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Abstract. - OBJECTIVE: To explore how GLI-
1 affects the EMT induced by TGF-B1 in gastric
cancer.

MATERIALS AND METHODS: Following 24
hours of culture of SGC-7901 cells in presence
of TGF-B1, we observed the changes in morphol-
ogy as well as mRNA and protein expressions of
GLI-1, E-cadherin and Vimentin by RT-PCR and
Western blot. Transwell assay was conducted to
evaluate the changes in invasion ability of SGC-
7901 cells. Then, SGC-7901 cells were co-treat-
ed with TGF-B1 and GANT 61, and changes of the
above indexes were also detected using the cor-
responding methods.

RESULTS: In presence of TGF-g1, EMT was
initiated in SGC-7901 cells EMT with increased
cell invasion ability, and the mRNA and protein
expressions of E-cadherin were downregulat-
ed, while those of the GLI-1 and Vimentin were
upregulated. Conversely, the co-treatment of
TGF-B1 and GANT 61 suppressed the increased
cell invasion ability induced only by TGF-#1, and
the changes in mRNA and protein expressions
of these factors were abolished.

CONCLUSIONS: We found that GLI-1 facilitates
the EMT induced by TGF-B1 in SGC-7901 cells,
which may serve as a potential target in develop-
ing the clinical treatment of gastric cancer.
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Introduction

Gastric cancer is one of the most frequent mali-
gnancies in the digestive system'?, and ranks first
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for incidence rate among all malignancies worl-
dwide. In China, gastric cancer has evolved into
a kind of malignancy with a high morbidity rate
and mortality rate only secondary to the lung can-
cer’™. Gastric cancer, with insignificant clinical
symptoms in an early stage, is usually diagnosed
only at the advanced stage with tumor-adjacent
or distant metastasis, poor prognosis and a 5-year
survival rate of lower than 15%°°. Epithelial-me-
senchymal transformation (EMT) refers to a pro-
cess, in which the epithelial cells, under a series
of stimuli, are transformed into the cells with
mesenchymal phenotype with an enhancement
in the migration ability of cells, which is closely
associated with the distant invasion and metasta-
sis of malignancy. Previous investigations have
shown that abnormal activation of the Hedgehog
(Hh) signal pathway is involved in the invasion
and metastasis of gastric cancer in advanced sta-
ge. However, GLI-1, as a key factor regulating the
transcription in Hh signal pathway, is up-regu-
lated in a variety of malignant tumors, and also
modulates the expressions of downstream tar-
geted genes, thereby affecting the invasion and
metastasis of tumor cells. EMT is activated by
modulation of multiple signal pathways, in which
TGF-B is the most classical pathway, and TGF-p1
has been proved as the activator of EMT in many
malignancies!®. Nevertheless, involvement of Hh
signal pathway in the TGF-Bl-induced EMT in
gastric cancer remains unknown. Thus, we inve-
stigated the role of GLI-1 in the TGF-B-induced
EMT, the cellular invasion, and its mechanism, so
as to provide new evidence for the molecular-tar-
geted therapy of gastric cancer in an early stage.
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Material and Methods

