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Abstract. Propofol (2,6‑diisopropylphenol) is one of the
most commonly used intravenous anesthetics and possesses
a number of non‑anesthetic effects, including antitumor
function. The aim of the present study was to elucidate the
antitumor molecular mechanism of propofol on A549 and
H1299 cells. A549 and H1299 cells were treated in the pres‑
ence or absence of different concentrations (0, 60 or 120 µmol)
of propofol for different durations (0, 24, 48 or 72 h), and
proliferation was detected by MTT and colony formation
assays; the protein levels of optineurin (OPTN) ubiquitination,
HECT domain and ankyrin repeat containing E3 ubiquitin
protein ligase 1 (HACE1), methyl‑CpG binding domain
protein 3 (MBD3) and Microtubule‑associated protein
1A/1B‑light chain 3 were detected by immunoblotting or
quantitative (q)PCR; the methylation state of the HACE1 gene
promoter was detected by bisulfite DNA sequencing; and
binding of MBD3 on HACE1 gene promoter was detected
by chromatin immunoprecipitation‑qPCR. Propofol inhib‑
ited proliferation of A549 and H1299 cells and promoted
HACE1‑OPTN axis‑mediated selective autophagy activity by
increasing the protein expression levels of HACE1 via demeth‑
ylating its promoter region. Furthermore, propofol promoted
expression levels of MBD3 and binding to the ‑1,000 to ‑1 bp
(transcription start site) region of HACE1 gene promoter.
MBD3‑knockdown experiments indicated that propofol inhib‑
ited proliferation of A549 cells in a MBD3‑dependent manner.
Thus, the findings of the present study provided a potential
antitumor molecular mechanism mediated by propofol.
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Introduction
Anesthetics are important chemical drugs that allow patients
to undergo operations involving severe pain where the patient
must not move, such as dental treatment (1,2). Propofol
(2,6‑diisopropylphenol) is one of the most commonly used
intravenous anesthetics globally as the depth of anesthesia
induced by propofol can be controlled to a greater degree
compared with other anesthetics, such as midazolam,
etomidate, thiopental sodium and ketamine (1,3‑5). At the
same time, propofol possesses a number of non‑anesthetic
effects, including antitumor function, which has been widely
reported (6,7).
Lung cancer is a leading cause of mortality worldwide
and accounts for >1,000,000 deaths every year (6,8,9). The
5‑year survival rate of patients with lung cancer is <17% (6).
Different anticancer strategies have been developed and
used in clinical treatment of lung cancer, including surgery,
chemotherapy, immunotherapy and targeted therapy (10‑13).
However, these strategies do not effectively improve the
long‑term survival rate of patients with lung cancer, so novel
effective therapeutic interventions and targets are urgently
needed. Propofol suppresses growth, migration and invasion
of human lung adenocarcinoma A549 cells by upregulation of
microRNA (miR)‑1284 and downregulation of miR‑372 (6,14).
Considering propofol is widely used in clinical practice, it is
important to explore the association between propofol and
lung cancer, as well as the underlying molecular mechanisms.
Autophagy is a conserved complex process which main‑
tains the normal function and structure of cells (15,16).
Autophagy is involved in the occurrence and progression
of lung cancer. For example, Xue et al (17) demonstrated
that apoptosis stimulating protein of p53 promotes tumor
growth by increasing autophagic flux in human non‑small
cell lung cancer, whereas HECT domain and ankyrin repeat
