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cell line MGC-803 by regulating PISK/AKT/mTOR
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Abstract: Objective: Gastric cancer is a potential malignant tumor. Extensive research has shown that apoptosis and
autophagy are important mechanisms of cancer pathogenesis. This study aimed to explore the role and mechanism
of TDB in apoptosis and autophagy in MGC-803 cells. Methods: In cell experiments, the proliferation, apoptosis
and autophagy of MGC-803 cells were evaluated by the MTT assay, TUNEL, flow cytometry, MDC, and TEM. Through
molecular experiments, the TDB-induced apoptosis and autophagy effects were evaluated by examining the levels
of Cleaved-PARP/PARP, Cleaved-caspase3/procaspase3, Beclin-1, p62 and the ratio of LC3-1I/LC3-I. At the animal
level, the anti-tumor effect of TDB in vivo was evaluated by assessing tumor volume and bioluminescence value.
Results: Regarding mechanism, TDB induces apoptosis and autophagy through PI3K/AKT/mTOR. At the same time,
more importantly, TDB promotes 3-methyladenine or autophagy activator rapamycin-mediated. The induced prolifer-
ation inhibition and pro-apoptosis effect, which inhibit autophagy and induce an increase in apoptosis. Conclusion:
TDB may up-regulate PARP, Cleaved Caspase-3, Beclinl and LC3B and down-regulate the expression of P62 and
other apoptosis and autophagy genes through the activation of PI3K/AKT/mTOR pathway signalling proteins, lead-
ing to autophagy-dependent apoptosis. At the animal level, TDB has good anti-tumor efficacy in vivo. In summary,
TDB has potential anti-tumor efficacy in vivo and in vitro.

Keywords: TDB, MGC-803 cells, autophagy, apoptosis, PI3K/AKT/mTOR pathway

Introduction

As a common human malignant tumor type
in humans, gastric cancer has high morbidity
and mortality rates worldwide [1]. The current
treatment methods are mainly surgical resec-
tion and drug treatment, which have their own
limitations due to metastasis or the develop-
ment of drug resistance [2-4]. Therefore, the
search for potential chemotherapeutic drugs is
on-going.

During tumorigenesis, normal cells gain the
ability to evade programmed cell death, which
allows them to grow indefinitely. Molecular tar-
geted therapy, which is able to specifically
inhibit tumors through inhibiting proliferation,
apoptosis and autophagy, has become increas-

ingly popular. During the process of apoptosis,
cytochrome cis released from the mitochondria
into the cytoplasm, which then initiates apopto-
sis. Finally, cytochrome ¢ promotes increased
numbers of apoptotic bodies in the cytoplasm
and increases the levels of downstream cas-
pase enzymes. This reaction promotes cas-
pase-3, -8 and -9 cleavage, efficient poly (ade-
nosine diphosphate) ribose polymerase (PARP)
cleavage and activation, and apoptosis via
external and internal pathways. As another key
type of cellular self-digestion, autophagy has a
dual role induced autophagic death [5, 6].
Autophagy is able to maintain homeostasis of
the cell environment, promote cell proliferation
and inhibit apoptosis; however, autophagy also
clears accumulated mutations from the mito-
chondria, triggering apoptosis.
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Figure 1. TDB inhibits the proliferation of MGC-803 cells. A. Chemical structure of TDB. B. Morphological changes of
MGC-803 cells induced by TDB treatment, 100x magnification. C. The effect of TDB on MGC-803 cell proliferation
activity. D. The influence of TDB on the cell cycle of MGC-803 cells.

Benzoxazole compounds are a class of benzo-
heterocyclic compounds that have anti-inflam-
matory, antibacterial and antitumor effects.
These compounds are able to act as mTOR
inhibitors and tyrosine kinase inhibitors to exert
antitumor effects. TDB is a chemically synthe-
sized derivative of benzoxazole (Figure 1A). The
results of previous studies by our group have
indicated that TDB inhibits the proliferation and
promotes the apoptosis of MGC-803 cells.
However, the mechanism by which TDB affects
the proliferation, autophagy and apoptosis of
MGC-803 cells and the interrelation of these
effects has remained largely elusive. Therefore,
the present study focused on exploring the anti-
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tumor activity of TDB and the mechanisms that
induce cell apoptosis and autophagy at the
molecular, cellular and in vivo or ganism levels.

