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v-tocotrienol inhibits the invasion and migration of human
gastric cancer cells through downregulation
of cyclooxygenase-2 expression
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Abstract. y-tocotrienol (y-T3), a tocotrienol isoform
belonging to the vitamin E family, has been revealed to exert
inhibitory effects on proliferation, migration and invasion
in human gastric cancer cells. However, its precise mecha-
nism of action is still unclear and needs to be further tested.
Cyclooxygenase-2 (COX-2) is well known for its key role
in promoting the migration and invasion abilities of human
gastric cancer cells. In light of these data, our study aimed
to validate whether the inhibitory actions of y-T3 could be
achieved by downregulation of COX-2 activity in vitro. In
the present study, a Cell Counting Kit-8 (CCK-8) assay was
performed to observe proliferation in human gastric cancer
cells (SGC-7901 and MGC-803 cells), and wound healing and
Transwell chamber assays were performed to detect migration
and invasion. Western blot analyses were performed to analyse
the relative expression of COX-2, matrix metalloproteinases-2
and -9 (MMP-2 and MMP-9) proteins, and enzyme-linked
immunosorbent assays (ELISA) were used to determine the
exocrine roles of MMP-2 and MMP-9. The results revealed
that y-T3 exerted significant inhibitory effects on proliferation,
migration, invasion and COX-2 protein expression, as well as
on exocrine functions of MMP-2 and MMP-9 in SGC-7901
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and MGC-803 cells. Therefore, our results indicated that y-T3
exerts inhibitory effects on migration and invasion, which may
be mediated through downregulation of COX-2 expression in
SGC-7901 and MGC-803 cells.

Introduction

Gastric cancer is one of the most commonly diagnosed
cancers worldwide (1,2). Currently, while radical surgery
is the most common and effective treatment, the prognosis
of patients with advanced gastric cancer following curative
resection remains poor. The 5-year survival rate of patients
with gastric cancer is 27.4% after surgical resection (3).
There is no denying that proliferation, invasion and metas-
tasis of cancer cells lead to poor prognoses, which presents
therapeutic challenges. The major causes of death for gastric
cancer patients are liver metastases and peritoneal metas-
tases (4). Prevention of tumour recurrence and metastasis
must urgently be improved. Available evidence has demon-
strated that certain nutrients and non-nutrients derived from
foods, such as phytochemicals (4-8) and vitamins (9-11), have
protective effects against cancer.

Consumption of vitamin E, one of the most widely
consumed vitamins, is prevalent because of its antioxidant
capacity and multiple health benefits. Tocotrienols, isoforms
of the vitamin E family, can be derived from several plant
species, including palm oil, wheat germ, barley and bran
oil. It should be noted that the antitumour properties of
vitamin E (8-10) have been a hot topic in recent years, which
may make tocotrienols a promising group of drugs for future
development (12,13).

Cyclooxygenase-2 (COX-2), an important isoform of the
COX family, is well known for its close relationship to tumouri-
genesis, invasiveness, inflammatory response, angiogenesis
and tumour cell growth (14). It has been reported that COX-2
is continuously expressed and is closely associated with the
invasiveness and metastasis of gastric cancer cells (15). COX-2
promotes the development and metastasis of gastric cancer
cells. Furthermore, there are several other types of tumours
in which COX-2 is highly expressed, such as oesophageal,
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liver, lung and breast cancer, as well as other gastrointestinal
cancers (16-20).

Matrix metalloproteinases (MMPs) can degrade nearly
all types of ECM proteins, and they destroy histologic
barriers during the processes of invasion and metastasis (15).
In addition, MMP-9 and MMP-2 have been reported to be
overexpressed and associated with tumour migration and inva-
sion (21,22). Notably, there is an intimate connection between
MMPs and the mechanism by which COX-2 regulates tumour
metastasis (15).