containing E3 ubiquitin protein ligase 1 (HACE1) acts as a
tumor suppressor by ubiquitinating optineurin (OPTN) and
activating selective autophagy (18). Autophagy is also involved
in lung cancer therapy, chemotherapy induces tumor cell
autophagy, and inhibiting autophagy enhances the sensitivity
of lung cancer cells to chemotherapy (19).
The association between propofol and autophagy is complex.
For example, propofol attenuates hypoxia/reoxygenation‑induced
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autophagy in HK‑2 cells, but induces autophagy in C2C12
cells (16). The present study aimed to elucidate the antitumor
molecular mechanism of propofol on human lung adenocarci‑
noma cells and its potential application on lung cancer therapy.
Materials and methods
Plasmid construction. Short hairpin (sh)RNAs for MBD3
and HACE1 were designed and inserted into pLKO.1 plasmid
purchased from Sigma‑Aldrich (Merck KGaA); their specific
sequences are provided in Table I.
Cell culture and transfection. Human A549 and H1299 cell
lines were purchased from American Type Culture Collection
and cultured in DMEM (Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS, 100 U/ml penicillin and
100 mg/ml streptomycin (all Gibco; Thermo Fisher Scientific,
Inc.) in a 37˚C humidified atmosphere of 5% CO2. The plasmids
containing MBD3 or HACE1 shRNA (3 µg) were transfected
into A549 cells using Lipofectamine® 2000 (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions,
and screened using puromycin (5 µg/ml, Thermo Fisher
Scientific, Inc.) for 48 h after transfection.
Propofol and cycloheximide (CHX) treatment. Pure propofol
was purchased from Sigma‑Aldrich (Merck KGaA) and stock
solution of propofol (21 mmol/l) was prepared in DMSO
(Sigma‑Aldrich; Merck KGaA). The propofol concentrations
used were as previously described (20). The stock solution of
propofol was diluted to 0.21, 0.18, 0.15, 0.12, 0.09, 0.06 and
0.03 mmol/l with DMSO (<1%) before addition to DMEM
medium supplemented with 10% FBS, 100 U/ml penicillin
and 100 mg/ml streptomycin (1:100). A549 and H1299 cells
treated with the indicated concentrations of propofol were
diluted from stock solution and an equal volume of DMSO was
added to the controls (A549 or H1299 cells that did not receive
propofol treatment). CHX was purchased from Sigma‑Aldrich
(Merck KGaA), and stock solution of CHX (100 µg/ml)
was prepared in DMSO. For protein stability experiments,
A549 cells were treated with CHX (100 µg/ml) as well as
propofol at the indicated time point (0, 2 or 4 h) at 37˚C.
Cell proliferation assay. A total of 3,000 cells was seeded
into 96‑well plates and treated in the presence or absence of
propofol. The 0 h time point was defined as 6 h after cells
were seeded. After 0, 24, 48 or 72 h, the cells were incubated
with MTT solution (cat. no. C0009; Beyotime Institute of
Biotechnology) for 4 h at 37˚C, then the product (formazan)
was dissolved in DMSO and quantified spectrophotometri‑
cally at a wavelength of 570 nm using a Microplate Reader
(Bio‑Rad Laboratories, Inc.). Experiments were conducted
with six replicates and repeated three times.
Colony formation assay. A total of 1,000 cells was seeded
into 6‑well plates and treated in the presence or absence of
propofol. After 7 days, plates were fixed with 4% paraformal‑
dehyde (Merck KGaA) at room temperature for 30 min, stained
with 0.1% crystal violet (cat. no. C0121; Beyotime Institute of
Biotechnology) at room temperature for 30 min and washed
three times with PBS buffer. Images were captured using a

