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Abstract. Bladder cancer, a common urinary tract tumor, has 
high mortality and recurrence rates associated with metastasis. 
Aminopeptidase N (APN) expression and metastasis have been 
indicated to be associated with one another. Ubenimex may 
function as an APN inhibitor to inhibit the degradation of the 
extracellular matrix during tumorigenesis. Furthermore, APN 
has been widely used as an adjuvant therapy for the treatment 
of tumors; however, little information is available regarding 
the impact of ubenimex on patients. Autophagy is suggested to 
be important in the transformation and progression of cancer. 
Additionally, apoptosis, which leads to the rapid demolition 
of cellular organelles and structures, has also been suggested 
as an important factor. Thus, the present study investigated 
the role of ubenimex in inhibiting migration and invasion by 
downregulating APN expression levels to induce autophagic 
cell death and apoptosis in bladder cancer cells. RT112 and 
5637 cell lines were treated with varying doses of ubenimex. 
Cell viability was measured by CCK8 colorimetry and flow 
cytometry. Using fluorescence microscopy, autophagic cell 
death was assessed using acridine orange/ethidium bromide 
staining. Furthermore, apoptotic cell death was assessed using 
flow cytometry and Trypan blue staining was used to evaluate 

the cell death rate. Protein expression was determined by 
western blot analysis. Matrigel invasion assays were exploited 
to assess the invasion capabilities of 5637 cells. Wound‑healing 
migration assays and Matrigel migration assays were exploited 
to assess the migratory abilities of 5637 cells. Treatment with 
ubenimex was accompanied by decreased Akt expression, 
indicating that ubenimex may have similar functions to Akt 
inhibitors. Results also indicated that ubenimex inhibited cell 
migration and invasion in bladder cancer cells. Furthermore, 
ubenimex also induced autophagic cell death and apoptosis, 
which suggested that mixed programmed cell death occurred 
in ubenimex‑treated bladder cancer cells. The results from 
the present study suggest that ubenimex may be a potential 
adjuvant therapy for the treatment of bladder cancer.

Introduction

Bladder cancer is the most common urological tumor and 
ranks as the leading cause of death in patients with urinary 
tract disease (1). Despite the development of treatment strate-
gies, within the first year after TURP (transurethral resection 
of prostate) treatment of NMIBC (non‑muscle invasive bladder 
cancer), the probability of disease recurrence ranges from 15 
to 60% and the probability of disease progression at 5 years 
ranges from 7 to 40% (2). Furthermore, MIBC has a higher 
rate of progressing to distant, life‑threatening metastases 
than NMIBC and is still the major cause of low survival rate. 
The high metastatic rate of MIBC has always been the main 
obstacle in clinical treatment (3). Improved treatment requires 
a detailed understanding of urothelial carcinoma pathogenesis 
and molecular biology. Therefore, what we urgently need is the 
suppression of bladder cancer invasion and metastasis and the 
development of an adjuvant therapy for bladder cancer.

Aminopeptidase N (APN) is also known as the cell surface 
molecule CD13. It is involved in various cellular processes, 
including cell cycle control, cell differentiation, cell motility, 
angiogenesis, cellular attachment and invasion/metastasis of 
various malignancies, including bladder cancer (4). APN/CD13 
is overexpressed in several cancers, including pancreatic 
cancer, non‑small cell lung cancer and colon cancer. In the 
cancers mentioned above, APN levels positively correlate with 
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tumor metastasis (5). Although the correlation between APN 
expression and invasion/metastasis of cancer is increasingly 
clear, little is known about the role of APN/CD13 in the inva-
sion and metastatic ability of bladder cancer cells.