Although recent studies have revealed that y-T3 displays
inhibitory effects on the migration and invasion of human
gastric cancer cells, the specific mechanism remains unclear (9).
Our present study demonstrated that compared to y-T3 alone,
combination of y-T3 and N-[2-(cyclohexyloxy)-4-nitropheny]-
methane sulphonamide (NS-398, a highly selective inhibitor
of COX-2) did not significantly alter the exocrine levels of
MMP-2 and MMP-9 in gastric adenocarcinoma cell lines.
Thus, it was concluded that the reduction of COX-2 resulting
from y-T3 was likely to be the cause that inhibited the invasion
and migration of SGC-7901 and MGC-803 cells.

Materials and methods

Chemicals and cell lines. y-Tocotrienol (y-T3) (=97%)
was purchased from Hygeia Industries Inc. (Wilmette, IL,
USA). v-T3 was dissolved in ethanol (95%) to produce a
104 umol/1 solution and was stored at -20°C. A Cell Counting
Kit-8 (CCK-8) was purchased from Dojindo Molecular
Technologies, Inc. (Kumamoto, Japan). RPMI-1640 medium,
fetal bovine serum (FBS), 0.25% EDTA and penicillin/
streptomycin were purchased from Gibco; Thermo Fisher
Scientific, Inc. (Waltham, MA, USA). anti-COX-2 (1:1,000;
cat. no. 4842), anti-MMP-2 (1:1,000; cat. no. 4022), anti-
MMP-9 (1:1,000; cat. no. 3852) and anti--actin antibodies,
along with NS-398, were purchased from Cell Signaling
Technology Inc. (Danvers, MA, USA). NS-398 was prepared
in a range of concentrations.

Cell culture. Human gastric cancer cell lines SGC-7901 and
MGC-803 were purchased from the Cancer Institute of the
Chinese Academy of Medical Sciences (Beijing, China). The
two cell lines were cultured at 37°C in a 5% CO, incubator
in 100-mm culture dishes with RPMI-1640 medium supple-
mented with 10% FBS and 1% penicillin/streptomycin. Upon
reaching ~70-80% confluence, the cells were trypsinized using
a mixture of 0.25% trypsin and EDTA, and then logarithmic
phase cells were selected for subsequent experiments.

CCK-8 assay. The proliferation of SGC-7901 and MGC-803
cells treated with various concentrations of y-T3 or NS-398
was detected by CCK-8 assays. Briefly, 1x10* cells/well
(100 ul) were seeded in 96-well microtiter plates. After
incubation overnight, the cells were changed to fresh culture
medium (2% FBS) containing 0, 15, 30, 45 and 60 pgmol/I of
v-T3, 0r 0, 25, 50, 75 and 100 ymol/l NS-398. After incubation
for 24, 48 or 72 h, 10 ul of CCK-8 was added to each well.
After incubating for another 4 h, the absorbance values in each
well were measured at a wavelength of 450 nm on a microplate
reader (ELx800; BioTek Instruments, Inc., Winooski, VT,
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Table I. The ICs, values in SGC-7901 and MGC-803 cells
treated with y-T3 for different durations.

IC5, (umol/l)
Cells 24h 48 h 72h

SGC-7901  54.14+106  3577£105  27.07+1.08
MGC-803 58.34+105  4259+£1.05  21.10+1.09

USA). Cell viability was assessed with blank controls as 100%
to calculate the percentage of control.

Scratch wound healing assay. SGC-7901 or MGC-803 cells
were seeded in 6-well plates at 5x10° cells/well overnight in a
humidified incubator with an atmosphere of 5% CO, at 37°C.
After pretreatment with 30 zmol/l of y-T3 for 24 h, a sterile
200 pl Eppendorf tip was used to scratch the cells in the plates,
which were then washed with PBS three times and placed in
fresh serum-free RPMI-1640 medium for 24 and 48 h. The
distance of wound healing was recorded. Three random fields
were selected for examination and were photographed with an
inverted microscope (magnification, x100).

