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Sulforaphane suppresses the viability and metastasis,
and promotes the apoptosis of bladder cancer cells
by inhibiting the expression of FAT‑1
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Abstract. FAT atypical cadherin 1 (FAT1) regulates complex
mechanisms for the promotion of oncogenesis or the suppression of malignancies. Sulforaphane (SFN) has antioxidant
and anti‑tumor activities. The present study investigated the
roles of SFN and FAT1 in bladder cancer (BC). The expression of FAT1 in BC cell lines and tissues was measured by
western blot analysis and reverse transcription‑quantitative
PCR (RT‑qPCR). The association between FAT1 expression
and the 5‑year survival rate of patients with BC was evaluated. The viability of and FAT1 expression in T24 and SW780
cells exposed to various concentrations of SFN were detected
by MTT assay, and western blot analysis and RT‑qPCR,
respectively. Furthermore, the viability, migration, invasion
and apoptosis of and FAT1 expression in BC cells subjected
to FAT1 overexpression or knockdown, and with or without
SFN stimulation, were examined. The results revealed that
FAT1 expression in BC cells and tissues was increased, and
patients with a high FAT‑1 expression had a shorter 5‑year
survival time than those with a low FAT‑1 expression. BC cell
viability and FAT1 expression were suppressed by SFN in a
concentration‑dependent manner. The knockdown of FAT1
inhibited the viability, migration and invasion, and promoted
the apoptosis of BC cells, whereas the overexpression of FAT1
produced opposite effects. In addition, cells exposed to SFN
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exhibited a reduced viability, migration, invasion and an
increased apoptosis, effects which were promoted by FAT1
knockdown; however, the overexpression of FAT1 blocked the
above‑mentioned effects of SFN on the cells. On the whole, the
present study demonstrates that SFN suppresses the progression of BC by inhibiting the expression of FAT‑1; thus, SFN
may be used as a potential drug for the treatment of BC.
Introduction
Bladder cancer (BC) is one of the leading causes of
cancer‑associated mortality worldwide, with a high incidence
rate (1). Alterations in DNA repair pathwaya and signaling
pathways, angiogenesis, genetic mutations and hypoxia all
contribute to the development of BC (2). Surgical resection,
immunotherapy, intravesical chemotherapy, and radical
cystectomy with neoadjuvant chemotherapy have been used
in the treatment of non‑muscle‑invasive or muscle‑invasive
BC (3). However, minimal improvements have been made in
the cure rates and long‑term survival of patients with BC over
the past several decades (4).
Sulforaphane (SFN) is a natural isothiocyanate extracted
from cruciferous plants. SFN has been used in the treatment of
diabetic cardiomyopathy (5), angiogenesis (6) and cancer (7).
The main pathway regulated by SFN is the Keap‑1/nuclear
factor erythroid 2‑related factor 2 (Nrf2) pathway (8). Research
has found that exposure to SF enables Nrf2 to escape from
Keap1‑dependent degradation, leading to the stabilization
of Nrf2, the increased nuclear localization of Nrf2 and the
activation of Nrf2‑dependent cancer‑protective genes (9,10).
SFN also regulates cell apoptosis. For instance, it has been
shown that mouse embryonic fibroblasts (MEFs) treated with
40 mM SF exhibit increased levels of Bax and Bak proteins
at treatment for 4‑8 h, although such effects are abolished
in SF‑treated MEFs derived from Bax/Bak double‑knockout
mutant mice (11). It has been found that JNK/MAPK is
involved in SFN‑mediated apoptosis (12,13). Of note, SFN
also inhibits apoptosis and cell cycle progression (14,15).
Thus, the complex function and mechanisms of SFN warrant
further investigation. A previous study demonstrated that
SFN suppressed the development and decreased the risk of
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developing BC. For instance, SFN combined with carbonic
anhydrase acetazolamide inhibits tumor growth (16). SFN
has also been shown to induce the apoptosis and cell cycle
arrest of BC cells via the Nrf2 pathway and ROS‑dependent
pathway (17,18). However, the mechanisms of action of SFN in
BC are not yet fully understood.
