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Background: Transforming growth factor-beta-induced (TGFBI) is an exocrine protein,
which has been found to be able to promote the development of nasopharyngeal carcinoma,
glioma, pancreatic cancer, and other tumors. However, there is currently no report concern-
ing the relationship between TGFBI and invasive progression of bladder cancer (BCa).
Methods: IHC staining, qRT-PCR and Western blot were used to analyze TGFBI and EMT
markers levels. In vivo tumorigenesis was performed by xenograft tumor model.

Results: In this study, we found that both mRNA and protein levels of TGFBI were significantly
up-regulated in muscle invasive bladder cancer (MIBC) tissues compared with non-muscle-
invasive bladder cancer (NMIBC) tissues. The high expression level of TGFBI was positively
correlated with high histological grade and advanced clinical stage, and BCa patients with high
TGFBI levels exhibited poor prognoses. We further confirmed that high expression level of
TGFBI can promote proliferation, invasive progression, and epithelial-to-mesenchymal transi-
tion (EMT) of BCa cells in vitro, as well as promote tumor growth and EMT in vivo, while
silencing of TGFBI inhibited these malignant phenotypes. TGFBI was involved in the up-
regulation of EMT by inducing the expression level of Slug, Vimentin, Snail, MMP2, and
MMP9 genes, while it down-regulated the expression level of E-cadherin. Moreover, Western
blot analysis was carried out to demonstrate that BCa cell lines stably transfected with expression
of TGFBI, a secreted protein. Furthermore, conditional medium containing TGFBI protein also
resulted in enhanced EMT and malignant phenotype of BCa cells.

Conclusion: Our results indicate that high expression level of TGFBI promotes EMT,
proliferation, and invasive progression of BCa cells, and TGFBI is a potential therapeutic
target and prognostic marker for BCa.

Keywords: TGFBI, invasive progression, EMT, secreted protein, tumor markers, bladder cancer

Introduction

According to the statistics, 16,900 patients died due to bladder cancer (BCa) in 2014 in the
United States, and the rank of cancer-related mortality was eleventh in all tumors." There
are two types of BCa: non-muscle-invasive bladder cancer (NMIBC) and muscle-inva-
sive bladder cancer (MIBC). A study showed that the 5-year OS of NMIBC was 53.8%
and the mean survival time was 54.5 months, while for MIBC, the 5-year OS was 19%
and the mean survival time was 25.4 months.” Although NMIBC has typically shown a
good prognosis, however, up to 25% of the progress is invasive diseases.” A previous
research reported that within 75% of the patients with high-grade NMIBC may develop a
recurrence at 10 years, while an additional 33% may progress to MIBC.* Furthermore,
among those progressed patients, 40% may die due to BCa.* Hence, understanding of the
possible mechanisms for BCa and identifying effective therapeutic targets are vital.
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Epithelial-mesenchymal transition (EMT) is a process
by which epithelial cells lose their cell polarity and cell—
cell adhesion, and gain migratory and invasive properties
to become mesenchymal stem cells; these are multipotent
stromal cells that can differentiate into a variety of cell
types.”® Cancer-associated EMT is a complicated and
comprehensive reprogramming, involving in metabolism,
epigenetics, and differentiation, through differentiated
epithelial cancer cells reversing to an undifferentiated
state.” Tumor cells undergoing EMT may invade the sur-
rounding matrix, and their invasiveness, migration, and
anti-apoptosis abilities can be notably enhanced.® In the
process of EMT, some factors, eg, E-cadherin, are respon-
sible for tight junction, while the cell gains mesenchymal
markers (eg, Vimentin), and transcription factors, such as
Snail, Slug, MMP2, and MMP9 are upregulated during
EMT as well.”'° In recent years, several new oncogenic
drivers, including LncDQ, P68, ACKI1, PKDI1, and LIM
have shown playing a pivotal role in the induction of EMT
during tumor progression.''

