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Introduction

Bladder cancer (BC) is a common urological carcinoma 
on the bladder mucous membrane. In the United States, 
BC is the 4th most common cancer in men and the 11th in 
women (1). Just like the other malignancies in the urinary 
system, BC has the biological potential for recurrence, 
metastasis, and drug resistance. Research has shown that 
smoking and other genetic and environmental factors can 
boost the occurrence and development of BC (2). For 
non-muscle-invasive BC (which occurs in almost 75% 
of first-visit patients), the main therapeutic approach is 

the complete resection of the tumor (3). Similar to other 
tumors, the biological manifestations of BC include 
cell multiplication, apoptosis dysfunction, invasion, and 
metastasis (4). Recurring tumors can develop into muscle-
invasive BC, and malignancy can substantially increase. 
Intravesical chemotherapy or a Bacille Calmette-Guérin 
(BCG) vaccine are regularly used to reduce post-operative 
recurrence in BC. However, the toxic side effects and drug 
resistance limited the values of existing chemotherapy drugs. 
Thus, the screening of drugs aimed at the uncontrolled 
proliferation, invasion, and migration of BC cells is of great 
significance.
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Devazepide is a derivative of benzodiazepine that acts 
as a cholecystokinin-A (CCK-A) receptor antagonist, and 
antagonizes CCK’s physiological and behavioral effects. 
Research has shown that devazepide can have an anti-
tumor effect on the growth of multiple types of human 
cancer. For example, devazepide is useful in inhibiting the  
proliferation of colonic cancer cells, pancreatic cancer, and 
Ewing tumors (5-7).

The data show that devazepide blocks CCK-A receptors, 
which can be activated by CCK-8s, and significantly reduces 
HT-29 cell division and increases apoptosis- and necrosis-
induced cell death (5). Devazepide can also prevent tumor 
emboli and metastasis through a mechanism involving 
vascular endothelial growth factor A (6). Research has 
also shown that these effects on Ewing tumor cell viability 
appear to be attributable to the apoptosis-inducing effects 
of devazepide (7).

The CCK receptor (CCKR) is supposed to influence 
the expression of downstream genes in human BC, 
leading to cell survival, angiogenesis, and invasion (8); 
however, research on the effects of devazepide is limited. 
Assuming the anti-tumor potential of devazepide in BC, 
we systematically evaluated the effects of devazepide on the 
proliferation and apoptosis of BC cell lines 5637 in vitro. 
Specifically, this study sought to examine the effects of 
devazepide on 5637 cells. Due to the particularity of bladder 
intravesical instillation, the application of Devazepide to 
BC cells is more direct, and the concentration of devazepide 
can be better controlled, leading to a broader application 
prospect. We firstly examined whether devazepide can 
inhibit cell growth, migration, and promote the apoptosis 
of 5637 cells. We preliminarily explored the underlying 
mechanism, which is expected to contribute to a potential 
therapy for BC. We present the following article in 
accordance with the MDAR reporting checklist (available at 
http://dx.doi.org/10.21037/tau-21-409).

Methods

Experimental cells and main reagents

Human BC 5637 cells were provided by Shanghai Cell 
Bank of the Chinese Academy of Sciences, Shanghai, 
China. Devazepide (obtained from Tocris Bioscience, 
UK) was dissolved in absolute ethanol to 50 mM. 
Dulbecco’s modified Eagle’s medium (DMEM), trypsin, 
ethylenediaminetetraacetic-acid solution, and fetal bovine 
serum (FBS) were obtained from GIBCO, USA. An annexin 

V, fluorescein isothiocyanate (FITC) apoptosis detection 
kit and a cell counting kit-8 (CCK-8) were purchased from 
Dojindo (Kumamoto, Japan). CyclinD1 antibody (BS1741), 
Bcl-2-associated X protein (Bax) antibody (BS2538), goat 
anti-rabbit immunoglobulin G (IgG) (H + L)-FITC and 
horseradish peroxidase (HRP) labeled anti-rabbit secondary 
antibody were purchased from Bioworld, USA. Ki67 
antibody (ab16667), Tubulin antibody (ab7291), PARP1 
antibody (ab191217), and Cleaved Caspase-3 antibody 
(ab32042) were acquired from Abcam, UK.