Materials and methods
Major reagents and instruments

The human gastric cancer MGC-803 cell line
was purchased from the Shanghai Cell Bank of
the Chinese Academy of Sciences (Shanghai,
China). Mycoplasma detection kits (C0298S),
fetal bovine serum, basal medium, trypsin and
3-methyladenine (3-MA) were purchased from
Thermo Fisher Scientific, Inc. MTT (cat. no.
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ST316), 5-ethynyl-2’-deoxyuridine (EdU; cat. no.
CO075S) kits, terminal deoxynucleotidyl trans-
ferase deoxyuridine triphosphate nick-ending
(no. C1086) and Hoechst (cat. no. CO003) kits,
SDS-PAGE gel preparation kit (cat. no. POO-
12AC), rapamycin (cat. no. S1842) and antibod-
ies to autophagy-related 5 (cat. no. AF2269)
were obtained from Biyuntian Biotechnology
Research Institute. The Annexin V-FITC/PI
apoptosis kit (cat. no. 556547) was purchased
from BD Biosciences. Polyvinylidene PVDF
membranes were obtained from EMD Millipore.
The monodansy Icadaverine (MDC) kit (cat. no.
DA0041) was purchased from Beijing Leagen
Biotechnology Co., Ltd. PARP (cat. no. 9532),
cleaved caspase-3 (cat. no. 9661), Bax (cat. no.
5023), Bcl-2 (cat. no. 3498), GAPDH (cat. no.
5174), Beclinl (cat. no. EPR19662), P62 (cat.
no. EPR4844), ATG5 (cat. no. AF2269), PI3K
(110A) (cat. no. 4249), PI3K (p85) (cat. no.
4228), p-AKT (Serd73) (cat. no. 4060), P-AKT
(Thr308) (cat. no. 13038), AKT (cat. no. 4685),
p-mTOR (cat. no. 5536) and mTOR (cat. no.
2972) were diluted at a ratio of 1:1,000, and
LC3B (cat. no. EPR18709) was diluted at a
ratio of 1:2,000. The membranes were washed
with Tris-buffered saline containing Tween-20
(TBST) and then incubated with horseradish
peroxidase-conjugated rabbit I1gG (cat. no.
ARG65351; 1:10,000 dilution, Abcam) as the
secondary antibody at 4°C in a refrigerator
shaker for 12 h.

MTT assay

MGC-803 cells (37°C in a humidified atmo-
sphere with 5% CO,) were seeded in a 96-well
plate (approximately 10%) for 24 h and were
treated with different concentrations of TDB. A
negative control was included and the blank
control group was adjusted to zero. The optical
density value at 492 nm was measured using a
microplate reader. The experiment was repeat-
ed 3 times using six wells for each concentra-
tion. The concentration and growth inhibition
curves were drawn and IC_ values at 12, 24,
48 and 72 h were determined.

EdU assay

MGC-803 cells (approximately 10%) were seed-
ed in a 6-well plate, inoculated for 48 h and
then treated with TDB for 24 h and an EdU
working solution for 2 h. Subsequently, the cells
were Permeate (PO097) fixed for 15 min at
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room temperature, incubated with click addi-
tive reagent for 30 min at room temperature,
washed with PBS and counterstained with a
Hoechst kit. Fluorescence microscopy was
used to measure the fluorescence excitation
wavelengths of 346 and 555 nm. The experi-
ment was repeated 3 times.

Flow cytometric assays.

The cells (approximately 10°%) were seeded in a
6-well plate and cultured for 48 h before drug
treatment. After a 24 h drug treatment, the
cells were collected, washed and transformed
into a single-cell suspension. Precooled binding
buffer (1 mL) was added. The samples were
divided into four tubes and 5 pL of Annexin
V-FITC and propidium iodide (Pl) was added
prior to 15 min incubation at room temper-
ature in the dark. Subsequently, flow cytometry
was used to detect the apoptosis rate of
each experimental group. The experiment was
repeated 3 times.

A single-cell suspension was seeded in a 6-well
plate (approximately 10°%) and TDB was added
for 24 h. The cells were collected to prepare
single-cell suspensions. The cell suspensions
were fixed with prechilled 75% ethanol (4°C) for
24 h and Pl was then added, followed by incu-
bation at 4°C for 30 min. Finally, the cell cycle
distribution in each experimental group was
detected by flow cytometry. The experiment
was repeated 3 times.

Hoechst detection of apoptosis

MGC-803 cells were seeded into 6-well plates
(approximately 10°%) and then treated with drugs
for 24 h. The cells were then washed and fixed
with Immune fixative (PO098) for 10 min at
room temperature and then 0.5 mL of Hoechst
33258 staining solution was added, followed
by incubation at room temperature for 10 min
in the dark. After washing with PBS, the cells
were observed and images were captured
under a fluorescence microscope. The experi-
ment was repeated 3 times.