FAT atypical cadherin 1 (FAT1) is an atypical cadherin, and
plays a role in a variety of human cancers. More specifically,
FAT1 suppresses epithelial‑mesenchymal transition (EMT),
which plays an important role in tumor metastasis (19). FAT1
knockdown in hypoxic glioblastoma cells has been shown to
significantly decrease the expression levels of EMT/stemness
markers (20). FAT1 however, has also been shown to inhibits
the migration and invasion of esophageal squamous cell
carcinoma cells (21). It has also been demonstrated that FAT1
significantly enhances the migratory and invasive properties
of glioma cells (22). Moreover, protein‑inactivating mutations in FAT1 have been detected in BC by whole‑genome
sequencing (23). However, the function of FAT1 in BC has not
been identified to date.
Therefore, the present study aimed to investigate the roles
of SFN and FAT1 in BC cells, in order to provide insight into
the mechanisms underlying the role of SFN in BC.
Materials and methods
Sample collection. In the present study, 85 bladder cancer
tissues and 27 adjacent normal tissues were collected from
patients with BC who attended the Shenzhen Hospital of
Southern Medical University from 2010 to 2014 for treatment.
All the tissues were stored at ‑80˚C. The present study was
reviewed and approved by the Committee for Ethical Review
of Research at Shenzhen Hospital of Southern Medical
University, and all the patients signed an informed consent.
The relative expression of FAT1 (high or low) was determined
according to the median expression of FAT1 in BC tissues.
Cell culture and treatment. The normal bladder cell line,
SV‑HUC‑1 (CRL‑9520), and the BC cell lines, 5637 (HTB‑9),
T24 (HTB‑4), J82 (HTB‑1), SW780 (CRL‑2169) and UM‑UC‑3
(CRL‑1749), were purchased from the American Type
Culture Collection (ATCC). The BC cell lines, 5637, J82 and
UM‑UC‑3, were cultured in MEM (12492013, Gibco; Thermo
Fisher Scientific, Inc.); SV‑HUC‑1 cells were cultured in Ham's
F‑12K medium (21127030, Gibco; Thermo Fisher Scientific,
Inc.); T24 cells were grown in McCoy's medium (16600082,
Gibco; Thermo Fisher Scientific, Inc.); SW780 cells were
grown in RPMI‑1640 medium (31870082, Gibco; Thermo
Fisher Scientific, Inc.). All the media were supplemented with
10% FBS (10099141, Gibco; Thermo Fisher Scientific, Inc.),
100 units/ml penicillin and 100 µg/ml streptomycin (15140163,
Gibco; Thermo Fisher Scientific, Inc.). The cells were grown
at 37˚C with 5% CO2.
The T24 and SW780 cells were separately cultured in
a 24‑well plates at a density of 3x105 (cell/ml) for 24 h. For
the silencing FAT1 siRNA targeting FAT1 were used. the
sequences of the siRNAs were obtained from GenePharma
and demonstrated as follows: siFAT1 sense, 5'‑GGGCCAGUC
AAGU UUGAAA‑3' and antisense, 5'‑CCCG GUCAGU UC
AAACUUU‑3'); and siNC as the siRNA control sense, 5'‑UUC

UCCGAACGUGUCACGUTT‑3' and antisense, 5'‑ACGUGA
CACGUUCGGAGAATT‑3'. The empty pcDNA3.1 plasmid
(NC) and FAT1‑pcDNA3.1 plasmid (FAT1) were purchased
from Sigma‑Aldrich; Merck KGaA. The medium in the 24‑well
plates was then replaced after 24 h, and the T24 and SW780
cells were separately transfected with 10 pmol siFAT1, siNC,
NC, or FAT1 using Lipofectamine 2000 transfection reagent
(Thermo Fisher Scientific, Inc.). The cells were harvested 24 h
following transfection and used in subsequent experiments. To
examine the effects of SFN (Sigma‑Aldrich; Merck KGaA) on
the BC cells, the T24 and SW780 cells were incubated with
SFN (0, 10, 20, 40 and 80 µmol/l) for 24 h at 37˚C. The T24
and SW780 cells transfected with siNC, siFAT1, NC or FAT1
overexpression plasmid were incubated with SFN (20 µmol/l)
for 24 h at 37˚C.
