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TGF-β1 regulates invasion and migration of human bladder cancer cells T24
through epithelial mesenchymal transition.
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Abstract
Objective: To investigate the role of TGF-β1 on Epithelial Mesenchymal Transition (EMT) and invasion
ability in human bladder cancer cell line T24.
Methods: After pre-treatment with TGF-β1 of different concentrations for 24 h, we observed the
morphological changes of T24 cells under phase-contrast microscopy. The mRNA and protein
expression levels of EMT relative marker E-cadherin and Vimentin were detected by RT-PCR and
Western blot. The effect of TGF-β1 on migration and invasion abilities of T2 cell line was detected with
transwell migration and invasion assay.
Results: Results demonstrated that TGF-β1 could induce epithelial-mesenchymal transition in T24 cells.
The mRNA and protein levels of epithelial marker E-cadherin were downregulated by TGF-β1, whereas
those of mesenchymal maker protein Vimentin were upregulated. Furthermore, it is noted that TGF-β1
could significantly enhance the migration and invasion ability of T24 cells, which, however, could be
effectively reversed by TGF-β1 inhibitor LY2109761.
Conclusion: TGF-β1 can enhance migration and invasion ability of T24 cells by inducing epithelial
mesenchymal transition.
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Introduction
Bladder cancer, as the most common malignant tumor in
urinary tract, has ranked first in terms of incidence rate in all of
the tumor in urinary system in China, and is frequently seen in
aging males between 50 and 70 y old [1,2]. At present, major
treatment methods in clinical practice are developed on basis
of transurethral resection with the bladder being preserved in
combination with radiotherapy or chemotherapy. Frequent
recurrence has been confirmed after various bladder-preserving
surgeries due to the high invasive ability of bladder cancer
cells, which can easily result in infiltration and distant
metastasis in advanced stage [3,4]. Thus, figuring out the
pathogenesis of distant invasion and metastasis of bladder
cancer is vital to improvement of patient’s prognosis.
Distant metastasis and invasion of malignant tumors are
commonly affected by multiple genes and factors, and
Epithelial-Mesenchymal Transition (EMT) has become a
hotspot in research of tumor in recent years. EMT refers that
under some special physiological or pathophysiological
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conditions, cells originated from epithelium gradually gain the
mesenchymal characteristics with the loss of epithelial
phenotype [5-7]. In the occurrence of EMT, polarity is
disappearing in the epithelial cells, and the connection of these
cells without polarity with peripheral cells and cytoplasm will
be reduced, which can alter the cytoskeleton and enhance the
migration and mobilization abilities of cells. At the same time,
mesenchymal-characteristic changes are also seen in phenotype
of epithelial cells. Not only be the EMT involved in the earlystage embryonic development and organ formation, but it can
also participate in the occurrence and progression of multiple
epithelium-originated malignant tumors through promoting the
invasion and metastasis of cells [8,9].
Transforming Growth Factor (TGF) is the polypeptide cytokine
with multiple biological effects secreted by multiple cells, and
involved in a variety of biological events, such as cell
proliferation, apoptosis, differentiation, invasion and metastasis
[10,11]. Besides, TGF can also regulate the transcription and
expression of downstream target genes, thus being involved in
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regulation of angiogenesis, damage-repair fibrosis and
tumorigenesis [12,13]. Previous studies have shown that TGFβ signal pathway has been widely recognized as one of the
signal pathways mediating and regulating the EMT [14,15].
In this study, we aimed to investigate the effect of EMT in
human bladder squamous cell carcinoma T24 induced by TGFβ1 on invasion and metastasis capability of cells.

