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TGF-f1 promotes human gastric carcinoma
SGC7901 cells invasion by inducing autophagy
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Abstract. - OBJECTIVE: To investigate the
role of TGF-$1 in autophagy and invasion ability
in human gastric carcinoma cell line SGC7901.

MATERIALS AND METHODS: Cultured SGC7901
cells were treated with different concentrations
of TGF-p1 for 24 h. The protein expression lev-
els of autophagy relative marker LC3 and Bec-
lin1 were detected by Western blot. The effect of
TGF-31 on invasion ability of SGC7901 cells was
detected with transwell method.

RESULTS: The results demonstrated that TGF-f1
was able to induced autophagy of SGC7901 cells
in a dose-dependent manner. Autophagy inhib-
itor 3-MA could inhibit TGF-p1 upregulated au-
tophagy. Furthermore, TGF-$1 significantly en-
hances the invasion ability of SGC7901 cells.
However, autophagy inhibitor 3-MA could effec-
tively reverse this process.

CONCLUSIONS: TGF-g1 enhances SGC7901
cells migration by inducing autophagy.
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Introduction

As the 4™ malignant tumor in terms of the
incidence rate in the world, gastric cancer ranks
the 2" position in the incidence rate and mortality
rate according to the data of cancer in China in
2015". The occurrence and development of gastric
cancer are a gradual progression, which involves
various factors and procedures, and gastric can-
cer, with a high incidence rate and mortality
rate, is severely threatening the health of human
beings. With the progress in the research of the
treatment methods of the tumor, the treatment
for patients with cancer in an early stage shows
certain efficacy. Nevertheless, the 5-year survival
rate of patients with gastric cancer remains lower

than 30% at present®. Also, misdiagnosis of gas-
tric cancer in early stage frequently occurs due to
its insidious onset, which, plus the susceptibility
to distant metastasis in the late stage, is signifi-
cant to the research on the mechanisms relating to
occurrence, development, invasion and metasta-
sis of gastric cancer for improving the prognosis
of patients.

Autophagy refers to a self-digestive process of
cell induced by the stress state, such as hungry,
hypoxia or deficiency in energy metabolism, in
which the impaired organelle and protein are
degraded into the absorbable biological macro-
molecules, like amino acid, to nourish the cells
under stress state to maintain the survival of
cells’. However, once the cell autophagy is exces-
sively activated and persists on a high level for
a long time, the cell will be injured, or even the
autophagic cell death will be induced*. Studies
have revealed that autophagy plays a role in every
stage of tumors, such as formation, development,
progression, invasion and metastasis’.

As a kind of polypeptide secreted by vari-
ous cells, transforming growth factor (TGF) is
characterized by multiple biological effects, in
which regulatory effect on the proliferation and
differentiation of cells is relatively important.
In addition, it also participates in many impor-
tant biological processes, such as angiogenesis,
fibrosis in damage repair and the occurrence of
tumors®. TGF-f3 can be divided into 4 subtypes,
i.e. TGF-p1, TGF-p2, TGF-p3 and TGF-p1p2,
in which the expression of TGF-p1 is the high-
est. In the early stage of the tumor, TGF-f can
inhibit the occurrence of a tumor, but after the
formation of tumor lesion, TGF-p will promote
the growth and distant invasion and metastasis
of tumor’. Besides, some investigations reported
that TGF-fI participates in the regulation of the
autophagic activity in the body?®.
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However, studies on the effect of TGF-p1 on
the gastric cancer SGC7901 cells remain very
few. In this study, we aimed to investigate the
effect of TGF-f1 on the regulation of autophagic
activity, proliferation, invasion and migration
capability of gastric cancer SGC7901 cells to
provide an experimental basis for a research into
the mechanism how TGF-p1 regulates gastric
cancer.

