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Abstract. It has previously been reported that propofol regu‑
lates the development of human osteosarcoma (OS). However,
the specific molecular mechanisms underlying the effect of
propofol on OS remain poorly understood. Therefore, the
aim of the present study was to explore the effects of propofol
on OS U2OS cells and the potential underlying mecha‑
nism. The Cell Counting Kit‑8 and colony formation assays
were performed to assess cell viability and proliferation.
Furthermore, cell apoptosis was assessed using the TUNEL
assay and western blotting. Wound healing and Transwell
assays were performed to evaluate OS cell migration and
invasion abilities, respectively. The protein expression levels
of epithelial‑mesenchymal transition (EMT)‑, autophagy‑
and adenosine monophosphate‑activated protein kinase
(AMPK)/FOXO1 signaling pathway‑related proteins were
also determined using western blotting. The results demon‑
strated that propofol significantly reduced the viability of OS
cells and promoted autophagy in a dose‑dependent manner.
Moreover, cell treatment with propofol significantly enhanced
the protein expression levels of phosphorylated (p)‑AMPK
and FOXO1, while decreasing the protein levels of p‑FOXO1.
Furthermore, treatment with propofol significantly suppressed
cell viability, migration and invasion abilities and the EMT of
OS cells, and potentially promoted cell apoptosis via inducing
autophagy via the AMPK/FOXO1 signaling pathway. In
summary, the present study indicated that propofol potentially
had an inhibitory effect on the development of OS cells via
AMPK/FOXO1‑mediated autophagy. These results have there‑
fore provided an experimental basis for further studies into the
therapeutic effect of propofol on OS.
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Introduction
Osteosarcoma (OS), a malignant tumor originating from
the mesenchymal tissue, commonly occurs in children and
adolescents (1‑3). OS may only be accompanied by local pain
and swelling. However, pulmonary metastasis from OS is
likely to occur at an early stage of the disease and develops
rapidly (4). With surgical procedures and the application of
chemotherapy, the 5‑year survival rate has improved signifi‑
cantly (5). However, further improvement of therapeutics of
OS has been limited, especially for patients with lung metas‑
tasis (6). Therefore, identifying novel therapeutic methods and
strategies for the treatment of OS and its development is of
importance.
Anesthetic agents may serve an essential role in tumor
relapse and metastasis as they are administered at the moment
of greatest risk of transmission, which is the surgical removal
of the tumor (7). Recently, numerous studies have reported that
the type of anesthetic agent used could influence the prognosis
of patients with cancer undergoing surgery for cancer treat‑
ment (8,9). Propofol, a common intravenous anesthetic, is
commonly used for anesthesia prior to tumor resection (10).
Emerging evidence suggests that propofol can inhibit the
growth and metastasis of tumor cells (11,12). Propofol can
enhance the anti‑tumor effect of chemotherapeutic drugs or
certain small molecular compounds (13). Furthermore, in vivo
animal models have demonstrated that propofol suppresses
tumor growth and metastasis (14). It has also been demon‑
strated in clinical trials that propofol is associated with better
survival rates in patients with cancer following surgery (15,16).
Therefore, it is important to study the effects of propofol
on numerous types of cancer and its potential underlying
mechanisms.
Previous studies have reported that propofol is involved in
tumor development via modulation of the expression of key
RNAs, such as microRNAs (miRs) and long non‑coding RNAs
(lncRNAs), and the activation of several signaling pathways,
including the hypoxia‑inducible factor‑1α, MAPK, NF‑κ B and
nuclear factor E2‑related factor‑2 signaling pathways (17‑19).
Moreover, it has been demonstrated that propofol affects the
degree of host immunosuppression and modulates immune
function (20). It has also been reported that propofol has a
regulatory effect on the proliferation, invasion and apoptosis
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of OS cells (21,22). However, the specific molecular mecha‑
nisms underlying the effect of propofol on OS remain unclear.
Autophagy is an evolutionarily conserved catabolic process
that maintains cellular homeostasis via degrading long‑lived
and damaged proteins or organelles in cells (23). Emerging
evidence has suggested that autophagy can inhibit the malig‑
nant development of OS (24). Furthermore, a previous study
has reported that propofol can benefit organs and tissues in
cancer by modulating autophagy, which is an evolutionarily
conserved catabolic process that maintains cellular homeo‑
stasis by degrading long‑lived proteins and damaged cellular
proteins or organelles (25).
Therefore, the aim of the present study was to investi‑
gate whether propofol inhibited the development of OS via
inducing cell autophagy. Furthermore, whether the adenosine
monophosphate‑activated protein kinase (AMPK)/FOXO1
signaling pathway was involved in the regulation of autophagy
in OS was also explored.
