EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 988, 2021

Protective effect of propofol via the regulation of
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Abstract. Propofol is an anesthetic frequently used in surgery.
Accumulating evidence suggests that propofol exhibits an
effect on cell viability, apoptosis and invasion in several
types of cancer cells. MicroRNAs (miRNAs) have been
reported to play pivotal roles in the development of polycystic
ovary syndrome (PCOS). However, the diagnostic applica-
tions of miR-451a in PCOS remain unknown. The present
study aimed to elucidate the effects of propofol on ovarian
granulosa cell proliferation and apoptosis and illustrate the
specific mechanisms associated with this process. Human
ovarian granulosa cell-like KGN cells, which were used as
a representative of granulosa cells in the present study, were
treated with different concentrations (0, 1, 5 and 10 xg/ml)
of propofol for 48 h and cell proliferation and apoptosis were
assessed using MTT and flow cytometry assays, respectively.
Propofol treatment resulted in significant inhibition of cell
viability and induction of apoptosis in KGN cells, which was
accompanied with increased cleaved caspase 3 and suppressed
pro-caspase 3 expression levels. Furthermore, propofol
reduced Wnt3a and p-catenin protein and mRNA expression
levels. miR-451a expression in KGN cells was evaluated by
reverse transcription-quantitative PCR (RT-qPCR). miR-451a
expression was upregulated in propofol-stimulated KGN
cells. The data further demonstrated that miR-451a mimics
suppressed cell proliferation and increased apoptosis of KGN
cells compared with cells transfected with control mimics.
Furthermore, the association between miR-451a and propofol
was investigated. Rescue experiments were performed to
investigate the anti-proliferative mechanism of propofol in
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ovarian granulosa cells. KGN cells were transfected with
miR-451a inhibitor or inhibitor control sequences for 6 h and
treated with 10 gg/ml propofol for an additional 48 h. The
results from the MTT, RT-qPCR and western blot assays indi-
cated that 10 ug/ml propofol inhibited cell viability, induced
apoptosis, enhanced cleaved caspase 3 expression, reduced
pro-caspase 3 levels and inhibited the protein and mRNA
expression of Wnt3a and B-catenin. However, inhibition of
miR-451a demonstrated the opposite effects. In conclusion,
the results of the present study revealed that propofol exerted
an anti-proliferative and apoptosis-inducing role in ovarian
granulosa cells through mediation of miR-451a expression.
In addition, the data indicated that miR-451a may be used as
an effective therapeutic target for PCOS treatment.

Introduction

Polycystic ovary syndrome (PCOS) is a universal endocrine
disorder, with an incidence of 5-10% in women of childbearing
age globally (1,2). The major clinical symptoms in patients
with PCOS are subfertility, amenorrhea, seborrhea and
acanthosis (3,4). The etiopathogenesis of PCOS is complicated
and its exact mechanism has not been elucidated (5). Therefore,
it is critical to understand the mechanisms of PCOS and
provide new insight into PCOS therapy.

Propofol is an anesthetic drug frequently-used during
clinical practice (6,7). It has been reported that propofol exerts
anti-inflammatory and anti-tumor effects on several cancer
types, including gastric (8), colorectal (9) and pancreatic (10).
Moreover, previous studies have revealed that propofol may
suppress cancer cell growth. Gao et al (10) concluded that
propofol could inhibit pancreatic cancer progression under
hypoxia by ADAMS. Yang et al (11) demonstrated that
propofol could suppress lung cancer cell growth and promote
cell apoptosis by altering microRNA (miR)-486 expression.
However, whether propofol plays similar roles in PCOS
remains unclear. Therefore, in the present study, the role of
propofol was investigated in ovarian granulosa cell viability
and apoptosis and the associated molecular pathways were
determined.

