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Abstract. – OBJECTIVE: To explore the influ-
ences of propofol on the proliferation and apop-
tosis of cardia cancer cells via mitogen-activat-
ed protein kinase/extracellular signal-regulated 
kinase (MAPK/ERK) signaling pathway.   

PATIENTS AND METHODS: A total of 65 sur-
gical resection specimens of cardia cancer were 
selected as research objects and divided into con-
trol group and with low (12.5 μmol/L), medium (25 
μmol/L), and high (50 μmol/L) propofol concentra-
tion groups. The apoptosis of cancer cells, ERK1/2 
phosphorylation level, expressions of Caspase-3, 
B-cell lymphoma-2 (Bcl-2), and Bcl-2 associated X 
protein (Bax) in each group were detected.   

RESULTS: Propofol in different concentra-
tions could all effectively inhibit the proliferation 
of cardia cancer cells in a dose-dependent man-
ner. Different concentrations of propofol pro-
moted the apoptosis of cardia cancer cells, and 
the apoptosis rate constantly increased with the 
rising concentration of propofol (p<0.05). Propo-
fol could repress the expression of Bcl-2 and 
up-regulate the expression levels of Caspase-3, 
Bax, and phosphorylated ERK1/2. 

CONCLUSIONS: Propofol can inhibit the pro-
liferation and induce the apoptosis of cardia 
cancer cells, and the action mechanism may be 
correlated with the inhibition on the MAPK/ERK 
signaling pathway.
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Introduction

Cardia cancer, a common kind of malignant tu-
mor of the digestive system in clinics, occurs below 
the borderline between the esophagus and stomach 
but does not involve the esophagus epithelium, so it 
is also called adenocarcinoma of the esophagogas-
tric junction, with very high morbidity and mortali-
ty rates1,2. The early symptoms of cardia cancer are 
mainly manifested as a foreign body sensation or ec-

trotic feeling during swallowing, continuous vomit-
ing of grume, haematemesis, or hematochezia, ac-
companied by chest distress or aching feeling, so the 
disease is easily confused with esophagus cancer 
and gastric cancer3. With the progression of cardia 
cancer, it will involve vital organs, including liver, 
lung, and brain, with distant metastasis. Patients 
will suffer from weight loss, coma, bloody ascites, 
gastrointestinal tract obstruction, anemia, and other 
symptoms, severely affecting patients’ physical and 
psychological health4. Currently, there are few mo-
lecular studies about cardia cancer, and its pathogen-
esis is still not completely clear. Mitogen-activated 
protein kinase/extracellular signal-regulated kinase 
(MAPK/ERK) signaling pathway is one of the im-
portant signaling pathways in cells, and it plays an 
important regulatory role in the proliferation and 
apoptosis of cells, which can be taken one of the ide-
al loci of targeted treatment for cancer5. Propofol is 
an anesthetic drug, commonly used in clinics. Wei 
et al6 have detected that it can influence the inva-
sion of cancer cells and inhibit cellular damage by 
activating ERK1/2, with an anti-oxidation effect. 
Therefore, it can be speculated that propofol can in-
hibit the proliferation of cardia cancer cells via the 
MAPK/ERK signaling pathway, thus exerting an-
ti-tumor effects. In the present study, the effects of 
propofol on the proliferation and apoptosis of cardia 
cancer cells were observed in in vitro experiments, 
and its molecular mechanism in cardia cancer cells 
was investigated, with the aim to provide a theoreti-
cal basis for the treatment of cardia cancer. 