Ubenimex has been exploited as an adjuvant therapy to 
enhance the effects of antitumor treatments after surgery. It 
has been widely used in the treatment of leukemia, non‑small 
cell lung cancer, gastric cancer and cervical cancer (6‑8). Our 
previous study demonstrated that ubenimex functions as an 
antitumor drug in prostate cancer cells. We also demonstrated 
that the inhibition of APN activity and the resulting induc-
tion of cell death plays a key role during this process  (9). 
Apoptosis, or caspase‑dependent cell death, is a type of 
programmed cell death (PCD) that can dispose of damaged 
cells (10). Autophagy, or caspase‑independent cell death, also 
plays a crucial role in tumor cell death (11). Akt is a classical 
signaling pathway that participates in the regulation of tumor 
cell apoptotic and autophagic cell death (12). Thus, we propose 
that ubenimex triggers mixed PCD in bladder cancer. In this 
study, we determine the effects of ubenimex on bladder cancer 
cells and the potential underlying mechanisms.

Materials and methods

cell culture. The RT112 and 5637 cell lines were purchased 
from the Cell Bank of the Chinese Academy of Sciences. Cells 
were maintained in RPMI‑1640 medium (BioInd, Kibbutz Beit 
Haemek, Israel) supplemented with 1% penicillin, streptomycin 
and 10% fetal bovine serum (FBS; BioInd). The cells were 
incubated at 37˚C in a humidified atmosphere with 5% CO2.

CCK‑8 cytotoxicity assay. RT112 and 5637 cells in an 
exponential phase of growth were harvested and seeded 
into 96‑well plates at a density of 15,000 cells/well (RT112) 
and 10,000 cells/well (5637) in RPMI‑1640 medium supple-
mented with different concentrations of ubenimex or/and 
3MA (control, 0.1 mg/ml, 0.25 mg/ml, 0.5 mg/ml, 1 mg/ml, 
1 mg/ml+3MA). Another treatment groups were divided into 
four parts (control, 0.5 mg/ml UB, Akt stimulator, 0.5 mg/ml 
UB+Akt stimulator (SC‑79, melonepharma, Dalian, China). 
After 16, 24, 36 and 48 h of culture, 10 µl CCK‑8 solution 
(CCK‑8 cytotoxicity assay kit; EnoGene Biotech, Co., Ltd., 
Nanjing, China) was added into each well. The plates were then 
incubated for an additional 4 h at 37˚C, and the absorbance 
was determined using a microplate reader (EL340; Bio‑Tek 
Instruments, Hopkinton, MA, USA) at 450 nm.

Wound healing migration assays. 5637 cells were plated in 
6‑well culture plates and grown to 90% confluency. Next, a 
sterile P200 pipette tip was used to create a scratch across 
the monolayer. Cell debris was removed by washing with 
phosphate‑buffered saline (PBS), and the cells were cultured 
in RPMI‑1640 medium without FBS supplemented with 
different concentrations of ubenimex. The area of the scratch 
was measured at 16 and 24 h. Quantification was performed 
by measuring the area of cell migration at different time points 
compared to the scratched area at 0 h.

Matrigel invasion assay and matrigel migration assay. 
Invasion assays were performed using transwell chambers and 

5637 cells were used. Control untreated cells or cells treated 
with ubenimex (0.5 or 1 mg/ml for 16 h) were trypsinized, 
and 1x105 cells were plated in the upper wells in serum‑free 
medium, while medium with 10% FBS was added to the 
lower well as a stimulus. After 20 h of incubation, the cells 
on the Matrigel side of the chambers were removed using a 
cotton swab. The inserts were fixed in methanol and stained 
using hematoxylin and eosin (H&E) staining. The number 
of invading cells attached to the other side of the inserts was 
quantified under a light microscope using 6 random fields at 
a magnification of x200. The experiment was performed in 
triplicate. 5637 was chosen to form the invasion assay. In 
addition, invasion assays were performed using transwell 
chambers that were pre‑coated with 40 µl of 1 mg/ml Matrigel 
matrix (BD Biosciences, Franklin Lakes, NJ, USA, USA). We 
controlled each group contains 2.5x105 cells for plated in the 
upper wells, the remaining steps followed as Matrigel migra-
tion assay.

