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	 Background:	 Cisplatin (cis-diamminedichloroplatinum, DDP) resistance is identified as the primary obstacle during lung can-
cer treatment, while DDP resistance is exist extensively. This report was to investigate the roles of propofol in 
lung cancer cells tolerance to DDP and the potential mechanisms.

	 Material/Methods:	 A549 and A549/DDP cells were treated with DDP for 48 hours, and cell proliferation suppression rate was de-
tected by MTT (thiazolyl blue tetrazolium bromide) assay and half maximal inhibitory concentration (IC50) of 
DDP to lung cancer cells was calculated. Besides, cell proliferation and apoptosis were determined by MTT as-
say and flow cytometry assay respectively in propofol-treated A549/DDP and A549 cells. Furthermore, we per-
formed MTT assay to determine the influence of propofol on the sensitivity of lung cancer cells to DDP.

	 Results:	 The results demonstrated that the IC50 of DDP to A549 cells was lower than that in A549/DDP cells. Propofol 
dramatically inhibited cell proliferation and promoted cell apoptosis of A549/DDP and A549 cells. In addition, 
propofol significantly improved the anti-proliferative impact of DDP in A549/DDP and A549 cells, and the val-
ue of IC50 for DDP in the A549/DDP and A549 cells were decreased after propofol treatment compare to the 
control group. Moreover, propofol inhibited the Wnt/b-catenin pathway in a dose-dependent manner in both 
A549/DDP and A549 cells.

	 Conclusions:	 Our report indicated that propofol could control lung cancer cell proliferation and apoptosis, and stimulated 
the suppression function of DDP on lung cancer cell multiplication via the Wnt/b-catenin signaling pathway, 
and also provided a new treatment for DDP tolerance to cure lung cancer in clinical.
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Background

Lung cancer is one of the most universal cancers and a primary 
cause of mortality around the world, with approximately 1 mil-
lion deaths around the world annually [1,2]. Non-small cell lung 
cancer (NSCLC) is the main categories in lung cancers, and it is 
featured by poor prognosis [3]. Recently, tremendous efforts 
have been made in the treatment of lung cancer, including ra-
diation therapy, immunotherapy, surgery and chemotherapy, 
however, the long-term survival rate is still very poor because 
of the ambiguous nosogenesis [4,5]. Chemotherapy has be-
come the most common methods for lung cancer treatment 
in clinical, and cisplatin (cis-diamminedichloroplatinum, DDP) 
is the most frequently applied medicine in lung cancer chemo-
therapy [6]. Unfortunately, chemotherapeutic drug resistance 
is a serious clinical issue that led to the limited effects on pro-
longing survival time of patients and improving their life qual-
ity. As a result, the 5-year survival rate of lung cancer patient 
is approximately 17% [7]. Therefore, it is critical to explore the 
underlying mechanisms of DDP resistance and provide useful 
approaches to overcome chemotherapeutic drug resistance 
for successful lung cancer treatment.

Propofol is widely used as intravenous anesthetic for its quick 
action, and it is frequently used during surgery [8]. Numerous 
studies have indicated that propofol has an influence on cell 
proliferation, migration, and invasion of cancer cells, such as 
pancreatic cancer [9], cervical cancer [10], ovarian cancer [11], 
and lung cancer [12]. Also, previous reports have demonstrat-
ed that propofol exerts many potential non-anesthetic effects. 
For example, Wu et al. [13] reported that propofol inhibited 
A549 cell invasion and migration by mediating MMP-2 and 
p38 MAPK signaling. Chen et al. [14] found propofol could in-
hibit papillary thyroid cancer cell proliferation and migration 
via regulating long noncoding RNA (lncRNA) ANRIL. These re-
sults indicated that propofol might be a perfect anesthetic 
agent during cancer surgery. Although previous studies have 
explored the influence of propofol on lung cancer, the under-
lying synergy mechanism of DDP and propofol in lung cancer 
cells are not yet available. Thus, this report was focused on 
investigating the role of propofol in lung cancer cell biolog-
ical functions and explored the correlative potential mecha-
nisms. These results will be of great importance for lung can-
cer clinical treatment.