Materials and methods
Cell culture and treatment. The human OS U2OS cell line
was purchased from the American Type Culture Collection.
Cells were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.), 100 µg/ml streptomycin and 100 U/ml
penicillin at 37˚C in a humidified atmosphere with 5% CO2.
U2OS cells were treated with different concentrations (0, 2.5,
5 and 10 µg/ml) of propofol (MilliporeSigma) at 37˚C for
48  h (26‑28). Untreated cells were used as the control. To reveal
the underlying molecular mechanism of propofol, U2OS cells
were also co‑treated with 10 µg/ml propofol with or without
20 µM compound C (MedChemExpress), an antagonist of
AMPK, with or without 50 nM rapamycin (RAP; Abcam), an
autophagy agonist, for 24 h at 37˚C.
Cell counting kit 8 (CCK‑8) assay. U2OS cells under different
treatment conditions were cultured in DMEM with 10% FBS
at 37˚C for 24 h. Subsequently, 10 µl CCK‑8 solution (Dojindo
Laboratories, Inc.) was added into each well and the cells
(5x103 cells/well) were incubated for 2 h. The absorbance of
each well was assessed at a wavelength of 450 nm using a
microplate reader (Bio‑Rad Laboratories, Inc.). A total of six
parallel wells were used for each group.
Colony formation assay. U2OS cells under different treatment
conditions were seeded into 6‑well plates (500 cells/well) and
incubated in DMEM with 10% bovine calf serum (Thermo
Fisher Scientific, Inc.) at 37˚C. The medium was replaced with
fresh complete culture medium every 3 days, and the cells were
incubated for 2 weeks. The cells were fixed with 4% parafor‑
maldehyde for 20 min at room temperature and stained with
0.1% crystal violet solution for 30 min at room temperature.
A cell group containing >50 cells was identified as a colony.
The number of visible colonies was counted manually using
a light microscope (Olympus Corporation). All experiments
were repeated three times.
TUNEL assay. Cell apoptosis was assessed using the TUNEL
assay. An in situ Cell Death Detection Kit (Roche Diagnostics

GmbH) was used according to the manufacturer's instructions.
Briefly, U2OS cells (2x105 cells/well) in a 24‑well plate under
different treatment conditions were fixed with 4% parafor‑
maldehyde at room temperature for 30 min and incubated
with proteinase K for 15 min at 37˚C. Subsequently, the cells
were incubated with 3% H2O2 for 15 min at room temperature
and were then treated using the in situ Cell Death Detection
Kit for 60 min at 37˚C. Following incubation, cells were
co‑labeled with 1 µg/ml DAPI working solution for 10 min in
the dark. Slides were mounted using glycerol. Apoptotic cells
in six randomly selected fields of view were imaged using a
fluorescence microscope (Leica Microsystems GmbH) and
quantified by ImageJ Software (version 6.0; National Institutes
of Health).
Wound healing assay. U2OS cell migration ability was
assessed using a wound healing assay. Briefly, U2OS cells
under different treatment conditions were seeded into a 6‑well
plate (1x105 cells/well) and cultured in serum‑free DMEM
until they reached 90% confluency. Subsequently, a straight
scratch was made on the cell monolayer using a 20‑µl pipette
tip followed by washing with serum‑free medium three
times. Following incubation for 24 h, the cell migration rate
was calculated using the following formula: (wound width
at 0 h‑wound width at 24 h)/wound width at 0 h x 100. Images
were captured by a light Nikon ECLIPSE E100 microscope
and the gap distance was quantitatively evaluated using ImageJ
software (version 1.8.0 172; National Institutes of Health).
Transwell assay. Cell invasion ability was assessed using the
Transwell assay. The Transwell chambers (Costar; Corning,
Inc.) were first coated with 0.1 ml Matrigel (BD Biosciences)
at 37˚C for 1 h. U2OS cells under different treatment conditions
were suspended in serum‑free DMEM at a final concentration
of 5x105 cells/ml and seeded into the upper chamber, whereas
the lower chamber was supplemented with DMEM containing
5% FBS. Following incubation for 24 h at 37˚C, cells on the
lower surface of the membrane were fixed with 100% meth‑
anol at room temperature for 20 min and stained with 0.1%
crystal violet for 15 min at room temperature. Invaded cells
were counted using an inverted light microscope and analyzed
using ImageJ software (version 1.8.0 172; National Institutes
of Health).