Previous studies have suggested that the quantity of
growing follicles in PCOS is associated with ovarian granulosa
cell proliferation and genetic factors, such as miRNAs (12).
miRNAs, with a length of 21 to 23 nucleotides, can impact
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biological functions by binding to the 3'-untranslated region
(UTR) of target mRNAs (13). miRNAs participate in the
progression of several diseases, including PCOS, and have
therefore become promising targets for PCOS treatment.
Specific miRNA examples include miR-320 (14) miR-99a (15)
and miR-21 (16). miR-451a is located on chromosome 17q11.2.
Previous studies indicated that miR-451a was downregulated
in various tumors based on the expression of the Ago2
protein, such as papillary thyroid cancer (17), hepatocellular
carcinoma (18), non-small cell lung cancer (19) and PCOS (20).
Moreover, miR-451a can regulate cell proliferation, apoptosis
and metastasis and improve the therapeutic effects of drugs.
Based on this available information, the present study explored
the role and potential regulatory mechanism of miR-451a in
PCOS.

Granulosa cells (GCs), follicular cells surrounding
oocytes, ignite a continuous cross-talk between somatic and
germ cells (21). GC dysfunction may be involved in various
reproductive endocrine disorders including PCOS (22-24).
Granulosa cells have been widely used to investigate PCOS
in vitro (24,25). And human ovarian granulosa cell-like KGN
cells are often used as a model of ovarian granulosa cells to
study PCOS in vitro (25,26).

The present study aimed to elucidate the effects of propofol
on ovarian granulosa cell proliferation and apoptosis and
illustrate the mechanisms associated with this process.

Materials and methods

Cell culture. Human ovarian granulosa cell-like KGN cells
were purchased from ATCC. The cells were maintained
in DMEM/F12 medium (Gibco; Thermo Fisher Scientific,
Inc.) with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.),
100 U/ml penicillinG and streptomycin sulfate (Invitrogen;
Thermo Fisher Scientific, Inc.) in a humidified incubator
with 5% CO, at 37°C. For drug-toxicity assays, the cells were
cultured in 6-well plates and exposed to different concentra-
tions of propofol (0, 1, 5 and 10 pg/ml) for 48 h (27).

Cell transfection and reagents. A total of 50 mimic control
(5'-AUCUGA ACGGAUCCUUAUUAAC-3"), 50 miR-451a
mimic (5'-AAACCGUUACCAUUACUGAGUU-3"), 100
inhibitor control (5'-UUGUACUACAAAAGUACUG-3') or
100 nM miR-451a inhibitor (5'-AACUCAGUAAUGGUA
ACGGUUU-3") sequences were obtained from Shanghai
GenePharma Co., Ltd. and transfected into KGN cells
(5x10* cells per well) using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) as determined by
the manufacturer's instructions. Following transfection, the
cells were obtained for subsequent analysis. At 48 h after cell
transfection, subsequent experiments were performed.

Measurement of cell viability. MTT assay was employed to
assess the viability of KGN cells. The cells were transfected
with mimic control, miR-451a mimic, inhibitor control
and miR-451a inhibitor sequences or exposed to propofol.
Subsequently, 20 ul MTT (Sigma-Aldrich; Merck KGaA) was
added into each well and the samples were incubated for 4 h.
The culture medium was removed and the cells were dissolved
in 150 1 DMSO (Sigma-Aldrich; Merck KGaA) in the dark

for 10 min. Absorbance was determined at 570 nm using a
microplate reader (Bio-Rad Laboratories, Inc.).

Flow cytometry analysis. KGN cells were stimulated with
propofol or transfected with mimic control or miR-451a
mimic for 48 h and the induction of apoptosis was measured
by flow cytometry. Subsequently, the cells were washed,
centrifuged and harvested and Annexin V-FITC and PI
(Annexin-V/PI Apoptosis Detection kit; Beyotime Institute
of Biotechnology) were added at room temperature for
15 min in the dark as described by the manufacturer's
protocol. A standard flow cytometer (BD Biosciences) was
used to measure the number of apoptotic cells. The data
were analyzed using Cell Quest software (version 5.1; BD
Biosciences).