Table Ⅰ. Sequences of shRNAs for MBD3 and HACE1.
shRNA
MBD3
Scramble
shMBD3‑1
shMBD3‑2
shMBD3‑3
HACE1
shHACE1‑1
shHACE1‑2

Target site sequence (5'→3')
GCGCGATAGCGCTAATAATTT
AGCAACAAGGTCAAGAGCGAC
GACCTGAGCACCTTCGACTTC
GCCGGTGACCAAGATTACCAA
CCAGAAATTGATGTGAGTGAT
GCTGTGCCATATACTCCAAAT

shRNA, short hairpin RNA; MBD3, methyl‑CpG binding
domain protein 3; HACE1, HECT domain and ankyrin repeat
containing E3 ubiquitin protein ligase 1.

camera, the number of colonies were counted manually and
the average number were calculated.
Reverse transcription‑quantitative (RT‑q) PCR. Total RNA
was extracted from cells using a total RNA kit (Tiangen
Biotech Co., Ltd.). Complementary DNA was synthesized
using ReverTra Ace qPCR RT Master Mix (Toyobo Life
Science) at 37˚C for 15 min, and 95˚C for 5 min, according to
the manufacturer's protocol. RT‑qPCR was performed on an
ABI 7500 fast real‑time PCR system (pre‑denaturation at 95˚C
for 2 min; denaturation at 95˚C for 30 sec, annealing/exten‑
sion at 60˚C for 34 sec, 40 cycles; Applied Biosystems;
Thermo Fisher Scientific, Inc.) to assess the relative abundance
of HACE1 and MBD3 mRNA using specific primers (Table II)
with staining by SYBR Green (Toyobo Life Science). The rela‑
tive abundance of HACE1 and MBD3 was normalized to that
of GAPDH using the 2‑ΔΔCq method (21,22). A total of three
independent experiments was performed.
Bisulfite DNA sequencing. Genomic DNA (gDNA) was
extracted from A549 cells treated in the presence or absence
of propofol using the standard phenol‑chloroform extraction
method (23). Then, gDNA was treated with bisulfite using the
CpGenome Turbo Bisulfite Modification kit (EMD Millipore)
according to the manufacturer's instructions (24). The modi‑
fied DNA was amplified using Platinum Taq DNA Polymerase
(Thermo Fisher Scientific, Inc.) with the respective primer
sets (Table II) that recognize bisulfite‑modified DNA only.
Then, PCR products were cloned into the pMD18‑T vector
(Takara Bio, Inc.) and Sanger sequencing was performed by
an external company (BioSune Bio, Inc; www.biosune.com).
Immunoprecipitation and immunoblotting. For immunopre‑
cipitation, cells were lysed in RIPA buffer [50 mM Tris‑HCl
(pH 7.6), 150 mM NaCl, 5 mM EDTA, 0.1% SDS and
1% NP‑40] supplemented with a protease inhibitor cocktail,
cell lysates were centrifuged at 4˚C with 12,000 x g for 10 min,
incubated with OPTN antibody (1:100; cat. no. 10837‑1‑AP;
ProteinTech Group, Inc.) or normal rabbit IgG (1:100;
cat. no. 2729; Cell Signaling Technology, Inc.), and Protein G
agarose beads (Merck KGaA) overnight at 4˚C, washed three
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Table Ⅱ. Sequences of primers used for RT‑qPCR, ChIP‑qPCR and bisulfite DNA sequencing.
A, RT‑qPCR		
Target gene

Forward primer (5'→3')

Reverse primer (5'→3')

AGGTGAAGGTCGGAGTCAACG
TGCCAGAACGGTCACAAGACG
GAGAGGGAAGAAGTGCCCAGAAG

CTCAGCCTTGACGGTGCCAT
CTGTGCTGTATCTCTCTGACCATGA
GGAAGTCGAAGGTGCTCAGGTC

Forward primer (5'→3')

Reverse primer (5'→3')

TTTGCTTCCCACCCATTTCCTG
AAGAGGCCAAGCAAGACTGGAAC
AAGTGTTCAACTTCTGTGCAGAGC

CTTCTGTGGCCCAGACAGTTTCAAC
CATTGCACTCCAGCCTGGGT
GACACAGCCTAGTGGGAAATCCA

GAPDH
HACE1
Methyl‑CpG binding domain protein 3
B, ChIP‑qPCR		
Target gene
F1R1
F2R2
F3R3