Western blotting. Total protein was extracted from U2OS
cells under different treatment conditions using RIPA
buffer (Auragene; Hunan Aijia Biotechnology Co., Ltd.)
and protein concentration was quantified using the BCA
method (Thermo Fisher Scientific, Inc.). Total protein
(50 µg/lane) was separated using SDS‑PAGE on a 10% gel
and separated proteins were then electrotransferred onto
PVDF membranes. Following blocking with 5% non‑fat
milk for 1 h at room temperature, the membranes were
incubated at 4˚C overnight with the following primary
antibodies against: LC3II/I (cat. no. 14600‑1‑AP; 1:1,000;
ProteinTech Group, Inc.), Beclin1 (cat. no. ab207612;
1:2,000; Abcam), p62 (cat. no. ab207305; 1:1,000; Abcam),
phosphorylated (p)‑AMPK (cat. no. ab133448; 1:1,000;
Abcam), AMPK (cat. no. ab32047; 1:1,000; Abcam),
p‑FOXO1 (cat. no. ab131339; 1:1,000; Abcam), FOXO1
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Figure 1. Prop inhibits cell viability and induces cell autophagy in U2OS cells. (A) Cell viability was detected using the Cell Counting Kit‑8 assay. (B) Protein
expression levels of LC3II/I, Beclin1 and p62 were determined using western blotting. (C) Semi‑quantification of the related western blotting bands. Data are
presented as the mean ± SD. **P<0.01 and ***P<0.001. Prop, propofol.

Figure 2. Prop induces the autophagy of U2OS cells by activating the AMPK/FOXO1 signaling pathway. (A) Protein expression levels of t‑AMPK, p‑AMPK,
FOXO1 and p‑FOXO1 were detected via western blotting. (B) Protein expression levels of LC3II/I, Beclin1 and p62 were detected via western blotting. Data
are presented as the mean ± SD. ***P<0.001. Prop, propofol; AMPK, adenosine monophosphate‑activated protein kinase; t, total; p, phosphorylated.

(cat. no. ab179450; 1:1,000; Abcam), Bcl‑2 (cat. no. ab32124;
1;1,000; Abcam), Bax (cat. no. ab32503; 1:1,000; Abcam),
cleaved caspase‑3 (cat. no. ab32042; 1:500; Abcam),
caspase‑3 (cat. no. ab32351; 1:5,000; Abcam), N‑cadherin
(cat. no. ab76011; 1:5,000; Abcam), Vimentin (cat. no. ab92547;
1:1,000; Abcam), E‑cadherin (cat. no. ab40772; 1:10,000;
Abcam) and GAPDH (cat. no. ab9485; 1:2,500; Abcam).
Following washing three times with TBS‑0.1% Tween 20,
the membranes were incubated with the corresponding
horseradish peroxidase‑conjugated secondary antibodies

(cat. no. 7074; 1:1,000; Cell Signaling Technology, Inc.) for
1 h at room temperature. Separated proteins were visualized
using an enhanced chemiluminescence detection system
(Amersham; Cytiva). ImageJ software (version 1.8.0 172;
National Institutes of Health) was used to analyze the images.
The data were normalized to GAPDH to obtain the integral
optical density values.
Statistical analysis. All experiments were repeated three
times. All statistical analysis was performed using SPSS
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Figure 3. Prop induces adenosine monophosphate‑activated protein kinase/FOXO1 pathway‑mediated autophagy to inhibit cell proliferation and promote
apoptosis in U2OS cells. (A) Cell viability was detected using the Cell Counting Kit‑8 assay. (B) Cell proliferation was assessed using the colony formation
assay. (C) Quantification of cell colony number. (D) Cell apoptosis was assessed using the TUNEL assay. Scale bar, 50 µm. (E) Quantification of the U2OS
cell apoptotic rate. (F) Protein expression levels of Bcl‑2, Bax, caspase‑3 and cleaved caspase‑3 were detected via western blotting. Data are presented as the
mean ± SD. *P<0.05 and ***P<0.001. Prop, propofol; RAP, rapamycin.

22.0 software (IBM Corp.). All data are presented as the
mean ± SD. The differences among multiple groups were
analyzed using one‑way ANOVA followed by Bonferroni's
multiple comparison post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results
Propofol attenuates U2OS cell viability and promotes cell
autophagy. To explore the effects of propofol on OS cells, the
present study first investigated the effect of different doses
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Figure 4. Prop inhibits U2OS cell migration, invasion and the epithelial‑mesenchymal transition via autophagy through the activation of the adenosine
monophosphate‑activated protein kinase/FOXO1 signaling pathway. (A) Cell migration was analyzed using the wound healing assay. (B) Cell invasion was
assessed using the Transwell assay. (C) N‑cadherin, Vimentin and E‑cadherin protein expression levels were detected via western blotting. Data are presented
as the mean ± SD. *P<0.05, **P<0.01 and ***P<0.001. Prop, propofol.