Transforming growth factor-beta-induced (TGFBI)
protein is a downstream component of the TGF-f signal-
ing pathway.'® Recent studies have indicated that TGFBI
acts as an oncogene in pancreatic cancer,'’ nasopharyngeal
carcinoma,'® and glioma.'® Furthermore, a number of stu-
dies reported that it can promote EMT in gastric cancer'®
and cholangiocarcinoma.”® However, the relationship
between TGFBI and invasive progression of BCa needs
to be elucidated. In the present study, we found that over-
expression of TGFBI in BCa was important for the acqui-
sition of a poor prognostic phenotype. TGFBI silencing
also inhibited EMT, migration, and invasion in vitro,
whereas overexpression of TGFBI in BCa could improve
these influences and promote tumor growth and EMT in
vivo. In addition, we also confirmed that TGFBI was
secreted outside the cell to promote EMT and malignant
phenotype of BCa cells. This study indicated the func-
tional roles of TGFBI in the development and invasive
progression of BCa.

Materials and methods

Ethics statement

All animal experiments were conducted according to the
Principles of Laboratory Animal Care (National Society
for Medical Research). These experiments were approved
by the Internal Research Ethics Board at the Third
Affiliated Hospital of Guangzhou Medical University.

Patients and tissue samples

A tissue microarray (TMA) containing 138 effective BCa
tissues and 11 adjacent noncancerous bladder tissues was
purchased from Alenabio (cat no. BL2081c; Xi’an, China).
None of the patients had undergone chemotherapy or
radiotherapy prior to surgery.

Immunohistochemistry analysis
Immunohistochemistry analysis of the TMA slice was
performed with the DAKO EnVision system (Dako
Diagnostics Inc., Zug, Switzerland) on Dako automated
immunostaining instruments as previously described.?'
The primary antibodies against TGFBI (Anti-TGFBI anti-
body; 10188-1-AP; Proteintech Group Inc., Rosemont, IL,
USA) were used at a dilution of 1:400. Horseradish per-
oxidase (HRP)-labeled antibodies and alkaline-phosphata-
se-labeled antibodies [dilution, 1:400; UltraSensitive SP
(Mouse/Rabbit) IHC kit, Fuzhou Maixin Biotech Co.
Ltd., Fuzhou, China] were utilized to detect the specifi-
cally bound primary antibodies. Immunostaining was
scored by two independent experienced pathologists who
were blinded to the clinicopathological data and clinical
outcomes of the patients. Those scores were then com-
pared, and any discrepant scores were resolved through
re-examining the staining by the pathologists to achieve a
consensus score. The number of stained cells in 10 repre-
sentative microscopic fields was counted and the percen-
tage of positive cells was calculated using a light
microscope (Nikon Corp., Tokyo, Japan). Due to the
homogeneity of the staining of the target proteins, tumor
specimens were scored in a semi-quantitative manner. The
percentage of immunoreactive cells was separated into five
groups as follows: 0, 0%; 1, 1-10%; 2, 11-50%; 3, 51—
80%; and 4, >80%. The staining intensity was visually
scored and stratified as follows: 0, negative; 1, weak; 2,
moderate; and 3, strong. Final immunoreactivity scores
were achieved for each case by multiplying the percentage
and the intensity score.

Cell lines and cell culture

Human BCa cell lines 5637 and T24 were provided by the
American Type Culture Collection (ATCC; Manassas, VA,
USA). Fetal bovine serum (FBS) and RPMI 1640 were
purchased from Invitrogen (Carlsbad, CA, USA). Besides,
5637 and T24 cells were cultured in RPMI, 1640 contain-
ing 10% FBS. The cells were maintained in a humidified
atmosphere, containing 5% CO, at 37°C.
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Synthesis and transfection of small

interfering RNA (siRNA)

SiRNAs against TGFBI gene sequences were designed:
TGFBI #1, sense: 5'-GAUAAGGUCAUCUCCACCATT-
3', anti-sense: 5-UGGUGGAGAUGACCUUAUCTT-3;
TGFBI #2, sense: 5'-CUUGAAGUCAGCUAUGUGUTT-
3', anti-sense: 5-ACACAUAGCUGACUUCAAGTT-3";
TGFBI #NC, sense: 5'-UUCUCCGAACGUGUCACGU-
TT-3’, anti-sense: 5-ACGUGACACGUUCGGAGAATT-
3'; siRNAs were transfected into 5637 and T24 cells
with RNAIMAX (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions.

