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Abstract
Background: Intensive investigations have focused on the effect of propofol on the malignant behaviours of
cancer cells. However, much is still unknown about the effect of propofol on non-small cell lung cancer (NSCLC).
Here we aimed to investigate the effect of propofol on NSCLC with cancer stem-like cells (CSCs) A549.

Methods: CCK-8 assays, flow cytometry, and transwell assay were used to assess the changes in the
proliferation, migration, and invasion in A549 treated with propofol. By detecting hallmarks of mesenchymal
transition (EMT), the mechanism of the effect of propofol on A549 was assessed.

Results: In A549, propofol exposure promoted cell proliferation, while inhibiting migration and invasion. By
activating EMT using TGF-β pretreatment, propofol treatment downregulated hallmarks of EMT and led to
inactivation of EMT.

Conclusion: Modulation of self-renewal capacity of CSCs by anesthetics may affect cancer malignant behaviors
following surgery. The employment of propofol not only exerts inhibitory effects on cancer cells but also on CSCs
in non-small cell lung cancer.
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Introduction
Propofol (2,6-diisopropylphenol) has been widely
accepted and clinically used as one of the most
common intravenous anesthetic agents to produce
smooth induction and rapid recovery from anesthesia
since the late 80s [1]. Despite its multiple anesthetic
advantages, propofol plays several unexpected effects
un-related to the anesthetic role [2]. Accumulating
evidence has been found that clinically relevant
concentrations of propofol can inhibit the malignant
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behaviors of human cancer cells [3]. Tsuchiya and
colleagues reported that clinical concentrations of
propofol exposure resulted in the apoptotic cell death
of human promyelocytic leukemia cells by inducing
mitochondrial injury and leakage of cytochrome C [4].
In human colon carcinoma cells, it has been found that
exposure to propofol significantly decreased the
migrating and invasive activity [5]. Liu found that, in
human non-small cell lung cancer cell line A549,
propofol treatment induced the expression of miRIssue: 2
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1284, lead the inactivation of mesenchymal transition
(EMT) via upregulating E-cadherin, while downregulating N-cadherin, Vimentin and Snail expressions
[6]. In animal studies, it is still being found to exert
antitumor activity, proliferation, and invasiveness by
modulating the immune reaction [7].
Lung cancer is one of the leading causes of cancerrelated deaths worldwide [8]. When it is diagnosed,
frequently, it is in the late stage and the 5-year survival
rate is discouraging. Although an interval
improvement in survival rate and life quality has been
achieved in other common malignancies, no efficient
therapeutic strategies for lung cancer have been
developed [9]. In recent years, the existence of cancer
stem-like cells (CSCs) in different types of cancers has
been recognized and accepted. The CSCs hypothesis
demonstrated the existence of a population of rare,
stem-like tumor cells maintaining stemness, exerting
self-renewal capacity, and undergoing asymmetric
division [10-12]. CSCs share molecular features with
embryonic stem cells, including CD133 [13], Nanog
[14], and Oct4 [15], which have been considered
hallmarks of CSCs. In many forms of human cancers,
CSCs have been isolated, including lung cancers
[13,16]. By considering its central role of CSCs in
tumorigenesis, inducing malignant behavior and
chemoresistance, it might be considered as a
therapeutic target to achieve effective cancer treatment
[17]. Although the effects of propofol on tumor cells
has been well studied, the role of propofol in
regulating the malignant behaviors of CSCs is still
largely unknown.
EMT is a complex series of morphological changes
including the loss of epithelial characteristics and the
acquisition of a mesenchymal phenotype. In solid
cancer, EMT tightly regulates the processes of
metastasis and is responsible for survival in the
circulation and seed at secondary site [18]. It has been
reported that, the activation of EMT via either the
overexpression of hallmarks of EMT, or treatment
with TGF-β, confers many of the properties of CSCs on
otherwise epithelial carcinoma cells [19,20], indicating
that activation of the EMT programmed is closely
related to entrance into the CSC state in several
different kinds of cancer cells.
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The aims of the current study were to evaluate
effects of propofol on the physiological processes of
non-small cell lung cancer cell line A549 and the CSCs
derived from A549. We then focused on the effects of
propofol on maintenance of stemness and EMT
programme in CSCs to evaluate the potential role of
CSCs as a therapeutic target of non-small cell lung
cancer cells.