of propofol on U2OS cell viability. The results demonstrated
that compared with untreated cells, U2OS cell viability was
significantly reduced in a dose‑dependent manner following
cell treatment with different doses of propofol (Fig. 1A).
Furthermore, treatment with propofol significantly upregulated
LC3II/I and Beclin1 protein expression levels at 5 and 10 µg/ml
and significantly downregulated p62 protein expression levels
at all doses, compared with the untreated control. These results
therefore indicated that propofol may promote U2OS cell
autophagy (Fig. 1B and C).
Propofol promotes U2OS cell autophagy via dose‑dependent
activation of the A MPK/FOXO1 signaling pathway.
Subsequently, the present study aimed to investigate how
propofol affected U2OS cell autophagy. Western blotting
demonstrated that treatment with propofol significantly

increased the protein expression levels of p‑AMPK in a
dose‑dependent manner compared with the untreated control,
whereas the total levels of AMPK remained unchanged.
Furthermore, compared with the untreated control, the protein
expression levels of total FOXO1 were significantly increased
in a dose‑dependent manner, whereas those of p‑FOXO1 were
significantly reduced following cell treatment with increasing
concentrations of propofol (Fig. 2A). Cells were also treated
with 20 µM compound C, an AMPK/FOXO1 signaling
pathway inhibitor. The results demonstrated that the protein
expression levels of LC3II/I and Beclin1 were significantly
reduced, whereas those of p62 were significantly elevated in
cells co‑treated with propofol and compound C, compared
with cells treated only with propofol (Fig. 2B). These results
suggested that the AMPK/FOXO1 signaling pathway may be
involved in propofol‑induced autophagy in U2OS cells.
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Propofol attenuates cell proliferation and promotes apoptosis
via AMPK/FOXO1 signaling pathway‑induced autophagy
in U2OS cells. To explore the effects of propofol‑induced
autophagy on cell proliferation and apoptosis, U2OS cells
were treated with 50 nM RAP. The results of the CCK‑8
assay demonstrated that co‑treatment of U2OS cells with
propofol and compound C significantly promoted cell
viability compared with cells treated with propofol only.
However, RAP significantly reversed the effects of compound
C on cell viability compared with the propofol + compound
C group (Fig. 3A). Furthermore, the colony formation assay
demonstrated that co‑treatment of propofol and compound
C significantly increased the number of cell colonies
compared with the propofol group. However, the additional
treatment with RAP significantly reversed this increase in
U2OS cell colonies compared with the propofol + compound
C group (Fig. 3B and C). The results of the TUNEL assay
demonstrated that cell apoptosis was significantly increased
in propofol‑treated cells compared with the control group.
However, cell co‑treatment with compound C significantly
attenuated propofol‑induced cell apoptosis compared
with the propofol only group, whereas RAP significantly
reversed the inhibitory effect of compound C on U2OS cell
apoptosis compared with the propofol + compound C group
(Fig. 3D and E). Furthermore, cell treatment with compound
C significantly promoted Bcl‑2 protein expression levels and
significantly downregulated the protein expression levels of
Bax and cleaved caspase‑3 compared with the propofol only
group. However, the protein expression levels of the afore‑
mentioned proteins were significantly reversed following cell
treatment with RAP compared with the propofol + compound
C group (Fig. 3F). In summary, propofol hindered the occur‑
rence of OS via modulation of AMPK/FOXO1 signaling
pathway‑induced autophagy.
Propofol suppresses U2OS cell migration, invasion and the
epithelial‑mesenchymal transition (EMT) via autophagy
through the activation of the AMPK/FOXO1 signaling
pathway. Subsequently, the effects of propofol‑induced
autophagy on cell migration, invasion and the EMT were
assessed. The results demonstrated that propofol significantly
inhibited cell migration and invasion compared with the
untreated control group, which was significantly reversed by
cell treatment with compound C (Fig. 4A and B). The effect
of compound C on enhancing cell invasion was markedly
abrogated and on enhancing cell migration was slightly
reduced following cell treatment with RAP, compared with
the propofol + compound C group. Furthermore, western
blotting demonstrated that the protein expression levels of
N‑cadherin and Vimentin were significantly reduced, whereas
those of E‑cadherin were significantly enhanced by propofol
treatment compared with the control group. However, inhibi‑
tion of the AMPK/FOXO1 signaling pathway using compound
C significantly reversed these results compared with the
propofol only group. Furthermore, cell treatment with RAP
resulted in a significant inverse effect on the protein expres‑
sion levels of N‑cadherin, Vimentin and E‑cadherin compared
with the propofol + compound C group. In conclusion,
propofol impeded the progression of OS via modulation of
AMPK/FOXO1 signaling pathway‑induced autophagy.