Materials and Methods

Material

Gastric cancer SGC7901 cells (Institute of Cell
Biology, SIBS, CAS, Shanghai, China); TGF-p1
(R&D, USA); 3-Methyladenine (3-MA, an auto-
phagy inhibitor, Sigma-Aldrich, St. Louis, MO,
USA); rabbit-anti-human LC3B and Beclinl poly-
clonal antibody (Cell Signaling Technology, Dan-
vers, MA, USA); antibody of B-Actin (Santa Cruz
Biotechnology, Santa Cruz, CA, USA); Protein
marker (Thermo Fisher Scientific, Waltham, MA,
USA); Electro-Chemi-Luminescence (ECL) kit
(Millipore, Beijing, China); fetal bovine serum
(FBS, Gibco, Grand Island, NY, USA); Roswell
Park Memorial Institute (RPMI)-1640 medium
(Hyclone, USA); Radio-immunoprecipitation As-
say (RIPA) and bicinchoninic acid (BCA) kit (Be-
yotime Biotech Institute, Beijing, China); 24-well
transwell chamber (size of well: 8 pm, Corning
Costar, NY, USA); Matrigel for invasion experi-
ment (BD, Shanghai, China).

Cell Culture

Gastric cancer SGC7901 cells were cul-
tured in the RPMI-1640 medium containing
10% deactivated FBS, 100 U/mL penicillin
and 100 pg/mL gentamicin in a cell incuba-
tor (37°C, 5% CO, and saturated humidity).
Cells were digested and passaged using 0.25%
trypsin. After 70 to 80% of cultured cells had
been merged, the medium was replaced by se-
rum-free medium for starving the cells over-
night followed by the treatment of TGF-f1 for
24 h. Cells were divided into groups according
to the requirement of the experiment.

Western Blot Assay

After the cells were treated by TGF-B1 in var-
ying concentrations (0 ng/mL, 5 ng/mL and 10
ng/mL) for 24 h, the cells adhering to the wall
of culture flask were rinsed using pre-heated
phosphate buffered saline (PBS) and transferred
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into the EP tubes for centrifuge at 12000 rpm
for 5 min and the supernatant was discarded.
Then, RIPA was added into the collected cells
for lysis, and the supernatant was collected and
preserved at -20°C. Samples were loaded for
electrophoresis at 80V to aggregate the protein
which was later isolated at 100V followed by
the membrane transfer. After the membrane was
blocked using 5% skimmed milk for 1 h, a rab-
bit-anti-human polyclonal antibody of Beclinl
was added onto the membrane for incubation
at 4°C overnight, and then the membrane was
washed on the decolorizing shaking table using
tris buffered saline and tween 20 (TBST) for 3
times (5 min/time). Subsequently, HRP-labeled
goat-anti-rabbit IgG was added for incubation at
room temperature for 1h and then the membrane
was washed using TBST for 3 times (5 min/
time). ECL was added onto the membrane for 1
minute of reaction followed by exposure to the
X-ray, fixation, and development.

Cell Migration and Invasion Experiments

Cell migration and invasion experiments: a)
Cell migration experiment: After 24 h of starv-
ing culture of gastric cancer SGC7901 cells in
the logarithm phase in the serum-free RPMI
1640 medium for starving, they were digested
using 0.25% EDTA-trypsin. Then, a single cell
suspension was prepared using the cells in the se-
rum-free RPMI-1640 medium, during which the
cell density was adjusted to 3 x 10%mL. The cell
viability was higher than 95% according to the
trypan blue staining test. 200 xL serum-free cell
suspension, together with the drugs according to
the experiment requirement, was added to the up-
per surface of every invasion chamber and at the
same time, and 3 duplication wells were set for
each dosage group. RPMI 1640 medium contain-
ing 10% FBS was added onto the lower surface
of the invasion chamber, 600 uL/well, and the
cells were cultured in the incubator for 24 h. The
chamber was taken out and culture medium was
removed after being washed for 2 times. The cells
that failed to pass through the upper surface of
the chamber were wiped using a wet cotton swab
and the chamber was fixated using methanol for
20 min, were dried at the room temperature and
further dyed using crystal violet for 20 min. Then,
They were placed under the inverted microscope
for counting the cells that succeeded to pass the
membrane, in which cells in the central part and
four corners were counted at the high magnifi-
cation (400x) and the average of cell count was
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calculated. b) Cell invasion experiment: Matrigel
was pre-melted at 4°C and 40 xL diluted matrigel
was coated on the surface of each polycarbonate
millipore (matrigel: serum-free medium = 1:3)
and placed into the incubator for coagulation for
later use; the density of cells that were prepared
for inoculation was adjusted to 2x/0°/mL. Other
procedures were the same as those in migration
experiment.