Material and Methods
Materials
Human bladder squamous cell carcinoma T24 cells were
purchased from Shanghai Institutes for Biological Sciences,
CAS; TGF-β1 was purchased from R and D; LY2109761, the
inhibitor of TGF-β1, was purchased from Selleck; TRIzol
RNA extraction kit was purchased from Takara; primer
sequences were synthesized by Tsingke Biotech (Shanghai)
Co., Ltd.; monoclonal rabbit anti-human E-cadherin antibody
and horseradish peroxidase-labelled goat anti-mouse or rabbit
IgG were purchased from Cell Signaling Technology;
monoclonal mouse anti-human Vimentin was purchased from
Santa Cruz; protein marker was purchased from Thermo
Fisher; ECL kit was purchased from Millipore; bovine serum
was purchased from GIBCO; RPMI-1640 medium was
purchased from HYCLONE; RIPA and BCA protein
quantification kit were purchased from Beyotime Biotech
Institute; 24-well Transwell chamber (8 μm) was purchased
from Corning Costar; Matrigel used in invasion experiment
was purchased from BD.

Cell culture
T24 cells were cultured in a cell incubator (37°C, 5% CO2 and
saturated humidity) supplemented with 10% Foetal Bovine
Serum (FBS), 100 U/mL penicillin, 100 μg/mL gentamicin and
RPMI-1640 medium, and then digested using 0.25% trypsin
for passage. After cell infusion reached 70-80%, cells were
starved using serum-free medium followed by treatment of
TGF-β1 for 24 h. Cells were divided into groups according to
the requirement of experiment.

Morphological observation of cells
Morphological observation of cells: T24 cells were digested,
passaged and inoculated onto a 6-well plate, and cells adhering
to the wall were starved using serum-free culture medium
overnight. Up to next day, TGF-β1 was added into the cells for
48 h of treatment, and then cells were placed under the phasecontrast microscope for observing and photographing the
changes in cell morphology.

RNA extraction and RT-PCR assay
RT-PCR was used for measuring the miRNA expressions of
E-cadherin and Vimentin: Cells in each group were washed
using pre-cooled PBS three times; in each well, 1 mL Trizol
RNA extraction solution was added for extraction of total RNA
in cells according to the procedures of instruction; A260/A280
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ratio was measured via ultraviolet spectrometer to calculate the
concentration of RNA, and this step would be repeated for 3
times; reverse transcription of extracted RNA was performed
for preparation of cDNA using the reverse-transcription kit
followed by PCR amplification. Primers used in PCR were
synthesized by Invitrogen (Shanghai) and the sequences are
listed as follows: GAPDH, forward primer 5'ATGGGGAAGGTGAAGGTCG-3', backward primer 5'GGGTCATTGATGGCAACAATATC-3'; β-catenin, forward
primer 5'-GCTGCTGTTTTGTTCCGAATGT-3', backward
primer 5'-GCCATTGGCTCTGTTCTGAAGA-3'; Vimentin,
forward primer 5'-CCAAACTTTTCCTCCCTGAACC-3',
backward primer 5'-GTGATGCTGAGAAGTTTCGTTGA-3';
E-cadherin,
forward
primer
5’GTACTTGTAATGACACATCTC-3’, backward primer 5’TGCCAGTITCTGCATCTGC-3’. Reaction conditions were set
as follows: initial denaturation at 95°C for 3 min; 94°C for 30
s, 48°C for 30 s, 72°C for 1 min, and the amplification was
performed for 35 cycles; extension at 72°C for 10 min. For
PCR product, 1.5% agarose gel electrophoresis was performed,
and the gels were placed into the gel imager for imaging and
scanning of gray value. This step was repeated for 3 times.

Western blotting assay
TGF-β1 in different concentrations (0 ng/mL, 1 ng/mL, 5
ng/mL and 10 ng/mL) was used to process the cells for 48 h,
and cells adhering to the wall of culture flask were washed
using pre-heated PBS and transferred into the EP tube for
centrifuge at 12000 rpm for 5 min. The supernatant was
discarded, and cells collected from the sediment were lysed
using RIPA solution. Supernatant was preserved at -20°C.
Then, the sample was loaded for electrophoresis at 80 V for
protein accumulation. Proteins were isolated and transferred
onto the membrane followed by blocking using 5% skimmed
milk. Respectively, monoclonal rabbit anti-human E-cadherin
(1:1000), monoclonal mouse anti-human Fibronectin and
Vimentin (1:100), polyclonal rabbit anti-human AKT and
monoclonal mouse anti-human p-AKT (1:500) were added
onto the membranes in each group for incubation at 4°C
overnight. Thereafter, membranes were washed for 5 min on a
decoloring shaker for 3 times. Horseradish peroxidase labelled
goat anti-mouse or rabbit IgG was added onto the membrane
for 1 h of incubation at room temperature followed by washing
membrane using TBST for 5 min for a total of 3 times. Then,
ECL solution was added onto the membrane for 1 min of
reaction at room temperature followed by exposure under Xray, fixation and development.