TUNEL detection of apoptosis

The cells (approximately 10°) were treated
with different concentrations of TDB and then
incubated with fixing solution for 20 min,
washed with permeabilization solution for 5
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min, washed with 100 pl of TUNEL working
solution and incubated at 37°C for 1 h.
Subsequently, the slides were mounted with
an autofluorescence quenching solution. The
cells were observed and images were acquired
under a fluorescence microscope. The experi-
ment was repeated 3 times.

TEM

MGC-803 cells were treated with TDB (10 ug/
mL). After 24 h, cell suspensions were collected
for glutaraldehyde fixation. The cells were fixed
in1% osmic acid, rinsed with PBS fixed again
with 1% osmium acid for 3 h and rinsed with
PBS. The samples were stored in a 4°C refrig-
erator following a gradient washing with 50%
ethanol 70% ethanol 90% ethanol 90% ethanol
+ 90% ethylene glycol, at room temperature
and 100% formaldehyde. The film was observed
under a TEM at 500 nm-2 um.

MDC assay

A single-cell suspension was seeded into a
96-well plate (approximately 10°). TDB was
applied at different concentrations for 24 h. 1x
MDC was added for incubation at 37°C for 30
min. After 3 washes, the autophagosomes were
observed under a fluorescence microscope
and images were acquired. The experiment was
repeated 3 times.

Western blotting analysis

TDB group, LY294002, 3-MA, and rapamycin
were combined with TDB for 24 h. Total protein
was collected by lysis with 2% SDS lysate buf-
fer and the protein concentration was deter-
mined with a bicinchoninic acid kit. Total pro-
tein (20 pg) was then subjected to 6-10% SDS-
PAGE and transferred to a PVDF membrane.
Following incubation with 5% skimmed milk
powder, the samples were incubated at 4°C for
12 h with the following primary antibodies
(Rabbit mAb, monoclonal) The membrane was
washed with Tris-buffered saline containing
Tween-20 (TBST) and then incubated with
horseradish peroxidase-conjugated rabbit 1gG
(cat. no. ARG65351; 1:10,000 dilution) as the
secondary antibody at 4°C in a refrigerated
shaker for 12 h. The membrane was washed
with TBST and developed by chemilumines-
cence (P0O018S/GelDoc XR+). The experiment
was repeated 3 times.
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Immunofluorescence assay

Paraffin sections were subjected to gradient
transparent elution and were used for antigen
repair. The sections were then incubated with
a primary antibody (1:200, 4°C) overnight and
incubated with a fluorescent secondary anti-
body (goat anti-rabbit or goat anti-mouse 1:100
dilution) for 2 h at room temperature. After
washing, the samples were sealed. Images
were acquired at excitation wavelengths of
315-488 nm to observe the expression of
autophagy and apoptosis-associated proteins
[7, 8].

Xenograft experiment in nudemice

The animal experiments were reviewed and
approved by the Experimental Animal Mana-
gement and Use Committee of the Hainan
Provincial Center for Drug Safety Evaluation
and Research (Safety assessment of medicine
saving [2016] No. 001). Nude mice (18-22 g,
4-6 w) were injected subcutaneously with 0.1
mL of MGC-803 cells (approximately 108) to
construct a subcutaneous tumor transplant
model of human gastric cancer. Subsequently,
the mice were housed in a SPF barrier environ-
ment for 2 weeks. The temperature was main-
tained at 20-26°C, the relative humidity was
40-70%, and the light/dark cycle was 12/12 h
alternating light and dark. When the tumor
diameters reached 1-2 cm, the animals were
randomly assigned according to their body
weight into the following 5 groups (6 mice per
group): control group, cisplatin group and TDB
groups. The TDB groups were administered 50,
100 or 200 mg/kg TDB solution intragastrically
by oral gavage once a day for 21 consecutive
days; the control group was administered an
equal volume of 0.9% sodium chloride; and the
cisplatin group was given seven tail-vein injec-
tions of 0.4 mg/mL cisplatin once every 2 days,
with a recovery period of 14 days. During the
experiment, the body weight and tumor vol-
umes were measured. The luminescence value
for tumor growth was measured once a week
with a small animal in vivo imaging system. At
the end of the experiment, the animals were
euthanized (130 mg/kg pentobarbital sodium)
and the tumor tissues were removed. The tumor
weights were determined and the tissues were
immersed in 4% formaldehyde and fixed (20°C)
for pathological histological examination.
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Table 1. The effect of TDB on cell cycle arrest of
MGC-803 cells (%)

C (ug/mL) GO/G1 S G2/M

Control 57.35+6.32 21.91+6.73  19.80+0.62

4 53.05+3.83 23.43+4.80 22.50+1.59"
8 51.93+4.51 20.91+2.72 25.60+2.53"*
10 45.0924.70 17.22+4.79 35.24+0.76"""*

Note: Compared with the control group, “indicates P < 0.05,
““indicates P < 0.01, compared with the 10 ug/mL group,
##indicates P < 0.01.