Many studies have provided evidence that DDP resistance 
is connected with changed cell signaling pathway, includ-
ing Akt/mTOR, MAPK2, and Wnt/b-catenin signaling path-
ways [15–17]. Numerous studies have demonstrated that the 
Wnt/b-catenin signaling pathway is normally activated by on-
cogene in NSCLC. Wnts belongs to secreted glycolipo proteins 
and launches a signaling cascade to mediate organ development 
and keep homeostasis of well-developed tissues by combining 

with its cognate receptors [18]. Abnormal Wnt/b-catenin signal-
ing may result in various human diseases, including Alzheimer’s 
disease, polycystic kidney disease, osteoarthritis, and various 
cancers [19–21]. Also, the Wnt/b-catenin signaling pathway 
is involved in many biological processes, such as cell growth, 
apoptosis, differentiation, and invasion, and Wnt/b-catenin sig-
naling inhibition results in increased levels of apoptosis [22].

In the present study, A549/DDP and A549 cells were chosen 
to clarify the role and mechanism of propofol in the sensitivity 
of lung cancer cells to DDP. Our study might help to elucidate 
underlying mechanism of propofol in withstanding chemother-
apeutic efficiency and provide novel insights into DDP toler-
ance of lung cancer in clinical

Material and Methods

Cell culture and drug treatment

The human lung cancer cell line A549 and the DDP-resistant 
lung cell line A549/DDP were from Nanjing Keygen Biotech. All 
the cells were maintained in RPMI-1640 medium (Gibco, CA, 
USA) supplemented with 10% fetal bovine serum (FBS, Gibco), 
100 mg/mL streptomycin and 100 IU/mL penicillin in 5% CO2 
at 37°C. Then the A549 and A549/DDP cells were cultured in 
0, 10, 20, 40, 80, 160, and 320 μM DDP for 48 hours, or stim-
ulated by 0, 1, 5, and 10 µg/mL propofol [11,23] for 48 hours.

MTT (thiazolyl blue tetrazolium bromide) assay

MTT assay was carried out to assess the chemical sensitivity of 
A549/DDP and A549 cells to DDP or propofol. In brief, medium 
supplemented with DDP (0, 10, 20, 40, 80, 160, and 320 µM) or 
propofol (0, 1, 5, and 10 µg/mL) were used to culture the cells 
in 96-well plates for 48 hours. Afterward, 10 μL MTT solution 
(Gibco, USA) was added to each well and incubated at 37˚C 
for an additional 4 hours and then 100 mL dimethyl sulfox-
ide (DMSO) was used to dissolve the crystal. The optical den-
sity (OD) at 490 nm was determined by a micro-plate read-
er (Thermo Fisher USA), then we obtained the inhibition rate 
of cells and calculated the IC50 value. The design formula was 
as follows: cell inhibition rate (%)=1−(experimental group OD 
value/normal group OD value)×100%.

Flow cytometry analysis

Flow cytometry was conducted to evaluate the cell apopto-
sis. A549/DDP and A549 cell apoptosis was detected using an 
Annexin V-FITC/PI detection kit (Beyotime, Shanghai, China) 
following the manufacturer’s instructions. Briefly, 0, 1, 5, and 
10 µg/mL propofol were used to treat the cells for 48 hours. 
Subsequently, cells were gathered and re-suspended in Annexin 
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V/FITC and propidium iodide (PI) buffer. After that, cell apopto-
sis was analyzed by a flow cytometer (BD FACSCalibur, USA), 
and the data were analyzed by WinMDI (version 2.5; Purdue 
University Cytometry Laboratories, West Lafayette, IN, USA).

Quantitative real-time polymerase chain reaction (qRT-
PCR) analysis

Total RNA was extracted from cells with TRIzol reagent 
(Invitrogen) following the manufacturer’s instructions. Then 
the total RNA was reversed into cDNA in accordance with the 
instructions of PrimeScript RT Reagent Kit (Beyotime, China), 
and quantitative real-time polymerase chain reaction (qRT-PCR) 
analysis was conducted using the SYBR PrimeScript RT-PCR 
Kit (TaKaRa) with ABI 7500 Real-Time PCR System (Agilent 
Technologies, USA). Primer sequences for PCR were listed as 
following:
c-myc forward, 
5’CGCTCTAGAGGAAAAGTAAGGAAAACGATTCCTTC3’;
reverse, 5’CGCTCTAGATTGGCTCAATGATATATTTGCCAG3’;
b-catenin forward, 5’GTCTGAGGACAAGCCACAGGACTAC-3’;
reverse, 5’AATGTCCAGTCCGAGATCA GCA3’;
GAPDH forward, 5’CTTTGGTATCGTGGAAGGACTC3’;
reverse, 5’GTAGAGGCAGGGATGATGTTCT3’.
GAPDH was used as the internal control. The target gene rela-
tive levels were analyzed by the 2–DDCq method [24].

