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Propofol inhibits the growth and survival of gastric cancer cells
in vitro through the upregulation of ING3
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Abstract. Propofol is one of the most extensively used intra-
venous anesthetic agents and it can influence the biological
behavior of gastric cancer. However, the underlying mecha-
nism is poorly understood. In the present study, we found that
propofol significantly inhibited cell proliferation, invasion and
migration, and also promoted apoptosis in gastric carcinoma
cell lines SGC-7901 and MGC-803, as detected using MTT,
colony formation and flow cytometry assays, respectively.
Moreover, propofol (10 and 20 M) markedly upregulated
the expression of inhibitor of growth 3 (ING3), which was
lower in SGC-7901 and MGC-803 cells compared with that
noted in normal human gastric epithelial cell lines GES-1
and HFE145. Furthermore, we transfected SGC-7901 and
MGC-803 cells with ING3 overexpression vectors or ING3
small interference RNA (siING3), respectively, to assess the
role of ING3 in propofol-induced antitumor activity. The
siING3 transfection reversed the effects of propofol on the
biological behavior of gastric cancer cells, while transfection
of ING3 promoted the effects of propofol. In conclusion, our
results indicate that propofol exerts an inhibitory effect on the
growth and survival of gastric cancer cells by interfering with
ING3 degradation.

Introduction

Gastric cancer is the fourth most common cancer with high
morbidity and mortality worldwide (1,2). Approximately 70%
of new gastric cancer cases and gastric cancer-related deaths
occur in developing countries (3). Surgery is regarded as the
first line treatment for solid tumors, such as gastric cancer.
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Globally, there are ~234 million individuals undergoing
surgery with anesthesia each year (4). Recently, general anes-
thesia was reported to be associated with the risk of malignant
tumor recurrence (5). Therefore, the role of anesthesia is vital
for cancer development.

The inhibitor of growth family member 3 (ING3) is a
member of the ING tumor-suppressor family (6), which is
mapped to 7q31.3 and consists of 12 exons. ING3 was reported
to play a significant role in modulating transcription, cell
cycle and apoptosis (7,8). It could link the function of p53 to
histone acetylation (9). ING3 was also reported to be reduced
in human head and neck squamous cell carcinomas (10). ING3
also plays pivotal roles in the progression of human hepato-
cellular carcinoma (11) and colorectal adenoma, and may
be a potential target for cancer diagnosis and therapy (12).
Although its expression has been reported in various types
of cancer, the role of ING3 in gastric cancer has not been
investigated.

Propofol (2,6-diisopropylphenol) is one of the most widely
used intravenous anesthetic agents during cancer resection
surgery. In addition to its anesthetic properties, propofol also
exhibits antitumor effects (13,14), which can inhibit prolif-
eration and invasiveness, and induce apoptosis of cancer cells.
Numerous studies have reported that propofol has an inhibi-
tory effect on cancer cells. For example, propofol inhibited
lung cancer cell proliferation and induced its apoptosis (15).
It has also shown an inhibitory effect on the invasion and
metastasis of cancer cells such as lung (15), ovarian (16) and
prostate cancer (17), and osteosarcoma (18). There is no doubt
that the antitumor effect of propofol is extremely advantageous
for the surgical treatment of tumor patients. Recent studies
have demonstrated that propofol inhibited the growth of
gastric cancer cells (19). However, the molecular mechanisms
by which it acts remain unclear. In the present study, we used
gastric cancer cell lines MGC-803 and SGC-7901 to explore
the effects and the mechanism of action of propofol on gastric
cancer cells.

Materials and methods

Cell culture and treatment. Human gastric cancer cell lines
(MGC-803 and SGC-7901) and normal human gastric epithe-
lial cell lines (GES-1 and HFE145) were obtained from the
Type Culture Collection of the Chinese Academy of Sciences
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(Shanghai, China). The cells were grown in Dulbecco's
podified Eagle's medium (DMEM; Gibco, Rockville, MD,
USA) containing 10% fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA), 100 U/ml penicillin and 100 pug/ml strep-
tomycin (Gibco) and were maintained in a humidified 5% CO,
atmosphere at 37°C.