Tumor histology

Sections of gastric cancer tumors from the
xenograft experiment were cleared with xylene
and an alcohol gradient; stained with hematox-
ylin, acidic ethanol and eosin; and dehydrated,
cleared, air-dried and sealed with neutral resin.
The slides were mounted and the histomor-
phology changes were observed under an opti-
cal microscope.

Statistical analysis

SPSS 22.0 (IBM Corp.) was used for statistical
analyses. The weight, volumes and biolumines-
cence value were used to test for homogeneity
of variance and perform one-way analysis of
variance. The values are expressed as the
mean + standard deviation. Comparisons be-
tween groups of cell viability, flow cytometry
and western blotting, body weight, volume
and bioluminescence value of nude mice were
analysed via ANOVA followed by a Student
Newman-Keuls post hoc test. Mann-Whitney
U-test for non-parametric procedures was used
to determine microhardness and mineral appo-
sition rate. P < 0.05 was considered to indicate
a statistically significant difference.

Results
TDB inhibits the proliferation of MGC-803 cells

The results of the MTT assay suggested that
treatment of MGC-803 cells with different con-
centrations of TDB (O, 5, 10, 15, 20, 25 and 30
pug/mL) for 12, 24, 48 and 72 h was able to
inhibit cell proliferation in a concentration- and
time-dependent manner (Figure 1B, 1C). The
IC,, value was 10.68 ug/mL at 24 h. Thereafter,
the concentrations of TDB used to treat MGC-
803 cells were set to 0, 4, 8 and 10 yg/mL in
the subsequent experiments. The results of the
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EdU assay (Figure S1) also suggested that the
cell replication ability was limited, and the num-
ber of dead cells increased with increasing TDB
concentration.

TDB blocks the cell cycle of MGC-803 cells

Flow cytometry was used to determine the cell
cycle distribution of MGC-803 cells treated
with different concentrations of TDB (O, 4, 8
and 10 pg/mL) for 24 h. As presented in
Figures 1D, S2 and Table 1, TDB caused cell
cycle arrest of the cells at the G2/M phase
[9-11]. Compared with the negative control
group (19.8%), the percentage of cells in the
G2/M phase in the TDB 4, 8 and 10 yg/mL
treatment groups increased in a concentration-
dependent manner (22.5, 25.6 and 35.2%,
respectively), and the S-phase population
decreased in turn.

TDB induces apoptosis in MGC-803 cells

The Hoechst method was used to observe the
morphology of cells treated with TDB. As pre-
sented in Figures 2A and S3, the nuclear struc-
ture of the control group was normal with weak
and uniform blue fluorescence, while the nuclei
in the TDB treatment group were partially con-
densed with dense staining and bright blue flu-
orescence. The results of the TUNEL assay indi-
cated that the cells in the control group had a
clear structure and a relatively uniform distribu-
tion. Round apoptotic cells in the TDB group
were stained dark red and increased with
increasing in number drug concentration. Flow
cytometry was used to detect apoptosis and
the results are presented in Figures 2B and S4.
Compared with the control group, the late
apoptotic rate in the TDB treatment group
increased significantly to 38.8% in a concentra-
tion-dependent manner (P < 0.05). In addition,
apoptosis-associated proteins were detected
by immunoblotting Figure 2C, 2D. Compared
with the control group, the expression levels of
cleaved caspase-3, Cleaved-PARP and Bax
were significantly increased in the TDB 10 pg/
mL group (P < 0.05), PARP and Procaspase-3
were not significantly affected Bcl-2 was
decreased and the Bax/Bcl-2 ratio was
increased, Cleaved-PARP/PARP, and Cleav-
ed caspase-3/procaspase-3 were increased.
The above results indicated that TDB promot-
ed cell apoptosis through the mitochondrial
pathway.
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Figure 2. TDB-induced apoptosis of MGC-803 cells. Apoptosis was evaluated by (A) the terminal deoxynucleotidyl
transferase deoxyuridine triphosphate nick-end labelling method and (B) flow cytometry, 100x magnification. (C)
Western blot analysis and pair-wise comparison using the S-N-K method. (D) Histogram of the expression levels of
apoptosis-associated proteins, and pairwise comparison using S-N-K method. *P < 0.05, “*P < 0.01 vs. the Control
group. PARP, poly (adenosine diphosphate) ribose polymerase.