Lentivirus production and construction of

stable cell lines

Human TGFBI expression plasmid (pCDH-TGFBI) was
constructed with synthetic oligonucleotides and the pCDH
vector. Moreover, HEK293T cells were simultaneously
transfected with pCDH-TGFBI plasmid, psPAX2 plasmid,
and pMD2.G to produce lentivirus. In addition, HEK293T
cells were simultaneously transduced with pCDH plasmid,
psPAX2 plasmid, and pMD2.G to produce empty lenti-
virus. For stable expression, 5637 and T24 BCa cells at
80% confluence were infected with empty or TGFBI —
expressing lentiviruses using 8 pg/ml polybrene.

RNA extraction and quantitative reverse
transcription polymerase chain reaction
(Rt-qPCR)

Total RNA of the transfected cells was extracted using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. RT-qPCR analysis of the
concentration and purity of the total RNA was carried out
by UV spectrophotometer at 260 nm before the electrophor-
esis detection. According to the manufacturer’s protocol,
total RNA was analyzed by reverse transcription into
cDNA by using SuperScript I[II® (Invitrogen, Carlsbad,
CA, USA). The primer sequences used were as follows:
forward primers: 5'-AGGAATTTGCTTCGGAACCAC-3,
reverse primers: 5'-GCTGTTCTCAATGCAAAGGCTA-3;
GAPDH was chosen as the internal control gene, and its
forward primers: 5-CCCACTCCTCCACCTTTGAC-3,
reverse primers: 5-TCTTCCTCTTGTGCTCTTGC-3". RT-
gqPCR was conducted using the ABI PRISM 7000
Fluorescent  Quantitative =~ PCR  System  (Applied
Biosystems, Foster City, CA, USA) according to the

manufacturer’s instructions. The mean value in each tripli-
cate was used to calculate the relative amount of TGFBI
using 2"-AACt method. Besides, each experiment was
repeated at least three times.

Cell proliferation assay

Here, 1x107 5637 and T24 stably expressing TGFBI cells
(5637/TGFBI and T24/TGFBI) or 5637 and T24 BCa cells
transfected with the indicated siRNAs for 48 hrs were
seeded into 24-well plates. The cells were counted at 24,
48, 72, 96, and 120 hrs. In addition, cell proliferation was
also authenticated by EdU incorporation assay using an
EdU Kit (C10310-1, RiboBio, China) according to the
manufacturer’s instructions. In brief, cells were incubated
with 100 pL of 50 pM EdU per well for 2 hrs at 37°C.
Afterwards, the cells were fixed for 30 mins at room
temperature using 100 pL of fixing buffer (4% parafor-
maldehyde containing phosphate-buffered saline (PBS)).
Subsequently, the cells were incubated with 50 pL of 2
mg/mL glycine for 5 mins followed by washing with PBS
(100 pL). After permeabilization with 0.5% TritonX, the
cells were reacted with 1x Apollo solution for 30 mins at
room temperature in the dark. Next, the cells were incu-
bated with 1x Hoechst 33,342 solution (100 puL) for 30
mins at room temperature in the dark followed by washing
with PBS (100 pL). The cells were then visualized under a
fluorescence microscope. Experiments were repeated at
least three times as well.

Western blot analysis

The cells and tissues were lysed in 1x sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)
buffer. The lysates were quantified using BCA Assay Kit
(Pierce Biotechnology, Waltham, MA, USA). The lysates
were separated by SDS-PAGE and then transferred onto
polyvinylidene difluoride (PVDF) membranes. After incu-
bation with primary antibodies specific for TGFB I (1:1000;
10,188-1-AP; Proteintech Group Inc., Rosemont, IL, USA),
E-cadherin (1:2000; #14,472; Cell Signaling Technology
Danvers, MA, USA), Vimentin (1:2000; #5741; CST,
Boston, USA), Slug (1:1000; #9585; CST, Boston, USA),
Snail (1:1000; #3879; Cell Signaling Technology, Danvers,
MA, USA), MMP9 (1:2000; #15561; Cell Signaling
Technology Danvers, MA, USA), and B-actin (1:4000; sc-
81178; Santa Cruz Biotechnology, Dallas, TX, USA) at 4°C
overnight were indicated by secondary antibodies at room
temperature for 1 hr. The blots were detected by an
enhanced chemiluminescence (ECL) kit.
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Colony formation, migration, and invasion