C, Bisulfite DNA sequencing		
Target gene
HACE1 promoter

Forward primer (5'→3')
ATAGGGATATAATATAGTTTAA

Reverse primer (5'→3')
AAAAACTATAATTTCCAACTA

RT‑q, reverse transcription‑quantitative; ChIP, chromatin immunoprecipitation; HACE1, HECT domain and ankyrin repeat containing E3 ubiq‑
uitin protein ligase 1. F, forward primer; R, reverse primer.

times with COIP buffer at 4˚C. The immunoprecipitates were
enriched and denatured at 100˚C for 10 min in 2X SDS‑PAGE
loading buffer. The inputs, immunoprecipitates and cell lysates
(10 µl/lane) were then subjected to SDS‑PAGE (10%) and
transferred to PVDF membranes (Bio‑Rad Laboratories, Inc.)
with 200 mA for three hours as previously described (25). The
membrane was blocked with 5% non‑fat milk at room temper‑
ature for 1 h and incubated with appropriate antibodies against
GAPDH (1:5,000; cat. no. 60004‑1‑Ig; ProteinTech Group,
Inc.), HACE1 (1:1,000; cat. no. ab133637; Abcam), ubiquitin
(1:500; cat. no. sc‑47721; Santa Cruz Biotechnology, Inc.),
OPTN (1:2,000), microtubule‑associated protein 1A/1B‑light
chain 3 (LC3) (1:500; cat. no. L7543; Sigma‑Aldrich;
Merck KGaA), MBD3 (1:1,000; cat. no. 14258‑1‑AP;
ProteinTech Group, Inc.), tet methylcytosine dioxygenase
(TET)1 (1:1,000; cat. no. 61444; Active Motif, Inc.), TET2
(1:1,000; cat. no. 21207‑1‑AP; ProteinTech Group, Inc.),
metastasis‑associated 1 family member 2 (MTA2) (1:1,000;
cat. no. 66195‑1‑Ig; ProteinTech Group, Inc.) or TET3 (1:800;
cat. no. 61395; Active Motif, Inc.) overnight at 4˚C, washed
three times with TBST (50 mM Tris‑HCl, 150 mM NaCl and
0.1% Tween‑20, pH 7.6), and then incubated with secondary
antibodies [HRP‑conjugated Affinipure Goat Anti‑Mouse IgG
(H+L), cat. no. SA00001‑1, 1:5,000 dilution; HRP‑conjugated
Affinipure Goat Anti‑Rabbit IgG (H+L), cat. no. SA00001‑2,
1:5,000 dilution.] at room temperature for one hour, washed
three times with TBST, the signals were visualized with
high‑sig ECL Western Blotting Substrate (cat. no. 180‑5001,
Tanon Science and Technology Co., Ltd.) using a Tanon 5200
Imaging System (Tanon Science and Technology Co., Ltd.).
Gray values of protein bands were quantified using ImageJ

