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Abstract. Antioxidants induce the proliferation of cancers by 
decreasing the expression of p53. Propofol, one of the most 
extensively used intravenous anesthetics, provides its antioxi-
dative activity via activation of the nuclear factor E2-related 
factor-2 (Nrf2) pathway, but the mechanisms involved in the 
effects remain unknown. Thus, we aimed to investigate the 
function of p53 and Nrf2 in the human breast cancer cell line 
MDA-MB-231 following treatment with propofol. The cells 
were treated with propofol (2, 5 and 10 µg/ml) for 1, 4 and 12 h, 
and MTT assay was used to evaluate cell proliferation, and a 
wound healing assay was used to evaluate cell migration. Cell 
apoptosis, caspase-3 activity, and western blot analysis for p53 
and Nrf2 protein were also assessed. Finally, PIK-75, a potent 
Nrf2 inhibitor, was used to confirm the effects of Nrf2 after 
treatment with propofol. Treatment of MDA-MB-231 cells 
with propofol resulted in increased proliferation and migration 
in a dose- and time-dependent manner. After treatment with 
propofol for 12 h, the Nrf2 protein expression was increased, 
while the percentage of apoptotic cells, caspase-3 activity, and 
expression of p53 were significantly decreased. Additionally, 
treatment with the Nrf2 inhibitor increased the percentage of 
apoptotic cells, inhibited the migration almost completely, and 
decreased the degree of proliferation, while the expression of 
p53 was not affected. In conclusion, propofol increased the 
proliferation of human breast cancer MDA-MB-231 cells, 
which was at least partially associated with the inhibition of 
the expression of p53, and induced cell migration, which was 
involved in the activation of the Nrf2 pathway.

Introduction

Reactive oxygen species (ROS), such as the superoxide and 
hydrogen peroxide, damage DNA and enzymes, eventu-
ally leading to cell and tissue injury and dysfunction (1). 
Antioxidants, scavenging these free radicals and favored as 
prophylactic treatment, are used to prevent cardiovascular 
diseases and cancers to prolong longevity (2,3). However, 
many studies have shown that antioxidants may induce the 
proliferation of cancer cells. Serafini et al (4) found that anti-
oxidants displayed an increased risk of distal gastric cancer 
in a clinical trial of 1.3 million people. A previous study 
reported that application of antioxidant inhibitors is a useful 
strategy for the treatment of solid tumors (5). Sayin et al (6) 
found that antioxidants markedly increased tumor progres-
sion and reduced the survival rate via decreasing p53 protein 
expression in mouse lung cancer. p53 was recognized as a key 
tumor-suppressor gene, and induced tumor cell apoptosis via 
the Bcl-2 family (7,8).

Propofol (2,6-diisopropylphenol), one of the most common 
anesthetic agents widely used in the clinic, contains a hydroxyl 
to develop its antioxidative property via activating the nuclear 
factor E2-related factor-2 (Nrf2) pathway (9,10). As a type of 
antioxidant, the effects of propofol on cancer cells has not been 
demonstrated (10,11). Additionally, it is still unclear whether 
the effects of propofol on cancer cells are related to the p53 
protein. Therefore, the aim of this study was to investigate 
the effects of p53 and Nrf2 on human breast cancer cell line 
MDA-MB-231 after treatment with propofol.

Materials and methods

Cell culture. Human breast cancer cell line MDA-MB-231 
that carries a wild-type p53 gene was obtained from the 
American Type Culture Collection (ATCC, Manassas, 
VA, USA), and cultured in complete medium containing 
RPMI-1640 medium (HyClone, Logan, UT, USA), 10% fetal 
bovine serum (FBS) (Gibco Life Technologies, Paisley, UK), 
and 1% penicillin/streptomycin mixture (Beyotime Institute 
of Biotechnology, Shanghai, China). The MDA-MB-231 cells 
were cultured in a humidified incubator containing 5% carbon 
dioxide (CO2)/95% air at 37˚C.
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Groups and drug application. The MDA-MB-231 cells 
were stimulated with propofol (≥97.0%; Sigma-Aldrich 
Chemical Co., St. Louis, MO, USA) dissolved in dimethyl 
sulfoxide (DMSO) (Beyotime Institute of Biotechnology) and 
in complete medium at 2, 5 and 10 µg/ml for 1, 4 and 12 h. 
The DMSO and complete medium without propofol were 
also tested at an equal concentration and volume as the 
vehicle-control group (VC group) and normal control group 
(NC group), respectively. The final concentration of DMSO 
was less than 0.1%.