assays
For colony formation assay, 500 5637/TGFBI and T24/
TGFBI cells or 5637 and T24 BCa cells transfected with
the indicated siRNAs for 48 hrs were seeded into 6-well
plates for 12 or 7 days, respectively. For Transwell migra-
tion assays, 1x10° treated 5637 or T24 cells were seeded
in RPMI 1640 with 0.1% FBS in the upper Transwell
chamber (8-um pore size; BD Biosciences, San Jose,
CA, USA), and the lower chamber contained RPMI 1640
with 10% FBS for 36 or 24 hrs, respectively. For
Transwell invasion assay, chamber was coated with
Matrigel (BD Biosciences, San Jose, CA, USA). In addi-
tion, 2x10° treated 5637 or T24 cells were seeded in RPMI
1640 with 0.1% FBS in the upper Transwell chamber (8-
um pore size; BD Biosciences, San Jose, CA, USA), and
the lower chamber contained RPMI 1640 with 10% FBS
for 96 or 48 hrs, respectively. Clones or cells were fixed
with methanol and stained with 0.5% crystal violet and
were also counted by Image J software.

Detection of TGFBI protein in cell culture

supernatant

After 2x10° 5637/NC, 5637/TGFBI, T24/NC, and T24/
TGFBI cells were seeded into 6-well plates for 12 hrs,
cells were cultured in serum-free RPMI 1640 for 36 hrs.
Then, 1 mL cultured serum-free medium was precipitated
by 0.15% sodium deoxycholate (Sigma-Aldrich, St. Louis,
MO, USA) and 7.2% trichloroacetic acid (Guangzhou
Chemical Reagent Factory, Guangzhou, China). After
washing with 1 mL acetone (Guangzhou Chemical
Reagent Factory, Guangzhou, China) for 3 times, the pre-
cipitates were dissolved in 40 uL. SDS-PAGE buffer and
were then detected by Western blotting.

Animal breeding and treatments

Female BALB/c nude mice (5-week-old) were purchased
from Guangdong Medical Laboratory Animal Center
(Guangzhou, China). The mice were bred under specific-
pathogen-free (SPF) conditions at Guangdong Medical
Laboratory Animal Center. A total of 5x10° 5637/LV-
TGFBI cells (5637 cells stably overexpressing TGFBI)
or 5637/LV-control were subcutaneously injected into the
right flanks of each mouse (n=5). After three weeks, all
mice were euthanized, and the tumors were stripped,
photographed, and weighed.

Statistical analysis

Data were presented as meantstandard deviations (SD),
which derived from at least three independent experiments
and were statistically analyzed using Graph Pad Prism 5.0
software. The survival curve between the groups was
described by the Kaplan—Meier analysis and was evaluated
Two-tailed Student’s #-test
(unpaired) was applied for comparing statistical differ-

using the log-rank test.
ences between two groups. *P<0.05, **P<0.01, and
*#%P<(0.001 were considered statistically significant.

Results
Upregulation of TGFBI is correlated with
poor survival prognosis and invasive

progress of BCa

Based on the GSE32584, GSE13507, and GSE 89 gene sets,
the mRNA expression levels of TGFBI are upregulated in T2"
tumor grade (MIBC) compared with low-grade T1 and Ta
tumors (NMIBC) (Figure 1A—C). To investigate the associa-
tion of TGFBI level with invasive progress of BCa patients,
clinical data collected from The Cancer Genome Atlas
(TCGA) database were analyzed, in which the results showed
that patients with TGFBI overexpression were at a higher risk
of death than those with low expression level of TGFBI
(Figure 1D). In the TCGA database, the level of TGFBI turned
to be negatively correlated with both disease-free survival
(DFS) and overall survival (OS) for BCa patients (Figure 1E
and F). Besides, TGFBI expression increased as BCa tumor
stage progressed and was at lower levels in normal bladder
tissues. (Figure 1G). Additionally, the MIBC showed a higher
TGFBI score than the NMIBC and normal tissues (Figure 1H).
Then, Chi-square test indicated that TGFBI overexpression
was closely associated with clinicopathological features of
BCa. As a result, upregulation of TGFBI positively correlated
with pathological tumor-staging status (pT status) (P<0.001),
pathological lymph node-staging status (pN status) (P=0.007),
and clinical stage (P<0.001) (Table 1). In addition, according
to the analysis of clinical data obtained from TCGA database,
upregulation of TGFBI was significantly associated with
tumor progression (Table 2).