Transfection. MGC-803 and SGC-7901 cells were respectively
transfected with ING3 plasmid (pcDNA3-ING3) or ING3
siRNA plasmid (pcDNA3-siING3) or negative control plasmid
(pcDNA3-NC) using Lipofectamine 2000 reagent (Invitrogen)
according to the operating protocols. The ING3 siRNA
sequences (Ambion, Austin, TX, USA) were: 5-GCUGAUAA
UGCUGGAAUUAUU-3' (sense) and 5'-UAAUUCCAGCAU
UAUCAGCUU-3' (antisense) (20). Twenty-four hours later,
stable transfected cells were selected with G418 (Sigma,
St. Louis, MO, USA) and cultured for further study.
Transfection efficiency was monitored by gPCR and western
blotting.

Propofol treatment. To determine the effect of propofol on
gastric cancer, MGC-803 and SGC-7901 cells were exposed
to 0, 5, 10 or 20 uM propofol (Sigma) for 72 h before collec-
tion for further analysis. Propofol was diluted with dimethyl
sulfoxide (DMSO; Sigma).

Cell viability. Cell viability of the gastric cancer cells was
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT; Sigma) assay. Briefly, the cells were
seeded on 96-well plates (5x10° cells/well) and treated with
propofol for 72 h. Then, 20 yl of MTT (5 mg/ml) was added into
each well and incubated for another 4 h. The supernatant was
aspirated. DMSO (200 ul) was added to each well to dissolve
MTT formazan. The absorbance at 490 nm was measured
using a microplate reader (BMG Labtech, Inc., Durham, NC,
USA). Viability = OD treatment/OD control x 100%. The
experiments were repeated three times independently.

Migration and invasion assays. The invasion assay was
performed using a 24-well invasion chamber system coated
with 50 ul diluted Matrigel (BD Biosciences, Bedford, MA,
USA) according to the manufacturer's instructions. Cells were
seeded in the upper chamber (1x10° cells/well) in serum-free
media. The lower chamber was filled with media containing
10% FBS. After incubation for 24 h, the migrating cell number
was determined by counting five random x100 fields on each
membrane under a microscope (Zeiss, Oberkochen, Germany),
and the mean values from three independent experiments were
used. A similar procedure was used for the invasion assay. The
only difference was that the upper chamber was not coated
with Matrigel.

Flow cytometry. Cell apoptosis was detected with
Annexin V-FITC and propidium iodide (PI) staining
followed by flow cytometric (Beckman Coulter Epics XL;
Beckman Coulter, Krefeld, Germany) analysis. Briefly, the
cells were harvested and seeded into 96-well plates and
treated with propofol. A total of 3x10° cells were stained
with Annexin V-FITC/PI using the Annexin V-FITC/PI kit
(BD Pharmingen, San Diego, CA, USA).
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Quantitative real-time PCR (qPCR). Total RNA was extracted
from gastric cancer MGC-803 and SGC-7901 and gastric
epithelial cells GES-1 and HFE145 using TRIzol reagent
(Invitrogen). Reverse transcription was carried out using the
M-MLV Reverse Transcriptase System (Clontech, Palo Alto,
CA, USA), and qPCR was performed using SYBR Premix Ex
Taq (Takara, Dalian, China). GAPDH was used for normaliza-
tion. The primer sequences were as follows (12): ING3 forward,
5'-CTTCACGGAAATGCG-3' and reverse, 5-CTCTTCCCT
CCACTCA-3"; GAPDH forward, 5'-CTCAGACACCATGGG
GAAGGTGA-3' and reverse, 5S-ATGATCTT2GAGGCTGTT
GTCATA-3". The 222" method was used to quantify the rela-
tive gene expression. The relative expression of ING3 was
normalized to the expression of GAPDH.