Cell proliferation assay. The MDA-MB-231 cells at a density 
of 2x104 cells/ml were seeded in 96-well plates at 100 µl/well, 
and incubated for 12 h. After treatment with propofol for the 
indicated time, the cells were cultivated for an additional 
24 h in the same incubator. Then, 10 µl MTT (Wuhan Boster 
Biological Engineering Co., Ltd., Wuhan, China) was added 
to each well for another 4 h of incubation. A 100 µl formazan 
solution was added to each well and shaken for 15 min in 
the dark. The absorbance (A) was measured at 562 nm with 
a microplate reader (ELX800; BioTek Instruments, Inc., 
Winooski, VT, USA). The proliferation rate was determined 
according to the following formula: (A562 of test well - A562 
of NC group well)/(A562 of NC group well - A562 of zero set 
well) x 100%.

Wound healing assay. The MDA-MB-231 cells were seeded 
in a 30-mm culture dish at a density of 1x106 cells. When the 
cells reached 100% confluence, the complete medium was 
replaced by fresh serum-free medium, and incubated for 4 h. 
Then the cells were wounded across the center of the well 
into a clean straight edge with a 200-µl micropipette tip, and 
treated with propofol according to the study design. The cell 
migration ability was assessed by microscopic examination in 
three fields that were randomly selected along each edge, and 
the remaining scratch area was evaluated by ImageJ (National 
Institutes of Health, Bethesda, MD, USA), and the result of 
wound closure was expressed as the percentage of the initial 
scratch area.

Apoptosis detection. After treatment of propofol, terminal 
deoxynucleotidyl transferase dUTP nick-end labeling 
(TUNEL) staining was used to evaluate cell apoptosis using the 
Colorimetric TUNEL apoptosis assay kit (Beyotime Institute 
of Biotechnology) according to the manufacturer's instruc-
tions. Apoptosis index, the number of TUNEL-positive cells 
in every 100 cells, was calculated in three randomly selected 
fields per section. Additionally, the activity of caspase-3 was 
detected by the caspase-3 activity assay kit (Beyotime Institute 
of Biotechnology) following the manufacturer's instructions. 
The protein concentration was detected by a bicinchoninic acid 
(BCA) assay (Beyotime Institute of Biotechnology). One unit 
of caspase-3 enzyme activity is the amount of enzyme that will 
cleave 1.0 nmol of the colorimetric substrate Ac-DEVD-pNA 
per hour at 37˚C under saturated substrate concentrations. The 
result was expressed as units per milligram of protein (U/mg 
protein).

Western blot analysis. The MDA-MB-231 cells were seeded 
in 6-well plates at a density of 2x106 cells and treated with 

propofol. The cells were homogenized with lysis buffer 
(Beyotime Institute of Biotechnology) for 30 min to extract 
the total protein, and the protein concentration was detected 
by a BCA assay. The lysates were centrifuged at 12,000 x g 
for 30 min and the supernatant was separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and, then 
electroblotted onto polyvinyl difluoride membranes. After 2 h 
of blocking, the primary antibody of p53 (1:2,000) and Nrf2 
(1:2,000) (both from ABclonal Biotech Co., Ltd., Cambridge, 
MA, USA) was used overnight. Then the membrane was 
incubated with horseradish peroxidase-conjugated antibody 
(1:5,000; ABclonal Biotech Co., Ltd.) for 1 h. The membranes 
were developed with diaminobenzidine staining and exposed 
to film. All gels were repeated three times and the data are 
expressed as a ratio of targeted protein to β-actin protein by 
the integrated density values.

Nrf2 inhibitor treatment. To investigate the effect of Nrf2, 
the Nrf2 inhibitor (12) at 0.1, 0.3 and 1.0 µM (PIK-75; 
Selleck Chemicals, Houston, TX, USA) was added to the 
MDA-MB-231 cells for 4 h before the treatment of propofol 
(10 µg/ml). The proliferation and wound healing assays were 
evaluated after the treatment of propofol for 12 h, and the 
apoptosis index, caspase-3 activity, and the expression of p53 
and Nrf2 were detected by western blot analysis.