Material and Methods
Cell Culture and CSCs Enrichment:
The human non-small cell lung cancer cell line A549
was purchased from ATCC Cell Bank and was cultured
in Dulbecco’s Modified Eagle Medium (DMEM, Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS) at 37℃, 5% CO2. In order to
6
enrich CSCs from A549 cells, 1×10 A549 cells were
cultured in DMEM/F12 (Gibco, Carlsbad, CA, USA)
supplemented with 20 ng/mL of epidermal growth
factor (EGF, PeproTech, Rocky Hill, NJ, USA), 10
ng/mL of basic fibroblast growth factor (bFGF,
PeproTech, Rocky Hill, NJ, USA) and 2% B-27 (Life
Technologies, Grand Island, NY, USA). Every four days,
medium was half-refreshed. At day 10 and 20, cells
were imaged under a X71 (U-RFL-T) fluorescence
microscope (Olympus, Melville, NY, USA) and stored in
liquid nitrogen.

Propofol Treatment:
Propofol (Sigma–Aldrich, MO, U.S.A.) was diluted
with 10% intralipid. A549 cells or CSCs were incubated
in DMEM supplemented with 10% FBS and without or
without 10-100 umol/L propofol. For Edu staining,
propofol exposure lasted for 24 h. For CCK-8 assay,
cells were co-cultured with propofol for 24, 48 and 72
h. The intralipid treated cells were considered as
negative control.

Cell Cycle Assay:
The cell cycle distribution of cells was checked using
Propidium Iodide (PI, Sigma–Aldrich, MO, U.S.A.)
staining on a flow cytometer. The cells were fixed with
4% paraforlmadhyde, and stained with 5μg/mL PI for
10min in darkness. Then cells were washed three times
with PBS and PI absorbance was determined by
FACS on a flow cytometry (FACSCalibur, Becton
Dickinson, U.S.A.).
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EdU Staining:
For EdU staining, diluted EdU-labeling reagent (Life
Technologies, Grand Island, NY, USA) was added and
incubated with cells for 4 h. Then the medium was
removed and cells were washed with PBS for three
times. Cells were fixed with 4% paraformaldehyde for
15 min at room temperature. Clik-iT kit (Life
Technologies, Grand Island, NY, USA) was employed
for EdU detection following the manufacturer’s
instruction. Then the cells were counterstained with 4’,
6-diamidino-2-phenylindole (DAPI). Images were
taken and analyzed using Image J software.

Transwell Assay:
Cell migration and invasion was evaluated using an
8-mm pore size transwell system (Costar Corp,
Cambridge, MA) without or with pre-coated Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA). Briefly, cells
were dissociated into single cells and resuspended in
5
DMEM medium at a density of 1×10 cells/ml. The top
chamber of the transwell was loaded with 200 μL cell
suspension, and 800 μL DMEM medium supplemented
with 10% FBS was added to each lower chamber.
Following incubation in the incubator for 24 h at 37℃,
the cells remain on the upper surface of upper
chamber were removed, and the cells on the lower
surface of upper chamber were fixed in 4%
paraformaldehyde at room temperature for 10 min and
subsequently stained with 0.25% crystal violet
(Sigma–Aldrich, St. Louis, MO, USA) at room
temperature for 10 min followed by three washed with
PBS. Images of the stained cells from five random
views were taken under a X71 (U-RFL-T) fluorescence
microscope (Olympus, Melville, NY).

