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The mechanism by which cisplatin, mitomycin,  
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Abstract: Bladder cancer indicates an advanced and metastatic disease with high disease specificity and a low 
overall survival rate. Post-surgical treatment using chemotherapeutic agents shows a high prognostic recurrence 
rate, while combinational drug treatments demonstrate promising effects in reducing the recurrence rate in post-
operative bladder cancer. In this study, we evaluated the inhibitory effects of single and combinational treatments of 
three drugs (cisplatin, mitomycin, and doxorubicin) on the growth of T24 cells in bladder cancer in vitro. The inhibi-
tory effects on the proliferation of T24 cells were measured by conducting the MTT assay, and the apoptosis of T24 
cells was evaluated by flow cytometry and Hoechst 33258 staining. The expression of the protein was examined by 
performing the Western blotting assay. The MTT assay showed a considerably lower growth of cancer cells in the 
combinational treatment groups than in cells in the single-drug treatment groups, which was further confirmed by 
the results of the Western blotting and flow cytometry assays. We also found that the drug-induced apoptosis of 
T24 cells was regulated by the Caspase protein family. Therefore, the combined treatment of cisplatin, mitomycin, 
and doxorubicin might reduce the risk of the recurrence of bladder cancer. This study evaluated the efficacy of the 
combination of three drugs in the treatment of bladder cancer.
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Introduction 

Bladder cancer endangers human life and 
health. In the past 10 years, epidemiological 
studies have shown that, along with the con-
tinuous improvement in diagnosis and treat-
ment strategies, more than 300,000 new 
cases of bladder cancer arise annually, with 
more men affected than women [1]. In Euro- 
pean countries, the mortality rate of bladder 
cancer is higher in men than in women, while 
the incidence in women is also rising. In the 
United States, the incidence rate in white peo-
ple is considerably higher than that in black 
people, but the mortality rate is similar. In 
Canada, the incidence of bladder cancer is half 
of that in the United States. The mortality and 
incidence rates of bladder cancer in Asian 
countries have remained stable or decreased 
in the past few years [2]. However, in African 
countries, due to poor medical facilities and  

the environment, have incidence and mortality 
rates of bladder cancer that are increasing 
among many young individuals, which might be 
related to unhealthy eating habits and poor 
public health conditions [3].

In China, 80,500 new cases of bladder urothe-
lial carcinoma (which is the sixth most preva-
lent male malignant tumor in China), from 
62,100 men and 18,400 women were reported 
[4]. Around 32,900 deaths (25,100 men and 
7,800 women) occurred due to bladder urothe-
lial carcinoma [2]. With economic development 
in China, the improvement of human health and 
living habits has been gaining attention, espe-
cially the prevention and treatment of diseases 
in public health institutions and among individ-
uals [5]. In this study, we evaluated the inhibi-
tory effects of single and combinational treat-
ments of three drugs (cisplatin, mitomycin, and 
doxorubicin) on the growth of bladder cancer 
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T24 cells in vitro to provide recommendations 
for reducing the recurrence and mortality rates 
of bladder cancer in clinical practice, and thus, 
enhancing the quality of life of the patients.

Materials and methods

Materials

Dimethyl sulfoxide (DMSO) was purchased  
from Sigma (USA), sterile PBS and agarose 
were purchased from Solarbio Biotechnology 
Co., Ltd. (Beijing), cyanine/streptomycin dou-
ble-antibody were obtained from Gansu Se- 
cond People’s Hospital, and 10% fetal bovine 
serum (FBS) was purchased from Zhejiang 
Tianhang Biotechnology Co., Ltd. Doxorubicin 
(H14023879) was purchased from Shanxi 
Pude Pharmaceutical Co., Ltd. Cisplatin (H37- 
021358) was purchased from Qilu Pharma- 
ceutical Co., Ltd. Mitomycin (H33020786) was 
purchased from Zhejiang Haizheng Pharma- 
ceutical Co., Ltd. 

Cell culture and drug preparation

The human bladder transitional carcinoma cell 
line T24 was purchased from the National 
Collection of Authenticated Cell Cultures 
(Shanghai). The T24 cells were cultured in 
DMEM/high glucose medium (Hyclone) con-
taining 10% fetal bovine serum (FBS) and 1% 
double-antibody. The cells were passaged 
when 95% confluence was reached.

Doxorubicin (ADM), Cisplatin (DDP), and Mito- 
mycin (MMC) were dissolved in ddH2O to obtain 
a stock solution of 1 mg/mL and stored at 4°C.

MTT assay 

The T24 cells were cultured in a CO2 incubator 
until the confluence reached 85%. The adher-
ent cells were then collected using trypsin. A 
fresh culture medium was added to resuspend 
the cells to obtain a final cell density of 1 × 105 
cells/mL, and 100 µL of the cell suspension 
was added to all the wells of a 96-well plate  
and cultured overnight. After the cells adhered 

37°C for 15 min. The absorbance was mea-
sured at 490 nm with a microplate reader.