Transwell invasion assay. Cell invasion assays were conducted
in Transwell chambers (Corning, Acton, MA, USA) with 8-ym
pores containing Matrigel in a 24-well plate, as previously
described (23). Briefly, SGC-7901 or MGC-803 cells were
treated with y-T3 (0, 15, 30, 45 and 60 pmol/1) for 24 h and were
then trypsinized and resuspended in serum-free RPMI-1640
medium. The cells were added into the upper chamber at
2x10° cells/well in 200 ul serum-free RPMI-1640 medium.
RPMI-1640 medium containing 10% FBS (500 pl) was added
into the lower chamber. After incubation for 48 h, the non-inva-
sive cells in the inside membrane of the chamber were scraped
off with a sterile cotton swab. The cells in the outer membrane
of the chamber, which had passed through the Matrigel, were
washed three times with PBS, fixed with 4% formaldehyde for
20 min and stained with crystal violet for 20 min. Cells located
on the underside of the filter were photographed and counted
with an inverted microscope (magnification, x200). The results
were expressed as the number of cells that had invaded through
the Matrigel within each field.

Western blot analysis. To determine the levels of COX-2,
MMP-2 and MMP-9 protein expression, total protein was
extracted from SGC-7901 and MGC-803 cells using cell lysis
buffer containing protease inhibitors (both from Cell Signaling
Technology, Inc.). Total protein determination and gel elec-
trophoresis were performed as described in our previous
studies (24). The blots were incubated with anti-COX-2
(1:1,000; cat. no. 4882) anti-MMP-2 (1:1,000; cat. no. 4042),
anti-MMP-9 (1:1,000; cat. no. 3852) or anti-B-actin primary
antibodies, and goat anti-rabbit horseradish peroxidase (HRP)
secondary antibodies (1:8,000; cat. no. A9169) (Sigma-Aldrich,
St. Louis, MO, USA). Target protein bands in membranes
were visualized using enhanced chemiluminescence (Thermo
Fisher Scientific, Inc.). The relative expression of the three
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Figure 1. The inhibitory rates of SGC-7901 and MGC-803 cells. Cells were seeded in 96-well plates. After overnight incubation, different concentrations of
v-T3 were added to each well. Cell viability was determined using CCK-8 assays. The inhibitory rates of (A) SGC-7901 and (B) MGC-803 cells were calculated
and plotted. "P<0.05, “"P<0.01 and ““P<0.001 vs. the control. y-T3, y-tocotrienol; CCK-8, Cell Counting Kit-8.
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Figure 2. y-T3 inhibits the migration ability of SGC-7901 and MGC-803 cells. Cells were seeded in 6-well plates. (A and C) After pretreatment with 30 zmol/1
of y-T3, the monolayer of SGC-7901 or MGC-803 cells was scratched and fresh serum-free RPMI-1640 medium was added for 24 or 48 h. (B and D) The
migration distances were calculated from images captured under an inverted microscope. “P<0.05 vs. the control. y-T3, y-tocotrienol.

aforementioned proteins was assessed using f3-actin as an
internal standard.

Enzyme-linked immunosorbent assay (ELISA). To further
determine whether y-T3, NS-398 or y-T3 combined with
NS-398 inhibited exocrine functions of MMP-9 and MMP-2
in SGC-7901 and MGC-803 cells, culture supernatants were
examined using ELISA assays. Supernatants were collected
from SGC-7901 and MGC-803 cells after treatment with
v-T3 (0, 15, 30, 45 or 60 ymol/1), NS-398 (100 ymol/l) or y-T3
combined with NS-398 (30 and 100 gmol/l, respectively) for
24 h. The concentrations of MMP-9 and MMP-2 in the super-
natants were detected according to the ELISA kit protocol.
Optical density values were acquired using a microplate reader.
Final values were calculated by subtracting the optical density
at 570 nm from that at 450 nm. Each sample was assessed at
least three times. Concentrations of MMP-9 and MMP-2 were
calculated with a standard curve.

Statistical analysis. All experiments were independently
performed at least three times, and data were expressed as the
means + SD. Differences between y-T3-treated and control
groups were analysed using Student's t-test or one-way anal-
ysis of variance (ANOVA) followed by Dunnett's post hoc test
using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). The
grey values of protein bands were analysed by ImageJ soft-
ware. Differences were considered statistically significant at
P<0.05.

