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Abstract. – OBJECTIVE: Propofol possess
anticancer properties in several cancers. In the
present study, we investigate the effect of
propofol on the human esophageal squamous
cell carcinomas (ESCC) EC-1 cells in vitro and
its molecular mechanisms of action.

MATERIALS AND METHODS: EC-1 cells were
explored to 10-100 μmol/L propofol for 72 h or
100 μmol/L/mL propofol for 24-72 h. EC-1 cells
were explored to 100 μmol/L propofol for 24 h,
then was transiently transfected into PcDNA3.1-
S100A4 cDNA or PcDNA3.1 plasmid for 48 hrs.
MTT, TUNEL, ELISA, migration, tube formation
and immunoblotting were analized.

RESULTS: Propofol inhibits invasion, angiogen-
esis, proliferation and induces apoptosis in a
dose and time-dependence manner, followed by
deseased S100A4 expression by Western blot as-
say. Pre-transfection of PcDNA3.1-S100A4 cDNA
inhibits propofol-induced apoptosis and promotes
invasion and angiogenesis in EC-1 cells in vitro.

CONCLUSIONS: Propofol inhibited invasion,
angiogenesis and induces apoptosis of human
EC-1 cells in vitro through regulation of S100A4
expression. It not only can be an anesthesia
agent, but also plays a important role of inhibit-
ing the migration and angiogenesis of ESCC
cells in the therapy of ESCC patients.

Key Words:
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metastasis; NF-KB; S100A4.

Introduction

Propofol is a short-acting intravenous anaes-
thetic agent, which has been widely used in oper-
ating rooms as well as in the Intensive Care Unit
(ICU). Increasing experimental evidence sug-
gests that propofol has the neuroprotective effect
against ischemic neuronal injury in animal mod-
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els of cerebral ischemia1,2. The mechanisms by
which may be associated with apoptotic inhibi-
tion by a consequence of the regulation of Bcl-2,
caspase-3 and Bax3,4. 

It has recently found that propofol possess an-
ticancer properties in several cancers. In ovarian
cancer OVCAR-3 cells and gallbladder cancer
GBC-SD cells, propofol inhibited proliferation of
OVCAR-3 and GBC-SD cells in a dose- and
time-dependent manner. After exposure to
propofol for 24-48 hours, these cells showed in-
creased apoptosis and increased invasion5-7.
Propofol also has the same anticancer properties
in hepatocellular carcinoma8, esophageal squa-
mous cell carcinoma9, osteosarcoma10, and lung
adenocarcinoma11. However, the propofol’s mol-
ecular mechanism of action is unclear.

We have previously found propofol inhibited
proliferation, invasion and angiogenesis of human
esophageal squamous cell carcinomas (ESCC)
Eca-109 cells in vitro through modulation of
ERK-VEGF/MMP-9 signaling9. Wu et al11 has re-
ported that propofol inhibits MMP-2 and -9 mR-
NA and protein expressions, resulting in suppres-
sion of lung cancer cell invasion and migration in
vitro. In breast cancer cells, propofol could inhibit
the invasion and migration of breast cancer cells
via regulation of NF-κB/MMPs signal12.

S100A4 is a member of the S100 family. It
has 101 amino acids and with a molecular weight
of about 11.6 kDa. S100A4 possesses a wide
range of biological functions, such as regulation
of angiogenesis13-15, cell survival15-16, motility and
invasion16-18. S100A4 functions through regula-
tion of NF-κB, MMP-9 and VEGF13,14,18. Previ-
ous studies have found that NF-κB, MMP-9 and
VEGF, which were related with invasion and mi-
gration of many experimental animal models,
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to nitrocellulose, the membranes were stained.
Membranes were incubated at 4°C overnight in a
blocking solution containing 5% bovine skim
milk and 0.1% Tween 20 (Fischer Scientific,
Pittsburgh, PA, USA) in TBS (10 mM Tris-HCl
with 150 mM NaCl, pH 7.6), then probed with
specific primary and secondary antibodies conju-
gated to horseradish peroxidase (HRP). Im-
munoreactive bands were visualized by chemilu-
minescence solution and exposure to X-ray film.

TUNEL Assay for Apoptosis
Apoptosis of the EC-1 cells treated with

propofol alone or combined with PcDNA3.1-
S100A4 cDNA and PcDNA3.1 plasmid transfec-
tion was evaluated by the terminal transferase
dUTP nick end labeling (TUNEL) assay accord-
ing to the manufacturer’s instructions. TUNEL-
positive cells was assessed in three randomly se-
lected fields each section. All assays were per-
formed in quadruplicate.