TDB induces autophagy in MGC-803 cells

To detect whether TDB is able to induce autoph-
agy in cells, the MDC assay was employed. As
shown in Figure S5, after TDB treatment, the
MGC-803 cells were subjected to staining
and exhibited dense, yellowish-green granules
of different sizes. With increasing TDB concen-
trations, the number of stippled particles
increased significantly. At the same time,
autophagy marker proteins were assessed by
immunoblotting. As presented in Figure 3A, 3B,
compared with the control, TDB treatment sig-
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nificantly increased Beclinl, ATG5 and LC3lII
expression and decreased P62 protein expres-
sion. Furthermore, the LC3I1l/LC3I ratio increas-
ed. To further confirm whether autophago-
somes were formed after the MGC-803 cells
were treated with TDB, TEM was performed
(Figure 3C). Compared with the control group,
the morphology of the cells in the TDB group
showed autophagic vacuoles, autophagic vesi-
cles and autophagosomes and increased lyso-
somes. However, lysosomes were increased.
The above results indicated that TDB is able to
induce autophagy in MGC-803 cells.
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TDB may regulate apoptosis through the PI3K/
AKT/mTOR pathway

PI3BK/AKT/mTOR is a signalling pathway closely
linked to cell autophagy and apoptosis [12, 13].
This pathway is involved in the mediation of
multiple signalling pathways, including cell tran-
scription, translation, proliferation and survival
[14]. PI3K class | is activated mainly by insulin
receptors, including the regulatory subunit P85
and the auxiliary subunit P110. After PI3K is
activated by growth signals on the plasma
membrane, it inhibits AKT and mTOR complex 1
activation, thereby inhibiting autophagy and
apoptosis [15]. The expression of PI3K/AKT/
mTOR pathway-associated proteins was detect-
ed in cells after 24 h of treatment with TDB
Figure 4A, 4B. Compared with the control
group, the levels of PI3K (p85), p-Akt (Serd73),
p-Akt (Thr308), p-mTOR, p-Akt (Serd73), p-Akt
(Serd73)/total Akt, p-Akt (Thr308)/total Akt
were not significantly decreased and exhibited
a certain concentration dependence, while the
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Figure 3. The effect of TDB on autophagy induction
inMGC-803 cells. A. Autophagy-associated protein
expression detected via Western blotting. B. Histo-
grams for the expression of autophagy-associated
proteins; C. Ultramicrostructure detection by trans-
mission electron microscopy. P < 0.01 vs. the Con-
trol group. LC, light chain; ATG5, autophagy-related 5.

protein expression of total Akt, PI3K (p110«),
mTOR and Procaspase-3 was not significantly
affected. The expression of PISK/AKT/mTOR
pathway-associated proteins was detected in
cells after a 24 h of treatment with TDB and the
results are shown in Figure 5A, 5B. Compared
with the TDB group, the protein levels of PI3K
(p85), p-Akt (Thr308) and p-Akt (Serd73) were
significantly reduced in the combined treat-
ment group, the ratio of PI3K (p85)/PI3K
(p110a), p-Akt (Thr308)/Akt, p-Akt (Serd73)/
Akt and p-mTOR/mTOR were significantly
reduced, and the levels of cleaved caspase-3
and Cleaved caspase-3/procaspase-3 were
significantly increased (P < 0.05). These results
indicated that TDB-induced cell apoptosis may
be mediated by the PI3K/AKT/mTOR pathway.

Inhibition of autophagy enhances TDB-induced
apoptosis

Previous experiments have confirmed that TDB

is able to induce cell autophagy and apoptosis
[16, 171, but the mechanisms of the interaction
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Figure 4. TDB inhibits the PI3K/Akt/mTOR pathway. A. Immunoblotting detection of the expression of PI3K/Akt/
mTOR pathway-associated proteins; B. Histograms of the expression of PI3K/Akt/mTOR pathway-associated pro-
teins. "P < 0.05, P < 0.01 vs. Control group, p-Akt, phosphorylated Akt.
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Figure 5. TDB inhibits the PI3K/Akt/mTOR pathway to increase apoptosis. A. Detection by immunoblotting. B. Histo-
grams for the expression of PI3K/Akt/mTOR pathway and apoptosis-associated proteins. P < 0.05, **P < 0.01 vs.
control group, #P < 0.05, #P < 0.01 vs. thecombined treatment group.