Western blot analysis

The protein of lung cancer cells was harvested, centrifuged 
and degraded by radioimmunoprecipitation assay (RIPA) buf-
fer (Beyotime, Shanghai, China). Subsequently, the protein 
samples were subjected to 10% SDS-PAGE (sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis) and then trans-
ferred onto PVDF membranes refer to the manufacturer’s instruc-
tions. Then membranes were incubated in 5% skim milk for 2 
hours at room temperature and maintained in the specific pri-
mary antibodies against Bax (cat no. ab32503; 1: 1000; Abcam), 
cleaved caspase-3 (cat no. ab2302; 1: 1000; Abcam), Bcl-2 (cat 
no. ab32124; 1: 1000; Abcam), pro-caspase3 (cat no. ab32499; 
1: 1000; Abcam), b-catenin (cat no. ab32572; 1: 1000; Abcam), 
c-myc (cat no. Ab32072; 1: 1000; Abcam) and GAPDH (cat no. 
ab181602; 1: 1000; Abcam) overnight at 4°C. Thereafter, the mem-
branes were incubated with horseradish peroxidase (HRP)-linked 
secondary antibody (cat no. ab205718; 1: 2,000; Abcam) for 2 
hours at room temperature. The proteins were determined by 
electrochemiluminescent (ECL) system (Pierce, Rockford, USA).

Statistical analysis

These results of multiple experiments were reported as the 
mean±standard deviation (SD). GraphPad Prism 5 statistical 
software was carried out for statistical analyses (GraphPad 
Software, CA, USA). The statistically significant differences 
were calculated using Student’s t-test or one-way analysis of 
variance (ANOVA) followed by Tukey’s test. P<0.05 was de-
fined as statistically significant.

Results

The anti-proliferative effect of DDP on A549 and 
A549/DDP cells

Firstly, A549 and A549/DDP cells were stimulated with indi-
cated DDP (0, 10, 20, 40, 80, 160, and 320 µM) for 48 hours, 
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Figure 1. �DDP suppressed A549/DDP and A549 cells proliferation. The lung cancer cells were stimulated by various concentrations 
of DDP for 48 hours, and the A549/DDP and A549 cells proliferation suppression rates were determined by MTT assay. 
(A) The inhibitory effect of DDP on A549/DDP and A549 cell growth. (B) IC50 value of DDP. The results were shown as 
means±SD. * P<0.05, and ** P<0.01 compared to A549 cells. DDP – cis-diamminedichloroplatinum also known as cisplatin; 
MTT – thiazolyl blue tetrazolium bromide; SD – standard deviation.
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MTT assay was conducted to measure the cytotoxicity of DDP 
and the value of IC50 was determined. As presented in Figure 1A, 
the suppression influence of DDP on A549 cell proliferation 
was remarkably higher than that on A549/DDP cells. Moreover, 
the value of IC50 for DDP was obviously lower in A549 cells 
compared to A549/DDP cells (Figure 1B), indicating that DDP 
resistance of A549 cells was lower than that in A549/DDP cells.