software (version 1.52; National Institutes of Health) and
calculated.
Chromatin immunoprecipitation (ChIP). ChIP experi‑
ments were performed as previously described (26). Briefly,
A549 cells treated in the presence or absence of propofol
were crosslinked in 1% formaldehyde (Sigma‑Aldrich;
Merck KGaA) for 10 min at room temperature, followed
by quenching in 125 mM glycine, then washed three times
with ice‑cold PBS, and resuspended with 270 µl lysis buffer
[50 mM Tris‑Cl (pH 8.0), 10 mM EDTA, 1% SDS and protease
inhibitor]. Following incubation on ice for 5 min, cells were
sonicated with Bioruptor (Diagenode SA) for 15 cycles of
30 sec on, 30 sec off at high setting. Samples were centrifuged
at 13,000 x g for 10 min at 4˚C. Then, 100 µl supernatant was
diluted 10 times with ChIP dilution buffer [20.00 mM Tris‑Cl
(pH 8.0), 0.01% SDS, 1.10% Triton X‑100, 1.10 mM EDTA and
167.00 mM NaCl] and incubated with 5 µg control rabbit IgG
(cat. no. 2729; Cell Signaling Technology, Inc.) or anti‑MBD3
(cat. no. 14258‑1‑AP; ProteinTech Group, Inc.) antibody at 4˚C
overnight. Samples were further incubated with 40 µl Protein
G beads at 4˚C for 2 h. The beads were washed three times with
low salt wash buffer [20.0 mM Tris‑Cl (pH 8.0), 150.0 mM
NaCl, 0.1% SDS, 1.0% Triton X‑100, 2.0 mM EDTA], three
times with high salt wash buffer [20.0 mM Tris‑Cl (pH 8.0),
500.0 mM NaCl, 1.0% NP‑40, 0.1% SDS, 2.0 mM EDTA],
three times with LiCl wash buffer [20 mM Tris‑Cl (pH 8.0),
500 mM LiCl, 1% NP‑40, 1 mM EDTA, 1% deoxycholate] and
three times with TE buffer [100 mM Tris‑Cl (pH 8.0), 1 mM
EDTA]. The washed beads were resuspended with 500 µl
fresh elution buffer (1.0% SDS and 0.1 M sodium bicarbonate)
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Figure 1. Propofol inhibits proliferation of human A549 cells. (A) Propofol inhibits proliferation of A549 cells in a dose‑dependent manner. Viability of
A549 cells was detected by MTT assay at 72 h after treatment with propofol (0, 30, 60, 90, 120, 150, 180 and 210 µmol/l). (B) Propofol inhibits proliferation
of A549 and H1299 cells in a time‑dependent manner. The viability of A549 or H1299 cells was detected by MTT assay at different time points (0, 24, 48
and 72 h) following treatment with propofol (60 or 120 µmol/l). The 0 h time point was 6 h after cells were seeded. (C) Propofol inhibits the colony formation
of A549 cells. A total of 1,000 A549 cells were seeded into 6‑well plates and treated with propofol for 7 days. Plates were fixed, stained and colony numbers
were counted and calculated. Scale bar, 1 cm. Data are expressed as the mean ± SD and analyzed using one‑way ANOVA with Tukey's post hoc test. *P<0.05,
**
P<0.01.

and incubated at 65˚C for 30 min. Eluted DNA was adjusted
to 300 mM NaCl and incubated at 65˚C for 4 h, followed by
incubation at 55˚C for 1 h with 50 µg proteinase K. DNA was
purified using the phenol‑chloroform method and subjected
to the same qPCR analysis as aforementioned (26). Primer
sequences are presented in Table II.
Statistical analysis. Data are presented as the mean ± SD of ≥3
independent repeats. One‑way ANOVA was performed with
Tukey's post hoc multiple comparisons test using GraphPad
Prism software version 5.0 (GraphPad Software, Inc.). P<0.05
and P<0.01 were considered to indicate a statistically signifi‑
cantly difference.
Results
Propofol inhibits proliferation of human A549 cells. In order
to detect the effect of propofol on human non‑small cell lung
cancer, A549 cells were treated in the presence or absence of
propofol (0, 30, 60, 90, 120, 150, 180 and 210 µmol/l). MTT assay
indicted that propofol inhibited proliferation of A549 cells in a
dose‑dependent manner (Fig. 1A). Propofol exhibited signifi‑
cant cell proliferation inhibition at 60, 90 and 120 µmol/l
(Fig. 1A). Propofol at >120 µmol/l resulted in little further
inhibition; therefore, concentrations of 60 and 120 µmol/l were