Materials

Human SGC-7901 cells (Shanghai Ruilu Biotech-
nology Co., Ltd.); recombinant human TGF-1 (Sig-
ma-Aldrich, St. Louis, MO, USA); GANT 61, the
antagonist of GLI-1 (Selleck, USA); TRIzol kit (Da-
lian, China); Roswell Park Memorial Institute-1640
(RPMI-1640) medium (HyClone, South-Logan,
UT, USA); fetal calf serum (Hao Yang Biological
Manufacture Co., Ltd., Tianjin, China); penicil-
lin-streptomycin mixture (Beyotime Biotechnology
Co., Ltd, Shanghai, China); cDNA reverse transcrip-
tion kit and SYBR Real-time polymerase chain re-
action kit (RT-PCR) (TaKaRa, Otsu, Shiga, Japan);
PCR primers (synthesized by Tianyi Huiyuan Co.,
Ltd, Beijing, China); horseradish peroxidase(HR-
P)-conjugated goat anti-rabbit anti-IgG (Solarbio
Biotechnology Co., Ltd., Beijing, China); Matrigel,
Matrix and 8 pL. Transwell chambers (Corning Co-
star, Corning, NY, USA); protein markers (Thermo
Fisher, Waltham, MA, USA); enhanced chemilu-
minescence (ECL) kit (Millipore, Billerica, MA,
USA); fetal bovine serum (FBS) (Gibco, Rockvil-
le, MD, USA); radio-immunoprecipitation assay kit
and bicinchoninic acid (BCA) kit (Beyotime Biote-
chnology Institute, Shanghai, China); 24-well Tran-
swell chambers (8 um) (Corning Costar, Corning,
NY, USA); Matrigel (BD Biosciences, Franklin La-
kes, NJ, USA).

Cell Culture

SGC-7901 cells were cultured in the RPMI-
1640 medium supplemented with 10% fetal calf
serum (FCS), 100 U/mL penicillin and 100 pg/
mL streptomycin at 37°C and 5% CO,. After con-
fluence reached 70-80%, cells were starved using
the serum-free medium, followed by treatment
with TGF-B1, and then grouped in accordance
with the experiment requirement.

Cell Morphology Observation

SGC-7901 cells were digested and passaged, fol-
lowed by inoculation on a 6-well plate. After cells
adhered to the wall, they were starved using the
serum-free medium, and on the next day they were
treated with TGF-B1 for 24 h, followed by obser-
vation of the morphological changes in cells under
the phase-contrast microscope and photographing.

RNA Extraction and Real-Time PCR
Detection

After treatment, SGC-7901 cells were used
for extraction of total RNA using the TRIzol

kit following the instruction of kit, followed by
the cDNA preparation through reverse tran-
scription in accordance with the instructions of
manufacturer. In this study, primers for PCR
were synthesized by Tianyi Huiyuan Co., Ltd.,
(Beijing, China). The sequences are shown as
follows: GAPDH, upstream 5-AGGTCGGT-
GTGAACGGATTTG-3’, downstream 5’-GGG-
GTCGTTGATGGCAACA-3’; GLI-1, upstream
5>-CCCAATCACAAGTCAGGTTCCT-3’, down-
stream 5-CCTATGTGAAGCCCTATTTGCC-3’;
E-cadherin upstream 5-TGATTCTGCTGCTCT-
TGCTGTT-3’, downstream 5-CAAAGTC-
CTGGTCCTCTTCTCC-3’; Vimentin upstream
5’>-GTACTTGTAATGACACATCTC-3’, down-
stream 5’-TGCCAGTITCTGCATCTGC-3". Am-
plification was performed as follows: 95°C for 5
min; 95°C for 10 s, 60°C for 35 s, and 40 cycles.
Melting curve was prepared to evaluate the re-
liability of PCR results, and mRNA expressions
were quantified using 2/ method.

Western Blot Assay

SGC-7901 cells in logarithmic phase were
collected and treated for 24 h, followed by three
washes using phosphate-buffered saline (PBS).
Then, total protein was extracted using radio-
immunoprecipitation assay (RIPA) reagent, and
the concentration was determined using BCA
method. After 20 to 100 pg proteins were loaded
in the wells, 10% sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) was
used to isolate the proteins which were later tran-
sferred regularly on the polyvinylidene difluoride
(PVDF) membrane. Following 1.5 h of blocking
in 5% skimmed milk at 37°C, rabbit anti-human
anti-GLI-1, E-cadherin, Vimentin and p-actin
were used to probe the proteins on the membrane
at 4°C overnight; next, proteins were incubated
with HRP-conjugated secondary antibody dilu-
ted at 1:3500 for 1.5 h at room temperature. Blot
bands were exposed in a dark room, and grey
value analysis was carried out for targeted bands
using Image-Pro Plus 6.0 software, with B-actin
as internal reference.