Western Blot:
Cells were collected by centrifugation at 800g, 4℃
for 10 min and washed with PBS for three times. Total
protein was extracted using NP-40 lysis buffer
(Beyotime, Shanghai, China), according to the
manufacturer’s instructions. The concentration of total
protein was measured using a BCA detection kit
(Sigma–Aldrich, St. Louis, MO, USA). 20 μg of total
protein was fractionated via 10% sodium dodecyl
sulphate
polyacrylamide
gel
(SDS-PAGE)
electrophoresis, followed by blot transferring onto
polyvinylidene fluoride (PVDF, Life Technologies,
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Grand Island, NY, USA). After blot transferring, PVDF
membrane was blocked in 5% skim milk. Then the
PVDF membrane was incubated with the following
primary antibodies at 4℃ overnight: Rabbit antihuman polyclonal antibody against CD24 (1:1000
diluted; cat.no. ab179821); rabbit anti-human
polyclonal antibody against CD44 (1:1000 diluted;
cat.no. ab157107); rabbit anti-human polyclonal
antibody against CD133 (1:1000 diluted; cat.no.
ab19898); rabbit anti-human polyclonal antibody
against Oct4 (1:1000 diluted; cat.no. ab181557); rabbit
anti-human polyclonal antibody against Nanog (1:1000
diluted; cat.no. ab21624); rabbit anti-human polyclonal
antibody against β-actin (1:5000 diluted; cat.no.
ab8227); rabbit anti-human polyclonal antibody
against E-cadherin (1:1000 diluted; cat.no. ab40772);
rabbit anti-human polyclonal antibody against
Vimentin (1:1000 diluted; cat.no. ab92547); rabbit
anti-human polyclonal antibody against Slug (1:1000
diluted; cat.no. ab27568); rabbit anti-human
polyclonal antibody against Snail (1:1000 diluted;
cat.no. ab82846). All antibodies were purchased from
Abcam (Cambridge, England). After three washes with
PBS supplemented with 0.1% Tween-20, the
membranes were subsequently incubated with
horseradish peroxidase-linked goat anti-rabbit IgG
(1:5000 diluted, cat. no. ab7090) at room temperature
for 2h. Enhanced chemiluminescence solution (Life
Technologies, Grand Island, NY, USA) was added for
luminescent image development. The amount of βacitn was considered as a reference.

RNA Extraction and qRT-PCR:
TRIzol reagent (Life Technologies, Grand Island, NY,
USA) was purchased for RNA extraction. In brief,
cDNA was synthesized by using the Reverse
Transcriptional Kit (RIBOBIO, Guangzhou, China)
from 1 μg of total RNA. The RT reaction was carried
under the following conditions: 10 min at 25°C, 60 min
at 42°C and 10 min at 85°C in total 20 μL of reaction
mixture. Quantitative real-time (qRT)-PCR was
performed in a ABI7500 (Applied Biosystems, Foster
City, CA, USA). The reaction mixture consists of 2 μL
of forward and reverse primers in 10 μL of SYBR
Green mastermix (Life Technologies, Grand Island,
NY, USA) to a total volume of 20 μL. The qRT-PCR
cycle conditions are 2 min at 50°C, 10min at
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95°C, followed by 40 cycles of 15 s at 95°C and 1min
at
60°C. The primer sequences were described
as the
following: E-cadherin Forward: 5’CGAGAGCTACACGTTCACGG -3’, E-cadherin Reverse:
5’-GGGTGTCGAGGGAAAAATAGG
-3’;
Vimentin
Forward: 5’- GACGCCATCAACACCGAGTT -3’,
Vimentin Reverse: 5’- CTTTGTCGTTGGTTAGCTGGT 3’; Slug Forward: 5’- CGAACTGGACACACATACAGTG 3’, Slug Reverse: 5’- CTGAGGATCTCTGGTTGTGGT 3’; Snail Forward: 5’- GCGACCAACATCGAGCAGATT 3’, Snail Reverse: 5’- CTGGTTTCCTTCAATGGGTGT 3’;β-actin Forward: 5- CATGTACGTTGCTATCCAGGC 3;
and
β-actin
Reverse:
5CTCCTTAATGTCACGCACGAT -3. The relative
quantification of LIN28B gene was determined by
using the comparative CT (ΔΔCT) method as
recommended by the manufacturer.

Serial Replating Assay:
For evaluating self-renewal capacity, we assessed
serial replating assay. Briefly, 1000 cells were plated in
DMEM/F12 medium supplemented with 20 ng/mL of
epidermal growth factor, 10 ng/mL of basic fibroblast
growth factor and 2% B-27 and incubated for 10 days.
Then the same number of dissociated cells were
replated. 4 passages were replated.