Acridine orange (AO)/ethidium bromide (EB) double staining. 
Cells were cultured in 6‑well plates for 24 h, and were treated 
with different doses of ubenimex (0, 0.5 and 1 mg/ml) for 16 h. 
After the indicated treatment times, AO/EB operating fluid 
was mixed reagent A, reagent B, and reagent C at a certain rate 
of 1:1:8. Each sample was added 2 ul AO/EB operating fluid, 
discarded the supernatant after low speed centrifugal (500 g/min), 
resuspend cells in AO/EB dilution buffer at a concentration of 
5x106 cells/ml, then add 1 ul AO/EB operating fluid to 25 ul cell 
suspension. Next, the cells were observed under a fluorescence 
microscope (Nikon Corporation, Tokyo, Japan).

Western blot analysis. To determine APN, LC‑3, Beclin 1, 
Akt/P‑Akt, P62, C‑caspase‑3/P‑caspase‑3 levels, proteins 
were extracted from the cells by suspension in radioimmuno-
precipitation assay (RIPA) buffer. Samples were centrifuged at 
12,000 rpm at 4˚C for 30 min, and the supernatants were recov-
ered for analysis. The protein concentrations were determined 
using the Bradford protein method and the bicinchoninic 
acid (BCA) protein assay kit (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany). Protein (40 µg) was electrophoresed on 
a pre‑cast bis‑Tris polyacrylamide gel (12%), and then trans-
ferred onto a polyvinylidene difluoride (PVDF) membrane. 
Membranes were blotted with rabbit anti‑APN (1:1,000), rabbit 
anti‑LC3B (1:500), rabbit anti‑beclin 1 (1:1,000), rabbit anti‑Akt 
(1:1,000), rabbit anti‑p‑Akt (1:1,000), rabbit anti‑P62 (1:1,000), 
rabbit anti‑Caspase‑3 (1:1,000) (all from Abcam, Cambridge, 
MA, USA) and mouse anti‑actin (1:1,000; ProteinTech Group, 
Inc., Chicago, IL, USA), followed by horseradish peroxidase 
(HRP)‑conjugated secondary antibodies (1:5,000; ZsBio, 
Beijing, China). Immunoblots were visualized using enhanced 
chemiluminescence (LAS‑4000).

Cell apoptosis analysis by flow cytometer. Apoptosis was 
measured by Annexin V‑FITC/PI dual staining. Cells were 
cultured in a petri dish for 36 h, and then were treated with 
different doses of ubenimex (0, 0.5 and 1 mg/ml) for 16 h. 
After the indicated treatment times (16 h), the cells in an expo-
nential phase of growth were harvested. We divided RT112 
and 5637 cells into control group, PE group, 7‑AAD group 
and treatment group. Then wash cells twice with cold PBS 



MOLECULAR MEDICINE REPORTS  17:  4531-4539,  2018 4533

and resuspend cells in 1X Binding buffer at a concentration of 
1x106 cells/ml, transfer 100 µl of the solution (1x105 cells) to a 
5 ml culture tube. Add 5 µl of PE Annexin V and 5 µl 7‑AAD. 
Gently vortex the cells and incubate for 15 min at RT (25˚C) 
in the dark. Add 400 µl of 1X Binding buffer to each tube. 
Finally, the samples were analyzed by flow cytometry within 
1 h on a FACSCalibur (BD Biosciences, Franklin Lakes, NJ, 
USA).

Trypan blue staining. The cells were cultured in six‑well plates 
for 24 h, which is divided into four groups (control, 0.5 mg/ml 
UB, 0.5 mg/ml UB+3MA, 0.5 mg/ml UB+Akt stimulator). 
The groups were treated for 24 h. After the indicated treatment 
times, cell suspension and 0.4% trypan blue solution mixed 
with 9:1. In three min, with the counting plate, live cells and 
dead cells were counted. Cell vitality were measured under the 
following formula: Living cell rate (%) = living cell total/(total 
number of living cells + dead cells) x 100%.

Statistical analysis. The data were statistically analyzed 
with Student's t‑test, χ2 or Fisher's exact tests using SPSS 
version 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Ubenimex inhibits APN expression in bladder cancer cells. We 
investigated the expression of APN/CD13 and the involvement 
of the Akt signaling pathway in bladder cancer cells following 
treatment with ubenimex by western blot analysis (Fig. 1). 
Both RT112 and 5637 cells were treated with ubenimex for 
16 h. Inhibition of APN was significant and correlated with 
ubenimex dosage. Thus, we concluded that ubenimex func-
tions as an APN inhibitor in bladder cancer cells. Therefore, 
the findings underline that ubenimex functions as an APN 
inhibitor in bladder cancer cells.