between the two pathways remain to be clari-
fied. To observe the effect of TDB-induced
autophagy on apoptosis, the autophagy inhibi-
tor 3-MA was used to interfere with autophagy
and the effect on apoptosis was determined.
The results of the Hoechst staining assay are
provided in Figure 6A. Compared with the TDB
group alone, the 3-MA and TDB treatment
group had densely stained nuclei and partially
condensed nuclei, exhibiting obvious bright
blue fluorescence, indicating increased apopto-
sis. The flow cytometry results indicated
that the apoptotic rate of 3-MA and the blank
group showed no obvious change, while the
TDB group showed increased apoptosis com-
pared with that in the control group (28.5%),
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and the combined treatment group showed
significantly increased apoptosis (48.5%) (P <
0.01; Figure 6B, 6C). The results of the immu-
noblotting analysis of autophagy-associated
proteins represented in Figures 6D and S6.
Compared with blank group, the expression of
Beclinl, ATG5 and LC3Il in the combined treat-
ment group decreased, while the expression of
P62 was upregulated. Furthermore, although
PARP increased, the levels of cleaved cas-
pase-3 and Cleaved-PARP were significantly
increased. At the same time, Cleaved-PARP/
PARP and Cleaved caspase-3/procaspase-3
were increased. The above results indicated
that autophagy inhibition may enhance TDB-
induced apoptosis.
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Figure 6. Inhibition of autophagy enhances TDB-induced apoptosis. (A) Apoptosis detected with the Hoechst meth-
od, 100x magnification. (B) Flow cytometry was used to detect apoptotic cells. (C) A histogram of the apoptosis
rate was generated from (B). (D) Immunoblotting analysis was used to detect autophagy and apoptosis-associated
protein expression. **P < 0.01 vs. Control group, *#P < 0.01 vs. the combined treatment group.

Rapamycin, an mTOR inhibitor, is able to inhibit
the phosphorylation of mTOR [18]. The cells
were treated with rapamycin in combination
with TDB, and Hoechst, TUNEL and flow cytom-
etry assays were used to detect apoptosis. The
Hoechst staining results indicated that the cells
in the combined treatment group were densely
stained and the number of blue granules was
significantly increased (Figure S7). Following
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TUNEL staining, certain cells in the combined
treatment group were stained bright green and
this staining increased with increasing concen-
trations (Figure S8). The flow cytometry results
indicated that the apoptosis rate in the combi-
nation group reached 78.4%, which was signifi-
cantly higher than that in the control group and
the TDB group alone (P < 0.01; Figure 7A, 7B).
The Western blotting results suggested that,
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Figure 7. Inhibition of autophagy enhances TDB-induced apoptosis via inhibition of mTOR phosphorylation. (A) Flow
cytometry was used to detect apoptosis. (B) A histogram of the apoptosis rate was generated from (A). (C) Immu-
noblotting was used to detect cell phagocytosis and apoptosis-associated protein expression. (D) Histogram of the
protein expression determined by Western blotting *P < 0.05, "*P < 0.01 vs. control group, *P < 0.05, #P < 0.01
vs. the combined treatment group. ATG5, autophagy-related 5; LC, light chain; PARP, poly (adenosine diphosphate)

ribose polymerase.

compared with the TDB alone treatment group,
P62 protein expression was downregulated in
the rapamycin-treated group, while Beclini,
ATG5, LC3lland LC3d n1, expression increased,
and cleaved-PARP and Cleaved caspase-3 are
activated upon cleavage, and although protein
levels of PARP, Procaspase-3 were increased,
the ratio of Cleaved-PARP/PARP, and Cleav-
ed caspase-3/procaspase-3 were Significantly
increased (Figure 7C, 7D). In summary, TDB
may regulate apoptosis by inhibiting mTOR pro-
tein phosphorylation via the PISK/AKT/mTOR
pathway [19, 20].

TDB has antitumor effects in vivo

In the animal experiment, no significant differ-
ences in the bodyweights of the nude mice
were observed between the TDB treatment
group and the control group (P > 0.05). A small-
animal in vivo imaging system was used to
monitor tumor growth in the nude mice. As pre-
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sented in Figures 8A-C, S9 and Tables 2-4,
compared with the control group, the tumor vol-
ume, weight and chemiluminescence values
were significantly decreased in the TDB treat-
ment group (P < 0.05). The tumor tissues were
sectioned and stained with H&E. Microscopy
observation revealed that the tumor tissue
cells in the control group had mostly normal
structures and were distributed in clusters.
However, the cells in the TDB treatment group
were decreased in size, exhibited nuclear
shrinkage and displayed apoptosis (Figure 8D).
At the same time, TUNEL staining in the TDB
treatment group was positive with brown-yellow
precipitation and the staining degree became
deeper and more intense with increasing TDB
concentrations (Figure S10). In addition, immu-
nofluorescence was used to detect apoptosis
and autophagy-associated protein expression
in tumor tissues. The results indicated that,
compared with the control group, the TDB treat-
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Figure 8. TDB has an antitumor effect in vivo. A. The weight of transplanted tumors. Pairwise comparison using
S-N-K method. B. A small-animal live imaging system was used to monitor tumor growth in vivo in real time. C. Sub-
cutaneous tumortissue of MGC-803 cells. D. H&E staining and terminal deoxynucleotidyl transferase deoxyuridine
triphosphate nick-end labelling staining of paraffin sections of tumor tissue, 100x magnification. **p < 0.01 vs.
the control group.