CCK-8 Assay:
For evaluating the effects of propofol exposure on
cell viability, CCK-8 assay was performed. Cells were
4
seeded in 96-well plates (5×10 cells/well) and 10 μl
CCK-8 solution (Sigma–Aldrich, St. Louis, MO, USA)
was added to each well and incubated at 37℃ for 2 h
in a CO2 incubator. The absorbance value was
measured at 620 nm wavelength on a Multiskan
spectrum microplate reader (Thermo Electron
Corporation, Waltham, MA, USA). The experiments
were repeated three times.

CFSE/PI Double Staining Assay:
The cytotoxicity of propofol was evaluated by
CFSE/propidium iodide (PI, Sigma–Aldrich, MO,
U.S.A.) double staining. Briefly, CFSE-pre-stained cells
were incubated with propofol for 24h, then cells were
stained with 5μg/mL PI for 10 min in darkness. Then
cells were washed three times with PBS and PI
absorbance was determined by FACS on a flow
Manuscript no: 2582-0370-5-94
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cytometry (FACSCalibur, Becton Dickinson, U.S.A.).

Statistical Analysis:
All data in this study were presented as mean ± SD.
T-test was applied to compare between two groups.
Two-way analysis of variance (ANOVA) was used to
analyse the statistical significance. P values less than
0.05 was considered as statistically significant.

Results
Physiological Processes of A549 were Inhibited by
Propofol Treatment:
A549 cells were treated with 0, 10, 25, 50, 75 or 100
umol/L propofol over 24, 48 or 72 h, and cell survival
rate was determined by CCK-8 assay. Treatment with
all these concentrations of propofol exerted no
detectable effects on cell death over 72 h (Fig-1A).
Then cell viability was determined after propofol
exposure. The results were found that, with 75 or 100
umol/L propofol exposure for 24 h, significant
decrease in cell viability was observed compared to
mock group, respectively (Fig-1B). Similar results
were found with exposure to 75 or 100 umol/L
propofol for 24h by performing EdU staining (Fig-1C).
For evaluating the effects of propofol exposure on
malignant behaviors including cell migration and
invasion, transwell assay without or with Matrigel was
performed after 24-hour pretreatment of different
concentration of propofol. As expected, relative low
concentration of propofol decreased both migration
and invasion activity in A549 (Fig-1D), which is
consistent with previous finding [6].

Enrichment and Identification of CSCs from A549
Cells:
The inhibitory effects of propofol on A549 cells
promoted us wonder whether propofol exerts similar
effects on CSCs derived from A549 cells. By
considering the widely accepted method for enriching
the stem-like cells by sphere-forming ability of cancer
cells in serum-free medium, A549 cells were cultured
in serum-free DMEM/F12 supplemented with EGF,
bFGF and B27 for 10 and 20 days. Morphologically,
unattached spheres were observed at both 10 and 20
days (Fig-2A). To confirm whether enriched spheres
present self-renewal capacity, additional serial
replating experiments were performed. By passaging
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for 5 times, no detectable decrease in the number of
formed spheres in each 1000 cells, indicates the
remarkable self-renewal capacity of stem-like cells
enriched from A549 (Fig-2B and Fig-2C). Further,
several hallmarks of stemness, including CD24, CD44,
CD133, Oct4 and Nanog, were determined by semiquantitative western blot. As expected, compared to
parental A549 cells, CD44, CD133, Oct4 and Nanog
were found significantly upregulated in both 10-day
and 20-day spheres (Fig-2D).

The Effects of Propofol Treatment on Physiological
Processes of CSCs Derived from A549 Cells:

By considering the inhibitory effects of different
concentration of propofol on A549’s malignant
behaviors including proliferation, migration and
invasion (Fig-1), we wonder whether propofol exerts
similar effects to CSCs enriched from A549. By
performing CCK-8 assay, surprisingly, it is found that
50, 75 and 100 umol/L propofol exposure obviously
promoted cell viability after 24 and 48 h (Fig-3A). For
further confirming its effects on proliferation of CSCs,
50 umol/L propofol was employed. As shown in Fig3B, it is observed that propofol exposure significantly
promoted cell viability, which is opposite with our
expectation. In order to rule out the possibility of