Reverse transcription-quantitative (RT-q)PCR analysis.
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
was used to extract total RNA from KGN cells following the
manufacturer's protocol. Subsequently, cDNA was synthesized
from the total RNA using a cDNA Synthesis kit (Takara Bio,
Inc.). RT conditions were as follows: 25°C for 5 min, 42°C for
60 min and 80°C for 2 min. RT-qPCR was conducted using
an ABI 7500 Real-Time PCR System (Agilent Technologies,
Inc.) with SYBR Green Master mix (Takara Bio, Inc.). The
samples were initially incubated at 95°C for 10 min to dena-
ture the cDNA strand and 37 cycles were performed including
denaturation at 95°C for 30 sec, annealing at 60°C for 60 sec
and extension at 72°C for 15 sec. A final extension was
conducted at 72°C for 10 min. GAPDH was used as the internal
reference for mRNA and U6 for miRNA. Primer sequences
for PCR were as follows: GAPDH forward, 5"TTTGGTATC
GTGGAAGGACTC-3' and reverse, 5'-GTAGAGGCAGGG
ATGATGTTCT-3'; U6 forward, 5'-GCTTCGGCAGCACAT
ATACTAAAAT-3" and reverse, 5'-CGCTTCACGAATTTG
CGTGTCAT-3'"; Wnt3a forward, 5-GTTCGGGAGGTTTGG
G-3' and reverse, 5-CCAGGAAAGCGGACCAT-3'; p-catenin
forward, 5'-GTTGTACTGCTGGGACCCTT-3' and reverse,
5'-CCCAAGCATTTTCACCAGCG-3"; and miR-451a forward,
5'-ACACTCCAGCTGGGAAACCGTTACCATTACT-3' and
reverse, 5S'-CTGGTGTCGTGGAGTCGGCAA-3". The gene
expression levels were calculated using the 2244 method (28).

Western blot analysis. Following treatment with propofol, total
protein was isolated from KGN cells using RIPA lysis solu-
tion (Beyotime Institute of Biotechnology). The BCA protein
quantitative kit (Beijing Solarbio Science & Technology Co.,
Ltd.) was employed to measure the protein concentration in
accordance with the manufacturer's instructions. Subsequently,
the extracted protein samples (40 ug per lane) were loaded on
10% SDS-PAGE and transferred on PVDF membranes. The
membranes were blocked with 5% skimmed milk at room
temperature for 1 h and incubated with the following primary
antibodies: Wnt3a (cat no. ab219412; Abcam), [3-catenin
(cat no. abl6051; Abcam), cleaved caspase3 (cat no. ab32042;
Abcam), pro-caspase3 (cat no. ab32499; Abcam) and GAPDH
(cat no. ab9485; Abcam) at a dilution of 1:1,000 overnight
at 4°C. The following morning, the membranes were incubated
with the corresponding secondary antibody (cat no. ab7090;
1:2,000; Abcam) for 1 h at room temperature. The protein bands
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Figure 1. Propofol inhibits KGN cell viability and induces apoptosis. KGN cells were exposed to various concentrations of propofol (0, 1, 5 and 10 ug/ml)
for 48 h. (A) The cell proliferation of KGN cells was measured using the MTT assay. (B) Flow cytometry assay was carried out to detect the induction of
cell apoptosis. (C) Quantification of the rate of apoptosis. (D) Pro-caspase 3, cleaved-caspase 3, Wnt3a and -catenin expression levels were determined
by western blot analysis. The mRNA expression levels of the apoptosis-associated proteins (E) Wnt3a and (F) (3-catenin were measured by RT-qPCR.
(G) The expression levels of miR-451a were determined using RT-qPCR. "P<0.05, “P<0.01 vs. 0 pg/ml propofol treatment group. RT-qPCR, reverse

transcription-quantitative PCR.

were exposed using EasyBlot ECL Kit (Shanghai BestBio) and
analyzed using Image J (National Institutes of Health).

Statistical analysis. The measurement data are presented as
the mean + SD from at least three independent experiments.
Statistical analyses were performed using SPSS 19.0 statistical
software. One-way ANOVA with Tukey's post-hoc test was
used to compare differences among the groups. P<0.05 was
considered to indicate a statistically significant difference.

