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Abstract. Feline sarcoma-related protein (Fer) is a nuclear 
and cytoplasmic non-receptor protein tyrosine kinase and 
Fer overexpression is associated with various biological 
processes. However, the clinicopathological characteristics 
and molecular mechanisms of Fer expression in bladder 
urothelial cell carcinoma (UCC) have yet to be elucidated. 
The present study demonstrated that Fer was significantly 
upregulated in bladder UCC tissues and cell lines. A clini-
copathological analysis suggested that Fer expression was 
significantly associated with tumor stage, histological grade 
and lymph node status, and Fer expression was a prognostic 
factor for overall survival in a multivariate analysis. Further-
more, small interfering RNA (siRNA) was used to silence the 
expression of the Fer gene in human bladder UCC T24 cells, 
and was shown to significantly reduce the migration and inva-
sion of the cells. It was also observed that Fer-siRNA caused 
the T24 cells to acquire an epithelial cobblestone phenotype, 
and was able to reverse the epithelial-mesenchymal transi-
tion of the cells. Subsequently, Fer-knockdown was shown to 
deactivate the extracellular signal-regulated kinase/activator 
protein-1 signaling pathway in T24 cells. These results indi-
cated, for the first time, that Fer has a critical role in bladder 

UCC progression and may be a potential therapeutic target for 
bladder UCC metastasis.

Introduction

Bladder cancer is the most common urological malignancy 
among human urothelial cell carcinomas (UCCs) and 
accounts for ~90% of all bladder cancers (1). The prognosis of 
patients with non-invasive bladder cancer is generally favor-
able, whereas patients with invasive bladder cancer typically 
show postoperative distant metastasis or local recurrence 
following a radical cystectomy (2). Feline sarcoma-related 
protein (Fer) is a 94-kDa non-receptor protein tyrosine kinase, 
which was shown to reside in the cytoplasm and nucleus of 
mammalian cells (3). Previous studies have reported Fer 
activation or upregulation in numerous cancers, including 
renal (4), hepatic (5), prostate (6), and triple negative breast 
cancer (7). Furthermore, it has been reported that Fer is 
able to modulate cell migration and invasion in numerous 
cell types (8). However, the biological role of Fer in bladder 
UCC has yet to be defined, and the molecular mechanisms 
underlying Fer-mediated cell migration and invasion remain 
unclear.

Metastasis is commonly associated with the progression of 
malignancy, and the invasive nature of tumor cells is a major 
prerequisite to cancer metastasis (9). Cell migration has a 
critical role in cancer cell invasion and metastasis, and is initi-
ated via activation of the epithelial-mesenchymal transition 
(EMT) in tumor cells. Molecular alterations in the epithelial 
marker, E-cadherin, and the mesenchymal markers, β-catenin, 
N-cadherin and vimentin, may result in dysfunctional cell-cell 
adhesion and loss of cell-cell junctions, which are associ-
ated with cell phenotype transformation (10). Multitudinous 
transcription factors, including the Snail-family members, 
snail family transcriptional repressor 1 (Snail), snail family 
transcriptional repressor 2 (Slug) and twist family bHLH 
transcription factor 1 (Twist1), induce the EMT by repressing 
E-cadherin expression (11,12). The EMT also involves a series 
of complex changes in numerous signaling pathways, including 
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the Wnt, Notch and mitogen-activated protein kinase (MAPK) 
signaling pathways (13).

The MAPK signaling pathway not only promotes cell 
differentiation, proliferation and survival, but also mediates 
oncogenesis (14). In a previous study, the MAPK signaling 
pathway regulated the expression of the activator protein 1 
(AP-1) transcription factor, which regulates the expression 
of members of the proto-oncogene Jun protein (c-Jun, JunB 
and JunD) and Fos protein (c-Fos, FosB, Fra-1 and Fra-2) 
families (15). Extracellular-signal-regulated kinases (ERKs) 
are key components of the MAPK signaling pathway and 
abnormal activation of the ERK cascade is associated with 
metastasis in numerous human cancers (16).