Table 2. The effect of TDB on the weight of subcutane- clearly expressed, ATG5, LC3Il, PARP,
ously transplanted tumors in nude mice (g) Bax levels were upregulated while P62
Group do a7 d14 d28 ar?d Bcl-2 levels were downregulgted
Control 20.4+1.6 212423 22.0+2.2 19.5+3.2 ‘Eigure S111 The above results indicat-
) ) ed that TDB has an antitumor effect in
Cisplatin 20.9+1.0 20.4+0.8 17.4+0.7" 16.9+0.5 vivo and that the mechanism of tumor
TDB50 mg/kg 21.7+12 221417 217423 21.8+2.2 suppression is associated with apopto-
TDB 100 mg/kg 19.6+1.4 20.1+1.1 20.9+1.3 19.6+2.2 sis and autophagy.
TDB 200 mg/kg 20.7+1.4 22.0+2.1 21.8+2.7 22.3+2.7"
Note: Compared with the control group, “indicates P < 0.05, ““indicates Discussion
P00 In the present study, TDB was shown to
inhibit MGC-803 cell proliferation, block
ment group had significantly enhanced fluores- the cells in G2/M phase, and induce apoptosis
cence intensities for Beclinl; ATG5, LC3Il, PARP and autophagy. The effects of TDB on the
and Bax, P62 and Bcl-2. These proteins were all induction of autophagy and apoptosis in MGC-
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Table 3. The effect of TDB on the volume of subcutaneous xenografts in nude mice (mm3)

Group do d7 d14 d28

Control 312.81+51.50 364.77+102.49 631.50+£163.63 682.17+186.31
Cisplatin 273.52+43.63 251.881+58.70" 88.64+52.83" 117.99+100.91"
TDB 50 mg/kg 277.72+32.61 255.84+88.85 212.09+66.03" 266.09+70.61"
TDB 100 mg/kg 232.92+55.94 330.08+£129.66 228.27+147.26" 267.16+163.07"
TDB 200 mg/kg 263.93+64.50 217.57+76.30" 92.09+77.67" 191.00+199.95""

Note: Compared with the control group, “indicates P < 0.05, “*indicates P < 0.01.

Table 4. The effect of TDB on the luminous value of nude

mice subcutaneous xenografts (x108 p/sec/cm?/sr)

immunoblotting results indicated that
TDB regulated apoptosis by increasing

the Bax/Bcl-2 ratio; at the same time,

Group do d7 d14 428
Control 5.9+4.9 6.8t4.2 172477 41.1+32.3 caspase-3 and PARP cleavage were
Cisplatin 7643 84463 87479 17413 S|gn||1;|ca.n';||)_/ 't”fjretflsde‘DBThe E:Oo‘;e

o results Inaicate a IS able to
TOBSOmg/kg 7.1:0.4 65:44 108:75 139:203 induce  MGC-803 cell apoptosis
TDB 100 mg/kg 8.3+1.4 125:19.9 6.8+4.9° 5418 through the mitochondrial pathway
TDB 200 mg/kg 8.8+7.4 84194 4520 31:45" 9.

Note: Compared with the control group, “indicates P < 0.05, ““indicates

P <0.01.

803 cells were further investigated. The key
signalling pathways that regulate apoptosis
and autophagy as well as the upstream PI3K/
AKT/mTOR pathway, were examined. The
results suggested that TDB-induced apoptosis
in MGC-803 cells may depend on the PISK/
AKT/mTOR signalling pathway and that inhibi-
tion of autophagy promoted apoptosis in cells.

Induction of apoptosis is one of the methods
ways by which antitumor drugs promote cell
death [21]. The Hoechst staining and flow
cytometry results of the present study suggest-
ed that TDB significantly increased the apop-
totic ratio. As a key pro-apoptotic protein in
early mitochondrial apoptosis, Bax oligomeriz-
es with Bcl-2 homologous antagonist killer after
receiving an apoptotic signal and forms holes in
the mitochondrial membrane to increase its
permeability, resulting in a decrease in mem-
brane potential. As a result, apoptotic factors
are released into the cytoplasm and the apop-
totic pathway is activated by downstream cas-
pase-level enzyme-associated reactions [22].
Bcl-2 is another key protein that mediates
apoptosis. After forming a heterodimer, Bcl-2
and Bax participate in mitochondrial pore repair
and reduce permeability to exert an antiapop-
totic role. PARP is a downstream marker of
apoptosis in cells and its cleavage is able to
activate caspase-3 activity and finally induce
cell apoptosis [23-28]. In the present study, the
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TEM is the gold standard for detecting