Cell Invasion Experiment

Matrigel was melted at 4°C prior to this expe-
riment. On the membrane surface of each well,
60 pL diluted Matrigel were spread and solidified
in an incubator for 4 hours for later use. SGC-
7901 cells in logarithmic phase were collected
and cultured in serum-free RPMI-1640 medium,
followed by digestion using 0.25% EDTA-trypsin
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and resuspending in the serum-free RPMI-1640
medium for single-cell suspension at a density
of 2x10°/mL. In the upper chamber, 200 pL cell
suspension without serum were added, and cells
were grouped in accordance with the experiment
requirement, with 3 replicate wells. In the lower
chamber, RPMI-1640 medium supplemented with
20% fetal calf serum (FCS) was added (600 pL/
well), followed by culture in an incubator for 48
h. After that, chambers were removed and washed
three times using icy PBS to remove the residual
medium. Cells failing to pass through the mem-
brane were scrapped using a wet cotton swab,
fixed using 4% paraformaldehyde (PFA) for 20
min, and dried at room temperature. Cells were
stained using the crystal violet for 20 min and
washed three times using the icy PBS. In PBS,
chambers were placed on the inverted microscope
to observe the cells that passed through the mem-
brane; cells in the central and surrounding fields
were counted at magnification (200x) with the
average as the results.

Statistical Analysis

All data were presented as (s), and one-way
analysis of variance was performed using SPSS
19.0 (IBM, Armonk, NY, USA). Tukey’s HSD
(honestly significant difference) test was used in
conjunction with an ANOVA as post-hoc test to
find means that were significantly different from
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each other. p<0.05 suggested that the difference
had statistical significance.

Results

TGF-P1 Induces EMT in SGC-7901 Cells

Following 24 h of treatment with 10 ng/mL
TGF-B1 for SGC-7901 cells, they were placed un-
der the inverted microscope to observe the mor-
phological changes of cells; we found that in the
control group, SGC-7901 in padstone shape was in
alignment, while in the TGF-B1 group cells were
in long-fusiform without close connection. Cells
were independent from each other, manifesting
the typical features of mesenchymal cells. RT-
PCR and Western blot assays showed that after
24 hours of treatment using 10 ng/mL TGF-B1, in
comparison with the control group, significant de-
creases were found in mRNA and protein expres-
sions of E-cadherin in the TGF-f1 group with si-
gnificant increases in the expressions of mRNA
and protein of Vimentin (Figure 1).

TGF--D1 Enhances the In-Vitro Invasion
Ability of SGC-7901 Cells

Transwell invasion experiment showed that
compared to the control group, SGC-7901 gained
an enhanced invasion ability after 24 hours of
TGF-B1 (10 ng/mL) (Figure 2).
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Figure 1. TGF-B1 induces lung cancer cell line SGC-7901 EMT. A4, Morphological change of SGC-7901 cells treated with
or without 10 ng /mL TGF-B1; B, The mRNA levels of E-cadherin and Vimentin in SGC-7901 cells induced with or without
TGF-P1; C, The protein levels of E-cadherin and Vimentin in SGC-7901 cells induced with or without TGF-B1; D, Quantifica-

tion of the protein level of E-cadherin and Vimentin.



M. Liang, X.-C. Liu, T. Liu, W.-J. Li, J.-G. Xiang, D. Xiao, Y.-L. Zhang, M.-H. Zheng, C. Zhai, et al.

T, e o g

é ,*..:;‘;_, Xy

control TGF-p1

v
%.ﬁf‘ Lo 15

B

- : ‘ 100+
‘ 804
60

40+

Invasive cell number

20

Figure 2. TGF-$1 promotes invasion of SGC-7901 cells (Coomassie brilliant blue staining x 200). A: The Matrigel in-
vasion chamber assay was performed to detect the invasive capability of SGC-7901 cells; B: Quantification of the number of

invaded cells.