Statistical analysis. All of the experiments in this study were 
performed for three repetitions independently, and the data are 
expressed as mean values ± standard deviations. Differences 
between groups were assessed by one-way analysis of variance 
(ANOVA), and differences between each two groups were 
analyzed by the Student-Newman-Keuls test. A P-value <0.05 
was considered statistically significant.

Figure 1. Effect of propofol on cell proliferation. Human breast cancer cell 
line MDA-MB-231 was treated with propofol at the concentrations of 2, 
5 and 10 µg/ml for 1, 4 and 12 h. Cell proliferation was determined according 
to the following formula: (A562 of test well - A562 of NC group well)/(A562 
of NC group well - A562 of zero set well) x 100%. Dimethyl sulfoxide 
(DMSO, <0.1%) and complete medium without propofol were used as the VC 
and NC groups. The proliferation of MDA-MB-231 cells after treatment with 
propofol (pro) was higher than that of the NC group, and the proliferation in 
the pro 10 µg/ml group was higher than that in the pro 2 and 5 µg/ml groups 
at 12 h (P<0.05). Data are expressed as mean values ± standard deviations 
(n=3). VC, vehicle-control group; NC, normal control group; pro, propofol. 
*P<0.05 vs. NC group; #P<0.05 vs. pro 2 µg/ml group; †P<0.05 vs. pro 5 µg/ml 
group.
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Results

Effect of propofol on the proliferation of MDA-MB-231 cells. 
The cell proliferation in the VC group was not significantly 
different compared with that noted in the NC group. The 
proliferation of MDA-MB-231 cells treated with propofol was 
significantly increased compared with that noted in the NC 
group (P<0.05). However, cell proliferation had no significant 
difference after the treatment with different concentrations 

of propofol for 1 h. After a 12-h treatment with propofol at 
the concentrations of 2, 5, and 10 µg/ml, the proliferation was 
increased by 22.0±2.7, 35.7±3.0, and 51.3±4.1% compared to 
the NC group, respectively, and the proliferation following 
treatment with 10 µg/ml was higher than the proliferation 
following treatment with 2 and 5 µg/ml (P<0.05; Fig. 1).

Effect of propofol on the migration of MDA-MB-231 cells. The 
scratch area in the NC and VC groups showed similar changes 

Figure 2. Effect of propofol on cell migration. After the treatment with propofol at the concentrations of 2, 5 and 10 µg/ml for (A) 1, (B) 4 and (C) 12 h, the 
migration of the human breast cancer cell line MDA-MB-231 was analyzed via scratch area detection at 12 and 24 h (magnification, x200). (D-F) The result 
of the wound closure assay is expressed as the percentage of the initial scratch area. Treatment with dimethyl sulfoxide (DMSO, <0.1%) was used as the VC 
group, and without propofol as the NC group. The migration was significantly increased after the treatment of propofol compared with the NC group, and the 
percentage of the initial scratch area in the propofol (pro) 10 µg/ml group was lower than that in the pro 2 and 5 µg/ml groups (P<0.05). Data are shown as the 
mean values ± standard deviations (n=3). VC, vehicle-control group; NC, normal control group; pro, propofol. *P<0.05 vs. NC group; #P<0.05 vs. pro 2 µg/ml 
group; †P<0.05 vs. pro 5 µg/ml group.
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with no statistical difference. After treatment with propofol 
for 1 h, the scratches in the MDA-MB-231 cells treated with 
5 and 10 µg/ml were narrower than the NC group and the 
cells treated with 2 µg/ml (P<0.05). However, the scratch in 
the cells treated with 5 and 10 µg/ml did not differ (Fig. 2A). 
After treatment with propofol for 12 h, the percentage of the 
initial scratch area in the cells treated with 2, 5 and 10 µg/
ml propofol (40.1±3.1, 25.3±2.8 and 17.0±3.8%, respectively) 
were lower than the NC group (57.5±2.5%) at 24 h (P<0.05), 
and the percentage of the scratch area in the cells treated with 
10 µg/ml was lower than the 2 and 5 µg/ml groups (P<0.05; 
Fig. 2B and C).

