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downregulating transforming growth factor-b-induced
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Transforming growth factor-b-induced (TGFΒI) is considered to be a vital gene in

several carcinomas. In this study we determined the effect of TGFBI on the prolifer-

ative and metastatic potential of human urothelial carcinoma (UC) cells as well as its

mRNA and protein expression, which were detected by RT-PCR and western blot,

respectively. UC cell proliferation was analyzed by WST-1 assay and Hoechst

33258 staining. The effect of TGFBI on UC cell metastasis was analyzed using adhe-

sion, migration and invasion assays. We found that TGFBI increased the prolifera-

tion of UC cells. Moreover, TGFBI enhanced the adhesion, migration and invasion

of UC cells by upregulating MMP-2, MMP-9 and calpain-2 expression. We evalu-

ated the effect of Epirubicin (EPI) on the regulation of TGFBI expression and found

that TGFBI acts as a downstream target of EPI and is suppressed by EPI in UC cells.

EPI is more effective in inhibiting the proliferation and metastasis of UC cells with

high TGFBI expression. This study demonstrates that TGFBI might lead to tumorige-

nesis and progression of UC and those cells with high TGFBI expression may be vul-

nerable to relapse. EPI could prove to be a therapeutic option in patients with high

TGFBI expressing UC cells.
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1 | INTRODUCTION

Bladder cancer is second only to prostate cancer as the most com-

mon urologic malignancy in men, and urothelial carcinoma (UC)

accounts for approximately 90% of all bladder cancers.1 Among UC,

70%-80% are non-muscle-invasive and the remainder are muscle-

invasive. Between 50% and 70% of non-muscle-invasive UC have a

high rate of recurrence and 10%-30% will progress to muscle-inva-

sive UC.2 Transurethral resection (TUR) is the primary regimen for

patients with non-muscle-invasive UC3 and the 5-year overall

survival rate for non-muscle-invasive UC has been reported to be

90%, 60%, 35% and 25% for non-muscle-invasive, pT2, pT3 and pT4

UC, respectively.4,5 Although regular cystoscopic surveillance is

essential for early tumor detection, the mortality rate of UC patients

is increasing due to tumor metastasis. The molecular mechanisms

responsible for the metastasis of UC is still unclear, thus further

study should be elucidated to overcome the proliferation and metas-

tasis of UC, it is useful to the development of novel approaches and

seeking improved therapeutic strategies.6,7

Transforming growth factor-b-induced (TGFΒI), also known as

BIGH3, is a target of transforming growth factor-b1 (TGF-b1).8 TGFBI

plays an important role in the activation of cell differentiation, prolifer-

ation, adhesion and migration; however, conflicting roles have been
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reported with respect to tumorigenesis and progression.9,10 Correla-

tive studies have suggested opposite functions of TGFBI as a tumor

suppressor or promoter. The expression of TGFΒI is upregulated in

some human cancers, such as renal clear cell carcinoma,11,12 colon car-

cinoma adenoma,13 osteosarcoma14 and pancreatic carcinoma.15

TGFBI has been reported to be associated with tumorigenesis in these

tumors. In contrast, downregulation of TGFBI is also noted in a variety

of tumors, such as lung carcinoma,16 neuroblastoma,17 breast carci-

noma18 and mixed lineage leukemia.19 Together, these findings sug-

gest that TGFBI functions as a tumor suppressor. TGFBI is an

extracellular matrix (ECM) protein consisting of a cell attachment RGD

domain at the C-terminus and 4 fasciclin-1 (FAS1) homologous inter-

nal domains.20,21 TGFBI serves as a linker protein which mediates

integrin binding to extracellular proteins, such as fibronectin, collagen

and laminins.22 Another study demonstrated that TGFBI activates

matrix metalloproteinase (MMP) secretion and promotes invasion by

interacting with integrin via calpain-2 in astrocytoma cells.23

Transforming growth factor-b1 belongs to the TGF-b superfamily

and the role of TGF-b1 in human tumors is complex. A previous study

revealed a significant association between the expression of TGF-b1

and the rate of positive urine cytologies. Moreover, the combined

examination of urine cytology with TGF-b1 and VEGF has achieved

higher sensitivity in the detection of UC.24 Another study suggested

that TGF-b1 promotes cell migration and invasion of UC cells by

increasing fascin1 expression.25 As a substrate for TGF-b1, the con-

centration of TGFBI was also elevated in the serum and urine of

patients with UC, and mRNA expression was increased in muscle-

invasive UC.26 These findings suggest that TGFBI may play an impor-

tant role in tumorigenesis and progression of UC; however, to date,

only limited information is available on TGFBI functionality in UC.