Propofol stimulation decreased cell viability and promoted 
apoptosis both in A549/DDP and A549 cells

To investigate the roles of propofol in A549/DDP and A549 
cells, propofol (0, 1, 5, and 10 µg/mL) was used to induce 

cells for 48 hours. Then MTT assay and flow cytometry anal-
ysis were performed to measure cell viability and apoptosis, 
respectively. The results from MTT assay showed that propo-
fol notably suppressed cell viability in both A549/DDP and 
A549 cells compared to the untreated cells. Results present-
ed in Figures 2A and 3A showed that propofol dramatically 
decreased A549/DDP cell viability at concentrations of 5 and 
10 µg/mL (Figure 2A), while 1, 5, and 10 µg/mL propofol signif-
icantly suppressed A549 cells viability (Figure 3A). Therefore, 
5 µg/mL of propofol was chosen for use in further experiments. 
Moreover, the results from flow cytometry assay revealed that 
the ratio of apoptotic cells were induced in propofol-treat-
ed A549/DDP (Figure 2B, 2C) and A549 cells (Figure 3B, 3C). 
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Figure 2. �Propofol depressed A549/DDP cells growth and promoted apoptosis. We used 0, 1, 5, and 10 µg/mL propofol to induce 
A549/DDP cells for 48 hours. (A) Cell viability was evaluated by MTT assay. (B) Flow cytometry was carried out to determine 
cell apoptosis. (C) Apoptotic cell rate was calculated and presented. (D) The apoptosis-related proteins were assessed by 
western blot. These data were shown as means±SD. * P<0.05, and ** P<0.01 compared to 0 µg/mL propofol treated cells. 
DDP – cis-diamminedichloroplatinum also known as cisplatin; MTT – thiazolyl blue tetrazolium bromide; SD – standard 
deviation.
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Besides, the apoptosis-related protein expressions were de-
termined by western blot, as presented in Figures 2D and 3D, 
propofol obviously increased the cleaved-caspase-3 and Bax 
expression in A549/DDP and A549 cells compared to the un-
treated cells, while, Bcl-2 and pro-caspase-3 expression lev-
els were suppressed after propofol treatment.

Propofol enhanced the sensitivity of lung cancer cells to 
DDP

To further explore the role of propofol in the sensitivity of lung 
cancer cells to DDP, A549/DDP and A549 cells were induced by 
indicated DDP (0, 10, 20, 40, 80, 160, and 320 µM) and 5 μg/mL 

propofol or DMSO for 48 hours. MTT was carried out to de-
tect the DDP cytotoxicity and IC50 of DDP. We found that pro-
pofol significantly elevated the suppression function of DDP 
on A549/DDP (Figure 4A) and A549 (Figure 5A) cell prolifera-
tion compared to the control. In addition, the value of IC50 for 
DDP in A549/DDP (Figure 4B) and A549 (Figure 5B) cells were 
reduced after propofol treatment.

Propofol decreased DDP resistance in A549/DDP and A549 
cells via inhibiting the Wnt/b-catenin signaling pathway

To further explore whether propofol played a significant role 
in DDP resistance of lung cancer cells, 0, 1, 5, and 10 µg/mL 
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Figure 3. �Propofol suppressed A549 cells viability and promoted apoptosis. We used 0, 1, 5, and 10 µg/mL propofol to treat A549 cells 
for 48 hours. (A) Cell viability, (B, C) cell apoptosis, and (D) apoptosis-associated proteins levels were detected by MTT, flow 
cytometry and western blot assay in A549 cells. The results were shown as means±SD. * P<0.05, and ** P<0.01 compared to 
0 µg/ml propofol treated cells. DDP – cis-diamminedichloroplatinum also known as cisplatin; MTT – thiazolyl blue tetrazolium 
bromide; SD – standard deviation.
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propofol were added into A549/DDP and A549 cells for 48-hour 
treatment. Then the relative protein and gene levels of the 
Wnt/b-catenin pathway in A549/DDP and A549 cells were de-
tected by western blot assay and qRT-PCR. As presented in 
Figure 6, propofol markedly depressed the b-catenin and cmyc 
protein levels in A549/DDP (Figure 6A) and A549 (Figure 6D) 
cells in a dose-dependent manner, as compared to the con-
trol. Similarly, the mRNA levels of b-catenin and cmyc were 
significantly decreased in A549/DDP (Figure 6B, 6C) and A549 
(Figure 6E, 6F) cells after propofol treatment. These data demon-
strated that propofol could enhanced the lung cancer cell sensi-
tivity to DDP by inhibiting the Wnt/b-catenin signaling pathway.