Results
Propofol inhibits KGN cell proliferation and induced cell

apoptosis. In order to investigate the function of propofol in
KGN cells, different concentrations of this compound were

used to stimulate the cells for 48 h. Subsequently, MTT and
flow cytometry analyses were conducted to evaluate cellular
growth and apoptosis, respectively. MTT assay revealed that
the reduction of KGN cell viability with propofol treatment
in comparison to the control was significant (Fig. 1A). In
addition, flow cytometry revealed that propofol treatment
led to an increase of apoptosis in KGN cells (Fig. 1B and C).
Moreover, western blot analysis revealed that propofol mark-
edly increased cleaved-caspase-3 expression and reduced
pro-caspase 3 levels in KGN cells compared with levels in
untreated cells (Fig. 1D). Furthermore, the influence of propofol
on the Wnt/B-catenin signaling pathway were investigated and
the data suggested that propofol inhibited Wnt3a and -catenin
protein (Fig. 1D) and mRNA expression levels (Fig. 1E and F)
in KGN cells in comparison with a control. These findings
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Figure 2. miR-451a mimic suppresses cell proliferation and stimulates apoptosis of KGN cells. Mimic control or miR-451a mimic sequences were trans-
fected into KGN cells for 48 h. Following transfection, (A) the miR-451a levels were detected using RT-qPCR. (B) Cell growth was assessed by the MTT
assay. (C) The induction of cell apoptosis was detected using flow cytometry analysis and (D) the apoptotic rate determined. “"P<0.01 vs. mimic control.

miR-451a, microRNA-451a; RT-qPCR, reverse transcription-quantitative PCR.

suggested that propofol inhibited cell viability and induced
apoptosis of KGN cells and that this was potentially via
the Wnt/B-catenin signaling pathway. In addition, the data
suggested that propofol enhanced miR-451a expression levels
in KGN cells in comparison with control (Fig. 1G), suggesting
that it may have the potential to suppress PCOS progression.

miR-451a mimic inhibits KGN cell viability and induced cell
apoptosis. To examine the effects of miR-451a on KGN cells,
mimic control or miR-451a mimic sequences were transfected
into KGN cells and the cells were incubated for 48 h.
Upregulation of miR-451a promoted miR-451a expression in
KGN cells compared with that noted in untreated control and
mimic control cells (Fig. 2A). Furthermore, cell proliferation

was inhibited (Fig. 2B) and apoptosis was promoted in KGN
cells following miR-451a mimic transfection (Fig. 2C and D).
These data suggested that miR-451a may participate in the
development of PCOS.

miR-451a inhibitor eliminates the effects of propofol on KGN
cell growth and on the induction apoptosis. To evaluate the
association between miR-451a expression and propofol,
inhibition experiments were carried out. KGN cells were
transfected with miR-451a inhibitor and inhibitor control
sequences for 6 h using Lipofectamine® 2000 reagent.
Following transfection, KGN cells were exposed to 10 pg/ml
propofol for 48 h. The cells were divided into the following
groups: Control, propofol, propofol + inhibitor control and
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Figure 3. The effects of propofol on KGN cell proliferation and on the induction of apoptosis are reversed by inhibition of miR-451a expression. KGN cells
were transfected with miR-451a inhibitor and inhibitor control sequences for 6 h and treated with 10 pg/ml propofol for 48 h. The cells were divided into the
four following groups: Control, propofol, propofol + inhibitor control and propofol + miR-451a inhibitor. (A) RT-qPCR assay was used to determine miR-
451a levels in transfected KGN cells. (B) Determination of miR-451a levels in transfected cells after propofol treatment. (C) Cell viability after transfection
and propofol treatment. (D) Cell apoptosis levels were observed using flow cytometry and (E) the apoptotic rate calculated. (F) The expression levels of cleaved
caspase 3 and pro-caspase 3 were determined by western blot analysis in the four KGN cell groups. ““P<0.01 vs. the inhibitor control group; #P<0.01 vs. the
control group; ¥4P<0.01 vs. the propofol + inhibitor control group. miR-451a, microRNA-451a; RT-qPCR, reverse transcription-quantitative PCR.

propofol + miR-451a inhibitor. RT-qPCR revealed that
miR-451a inhibitor treatment markedly inhibited miR-451a
levels in KGN cells compared with those of the control cells
(Fig. 3A). However, miR-451a expression levels were signifi-
cantly increased in propofol-treated KGN cells compared with
those of the control cells (Fig. 3B). The opposite effects were
noted in the propofol + miR-451a inhibitor group (Fig. 3B).
In addition, cell growth, apoptosis and the expression levels
of specific apoptotic proteins were assessed using MTT,
flow cytometry and western blot assays, respectively. The
data revealed that propofol prominently suppressed KGN
cell growth (Fig. 3C), promoted apoptosis (Fig. 3D and E),

enhanced cleaved caspase 3 levels and reduced pro-caspase 3
expression (Fig. 3F) compared with the corresponding effects
noted in control cells. However, these data were reversed
following downregulation of miR-451a. The results indicated
that miR-451a expression may regulate the effects of propofol
in KGN cells.