Results

y-T3 inhibits the proliferation of SGC-7901 and MGC-803
cells. As shown in Fig. 1, the rates of cell proliferation were
determined by CCK-8 assays in SGC-7901 and MGC-803 cells.
v-T3 significantly inhibited the proliferation of SGC-7901 and
MGC-803 cells treated with different concentrations of y-T3
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Figure 3. y-T3 inhibits the invasion abilities of SGC-7901 and MGC-803 cells. (A and C) SGC-7901 and (B and D) MGC-803 cells were treated with different
concentrations of y-T3 (0, 15, 30,45 and 60 ymol/1) for 24 h. The cells were observed for their invasion ability using Transwell chambers. "P<0.05 “P<0.01 and

“*P<0.001 vs. the control. y-T3, y-tocotrienol.

(0, 15, 30, 45 or 60 gmol/l) in a time- and dose-dependent
manner (P<0.05, P<0.01 and P<0.001, respectively) (Fig. 1).
The IC;, values were also calculated for cells treated with y-T3
for 24,48 or 72 h (Table I).

y-T3 inhibits the migration and invasion of SGC-7901 and
MGC-803 cells. According to the ICs, values, 30 ymol/l
of y-T3 evidently did not affect proliferation of these cells.
Consequently, 30 gmol/l y-T3 was chosen to test cell migra-
tion in wound healing assays. The results revealed that y-T3
notably inhibited the migration ability of SGC-7901 and
MGC-803 cells after treatment for 24 and 48 h compared
with that of the control group (P<0.05, Fig. 2). To analyse the
effects of y-T3 on gastric cancer cell invasion, the Transwell
chamber assay was also employed for this experiment.
The invasive ability of SGC-7901 and MGC-803 cells was
quantified as the number of tumour cells passing through
the microporous membrane. y-T3 significantly decreased the
number of invasive cells (P<0.05, P<0.01 and P<0.001; Fig. 3),
which indicated that y-T3 inhibited the invasion of gastric
cancer cells.

y-T3 inhibits the expression of COX-2, matrix metallopro-
teinases-2 and -9 (MMP-2 and MMP-9) in SGC-7901 and
MGC-803 cells. To assess the effects of y-T3 on the expres-
sion of COX-2, MMP-2 and MMP-9, western blot analyses
were performed with proteins from SGC-7901 and MGC-803
cells treated with different concentrations of y-T3 for 24 h. As

shown in Fig. 4, v-T3 significantly decreased the expression of
COX-2, MMP-2 and MMP-9 in gastric cancer cells in a dose-
dependent manner (P<0.05 or P<0.01 and P<0.001).

y-T3 inhibits exocrine levels of MMP-2 and MMP-9 in
SGC-7901 and MGC-803 cells. To further detect exocrine
levels of MMP-2 and MMP-9, cell supernatants were explored
by ELISA. The results revealed that y-T3 significantly
inhibited secretion of MMP-2 and MMP-9 in SGC-7901 and
MGC-803 cells (P<0.05 or P<0.01 and “"P<0.001) (Fig. 5).
Thus, y-T3 inhibited not only intracellular expression of
MMP-2 and MMP-9, but also secretion of MMP-2 and MMP-9
in SGC-7901 and MGC-803 cells.

y-T3 (30 umol/l) combined with NS-398 (100 umol/l) does not
significantly alter the exocrine levels of MMP-9 and MMP-2
in SGC-7901 and MGC-803 cells. In light of the aforemen-
tioned data, we utilized ELISA assays to further investigate
whether y-T3 could affect the exocrine levels of MMP-9 and
MMP-2 in SGC-7901 and MGC-803 cells when combined
with 100 gmol/l NS-398. This concentration of NS-398 maxi-
mized the inhibitory effect on COX-2 (Fig. 7A and C) and did
not have adverse effects on the cells according to the instruc-
tions and the CCK-8 assay (Fig. 6). In addition, 30 gmol/l
v-T3 in 24 h had no evident actions on the proliferation of
SGC-7901 and MGC-803 cells (Table I). Thus, we selected
100 uxmol/l NS-398 to ascertain whether combination with
30 ymol/l y-T3 affected the exocrine levels of MMP-9 and
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Figure 4. y-T3 inhibits the expression of COX-2, MMP-9 and MMP-2 in SGC-7901 and MGC-803 cells. (A-D) The expression of MMP-9, MMP-2 in SGC-7901
and MGC-803 cells. (E-H) The expression of COX-2 in SGC-7901 and MGC-803 cells. Proteins were isolated after cells were treated with y-T3 (0, 15, 30, 45
and 60 ymol/l) for 24 h. Changes in MMP-9, MMP-2 and COX-2 expression were assessed using western blotting. “P<0.05, “P<0.01 and ““P<0.001 vs. the