In this study we determined the effect of TGFBI on the prolifera-

tive and metastatic potential in human UC. Because TGFBI is

involved in the proliferation, adhesion, migration and invasion of UC

cells, we speculate that TGFBI may enhance metastasis of UC and

that TGFBI serves as a candidate marker for the prediction of UC

recurrence and a therapeutic target in treating UC.

2 | MATERIALS AND METHODS

2.1 | Cell culture

Two UC cell lines, RT112 and 253J, were purchased from the ATCC

and cultured in 10% heat-inactivated FBS, supplemented with 1%

non-essential amino acids, RPMI-1640 medium, 25 mmol/L HEPES,

2 mmol/L L-glutamine, and 100 units/mL penicillin or 100 lg/mL

streptomycin (Invitrogen). All UC cell lines were maintained as mono-

layers in 10-cm plastic dish and cultured at 37°C in a humidified

atmosphere of 5% CO2.

2.2 | Reverse transcription-PCR

Total RNA from UC cells was extracted using Trizol Reagent (Invitro-

gen) according to the manufacturer’s instructions; first-strand

complementary DNA (cDNA) was reverse-transcribed using a cDNA

Synthesis Kit (Amersham Biosciences). The cDNA was used as the

template and was amplified by PCR according to the manufacturer’s

instructions. The PCR products were visible by agarose gel elec-

trophoresis. GAPDH was used as the internal control to normalize

variances, and the primer sets used in this study are shown in

Table 1.

2.3 | Western blot

Total protein was isolated and an equal quantity of protein lysates

(50 g/well) were performed by SDS-polyacrylamide gel elec-

trophoresis, then protein was electrotransferred onto polyvinyli-

dene difluoride membranes. The membrane was incubated with a

blocking solution (TBS, 0.1% Tween 20 and 5% nonfat dried milk

powder) to block nonspecific protein for 2 hour at room tempera-

ture. Primary antibody of TGFBI (D31B8) XP Rabbit mAb, MMP-2

(D8N9Y) Rabbit mAb and MMP-9 (D6O3H) XP Rabbit mAb were

purchased from Cell Signaling Technology. Calpain 2 antibody

(ab39165) and b-actin monoclonal antibody (ab6276) were pur-

chased from Abcam. The blots were incubated with antibodies

overnight at room temperature, and the immune complex was

detected using a peroxidase-conjugated secondary antibody and

ECL system (Amersham) according to the manufacturer’s instruc-

tions.

2.4 | siRNA and transfection

All siRNA oligonucleotide sequences were designed using siDirect

software and the oligonucleotide sets used in this study are shown

in Table 1. UC cells were incubated with complete medium until

confluence reached 50%-60%, then UC cells were transfected with

siRNA oligonucleotides by lipofectamine 2000 (Invitrogen) according

to the manufacturer’s protocol. The cDNA coding sequence of

TGFBI was cloned using RT-PCR and then were subcloned into

pcDEF3 vector. Two UC cell lines were transfected with pcDEF3

vector containing full-length cDNA for TGFBI using lipofectamine

2000 and UC monoclonal cell lines were selected with G418. The

expression of TGFBI was confirmed by RT-PCR and western blot

analysis.

2.5 | Proliferation analysis

The effect of TGFBI on the proliferative ability of UC cells was

analyzed using the WST-1 assay. Briefly, 3 9 103 exponentially-

growing UC cells (100 lL) were seeded in 96-well microtiter

plates. After 24-, 48- and 72-hour incubation, 20 lL of WST-1

Reagent (Roche, Penzberg, Germany) was added to each well

according to the protocol, and the incubation was continued for

an additional 2 hour at 37°C. The absorbance of each well, repre-

senting the cell count, was detected with a microplate reader

(Immunoreader NJ-2000; Japan Intermed, Tokyo, Japan) at

450 nm.
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2.6 | Hoechst 33258 staining

Urothelial carcinoma cells were harvested and fixed with 5 mL of

10% formalin. Then the fixed cells were seeded onto a slide and

dried at room temperature. Fifty microliters of 10 mmol/L Hoechst

33258 solution (Wako, Tokyo, Japan) was added to each slide for

30 minute, then examined under ultraviolet illumination with a Nikon

E1000 fluorescence microscope (Tokyo, Japan).