Fig-1: Propofol treatment inhibited A549 malignant behaviors in a dose-dependent way
(A) CFSE/PI double staining was performed to identify the effects of 10, 25, 50 or 100 uM propofol on cell survival rate.
(B) CCK-8 assay was performed to evaluate cell viability after propofol treatment. (C) EdU staining assay was performed to
identify the effects of propofol on cell proliferation. (D) Transwell assay without or with Matrigel were performed to evaluate
propofol’s effects on migration and invasion, respectively.
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Fig-2: Enrichment and identification of CSCs from parental A549 cells
(A) Morphology of A549 CSCs after 10 and 20-day culture. (B) Serial replating assay was performed to identify the selfrenewal capacity of A549 CSCs. (C) Semi-quantitative Western blot was performed to identify the expressing levels of hallmarks
of CSCs, including CD24, CD44, CD133, oct4 and nanog normalized to β-actin.

promoting viability instead of promoting proliferation,
propofol-exposed CSCs were fixed with 4%
paraformaldehyde and stained with 5ug/ml PI followed
by cytometric analysis. The results confirmed that,
propofol exposure decreased the proportion of G1/G0
phase in CSCs, and oppositely, arrested cell phase at
G1/G0 in A549 cells, which explain that the opposite
effects in CSCs and A549 cells (Fig-3C). We then
evaluate the effects of propofol on migration and
invasion in CSCs. Surprisingly, propofol treatment
inhibited migration and invasion in CSCs, which is
similar in A549 cells (Fig-3D).

Propofol Treatment Inactivated EMT Program and
Decreased Stemness of CSCs:
EMT has been accepted as a key and reversible
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process, which allows cancer cells to be activated
during the metastasis process [21,22]. By considering
the effects of propofol on migration and invasion in
CSCs enriched from A549 cells, we measured the
relative expressing levels of EMT hallmarks, including
E-cadherin, Vimentin, Slug and Snail. As shown in Fig4A and Fig-4B, both mRNA and protein levels of Ecadherin, were upregulated and which of Vimentin,
Slug and Snail were downregulated in propofol-treated
CSCs, compared to untreated CSCs, demonstrating
that propofol treatment inactivated EMT program. It
has been reported that the changes in expressing levels
of these hallmarks of EMT made the cells acquire the
morphological changes [23]. After being cultured in
propofol- contained medium for 3-6 days, spheres
attempted to attached cells (Fig-4C), indicates that
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Fig-3: The effects of propofol on physiological processes of CSCs derived from A549 cells
(A & B) CCK-8 assay was performed to detect the effect of propofol exposure on proliferation. (C) PI stained cells were
analyzed using flow cytometry assay to evaluate the distribution of cell cycle phases. (D) Transwell assay without or with
Matrigel was performed to evaluate the effects of propofol exposure on migration or invasion.

Fig-4: Propofol exposure inactivated EMT program and decreased stemness of CSCs derived from A549
RT-qPCR (A) and semi-quantitative Western blot (B) were performed to evaluate the expressing levels of hallmarks of EMT.
(C) morphological changes after propofol exposure was imaged. (D) Serial replating assay was performed to detect the
maintenance of stemness of CSCs derived from A549.
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propofol treatment promoted cells differentiation or
inhibited maintenance of stemness. By performing
self-replating experiment, it is confirmed that propofol
exposure decreased self-renewal capacity of CSCSs
(Fig-4D).

Propofol Treatment Regulated Physiological
Processes of CSCs Potentially Via Inactivating
EMT Program:
Transforming growth factor-β is the most studied
growth factor which plays a central regulating role in
activating EMT. In this study, by employing TGF-β as
an EMT-activator before propofol exposure, we tried to
clarify whether the effects of propofol exposure on
physiological processes of CSC by inactivating EMTprogram. By measuring the hallmarks of EMT with
semi-quantitative Western blot, it is illustrated that
upregulation of EMT hallmarks by TGF-β stimulation
is inhibited after propofol exposure, indicates that
propofol exposure not only morphologically inhibited

migration and invasion, but also affected EMT
signaling in CSCs (Fig-5A). By performing Transwell
assay with Matrigel, the consistent results were
obtained with the expressing levels of EMT hallmarks
(Fig-5B). TGF-β promoted cell proliferation was also
inhibited by propofol exposure in CSCs (Fig-5C). By
performing serial replating experiments, as expected,
propofol decreased self-renewal capacity in CSCs and
exerted antagonistic effect on maintaining stemness by
TGF-β stimulation (Fig-5D).