Statistical Analysis

All data were presented as (y + s). For sta-
tistical analysis, ANOVA was carried out using
SPSS19.0 (SPSS Inc., Chicago, IL, USA). Tukey's
HSD (honestly significant difference) test is used
in conjunction with an ANOVA to find means
that are significantly different from each other. p
< 0.05 suggested that the difference was statisti-
cally significant.

Results

Autophagy of Gastric Cancer SGC7901
Cells Induced by TGF-p1

After 24h of treatment using TGF-p1 in var-
ying concentrations (0 ng/mL, 5 ng/mL and
10 ng/mL), the Western-blot assay revealed that
the mRNA expression of LC3 and Beclinl (la-
beling protein of autophagy) in the gastric can-
cer SGC7901 cells, after being stimulated by
TGF-p1, was elevated with an increase in the
concentration of TGF-f1 (Figure 1).

Blocking Effect of 3-MA on
Cell Autophagy Induced by TGF-p1

After 24h of treatment using TGF-p1 (10 ng/
mL), the protein expression of LC3 and Beclinl
was significantly elevated in the SGC7901 cells
compared to those in the control group, but when
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Figure 1. The protein expression level of LC3 and Beclinl of SGC7901 cells induced by different concentrations (0 ng/

mL, 5 ng/mL, 10 ng/mL) of TGF-f1 for 24 h.
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3-MA (5 mmol/L, autophagic inhibitor) was add-
ed, the autophagic activity was significantly in-
hibited (Figure 2).

Enhancement Effect of TGF-$1 on

the Invasion Capability of SGC7901 Cells
In the migration experiment of transwell

chamber, we found that the invasion capability

of SGC7901 cells in the TGF-f1 treatment group

was remarkably enhanced compared to that in

the control group (Figure 3).

Inhibition on Autophagy Reducing the
Invasion Capability of SGC7901 Cells
Induced by TGF-$1

In this study, we further verified whether auto-
phagy could affect the invasion capability of cells
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induced by TGF-pl. In the invasion experiment
of Transwell chamber, we found that after the
cells had been simultaneously treated by TGF-f31
and 3-MA (5§ mmol/L), a significant decrease was
observed in the invasion capability of SGC7901
cells (Figure 4).

Discussion

Autophagy refers to a highly conservative met-
abolic regulation process, which is widely found
in the eukaryote. Cells can maintain the protein
metabolic balance and the homeostasis in cells
through degrading the impaired organelles and
biological macromolecules in the lysosome. Un-
der the normal conditions, autophagy in cells
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Figure 2. Autophagy inhibitor 3-MA inhibits TGF-B1 induced autophagy.
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Figure 3. TGF-B1 enhances the invasion ability of SGC7901 cells (crystal violet staining x 200).