Effects of propofol on the expression of Nrf2 and p53 protein 
in MDA-MB-231 cells. The expression of p53 and Nrf2 protein 
in the NC and VC groups had no significant difference. Yet, 
the expression of p53 protein in the 2, 5 and 10 µg/ml propofol 
groups was significantly lower than that in the NC group after 
treatment with propofol for 1 h (P<0.05), but no significant 
differences were found among the 2, 5 and 10 µg/ml groups. 
After treatment with propofol for 12 h, the expression of p53 
protein in the 10 µg/ml group was obviously lower than that 
noted in the 2 and 5 µg/ml groups (P<0.05). Expression of p53 
protein was inhibited in a dose- and time-dependent manner 
after treatment with propofol for 4 and 12 h. However, the Nrf2 

protein expression showed a contrary trend when compared 
with p53. The expression of Nrf2 protein in the 10 µg/ml group 
was significantly higher than that in the 2 and 5 µg/ml groups 
after treatment with propofol for 12 h (P<0.05; Fig. 3).

Effects of the Nrf2 inhibitor on the proliferation, migra-
tion, and p53 protein in the MDA-MB-231 cells. The 
proliferation of MDA-MB-231 cells in the 10 µg/ml group 
was increased significantly compared with that in the NC 
group. But the proliferation was decreased significantly 
in a dose-dependent manner after the treatment with the 
inhibitor of Nrf2, PIK-75 at 0.1, 0.3 and 1.0 µM (P<0.05). 
Although the proliferation was decreased after treat-
ment with the inhibitor, it was still higher than that in 
the NC group (P<0.05; Fig. 4A). After treatment with the 
inhibitor, the expression of Nrf2 protein was inhibited in a 
dose-dependent manner, while the expression of p53 protein 
was not significantly changed (Fig. 4B). Additionally, the 
scratch area was narrowed dramatically after exposure 
to propofol, which was significantly attenuated following 
treatment with the Nrf2 inhibitor at 1.0 µM which did not 
differ compared with the NC group (Figs. 4C and D).

Effects of propofol and the Nrf2 inhibitor on cell apoptosis. 
Compared with the NC group, the caspase-3 activity and 

Figure 3. Effects of propofol on the expression of p53 and Nrf2 protein. The expression levels of p53 and Nrf2 protein were detected by western blot analysis 
after the treatment with propofol at the concentrations of 2, 5 and 10 µg/ml for (A) 1, (B) 4 and (C) 12 h. (D and E) Bar charts of the p53 and Nrf2 protein. The 
treatment with dimethyl sulfoxide (DMSO, <0.1%) was used as the VC group, and without propofol as the NC group. After treatment with propofol for 12 h, 
the expression of p53 protein was decreased compared with the NC group, and that in the pro 10 µg/ml group was lower than that in the pro 2 and 5 µg/ml 
groups (P<0.05). On the contrary, Nrf2 was activated by propofol, and the expression in the pro 10 µg/ml group was higher than that in the pro 2 and 5 µg/ml 
groups (P<0.05). Data are shown as the mean values ± standard deviations (n=3). VC, vehicle-control group; NC, normal control group; pro, propofol. *P<0.05 
vs. NC group; #P<0.05 vs. pro 2 µg/ml group; †P<0.05 vs. pro 5 µg/ml group.
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apoptosis index showed no significant difference in the VC 
group, which was significantly decreased after the treatment 
with propofol at 2, 5 and 10 µg/ml for 12 h (P<0.05). After the 
treatment with propofol at 10 µg/ml for 12 h, the caspase-3 
activity and apoptosis index of the MDA-MB-231 cell were 
lower than these values in the 2 and 5 µg/ml groups (P<0.05; 
Fig. 5). However, this trend was inhibited by the Nrf2 inhibitor 
in a dose-dependent manner. After the treatment with the 
inhibitor at 1.0 µM, the caspase-3 activity and apoptosis index 
were increased markedly compared with these values in the 
10 µg/ml group (P<0.05; Fig. 5).

