Propofol played an anti-tumor role in a var-
iety of cancers through suppressing the growth of

tumors [2, 34], inducing the apoptosis of cancer cells [2,
20] and inhibiting the metastasis of cancer cells [27, 28].
The anti-tumor role of Propofol in ovarian cancer has
also been reported before [11, 24, 27]. For instance,
Huang et al. claimed that Propofol hampered the inva-
sion and proliferation of ovarian cancer cells through
modulating miR-9/NF-«B signaling [11]. Sun et al. found
that Propofol blocked the proliferation and chemoresis-
tance of ovarian cancer cells [24].

We found that Propofol treatment suppressed the via-
bility, cell cycle, migration and invasion and promoted
the apoptosis of ovarian cancer cells, which was in
agreement with the findings of previous articles [11, 24,
27].

Previous articles have reported that Propofol exerted
its functions through regulating miRNAs in cancers. For
instance, Propofol impeded the proliferation, motility
and accelerated the apoptosis of hepatocarcinoma cells
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through suppressing miR-374a [18]. Yu et al. found that
Propofol suppressed the proliferation and motility of
pancreatic cancer cells through miR-328/ADAMS8 axis
[33]. As for ovarian cancer, Su et al. found that Propofol
facilitated the apoptosis of epithelial ovarian cancer cells
through up-regulating miRNA let-7i [20]. MiR-145 func-
tioned as a tumor suppressor in many types of cancers,
including ovarian cancer. For instance, miR-145 blocked
the metastasis of human colorectal cancer cells through
regulating PAK4-dependent pathway [19]. Zhu et al.
claimed that miR-145 enhanced the drug sensitivity of
paclitaxel in ovarian cancer cells via Spl and Cdké [36].
We found that miR-145 was notably down-regulated in
ovarian cancer tissues and cell lines compared with
para-carcinoma tissues and normal ovarian epithelial cell
line. Subsequently, we examined the effect of Propofol
on the expression of miR-145 to illustrate the working
mechanism of Propofol in ovarian cancer cells. The level
of miR-145 was up-regulated with the increased concen-
trations of Propofol. Further experiments demonstrated
that Propofol exerted an anti-tumor role through up-
regulating miR-145 in ovarian cancer cells.

CircVPS13C was found to be up-regulated in ovarian
cancer tissues and cell lines in contrast to that in adja-
cent non-tumor tissues and normal ovarian epithelial
cell line, which was consistent with former article [1].
CircRNAs are involved in the initiation and development
of cancers mainly through acting as miRNAs sponges [7,
14, 25]. For example, circABCB10 accelerated the pro-
gression of breast cancer via sponging miR-1271 [16].
CircITCH suppressed the development of bladder cancer
through sponging miR-17/miR-224 [30]. Here, the direct
interaction between miR-145 and circVPS13C was iden-
tified through conducting dual-luciferase reporter assay,
RIP assay and RNA-pull down assay. Subsequently, we
found the accumulation of circVPS13C partly reversed
Propofol-mediated influence in ovarian cancer cells, and
the addition of miR-145 suppressed the malignant po-
tential of ovarian cancer cells again, suggested that Pro-
pofol suppressed the progression of ovarian cancer
through regulating circVPS13C/miR-145 axis.

The ERK signaling pathway exhibits vital functions in
regulating cellular biological behaviors, including cell
viability, proliferation and apoptosis [4, 8]. Accumulating
articles have pointed the important roles of ERK path-
way in CRC progression. For instance, Sun et al. demon-
strated that USP11 contributed to the proliferation
ability and motility of CRC cells through up-regulating
PPP1CA-mediated activation of ERK pathway [23].
Huang et al. found that BZW2 accelerated the malignant
behaviors of CRC cells through activating ERK signaling
[10]. Furthermore, the functional association between
Propofol and the activity of ERK signaling has also been
reported by former studies. Li et al. demonstrated that
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miR-34a silencing protected neuroblastoma cells from
Propofol-induced neurotoxicity through regulating ERK
signaling [15]. Su et al. found that Propofol restrained
the proliferation ability and triggered the apoptosis of
cardia cancer cells through in-activating ERK signaling
[21]. In this study, the effect of Propofol/circVPS13C/
miR-145 axis on the activation of MEK/ERK signaling
was explored in ovarian cancer cells. The results re-
vealed that Propofol treatment inhibited the activation
of MEK/ERK signaling through up-regulating miR-145
via down-regulating circVPS13C.