Ubenimex induces autophagic cell death in bladder cancer 
cells. AO‑EB staining and western blot analyses were used 
to examine the level of autophagy in bladder cancer cells. 
According to the results of a CCK8 cytotoxicity assay, we used 
cells treated for 16 h with ubenimex for study. In addition, we 
observed that ubenimex increased the expression of LC3B and 
Beclin 1 and decreased the expression of P62 in both RT112 
and 5637 cells (Fig. 1). This finding indicates that a higher level 
of autophagic cell death was induced by higher doses of drug. 
Moreover, AO‑EB staining can be a reflection of the extent 
of DNA damage, which indicates autophagic cell death (13). 
AO staining levels vary depending on ubenimex dosage in 
the bladder cancer cells: Staining levels increased with the 
dose of ubenimex (Fig. 2). In addition, combined treatment 
of ubenimex and 3‑methyladenine (an inhibitor of autophagy) 
increased viability compared with ubenimex treatment alone 
(Fig. 3A and B). Therefore, the treatment of ubenimex was 
shown to induce autophagic cell death in bladder cancer cells.

Ubenimex inhibits the proliferation of bladder cancer cell 
lines. To assess the effects of ubenimex on the proliferation of 
bladder cancer cells, we used the CCK8 cell proliferation assay 
and measured viability after 16, 32, and 48 h (Fig. 3A and B). 

RT112 and 5637 cells were treated with ubenimex as mentioned 
previously. Both bladder cancer cell lines demonstrated a prom-
inent, dose‑dependent decrease in cell viability with ubenimex 
treatment, though the effect was more obvious in the RT112 
cell line. In summary, proliferation of bladder cancer cell lines 
was markedly decreased after treatment with ubenimex.

Ubenimex induces apoptosis in bladder cancer cells. Western 
blot analyses and flow cytometry were used to examine apop-
tosis levels in the bladder cancer cell lines. Ubenimex induced 
apoptosis in a significantly higher percentage of treated cells 
compared to the control groups. For further experiments, we 
treated bladder cancer cells with ubenimex for a 16 h period. 
Next, we demonstrated that ubenimex enhanced the expression 
of caspase‑3 in bladder cancer cells. Flow cytometry was used 
to assess the proportion of cells undergoing early apoptosis 
and autophagy in RT112 and 5637 cells with the treatment of 
ubenimex (Fig. 4). The quantitative results showed that uben-
imex significantly induced early apoptosis and autophagic cell 
death in a dose‑dependent manner in RT112 and 5637 cells. It 
also had shown a steady increasing trend with the increased 
dose of ubenimex.

Ubenimex inhibits migration and invasion in bladder cancer 
cell lines. As indicated in Figs. 5 and 6, the migration and inva-
sion capacity of 5637 cells using wound‑healing migration and 
transwell assays were assessed, respectively. We expected that 
the decreased migratory capacity of the 5637 cells was due to 
ubenimex treatment after 16 or more h of exposure (Figs. 5A 
and 6A). Obviously, the increased dose of ubenimex also plays 
a key role in inhibiting the migration ability of bladder cancer 
cells. Furthermore, we investigated the effect of ubenimex on 
the invasive activity of 5637 cells using a transwell cell‑culture 
chamber coated with Matrigel. As shown in (Fig. 5C), the 
invasion ability of 5637 cells was strongly suppressed by 

Figure 1. Ubenimex promotes cell death and inhibits the expression of 
APN and Akt in bladder cancer cells. (A and B) Western blotting showing 
the expression of APN, LC‑3, Beclin 1, P62, P‑Akt, Akt, C‑caspase‑3, and 
P‑caspase‑3 in RT112 and 5637 cells after treatment for 16 h with ubenimex 
(0.25, 0.5 or 1 mg/ml). β‑actin is shown as a loading control. Levels of 
LC‑3, Beclin 1 and P62 changed in a dose‑dependent manner, with a trend 
mirroring that of autophagy levels. Western blotting of P‑Akt and Akt 
expression in RT112 and 5637 cells after treatment for 16 h with ubenimex 
(0.25, 0.5 or 1 mg/ml). Data are expressed as the mean ± standard deviation 
of 3 independent experiments. C‑caspase‑3, cleaved‑caspase‑3; P‑caspase‑3, 
pro‑caspase‑3.
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ubenimex. Thus, we demonstrated that ubenimex treatment 
suppressed the migration and invasion of bladder cancer cells.