is kept at a baseline level; when cells are under
stress, such as nutrition-deficiency, hypoxemia,
high temperature, and differet hormone levels,
autophagy will be activated to maintain the sur-
vival of cells until the stress is discharged’. More
studies have shown that not only does auto-
phagy participate in maintaining the homeosta-
sis, growth, development, maturity and differ-
entiation of normal cells, but also the autophagic
activity is varied in different cells, indicating that
autophagy also plays a role in the occurrence
and development of tumor'®. Wei et al'' found
that the expression of LC3B, a marker protein of
autophagy, was significantly elevated in gastric
cancer tissues, suggesting that the abnormally
activated autophagy is key to the pathological
changes and progression of gastric cancer'?.
Transformation growth factor p (TGF-f), as
a kind of inhibitory factor of cell growth, can

promote the formation of extracellular matrix,
regulate cell proliferation and differentiation, cell
apoptosis and immune regulatory responses. In
the occurrence and development of malignant
tumor, the role of TGF-f1 is just like a dou-
ble-edged sword. In the early stage of the tumor,
TGF-B1 can suppress the formation of tumor;
but, in the existence of lesion of tumor, TGF-f1
can provide the nutrition support for the further
growth of tumor through promoting the local
angiogenesis surrounding the tumors, and en-
hance the ability of local infiltration and distant
invasion and metastasis, thus accelerating the
growth and development of tumors'*!*, Literature
reported that TGF-f1 can improve the survival of
hepatic cells through activating the autophagy?®.
Hence, TGF-p1 and autophagy may constitute
the survival and protection mechanism of cells
in stress, especially the tumor cells, and investi-
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Figure 4. Autophagy inhibitor 3-MA attenuates TGF-B1 induced SGC7901 cell invasion (crystal violet staining x 200).

gation into the internal correlation between these
two factors may clarify how cancer cells gain the
invasion capability — the strong migration capa-
bility and the capability to acquire important ma-
lignant phenotype. In this work, we established
the TGF-B1 model in gastric cancer cells to ob-
serve the influence of TGF-f1 on the autophagic
activity and invasion capability of gastric cancer
cell for investigating the correlation between the
invasion capability of gastric cancer cells and
autophagy, thus clarifying the induction mecha-
nism of TGF-f1 for invasion capability of gastric
cancer cells.

In this research, we firstly found that under
the stimulation of TGF-f1 in varying concentra-
tions, transformation from LC3-I to LC3-II in
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the LC3 (marker protein of autophagy) was pro-
moted and the expression level of Beclinl was
significantly augmented in a dosage-dependent
manner, indicating that TGF-B1 can sufficiently
induce the increase in the autophagic activity
of gastric cancer cells. Subsequently, we detect-
ed the influence of TGF-B1 on the autophagic
activity through adding TGF-Bl inhibitor to
antagonize the effect of TGF-f1, and found
that TGF-BI inhibitor can effectively reverse
the increase of autophagic activity induced by
TGF-p1. Further, we carried out the transwell
invasion experiment to test the effect of TGF-31
on the invasion capability of gastric cancer cells,
and results revealed that TGF-f1 could enhance
the invasion capability of gastric cancer cells.
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However, when we used the 3-MA (inhibitor
of autophagy) to block the autophagy, we found
that TGF-f1 could not increase the invasion
capability of gastric cancer cells, indicating
that autophagy may be one of the major mech-
anisms for an increase of invasion capability
of gastric cancer cells in stress. Enhancing the
invasion capability may be another survival and
protection mechanism of cancer cells conferred
by autophagy. Recently, literature reported that
Bafilomycin Al, an inhibitor of autophagy in
the late period, can augment the sensitivity of
gastric cancer to chemotherapy when it is used
to inhibit the autophagic activity’. In addition,
this effect has also been reported in the litera-
ture of breast cancer and lung cancer'®", which
can be served as a potential target for treatment
of the tumor.

Conclusions

We observed that TGF-f1 in the gastric cancer
SGC7901 cell line could enhance the invasion
capability of cancer cells through inducing the
activation of autophagy, which will deepen un-
derstanding of the pathogenesis of gastric cancer.
Thus, we should further carry out the research
on the effect of autophagy in the occurrence and
development of gastric cancer and the regulation
mechanism of TGF-p1, blocking cell autophagy
and reducing the invasion and metastasis of tu-
mor cells to provide new ideas and reference for
the individual treatment of gastric cancer, which
is of great significance for clinical practice with a
promising future.
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