ELISA for Apoptosis
Apoptosis of the EC-1 cells treated with

propofol alone or combined with PcDNA3.1-
S100A4 cDNA and PcDNA3.1 plasmid transfec-
tion was evaluated by the Cell Apoptosis ELISA
Detection Kit according to the manufacturer’s
protocol. The spectrophotometric absorbance of
the samples was determined using ULTRA Mul-
tifunctional Microplate Reader (Tecan, San Jose,
CA, USA) at 405 nm.

MTT for Cell Growth Inhibition Assay
EC-1 cells treated with propofol alone or com-

bined with PcDNA3.1-S100A4 cDNA and PcD-
NA3.1 plasmid transfection were seeded at a
density of 3 × 103 cells per well in 96-well mi-
crotiter culture plates. After overnight incuba-
tion, 20 µL of MTT solution (5 mg/mL in phos-
phate buffered saline – PBS) were added to each
well and incubated further for 2 h. Upon termina-
tion, the supernatant was aspirated and the MTT
formazan formed by metabolically viable cells
was dissolved in 100 µL of isopropanol. The
plates were mixed for 30 min on a gyratory shak-
er, and absorbance was measured at 595 nm us-
ing a plate reader.

Chicken Chorioallantoic Membrane
(CAM) Angiogenesis Assay

EC-1 cells treated with propofol alone or com-
bined with PcDNA3.1-S100A4 cDNA and PcD-
NA3.1 plasmid transfection for the indicated

were positively regulated by propofol9-12. In the
present study, we provide evidence to support the
hypothesis that propofol inhibits invasiveness
and survival of human ESCC cells through the
transcriptional regulation of S100A4.

Materials and Methods

Cell Culture 
The human esophageal squamous cell carcino-

mas (ESCC) EC-1 cells, which has high S100A4
expression19, was purchased from the American
Type Culture Collection (ATCC, Shanghai, Chi-
na). It was cultured in Dulbecco Modified Ea-
gle’s Medium (DMEM) supplemented with 10%
fetal calf serum (FCS), nonessential amino acids,
sodium pyruvate, penicillin/streptomycin antibi-
otics, and L-glutamine. Cells were maintained in
a humidified incubator containing 10% CO2 at
37°C. Before propofol treatment, the cells under-
went serum starvation for 24 h. 

Propofol Treatment
EC-1 cells were explored to 10-100 µmol/L

propofol for 72 h or 100 µmol/L/mL propofol for
24-72 h. The cells were collected and processed
for analysis of MTT, TUNEL, ELISA, migration,
tube formation and immunoblotting.

S100A4 cDNA Transfection
PcDNA3.1-S100A4 cDNA and PcDNA3.1

plasmid was kindly gifted by Dr. Zhang, General
Surgery, Affiliated Hospital of Medical College,
QingDao University, QingDao19. EC-1 cells were
explored to 100 µmol/L propofol for 24 h, then
was transiently transfected into PcDNA3.1-
S100A4 cDNA or PcDNA3.1 plasmid for 48 hrs
using Lipofectamine 2000 (Invitrogen,
Guangzhou, China) in accordance with the manu-
facturer’s protocol. The cells were collected and
processed for analysis of MTT, TUNEL, FACS,
migration, tube formation and immunoblotting.

Western Blot
Cellular proteins from treated EC-1 cells were

prepared according to the manufacturer’s proto-
col. For routine quantitation of proteins, follow-
ing the manufacturer’s protocol (Pierce, Rock-
ford, IL, USA). 40 ug of protein samples were
subjected to sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis (SDS-PAGE) on ei-
ther 12% Tris-acetate gradient gels for S100A4
detection. After gel electrophoresis and transfer
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time. The conditioned medium was filtered off
for future research. White Leghorn eggs were in-
cubated with 70% humidity at 37°C. To investi-
gate the effect of propofol on tumor-induced an-
giogenesis, the conditioned medium above were
placed onto the CAM (10-day-old); After place-
ment of the discs, embryos were transferred back
into the incubator. After 3 days, embryos were
examined under a stereomicroscope for evalua-
tion of angiogenesis. Blood vessels density was
quantified by Image J software and represented
as a bar diagram.

Cell Invasion Assay
EC-1 cells treated with propofol alone or com-

bined with PcDNA3.1-S100A4 cDNA and PcD-
NA3.1 plasmid transfection for the indicated
time were trypsinized and resuspended in
DMEM and 0.1% bovine serum albumin (BSA)
at 6 × 105 cells/ml. A 250 µl aliquot of the sus-
pension was applied into the inner chamber of a
cell invasion plate assembly in a QCM 24-well
cell invasion assay kit (Chemicon International,
Billerica, MA, USA). The cells were incubated at
37°C for 24 h. Invaded cells were fluorimetrical-
ly detected according to the manufacturer’s in-
struction.