In the present study, Fer expression in bladder UCC 
tissues and cell lines was assessed, and its prognostic value 
for survival in patients with bladder UCC was evaluated. In 
addition, the regulatory effect of Fer on T24 cell migration 
and invasion, and the EMT process, was investigated and was 
shown to be mediated via the ERK/AP-1 signaling pathway. 

Materials and methods

Tissue samples. This study was approved by the Second Affili-
ated Hospital of Anhui Medical University (Hefei, China). 
Tumor samples from resected specimens were collected from 
two cohorts of patients with primary bladder UCC that under-
went transurethral resection, partial cystectomy or radical 
cystectomy at the Second Affiliated Hospital of Anhui Medical 
University between December 2008 and October 2013. 
Cohort A consisted of 12 patients (10 females, 2 males; median 
age, 55 years; age range, 45-78 years), from whom fresh 
tumor samples and adjacent histologically normal bladder 
tissues were obtained for analysis of Fer mRNA and protein 
expression. Cohort B comprised 78 patients (68 females, 
10 males; median age, 65 years; age range, 45-78 years), whose 
paraffin‑embedded specimens were used for immunohisto-
chemical analysis. A further 20 paraffin‑embedded normal 
bladder mucosal samples adjacent to the neoplastic bladder 
tissue were obtained from the same UCC patients, and were 
used as a control. None of the patients had received preoperative 
treatment. The tumors were stratified as non‑muscle invasive 
bladder cancer or muscle invasive bladder cancer, according to 
the 2002 Union for International Cancer Control TNM classifi-
cation of tumor stage (17). The tumor grade was assigned using 
the 2004 World Health Organization/International Society of 
Urological Pathology classification system (18). This study 
was conducted according to the guidelines in the Declaration 
of Helsinki. Written informed consent was obtained from all 
participants.

Cell line culture and maintenance. Bladder cancer cell lines, T24, 
5637 and BIU-87, and an immortalized normal human urothelial 
cell line, SV-HUC-1, were purchased from Type Culture Collec-
tion of the Chinese Academy of Sciences (Shanghai, China). 
T24, 5637 and BIU-87 cell lines were cultured in RPMI-1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) containing 10% fetal bovine serum (FBS; Hyclone; GE 
Healthcare Life Sciences, Logan, UT, USA) at 37˚C in 5% CO2 
and at 95% humidity. SV-HUC-1 cells were cultured in F12k 
medium (Wisent, Inc., St. Bruno, QC, Canada) containing 

10% FBS, 100 units/ml penicillin and 100 µg/ml streptomycin 
in an atmosphere containing 5% CO2 at 37˚C. The activator, 
epidermal growth factor (EGF; 0.1 ng/ml), was obtained from 
Sigma-Aldrich (Merck Millipore, Darmstadt, Germany). At 
70% confluence, T24 cells transfected with Fer-siRNA were 
serum-starved overnight, followed by incubation with EGF at 
37˚C for 48 h.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated from the cells using 
RNAiso Plus (Takara Bio, Inc., Otsu, Japan), according to the 
manufacturer's protocol. Total RNA (5 µg) was reverse tran-
scribed into cDNA using the M-MLV First-Strand Synthesis 
system (Promega Corporation, Madison, WI, USA). cDNA 
was analyzed in triplicate using the MJ Real-Time PCR system 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The primers 
used are shown in Table I. qPCR was performed using the Power 
SYBR Green Master Mix (Takara Bio, Inc.) and the ABI 7300 
Real-Time PCR detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). PCR conditions were as follows: Initial 
denaturation step at 95˚C for 15 sec, followed by 40 cycles of 
amplification and quantification at 95˚C for 10 sec, 60˚C for 

Table I. Oligonucleotide primer sequences used in RT-qPCR.