Patients and Methods

Materials and Instruments
The main materials were: cardia neoplasm 

tissue specimens obtained through surgical re-
section, culture medium and fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA), bicinchonin-
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ic acid (BCA) assay kit (Beyotime Institute of Bio-
technology, Shanghai, China), propofol injection 
(Xi’an Libang Pharmaceutical Co., Ltd., Xi’an, 
China), Annexin V-fluorescein isothiocyanate 
(FITC)/propidium iodide apoptosis assay kit (Be-
yotime Institute of Biotechnology, Shanghai, Chi-
na), Caspase-3 activity determination kit (Beijing 
Aviva Systems Biology Co., Ltd., Beijing, China), 
TRIzol total ribonucleic acid (RNA) extraction 
reagent (Tiangen Biotech Co., Ltd., Beijing, Chi-
na), rabbit anti-human [B-cell lymphoma-2 (Bcl-
2), Bcl-2 associated X protein (Bax), ERK1/2 and 
phosphorylated ERK1/2 (p-ERK1/2)] monoclonal 
antibodies (Epitmics, Burlingame, CA, USA), 
rabbit anti-human glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), and horseradish per-
oxidase (HRP)-labeled goat anti-rabbit secondary 
antibodies (Abcam, Cambridge, MA, USA). The 
main instruments were: Polymerase Chain Reac-
tion (PCR) instrument (Bio-Rad, Hercules, CA, 
USA), electrophoresis apparatus (Beijing Liuyi 
Instrument Factory), flow cytometer (BD, Frank-
lin Lakes, NJ, USA), CO2 incubator (SANYO, 
Osaka, Japan), inverted microscope (Olympus, 
Tokyo, Japan), microplate reader (Beijing Poten-
ov Technology Co., Ltd., Beijing, China), full-au-
tomatic microphotographic system (Olympus, 
Tokyo, Japan), cryogenic refrigerator (SANYO, 
Osaka, Japan).

Preparation of Cell Suspension 
With Cancer Tissues  

The specimens of the cardia cancer tissues 
were made into cell suspension using the me-
chanical method: the specimen tissues were cut 
into pieces of 2 mm3 and then ground into ho-
mogenate in a grinder with the addition of 2 mL 
of 0.9% sodium chloride solution. After that, 10 
mL of 0.9% sodium chloride solution was used 
to wash the grinder. The cell suspension was 
filtered with a nylon net (300 mesh) and cen-
trifuged at 800 rpm for 2 min. The cells were 
precipitated, washed with normal saline for 3 
times, centrifuged for 2 min, precipitated, and 
preserved at -20°C for later use. 

Determination of Cell Activity
The cell suspension was inoculated into a 96-

well plate (100 μL/well) after the specimen cell 
density was adjusted to 2×108/L. The cells were 
cultured overnight and then treated with differ-
ent concentrations of propofol injection (12.5, 25 
and 50 μmol/L) for 24 h and 48 h. The superna-
tant was discarded, and the cells were incubated 

with methyl thiazolyl tetrazolium (MTT) (5 mg/
mL) (Sigma-Aldrich, St. Louis, MO, USA) for 4 
h and then the supernatant was discarded. Di-
methyl sulfoxide (DMSO) (150 mL) (Sigma-Al-
drich, St. Louis, MO, USA) was added and shak-
en at a low speed for 10 min. Six repeated wells 
were set both in the negative control group and 
research group. The absorbance was determined 
using the microplate reader at the wavelength of 
490 nm, and the inhibition rate of cell prolifera-
tion was calculated.

Detection of Cell Apoptosis
The specimen cells were adjusted to 3×108/L 

in density, added into a 6-well plate, cultured 
overnight, and then treated with different con-
centrations of propofol injection (12.5, 25 and 
50 μmol/L) for 24 h and 48 h. The cells in the 
negative control group were treated with an equal 
volume of Dulbecco’s Modified Eagle’s Medium 
(DMEM; Gibco, Rockville, MD, USA). They were 
centrifuged at 1000 rpm for 5 min and washed 
with Phosphate-Buffered Saline (PBS). After the 
supernatant was discarded, the cells were collect-
ed, gently mixed with 500 μL of binding buffer, 
10 μL of Annexin V-FITC and 5 μL of polyimide 
(PI) and placed in a dark place. The apoptosis of 
cells was detected via flow cytometer (Partec AG, 
Arlesheim, Switzerland). 

Detection of MAPK/ERK Signaling 
Pathway and Relevant Factors

The cell suspension was inoculated into the 
6-well plate and divided into different groups ac-
cording to the concentration of propofol injection 
(12.5, 25 and 50μmol/L). A blank control group 
was set up at the same time. The RNAs of each 
group were extracted in accordance with the 
instructions of total RNA extraction kit and re-
versely transcribed into complementary deoxyri-
bonucleic acids (cDNAs) (conditions: 25°C for 5 
min, 42°C for 30 min, and 85°C for 5 min). The 
reversely transcribed cDNAs were diluted at 1:10 
and added into the plate with primers and probes. 
PCR was performed using the PCR instrument 
(conditions: 95°C for 10 s, 60°C for 10 s, and 72°C 
for 10 s, 40 cycles in total).