selected for use in further experiments (Fig. 1A). Then, the
viability of A549 and H1299 cells was detected at different
time points (0, 24, 48 and 72 h) following treatment in the
presence or absence of propofol (60or 120 µmol/l), which
demonstrated that propofol exhibited an inhibitory effect in
a time‑dependent manner (Fig. 1B). Furthermore, a colony
formation assay was performed; decreased colony numbers
were observed in propofol‑treated groups compared with
the control group (Fig. 1C). These results demonstrated that
propofol inhibited proliferation of A549 cells.
Propofol promotes demethylation of HACE1 gene promoter in
human A549 cells. Propofol increased protein expression levels
of HACE1 (Fig. 2A); further study indicated that propofol
increased the expression levels of HACE1 primarily at the
transcriptional, but not translational, level (Fig. 2B and C).
Subsequently, a DNA methylation detection experiment was
performed, which demonstrated that propofol promoted
demethylation of HACE1 gene promoter in a dose‑dependent
manner in A549 cells (Fig. 2D).
Propofol activates HACE1‑OPTN axis‑mediated autophagy
in human A549 and H1299 cells. Ubiquitination of the
autophagy receptor OPTN by HACE1 has previously been
shown to activate selective autophagy, resulting in tumor
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Figure 2. Propofol promotes demethylation of HACE1 gene promoter in human A549 cells. Propofol promotes (A) protein and (B) mRNA expression levels
of HACE1. A549 cells were treated with propofol (60 or 120 µmol/l) for 72 h, and then the protein and mRNA expression levels of HACE1 were detected
by immunoblotting and quantitative PCR, respectively. (C) Propofol does not affect the expression levels of HACE1 on a translational level. A549 cells were
treated in the presence or absence of propofol and CHX (100 µg/ml) for the indicated time duration (0, 2 or 4 h), and protein expression levels of HACE1 were
detected by immunoblotting. (D) Percentages of methylated DNA at each site in the HACE1 gene promoter (‑500 bp to TSS) were determined via bisulfite
sequencing. Genomic DNA was extracted from propofol‑treated A549 cells and subjected to bisulfite sequencing. Lines represent individual clones; circles
represent individual CpG islands. Tables show percentage of methylated CpG for each CpG island. Data are expressed as the mean ± SD. *P<0.05, **P<0.01.
HACE1, HECT domain and ankyrin repeat containing E3 ubiquitin protein ligase 1; CHX, cycloheximide; TSS, transcription start site; IB, immunoblot.
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Figure 3. Propofol promotes OPTN ubiquitination and autophagy activity in human A549 and H1299 cells. A549 or H1299 cells were treated with propofol
(60 or 120 µmol/l) for 72 h. Then, cell lysates were immunoprecipitated with anti‑OPTN antibody and subjected to immunoblotting. LC3 Ⅱ/Ⅰ expression levels
were also detected and calculated. OPTN, optineurin; HACE1, HECT domain and ankyrin repeat containing E3 ubiquitin protein ligase 1; IB, immunoblot;
LC3, Microtubule‑associated protein 1A/1B‑light chain 3.

suppression in lung cancer (18). It was therefore investigated
whether propofol activated HACE1‑OPTN axis‑mediated
autophagy. The ubiquitination of OPTN notably increased
when A549 or H1299 cells were treated with propofol
(Fig. 3A). LC3 is the most commonly used marker of autopha‑
gosomes (18); the ratio of LC3 II to LC3 I notably increased
in propofol‑treated groups compared with the control group
(Fig. 3A). These data indicated that propofol activated
HACE1‑OPTN axis‑mediated autophagy.
Propofol promotes expression levels of MBD3 and binding to
HACE1 gene promoter. As propofol promoted demethylation
of HACE1 gene promoter (Fig. 2C), the underlying molecular
mechanism was investigated. Demethylation‑associated
molecules, including TET1, TET2, TET3, MBD3 and MTA2),
were detected by immunoblotting in A549 cells treated in the
presence or absence of propofol. Propofol exhibited no notable
effect on the protein expression levels of TET1, TET2, TET2
and MTA2, but significantly increased MBD3 protein expres‑
sion levels compared with the control group (Figs. 4A and S1).
Further study demonstrated that propofol increased the
expression levels of MBD3 primarily at the transcriptional
level (Fig. 4B). As MBD3 is a transcription factor, it was then
determined whether MBD3 could bind to the promoter of
HACE1. The present study demonstrated that MBD3 prefer‑
entially bound the ‑1000 to ‑1 bp region of HACE1 promoter
(Fig. 4C) in a dose‑dependent manner (Fig. 4D). These data
indicated that propofol promoted demethylation of HACE1