Cell migration and invasion experiments
Cell migration and invasion experiments: a) Cell migration
assay: T24 cells in logarithmic phase were starved in serumfree RPMI-1640 medium for 24 h followed by digestion using
0.25% EDTA-trypsin, and single-cell suspension was prepared
in serum-free RPMI-1640 medium, in which cell density was
adjusted to 3 × 105/mL. According to the detection of Trypan
blue, cells with viability above 95% could be used in following
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experiment. In the upper chamber of each Transwell, 200 μL
serum-free cell suspension was added, and according to the
requirement of each group, drugs were added. For groups with
drug administration, 3 replicative wells were set. In the lower
chamber of Transwell, RPMI-1640 containing 10% FBS was
added into each well (600 μL/well) for 24 h of incubation in an
incubator. Chambers were removed and washed using PBS
twice to eliminate the culture medium. After cells that failed to
pass into the upper chamber were scrubbed using a wet cotton
swab, cells were fixed in methanol for 20 min followed by airdrying at room temperature. Furthermore, cells were stained
using crystal violet for 20 min. After cells were stained, they
were placed under the inverted microscope for measuring the
quantity of cells that passed through the membrane, and cells
spread in 5 high-magnification visions (400x), and the average
served as the result. b) Cell invasion experiment: Matrigel was
melted at 4°C prior to experiment, and 40 μL dilution of
Matrigel (Matrigel: serum-free medium=1:3) was spread on
surface of polycarbonate microporous membrane, which was
then preserved in an incubator for 4 h of coagulation for 4 h.
The density of cells that were inoculated was adjusted to 2 ×
105/mL and other procedures were the same as those in the
migration assay.

Statistical methods
All data were presented as (x̄ ± s). Statistical analysis was
performed using SPSS 12.0. Student-Newman-Keuls test was
performed for intergroup difference. p<0.05 suggested that the
difference had statistical significance.

Results
Morphological variations in human bladder
squamous cell carcinoma cell strain T24

TGF-β1 upregulates the mRNA expressions of
Vimentin and E-cadherin
After TGF-β1 in varying concentrations (0 ng/mL, 25 ng/mL,
50 ng/mL, 75 ng/mL and 100 ng/mL) was added into cells for
24 h of incubation, the results of RT-PCR showed that
compared with the blank control group, mRNA expression of
E-cadherin of T24 cells in the TGF-β1 group that were treated
using TGF-β1 was decreased with the increase of drug
concentration, while the mRNA expression of Vimentin was
increased against the augmentation of drug concentration, and
the difference had statistical significance (p<0.05; Figure 2).

Figure 2. The mRNA expression level of E-cadherin and Vimentin of
T24 cell line treated by different concentrations (0 ng/mL, 1 ng/mL, 5
ng/mL, 10 ng/mL) of TGF-β1 for 24 h.

TGF-β1 upregulates protein expression of Vimentine
but downregulates the E-cadherin
After TGF-β1 in varying concentrations (0 ng/mL, 25 ng/mL,
50 ng/mL, 75 ng/mL and 100 ng/mL) was added into cells for
24 h of incubation, the results of Western blotting assay
showed that after treatment of TGF-β1, the protein expression
of E-cadherin in T24 cells was reduced with an increase in
concentration of TGF-β1, while the protein expression of
Vimentin was increased with an increase in concentration of
TGF-β1, and the difference had statistical significance (p<0.05;
Figure 3).