miR-451a inhibitor eliminates the inhibition effect of
propofol on the Wnt/f-catenin signaling pathway in KGN
cells. To further illustrate the underlying mechanisms of cell
apoptosis following treatment of KGN cells with propofol,
the expression levels of apoptosis-associated genes and
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Figure 4. Propofol inactivates the Wnt/f3-catenin signaling pathway in KGN cells. KGN cells were exposed to 10 pg/ml propofol for 48 h and subsequently
RT-qPCR and western blot assays were used to measure the mRNA and protein expression levels of the genes and proteins involved in this pathway. (A) Wnt3a
and f3-catenin protein expression was observed using western blot analysis. The mRNA levels of (B) Wnt3a and (C) f3-catenin were evaluated. “P<0.01
compared with the control group; #P<0.01 compared with the propofol + inhibitor control group. RT-qPCR, reverse transcription-quantitative PCR.

proteins were determined in these cells using RT-qPCR and
western blot assays, respectively. Lower Wnt3a and (3-catenin
protein (Fig. 4A) and mRNA levels (Fig. 4B and C) were
observed in propofol-stimulated KGN cells than those noted in
the control group, suggesting that miR-451a may regulate the
protective function of propofol in ovarian granulosa cell prolif-
eration and apoptosis through the Wnt/B-catenin pathway.

Discussion

Propofol is one of the most frequently used anesthetics (6,7). This
compound exhibits anti-tumorigenic or anti-phlogotic effects on
several cancer cell lines. Yu et al (29) demonstrated that propofol
exhibited neuroprotective effects on glutamic acid treated
PC12 cells by downregulating miR-19a expression. Moreover,
Liet al (9) indicated that propofol inhibited colorectal cancer cell
viability and metastasis by regulating the miR-124-3p.1/AKT3
axis. PCOS is a common endocrine disorder with approximate
incidence of 10% in women worldwide (1). The common
clinical manifestations of PCOS include hyperandrogenemia,
chronic anovulation and sclerocystic ovaries (2,3). However,
the therapeutic methods for PCOS patients are limited and its
pathogenesis is not fully explored (5).

In the present study, the function of propofol was
assessed in ovarian granulosa cells. KGN cells were
cultured following treatment with various concentrations of
propofol (0, 1, 5, and 10 pgg/ml) for 48 h. Propofol suppressed
cellular growth and promoted cell apoptosis in KGN cells.
Cleaved-caspase 3 and pro-caspase 3 are important regulators
in cell apoptotic signaling and lead to apoptotic cell death (30).
The data presented in the current report are in line with our
previous investigations demonstrating that propofol enhanced
cleaved-caspase 3 expression and inhibited pro-caspase
3 levels in ovarian granulosa cells (31,32). Accumulating
evidence has indicated that the change in the expression levels
of Wnt/B-catenin signaling proteins may affect the expres-
sion levels of proteins involved in various diseases (33,34).
The Wnt/B-catenin signaling pathway participates in specific
cell functions, including cell growth (35), differentiation (36)

and apoptosis (37). Therefore, the expression levels of the
proteins associated with the Wnt/B-catenin pathway were
investigated. The results of western blot analysis and RT-qPCR
indicated that propofol reduced Wnt3a and 3-catenin protein
and mRNA expression levels. These results revealed that
propofol may inhibit cell proliferation and promote cell apop-
tosis via the Wnt/B-catenin signaling pathway, suggesting that
it could serve as an appropriate target for PCOS treatment.