TGF-p1 Up-regulates the mRNA and
Protein Expressions of GLI-1
in SGC-7901 Cells

After 24 hours of treatment with TGF-1 (10
ng/mL), RT-PCR results indicated that in presen-
ce of TGF-B1, GLI-1 mRNA and protein expres-
sion in SGC-7901 were significantly elevated (Fi-
gure 3).

Blocking GLI-1 Signal Pathway Inhibits
the TGF-DI-Induced EMT

To further validate the role of GLI-1 signal
pathway in the regulation of TGF-f1-mediated
EMT, we used the GANT61, antagonist specific to
GLI-1, to block the expression of GLI-1. RT-PCR
and Western blot assays showed that GANT61
could significantly inhibit TGF-B1-induced GLI-
1 expression, while facilitating the mRNA and
protein expressions of E-cadherin, and suppres-
sing those of Vimentin. These results indicated
that targeted silence of GLI-1 signal pathway can
block the TGF-Bl-induced EMT in SGC-7901 cel-
Is (Figure 4).
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Blocking GLI-1 Signal Pathway
Attenuates the TGF-f1-Induced
Invasion Ability

After 24 hours of treatment with TGF-B1 (10
ng/mL), transwell migration experiment indica-
ted that compared to the control group, the migra-
tion ability of Tca8113 cells in the TGF-B1 group
were significantly enhanced (Figure 5).

Discussion

Gastric cancer is a common kind of mali-
gnancy in digestive system originated from the
gastric mucosa epithelium with a high morbi-
dity rate and mortality rate ranking 2" among
all malignancies in China. Development and
progression of gastric cancer are modulated by
multiple genes and factors, which hinder the
understanding on the pathogenesis. At the time
of diagnosis, most of the patients have evolved
into the advanced stage, and, due to the lack of
effective treatment methods and susceptibility
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Figure 3. TGF-B1 upregulates mRNA and protein expression of GLI-1 in SGC-7901 cells. 4, The mRNA levels of GLI-1
in SGC-7901 cells induced with or without TGF-f1; B, The protein levels of GLI-1 in SGC-7901 cells induced with or without

TGF-B1; D, Quantification of the protein level of GLI-1.
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Figure 4. Blocking GLI-1 inhibits the TGF-p1-induced EMT. 4, The mRNA levels of GLI-1, E-cadherin and Vimentin in
SGC-7901 cells; B, The protein levels of GLI-1, E-cadherin and Vimentin in SGC-7901 cells; C, Quantification of the protein

level of GLI-1, E-cadherin and Vimentin.

to distant invasion and metastasis, patients suf-
fer from the multi-organ involvement, contri-
buting to the poor prognosis and a low 5-year
survival rate below 25%. Recent evidence has
shown that EMT is critical to the infiltration,
invasion and distant lesion-implantation in
many malignancies, and additionally involved
in the modulation of proliferation and apopto-
sis of tumor cells. EMT procedure, as a trigger,
not only initiates the invasion and metastasis of
tumor, but also acts as a key marker reflecting
the distant invasion ability of tumor cells. Some
scholars believed that EMT status and phe-
notypic changes in proteins can be used as the
independent factors in evaluation of prognosis
of gastric cancer patients''. Thus, research on
EMT modulation in gastric cancer is conducive
to ameliorating the prognosis of gastric cancer

patients. Various endogenous and exogenous
stimulators can initiate the EMT procedure,
and TGF-p1, as a widely-recognized potent in-
ducer of EMT, plays a key role in the develop-
ment and progression of EMT. Previous studies
have indicated the inducing effect of TGF-f1 in
the development of EMT in gastric cancer cells,
but the specific mechanism remains to be in-
vestigated in further studies'?. Hedgehog (Hh)
signal pathway has been proved to be involved
in the formation and development of multiple
tissues and organs in human beings, including
brain, gastrointestinal tract, etc.. Major molecu-
les in Hh signal pathway include Shh, Ptched,
Smo, GLI and downstream genes; generally,
Hh signal pathway is abnormally activated in
the embryonic development and deactivated in
mature body. GLI, the downstream transcrip-