Western blot analysis. The tissues were homogenized by bead
milling for approximately 5 min at 4˚C, and the cells were
treated with lysis buffer for 30 min on ice. Proteins were then
collected by centrifugation at 1,000 x g, at 4˚C for 30 min.
Subsequently, proteins (approximately 50 µg) were denatured,
separated on 12% SDS/PAGE gels, and then transfected
onto a PVDF membrane (LC2002, Invitrogen; Thermo
Fisher Scientific, Inc.). This was followed by blocking of the
membranes with 5% fat‑free milk. Primary antibodies to FAT‑1
(1:2,000, ab190242, Abcam) and GAPDH (1:2,000, ab8245,
Abcam) were then separately incubated with the membrane for
>8 h at 4˚C. Subsequently, anti‑rabbit IgG antibody (1:5,000,
7074, Cell Signaling Technology, Inc.) and anti‑mouse IgG
antibody (31430, Thermo Fisher Scientific, Inc.) were incubated with the membrane at room temperature for 2 h. Finally,
the protein signal of the membrane was detected using ECL
Chemiluminescent Substrate (WP20005, Thermo Fisher
Scientific, Inc.) and analyzed using an ImageQuant ECL
Imager (28‑9605‑63, GE Healthcare).
Reverse transcription‑quantitative PCR (RT‑qPCR). Tissues
were homogenized by bead milling with TRIzol reagent for
approximately 5 min at 4˚C, and the cells were treated with
lysis buffer for 30 sec on ice. RNA was then isolated from
the tissues and cells at 4˚C using chloroform and isopropanol.
Subsequently, 1 µg RNA was used for reverse transcription
with the PrimeScript™ II 1st Strand cDNA Synthesis kit
(6210B, Takara Bio, Inc.). SYBR®‑Green PCR Master Mix
(4312704, ABI) and Bio‑Rad CFX 96 Touch Real‑Time PCR
Detection System (1855196, Bio‑Rad Laboratories, Inc.)
were used for qPCR analysis. The parameters were set up as
follows: 95˚C for 5 min, 40 cycles of 95˚C for 15 sec, 60˚C
for 30 sec, and 70˚C for 10 sec. GAPDH served as an internal
control, and the relative gene expression levels were calculated
using the 2‑ΔΔCq method (24). The sequences of the primers
used were as follows: FAT‑1 forward, 5'‑CATCCTGTCA AG
ATGG GTGTTT‑3' and reverse, 5'‑TCCGAGA ATGTACTC
TTCAGCTT‑3'; and GAPDH forward, 5'‑GGAGCGAGATCC
CTCCAAA AT‑3' and reverse, 5'‑GGCTGTTGTCATACT
TCTCATGG‑3'.
MTT assay. Briefly, cells (4,000 cells/well) were seeded in
a 96‑well plate. Following culture for 48 h, the medium was
removed and 10 µl MTT solution mixed with 110 µl fresh
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Figure 1. FAT‑1 expression is upregulated in BC and is associated with a lower survival rate of patients with BC. (A‑C) Western blot analysis and RT‑qPCR of
FAT‑1 expression in BC cell lines. *P<0.05, **P<0.001 vs. SV‑HUC‑1 cells. (D) RT‑qPCR analysis of FAT‑1 expression in 85 BC tissues and 27 adjacent normal
tissues. **P<0.001 vs. normal tissues. (E) The 5‑year survival rate of patients with high expression or low expression of FAT‑1. BC, bladder cancer; FAT‑1, FAT
atypical cadherin 1.