The silencing of TGFBI inhibits cell
proliferation, colony formation, and

tumorigenesis in vitro
To investigate the functional roles of TGFBI in BCa tumor-
igenesis, TGFBI expression was silenced in 5637 and T24
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Figure | Upregulation of TGFBI was correlated with poor survival prognosis and invasive progresses of BCa. (A—C) TGFBI mRNA expression levels were increased in
MIBC tissues (2T2) compared with NMIBC tissues (Ta or T1) obtained from the three publicly accessible BCa datasets (GSE32548, GSE|13507, and GSE89). (D—F) From
TCGA urothelial cancer specimen cohorts, compared with the patients with low expression level of TGFBI (the lower 35%), the patients with high mRNA expression (the
upper 35%) of TGFBI had higher death rates, shorter DFS, and OS. (G) Immunohistochemistry analysis of the expression of TGFBI protein in normal tissues and BCa tissues
at different tumor stages. (H) Differences in expression levels of TGFBI protein in normal, NMIBC (Ta or TI), and MIBC tissues (2T2).

cells, which was confirmed in both mRNA and protein levels
(Figure 2A and B). It can be seen that the proliferation of the
two former cells was obviously decreased when TGFBI was
knocked-down (Figure 2C). With EDU staining, an identical
result was presented in cell proliferating ability (Figure 2D). In
addition, silencing of TGFBI could restrain the colony forma-
tion for 5637 and T24 cell lines, respectively (Figure 2E). To
further investigate the action of TGFBI in tumorigenesis in
vitro, migration and invasion ability changes of 5637 and T24
cell lines were estimated when TGFBI was knocked-down.
Results showed that they were largely hindered with decrease
of TGFBI (Figure 2F). Notably, it was found that knockdown

of TGFBI depressed the expression of Slug, Vimentin, Snail,
MMP2, and MMP9 in 5637 and T24 cells, while augmented
the expression of E-cadherin, a classic EMT marker which is
inversely associated with tumor cell migration, invasion, and
clinical prognosis* (Figure 2G). Our findings also indicated
that TGFBI showed as a key effector on BCa cell progression
and its malignant phenotypes.

Overexpression of TGFBI promotes the

malignant phenotypes of tumor cells in vitro
For further assessment, TGFBI was stably overexpressed in
5637 and T24 cells (Figure 3A and B). As expected,
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Table | Correlation between TGFBI expression and clinicopathological characteristics of BCa patients
Clinical characteristics TGFBI protein x2,df P-value
High expression (n=50) (%) Low Expression (n=88) (%)
Age (years) <60 23(46) 47(53.4) 0.700,1 0.403
> 60 27(54) 41(46.6)
Gender Male 37(74) 65(73.9) 0.003,1 0.986
Female 13(26) 23(26.1)
pT status™** Tl 5(10) 39(44.3) 32.69,3 <0.001
T2 25(50) 44(50)
T3 19(38) 5(5.7)
T4 1(2) 0(0)
pN status** NO 46(92) 88(100) 7.25,1 0.007
NI 4(8) 0(0)
Clinical stage™** Stage I~II 30(60) 85(94.3) 30.74,1 <0.001
Stage I~V 20(40) 3(5.7)
Notes: pT status, pathological T-staging status; pN status, pathological N-staging status. **P<0.01 and **P<0.001 were considered statistically significant.
Table 2 Comparing clinical features between BCa patients with low and high TGFBI levels in TCGA database
Clinical characteristics TGFBI mRNA xz,df P-value
High expression (n=142) (%) Low expression (n=142) (%)
Age (years) < 60 35(24.6) 39(27.5) 0.292,1 0.589
> 60 107(75.4) 103(72.5)
Gender* Male 95(66.9) 113(79.6) 5.821,1 0.016
Female 47(33.1) 29(20.4)
Histological subtype™** Papillary 27(19.0) 73(51.4) 32.24,1 <0.001
Non-Papillary 113(79.6) 68(47.9)
pT status™** TI 1(0.7) 3(2.1) 17.69,3 <0.001
T2 33(23.2) 57(40.1)
T3 82(57.7) 4531.7)
T4 19(13.4) 18(12.7)
pN status NO 86(60.6) 89(62.7) 1.579,1 0.209
NI~ N2 45(31.7) 33(23.2)
Recurred/ Progressed* No 49(34.5) 74(52.1) 5.095,1 0.024
Yes 55(38.7) 4531.7)
Clinical Stage*** Stage I~ 35(24.6) 69(48.6) 18.38,1 <0.001
Stage IlI~IV 107(75.4) 71(50.0)