autophagy [30-32]. Observation of the
ultrastructure of cells in the TDB treatment
group revealed an incomplete cell structure,
increased mitochondria, Golgi apparatus swell-
ing, increased cytoplasm, disrupted cell mem-
branes, autophagy vesicles, autophagosomes,
and autolysosomes with double membrane
structures. Dansylcadaverine is a specific
autophagosome marker [33]. As a means of
autophagy detection, the results of the MDC
assay revealed that yellow-green particles
increased in the cells treated with TDB and
dense staining appeared. These results sug-
gested that TDB induces autophagy in MGC-
803 cells. Beclinl, P62, ATG5 and LC3 are
important proteins associated with the induc-
tion of autophagy. In this process, a complex
form between Beclinl and VPS34, and ATG14
is responsible for recruiting responsible autoph-
agy proteins and initiating autophagy. P62 is a
polyubiquitinated binding protein. LC3 also par-
ticipates in ubiquitination to form LC3I and is
then lapidated to form LC3Il, which may be
used as a marker of autophagosome degrada-
tion. ATG5-ATG12 is a key fusion protein, the
formation of which is involved in the process of
autophagic vesicle elongation. Microtubule-
associated LC3 is a marker protein for the for-
mation and extension of the biphasic mem-
branes of autophagosomes, and the degree of
autophagy is reflected by the LC3Il/LC3I trans-
formation status. The ratio of LC3II/LC3I is
positively correlated with the number of autoph-
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agic vesicles. The immunoblotting results of
the present study indicated that LC3Il protein
expression was upregulated, LC3I protein was
downregulated and the conversion of LC3I to
LC3Il was increased. Furthermore, P62 protein
was degraded and Beclinl and ATG5 expres-
sion was increased upon treatment with TDB.
The above results indicated that TDB is able to
induce autophagy in MGC-803 cells in a con-
centration-dependent manner.

The inhibition of autophagy is able to enhance
apoptosis [34-37]. In the present study, after
cells were treated with the autophagy inhibitor
3-MA combined with TDB, the Hoechst and
Annexin V/PI staining results suggested that
the apoptotic ratio was increased. The autoph-
agy inhibitor 3-MA inhibits the occurrence of
autophagy. The upregulation of P62 and down-
regulation of Beclinl, ATG5 and LC3Il suggest-
ed that autophagy was inhibited, while the
cleavage of the apoptotic proteinscaspase-3
and PARP was increased. These results indi-
cated that apoptosis was enhanced and sug-
gested that autophagy has a protective role
against TDB-induced MGC-803 cell death. By
inhibiting autophagy, the antitumor effect of
TDB is augmented.

In conclusion, the present study demonstrated
that TDB is able to inhibit the proliferation of
MGC-803 cells and induce apoptosis and
autophagy. This apoptosis induction may be
exerted via the PI3BK/AKT/mTOR pathway. In-
hibiting autophagy was also able to enhance
apoptosis. Furthermore, TDB exhibited good
antitumor activity in vivo, and therefore may be
a novel providing a potential targeted drug for
the treatment of gastric cancer.
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Control 4 pg/mL 8 pg/mL 10 pg/mL

Figure S1. TDB inhibits the proliferation of gastric cancer MGC-803 cell, 200x magnification.
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Figure S2. Histogram of the expression levels of cell cycle.
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Figure S3. Apoptosis detected with the Hoechst method, 100x magnification.
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Figure S4. Histogram of the expression levels of Apotosis rate.
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Figure S5. Ultramicrostructure detection by MDC, 100x magnification.
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Figure S6. Histogram of the protein expression determined by western blotting “P<0.05, **P<0.01 vs. control group,
#P<0.05, #P<0.01 vs. The combined treatment group. ATG5, autophagy-related 5; LC, light chain; PARP, poly (ad-
enosine diphosphate) ribose polymerase.
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Figure S7. Apoptosis detected with the Hoechst method, 100x magnification.
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Figure S8. Apoptosis detected with the Tunel method, 200x magnification.
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Figure S9. Testing related indicators of nude mice. A. 4-week bioluminescence trend graph of subcutaneous xeno-
graft tumor in nude mice. B. 4 weeks weight gain trend of subcutaneous transplanted tumor in nude mice. C. Growth
trend of tumor volume in nude mice subcutaneously transplanted tumors at 4 weeks.
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Figure S10. Tunel staining and terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick-end labelling
staining of paraffin sections of tumor tissue, 200x maghnification.
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Figure S11. The immunoblotting
results of different antibody ex-
pression, 20 ym magnification.
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