Gene Sequence

Fer F: 5'-TTC GAG GGC ACT GGG TTT TC-3'
 R: 5'-TTC CCT TGC CCA GTA ATT CTC C-3'
MMP-2 F: 5'-TACAGGATCATTGGCTACACACC-3'
 R: 5'-GGTCACATCGCTCCAGACT-3'
MMP-9 F: 5'-TGTACCGCTATGGTTACACTCG-3'
 R: 5'-RGGCAGGGACAGTTGCTTCT-3'
N-cadherin F: 5'-TGCCAGTCACTTGCTAACAAAAG-3'
 R: 5'-GTGTGCGCTGGGAGAATAAAG-3'
β-catenin F: 5'-AAAGCGGCTGTTAGTCACTGG-3'
 R: 5'-CGAGTCATTGCATACTGTCCAT-3'
E-cadherin F: 5'-GACCGAGAGAGTTTCCCTACG-3'
 R: 5'-TCAGGCACCTGACCCTTGTA-3'
Vimentin F: 5'-ATGACCGCTTCGCCAACTAC-3'
 R: 5'-CGGGCTTTGTCGTTGGTTAG-3'
Slug F: 5'-ATACCACA ACCAGAGATCCTCA-3'
 R: 5'-GACTCACTCGCCCCAAAGATG-3'
Snail F: 5'-TGAGGCCAAGGATCTCCAGG-3'
 R: 5'-GGGCAGGTATGGAGAGGAAG-3'
Twist1 F: 5'-GGGAGTCCGCAGTCTTACGA-3'
 R: 5'-AGACCGAGAAGGCGTAGCTG-3'
GAPDH F: 5'-CATGACCACAGTCCATGCCAT- 3'
 R: 5'-AAGGC-CATGCCAGTGAGCTTC-3'

RT-qPCR, reverse transcription-quantitative polymerase chain 
reaction; Fer, feline sarcoma-related protein; MMP, matrix metal-
loproteinase; Slug, snail family transcriptional repressor 2; Snail, 
snail family transcriptional repressor 1; Twist1, twist family bHLH 
transcription factor 1; F, forward; R, reverse.
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30 sec and 72˚C for 30 sec. Fold changes in expression of each 
gene were calculated using the comparative quantification 
method (19).

Western blot assay. Cell lysate was prepared by extracting 
proteins using RIPA buffer (Fermentas Inc., Burlington, 
ON, Canada) supplemented with 1% protease inhibitors 
(Sigma-Aldrich; Merck Millipore). Protein concentrations 
were measured using the bicinchoninic acid protein assay 
(Pierce; Thermo Fisher Scientific, Inc.), after which proteins 
were diluted to equal concentrations, boiled for 5 min and 
separated by 7.5-10% SDS-PAGE, followed by transblotting 
onto an Immun-Blot® polyvinylidene fluoride membrane 
(Bio-Rad Laboratories, Inc.). The membranes were blocked 
with 5% non-fat milk in TBST and subsequently probed 
with primary antibodies overnight at 4˚C. The primary anti-
bodies included: Anti-Fer (cat. no. ab52479; 1:500; Abcam, 
Cambridge, UK), anti-matrix metalloproteinase (MMP)-2 
(cat. no. 4022), anti-MMP-9 (cat. no. 3852S), anti-E-cadherin 
(cat. no. 4065), anti-vimentin (cat. no. 3295S), anti-N-cadherin 
(cat. no. 4061S), anti-β-catenin (cat. no. 9562), anti-Slug 
(cat. no. 9585P), anti-Snail (cat. no. 3879S), anti-Twist1 
(cat. no. 4119S), anti-phospho-ERK1/2 (cat. no. 9911S), 
anti-p-c-jun (cat. no. 8221S) and anti-p-c-fos (cat. no. 5348S) 
(all 1:500; Cell Signaling Technology, Inc., Danvers, 
MA, USA). Rabbit anti-GAPDH polyclonal antibody 
(cat. no. sc-25778; 1:500; Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, USA) was used as an internal control. Primary 

antibodies were detected by incubating the membranes with a 
horseradish peroxidase (HRP)-conjugated secondary antibody 
(cat. no. 7071; 1:1,000; Cell Signaling Technology, Inc.) for 1 h 
at room temperature. The blots were subsequently developed 
using an enhanced chemiluminescence detection kit (GE 
Healthcare Life Sciences) and exposure to film. 