Notes: #American Joint Committee on Cancer classification (AJCC). pT status, pathological T-staging status; pN status, pathological N-staging status. P<0.05 and ***P<0.001

were considered statistically significant.

overexpression of TGFBI stimulated cell growth (Figure 3C
and D), colony formation (Figure 3E), migration and invasion
(Figure 3F) in 5637 and T24 cells. Given insights into the
molecular mechanism underlying the pro-tumorigenic role of

TGFBI, overexpression of TGFBI and EMT correlative fac-
tors were similarly detected by Western blotting in 5637 and
T24 cells. In contrast to the TGFBI silencing results, we found
that overexpression of TGFBI promotes EMT of BCa cells
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Figure 2 The silencing of TGFBI inhibits the malignant phenotypes of BCa cells. (A, B) TGFBI expression was silenced in 5637 and T24 cells, which were detected by RT-g-
PCR and Western blotting. (C—F) The effects of TGFBI silencing on 5637 and T24 cell proliferation (C, D), colony formation (E), and migration and invasion (F) were
detected. (G) After TGFBI silencing, EMT markers were detected by Western blotting. **P<0.01 and ***P<0.001 were considered statistically significant.

(Figure 3G). Taken together, we deduced that TGFBI had a
pivotal role, facilitating the advancement of BCa cells to
malignant phenotypes, that resulted in the poor prognosis in
BCa patients.

TGFBI in the supernatant promotes the

malignant phenotypes of tumor cells in vitro
TGFBI, as a secreted pro‘[ein,23 was efficiently secreted to
cell culture medium (Figure 4A). To evaluate the poten-
tial of TGFBI as a new prognostic factor and therapeutic
target for BCa, we examined the effects of TGFBI in the
supernatant on BCa cells. Then, supernatants of two BCa
cell lines stably expressing TGFBI were collected from

the conditional media and used to treat their own non-
stable expression cell lines. Accordingly, identical results
with the intracellular TGFBI overexpression approach
were obtained. The conditional medium derived from
5637/LV-TGFBI and T24/LV-TGFBI cells significantly
facilitated cell proliferation (Figure 4B), migration and
invasion (Figure 4C), respectively, compared with the
conditional medium derived from 5637/LV-control and
T24/LV-control cells. The levels of EMT markers (eg,
Slug, Vimentin, Snail, MMP2, and MMP9) were all pro-
moted except for the E-cadherin, which was restrained
partly (Figure 4D). Taken together, TGFBI may become a
promising prognostic marker and target.
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Figure 3 The stable overexpression of TGFBI promotes the malignant phenotypes of BCa cells. (A, B) The stable overexpression of TGFBI was detected by RT-q-PCR and
Western blotting in 5637 and T24 cells. (C—F) The effects of stable overexpression of TGFBI on cell proliferation (C, D), colony formation (E), and migration and invasion
(F) were detected. (H) After stable overexpression of TGFBI, EMT markers were detected by Western blotting in 5637 and T24 cells. *P<0.05 and **P<0.01 were

considered statistically significant.

Increase of tumor growth by upregulated
TGFBI in vivo

Our results showed that TGFBI was a potential target for
the treatment of BCa and prognostic markers. To further
assess the effects of high-level TGFBI on the malignant
phenotypes of tumor cells in vivo, 5637 cell lines with or
without TGFBI overexpression were transplanted into
nude mice. As a result, upregulation of TGFBI signifi-
cantly increased the growth of tumor cells in size and
weight (Figure 5A and B). In addition, expression levels
of tumor tissues were detected by immunohistochemistry

using antibodies against the following six markers,
including TGFBI, E-cadherin, Vimentin, MMP2,
MMP9, and Ki-67. The outcomes showed that the levels
of all checked proteins in 5637/TGFBI tumors were
increased except for the E-cadherin compared with
5637/control tumors (Figure 5C). Western blot analysis
showed that the expression of Slug, Vimentin, Snail,
MMP2, and MMP9 was in 5637/TGFBI

tumors, while the expression of E-cadherin was

increased

decreased (Figure 5D). These results suggested that
TGFBI reliably aggravated tumor progression in vivo,
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due to expediting the growth of tumor cells and alteration
of the level of EMT-relevant proteins. Hence, these evi-
dences indicated that TGFBI plays a key role in the
tumorigenesis and progression of Bca. However, from
another point of view, of the abovementioned results
related to TGFBI may show it as a positive target, facil-
itating the clinical prognosis and treatment of BCa.