2.7 | Cell adhesion assay

A 24-well culture plate was first coated with 25 lg of Matrigel per

well and air dried for 40 minute. Then, a total of 4 9 104 UC cells

were harvested with RPMI-1640 medium containing 0.5% BSA and

seeded into each well, and continuously incubated in 5% CO2 at

37°C for 2 hour. The unattached UC cells on the 24-well culture

plate were removed after gentle washing thrice with PBS. The UC

cells that remained attached to the culture plate were harvested and

stained with Hoechst 33258. All experiments were replicated 3

times.

2.8 | Cell migration assay

Chemotaxis was analyzed using the transwell system (Poretics,

Livermore, CA, USA) containing 8 lm-pore polycarbonate mem-

brane filters. UC cells were harvested and re-suspended in med-

ium with 0.05% FBS, then 1 9 104 cells were seeded into the

upper wells. After continuous incubation at 37°C for 24 hour,

the membrane was removed and fixed with 70% ethanol at

�20°C for 30 minute, and the membrane was harvested and

stained with Hoechst 33258. All experiments were performed

thrice.

2.9 | Cell invasion assay

Cell invasion was analyzed using a transwell system incorporating a

polycarbonate filter membrane (Corning). A thin gel layer was formed

by adding 12.5 lg Matrigel and 50 lL PBS on the filter and dried

overnight. A total of 1 9 105 UC cells were harvested in 100 lL

serum-free medium and then seeded to the upper chamber of the

transwell system. After 24-hour incubation at 37°C, the UC cells that

penetrated to the lower surface of the filter were harvested and

stained with Hoechst 33258. All experiments were replicated 3

times.

2.10 | Statistical analysis

All results are expressed as the mean � SD. Statistical significance

was determined by Student’s t test, and a P-value ≤ .05 was consid-

ered significant.

3 | RESULTS

3.1 | Transforming growth factor-b-induced
enhances the proliferative ability of urothelial
carcinoma cells

The expression of TGFBI was decreased using RNAi, and the

expression of TGFBI was also increased by transfection with a

vector containing the full-length cDNA for TGFBI. All transfections

were confirmed by RT-PCR (Figure 1A) and western blot (Fig-

ure 1B). TGFBI expression was significantly increased by the

TGFBI vector insert and decreased by RNAi. After a 24-, 48- and

72-hour incubation, the effect of TGFBI on the proliferation of

UC cells was analyzed using the WST-1 assay. Our results indi-

cated that UC cells with a high level of TGFBI expression exhibit

significantly higher proliferative ability. In contrast, UC cells with a

low level of TGFBI expression exhibited lower proliferative ability

(Figure 2). These findings suggest that TGFBI is involved in prolif-

eration of human UC.

TABLE 1 Primer sequences and siRNA oligonucleotides used in this study

Primers Forward primer (50-30) Reverse primer (50-30) Length of PCR products (bp)

TGFBI GTGTGTGCTGTGCAGAAGGT CATATCCAGGACAGCACTCG 124

GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC 226

siRNA Sense oligonucleotide (50-30) Antisense oligonucleotide (50-30) Target gene sequence (50-30)

TGFBI CCCGCUCGCAGCUUACUUAAC UAAGUAAGCUGCGAGCGGGAG CTCCCGCTCGCAGCTTACTTAAC (48-70 bp)

Negative control GUACCGCACGUCAUUCGUAUC UACGAAUGACGUGCGGUACGU

F IGURE 1 TGFBI expression is confirmed by RT-PCR (A) and
western blot (B) after transfection with TGFBI siRNA oligonucleotide,
negative control oligonucleotide and pcDEF3 vector containing the
full-length cDNA for TGFBI
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3.2 | Transforming growth factor-b-induced
enhances the metastatic ability of urothelial
carcinoma cells