Immunohistochemical analysis. Immunohistochemical staining 
was performed using a Dako Envision System (Dako North 
America, Inc., Carpinteria, CA, USA), according to the manu-
facturer's protocol. Briefly, 4-µm paraffin-embedded tissue 
sections were heated for 1 h at 65˚C, deparaffinized with xylene 
and rehydrated using a graded series of ethanol/distilled water. 
Subsequently, the tissue sections were submerged in EDTA 
buffer (pH 8.0), heated in a microwave for antigen retrieval, 
treated with 0.3% H2O2 for 15 min to block endogenous peroxi-
dase activity and incubated overnight with a rabbit anti-Fer 
monoclonal antibody (1:50; Abcam) at 4˚C. Next, the tissue 
sections were washed, incubated with HRP-conjugated anti-
body at 4˚C for 30 min and visualized with diaminobenzidine.

RNA interference (RNAi). siRNAs targeting Fer and negative 
control siRNA were purchased from Shanghai GenePharma 
Co., Ltd. (Shanghai, China). The sequences of the three 
siRNAs targeting Fer were as follows: siRNA1, 5'-AAA GAA 
ATT TAT GGC CCT GAG-3'; siRNA2, 5'-CAG ATA GAT CCT 
AGT ACA GAA-3'; and siRNA3, 5'-AAC TAC GGT TGC TGG 
AGA CAG-3'). The sequence of the negative control was as 

Table II. Relationship between Fer protein expression and various clinicopathological parameters in 78 bladder UCC tissues.

 Fer expression
 -----------------------------------------------------------------
Variable n Negative Positive P-value

Age, years (median 65)    0.459
  <65 38 13 25 
  ≥65 40 10 30 
Gender    0.246
  Male 68 19 49 
  Female 10 4 6 
Tumor stage    0.042
  Ta, T1 46 18 28 
  T2, T3, T4 32 5 27 
Histological grade    0.023
  G1 19 10 9 
  G2 28 8 20 
  G3 31 5 26 
Tumor multiplicity    0.803
  Unifocal 52 16 36 
  Multifocal 26 7 19 
Lymph node status    0.014
  N0 56 21 35 
  N1, N2 22 2 20 

Fer, feline sarcoma-related protein; UCC, urothelial cell carcinoma.
 



HU et al:  THE ROLE OF FELINE SARCOMA-RELATED PROTEIN IN BLADDER UROTHELIAL CELL CARCINOMA 689

follows: 5'-UUC UCC GAA CGU GUC ACG U-3'. The sequences 
of the siRNAs were designed using an RNAi algorithm 
(https://rnaidesigner.thermofisher.com/rnaiexpress/sort.do). For 
siRNA transfection, the cells were seeded onto 6-well plates 
and, after reaching 40‑50% confluency, were transfected with 
negative control or one of the Fer‑specific siRNAs using Lipo-
fectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). 
Cells were harvested for RNA extraction after 48 h and protein 
extraction after 72 h of transfection.

Cell wound healing assay. T24 cells in 6-well plates were 
transfected with control or Fer-siRNA. Upon reaching 90-95% 
confluence after 24 h, wounds were generated by scratching the 
surface of the plates with a 0-20 µl pipette tip. Wound closure 
was monitored at various time points (0, 12 and 24 h) by obser-
vation under an inverted microscope, and the degree of cell 

migration was quantified by the ratio of gap distance at 24 h to 
that at 0 h. The experiment was performed in triplicate.