Discussion

At present, it is extremely necessary to identify novel and
efficient biomarkers that can discriminate MIBC and
NMIBC, so that patients with low risk of BCa may highly

g . . 24 .
benefit from avoiding disease progression.”” Previous

studies have shown that TGF signaling pathway plays a
key role in cell proliferation, apoptosis, differentiation,
cytokine secretion, extracellular matrix modification,

tumor metastasis, and other cellular biological
activities.”>*® TGFBI, a downstream gene of TGF-beta
pathway, may be relevant to the EMT process.”’ TGFBI
protein consists of 683 amino acids, containing an amino-
terminal secretory sequence and a C-terminal Arg-Gly-
Asp (RGD) sequence that can serve as a ligand recognition
site for several integrins.”” TGFBI also contained short
amino acid regions being homologous to similar regions
in Drosophila fasciclin-I and four homologous internal

domains, which can be folded into a potential bivalent
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structure and could act as a bridge between cells expres-
sing appropriate ligand.?” A study showed that TGFBI acts
as a tumor suppressor,>® while several scholars believe that
it is a tumor promoter.®” '

In this study, we found, for the first time, that the
expression of TGFBI at gene and protein levels was
significantly higher in MIBC patients than that in
NMIBC patients. We analyzed TCGA data and found
that TGFBI mRNA was negatively correlated with OS
and DFS in patients with BCa. Besides, statistical ana-
lysis showed that TGFBI mRNA was significantly asso-
ciated with pT status, pN status, and clinical stage.
Clinical data also suggest that TGFBI mRNA promotes
the progression of BCa from NMIBC to MIBC, leading
to worse prognosis. The results of immunohistochemis-
try also confirmed that the expression level of TGFBI in
BCa was higher than that in benign bladder tissue and

that was significantly associated with pathological grade
and TNM stage. Besides, the protein expression level of
TGFBI in NMIBC (<T1) was significantly lower than
that in MIBC (>T2), which was consistent with the
mRNA expression level of TGFBI. In vitro cell experi-
ments also confirmed that overexpression of TGFBI
promotes the malignant phenotype (proliferation, inva-
sion, migration, and cloning) of BCa, and the expression
of Slug, Vimentin, Snail, MMP2, and MMP9 increased,
while the expression of E-cadherin decreased. After
inhibiting the expression level of this gene, an opposite
result was observed, demonstrating that TGFBI pro-
motes the malignant phenotype and EMC of BCa cells.
In vivo tumorigenesis experiments in nude mice con-
firmed this finding as well. These results demonstrate
that TGFBI is a potential therapeutic target and prog-
nostic marker.
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Previous studies have shown that TGFBI is an exocrine
protein.**** Our immunohistochemical results also con-
firmed that TGFBI protein was stained in BCa cells and
intercellular substances. In addition, it was revealed that
exocrine TGFBI also promoted proliferation, invasion,
metastasis, and EMT of tumor cells. To our knowledge,
the urinary bladder is a hollow muscular organ in humans
and some other animals that collects and stores urine from
the kidneys before disposal by urination. Hence, detection
of exfoliated cells and tumor markers of BCa is of great
significance for clinical diagnosis of BCa,>* while infusion
of chemotherapeutic drugs into the bladder is an important
approach to treat bladder without muscle invasion.*® Our
results suggested that it may help diagnose the disease
severity of BCa patients by detecting the expression level
of TGFBI in his/her urine. Simultaneously, TGFBI may
also be a promising indicator for the efficacy of intravesi-
cal chemotherapy. Additionally, TGF-f acts as a tumor
suppressor in premalignant tumor development and as a
tumor promoter in advanced tumors, specifically during
invasion and metastasis.***> In previous studies, TGFBI
has been taken as a downstream effector protein of TGF-f
into account;®” therefore, searching for upstream regula-
tory genes can be a hot topic research. Our results suggest
that TGFBI may act as an upstream element to regulate the
downstream genes and promote the occurrence, prolifera-
tion, metastasis, and EMT of BCa.
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