medium were added to each well. Following incubation
at 37˚C for 4 h, the medium was removed, and 150 µl DMSO
was added to each well. The absorbance value at 570 nm was
then detected using a microplate reader (PLUS 384, Molecular
Devices, LLC).
Wound‑healing assay. A scratch was generated using a 10 µl
pipette tip when cells in a 6‑well plate reached 80% confluence.
Subsequently, the cells were cultured in serum‑free medium
for 48 h. The scratch area was observed under a microscope
(TS100, Nikon Corp.) at 0 and 48 h. In total, 10 fields of the
scratch area of each group were selected to be observed under
a microscope (TS100, Nikon Corp.) for statistical analysis
conducted by SPSS 19.0 software (SPSS, Inc.).
Transwell assay. The upper chamber of a Transwell plate
(3428, Corning, Inc.) was coated with Matrigel. The cells
(2x103 cells/well) were added to the upper chamber with
serum‑free medium. Moreover, 600 µl normal medium with
20% FBS was added to the lower chamber. Following incubation at 37˚C for 24 h, the invaded cells were fixed with methanol
and stained with 0.1% crystal violet (R40052, Thermo Fisher
Scientific, Inc.) at room temperature for approximately
30 min. Subsequently, 10 fields were randomly selected and
the numbers of invaded cells were counted under a microscope
(TS100, Nikon). The assay was independently repeated in triplicate, and the statistical analysis was conducted using SPSS
19.0 software (SPSS, Inc.).
Flow cytometry. The Annexin‑V kit (70‑AP101‑100‑AVF,
MultiSciences) was used to detect cell apoptosis according
to the instructions provided with the kit. In brief, the cells
(2x105 cells) were cultured in a 6‑well plate for 24 h. The cells
were then collected by trypsinization at 4˚C for 2 min and

centrifugation at 450 x g, 4˚C for 5 min, and then washed with
pre‑cold PBS. Subsequently, the cells were incubated with
300 µl binding buffer, supplemented with 5 µl Annexin V‑FITC
and incubated at room temperature for 20 min. PI (5 µl) was
then incubated with the cells at 4˚C for 15 min to stain the
nuclei. Finally, 200 µl binding buffer were incubated with
the cells at room temperature for 5 min. Cell apoptosis was
detected using a FACSCalibur flow cytometer (342973, BD
Biosciences). The BD FACSCanto™ system software v2.4
(646602, BD Biosciences) was used for further analysis.
Statistical analysis. Data are presented as the means ± SD.
One‑way analysis of variance followed by Tukey's
multiple‑comparison test was used to analyze the statistical
differences between groups using SPSS 19.0 software (SPSS,
Inc.). Kaplan‑Meier analysis was applied for survival analysis
in the study, and the log‑rank test was used to calculate the
P‑values. P<0.05 was considered to indicate a statistically
significant difference.
Results
FAT‑1 expression is upregulated in BC and is associated with
a lower survival rate of patients with BC. Western blot analysis
and RT‑qPCR were performed to analyze the expression of
FAT‑1 in BC cells and tissues to explore the role of FAT‑1 in BC.
The results revealed that FAT‑1 was significantly upregulated in
BC cells and tissues (P<0.05 or P<0.001, Fig. 1A‑D). In addition, patients with a relatively high expression (compared with
median expression) of FAT‑1 exhibited a shorter 5‑year survival
than those with a relatively low expression (compared with
median expression) of FAT‑1 (P<0.001, Fig. 1E). As the levels
of FAT‑1 were relatively higher in the T24 and SW780 BC cells,
these two cell lines were therefore used for further analysis.
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Figure 2. SFN inhibits the viability of and the expression of FAT‑1 in BC cells. (A and B) Viability of T24 and SW780 cells exposed to various concentrations
of SFN were detected by MTT assay. (C‑F) Western blot analysis of FAT‑1 expression in T24 and SW780 cells exposed to various concentrations of SFN.