promoter by regulating MBD3 expression levels and binding
to HACE1 promoter.
Propofol inhibits proliferation of human A549 cells in a
MBD3‑dependent manner. A total of three shRNAs for
MBD3 were designed and transfected into A549 cells;
immunoblotting analysis indicated that both the protein
and mRNA expression levels of MBD3 were signifi‑
cantly decreased in cells transfected with shMBD3‑1 or
shMBD3‑2 compared with cells transfected with scramble
(Fig. 5A and B). The shRNAs for MBD3 (shMBD3‑1 and
sh shMBD3‑2) were selected for further study. The present
results also indicated that MBD3 knockdown decreased the
protein expression levels of HACE1 (Fig. 5A). Furthermore,
MTT and colony formation assays indicated that MBD3
knockdown abolished propofol‑mediated inhibition of cell
proliferation (Fig. 5C and D). These results demonstrated
that propofol inhibited proliferation of human A549 cells in
a MBD3‑dependent manner.
Downregulation of HACE1 promotes proliferation of
A549 cells. In order to investigate the effect of HACE1 on cell
proliferation, two HACE1 shRNAs were designed and tested
in A549 cells. Immunoblotting analysis indicated that HACE1
significantly decreased in cells transfected with shHACE1‑1
or shHACE1‑2 compared with cells transfected with scramble
(Fig. 5E). MTT assay demonstrated that HACE1 knockdown
promoted proliferation of A549 cells (Fig. 5F).
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Figure 4. Propofol promotes expression levels of MBD3 and binding to HACE1 gene promoter. A549 cells were treated with propofol for 72 h. (A) Protein
expression levels of demethylation‑associated molecules (TET1, TET2, TET3 and MBD3) were detected by immunoblotting. (B) Propofol promotes the mRNA
expression levels of MBD3. mRNA expression levels of MBD3 gene were detected by qPCR. (C) MBD3 preferentially bound to the ‑1,000 to ‑1 bp region of
human HACE1 gene promoter. Primers for different regions of HACE1 gene promoter were designed and chromatin immunoprecipitation‑quantitative PCR
was performed using anti‑MBD3 antibody. (D) Propofol promotes the binding of MBD3 on HACE1 gene promoter. Data are expressed as the mean ± SD and
analyzed using one‑way ANOVA with Tukey's post hoc test. *P<0.05, **P<0.01. MBD3, methyl‑CpG binding domain protein 3; HACE1, HECT domain and
ankyrin repeat containing E3 ubiquitin protein ligase 1; TET, tet methylcytosine dioxygenase; IB, immunoblot.

Discussion
Besides anesthetic properties, propofol possesses numerous
non‑anesthetic effects (6). For example, Hsing et al (27)
showed propofol decreases reactive oxygen species genera‑
tion, thus inhibiting endotoxic inflammation. Cui et al (28)
demonstrated that propofol prevents oxygen or glucose
deprivation‑induced autophagy in PC‑12 cells, as well as
cerebral ischemia‑reperfusion injury in rats. The association
between propofol and tumors has been extensively studied,
revealing that propofol serves as a tumor suppressor or