Discussion

DDP, one of the most frequently used drugs in chemotherapy, 
exerts anti-tumor effects on various cancers, including ovar-
ian cancer, head and neck squamous cell cancer, as well as 
lung cancer [25–27]. In clinically, DDP plays anti-cancer roles 
by combing with carboplatin, gemcitabine, paclitaxel, and iri-
notecan [28]. Lung cancer is identified as a common cancer all 
over the world with its highest morbidity and mortality yearly. 
Many efforts have been made in lung cancer treatment over 
the past few decades, including surgical resection, chemo-
therapy, and radiation [29]. However, the drug resistance 
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Figure 4. �Propofol promoted the suppression effect of DDP on A549/DDP cell proliferation. We used 0, 10, 20, 40, 80, 160, and 
320 µM DDP to stimulate A549/DDP cells and then cultured in 5 μg/mL propofol or DMSO for 48 hours. The influence of 
propofol on cell growth in A549/DDP cells (A) were determined. MTT assay was conducted to evaluate the IC50 value of 
DDP in A549/DDP (B) cells after propofol treatment. Results were exhibited as means±SD. * P<0.05 and ** P<0.01 compared 
to control. DDP – cis-diamminedichloroplatinum also known as cisplatin; MTT – thiazolyl blue tetrazolium bromide; 
SD – standard deviation.
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Figure 5. �Propofol promoted the inhibitory effect of DDP to A549 cell proliferation. We used 0, 10, 20, 40, 80, 160, and 320 µM DDP 
to treat A549 cells and then cultured in 5 μg/mL propofol or DMSO for 48 hours. MTT assay was conducted to determine 
cell proliferation (A) and measure the IC50 value (B) in propofol-treated A549 cells. Results were exhibited as means±SD. 
* P<0.05 and ** P<0.01 compared to control. DDP – cis-diamminedichloroplatinum also known as cisplatin; DMSO – dimethyl 
sulfoxide; MTT – thiazolyl blue tetrazolium bromide; SD – standard deviation.
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of DDP limits the therapeutic effect in lung cancer patients, 
and it is identified as the main obstacle in cancer treatment. 
Therefore, investigation of the underlying mechanism of DDP 
resistance and exploit efficient therapies are important for 
solving chemo-resistance.

In this report, A549/DDP and A549 cell lines were chosen to 
investigate nosogenesis of DDP resistance in lung cancer. Our 
data suggested that DDP obviously restrained the cell growth 
of A549/DDP and A549 cells, and the cell proliferation inhibition 
rate of DDP on A549 cells was significantly higher than that in 
A549/DDP cells. Meanwhile, compared to A549 cells, DDP IC50 
value was greater in A549/DDP cells, suggesting that the resis-
tance of A549/DDP cells to DDP was stronger than A549 cells.

Propofol is a frequently used anesthetic in clinical surgery and 
cancer treatment. Many reports have demonstrated the anti-
tumor character of propofol. Peng et al. [30] reported that 
propofol suppressed human gastric cancer cell proliferation 
and promoted apoptosis through regulating microRNA-451 
and MMP-2 expression. Moreover, the study of Su et al. [31] 
showed that propofol stimulated epithelial ovarian cancer cell 
apoptosis via upregulating microRNA let-7i level. Therefore, to 
further study the role of propofol in A549/DDP and A549 cells, 

in our study, cells were stimulated by propofol (0, 1, 5, and 
10 µg/mL) for 48 hours. Our study data indicated that propo-
fol suppressed cell viability and accelerated apoptosis both in 
A549/DDP and A549 cells. Bcl-2 and Bax are known to be vi-
tal regulators in cell death signaling and ultimately result in 
apoptotic cell death [32], which was in accordance with our 
observation that cleaved-caspase-3 and Bax expression levels 
were increased, and Bcl-2 and pro-caspase-3 expression levels 
were suppressed after propofol treatment in lung cancer cells. 
These data indicated that propofol restrained cell viability and 
expedited apoptosis by inhibiting expression of Bcl-2 and pro-
caspase-3, and it enhanced cleaved-caspase-3 and Bax expres-
sion levels, suggesting that propofol might be a new appropri-
ate anesthetic for lung cancer treatment.