**
P<0.001 vs. o µmol/l. GAPDH was used as an internal control. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.

SFN inhibits the viability and the expression of FAT‑1 in BC
cells. To examine the effects of SFN on the development of
BC cells, T24 and SW780 BC cells were exposed to SFN at
concentrations of 0, 10, 20, 40 and 80 µmol/l for 24 h. Cell
viability was measured by MTT assay. The results demonstrated that SFN at 20, 40 and 80 µmol/l exerted a suppressive
effect on the viability of the T24 and SW780 cells (P<0.001,
Fig. 2A and B). It was also found that FAT‑1 expression in
the T24 and SW780 cells exposed to SFN at 20, 40 and
80 µmol/l (P<0.001, Fig. 2C‑F) was markedly decreased. SFN
at 20 µmol/l was used in subsequent experiments.
SFN inhibits the viability, migration and invasion of BC cells
by decreasing the expression of FAT‑1. To explore the function
of FAT‑1 and SFN in BC, T24 and SW780 cells were transfected with siFAT‑1 (P<0.001, Fig. 3A‑F). MTT assay revealed
that the knockdown of FAT‑1 inhibited the viability of the
T24 and SW780 cells (P<0.001, Fig. 3G and H). Compared
with the results shown in Fig. 2, it could be observed that SFN
suppressed the viability, and the migratory and invasive abilities of the two cell lines, while SFN combined with siFAT‑1

enhanced these effects on the above‑mentioned cell behaviors
(P<0.001, Fig. 4). Although siFAT‑1 only slightly decreased
viability, the difference was statistically significant.
SFN promotes BC cell apoptosis by inhibiting the expression
of FAT‑1. Subsequently, the apoptosis and FAT‑1 expression in
T24 and SW780 cells transfected with siNC, siFAT‑1, treated
with SFN, or co‑treated with siFAT‑1 and SFN were detected.
The results revealed that SFN alone or siFAT‑1 induced cell
apoptosis, and inhibited the expression of FAT‑1, as compared
with the siNC group. siFAT‑1 combined with SFN treatment
enhanced cell apoptosis and markedly inhibited the expression
of FAT‑1 (P<0.001, Fig. 5).
FAT‑1 overexpression reverses the effects of SFN on viability,
metastasis and apoptosis of T24 and SW780 cells. To further
confirm the association between SFN and FAT‑1, the FAT‑1
overexpression plasmid, pc‑FAT1, was transfected into T24 and
SW780 cells treated with or without SFN. As shown in Fig. 6,
FAT‑1 was successfully overexpressed in the T24 and SW780
cells (P<0.001). Subsequently, cell behaviors were examined,
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Figure 3. Silencing of FAT‑1 suppresses the viability of BC cells. (A‑F) The efficiency of FAT‑1 knockdown in T24 and SW780 cells was detected by western
blot analysis and RT‑qPCR. (G and H) Viability of T24 and SW780 cells were detected by MTT assay following transfection with blank (control), siNC or
siFAT‑1. **P<0.001 vs. control. ##P<0.001 vs. siNC. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.

and the results revealed that FAT‑1 overexpression enhanced
the viability, migration and invasion, and decreased the cell
apoptotic rate of the T24 and SW780 cells. However, SFN
counteracted the promoting effects of FAT‑1 overexpression on
the proliferation, migration and invasion, and the suppressive
effects on the apoptosis of the two cell lines (P<0.001, Figs. 7
and 8A‑D). The change in FAT‑1 expression was then detected
by western blot analysis and RT‑qPCR. It was observed that
SFN blocked the expression of FAT‑1 to a modest, yet significant degree, even in comparison with pc‑FAT‑1 overexpression
in T24 and SW780 cells (P<0.001, Fig. 8E‑J).
Discussion
The overgrowth and metastasis of tumor cells are the major
cause of cancer recurrence and associated mortality (25).