After TGF-β1 in 100 ng/mL was added in T24 cells for 24 h of
stimuli, cells were placed under the inverted microscope, and
we found that T24 cells in the control group were in typical
epithelial-structure,
close
arrangement
and
regular
morphology, while in the TGF-β1 group, most of the T24 cells
were extended in fusiform-shape with obvious mesenchymal
morphology (Figure 1).

Figure 3. The protein expression level of E-cadherin and Vimentin of
T24 cell line treated by different concentrations (0 ng/mL, 25 ng/mL,
50 ng/mL, 75 ng/mL, 100 ng/mL) of TGF-β1 for 24 h.

Inhibitor of TGF-β1 reverses TGF-β1-induced EMT

Figure 1. Morphologic changes of T24 cell line induced by 10 ng/mL
of TGF-β1 for 24 h.
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After T24 cell strain was processed using 10 ng/mL TGF-β1
for 24 h, we found that in comparison with the control group,
the mRNA and protein expressions of E-cadherin were
obviously decreased, while those of Vimentin were
significantly increased, and the differences had statistical
significance (p<0.05). However, LY2109761, i.e. the inhibitor
of TGF-β1 in 10 ng/mL, could significantly reverse the EMT
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and the difference had statistical significance (p<0.05; Figures
4 and 5).

Figure 4. TGF-β1 inhibitor LY2109761 reverse TGF-β1 triggered
EMT process.

significance (p<0.05), which, however, was reversed by
administration of TGF-β1 inhibitor (LY2109761). The
difference had statistical significance (p<0.05; Figure 7).

Figure 7. TGF-β1 enhances the invasion ability of T24 cell line
(crystal violet staining × 200).

Discussion

Figure 5. TGF-β1 inhibitor LY2109761 reverse TGF-β1 triggered
EMT process.

TGF-β1 enhances the migration ability of T24 cells

Bladder cancer ranks first in terms of incidence rate in all
tumors of urinary system in China. In addition, among all
diseases in urogenital system, its incidence rate ranks second
with the second highest mortality rate. Occurrence and
progression of bladder cancer are commonly regulated by a
variety of factors and procedures with biological
characteristics, like high malignancy, rapid local growth and
susceptibility to invasion, metastasis and recurrence in
advanced stage [16,17]. Bladder cancer is more susceptible to
the pelvic and distant metastasis compared with other kinds of
tumors in urogenital system. Previous studies revealed that 5 y
survival rate of bladder cancer patients with lymphatic
metastasis in pelvis is only 20 to 25% [18]. Thus, how to
discover and block the distant metastasis and invasion, and
apply the effective treatment method of bladder cancer has
been considered as the key to prophylaxis and treatment of
bladder squamous cell carcinoma.

TGF-β1 increases invasion ability of T24 cells

Metastasis of malignant tumor is an intricate process regulated
by a variety of genes and factors, i.e. firstly, the detachment of
tumor cells from primary lesion followed by formation of
metastatic lesion through blood circulation, which is realized
by focal infiltration, hematogenous metastasis and cell
proliferation [19,20]. More and more studies have reported that
EMT is widely involved in the invasion and metastasis of
multiple tumors, including breast cancer, cervical cancer, liver
cancer and colorectal cancer [21-25]. In addition, the quantity
of tumor cells with EMT in tumor tissues is closely associated
with the degree of metastasis of lesion tissues. EMT has vital
effects in various biological processes, such as embryogenesis
and organ development, fibrosis in tissues and organs, and
metastasis and invasion of lesion tissues. Some literatures have
reported that snail and Slug are highly expressed in bladder
squamous cell carcinoma, the indicators of EMT, but Ecadherin is poorly expressed, which is positively correlated
with the prognosis of bladder squamous cell carcinoma [26].
This confirms that the occurrence and progression of bladder
squamous cell carcinoma come with the EMT.