Hoechst 33258 staining

The T24 cells in the logarithmic growth stage 
were cultured with DMEM/high sugar medium 
containing penicillin, streptomycin, and 10% 
fetal bovine serum until 85% confluence. The 
cells were digested and collected using trypsin 
after centrifugation with 2 mL of fresh medium. 
Additional fresh culture medium was added to 
make a cell density of 1 × 105/mL, and then, 
100 µL of cell suspension was added to each 
well of a 96-well plate. After the cells were  
completely attached to the bottom overnight, 
they were treated with different drugs as men-
tioned above. The cells were collected, fixed, 
and stained using Hoechst 33258. Briefly, 20 
µL of Hoechst 33258 was evenly coated on the 
cells, which were stained at room temperature 
for 5 min. The cells were washed three times 
with PBS for 1 min, and then, a fluorescent 
microscope was used to record the images.

Flow cytometry assay

After trypsin digestion, the cells were collected 
and centrifuged at 800 rpm for 5 min. Fresh 
medium (2 mL) was added to resuspend the 
cells. The cell density was counted and adjust-
ed to 1 × 105/mL by adding fresh culture medi-
um. Next, 100 µL cell suspension was added  
to each well of the 96-well plate. After the cells 
were completely attached to the bottom over-
night, the drugs were added. The volume of the 
added drugs was 10% of the volume of the cell 
culture medium. After 24 h of culture, the cells 
were washed twice with PBS, centrifuged at 
1,000 rpm for 5 min, and the supernatant was 
discarded. Av/PI staining was performed for 
cell apoptosis analysis following the instruc-
tions provided with the flow cytometry kit. 

Western blotting assay

Western blotting was performed following the 
method used in our previous study, with some 

Table 1. The concentration and drug combination 
used in the MTT assay
Drug C0 C1 C2 C3 C4 C5 C6 C7
ADM ng/mL 0 100 150 200 250 300 350 400
DDP μg/mL 0 1.25 2.5 5 10 20 40 80

to the bottom of the wells, they were treat-
ed for 24 h using drugs or drug combina-
tions as shown in Table 1. To measure cell 
viability, 10 µL of MTT was added to each 
well and cultured for 4 h. The culture me- 
dium was then discarded and 100 µL of 
DMSO was added to dissolve the die at 
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modifications [6]. Briefly, T24 cells in the loga-
rithmic growth stage were cultured and treated 
with drugs as described above. Next, the cells 
were harvested with trypsin, lysed in RIPA sup-
plemented with 0.1% PMSF on ice, and centri-
fuged at 12,000 g for 10 min at 4°C. The super-
natants were collected and total protein levels 
were quantified using the BCA protein assay kit. 
Then, the cell lysates were mixed with loading 
buffer and boiled, vortexed, centrifuged, and 
subjected to SDS-PAGE electrophoresis. Finally, 
they were transferred onto a PVDF membrane 
following a standard protocol. After blocking 
with 5% non-fat milk in TBST (50 mM Tris-HCl at 
pH 8.0, 150 mM NaCl, 0.1% Tween 20), the 
membrane was incubated with primary and 
secondary antibodies, respectively. The signals 
were detected using an ECL kit and analyzed 
using the Image J software.

Statistical analysis

Statistical analyses were conducted using 
SPSS 19.0. The differences between groups 

were determined by performing a one-way 
ANOVA. Tukey’s multiple comparison test was 
conducted to determine significant differences 
among multiple comparisons. All differences 
among and between groups were statistically 
significant at P < 0.05.

Results and discussion

Inhibitory effects of the three drugs on T24 
cells

Bladder cancer is a malignant tumor that 
affects more than 400,000 patients annually 
worldwide. The incidence is higher in men than 
in women [7, 8]. The results of the MTT assay 
showed that the inhibitory effect of cisplatin 
combined with doxorubicin was higher than 
that of cisplatin alone. The half-maximal inhibi-
tory concentration (IC50) values of the ADM, 
DDP, and MMC alone were 257.7 ng/mL, 32.7 
µg/mL, and 10.8 µg/mL, respectively (Figure 
1A-C). The inhibition results of all the tested 

Figure 1. The inhibitory effects of ADM, DDP, MMC, and their combinations on the growth of T24 cells. A: ADM; B: 
DDP; C: MMC; D: Drug combination.
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groups, including ADM (150 ng/mL), DDP (2.5 
µg/mL), and MMC (2.5 µg/mL), are shown in 
Figure 1D. The above concentration of each 
drug was used to form combinational treat- 
ment groups, including the ADM + DDP, ADM + 
MMC, DDP + MMC, and ADM + DDP + MMC 
groups (Figure 1D). The results showed that  
the inhibitory effect of the combination of ADM 
+ MMC was similar to that of the three drugs, 
which indicated that these two combinations 
had the strongest inhibitory effect on T24 cells 
(Figure 1D). This preliminary study also show- 
ed a positive correlation between the inhibitory 
effects of the drugs on bladder cancer cell 
growth and the doses of the drugs.