promoting factor depend on the type of cancer (29,30).
The present study demonstrated that propofol inhibited
proliferation of human A549 and H1299 cells. Propofol has
been shown to suppress growth, migration and invasion of
A549 cells by upregulation of miR‑1284 and downregula‑
tion of miR‑372 (14,31), which is consistent with the results
of present study. In the present study, propofol >120 µmol/l
exhibited little inhibition; however, the specific underlying
mechanism requires further investigation, although it was
hypothesized that the concentration of propofol reached
saturation at 120 µmol/l.
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Figure 5. Propofol inhibits proliferation of human A549 cells in a MBD3‑dependent manner. (A) MBD3 knockdown decreased the expression levels of HACE1.
A549 cells were transfected with shRNAs (scramble control, 1, 2 or 3) for MBD3, and then subjected to screening for puromycin resistance to establish stably
expressed cell lines. Protein expression levels of MBD3 and HACE1 were detected by immunoblotting. (B) Assessment of knockdown efficiency of MBD3
shRNAs by RT‑qPCR. Total RNA was extracted from A549 cells stably transfected with MBD3 shRNAs, then complementary DNA was synthesized, and
mRNA expression levels of MBD3 were detected by qPCR. A549 cells stably transfected with MBD3 shRNAs (scramble, 1 or 2) were treated in the presence or
absence of propofol. (C) MBD3 knockdown abolished the inhibitory effect of propofol on cell proliferation, as detected by MTT assay. (D) MBD3 knockdown
abolished the inhibitory effect of propofol on cell colony formation. The viability of A549 cells was detected by MTT assay. Scale bar, 1 cm. (E) Assessment of
knockdown efficiency of shRNAs for HACE1 by immunoblotting. A549 cells were transfected with shRNAs (scramble, 1 or 2) for HACE1, and then subjected
to screening for puromycin resistance to establish stably expressed cell lines. The protein expression levels of HACE1 were detected by immunoblotting.
(F) HACE1 knockdown promotes proliferation of A549 cells. The viability of A549 cells stably transfected with HACE1 shRNAs were detected by MTT
assay. Data are expressed as the mean ± SD of three independent experiments and analyzed using one‑way ANOVA with Tukey's post hoc test. *P<0.05,
**
P<0.01. MBD3, methyl‑CpG binding domain protein 3; HACE1, HECT domain and ankyrin repeat containing E3 ubiquitin protein ligase 1; sh, short hairpin;
RT‑q, reverse transcription‑quantitative; IB, immunoblot.
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HACE1 is frequently downregulated or lost in numerous
types of tumor, such as lung and liver cancer, and acts as a
tumor suppressor by ubiquitinating OPTN and activating
selective autophagy (18,24). The study found that propofol
promoted HACE1 expression levels by demethylating HACE1
gene promoter, which activated HACE1‑OPTN axis‑mediated
autophagy.
In mammalian cells, DNA methylation and demethylation
are critical for regulating gene expression levels and serve impor‑
tant roles in physiological and pathological processes, such as
mammalian puberty and cancer development (32). MBD3 induces
gDNA demethylation at specific targets and is also involved in
maintaining the demethylated and active state of numerous genes,
including progonadoliberin‑1, serine/threonine‑protein kinase
Chk2 and 39S ribosomal protein L32, mitochondrial (26,33‑35).
The present findings indicated that propofol promoted expres‑
sion levels of MBD3 and enhanced its binding to the HACE1
gene promoter. This may be due to low antibody titer or weak
binding of MBD3 to DNA. Further investigation is required to
determine whether MBD3 promotes demethylation of HACE1
promoter or maintains the demethylated state. The effect of
propofol on mRNA expression levels of MBD3 and its specific
underlying mechanism also requires further study. The present
study hypothesized that propofol affects mRNA expression
levels of MBD3 either by demethylating MBD3 gene promoter
or by regulating transcription of MBD3.
Selective autophagy is involved in removal of damaged or
superfluous organelles from the cytosol, which is necessary
to maintain homeostasis and cell function (36‑39). In the
present study, propofol activated selective autophagy of A549
and H1299 cells by increasing HACE1 expression levels, indi‑
cating that propofol may be a powerful therapeutic drug for
lung cancer; this remains to be assessed in an animal model.
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