Statistical Analysis
All statistical analyses were performed using

the SPSS11.0 software (SPSS Inc., Chicago, IL,
USA). The results were used as means ± SD of
three replicate assays. Differences between dif-
ferent groups were assessed using ANOVA or al-
so post hoc test. p < 0.05 was considered as sta-
tistical significance.

Results

Propofol Inhibits S100A4 Expression 
in EC-1 Cell in a Dose- and 
Time-Dependent Manner

S100A4 was overexpressed under normal
growth conditions in EC-1 cells by Western blot
assay. EC-1 cells treated with 10-100 µmol/L
propofol for 72 h signifintly reduced the levels
of S100A4 in EC-1 cells in a concentration-de-
pendent fashion (Figure 1A). Furthermore, EC-
1 cells treated with 100 µmol/L propofol for 24-
72 h also significantly reduced the levels of
S100A4 in EC-1 cells in a time-dependent fash-
ion (Figure 1B).

X.-G. Guo, S. Wang, Y.-B. Xu, J. Zhuang

Figure 1. Effect of Propofol on S100A4 expression in EC-
1 cells. A, EC-1 cells treated with 10-100 µmol/L propofol
for 72 h, Western blot assay was used to detect S100A4 ex-
pression in the EC-1 cells. B, EC-1 cells treated with 100
µmol/L propofol for 24-72 h, Western blot assay was used
to detect S100A4 expression in the EC-1 cells.

Effect of Propofol on Cell Proliferation 
EC-1 cells were exposure to 10-100 µmol/L

propofol for 72 h, and the cell proliferation was
detected by MTT analysis. Treatment with 10,
50, and 100 µmol/L/mL of propofol for 72 h re-
sulted in a dose-dependent inhibition of cell pro-
liferation (Figure 2A). Treated with 100 µmol/L
concentrations of propofol for 24-72 h also re-
sulted in a time-dependent inhibition of cell pro-
liferation (Figure 2B).

Propofol Induces EC-1 cell Apoptosis in a
dose and Time-Dependent Manner

EC-1 cells were treated with 0-100 µmol/L
propofol over 72 h, or 100 µmol/L propofol for
0-72 h. TUNEL and ELISA technique was used
to detect cell apoptosis. Treatment with propofol
(10-100 µmol/L/Ml) for 72 h resulted in signifi-
cant apoptosis relative to control by TUNEL as-
say (Figure 3A). Similarly results were also
found when treated with propofol (100
µmol/L/mL) for 24-72 h (data not shown). The
treatment of EC-1 cells with propofol resulted in
a dose- and time-dependent promotion of cell
apoptosis, suggesting that propofol was an effec-
tive promoyion of EC-1 cell death as a single
agent. ELISA assay (Figure 3B) has the same re-
sults as the TUNEL results.

Propofol Inhibits Invasion and 
Angiogenesis in EC-1 Cell

We first analyzed the effect of propofol treat-
ment on the invasive capability of EC-1 cells. As
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shown in Figure 4A. treatment with 100 µmol/L
propofol significantly decreased (p < 0.05) the
number of invasive cells. Next we quantified the
effect of propofol treatment on the angiogenic
ability in CAM (chick chorioallantoic mem-
brane). The images shows the presence of few
scattered blood vessels around the sponge when
treated with 100 µmol/L propofol in EC-1 cells
compared to EC-1 cells alone on CAM. (Figure
4B). These data further support our hypothesis
that propofol inhibits the invasive characteristics
during human ESCC development.

Propofol-Mediated S100A4-Dependent
Growth, Invasion, Angiogenesis and
Apoptosis in EC-1 cells

Propofol (100 µmol/L) inhibits angiogenesis
and invasion, followed by S100A4 inhibition
(Figure 1). When S100A4 cDNA was transfected
into the EC-1/propofol cells, S100A4 expression
was significantly increased (Figure 4C), and the

effect of propofol on angiogenesis and invasion
was increased (Figure 4).

EC-1 cells were treated with 0-100 µmol/L
propofol over 72 h, or 100 µmol/L propofol for
0-72 h, resulted in a dose and time-dependent in-
hibition of cell proliferation (Figure 2), and in-
crease of cell apoptosis (Figure 2), followed by
decreased S100A4 expression (Figure 1). When
S100A4 cDNA was transfected into the EC-
1/propofol cells, propofol-induced apoptosis in
the EC-1 cells was significantly decreased (Fig-
ure 5C-D), and survival rate was significantly in-
creased (Figure 5A-B).