Matrigel invasion assay. Cell invasion assays were performed 
using 24-well Transwell chambers with a pore size of 8 µm 
(Costar; Corning, Inc., New York, NY, USA). The inserts were 
coated with 100 µl Matrigel (dilution, 1:8; BD Biosciences, 
Franklin Lakes, NJ, USA). T24 cells were trypsinized following 
transfection with control or Fer-siRNA for 48 h and transferred 
to the upper Matrigel chamber in 100 µl serum-free medium for 
24 h. The lower chamber was filled with medium containing 
10% FBS as a chemoattractant. Following incubation, the 
non-invaded cells on the upper membrane were removed using 
a cotton tip, and the invaded cells on the bottom membrane 
were evaluated by light microscopy. The cells were stained with 
crystal violet and the optical density (OD) of the crystal violet 

Figure 1. Fer was overexpressed in bladder UCC tissues. (A and B) The mRNA expression levels of Fer were upregulated in bladder UCC tissues compared 
with their paired adjacent normal bladder tissues, as demonstrated using reverse transcription-quantitative polymerase chain reaction. Data are presented as 
the mean ± standard deviation .**P<0.01. (C) Fer protein expression was upregulated in the bladder UCC tissues compared with their paired adjacent normal 
bladder tissues, as demonstrated using western blotting. GAPDH was used as an internal control. (D) Immunohistochemistry detection of Fer protein expres-
sion in normal bladder tissues and bladder UCC tissues: (a) Normal bladder tissues with negative Fer expression; (b) bladder UCC tissues with positive Fer 
expression (magnification, x200; framed in white, x400). (E) Overall survival analysis using the Kaplan‑Meier method revealed that patients with positive Fer 
expression had markedly lower overall survival rates compared with patients with negative Fer expression. N, adjacent normal bladder tissues; T, bladder UCC 
tissues; Fer, feline sarcoma-related protein; UCC, urothelial cell carcinoma.
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solution removed from the cells using 300 µl glacial acetic acid 
(33%) was measured at 570 nm. All experiments were performed 
in triplicate.

Statistical analysis. Statistical analyses were performed using 
SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA). 
A paired-samples t-test was used to compare the mRNA 
and protein expression of Fer in the UCC tissues with that 
in the paired adjacent normal tissue samples. The relation-
ship between Fer protein expression and clinicopathological 
features was analyzed using χ2 tests. Overall survival curves 
were constructed using the Kaplan-Meier method and were 
analyzed using the log-rank test. Paired t-tests and Student's 
t‑tests were used to analyze the findings of the in vitro cell 
assay. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Fer is significantly upregulated in bladder UCC tissues and is 
correlated with clinicopathological parameters. To investigate 
the role of Fer in bladder UCC development, the mRNA and 
protein expression of Fer in 12 bladder UCC tissue samples and 
adjacent normal bladder tissues were detected by RT-qPCR and 
western blotting, respectively. As shown in Fig. 1A and B, the 
relative mRNA expression level of Fer in bladder UCC tissues 
was significantly higher than that in adjacent normal bladder 
tissues (P<0.01), which was consistent with the results of the 
western blot (Fig. 1C). Immunohistochemical analysis was 
performed to further analyze the expression of Fer in 78 bladder 
UCC tissues, as compared with 20 paired adjacent normal 
tissues. As shown in Fig. 1D, Fer staining was negligible in the 
normal bladder tissues. Conversely, Fer was positively expressed 