Discussion

In this study, propofol induced proliferation as indicated by the 
MTT assay and migration as indicated by the wound healing 
assay in the human breast cancer cell line MDA-MB-231. 
Our results also showed that propofol inhibited the expres-
sion of p53, activated the Nrf2 pathway, and decreased cell 
apoptosis indicated by the number of TUNEL-positive cells 
and caspase-3 activity. After treatment with the Nrf2 inhibitor, 
the TUNEL-positive cells and caspase-3 activity increased, 
and the migration decreased. However, the proliferation was 

Figure 4. Effects of Nrf2 inhibitor on proliferation, migration, and p53 protein in MDA-MB-231 cells. After treatment with PIK-75, a potent Nrf2 inhibitor, at 
0.1, 0.3 and 1.0 µM for 4 h, the MDA-MB-231 cells were treated with propofol at 10 µg/ml for 12 h. Then, the relative indices were detected. (A) The prolifera-
tion of MDA-MB-231 cells. (B) The expression levels of p53 and Nrf2 protein, and the bar charts of the p53 and Nrf2 proteins. (C) Image of the migration 
assay in the MDA-MB-231 cells (magnification, x200). (D) The percentage of the initial scratch area. Compared with the NC group, the proliferation and 
migration in the pro 10 µg/ml group was increased significantly, and that in the pro + I 0.1, 0.3 and 1.0 µM groups was decreased markedly compared with the 
pro 10 µg/ml group (P<0.05). After the treatment with propofol, the expression of p53 protein was decreased and the Nrf2 was increased compared with the NC 
group (P<0.05), and the expression of Nrf2 protein in the pro + I 1.0 µM group was almost completely inhibited. However, the expression of p53 protein in the 
pro 10 µg/ml group was not different with the pro + I 0.1, 0.3 and 1.0 µM groups. Data are shown as the mean values ± standard deviations (n=3). NC, normal 
control group; pro, propofol; I, Nrf2 inhibitor. *P<0.05 vs. NC group; #P<0.05 vs. pro 10 µg/ml group; †P<0.05 vs. pro + I 0.1 µM group; ‡P<0.05 vs. pro + I 
0.3 µM group.
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inhibited slightly and the expression of p53 protein was not 
affected.

p53 is recognized as a key tumor-suppressor gene and a 
major regulator of cell apoptosis, and p53 inhibits the prolif-
eration of tumor cells mainly via inducing cell apoptosis (7). 
p53 translocates into the mitochondria and activates the mito-
chondrial apoptosis pathway, which is closely linked with the 
Bcl-2 family (7-8,13). Additionally, p53-induced cell apoptosis 
may be related to many other pro-apoptotic genes such as Bax, 
Puma, Noxa, and Bid (14). In this study, propofol inhibited 
the expression of p53 in MDA-MB-231 cells, and the number 
of apoptotic cells was decreased along with increased cell 
viability and proliferation. Similar results have been shown 
in previous studies. Antioxidants increased lung cancer cell 

proliferation by reducing the expression of p53 and DNA 
damage in mice (6). Sayin et al (15) reported that activation 
of p53 reduced lesional macrophage proliferation by the loss 
of one copy Zfp148. Zhang et al (10) found that propofol 
decreased the cell apoptosis and induced the proliferation of 
gallbladder cancer cells. Therefore, propofol induced prolif-
eration of MDA-MB-231 cells via a decrease in the percentage 
of apoptotic cells, which may be through inhibition of the 
expression of p53.

Nrf2, an important redox-sensitive transcription factor for 
inducing antioxidant defense system, belongs to the cap'n'collar 
(CNC) family of basic region-leucine zipper (bZip)-type 
transcription factors (16,17). When Nrf2 was activated, the 
oxidative stress injury in cells and tissues was ameliorated, 