Cell culture and treatment

5637 cells were cultured in DMEM cell culture solution 
supplemented with 10% FBS and 1% penici l l in/
streptomycin, and placed in an incubator at 37 ℃ in 5% 
carbon dioxide (CO2). Cells were exposed to 6–50 μM 
dvazepide and harvested at the designated time points.

CCK-8 assay

Human 5637 cells were seeded in 96-well-culture plates 
and treated with or without 6, 12, 25, or 50 μM devazepide 
for 24 to 72 h. A 10 μL CCK-8 was added into each well, 
and the cells were hatched in the dark for 1 h. A microplate 
reader was used to quantify the optical density of the cells at 
450 nm.

Colony formation assay

About 2,000 of 5637 cells were inoculated into 6 cm plates 
and incubated in DMEM containing 10% FBS and 1% 
penicillin/streptomycin with or without 25 μM devazepide 
for 7 days. They were then washed with PBS twice and 
fixed with paraformaldehyde for 15 min, stained with 
crystal violet for 2 min and cleaned with PBS. The plate 
was photographed, and the numbers of the colonies were 
counted using Image J software.

Wound healing assay

5637 cells were seeded onto 6-well plates and cultured to 
full confluence. A wound was created in the center of each 
well. Next, they were carefully washed twice with PBS to 
remove any detached cells, and the medium was replaced 
with FBS free DMEM containing devazepide (0, 25, or  
50 μM) and then incubated at 37 ℃ for 48 h. The wound 
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was observed and photographed, and the relative wound 
healing rates were calculated.

Apoptosis assay

5637 cells were inoculated into 6-well plates and incubated 
with or without 25 μM devazepide for 48 h. After being 
washed with PBS, the cells were resuspended in a 1× 
Annexin V binding buffer. The resulting cultures were 
treated with Annexin V-FITC and PI reagent for 15 min in 
the dark. Finally, the apoptosis was measured using a BD 
FACSCanto II Flow Cytometer.

Cell cycle assay

5637 cells were cultured in a medium containing devazepide 
(0 or 25 μM) for 48 h, and were fixed with 70% precooled 
ethanol overnight at 4 ℃. The cells were then treated 
with PBS containing Triton X-100 (0.2%), ribonuclease A  
(100 μg/mL) and Propidium Iodide (PI) (50 μg/mL) for  
1 hour at 4 ℃ in the dark, followed by flow cytometry.

Western blot assay

After treatment with devazepide (0 or 25 μM), 5637 
cells were homogenized in a ristocetin-induced platelet 
aggregation lysis buffer to which a protease inhibitor and 
phenylmethylsulfonyl fluoride (Beyotime Biotechnology, 
Shanghai, China) lysate were added to isolate the total 
protein of each group. The total protein was loaded into 
sodium dodecyl sulfate-polyacrylamide gel, separated by 
electrophoresis, and transferred to a polyvinylidene fluoride 
(PVD) membrane. The PVDF membrane was blocked 
with 5% skim milk for 1 h and washed with tris-buffered 
saline (TBST) for 10 min 3 times. The membrane was 
incubated with the primary antibodies at 4 ℃ overnight 
and washed with TBST, and then incubated with HRP-
conjugated secondary antibody (goat anti-rabbit) for 1 h at 
room temperature. The colors of the bands were developed 
with an enhanced luminol-based chemiluminescent 
kit (Beyotime), and photographs were taken using a 
chemiluminescent imaging system. Image J software was 
used to analyze the gray values.

Immunofluorescence

5637 cells were seeded onto coverslips and treated with 
devazepide (0 or 25 μM) for 48 h. The cells washed with 

PBS were fixed in 4% paraformaldehyde for 15 min and 
permeabilized with 0.3% Triton X-100 for 30 min at room 
temperature. After being blocked with 2% bovine serum 
albumin for 1 h, the slides were incubated with a primary 
antibody of Ki67 (1:200) overnight at 4 ℃ and goat anti-
rabbit IgG (H + L)-FITC (1:500) in the dark for 2 h at 
room temperature. Cells were stained with 4',6-diamidino-
2-phenylindole (DAPI), and then viewed using an EVOS 
FL Auto Imaging System (ThermoFisher, USA).