Discussion

We investigated the effects of propofol on the
behavior of human ESCC cells and the role of
S100A4 in these effects. We showed that propo-
fol inhibits invasion, angiogenesis, proliferation

Figure 2. Effect of Propofol on survival in EC-1 cells. A, EC-1 cells treated with 10-100 μmol/L propofol for 72 h. B, EC-1
cells treated with 100 µmol/L propofol for 24-72 h. MTT assay was used to detect survival in EC-1 cells. vs. control *p < 0.05,
**p < 0.01 statistical significance.
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and induces apoptosis of EC-1 cells through inhi-
bition of S100A4.

Propofol is extensively used as a sedative and
general anesthetic for surgery. Additionally, re-
cent studies demonstrated that propofol exerts
anti-cancer effects by inducing cancer cell apop-
tosis20-21. Propofol may directly and indirectly
suppress the viability and proliferation of cancer
cells by promoting apoptosis in human lung can-
cer and neuroblastoma cells22-23. We have previ-
ously found that treating pancreatic cancer cells
(MIA-PaCa-2) with propofol in concentrations of
10, 25, 50, and 100 mmol/mL resulted in dose-
and time-dependent promotions of apoptosis. It
was a single effective promoter of the death of
pancreatic cancer cells24. Wang et al7 has report-
ed that treatment with propofol induced apopto-
sis and increased paclitaxel killing of all pacli-
taxel-sensitive and -resistant ovarian cancer cells
followed by significant decrease in the Slug lev-
els. Treatment with propofol inhibits invasion
and migration. We also found that propofol in-
hibited proliferation, invasion and angiogenesis
of human Eca-109 cells in vitro through modula-
tion of ERK-VEGF/MMP-9 signaling9.

Our data showed that propofol-induced apop-
tosis and survival inhibition in EC-1 cells with
high S100A4 expression occurs in a dose and
time-dependent manner and significantly rises at
the concentration of 100 µmol/L propofol treat-
ment for 72 hours. We also found in the present
study that treatment with 100 µmol/L propofol
significantly decreased the number of invasive
cells, and decreased the angiogenic ability in
CAM (chick chorioallantoic membrane).

Studies in rodents25 have provided evidence
supporting the direct involvement of S100A4 in
tumor progression and metastasis. Based on ob-
servations in transgenic mice, S100A4 has been
identified as a potent stimulator of angiogene-
sis26. Otherwise, both extracellular and intracel-
lular S100A4 also participates in the regulation
of cell death27.

In the present study, we found that treatment
with propofol inhibits S100A4 expression in a
dose- and time-dependent manner in the EC-1
cells. Although EC-1 cells treated with propofol
resulted in a dose and time-dependent inhibition
of cell proliferation, and increase of cell apopto-
sis. When S100A4 cDNA was transfected into

Figure 3. TUNEL and ELISA assay was used to evaluate apoptosis in EC-1 cells. A, Propofol-induced apoptotic cell death
by TUNEL after 72 h of treatment with 10-100 μmol/L propofol. B, Propofol-induced apoptotic cell death by ELISA after 72
h of treatment with 10-100 μmol/L propofol. vs. control, *p < 0.05, **p < 0.01.
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Figure 4. Propofol inhibited angiogenesis by CAM and invasion in matrigel assay. A, Propofol inhibits in vitro invasion by
matrigel assay. B, Propofol inhibits in vivo angiogenesis through CAM assay. Blood vessels density was quantified. Values
are means ± SD. C, Western blot assay for S100A4 in S100A4 cDNA transfected EC-1 cells. Vs. propofol, *p < 0.05. Al-
though propofol inhibits angiogenesis and invasion, when S100A4 cDNA was transfected into the EC-1 cells, the effect of
propofol on angiogenesis and invasion was restored.

Art. 1.4589:Art. 1.1475/ringraziamenti  22/12/15  16:01  Pagina 4863



4864

X.-G. Guo, S. Wang, Y.-B. Xu, J. Zhuang

the EC-1/propofol cells, propofol-induced apop-
tosis in the EC-1 cells was significantly de-
creased, and survival rate was significantly in-
creased. Chicken chorioallantoic membrane
(CAM) angiogenesis assay and cell invasion as-
say also showed that S100A4 cDNA was trans-
fected into the EC-1 cells, the effect of propofol
on angiogenesis and invasion was restored.

Conclusions

This study provides new insights into effect of
propofol on behavior of ESCC cells and the re-
lated mechanism. Our present study suggests that
propofol inhibits invasion, angiogenesis, prolifer-
ation and induces apoptosis of EC-1 cells
through inhibition of S100A4. However, this
should be verified in further studies, including
animal trials and prospective clinical studies.
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