Western blot analysis. Total protein was extracted from cells
and separated on 12% SDS-polyacrylamide gel. After elec-
trophoresis, the proteins were transferred to nitrocellulose
membranes (Amersham, Little Chalfont, UK), which were
then blocked in 5% fat-free milk for 1 h at 37°C. Subsequently,
the membranes were probed with the primary antibody for
ING3 (1:1,000) or GAPDH (1:1,000) (both from Abcam,
Cambridge, UK) at 4°C overnight. Then, they were incubated
with HRP-conjugated anti-rabbit IgG secondary antibody
(1:4,000; Abcam) for 2 h, and then washed with Tris-buffered
saline containing Tween-20 (TBST). The proteins were finally
visualized using chemiluminescent ECL reagent (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) with ImageJ software
(Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. All values are reported as mean + SD.
Statistical analysis was performed using SPSS 20.0 (SPSS,
Inc., Chicago, IL, USA) by either two-sided Student's unpaired
t-test or ANOVA test with post t-test. Statistical significance
was accepted at P-values <0.05.

Results

Propofol inhibits gastric cancer cell growth and induces
cell apoptosis. To elucidate the role of propofol in gastric
cancer, we first investigated the effects of propofol on cell
proliferation, invasion, migration and apoptosis. MGC-803
and SGC-7901 cells treated with propofol (10 and 20 uM)
showed markedly decreased cell proliferation (Fig. 1A and B),
invasion (Fig. 1C and D) and migration (Fig. 1E and F), and
increased apoptosis (Fig. 1G and H) in comparison with the
untreated cells (P<0.05).

ING3 is expressed at low levels in human gastric cancer cells.
To investigate whether ING3 plays a role in gastric cancer, we
used two gastric cancer cell lines (MGC-803 and SGC-7901)
and two normal gastric epithelial cell lines (CES-1 and
HFEI145) to analyze ING3 expression. The results showed that
both the mRNA expression and protein level of ING3 were
weak in the MGC-803 and SGC-7901 cells compared to these
levels in the CES-1 and HFE145 cells (P<0.05; Fig. 2A and B),
as demonstrated by qPCR and western blot analysis, respec-
tively. This indicates that ING3 may play a crucial role in
the development of gastric cancer. To determine the critical
role of ING3 in gastric cancer, we generated MGC-803 and
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Figure 1. Propofol suppresses gastric cancer cell growth and induces cell apoptosis. Propofol (10 and 20 #M) treatment inhibited (A and B) cell proliferation,
(C and D) migration and (E and F) invasion, and promoted (G and H) apoptosis in the MGC-803 and SGC-7901 cells. N=3, “P<0.05 vs. propofol (0 #M).

SGC-7901 cells that stably expressed ING3 or siING3, in
which the expression was significantly upregulated or down-
regulated (Fig. 2C-F) (P<0.05).

ING3 suppresses the survival and induces apoptosis of gastric
cancer cells. We then evaluated the effect of ING3 on the
growth of gastric cancer cells. The results revealed that ING3
also significantly inhibited cell proliferation (Fig. 3A and B),
invasion (Fig. 3C and D) and migration (Fig. 3E and F),
and increased apoptosis (Fig. 3G and H) compared with
the negative control and control groups (P<0.05). However,
siING3 markedly promoted cell proliferation (Fig. 3A and B),
invasion (Fig. 3C and D) and migration (Fig. 3E and F), and
decreased apoptosis (Fig. 3G and H) of the MGC-803 and
SGC-7901 cells (P<0.05).

Propofol increases the expression of ING3 in human
gastric cancer cells. To study the correlation of propofol
and ING3 in gastric cancer, we detected ING3 expression in
propofol-treated MGC-803 and SGC-7901 cells. As shown
in Fig. 4A-D, propofol-untreated cells induced low levels of
expression of ING3, while propofol-treated (10 and 20 yM)
cells showed strong ING3 expression, demonstrating that the
INGS3 level was increased by propofol.

ING3 promotes the effect of propofol on cell growth. To further
elucidate whether ING3 was responsible for the effect of
propofol on gastric cancer, we treated cells that were transfected
with ING3 or siING3 with propofol (10 xM). After adminis-
tration of propofol (10 M), ING3-transfected cells showed
a significantly decreased cell proliferation (Fig. 4E and F),
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Figure 2. ING3 is expressed at low levels in human gastric cancer cells. (A) mRNA expression and (B) protein level of ING3 were lower in gastric cancer cell
lines (MGC-803 and SGC-7901) than in normal gastric epithelial cell lines (CES-1 and HFE145) as analyzed by qPCR and western blot analysis. N=3, “P<0.05
vs. CES-1 and HFE145 cells. ING3 expression was increased in the MGC-803 and SGC-7901 cells transfected with ING3, but decreased in cells transfected
with siING3 according to (C and E) gPCR and (D and F) western blot analysis. N=3, "P<0.05 vs. pcDNA3-NC.