Statistical analysis

We repeated all the experiments independently at least 3 
times and used a one-way analysis of variance and Student’s 
t-test to analyze the statistical significance among groups 
by GraphPad Prism 8.0.2 (GraphPad Software, USA) and 
SPSS 22.0 (IBM Corporation, USA). The measurement 
data were expressed as mean ± standard deviation (x ± SD).  
A P<0.05 indicated statistical significance; NS, not significant; 
*, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001.

Results

Devazepide inhibits the proliferation of human BC cells  
in vitro

In an attempt to demonstrate the effects of devazepide on 
the proliferation of BC cells, we respectively treated human 
5637 BC cells with devazepide at concentrations of 0, 6, 
12, 25, and 50 μM for 24, 48, and 72 h. CCK-8 assays were 
performed to examine the effects of devazepide on cell 
viability. The results indicated that the groups exposed to 
devazepide at 6 to 50 μM for 24 h showed no significant 
difference (P>0.05) compared to the control group  
(Figure 1). However, the difference was statistically significant 
(P<0.001) when the cells were treated with concentrations 
of 12, 25, and 50 μM for 48 and 72 h, and the inhibitory 
effect was more obvious as treatment time was prolonged 
and the concentration of devazepide was increased.

We evaluated the capacity for colony formation in 5637 
cells after incubation with or without 25 μM devazepide, 
and found that the number of devazepide-treated cell clones 
was significantly fewer and smaller than the untreated 
clones (P<0.001) (Figure 2).

Further,  the devazepide-treated and untreated 
5637 cells on coverslips were detected with indirect 
immunofluorescence. The results showed that in 5637 
cells, the fluorescence intensity for Ki67 decreased in the 



2116 Zhang et al. Devazepide suppresses cell proliferation in BC

  Transl Androl Urol 2021;10(5):2113-2121 | http://dx.doi.org/10.21037/tau-21-409© Translational Andrology and Urology. All rights reserved.

devazepide-treated group than the control group (Figure 2).
At a molecular level, we treated 5637 cells with 25 μM  

devazepide for 12 and 24 h to examine the effects of 
devazepide on the expression of CyclinD1 protein in 5637 
cells. The result of a western blot analysis showed that 
devazepide inhibited the expression of CyclinD1 protein 
(P<0.05) (Figure 2). However, the difference between the  
12 h group and the 24 h group was not significant.

Devazepide sensitizes human BC cells to apoptosis in vitro

Flow cytometry was conducted to determine the effects of 
devazepide on the apoptosis of 5637 cells. The apoptotic 
rates of 5637 cells treated with 25 μM of devazepide for 48 h  
were dramatically higher than those of the control groups 
(P<0.01); thus, devazepide induced cell apoptosis (Figure 3).

To further explore the effects of devazepide in relation to 
the apoptosis of 5637 cells, we determined the expression 
levels of apoptosis-related proteins (i.e., Bax, PARP1, and 
Cleaved Caspase-3) in 5637 cells after incubation with 
Devazepide for 12 and 24 h. The relative expression of Bax, 
PARP1, and Cleaved Caspase-3 protein was more increased 
in the devazepide-treated group than the untreated 
control group, and the diversity was more evident with the 
prolongation of treatment time (Figure 3).