Detection of Protein Expression 
in Cardia Cancer Cells Via Western 
Blotting

The cell suspension was inoculated into the 
6-well plate and added with different concen-
trations of propofol injection (12.5, 25 and 50 
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μmol/L). A blank control (DMSO) group was also 
set up. After 48 h, the cells in the different groups 
were lysed using ice-cold radioimmunoprecipi-
tation assay (RIPA) cell lysis buffer and centri-
fuged at 12000 rpm, and then the supernatant was 
collected. The total protein concentration was 
detected via BCA protein determination kit, and 
the total protein concentration in each specimen 
extracted was adjusted to 2 μg/mL. A total of 20 
μL of total protein was collected for electrophore-
sis with 12% polyacrylamide gel, transferred onto 
a nitrocellulose membrane, sealed at room tem-
perature for 1 h, added with Caspase-3, Bax, Bcl-
2, ERK1/2, p-ERK1/2, and GAPDH antibodies 
(diluted at 1:1000), sealed with skim milk powder 
and incubated overnight. After that, the protein 
was added with secondary antibodies (1:800) and 
incubated at room temperature for 1 h. The mem-
brane was washed with Tris-Buffered Saline with 
Tween 20 (TBST) for 3 times and developed us-
ing enhanced immunofluorescence method. The 
expressions of Caspase-3, Bax, and Bcl-2 were 
presented as their gray ratios to that of GAPDH. 
The phosphorylation level of ERK1/2 was pre-
sented as the gray ratio between p-ERK1/2 and 
ERK1/2.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 19.0 (IBM Corp., Armonk, NY, USA) soft-

ware was employed for data processing, and the 
measurement data were presented as mean ± stan-
dard deviation (x̅±s). The t-test was adopted, and 
p<0.05 suggested that the difference was statisti-
cally significant.

Results

Cell Growth Inhibitory Rate
After the detection with MTT method, it was 

found that propofol in different concentrations 
could all suppress the proliferation of cardia can-
cer cells and that the cell growth inhibition rate 
depended on the concentration and action time of 
propofol. The cell growth inhibition rate rose with 
the increased concentration and prolonged action 
time of propofol (Table I).

Cell Apoptosis
From the detection results of the flow cytome-

ter, it was found that the early apoptosis rate and 
the advanced apoptosis rate of cardia cancer cells 
were evidently increased in groups treated with 
different concentrations of propofol compared 
with those in the control group. Moreover, the 
apoptosis rate of cardia cancer cells was continu-
ously elevated, with an increased concentration of 
propofol (p<0.05) (Table II).

Table I. Inhibition rate of different concentrations of propofol on cardia cancer cells.

Group Concentration                            Cell growth inhibition rate 
 of propofol (μmol/L)
  24 h 48 h

Control group 0 0 0
 12.5 21.35±2.13ab 40.23±2.48ab

Propofol 25 43.13±2.27ab 63.23±3.12ab

 50 56.28±2.48ab 76.56±3.29ab

Note: pa<0.05 vs. control group, intergroup pairwise comparison, pb<0.05.

Table II. Apoptosis rate of cardia cancer cells in different groups.

Group Concentration                                 Cell apoptosis rate
 of propofol (μmol/L)
  24 h 48 h

Control group 0 1.32±0.39 3.16±0.54
 12.5 5.35±1.13ab 19.36±2.28ab

Propofol 25 10.43±2.27ab 38.43±3.32ab

 50 15.28±2.68ab 56.56±3.69ab

Note: pa<0.05 vs. control group, intergroup pairwise comparison, pb<0.05.
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Influences of Propofol On 
Expression of Genes Related 
to MAPK/ERK Signaling Pathway 
and Apoptosis in Cardia Cancer Cells

The qRT-PCR and Western blotting results 
(Figures 1, 2, 3) showed that the expression of 
Bcl-2 was lower in the groups with different con-
centrations of propofol compared with that in the 
control group, and the expressions of caspase-3, 
Bax, and p-ERK1/2 were higher compared with 
those in the control group (p<0.05).