In further study, the in vivo role of Propofol/
circVPS13C/miR-145 axis in ovarian cancer tumor
growth needs further exploration.

Conclusion

In conclusion, our study provided a new insight that
circVPS13C/miR-145 axis was involved in Propofol-
mediated anti-tumor role in ovarian cancer.
CircVPS13C/miR-145/MEK/ERK axis might be a prom-
ising therapeutic target for ovarian cancer.

Abbreviations

MTT: Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; qRT-

PCR: Quantitative real-time polymerase chain reaction; circVPS13C: Circular
RNA vacuolar protein sorting 13 homolog C; RIP: RNA-binding protein
immunoprecipitation; DMEM: Dulbecco’s Modified Eagle Medium;
ANOVA: Analysis of variance; SD: Standard deviation

Acknowledgements
Not applicable.

Authors’ contributions

Conceptualization and Methodology: Guanlin Zheng and Xiang Gao; Formal
analysis and Data curation: Chanjuan Chen, Min Zhou and Longxin Zhang;
Validation and Investigation: Huan Lu, Guanlin Zheng and Chanjuan Chen;
Writing - original draft preparation and Writing - review and editing: Huan
Lu, Guanlin Zheng, Xiang Gao and Chanjuan Chen; Approval of final
manuscript: all authors. The author(s) read and approved the final
manuscript.

Funding
No funding was received.

Availability of data and materials
The analyzed data sets generated during the present study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The present study was approved by the ethical review committee of Fujian
provincial maternity and Children’s hospital. Written informed consent was
obtained from all enrolled patients.

Consent for publication
Patients agree to participate in this work.

Competing interests
The authors declare that they have no competing interests.



Lu et al. Journal of Ovarian Research

(2021) 14:30

Received: 9 November 2020 Accepted: 25 January 2021
Published online: 09 February 2021

References

1.

20.

21.

Bao L, Zhong J, Pang L. Upregulation of circular RNA VPS13C-has-circ-
001567 promotes ovarian Cancer cell proliferation and invasion. Cancer
Biother Radiopharm. 2019;34(2):110-8. https://doi.org/10.1089/cbr.2018.2641.
Cui WY, Liu Y, Zhu YQ, Song T, Wang QS. Propofol induces endoplasmic
reticulum (ER) stress and apoptosis in lung cancer cell H460. Tumour Biol.
2014;35(6):5213-7. https://doi.org/10.1007/513277-014-1677-7.

Ding Y, Zhang C, Zhang J, et al. miR-145 inhibits proliferation and migration
of breast cancer cells by directly or indirectly regulating TGF-beta
expression. Int J Oncol. 2017;50(5):1701-10. https://doi.org/10.3892/ijo0.2017.
3945.

Fang JY, Richardson BC. The MAPK signalling pathways and colorectal
cancer. Lancet Oncol. 2005;6(5):322-7. https.//doi.org/10.1016/51470-
2045(05)70168-6.

Grunewald T, Ledermann JA. Targeted Therapies for Ovarian Cancer. Best
Pract Res Clin Obstet Gynaecol. 2017;41:139-52. https://doi.org/10.1016/j.
bpobgyn.2016.12.001.

Guarneri V, Piacentini F, Barbieri E, Conte PF. Achievements and unmet
needs in the management of advanced ovarian cancer. Gynecol Oncol.
2010;117(2):152-8. https;//doi.org/10.1016/j.ygyn0.2009.11.033.