Effects of the three drugs and their combina-
tions on cell apoptosis 

The recurrence rate of bladder cancer is very 
high. Although there are several causes of  
bladder cancer, smoking is one of the main 
causes [9, 10]. To explain the recurrence, 
Hoechst 33258 staining followed by fluores-
cence microscope detection was conducted to 
evaluate programmed cell apoptosis. The 
results showed that the inhibitory effects of 
drug combinations were significantly stronger 
than that of any single drug in inducing cell 
apoptosis (Figure 2). Moreover, the apoptotic 
phenotypes of the three-drug combination 
group were different from those of the two- 

drug combinations induced apoptosis mostly 
during the late stage of apoptosis (Figure 3). 
We found similar results after administering a 
combination of drugs to T24 cells, which fur- 
ther confirmed that the drug combinations had 
strong inhibitory effects on the growth of blad-
der cancer cells. 

Effects of the three drugs and their combina-
tions on Caspase-3 expression in T24 cells 

Mitomycin, doxorubicin, and cisplatin inhibit 
T24 cells mainly by regulating the AQP1, 
Channel, and Caspase family proteins [11]. 
Caspase-3 is involved in the inhibition of blad-
der cancer [12]. The results of the Western blot 
analysis of t-Caspase-3 and c-Caspase-3 in 
T24 cells treated with different drug combina-
tions showed that the combination of doxorubi-
cin and mitomycin was significantly more effec-
tive than the other combinations (Figure 4). The 
inhibitory effect of cisplatin on T24 Caspase-3 
protein expression was significantly lower than 
the inhibitory effect of the other drugs, and the 
inhibitory effects of drug combinations were 
significantly higher than those of any single-
drug treatment. Some studies also found that 
the abnormal expression of some growth-
essential genes were associated with a poor 
prognosis of bladder cancer, and these genes 
might be potential targets for the precise treat-
ment of bladder cancer [13]. This preliminary 

Figure 2. Hoechst 33258 staining of T24 cells treated with ADM, DDP, MMC, 
and their combinations. A: Control group; B1: ADM; B2: DDP; B3: MMC; C1: 
ADM + DDP; C2: ADM + MMC; C3: DDP + 2.5 MMC; D: ADM + DDP + MMC. 
The red arrows show the location of apoptotic bodies.

drug combination groups, whi- 
ch further showed that the 
inhibitory effect of the drug 
combination on the growth of 
T24 cells was better than indi-
vidual drug treatments.

The flow cytometry assay was 
conducted to further examine 
cell apoptosis in T24 cells 
treated with ADM, DDP, MMC, 
and their combinations. About 
77% of the cells were apop- 
totic after treatment with the 
doxorubicin and cisplatin com-
bination, while 70.3% and 
1.03% of the cells were apop-
totic after treatment with doxo-
rubicin only and cisplatin only, 
respectively (Figure 3). These 
findings indicated that doxoru-
bicin plays a more important 
role in inducing the apoptosis 
of T24 cells. Additionally, the 
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Figure 3. A flow cytometry analysis was performed to evaluate the apoptosis of T24 cells treated with ADM, DDP, 
MMC, and their combinations.

Figure 4. Caspase protein expression in T24 cells treated with ADM, DDP, MMC, and their combinations.
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study provided a scientific basis for further 
research on the mechanism and targeted ther-
apy of bladder cancer.

Conclusions

Bladder cancer indicates an advanced and 
metastatic disease with high disease specifici-
ty and a low overall survival rate. Post-surgical 
treatment shows a high prognostic recurrence 
rate of bladder cancer, while chemotherapy 
with combined drug treatment shows a consid-
erably lower recurrence rate than single-drug 
treatment [14]. In the therapeutic regimen for 
most solid tumors, chemotherapy is the best 
option for treating metastatic diseases. How- 
ever, bladder cancer is chemo-resistant, and 
the success of treatment after using multia-
gent routines, including cisplatin, is modest [8]. 
Our study revealed that the combined treat-
ment with cisplatin and doxorubicin showed 
higher inhibitory effects than cisplatin alone. 
We also showed that the inhibitory effects of 
the drugs on the growth of the bladder cancer 
cell lines were in a concentration-dependent 
and time-dependent manner and might de- 
pend on the induction of cell apoptosis. The 
findings in this study further indicated that 
stronger tumor inhibition is possible when cis-
platin is combined with other chemotherapeu-
tic agents. 
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