Figure 2. mRNA and protein expression of Fer was upregulated in human bladder cancer cell lines and Fer knockdown using Fer‑specific siRNA inhibited the 
migration of T24 cells. The (A) mRNA and (B) protein expression of Fer in human bladder cancer cell lines and an immortalized normal urothelial cell line, 
SV-HUC-1, were detected by RT-qPCR and western blotting, respectively. GAPDH was used as an internal control. Data are presented as the mean ± standard 
deviation. The transfection efficiency following transfection of T24 cells with Fer‑specific siRNAs (siRNA1, siRNA2 and siRNA3) or normal control siRNA 
for 48 and 72 h was assessed by (C) RT-qPCR and (D) western blotting. (E) Wound healing assays were conducted to assess the capacity of cell migration in 
the three groups of cells at 0, 12 and 24 h. (F) The relative migration distances were calculated. *P<0.05. The experiments were repeated in triplicate. Fer, feline 
sarcoma-related protein; siRNA, small interfering RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NcT24, T24 cells transfected 
with normal control siRNA; SiT24, T24 cells transfected with Fer‑specific siRNAs; ConT24, untreated T24 cells.
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in both the cytoplasm and nucleus of 55 (70.5%) cancer tissues. 
Furthermore, it was observed that Fer protein expression signifi-
cantly correlated with the tumor stage (P=0.042), histological 
grade (P=0.023) and lymph node status (P=0.014), but was not 
associated with age (P=0.459), gender (P=0.246) and tumor 
multiplicity (P=0.803) (Table II). The prognostic value of Fer 
for overall survival in bladder UCC patients was evaluated by 
comparing the patients with positive and negative Fer expres-
sion. According to the Kaplan-Meier survival analysis, bladder 
UCC patients with positive Fer expression had markedly lower 
overall survival rates than patients with negative Fer expression 
(log-rank value=8.390; P=0.0038; Fig. 1E). These results suggest 
that the Fer expression status may be useful for predicting the 
overall survival of patients with bladder UCC.

Knockdown of the Fer gene using siRNA inhibits the migra‑
tion of T24 cells. To determine the optimum cell model for 
investigating the role of Fer in bladder UCC, the mRNA and 
protein expression levels of Fer in various bladder UCC cells 
lines were evaluated. The protein and mRNA expression of Fer 
was upregulated in three bladder UCC cell lines (BIU-87, T24 
and 5637), as compared with the normal bladder epithelium cell 
line, SV-HUC-1. Furthermore, high levels of Fer expression were 
observed in T24 cells compared with 5637 and BIU-87 cells 
(Fig. 2A and B). Therefore, T24 cells were selected to assess the 

effects of Fer silencing on bladder UCC cells by transfecting the 
cells with three positive Fer‑siRNAs in order to obtain efficient 
and specific Fer depletion. As shown in Fig. 2C, the relative 
mRNA expression levels of Fer were significantly decreased by 
72% in T24 cells transfected with siRNA1, as compared with 
the cells transfected with normal control siRNA (P=0.003), 
and were significantly lower than those cells transfected with 
siRNA2 and siRNA3. This result was also observed for the 
protein expresion levels (Fig. 2D). Therefore, Fer-siRNA1 was 
selected for the further analyses, as it demonstrated the most 
effective silencing effects on Fer in T24 cells. As shown 
in Fig. 2E and F, in monolayer wound healing assays, it was 
demonstrated that the cells transfected with Fer-siRNA showed 
a significantly reduced migration distance (0.358±0.030 mm), 
as compared with the cells transfected with the normal control 
siRNA group (0.551±0.033 mm) (P<0.05).

Fer gene silencing inhibits cell invasion and suppresses MMP 
family protein expression in T24 cells. To functionally confirm 
the role of Fer in aggressive bladder cancers, matrigel invasion 
assays were performed. The OD of the Fer-siRNA-transfected 
cells was significantly reduced compared with the OD of the 
T24 cells transfected with normal control siRNA (0.635±0.066 
vs. 1.249±0.062, respectively; P<0.05; Fig. 3A and B). Previous 
studies have reported that MMPs are the principal mediators of 