Guo JU, Agarwal V, Guo H, Bartel DP. Expanded identification and
characterization of mammalian circular RNAs. Genome Biol. 2014;15(7):409.
https://doi.org/10.1186/513059-014-0409-z.

Guo YJ, Pan WW, Liu SB, et al. ERK/MAPK signalling pathway and
tumorigenesis. Exp Ther Med. 2020;19(3):1997-2007. https://doi.org/10.3892/
etm.2020.8454.

He J, Xie Q, Xu H, Li J, Li Y. Circular RNAs and cancer. Cancer Lett. 2017,396:
138-44. https://doi.org/10.1016/j.canlet.2017.03.027.

Huang L, Chen S, Fan H, Ai F, Sheng W. BZW2 promotes the malignant
progression of colorectal cancer via activating the ERK/MAPK pathway. J
Cell Physiol. 2020,235(5):4834-42. https://doi.org/10.1002/jcp.29361.

Huang X, Teng Y, Yang H, Ma J. Propofol inhibits invasion and growth of
ovarian cancer cells via regulating miR-9/NF-kappaB signal. Braz J Med Biol
Res. 2016;49(12):.e5717. https://doi.org/10.1590/1414-431x20165717.

Jelovac D, Armstrong DK. Recent progress in the diagnosis and treatment
of ovarian cancer. CA Cancer J Clin. 2011;61(3):183-203. https://doi.org/10.
3322/caac.20113.

Kumar S, Boon RA, Maegdefessel L, Dimmeler S, Jo H. Role of noncoding
RNAs in the pathogenesis of abdominal aortic aneurysm. Circ Res. 2019;
124(4):619-30. https://doi.org/10.1161/circresaha.118.312438.

Lasda E, Parker R. Circular RNAs co-precipitate with extracellular vesicles: a
possible mechanism for circRNA clearance. PLoS One. 2016;11(2):¢0148407.
https://doi.org/10.1371/journal.pone.0148407.

Li GF, Li ZB, Zhuang SJ, Li GC. Inhibition of microRNA-34a protects against
propofol anesthesia-induced neurotoxicity and cognitive dysfunction via
the MAPK/ERK signaling pathway. Neurosci Lett. 2018,675:152-9. https://doi.
0rg/10.1016/j.neulet.2018.03.052.

Liang HF, Zhang XZ, Liu BG, Jia GT, Li WL. Circular RNA circ-ABCB10
promotes breast cancer proliferation and progression through sponging
miR-1271. Am J Cancer Res. 2017;7(7):1566~76.

Liu B, Li J, Cairns MJ. Identifying miRNAs, targets and functions. Brief
Bioinform. 2014;15(1):1-19. https://doi.org/10.1093/bib/bbs075.

Liu SQ, Zhang JL, Li ZW, et al. Propofol inhibits proliferation, migration,
invasion and promotes apoptosis through Down-regulating miR-374a in
Hepatocarcinoma cell lines. Cell Physiol Biochem. 2018;49(6):2099-110.
https://doi.org/10.1159/000493814.

Sheng N, Tan G, You W, et al. MiR-145 inhibits human colorectal cancer cell
migration and invasion via PAK4-dependent pathway. Cancer Med. 2017,
6(6):1331-40. https://doi.org/10.1002/cam4.1029.

Su Z, Hou XK, Wen QP. Propofol induces apoptosis of epithelial ovarian
cancer cells by upregulation of microRNA let-7i expression. Eur J Gynaecol
Oncol. 2014;35(6):688-91.