invasion (Fig. 4G and H) and migration (Fig. 41 and J), and
an increased apoptosis (Fig. 4K and L) in the MGC-803 and
SGC-7901 cells. In contrast, small interfering RNA (siRNA)-
mediated knockdown of ING3 in the MGC-803 and SGC-7901
cells, even those treated with propofol (10 xM), exhibited
significantly increased cell proliferation (Fig. 4E and F),
invasion (Fig. 4G and H) and migration (Fig. 41 and J),
and reduced apoptosis (Fig. 4K and L) compared with the
untreated MGC-803 and SGC-7901 cells. In other words,
siING3 reversed the effects of propofol, while ING3 promoted
the effects of propofol on cell growth.

Discussion

Gastric cancer is the second leading cause of cancer-related
death worldwide (21), with a low 5-year survival rate (2).
Mortality usually results from recurrence or metastases.
Surgical removal of the primary tumor is of utmost importance
for treatment (22). The increasing incidence of cancer means

that anesthesia is important, not only during the perioperative
period, but also during chronic cancer pain management (23).
It was reported that anesthetic agents influence the
pathophysiology of metastasis in the postoperative period (23).
An appropriate anesthetic strategy could improve the long-
term survival of patients. Anesthetic agents and anesthesia
techniques play pivotal roles in the prevention of tumor
metastasis and recurrence.

In the present study, we found that propofol suppressed the
growth of both MGC-803 and SGC-7901 cells. Lower ING3
expression was found in the MGC-803 and SGC-7901 cells
than that noted in the CES-1 and HFE145 cells. Propofol also
increased ING3 expression, affecting the biological behavior
of gastric cancer cells. We further found that ING3 was associ-
ated with the inhibitory effect of propofol on MGC-803 and
SGC-7901 cells. Together, our studies provide evidence that
propofol is an important inhibitor of gastric cancer progres-
sion in vitro by upregulating ING3, and suggest that ING3 is a
promising therapeutic target for gastric cancer.
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Figure 3. ING3 suppresses gastric cancer cell growth and induces cell apoptosis. ING3 transfection reduced (A and B) cell proliferation, (C and D) migration
and (E and F) invasion, and promoted (G and H) apoptosis in the MGC-803 and SGC-7901 cells. N=3, "P<0.05 vs. control.

Propofol, a commonly used intravenous anesthetic, has
been reported to exert many non-anesthetic effects (24).
Increasing evidence suggests that propofol suppresses the
proliferation (25,26), adhesion (27,28) and invasion (29,30) of
cancer cells, and induces their apoptosis (31,32). Therefore, it
may be beneficial to use propofol in cancer surgery, for reasons
other than its multiple anesthetic advantages. In the present
study, we verified that propofol was effective at inhibiting
the growth of gastric cancer cells, which was consistent with
previous studies (19). Moreover, propofol enhanced the expres-
sion of ING3.

ING3, a candidate tumor-suppressor of the ING family,
plays an unquestionable role in modulating transcription, cell

cycle and apoptotic induction (33). Its downregulation may
contribute to tumorigenesis. Numerous studies have suggested
that ING3 is a functional tumor-suppressor gene in human
cancers (10-12). In the present study, ING3 expression in gastric
cancer cells was found to be lower than its expression in normal
gastric epithelial cells. These findings indicate that a downreg-
ulated ING3 level may be involved in gastric carcinogenesis.
INGS3 transfection markedly promoted the inhibitory effects of
propofol on gastric cells, whereas siING3 transfection reversed
the effects of propofol, suggesting that propofol plays a role in
modulating gastric cancer cells by targeting ING3.

In conclusion, the present study provides new insights into
the effects of propofol on the behavior of gastric cancer cells
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and the mechanisms involved. Propofol may have antitumor
potential in gastric cancer, partly due to the upregulation of
ING3.
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