Figure 3. Knockdown of Fer inhibited cell invasion and suppressed MMP family protein expression in T24 cells. (A and B) Matrigel invasion assays demon-
strated that cells transfected with Fer-siRNA had a lower invasive ability, as compared with cells transfected with normal control siRNA. The experiments 
were repeated in triplicate. MMP‑9 and MMP‑2 expression in cells transfected with Fer‑specific siRNA was detected by (C) reverse transcription‑quantitative 
polymerase chain reaction and (D) western blotting. GAPDH was used as an internal control. Data are presented as the mean ± standard deviation. *P<0.05. 
Fer, feline sarcoma-related protein; MMP, matrix metalloproteinase; siRNA, small interfering RNA; NcT24, T24 cells transfected with normal control siRNA; 
SiT24, T24 cells transfected with Fer‑specific siRNAs; ConT24, untreated T24 cells; OD, optical density. 
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alterations in the cancer microenvironment during cancer metas-
tasis (20). Therefore, the present study investigated whether the 
MMP protein family was involved in bladder UCC invasion and 
metastasis. As shown in Fig. 3C and D, the expression levels 
of MMP‑2 and MMP‑9 were significantly downregulated in 
Fer-siRNA-transfected T24 cells, as compared with the cells 
transfected with normal control siRNA (P<0.05).

Fer gene silencing induces changes in the morphology and 
markers of EMT in T24 cells via the ERK/AP‑1 pathway. 
The morphology of T24 cells transfected with Fer-siRNA or 

normal control siRNA was analyzed by light microscopy. T24 
cells transfected with normal control siRNA had an irregular 
fibroblastoid morphology, tight intercellular structure and a 
clear contour, while the majority of the Fer-siRNA-transfected 
T24 cells displayed a rounded shape, typical of an epithelial 
cobblestone appearance (Fig. 4A). These changes from a mesen-
chymal morphology to an epithelial morphology suggested that 
Fer silencing was able to reverse the EMT of T24 cells. As 
shown in Fig. 4B and C, silencing of Fer in T24 cells increased 
the expression of E-cadherin and decreased the expression of 
β-catenin, N-cadherin and vimentin. In addition, the expression 

Figure 4. Knockdown of Fer induced a mesenchymal-epithelial transition-like phenotype and altered the expression of EMT-associated genes via the ERK/AP-1 
pathway in T24 cells. (A) Light microscopy of T24 cells transfected with Fer‑siRNA (magnification, x100; framed in white, x200). At 72 h following transfec-
tion, the majority of Fer-siRNA-transfected T24 cells were rounded, which is typical of an epithelial cobblestone appearance. Knockdown of Fer differentially 
regulated the (B) mRNA and (C) protein expression of EMT-associated proteins and transcription factors in T24 cells. GAPDH was used as an internal control. 
Data are presented as the mean ± standard deviation. *P<0.05. (D) The phosphorylation levels of ERK1/2 and AP-1 in T24 cells were decreased by silencing 
of Fer expression, as demonstrated in a western blot analysis. (E) T24 cells transfected with Fer-siRNA were treated with EGF (0.1 ng/ml) for 48 h, and the 
effect of EGF on the expression of EMT-associated proteins and the phosphorylation levels of ERK1/2 and AP-1 were detected by western blotting. Fer, 
feline sarcoma-related protein; EMT, epithelial-mesenchymal transition; ERK/AP-1, extracellular signal-regulated kinase/activator protein-1; siRNA, small 
interfering RNA; NcT24, T24 cells transfected with normal control siRNA; SiT24, T24 cells transfected with Fer‑specific siRNAs; ConT24, untreated T24 
cells; EGF, epidermal growth factor; Snail, snail family transcriptional repressor 1; Slug, snail family transcriptional repressor 2; Twist1, twist family bHLH 
transcription factor 1.
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levels of the EMT-regulating transcription factors, Slug, Snail 
and Twist1, were downregulated in Fer-siRNA-transfected cells. 
Furthermore, there was a marked decrease in the expression of 
phospho-ERK1/2, p-c-jun and p-c-fos following Fer-knock-
down in the T24 cells, but not total ERK/AP-1 (Fig. 4D). These 
findings suggest that inhibition of Fer by siRNA blocked the 
phosphorylation of ERK/AP-1. To further investigate whether 
the ERK/AP-1 pathway is involved in the Fer-induced EMT in 
T24 cells, an activator (EGF) of the ERK pathway was used. As 
shown in Fig. 4E, the EMT was promoted and the AP-1 levels 
were upregulated in siRNA-transfected cells incubated with 
EGF for 48 h. These results suggest that the ERK/AP-1 pathway 
has an important role in Fer-induced EMT.