In Transwell migration experiment, we found that in
comparison with the control group, the invasion ability of T24
cell strain that received 24 h of treatment using TGF-β1 was
significantly enhanced, and the difference had statistical

As one of the key members in superfamily of TGF-β, TGF-β1
is a kind of cytokines with multiple biological activities, and
regulates the important physiological processes, including cell
proliferation, apoptosis, differentiation and angiogenesis

In transwell migration experiment, we found that in
comparison with the control group, the migration ability of T24
cell strain that received 24 h of treatment using TGF-β1 was
significantly enhanced, and the difference had statistical
significance (p<0.05), which, however, was reversed by
administration of TGF-β1 inhibitor (LY2109761). The
difference had statistical significance (p<0.05; Figure 6).

Figure 6. TGF-β1 enhances the migration ability of T24 cell line
(crystal violet staining × 200).
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[27,28]. Besides, the key role of TGF-β1 as the major inducer
in EMT has been recognized, and TGF-β1 regulate the whole
process of occurrence and progression of EMT [14,29]. But,
there remain no studies reporting whether TGF-β1 can induce
the EMT in human bladder squamous cell carcinoma.
Therefore, based on these discoveries, we inferred that TGF-β1
can induce EMT in human bladder squamous cell carcinoma
T24 cells, thereby increasing the metastasis and invasion, and
resulting in distant metastasis of tumors.
In this study, we firstly verified whether TGF-β1 could induce
the EMT in human bladder squamous cell carcinoma T24 cells,
and the results showed that after cells were stimulated using
100 μg/L TGF-β1 for 24 h, variations in morphology of T24
cells were identified in these cells compared with the cells in
negative blank control group, and those cells were in fusiform
with an increase in intercellular distance and in free growth
with typical feature of mesenchymal cells. This suggested that
TGF-β1 can induce the typical EMT. During EMT, the
expression of E-cadherin, as the major marker adhering to the
epithelium, is downregulated, while the upregulation of
Vimentin will result in a decreased intercellular adhesion, and
increases in mobility and invasion ability of tumor cells, thus
inducing the peripheral infiltration, growth and metastasis of
tumor cells. Sequentially, we will further confirm whether
EMT occurs in T24 cells that are treated by TGF-β1 at the
protein and mRNA levels. After T24 cells were treated using
TGF-β1 at different concentrations (0 ng/mL, 25 ng/mL, 50
ng/mL, 75 ng/mL and 100 ng/mL) for 24 h, the results of RTPCR and Western blotting assay showed that in the group of
cells that were treated by TGF-β1 in concentration of 100
ng/mL for 24 h, the mRNA and protein expressions of Ecadherin in T24 cells were the lowest, while those of Vimentin
in T24 cells were the highest, suggesting that TGF-β1 can
successfully induce the EMT in human bladder squamous cell
carcinoma T24 cells. After we confirmed that TGF-β1 can
actually induce the EMT, we adopted the Transwell experiment
to detect the changes in migration and invasion capability of
T24 cells. In the group of T24 cells with treatment of TGF-β1
in concentration of 100 ng/mL compared with the blank
control group, the migration and invasion abilities of T24 cells
were obviously enhanced, which, however, could be effectively
alleviated by the inhibitor of TGF-β1, LY2109761. This result
further confirmed that TGF-β1 can induce the EMT, thereupon
enhancing the migration and invasion abilities of T24 cells.
In conclusion, we, in this paper, preliminarily confirmed that in
human bladder squamous cell carcinoma T24 cell line, TGF-β1
can enhance the invasion and migration abilities through
inducing the EMT, which is conducive to further understanding
of pathogenesis of bladder squamous cell carcinoma. Hence,
in-depth research on the roles and regulatory mechanism of
EMT in occurrence and progression of bladder squamous cell
carcinoma to figure out new treatment method for intervening
in and reversing the EMT in tumor cells, decreasing the
invasion and metastasis of tumor cells will provide new ideas
and evidence for specific treatment of bladder squamous cell
carcinoma. Thus, it has a great clinical significance and
promising application prospect.
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