control. COX-2, cyclooxygenase-2; y-T3, y-tocotrienol.

MMP-2 in SGC-7901 and MGC-803 cells. Compared to the
control, the 30 gmol/l y-T3 group, 100 ygmol/l NS-398 group,
and 30 gmol/l y-T3 + 100 pgmol/l NS-398 group exhibited
a significant declining trend (P<0.05 or P<0.01). However,
compared to the 30 xmol/l y-T3 group alone, the 30 ymol/l
v-T3 + 100 pmol/l NS-398 group exhibited no statistical
significance (P>0.05).

Discussion

Gastric cancer is the second leading cause of malignant
tumours worldwide (25). Chemotherapy is an important treat-
ment method, but it frequently leads to poor effects or failure
due to multidrug resistance (MDR). As a result, the discovery
of novel therapeutic methods to solve these problems is

extremely urgent. Furthermore, since invasion and metastasis
are two important characteristics that can determine the
effects of cancer diagnosis and prognosis (26), it has become
crucial to take effective measures to increase prevention of
gastric cancer.

v-T3, a member of the vitamin E family, has been demon-
strated to inhibit proliferation and induce apoptosis, as well as
exhibit superior inhibition of migration and invasion in tumour
cells (8,9). These antitumour properties explain why y-T3 has
received so much attention in recent years. In this study, we
also obtained evidence that y-T3 inhibits the invasion and
migration of human gastric cancer cells.

COX-2 is an induced form of cyclooxygenase that is often
elevated in cancerous tissues (27). It is well known for accel-
erating the invasion and migration of tumour cells, making it
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Figure 5. Effects of y-T3 on the exocrine levels of MMP-9 and MMP-2 in SGC-7901 and MGC-803 cells. Following y-T3 treatment (0, 15,30, 45 and 60 ymol/l)
for 24 h, the cell culture supernatants were collected, and the exocrine levels of MMP-2 and MMP-9 were determined using ELISA. (A) The exocrine levels of
MMPs in SGC-7901 cells. (B) The exocrine levels of MMPs in MGC-803 cells. "P<0.05, “P<0.01 and “"P<0.001 vs. the control. y-T3, y-tocotrienol.
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Figure 6. NS-398 does not exert evident change on the proliferation of gastric
cancer cells. SGC-7901 and MGC-803 cell lines were cultured in 96-well
plates for 24 h, and then different concentrations (0, 25, 50, 75 and 100 pzmol)
of NS-398 were added to each well. After 24 h of NS-398 treatment, the
absorbance values (OD) were detected with a microplate reader. Each experi-
ment was carried out at least three times.

a research hot topic in recent years (28). Recent studies have
confirmed that COX-2 plays an important role in the invasion
and metastasis of gastric cancer cells, and it has been suggested
that reducing the expression of COX-2 in tumour cells may
attenuate invasion and metastasis (29,30).

MMP-9, also known as 92-kDa type IV collagenase, is an
enzyme belonging to the family of zinc-metalloproteinases.
MMP-9 is involved in the breakdown of the extracellular matrix
in normal physiological processes, such as angiogenesis, wound
healing and cell migration, as well as in metastasis. MMP-2,
also known as 72-kDa type IV collagenase and gelatinase A, is
associated with processes such as cancer progression, cancer
cell invasion, cell signalling, neovascularization and lymphan-
giogenesis. Metastasis and invasion are among the leading
causes of death among gastric cancer patients (31). MMPs can
be activated to destroy the basement membrane, resulting in
the degradation of the extracellular matrix, thus opening chan-
nels for invasion and metastasis (15,32).