Discussion

It has been reported that Fer is extensively expressed in 
numerous mammalian cells, and is associated with tumor 
progression (21). However, the expression pattern and biolog-
ical significance of Fer in bladder UCC are unclear. The 
present study demonstrated that Fer was significantly upreg-
ulated in bladder UCC tissues and cell lines, as compared 
with adjacent normal bladder tissues and the SV-HUC-1 
normal human urothelial cell line, respectively. These 
findings indicate that Fer is involved in the progression of 
bladder UCC. In addition, an immunohistochemical analysis 
of bladder UCC specimens suggested that Fer expression was 
significantly associated with tumor stage, histological grade 
and lymph node status. Notably, Fer expression was an inde-
pendent prognostic factor for a poor prognosis in patients 
with bladder UCC patients.

Several studies have reported that Fer is involved in 
tumor invasion and metastasis (5,22,23); however, the 
role and cellular mechanisms of Fer in bladder UCC are 
not well-known. In the present study, siRNA was used to 
knockdown Fer expression in T24 cells, and the ability of 
the cells to migrate and invade was investigated. Notably, 
T24 cell migration and invasion was significantly reduced 
in cells transfected with Fer-siRNA. Increasingly it has 
been suggested that MMPs, which degrade the extracellular 
matrix and cell adhesion molecules, enhance cancer cell 
metastasis (24,25). The present study demonstrated that 
knockdown of Fer expression was able to downregulate the 
expression of MMP-9 and MMP-2; thus suggesting that Fer 
may have an important role in the migration and invasion of 
T24 cells via the regulation of MMP gene expression.

During the process of metastasis, cancer cells often initiate 
the EMT, which is a dynamic cellular process thought to promote 
the acquisition of migratory and invasive abilities (26). During 
the EMT, morphological changes from the epithelial polarized 
morphology to the mesenchymal fibroblastoid morphology 
occur (27). Previous studies reported that Fer is involved in 
integrin/E-cadherin-mediated signaling pathways and has a 
role in regulating the cross-talk between cadherin-catenin 
complexes via focal adhesions (28-30). Furthermore, it was 
revealed that multiple small G protein/MAPK cascades were 
involved in the downstream signal transduction by Fps/Fes 
tyrosine kinases (31). The initiation of the EMT is dependent 
on the concomitant activity of MAPK pathways to induce the 
morphogenic process of the EMT (16).

In the present study, transfection of T24 cells with 
Fer-siRNA resulted in alterations in the morphology of T24 
cells from a mesenchymal to an epithelial phenotype. In 
addition, silencing of Fer expression was shown to increase 
the expression of epithelial junction proteins (E-cadherin) and 
decrease the expression of mesenchymal markers (N-cadherin, 
vimentin and β-catenin). Furthermore, Fer-siRNA decreased 
the expression of Snail, Slug and Twist1 in T24 cells, which 
are known to potently modulate epithelial cell plasticity and 
induce the EMT phenotype (12,32,33). Another significant 
finding was that Fer inhibition disrupted the ERK/AP-1 
signaling pathway by suppressing the phosphorylation of 
ERK/AP-1. These results suggested that Fer silencing inhibited 
the EMT via suppression of the ERK/AP-1 signaling pathway.

In summary, the present study demonstrated that Fer was 
upregulated in patients with bladder UCC and that the Fer 
expression status was associated with tumor development and 
prognosis in these patients. In addition, it was shown that knock-
down of Fer reduced the migration and invasion of T24 cells, 
and reversed the EMT by blocking the ERK/AP-1 signaling 
pathway. However, further studies are required to explore 
whether Fer-siRNA affected other upstream or downstream 
signaling molecules. These results suggested that targeting Fer 
signaling using novel approaches may be useful for reversing 
the EMT phenotype, which would likely result in the reversal 
of neoplasm recurrence and elimination of bladder UCC.
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