Devazepide restrained cell cycle and migration

In an attempt to explain the mechanism underlying cell 
proliferation inhibited by devazepide, we examined whether 
devazepide would also affect 5637 cell cycle progression. 
The cells incubated with 25 μM devazepide for 48 h were 
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Figure 1 Devazepide inhibited in vitro cell viability of BC 5637 cells in a time- and dose-dependent manner. The proliferation of 5637 cells 
were detected by a CCK-8 assay after treatment with devazepide (0, 6, 12, 25, or 50 μM) for 24, 48, and 72 h (A,B). Statistical comparisons 
between the devazepide-treated groups and the control groups showed that, at 48 and 72 h, the cell viabilities of 5637 cells were significantly 
reduced under the effect of indicated concentrations of devazepide (C,D,E). ***, P<0.001; ****, P<0.0001. Original magnification, ×100. BC, 
bladder cancer; CCK-8, cell counting kit-8; NS, not significant.
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stained with PI, and cell cycle phase populations were then 
determined by flow cytometry. G1–S phase cell cycle arrest 
was induced in devazepide-treated 5637 cells, accompanied 
by an increase in cells in the G1/G0 phase (P<0.01) and co-
occurrent reductions in cells in the S-phases and G2/M 
phases (P<0.05) (Figure 4).

The results of the wound healing experiments showed 
that 5637 cell migration was more suppressed in the 
devazepide-treated group than the untreated group (Figure 4).

Discussion

BC is the second most common urogenital cancer, and 
due to its high recurrence and mortality, it is considered 
one of the deadliest malignant tumors (1). At present, 
different methods are used to treat BC depending on the 
pathological stage and grade (9). Intra-bladder infusion 
chemotherapy is an important method for preventing the 
recurrence or progression of BC. However, the side effects 

Figure 2 Devazepide inhibited cell proliferation and colony formation of bladder cancer 5637 cells. The cell colonies were stained with 
crystal violet, and then captured and counted, scale bar: 5 mm (A). Devazepide decreased the cell colonies (B). We photographed the 
devazepide-treated 5637 cells and untreated cells, which were stained with Ki67 and DAPI, scale bar: 20 μm (C). A western blot was 
performed to evaluate the expression of CyclinD1 protein in 5637 cells incubated with 25 μM devazepide for 12 and 24 h (D). The results 
represented the mean ± SD for three independent experiments (E). CyclinD1 expression was normalized to Tubulin in 5637. *, P<0.05; ***, 
P<0.001. SD, standard deviation; DAPI, 4',6-diamidino-2-phenylindole.
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of chemotherapy drugs and the drug resistance of BC cells 
are a major obstacle for treatment (10).

Devazepide, a benzodiazepine drug, can effectively 
block the CCK-mediated activation of CCK-A receptors, 
and is usually used to treat gastrointestinal disorders (11). 
In other studies, devazepide has shown potential anti-
tumor activity, suggesting that devazepide can inhibit the 
proliferation of various cancer cells, such as HT-29 cells (5). 
It has also been reported that devazepide can restrain the 
metastasis of pancreatic cancer (6), and induce the apoptosis 
of Ewing tumor cells (7). It has been reported that, the 
CCKR signaling pathway is triggered by CCKAR and 
CCKBR, which are supposed to influence the expression of 
downstream genes (BCL2, CCND1, MYC, PTEN, RHOA, 

SP1) and affect cell survival, angiogenesis, and invasion in 
human BC (8).

Tumor growth depends on the balance between cell 
proliferation and apoptosis. Our research is the first to 
confirm the anti-tumor effects of devazepide on human 
5637 BC cells. Between the devazepide-treated group and 
the untreated control group, the in-vitro cell-function test 
results showed that devazepide significantly inhibited the 
proliferation and promoted the apoptosis of 5637 cells 
in a dose- and time-dependent manner. Several scientific 
studies have shown that Ki67, which is a cell marker of 
proliferation, can regulate ribosomal ribonucleic acid 
transcription and is closely related to the cell proliferation 
of BC (12) and renal cancer (13). In our research, we 