Ubenimex treatment effects involve the Akt signaling pathway. 
Previous studies have shown that the Akt signaling pathway is 
involved in the regulation of autophagy and apoptosis (12). Stress 
is capable of activating the Akt signal transduction pathway in 
tumor cells, stimulating cell‑protective mechanisms (14,15). 
As mentioned above, to evaluate the involvement of the Akt 
signaling pathway in the effects of ubenimex treatment, we 
performed a western blotting to detect the expression of protein 

phosphorylation. High doses of ubenimex treatment decreased 
the phosphorylation of Akt compared with the control group. 
In order to assess the involvement of Akt, we introduced Akt 
stimulator into treated group to assess the changing trend of 
Akt (Fig. 7). Both trypan blue staining and CCK‑8 cytotoxicity 
assay were used to estimate the rate of cell death or cell viability 
after the introduction of Akt‑stimulator. Upon Akt activation, 
cell death decreased and a distinct cell viability change was 
noticed. (Fig. 7A, B and D). We speculated that ubenimex plays 
a role as an Akt agonist. These findings suggest that ubenimex 
strongly induces both apoptotic and autophagic cell death.

Figure 2. Ubenimex induces cell death in both RT112 and 5637 bladder cancer cells. (A) RT112 and 5637 cells were treated with different doses of ubenimex 
(0.5 and 1 mg/ml). After 16 h, fluorescence microscopy was used to examine DNA damage. The death rates of (B) RT112 and (C) 5637 cells per field of a 
high‑power microscope as determined by acridine orange staining are shown. *P<0.05 vs. the control. Data are expressed as the mean ± standard deviation of 
3 independent experiments.

Figure 3. Cell viability was inhibited and cell death was induced by ubenimex in both RT112 and 5637 cells. (A and B) CCK‑8 cytotoxicity assays were 
performed after culturing RT112 or 5637 cells for 16, 32 or 48 h with the indicated concentrations of ubenimex. *P<0.05 for ubenimex treated cells compared 
with untreated control cells. Ubenimex+3MA was also tested. *P<0.05 for cells treated with 1 mg/ml UB+3MA vs. 1 mg/ml UB treatment alone. Data are 
expressed as the mean ± standard deviation of 3 independent experiments. UB, ubenimex; 3MA, 3‑Methyladenine.
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Discussion

In our previous and current studies, we found ubenimex is 
sufficient to induce prostate cancer cells and bladder cancer 
cells death, and at the same time the level of autophagy 
increased. With the help of literature review, we found 

that ubenimex have suppressive effect on proliferation of 
leukemic cell line (16). The process contained the induc-
tion of apoptosis by ubenimex (17). Ubenimex also could 
inhibit cell proliferation, migration and invasion in renal cell 
carcinoma, which of the effect is autophagy‑associated (18). 
Furthermore, ubenimex synergistically enhances the effects 

Figure 4. RT112 and 5637 cells were treated with ubenimex (0.5 and 1 mg/ml) for 16 h and then fluorescein isothiocyanate‑stained cells were detected using 
flow cytometry. (B and E) Early apoptosis (both RT112 and 5637) was detected using an annexin V apoptosis detection kit and measured using flow cytometry. 
(A and D) Cell debris is PE Annexin V negative and 7‑AAD positive (Q1); cells that are dead or in late apoptosis are both PE Annexin V and 7‑AAD positive 
(Q2); cells that are in early apoptosis are PE Annexin V positive and 7‑AAD negative (Q3); cells that are considered viable are PE Annexin V and 7‑AAD 
negative (Q4). *P<0.05 vs. the control. (C and F) Autophagic cell death (both RT112 and 5637) was also measured using flow cytometry. *P<0.05 vs. control. 
Data are presented as the mean ± standard deviation of three independent experiments.
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of anticancer drugs in hepatocellular carcinoma, osteosar-
coma cell lines and human tumor‑derived cell lines (19‑21). 
Then we assumed that ubenimex may have a general effect 
on different cancer types.