Several reports have illustrated that propofol could be used to 
combine with other chemotherapeutic drug in clinical settings, 
drugs such as gemcitabine or paclitaxel [33]. Thus, we further 
evaluated the combined effect of various concentrations of DDP 
and propofol in lung cancer cells. Different concentration of DDP 
(0, 10, 20, 40, 80, 160, and 320 µM) combined with 5 µg/mL 
propofol or DMSO were used to treat A549/DDP or A549 cells 
for 48 hours. Our findings demonstrated that propofol signif-
icantly improved the inhibitory function of DDP in lung cancer 
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Figure 6. �Effects of propofol on the Wnt/b-catenin signaling pathway in A549/DDP and A549 cells. A549/DDP and A549 cells were 
stimulated by 0, 1, 5, and 10 µg/mL propofol for 48 hours, then western blot assay and qRT-PCR were performed to assess 
protein and mRNA levels. (A) b-catenin and c-myc protein expressions were detected in A549/DDP cells. The mRNA levels 
of b-catenin (B) and c-myc (C) were evaluated by qRT-PCR in A549/DDP cells. (D) b-catenin and c-myc expressions were 
determined in A549 cells. qRT-PCR assay was used to test b-catenin (E) and c-myc (F) mRNA levels in A549 cells. Results were 
shown as the mean±SD. * P<0.05 and ** P<0.01 compared to control. DDP – cis-diamminedichloroplatinum also known as 
cisplatin; qRT-PCR – quantitative real-time polymerase chain reaction; SD – standard deviation.
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cell proliferation compared with the untreated cells. Moreover, 
the IC50 value for DDP was also reduced after propofol treat-
ment both in 549/DDP and A549 cells. Above all, we provid-
ed evidence that propofol enhanced the A549/DDP and A549 
cells sensitivity to DDP and might provide novel therapies for 
anti-DDP-resistant therapy for lung cancer.

Growing evidence has demonstrated the roles of propofol in 
lung cancer, nevertheless, further explorations are also need-
ed to investigate the potential mechanisms. More and more 
evidences are being reported that indicates that the excita-
tion of Wnt/b-catenin signaling could block the procession of 
multiple proteins and affect drug resistance of many cancers 
including lung cancer [34]. Besides, the Wnt/b-catenin signal-
ing pathway is involved in the cell progression, including cell 
growth, migration and apoptosis [35]. Nevertheless, the cor-
relation between medicine resistance and the Wnt/b-catenin 
pathway need to be elucidated. Based on the research of pre-
vious reports, in this study we tested the effect of propofol 
on the drug resistance-associated pathway Wnt/b-catenin in 
A549/DDP and A549 cells. Recent reports have shown that 
DDP resistance in lung cancer cells could be reversed via sup-
pressing the PI3K/AKT signaling pathway [36]. Furthermore, 
Liu et al. [37] indicated that the JNK signaling pathway inacti-
vation could increase sensitivity of hepatocellular carcinoma 
cells to DDP. Partly in accordance with these reports, our re-
sults suggested that propofol remarkably reduced the b-catenin 
and cmyc mRNA and protein levels in A549/DDP and A549 cells 

in a dose-dependent manner compared to the control. These 
data indicated that Wnt/b-catenin might be a vital regulator 
in the role of propofol in the regulation of DDP resistance of 
A549/DDP and A549 cells. However, in vivo studies were not 
performed in our study and this was a limitation that needs 
to be addressed with further studies.

In summary, these results demonstrated that propofol inhibited 
lung cancer cell DDP-resistance by regulating the Wnt/b-catenin 
signaling pathway, suggesting that propofol might be a per-
fect anesthetic for lung cancer therapy, and provided a new 
therapeutic strategy for lung cancer DDP-tolerance treatment 
in clinical settings. However, this study is only a preliminary 
study of the role of propofol in DDP resistance in lung cancer. 
In order to make the role of propofol in DDP resistance more 
convincing, more in-depth research is needed. For example, 
to determine whether propofol directly or indirectly regulates 
the Wnt/b-catenin signaling pathway, Wnt/b-catenin signal-
ing pathway inhibitors should be used. Besides, the effect of 
propofol on lung cancer DDP resistance should be explored in 
vivo. We will study these issues in the future.

Conclusions

Propofol can enhance the sensitivity of lung cancer cells to 
DDP by inhibiting the Wnt/b-catenin signaling pathway, and 
it is a potential compound for the treatment of lung cancer.
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