Figure 3 Devazepide promoted apoptosis in human BC 5637 cells. We collected 5637 cells cultured in medium containing devazepide  
(0 or 25 μM) for 48 h and analyzed the apoptotic cell proportion by flow cytometry (A). The values were expressed for the bar graphs as 
the mean ± SD of independent experiments repeated 3 times (B), **, P<0.01. After treatment, the expression of apoptosis-related proteins 
(Bax, PARP1, and Cleaved Caspase-3) were detected by a western blot. Tubulin was used as the internal control (C). We then quantified the 
band intensity using Image J software (D). *, P<0.05; ***, P<0.001; ****, P<0.0001 vs. the untreated group. BC, bladder cancer; SD, standard 
deviation; Bax, Bcl-2-associated X protein; PARP1, poly ADP-ribose polymerase 1; NS, not significant.
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Figure 4 Devazepide induced G1/G0 phase cell cycle arrest and restrained migration in BC 5637 cells. Flow cytometry was performed 
in devazepide-treated/untreated 5637 cells to determine the cell phase populations with PI labeling. As the percentage of cells in each cell 
cycle phase showed (A), devazepide-mediated inhibition of proliferation in 5637 cells occurred as a result of G1–S cell cycle arrest (B). 
After incubation with FBS free DMEM containing devazepide (0, 25 or 50 μM) for 48 h (C), we recorded images of the wounded areas and 
assessed the amount of the invading cells by analyzing the wound closure by Image J (D). *, P<0.05; **, P<0.01; ***, P<0.001. BC, bladder 
cancer; FBS, fetal bovine serum; DMEM, Dulbecco’s modified Eagle’s medium.

observed that the fluorescence intensity for Ki67 in 5637 
cells treated with devazepide decreased, which seems to 
be an important sign of cell proliferation inhibition in the 
presence of devazepide. During the whole cell growth, 
the speed of cell proliferation is controlled by the cell 
cycle, which leads to deoxyribonucleic acid and cells being 
divided and replicated to produce progeny cells (14). The 
cell cycle in cells with nuclei consists of two periods; that 
is, the interphase and the mitotic phase (including mitosis 
and cytokinesis). Cell cycle is mainly regulated by two 
checkpoints (i.e., G1/S and G2/M). Transition from the 
G1 to the S phase is key to cell cycle progression, during 
which most proliferation-associated gene events occur (15). 
When treated with devazepide, the 5637 cells in the G1/G0 
phase increased significantly, and there was also a significant 
decrease cells in the S phase and the G2/M phase. Thus, 
devazepide induces G1–S cell cycle arrest in human BC 

5637 cells.
The G1-phase to S-phase transition is regulated by 

cyclins and cyclin-dependent protein kinase (CDK). 
CyclinD1 forms active cyclin D/CDK4/CDK6 complexes 
in which CDK4 or CDK6 act as regulatory subunits for 
progression beyond G1–S transition (16). The induction 
of CyclinD1 is a rate-limiting event for the activation of 
CDK4 and CDK6, and the subsequent transcription of 
cyclin E gene promoting the transition of cells from the G1 
to S phase. We found that when treated with devazepide, 
the expression of CyclinD1 was reduced in 5637 cells. Thus, 
devazepide inhibits the proliferation of 5637 cells, and the 
mechanism of action is related to cell cycle arrest in the G1–
S phase, which is properly induced by the downregulation 
of the cell cycle regulatory protein CyclinD1.

Apoptosis, a universal efficient cellular suicide pathway, 
is a trigger of programmed cell death (17). We performed 
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flow cytometry assays and found that devazepide induces 
apoptosis in 5637 cells. Bax, an important homolog of Bcl-2,  
promotes the permeabilization of the mitochondrial outer 
membrane, leading to intrinsic apoptosis (18). Caspase-3, an 
effector caspase that leads to the demise of a cell, recognizes 
different target proteins and cleaves short amino-acid 
sequences (19). The results of the western blot assay showed 
that devazepide increased Bax, Cleaved Caspase-3, and 
PARP1 protein expression, and induced apoptosis in 5637 
cells, related to the mitochondrial pathway.

The results also indicated that devazepide significantly 
inhibited the migration of 5637 cells, which are the 
leading causes of recurrence and metastasis in BC. The 
pharmacokinetic and pharmacodynamic properties of 
devazepide have been studied in detail, and research has 
shown that devazepide by itself is not nephrotoxic and is 
well tolerated in several species, including humans (20,21).

Conclusions

The study indicated that devazepide inhibited the 
proliferation of human BC 5637 cells through G1–S cell 
cycle arrest and induced cell apoptosis. These results 
suggest that devazepide may provide a novel prospective 
treatment option for human BC.
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