miRNAs are small RNAs, which exert key roles by abnormal
expression in various human diseases such as cancer (38) and
neurodegenerative and cardiovascular disease (39). Previous
studies have indicated that miRNAs are associated with several
processes involved in tumorigenesis, including cell differen-
tiation, proliferation and apoptosis (40,41). miR-451a has been
reported as a noninvasive biomarker in several types of cancer.
For example, Liu ez al (42) demonstrated that miR-451a inhibited
breast cancer cell proliferation and improved tamoxifen sensi-
tivity by regulating macrophage migration inhibitory factor.
The results of the present study are in agreement with these
findings indicating that miR-451a expression was upregulated
in propofol-treated KGN cells compared with that noted in
the control cells. This in turn suggested that miR-451a levels
may influence the function of propofol in PCOS. However,
the expression level of miR-451a in ovarian tissue or ovarian
granulosa cells from PCOS patients and normal women was not
assessed in the present study, which was a limitation.

In addition, the influence of miR-451a on ovarian granulosa
cells was explored. KGN cells were transfected with mimic
control or miR-451a mimic for 48 h. The transfection efficiency
was assessed by RT-qPCR analysis. The expression of miR-415a
was increased in KGN cells compared with that of the control
cells. Furthermore, the results from the MTT and flow cytom-
etry assays suggested that miR-451a mimic inhibited KGN cell
viability and facilitated apoptosis. Moreover, miR-451a inhibitor
and inhibitor control sequences were transfected in KGN cells for
6 h and miR-451a expression was determined using RT-qPCR.
The data demonstrated that miR-451a expression was downregu-
lated in KGN cells following transfection. These results indicated
that miR-451a may be involved in the progression of PCOS.
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Several reports have shown that the mechanism of action
of propofol is regulated by specific genes during disease
progression (43,44). For example, Ren and Zhang (43)
suggested that propofol accelerated colorectal cancer cell
apoptosis by alleviating the inhibition of IncRNA HOXA11-AS
on miRNA let-7i. Sun et al (44) reported that propofol inhibits
JEG-3 choriocarcinoma cell proliferation and metastasis by
upregulating miR-495. Therefore, inhibition experiments
were carried out to evaluate whether miR-451a regulates the
effects of propofol. KGN cells were transfected with inhibitor
control or miR-451a inhibitor sequences for 6 h. Following
transfection, KGN cells were treated with 10 pg/ml propofol
for 48 h. The cells were divided into the four following
groups: Control, propofol, propofol + inhibitor control and
propofol + miR-451a inhibitor. The results demonstrated
that propofol increased miR-451a expression, reduced KGN
cell growth, promoted apoptosis, enhanced cleaved caspase
3 levels and reduced pro-caspase 3 expression compared to
the corresponding effects noted in the control cells. However,
these effects were reversed following inhibition of miR-451a.
The results revealed that miR-451a expression regulated the
functions of propofol in KGN cells.

The interaction of miR-451a and propofol was also
examined with regard to the regulation of the Wnt/B-catenin
pathway. The data suggested that propofol suppressed the
mRNA and protein expression levels of -catenin and Wnt3a
in KGN cells compared with those noted in the control cells.
Moreover, the opposite effects were noted in the propofol
+ miR-451a inhibitor group compared with those of the
propofol + inhibitor control group.

In conclusion, the present study provided evidence that
propofol exerts anti-proliferative and apoptosis-inducing
effects on ovarian granulosa cells by regulating miR-451a
expression. This effect contributed partially to the
deactivation of the Wnt/B-catenin pathway. The findings
indicate that propofol may be a promising target for PCOS
treatment. However, this study was only a preliminary
in vitro study of propofol and miR-451 association. In order
to clarify the role of propofol/miR-451a in polycystic ovary
syndrome in-depth research is needed. For example, the
target genes of mir-451a must be analyzed and rescue exper-
iments are needed to prove the mechanism of miR-451a's
effect on KNG cells. Whether propofol/miR-451a directly
regulates the Wnt/B-catenin pathway in KNG cells
requires further in-depth research. Additionally, the role of
propofol/miR-451a in polycystic ovary syndrome should be
investigated in vivo. Moreover, the expression of miR-451a
in ovarian tissue or ovarian granulosa cells from PCOS
patients should be determined, and the relationship between
miR-451a expression and the clinicopathological parameters
of PCOS patients needs to be explored. These studies will be
performed in the future.
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