Discussion
OS is an aggressive type of malignant tumor that often occurs
in young individuals (29). OS is characterized by a high
metastatic rate and drug resistance, which therefore leads
to a high mortality rate (30). The present study investigated
the effect of propofol on human OS cells and its potential
underlying molecular mechanism. The results demonstrated
that propofol significantly inhibited cell viability, migration,
invasion and the EMT, and significantly promoted U2OS
cell apoptosis. Furthermore, the results demonstrated that
AMPK/FOXO1‑mediated autophagy may be involved in the
mechanism of propofol on OS, which therefore suggested that
propofol may potentially serve a crucial role in OS progression
via AMPK/FOXO1‑mediated autophagy.
Propofol is an intravenous anesthetic that is commonly
used in clinical practice and it has been reported to inhibit
the development of several types of cancer, including
breast cancer, gastric cancer and colon cancer (12,31,32).
Ye et al (28) demonstrated that propofol attenuates the prolif‑
eration and invasion and promotes the apoptosis of OS cells
via the upregulation of miR‑143. Furthermore, Xu et al (21)
reported that propofol could downregulate TGF‑β1 expres‑
sion, which results in the inhibition of the proliferation
and invasion of OS cells. In the present study, propofol
significantly reduced U2OS cell viability in a dose‑dependent
manner. Moreover, TUNEL assays and western blotting
demonstrated that propofol significantly promoted cell apop‑
tosis and modulated the protein expression levels of Bcl‑2,
Bax and cleaved caspase‑3, respectively. Wound healing and
Transwell assays demonstrated that propofol significantly
reduced the migration and invasion abilities and suppressed
the EMT process in U2OS cells, which was consistent with
previous studies (21,28).
Autophagy can function as an important process that can
inhibit the malignant development of OS (33). A previous study
reported that propofol serves a beneficial role in organs and
tissues via the regulation of autophagy (34). Propofol also regu‑
lates cancer cell autophagy (35). For example, Zhang et al (36)
demonstrated that propofol could improve gastric cancer cell
sensitivity to cisplatin via lncRNA metastasis‑associated
lung adenocarcinoma transcript 1/miR‑30e/autophagy related
5 axis‑mediated autophagy. Furthermore, Wang et al (35)
reported that propofol inhibits cell proliferation and the cell
cycle but promotes cell apoptosis during hepatocarcinogenesis
via the activation of AMPK and the induction of autophagy,
both in vivo and in vitro. In the present study, the protein
expression levels of autophagy‑related proteins were detected
via western blotting. The results demonstrated that propofol
may have promoted autophagy via the significant upregulation
of LC3II/I and Beclin1 and the downregulation of p62 protein
expression levels. However, transmission electron micros‑
copy and GFP‑LC3 fluorescence assays may better locate
autophagy‑related proteins and therefore these methods will
be used to investigate the effect of propofol on cell autophagy
in future work.
Emerging evidence has suggested that inhibiting the
FOXO1/tumor suppressor candidate 7 axis via regulating
the AKT/GSK‑3β signal transduction pathway can decrease
the proliferation, migration and invasion abilities of OS
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cells (22). Huang et al (22) reported that propofol could
increase the transcriptional activity of FOXO1. FOXO1
serves a key role in autophagy in cancer cells (37,38). A
previous study demonstrated that trichostatin A induced
cell autophagy via activating the transcriptional activity of
FOXO1 in OS (39). Furthermore, Chen et al (40) demonstrated
that propofol could attenuate HeLa cell growth via impairing
autophagic flux via AMPK activation and calcium‑regulated
endoplasmic reticulum stress. The present study demonstrated
that autophagy may be promoted in OS cell treatment with
propofol via the activation of the AMPK/FOXO1 signaling
pathway. Furthermore, propofol potentially enhanced
AMPK/FOXO1 pathway‑mediated autophagy to inhibit OS
cell proliferation and metastasis and promote cell apoptosis.
It should be noted that animal and clinical trials are more
complex and uncontrollable than cell experiments. Therefore
the dose of propofol used in clinical trials does not apply to
the doses used in the present study. Furthermore, there may
be other signaling pathways that are regulated by propofol in
OS, which will be investigated in future work.
To the best of our knowledge the present study was the
first to provide evidence that propofol potentially regulated OS
progression via AMPK/FOXO1 pathway‑mediated autophagy.
This has therefore provided a novel insight into the potential
effect of propofol in the treatment of OS.
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