Invasive cell number

Figure 5. Inhibition of GLI-1 suppressed TGF-$1 induced EMT (Coomassie brilliant blue staining x 200) 4, The
Matrigel invasion chamber assay was performed to detect the invasive capability of SGC-7901 cells; B, Quantification of the

number of invaded cells.
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tion regulator in Hh signal pathway, is mainly
responsible for the initiation of transcription of
target genes in Hh signal pathway. So far, there
are a total of three GLI transcription factors,
i.e. GLI-1, GLI-2 and GLI-3, with highly-con-
servative DNA-binding region. GLI-1, as a key
role, can activate the Hh signal pathway, which
is considered as a marker of activation of Hh
signal pathway". It has been found that in ga-
stric cancer samples, GLI-1 is abnormal upre-
gulated, which is negatively correlated with the
prognosis. In addition, emerging evidence has
shown the promoting effect of GLI-1 on EMT
of tumor cells through decreasing the intercel-
lular adhesive force and enhancing the migra-
tion ability, contributing to the invasion and
diffusion of tumors'. Thus, based on the re-
sults of these studies, we inferred that TGF-1
can induce the initiation of EMT in SGC-7901
cells, thus facilitating the invasion and meta-
stasis, and the distant metastasis of tumors. In
this study, after 24 hours of treatment with 10
ug/L TGF-B1 for SGC-7901 cells, we found the
EMT in these cells, and under the microscope,
we observed the transition of cell morphology
from the padstone shape to the thin, long-spin-
dle or fusiform shapes with loosened intercellu-
lar connection. Meanwhile, mRNA and protein
expressions of E-cadherin, the marker of epi-
thelial cells, were decreased concomitant with
increases in the levels of Vimentin, the marker
of mesenchymal cells. Transwell experiment
showed that SGC-7901 cells with EMT had a
significantly enhanced in-vitro invasion abi-
lity. To further investigate the molecular me-
chanisms underlying in TGF-B1-induced EMT,
RT-PCR and Western blot assays were adopted
to detect the expressions of GLI-1; we found
that compared to the control group, in SGC-
7901 cells after treatment with 10 pg/L TGF-p1
for 24 h, GLI-1 gene was significantly activa-
ted, suggestive of the potential involvement in
TGF-B1-mediated EMT process. To clarify the
role of GLI-1 in EMT, we blocked the expres-
sion of GLI-1 using its antagonist, GANT 61,
and further explored the effect on EMT ini-
tiation and invasion ability of SGC-7901 cells.
The results showed that after the expression
of GLI-1 was blocked, TGF-fl-mediated EMT
process in SGC-7901 cells was blocked with a
significant reduction in invasion ability of cells,
which confirmed the important role of GLI-1 in
this event. Thus, we inferred that TGF-B1 can
trigger the EMT process in SGC-7901 through

acting on GLI-1, a critical gene in Hh signal
pathway, thus enhancing the invasion ability of
gastric cancer cells and promoting the progres-
sion of gastric cancer.

Conclusions

We found that GLI-1 mediated the TGF-p1-ind-
uced EMT and invasion of SGC-7901 cells. Thus,
with promising clinical significance and pro-
spects, in-depth studies on the roles of GLI-1 in
the development and progression of EMT in ga-
stric cancer, reversing the EMT process through
interfering on the expression of GLI-1, and decre-
asing the invasion and metastasis of tumor cel-
Is, can provide new suggestions and evidence for
specific treatment of gastric cancer.
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