Su Z, Liu HL, Qi B, Liu Y. Effects of propofol on proliferation and apoptosis
of cardia cancer cells via MAPK/ERK signaling pathway. Eur Rev Med
Pharmacol Sci. 2020;24(1):428-33. https://doi.org/10.26355/eurrev_202001_
19942.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

Page 11 of 11

Sui H, Lou A, Li Z, Yang J. Lidocaine inhibits growth, migration and invasion
of gastric carcinoma cells by up-regulation of miR-145. BMC Cancer. 2019;
19(1):233. https://doi.org/10.1186/512885-019-5431-9.

Sun H, Ou B, Zhao S, et al. USP11 promotes growth and metastasis of
colorectal cancer via PPP1CA-mediated activation of ERK/MAPK signaling
pathway. EBioMedicine. 2019;48:236-47. https://doi.org/10.1016/j.ebiom.
2019.08.061.

Sun Y, Peng YB, Ye LL, et al. Propofol inhibits proliferation and cisplatin
resistance in ovarian cancer cells through regulating the microRNA374a/
forkhead box O1 signaling axis. Mol Med Rep. 2020,21(3):1471-80. https://
doi.org/10.3892/mmr.2020.10943.

Taulli R, Loretelli C, Pandolfi PP. From pseudo-ceRNAs to circ-ceRNAs: a tale
of cross-talk and competition. Nat Struct Mol Biol. 2013;20(5):541-3. https://
doi.org/10.1038/nsmb.2580.

Wang F, Nazarali AJ, Ji S. Circular RNAs as potential biomarkers for cancer
diagnosis and therapy. Am J Cancer Res. 2016,6(6):1167-76.

Wang P, Chen J, Mu LH, et al. Propofol inhibits invasion and enhances
paclitaxel- induced apoptosis in ovarian cancer cells through the
suppression of the transcription factor slug. Eur Rev Med Pharmacol Sci.
2013;17(13):1722-9.

Xu YB, Du QH, Zhang MY, Yun P, He CY. Propofol suppresses proliferation,
invasion and angiogenesis by down-regulating ERK-VEGF/MMP-9 signaling
in Eca-109 esophageal squamous cell carcinoma cells. Eur Rev Med
Pharmacol Sci. 2013;17(18):2486-94.

Yang C, Gao J, Yan N, et al. Propofol inhibits the growth and survival of
gastric cancer cells in vitro through the upregulation of ING3. Oncol Rep.
2017;37(1):587-93. https.//doi.org/10.3892/0r.2016.5218.

Yang C, Yuan W, Yang X, et al. Circular RNA circ-ITCH inhibits bladder
cancer progression by sponging miR-17/miR-224 and regulating p21, PTEN
expression. Mol Cancer. 2018;17(1):19. https;//doi.org/10.1186/512943-018-
0771-7.

Yang N, Liang Y, Yang P, Yang T, Jiang L. Propofol inhibits lung cancer cell
viability and induces cell apoptosis by upregulating microRNA-486
expression. Braz J Med Biol Res. 2017;50(1):e5794. https://doi.org/10.1590/
1414-431x20165794.

Yu B, Gao W, Zhou H, et al. Propofol induces apoptosis of breast cancer
cells by downregulation of miR-24 signal pathway. Cancer Biomark. 2018;
21(3):513-9. https://doi.org/10.3233/cbm-170234.

Yu X, Gao Y, Zhang F. Propofol inhibits pancreatic cancer proliferation and
metastasis by up-regulating miR-328 and down-regulating ADAM8. Basic
Clin Pharmacol Toxicol. 2019;125(3):271-8. https://doi.org/10.1111/bcpt.
13224.

Zhang J, Shan WF, Jin TT, et al. Propofol exerts anti-hepatocellular
carcinoma by microvesicle-mediated transfer of miR-142-3p from
macrophage to cancer cells. J Transl Med. 2014;12:279. https://doi.org/10.
1186/512967-014-0279-x.

Zheng Q, Bao C, Guo W, et al. Circular RNA profiling reveals an abundant
circHIPK3 that regulates cell growth by sponging multiple miRNAs. Nat
Commun. 2016;7:11215. https;//doi.org/10.1038/ncomms11215.