Figure 5. Cell apoptosis in the MDA-MB-231 cells after treatment with propofol and the Nrf2 inhibitor PIK-75. After treatment with propofol at concentra-
tions of 2, 5 and 10 µg/ml for 12 h, the cell apoptosis was detected via terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) staining and 
caspase-3 activity. Dimethyl sulfoxide (DMSO, <0.1%) and complete medium without propofol were used as the VC and NC groups. Then, following the 
treatment with the Nrf2 inhibitor at 0.1, 0.3 and 1.0 µM for 4 h, the MDA-MB-231 cells were treated with propofol at 10 µg/ml for 12 h. The TUNEL-positive 
cells and caspase-3 activity were detected. Positive cells are represented by brown-yellow nuclear staining (red arrows). Figures are represented as x200 of the 
original magnification. Data are shown as the mean values ± standard deviations (n=3). (A) NC group; (B) VC group; (C) pro 2 µg/ml group; (D) pro 5 µg/ml 
group; (E) pro 10 µg/ml group; (F) pro + I 0.1 µM group; (G) pro + I 0.3 µM group; (H) pro + I 1.0 µM group; (I) apoptosis index; (J) caspase-3 activity. 
VC, vehicle-control group; NC, normal control group; pro, propofol; I, Nrf2 inhibitor. *P<0.05 vs. NC group; #P<0.05 vs. pro 2 µg/ml group; †P<0.05 
vs. pro 5 µg/ml group; ‡P<0.05 vs. pro 10 µg/ml group; §P<0.05 vs. pro + I 0.1 µM group; ǂP<0.05 vs. pro + I 0.3 µM group.
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and the cell apoptosis was attenuated. Additionally, the Nrf2 
pathway was also found to contribute to cancer initiation and 
progression (18). In this study, propofol activated the Nrf2 
pathway in MDA-MB-231 cells, and decreased oxidative stress 
injury and the apoptotic index, and increased proliferation and 
migration. Several studies have demonstrated that propofol 
activates the Nrf2 pathway in gallbladder cancer cells, human 
alveolar epithelial cells, and lung cancer cells (11,19,20). 
Zhang et al (21) found that Nrf2 promoted proliferation in 
human hepatocellular carcinoma by decreasing cell apoptosis 
and upregulation of the expression of anti-apoptotic protein 
Bcl-xL. Pan et al (22) also showed that Nrf2 is involved 
in the migration and invasion of human glioma cell line 
U251. A number of studies with similar results have been 
reported previously (23-26). Therefore, propofol induced the 
proliferation and migration of MDA-MB-231 cells, which may 
be related to activation of the Nrf2 pathway.

In order to confirm the possible effects of p53 and Nrf2, the 
Nrf2 inhibitor was used in this study. siRNA is also a potential 
technique for silencing a specific gene, but it may cause other 
genes to be overexpressed (27). Therefore, the Nrf2 PIK-75 
inhibitor was used in this study. Our results showed that the 
Nrf2 inhibitor increased the percentage of apoptotic cells, 
and slightly decreased the degree of proliferation. However, 
the expression of p53 protein was not affected. Thus, both p53 
and Nrf2 were involved in the cell apoptosis and prolifera-
tion after treatment with propofol, and propofol induced the 
proliferation mainly via decreased expression of p53 in the 
MDA-MB-231 cells. Additionally, our results also showed 
that the Nrf2 inhibitor completely decreased the migration 
induced by propofol. Therefore, Nrf2, not p53, was involved in 
the migration of MDA-MB-231 cells after propofol treatment.

In similar studies, Garib et al (28,29) found that propofol 
caused cell migration via activation of the GABA-A receptor 
and mediating L-type calcium channels in human breast 
cancer cell line MDA-MB-468. In contrast to our results, 
Li et al (30) found that propofol inhibited the migration and 
invasion of human breast cancer cell line MDA-MB-231. 
However, in a study by Li et al, MDA-MB-231 cells were 
treated for 24 h which was longer than that used in the clinic, 
and whether the MDA-MB-231 cells expressed functional 
p53 protein was not clear. Several studies have also focused 
on the above issues (31,32). Additionally, Deegan et al (33) 
revealed that proliferation of MDA-MB-231 cells treated with 
serum from patients who received propofol anesthesia was 
decreased. Because the effects of propofol were closely related 
to the content of extracellular albumin (34), the composition 
of serum from patients was too complex to assess the role 
of propofol itself. In this study, clinically relevant doses of 
propofol were selected and administered for appropriate times 
as in surgery (30-31,35). Therefore, our study clearly showed 
the effects of propofol itself on the MDA-MB-231 cells.

In conclusion, propofol increased the cell proliferation 
at least partially via the inhibition of p53, and induced the 
migration via the activation of Nrf2 in the human breast 
cancer cell line MDA-MB-231. However, whether these 
effects can be applied to other cancer cells or normal tissue 
cells, and different cancer cell types will be investigated in 
future research. Additionally, further in vivo studies, including 
animal trials and prospective clinical studies, are warranted.
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