Discussion

Cardia cancer is a common malignant tumor of 
the digestive system, with a high morbidity rate in 
the North region of China. Its occurrence is a pro-
gressive development involving multiple factors 

(Helicobacter pylori infection, long-term smoking, 
long-term intake of hot, smoke-dried, bad or moldy 
food containing a high level of nitrous acid, reflux 
esophagitis, family susceptibility, etc.) and multi-
ple stages7,8. Although the detection means and the 
treatment methods of tumors have been greatly im-
proved, the overall survival rate of cardia cancer is 
lower than that of other solid tumors.

Apoptosis is a form of programmed active cell 
death under the combined action of the external 
environment and the cell itself9. Caspase proteins 
are a category of aspartic acid proteolytic enzymes 
that play important roles in cell growth, differenti-
ation, and other processes, which are closely cor-
related with apoptosis10,11. Caspase-3 is most easily 
activated in cell apoptosis and plays a crucial role12. 
According to the research results, the proliferation 
of cardia cancer cells was suppressed after inter-
vention with propofol, and the growth inhibition 

Figure 1. A-D, Influences of propofol on messenger RNA level of apoptosis-related genes in cardia cancer cells detected via 
qRT-PCR. **p<0.05.
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rate was determined by the concentration and 
action time of propofol. With the increased con-
centration of propofol, the apoptosis rate of cardia 
cancer cells was also increased. The reason may be 
that propofol may prevent the increase of extracel-
lular glutamate concentration after acting on cardia 
cancer cells, increase the activity of caspase-3 in 
cells, and up-regulate the expression of caspase-3, 
thus promoting apoptosis of cancer cells.

The MAPK/ERK signaling pathway is an im-
portant pathway in cells that promotes prolifera-
tion and resists apoptosis, thereby playing a ma-
jor role in cell proliferation and apoptosis13,14. As 
a kind of MAPK, ERK includes two subtypes: 
ERK1 and ERK2. It is widely distributed in rest-
ing cells and can regulate the activity of tran-
scription factors and some kinases, influencing 
cell proliferation. Moreover, it has a regulating 
effect on mitosis and meiosis of cells and plays a 
key role in cell apoptosis process by influencing 
the activity of the downstream regulatory pro-
teins and apoptosis-related proteins15,16. Huang 
et al17 have confirmed that ERK1/2 plays an im-
portant role in the occurrence and development 
of tumor cells by promoting epithelial-mesen-
chymal transition. Once the phosphorylation of 

ERK1/2 is activated, it will induce the expres-
sion of Bcl-2, thus influencing the proliferation 
and apoptosis of cells18. Liu et al19 have found 
that Bax is present in the form of homodimer 
that can be formed by itself, whose expression 
products promote cell apoptosis. Bcl-2 is pivot-
al in suppressing cell apoptosis20. When the ex-
pression of Bcl-2 protein in cells is up-regulated, 
the heterodimer generated by Bcl-2 and Bax is 
increased, which can inhibit the homodimer of 
Bax protein and block the apoptosis-promoting 
effect of Bax protein. On the contrary, if the ex-
pression of Bcl-2 protein in cells is down-reg-
ulated and the heterodimer generated by Bcl-2 
and Bax is decreased, the homodimer conducive 
to Bax protein will be generated, thereby exert-
ing the apoptosis-promoting effect of Bax pro-
tein. The results of the present study have shown 
that the expression of Bax was lower in groups 
with different concentrations of propofol than 
that in the control group and the expressions of 
both ERK1/2 and Bcl-2 were higher than those in 
the control group. The reason may be that propo-
fol will promote the expression of Bax protein 
in cells via the MAPK/ERK signaling pathway, 
down-regulate the activity of ERK, and inhibit 

Figure 2. Western blotting figure of phosphor-
ylated proteins of Bax, Caspase-3, and Bcl-2.

Figure 3. Western blotting figure of p-ERK1/2 
protein.
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the expression of Bcl-2 protein, thereby inducing 
the apoptosis of cardia cancer cells.

Conclusions

These results provide evidence that propofol 
can effectively inhibit the proliferation of cardia 
cancer cells, induce their apoptosis, activate the 
MAPK/ERK signaling pathway, up-regulate the 
expressions of Caspase-3 protein and Bax pro-
tein, and down-regulate the expression of Bcl-2, 
providing the research bases for exploring the 
molecular pathogenesis of cardia cancer and new 
targeted treatment methods for the disease.
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