Both SGC-7901 (moderately differentiated) and MGC-803
(undifferentiated or poorly differentiated) belong to gastric
adenocarcinoma cell lines. COX-2 can be expressed in the

two cell lines, and the level of COX-2 in SGC-7901 cells is
higher than in MGC-803 cells (33,34). In the present study,
scratch wound healing and Transwell invasion assays demon-
strated that y-T3 treatment markedly inhibited the migration
and invasion of SGC-7901 and MGC-803 cells (Figs. 2
and 3). Western blot analyses in the present study revealed
that the expression of COX-2 and intracellular MMPs was
decreased (Fig. 4). ELISA data revealed that the exocrine
concentrations of MMPs in cell culture supernatants also
exhibited a decreasing trend after SGC-7901 and MGC-803
cells were pretreated with y-T3 for 24 h (Fig. 5). Notably, it
has been revealed that overexpression of COX-2 is involved
in the induction of MMPs (15). Thus, in light of our data, we
speculated whether the decreases of COX-2 resulted in the
exocrine levels of MMPs. Next, to determine whether these
inhibitory effects on migration and invasion were associated
with COX-2, we utilized NS-398 for verification. NS-398,
a highly selective inhibitor of COX-2, was chosen for joint
treatment with y-T3, and the results were determined using
ELISA assays. We noticed that the exocrine level of MMP-2
in Fig. 5SA was higher than that in Fig. 7F. The cause of this
is that cancer cells from different generations may exert
different experimental outcomes. Compared to y-T3 alone,
v-T3 in combination with 100 gmol/l NS-398 did not signifi-
cantly alter the exocrine expression of MMP-9 and MMP-2
(P>0.05, Fig. 7). These findings indicated that the decrease in
the exocrine levels of MMPs were likely to result from down-
regulation of COX-2, but the exact mechanism involved in the
downregulation of MMPs by COX-2 remained unknown. The
ELISA assay results were compatible with our hypothesis
that the decreases of COX-2 were involved in the induction
of MMPs in human gastric cancer cells. The data gathered in
the present study suggest, at least in part, that the inhibitory
effects on migration and invasion in treated SGC-7901 and
MGC-803 cells (y-T3 alone or combined with NS-398) may
be associated with downregulation of COX-2.

In conclusion, the present study demonstrated that y-T3
significantly inhibited migration and invasion of human
gastric cancer cells via downregulation of COX-2 expression,
making it a promising novel drug for future cancer treatment.
The antitumour efficacy of y-T3 may make a difference in
the treatment and prevention of gastric cancer. Although we
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Figure 7. y-T3 in combination with NS-398 does not significantly alter the exocrine levels of MMP-9 and MMP-2 in SGC-7901 and MGC-803 cells. (A-D) The
expression of COX-2 in gastric cancer cells after being treated with NS-398 (0, 25, 50, 75 and 100 gmol/l). (E-H) The effects of 30 #mol/l y-T3, 100 ymol/l
NS-398 and 30 ymol/l y-T3 combined with 100 zmol/1 NS-398 on the levels of MMP-9 and MMP-2 in SGC-7901 and MGC-803 cells. Culture supernatants
were collected after cells were treated with 30 zmol/1 y-T3, 100 zmol/1 NS-398 or 30 ymol/l y-T3 combined with 100 gzmol/l NS-398 for 24 h. Combination of
30 pmol/l y-T3 with 100 umol/1 NS-398 exhibited no increase in the inhibitory effect compared to 30 gmol/l y-T3 alone. ‘P<0.05 and “P<0.01 vs. the control.
COX-2, cyclooxygenase-2; y-T3, y-tocotrienol.

have explored the inhibitory potential of y-T3 on migration  which y-T3 acts. This drawback is also a limitation of our
and invasion in human gastric cancer cells in vitro, these  study that can be improved in future research. Accordingly,
experiments are insufficient to explain the mechanism by  further research must be performed in mouse models in vivo
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to illustrate our results obtained in SGC-7901 and MGC-803
cells in vitro.
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