Therefore, effective antitumor therapy should not only focus
only on the inhibition of tumor cell growth, but also on
the prevention of metastasis. It has been demonstrated that
SFN exerts anti‑carcinogenic effects on various types of
cancer, such as ovarian cancer (26), gastric cancer (27), lung
cancer (28) and bladder cancer (18). However, the molecular
mechanisms of action of SFN in BC remain unknown. The
present study found that SFN exerted antitumor effects
through the suppression of the growth, migration and invasion, and the induction of apoptosis of BC cells. Moreover,
these effects of SFN were largely mediated by the inhibition
of the expression of FAT1.

FAT1 is considered a tumor suppressor in various types of
cancer. For instance, a low expression of FAT1 is frequently
observed in head and neck squamous cell carcinoma and
oral squamous cell carcinoma (29,30); antibody targeting
FAT1 could possibly be a novel therapeutic strategy for the
treatment of colorectal cancer (31); however, FAT1 is upregulated in grade IV glioma cells, and is an upstream regulator
of oncogenic and inflammatory pathways (22). Moreover,
glioblastoma cells in which FAT1 is knocked down are more
susceptible to death receptor‑mediated apoptosis (32). In BC,
protein‑inactivating mutations in FAT1 have been previously
identified (23). However, the present study found that FAT1
was upregulated in BC and was associated with a low 5‑year
survival rate, suggesting that FAT1 may be involved in the
progression and prognosis of BC. Further experiments indicated that the silencing of FAT1 suppressed the viability and
metastasis of T24 and SW780 cells, whereas the overexpression of FAT1 produced opposite effects on the two cell lines.
Rescue assays also demonstrated that the apoptosis of the
two cell lines was enhanced by the knockdown of FAT1 in
combination with SFN treatment, whereas it was inhibited by
the overexpression of FAT1 combined with SFN stimulation.
Thus, the current findings indicate that FAT1 may function as
an oncogenic driver in BC.
SFN is a natural product, and previous studies have
demonstrated that SFN exerts an antitumor effect on BC.
For instance, SFN has been shown to inhibit cell viability
and induce cell apoptosis in a dose‑dependent manner, and
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Figure 4. SFN inhibits the viability, migration and invasion of BC cells by inhibiting the expression of FAT‑1. (A and B) Viability of T24 and SW780 cells
detected by MTT assay. (C‑F) Migratory abilities of T24 and SW780 cells were detected by wound‑healing assay. Magnification, x100; scale bar, 100 µm.
(G‑J) Invasive abilities of T24 and SW780 cells were detected by wound‑healing assay. Magnification, x200; scale bar, 100 µm. **P<0.001 vs. siNC. ##P<0.001
vs. siNC + SFN. ^^P<0.001<0.001 vs. si FAT‑1. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.

INTERNATIONAL JOURNAL OF MOlecular medicine 46: 1085-1095, 2020

1091

Figure 5. SFN promotes apoptosis by inhibiting the expression of FAT‑1. (A‑D) Apoptosis of T24 and SW780 cells was measured by flow cytometry. (E‑J) The
expression of FAT‑1 was detected by western blot analysis and RT‑qPCR was regulated by siFAT‑1 and SFN stimulation in T24 and SW780 cells. **P<0.001 vs.
siNC. ##P<0.001 vs. siNC + SFN. ^^P<0.001<0.001 vs. si FAT‑1. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.
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Figure 6. efficiency of FAT‑1 overexpression in T24 and SW780 cells. (A‑C) Efficiency of FAT‑1 overexpression in T24 cells was detected by western blot
analysis and RT‑qPCR. (D‑F) Efficiency of FAT‑1 overexpression in SW780 cells was detected by western blot analysis and RT‑qPCR. **P<0.001 vs. control.
##
P<0.001 vs. NC. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.