The high rate of relapse in patients with UC is related to spread by

intraluminal seeding. Metastasis and recurrence is a major cause of

mortality and a complex multistep process in UC patients, which

includes UC cell adhesion, migration and invasion. The effects of

TGFBI on the adhesion, migration and invasion of UC cells were also

evaluated in this study. UC cells with high TGFBI expression had

increased adhesion (Figure 3A), migration (Figure 3B) and invasion

properties (Figure 3C) compared to control cells. In contrast, those

cells with low TGFBI expression due to siRNA transfection had sig-

nificantly reduced adhesion, migration and invasion properties. These

findings suggest that TGFBI is involved in the adhesion, migration

and invasion of UC cells, and that TGFBI may play an important role

in the metastasis and recurrence of UC.

3.3 | Transforming growth factor-b-induced
upregulates the expression of matrix
metalloproteinase and calpain-2

Calpain-2 promotes the invasion of tumor cells and matrix metallo-

proteinase (MMP) secretion. To further understand the molecular

mechanism underlying TGFBI activity in UC cells, we evaluated the

effect of TGFBI on the regulation of MMP and calpain-2 expression

by western blot analysis. Our results indicated that UC cells with a

high level of TGFBI expression exhibit increased expression of

MMP-2, MMP-9 and calpain-2. In contrast, UC cells with a low level

of TGFBI expression exhibited decreased expression of these pro-

teins (Figure 4). These findings suggest that TGFBI is involved in the

F IGURE 2 TGFBI enhances the proliferation of UC cells. The
proliferative ability of UC cells was evaluated by WST-1 assay (A)
and Hoechst 33258 staining (B). All experiments were performed in
triplicate and the error bar represents the SD. *P < .05 vs control

F IGURE 3 TGFBI enhances the adhesion (A), migration (B) and
invasion (C) of UC cells. All experiments were performed in triplicate
and the error bar represents the SD. *P < .05 vs control
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regulation of MMP and calpain-2 secretion, and that TGFBI

enhances the metastatic potential of human UC.

3.4 | Epirubicin decreases the expression of
transforming growth factor-b-induced

Epirubicin is the first-line treatment for patients with bladder UC

after TUR.27 Although EPI can effectively reduce the recurrence rate

of UC, the mechanism of EPI is still unclear. We found that EPI

caused time-dependent cell growth suppression in 2 UC cell lines

(Figure 5A). We also evaluated the effect of EPI (4 lmol/L for

48 hour) on the regulation of TGFBI expression by RT-PCR (Fig-

ure 5B) and western blot analysis (Figure 5C). Our results suggest

that EPI can significantly downregulate the expression of TGFBI in 2

UC cells. These findings suggest that TGFBI acts as a downstream

molecule of EPI, and that EPI exerts its biological functions by

decreasing the expression of TGFBI in human UC.

3.5 | Transforming growth factor-b-induced affects
Epirubicin-induced tumor-suppressive functions

As a downstream target gene of EPI, whether or not TGFBI affects

the EPI tumor inhibitory effect is unknown. In this study we

evaluated the effect of TGFBI on EPI-induced tumor-suppressive

functions in 2 UC cell lines. Despite TGFBI expression, EPI caused

dose-dependent cell growth suppression in all UC cells; however,

increased susceptibility to EPI was observed in UC cells with a high

level of TGFBI expression. In contrast, decreased susceptibility was

observed in UC cells with a low level of TGFBI expression compared

to control cells (Figure 6A; only the results for 24 hour are shown).

Similar results were also found with respect to EPI-induced anti-

metastatic function and higher suppression of adhesion, migration

and invasion in high TGFBI-expressing UC cells after EPI treatment

(4 lg/mL for 48 hour), and lower suppression in low TGFBI-expres-

sing UC cells compared to control cells (Figure 6B-D). These findings

suggest that TGFBI enhances EPI-induced tumor-suppressive func-

tions in UC cells and that TGFBI may be a potential marker of EPI

treatment for human UC.

4 | DISCUSSION

Bladder UC is well-known for its high rate of recurrence. UC is a

life-threatening disease; thus, routine cystoscopic checks and intrav-

esical instillation are usually performed to prevent the recurrence of

UC following TUR. Moreover, radical cystectomy is the recom-

mended treatment for muscle-invasive and frequently recurring dis-

ease.28 Therefore, novel molecular mechanisms and therapeutic

innovations are needed for patients with UC.