Zhu X, Li Y, Xie C, et al. miR-145 sensitizes ovarian cancer cells to paclitaxel
by targeting Sp1 and Cdké. Int J Cancer. 2014;135(6):1286-96. https.//doi.
0rg/10.1002/ijc.28774.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1089/cbr.2018.2641
https://doi.org/10.1007/s13277-014-1677-7
https://doi.org/10.3892/ijo.2017.3945
https://doi.org/10.3892/ijo.2017.3945
https://doi.org/10.1016/s1470-2045(05)70168-6
https://doi.org/10.1016/s1470-2045(05)70168-6
https://doi.org/10.1016/j.bpobgyn.2016.12.001
https://doi.org/10.1016/j.bpobgyn.2016.12.001
https://doi.org/10.1016/j.ygyno.2009.11.033
https://doi.org/10.1186/s13059-014-0409-z
https://doi.org/10.3892/etm.2020.8454
https://doi.org/10.3892/etm.2020.8454
https://doi.org/10.1016/j.canlet.2017.03.027
https://doi.org/10.1002/jcp.29361
https://doi.org/10.1590/1414-431x20165717
https://doi.org/10.3322/caac.20113
https://doi.org/10.3322/caac.20113
https://doi.org/10.1161/circresaha.118.312438
https://doi.org/10.1371/journal.pone.0148407
https://doi.org/10.1016/j.neulet.2018.03.052
https://doi.org/10.1016/j.neulet.2018.03.052
https://doi.org/10.1093/bib/bbs075
https://doi.org/10.1159/000493814
https://doi.org/10.1002/cam4.1029
https://doi.org/10.26355/eurrev_202001_19942
https://doi.org/10.26355/eurrev_202001_19942
https://doi.org/10.1186/s12885-019-5431-9
https://doi.org/10.1016/j.ebiom.2019.08.061
https://doi.org/10.1016/j.ebiom.2019.08.061
https://doi.org/10.3892/mmr.2020.10943
https://doi.org/10.3892/mmr.2020.10943
https://doi.org/10.1038/nsmb.2580
https://doi.org/10.1038/nsmb.2580
https://doi.org/10.3892/or.2016.5218
https://doi.org/10.1186/s12943-018-0771-7
https://doi.org/10.1186/s12943-018-0771-7
https://doi.org/10.1590/1414-431x20165794
https://doi.org/10.1590/1414-431x20165794
https://doi.org/10.3233/cbm-170234
https://doi.org/10.1111/bcpt.13224
https://doi.org/10.1111/bcpt.13224
https://doi.org/10.1186/s12967-014-0279-x
https://doi.org/10.1186/s12967-014-0279-x
https://doi.org/10.1038/ncomms11215
https://doi.org/10.1002/ijc.28774
https://doi.org/10.1002/ijc.28774

	Abstract
	Background
	Methods
	Results
	Conclusion

	Highlights
	Introduction
	Materials and methods
	Clinical tissue samples
	Cell culture
	Propofol treatment
	3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
	Flow cytometry
	Transwell assays
	Quantitative real-time polymerase chain reaction (qRT-PCR)
	Cell transfection
	Dual-luciferase reporter assay
	RNA-binding protein immunoprecipitation (RIP) assay
	RNA-pull down assay
	Western blot assay
	Statistical analysis

	Results
	Propofol inhibits the viability, cell cycle and metastasis while triggers the apoptosis of ovarian cancer cells
	Propofol up-regulates the level of miR-145 in ovarian cancer cells
	Propofol-induced damage in ovarian cancer cells is attenuated by the addition of anti-miR-145
	CircVPS13C directly interacts with miR-145
	Propofol inhibits the progression of ovarian cancer via circVPS13C/miR-145 axis
	Propofol suppresses MEK/ERK signaling through circVPS13C/miR-145 axis in ovarian cancer cells

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