Figure 7. FAT‑1 overexpression reverses the effects of SFN on the viability and metastasis of T24 and SW780 cells. (A and B) Viabilities of T24 and SW780
cells were detected by MTT assay. (C‑F) Migratory abilities of T24 and SW780 cells were detected by wound‑healing assay. Magnification, x100; scale bar,
100 µm. (G‑J) Invasive abilities of T24 and SW780 cells were detected by wound‑healing assay. Magnification, x200; scale bar, 100 µm. **P<0.001 vs. NC.
##
P<0.001 vs. NC + SFN. ^^P<0.001 vs. FAT‑1. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.
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Figure 8. FAT‑1 overexpression reverses the effects of SFN on the apoptosis of T24 and SW780 cells. (A‑D) The apoptosis of T24 and SW780 cells was measured by flow cytometry. (E‑J) Expression of FAT‑1 was detected by western blot analysis and RT‑qPCR, and was regulated by FAT‑1 and SFN stimulation in
T24 and SW780 cells. **P<0.001 vs. NC. ##P<0.001 vs. NC + SFN. ^^P<0.001 vs. FAT‑1. BC, bladder cancer; FAT‑1, FAT atypical cadherin 1; SFN, sulforaphane.
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such an effect is involved in mitochondrial dysfunction (17).
Moreover, SFN has been found to regulate the metastasis
and recurrence of BC by modulating EMT (33). Consistent
with the findings of previous studies, the present study found
that SFN inhibited the viability, and suppressed the migration and invasion of T24 and SW780 cells. Notably, it was
also found that SFN decreased the expression of FAT1 in a
dose‑dependent manner. Further experiments found that BC
cells exposed to SFN exhibited a reduced viability, migration and invasion, and these effects were enhanced by the
silencing of FAT1 and were suppressed by FAT1 overexpression.
However, the molecular mechanisms of FAT1 in
development of bladder cancer were not investigated in
the present study. It has previously been demonstrated that
FAT1 is involved in regulating the Hippo pathway (34,35),
the Wnt/ β ‑catenin pathway (36) and the MAPK/ERK
pathway (37); however, whether these pathways are regulated
in BC via FAT1 warrants further investigation. Moreover, the
function of FAT1 in BC was not examined by an in vivo assay
in the present study. It has been reported that FAT1‑specific
monoclonal antibody mAb198.3 can suppress the growth of
colon cancer xenograft models; therefore, it can be developed as a potential drug for colorectal cancer (38). However,
whether the FAT1‑specific antibody can be applied to the
treatment of BC remains unknown. Additionally, the mechanisms through which SFN regulates FAT1 remain unknown
and warrant further investigation. A previous study demonstrated that SFN inhibits the invasion of glioblastoma cells by
increasing the expression levels of E‑cadherin, and decreasing
the expression levels of MMP‑2, MMP‑9 and galectin‑3 (39).
Recently, a study found that SFN plays an anticancer role by
targeting multiple molecules and pathways, such as Nrf2,
histone deacetylases (HDACs), poly(ADP‑ribose) polymerase
(PARP), Bcl‑2 family, MAPKs, hypoxia‑inducible factor
(HIF)1α and NF‑κ B (8). However, the mechanisms underlying
the regulation of FAT1 by SFN remain unclear. A limitation
of the present study is that clinical data from a TCGA BC
dataset were not compared. In addition, the association of
other BC cadherins related to cell interactions or organization,
and apoptosis related‑factors were not investigated. Although
the highest doses of SFN may not be achievable in vivo, drugs
or approaches to tackle FAT‑1 expression warrant further
investigation.
In conclusion, the findings of the present study demonstrate that FAT1 is upregulated in BC tissues and cells. A
high expression of FAT1 is predictive of a low 5‑year survival
rate of patients with BC. Moreover, SFN exerts a suppressive
effect on the growth and metastasis of BC. Furthermore, the
therapeutic effect of SFN on BC is possibly mediated by FAT1.
Thus, the current findings provide a novel understanding of the
role of SFN in BC.
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