Although some attempts have been made to predict the recur-

rence of UC, the mechanisms underlying recurrence and progression

remain obscure.29-31 TGFBI is a multi-functional protein that com-

monly exists in normal as well as tumor cells. Reports on TGFBI’s

tumor suppressive and potentiating roles in various malignancies

have conflicting results. Divya et al.26 indicate that the expression of

TGFBI is elevated in the serum and urine of patients with UC; more-

over, mRNA expression is also increased in muscle-invasive UC,

which suggests that TGFBI may prove useful as a diagnostic or prog-

nostic marker for UC.26 The roles of TGFBI in UC are still indistinct,

and the functions of TGFBI in UC should be further determined.

In the present study we evaluated the effect of TGFBI on the

proliferation of UC cells. We found that TGFBI increased the UC

F IGURE 4 TGFBI increases the expression of MMP2, MMP9, and
calpain-2 confirmed by Western blot

F IGURE 5 EPI caused time-dependent cell growth suppression in
2 UC cell lines (A), and EPI decreases TGFBI expression confirmed
by RT-PCR (B) and western blot (C)
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cells proliferation and that TGFBI may be involved in tumorigenesis

of human urothelial cells. In addition, we analyzed the effect of

TGFBI on the adhesion, migration and invasion of UC cells. Our

results suggest that TGFBI enhances the adhesion, migration and

invasion of UC cells, and that TGFBI may play an important role in

the metastasis and recurrence of UC. MMP are ECM-degrading pro-

teinases with biological functions in cancer metastasis.32-34 MMP

promote metastasis through proteolysis of the ECM and activation

of various signals.35 Calpain-2 is a calcium-dependent thiol pro-

teinase, which consists of a regulatory subunit and a catalytic sub-

unit.36 Calpain-2 is activated by millimolar levels of Ca2+.37 It has

been reported that calpain-2 mediates the invasion of glioma cells.38

Our results indicate that TGFBI increases the expression of MMP-2,

MMP-9 and calpain-2. TGFBI may promote metastasis, by regulating

the secretion of MMP and calpain-2 in human UC.

Routine intravesical instillation with EPI has been widely per-

formed to reduce the recurrence of UC following TUR. Although EPI

chemotherapy has achieved an average 16 months of mean disease-

free survival, and suppressed the progression and recurrence in

patients with non-muscle-invasive UC,39 acquired resistance to EPI

is still a barrier to achieving successful treatment of UC.40 Some

studies with combination treatments have shown antitumor drug

action and possible synergistic effects against UC. Ciprofloxacin has

been shown to synergistically increase EPI-induced apoptosis in UC

cell lines,41 and icaritin acts synergistically with EPI to suppress UC

cell growth through inhibition of autophagy.40 However, the

F IGURE 6 TGFBI affects EPI-induced
tumor-suppressive functions. EPI caused
dose-dependent cell growth suppression in
2 UC cell lines, and an increased
susceptibility to EPI was observed in UC
cells with a high level of TGFBI expression
(A). EPI had higher suppressive ability of
adhesion (B), migration (C) and invasion (D)
in high TGFBI-expressing UC cells. All
experiments were performed in triplicate
and the error bar represents the SD; only
the results for RT112 are shown. *P < .05
vs control
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molecular mechanisms of EPI in UC remain unclear. In this study we

examined the effect of EPI on the regulation of TGFBI expression.

TGFBI acts as a downstream target of EPI, and EPI can suppress the

expression of TGFBI in UC cells. In addition, we evaluated the effect

of TGFBI on EPI-induced tumor-suppressive functions. Our results

suggest that EPI is more effective in inhibiting the proliferation and

metastasis of UC cells with high TGFBI expression. These findings

indicated that decreased expression of TGFBI may contribute to the

resistance to EPI therapy.

In conclusion, we found that TGFBI plays an important role in

the proliferation and metastasis of UC, and that TGFBI might lead to

tumorigenesis and progression of UC. It is also an intriguing possibil-

ity that UC cells with high TGFBI expression may be vulnerable to

relapse. TGFBI may be a potential marker for recurrence and EPI

could be a therapeutic option for UC patients with high TGFBI

expression. The molecular mechanisms underlying TGFBI in UC war-

rant further investigation.
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