Discussion
Although rapid advances in diagnostic and operative
techniques have been developed, due to the advanced
stage of lung cancer, it remains one of the most
difficult human malignancies to treat, which leads to
low survival rate and poor life quality. Recently,
attention has been attracted on the potential roles of
CSCs on regulating malignant behaviors, including
metastasis and recurrent. Anesthesia represents one of

Fig-5: The inhibition of EMT by propofol exposure potentially leads to cell cycle arrest
(A) Hallmarks of EMT in untreated (mock), propofol treated (Propofol), TGF-β treated (TGF-β) and propofol/ TGF-β cotreated (propofol/ TGF-β) cells were evaluated. (B) Transwell with or without matrigel were performed to detect the migration
and invasion ability. (C) Cell viability of above-mentioned cells was measured. (D) Serial replating assay was performed.
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the most critical medical advances in human history
and widely used for cancer resection, which made its
regulatory role on cancer cells important. Although
intensive investigation on the effects of anesthetic
agent, including propofol, have been performed, little
is known about the effects of anesthetic agent on CSCs,
which contributes to malignant behaviors in cancer
cells.
Propofol is one of the most well-known and widely
used anesthetics for decades. Numerous reports have
demonstrated its regulatory roles on different kinds of
cancer cells. Garib and colleagues found that clinical
concentration of propofol (34 umol/L) activated
migrating activity of breast carcinoma cells MDA-MB468
via
promoting
EMT-programme
[24].
Interestingly, in several human cancer cells, including
Hela, HT1080, HOS and RPMI-7951, the clinical
concentration of propofol (5.6-28.0 umol/L) exposure
decreased the migrating and invasive abilities by
inhibiting EMT programme [3]. Also, Liu et al.
reported that propofol stimulation promoted invasion
of A549 cells [6]. By considering the contradictory
results, we set a concentration range of propofol (10100 umol/L) exposure to test its effect on the
malignant behaviors of A549 and CSCs derived from
A549. Our results showed that A549 and CSCs derived
from A549 present different reacting sensitivity to
propofol. Propofol exposure inhibited migrating and
invasive abilities in both A549 and CSCs derived from
A549. However, instead of inhibiting proliferation in
A549, propofol exposure promoted proliferation in
CSCs.
In this study, we exposed non-small cell lung cancer
cells A549 and CSCs derived from A549 to propofol,
and tested its efficacy against the physiological
processes,
including
self-renewal
capacity,
proliferation, migration and invasion. This preclinical
study documented that propofol exposure exerted
inhibitory effects to malignant behavior in A549 cells.
In CSCs, despite of promoting proliferation, propofol
exposure also inhibited malignant behaviors. We found
that propofol treatment significantly decreased the
maintenance of self-renewal capacity in CSCs by
inactivating EMT-programme. The inducing effects of
EMT by TGF-β was confirmed in CSCs, and propofol
treatment abolished the induction of TGF-β on EMT.
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This indicated the potential mechanism of propofol’s
regulating effects on CSCs via affecting EMT
programme. By considering that all our experiments
were carried out in vitro, the exact roles of propofol on
lung epithelial cancer cells and CSCs should be
detected in vivo.
In conclusion, our findings are consistent with
previous report showing that propofol treatment
inhibited physiological processes in A549 cells. It is the
first time to evaluate the effects of propofol exposure
on CSCs derived from non-small cell lung cancer cells
and its inhibitory effects towards to CSCs potentially
via regulating EMT was confirmed. Taken together,
our results suggest that propofol can be an anesthetic
agent that play inhibitory effects not only to non-small
cell lung cancer cells, but also the CSCs, which is a
critical sub-population contributes to poor prognosis.
All our data may provide therapeutic suggestions on
the usage of propofol in non-small cell lung cancerrelated surgery.
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