Based on the decrease in APN expression, ubenimex could 
be a potential treatment for the suppression of metastasis 
and invasion in bladder cancer cells. APN expression has 
been confirmed to be involved in various cellular processes, 
including cellular attachment, motility and invasion/metastasis 
of various malignancies (22). The inhibition of APN expres-
sion results in a significant decrease in the metastasis of T24 

cell lines (4). High APN expression has been considered an 
indicator of metastasis and poor prognosis in bladder cancer, 
as well as in lung, pancreas and colon cancers  (5,23,24). 
Moreover, a previous study revealed that ubenimex could 
inhibit metastasis and invasion of PC‑3 cells and that this effect 
was related to the inhibition of APN activity (9). Thus, we 
analyzed ubenimex‑treated RT112 and 5637 cells by western 
blotting and found that the expression of APN was signifi-
cantly decreased compared to the control group. Furthermore, 
we showed by Matrigel invasion, Matrigel migration and 
wound‑healing migration assays that the migratory and 

Figure 5. Ubenimex reduces the cell migration and invasion capacity of 5637 cells. Transwell migration and invasion assays were performed to determine 
the migration and invasion of the 5637 cells. (A) The images above are shown after culture for the indicated times in control medium or different doses of 
ubenimex, as described above. (B) Quantification was performed by counting the number of cells that passed through the small well using a high‑power 
microscope. These values are expressed as the mean ± standard deviation of 3 independent experiments. *P<0.05 vs. the untreated control cells. Data are 
expressed as the mean ± standard deviation of 3 independent experiments.

Figure 6. Ubenimex reduced 5637 cell migration capacity. (A and B) Wound healing migration assays were performed to determine the motility of the 5637 
cells. (C) The images above are shown after the indicated length of culture in control medium or medium with 0.5 or 1 mg/ml ubenimex. (D) Quantification 
was performed by measuring the scratch area at different time points after migration compared to the scratched area at 0 h. *P<0.05 vs. the untreated control 
cells. Data are expressed as the mean ± standard deviation of 3 independent experiments.



MOLECULAR MEDICINE REPORTS  17:  4531-4539,  2018 4537

invasion capacity of 5637 cells was decreased with ubenimex 
treatment. Thus, we conclude that ubenimex functions as an 
APN inhibitor to inhibit metastasis and invasion in bladder 
cancer cells. In several cancer cell lines, the mechanism 
of overexpress or knock‑down APN has been explored in 
multimolecular process regulating cell migration (25,26). To 
a certain extent, these prove that there exist relations between 
reduced expression of APN and decreased migration/invasion. 
However, in bladder cancer cells, this paper didn't go deep 
enough on it, and this part will be gradually improved in our 
future research.

Autophagy is a dynamic recycling system which relies 
on lysosomal proteolysis to maintain cellular homeostasis. 
However, excessive autophagy can lead to cell death  (27). 
Autophagy directly takes part in many types of physiological 

processes, including metabolism, stress responses, and cell 
death pathways in cancer cells  (28). However, the roles of 
autophagy in bladder cancer need to be further clarified. In 
our previous study, we showed that autophagic cell death in 
prostate cells could be induced by ubenimex (9). In the current 
study, we demonstrate similar effects in bladder cancer cells. 
This is the first attempt to study effects of ubenimex treat-
ment on the regulation of autophagy in bladder cancer cells. 
In our study, we used western blotting to examine the level 
of autophagy in this context, while AO/EB staining was 
used to show the amount of cell death related to the doses of 
ubenimex. Positive results indicated that ubenimex induces 
autophagic cell death in bladder cancer cells and that this 
induction occurred in a dose‑dependent manner. Furthermore, 
as both the CCK‑8 cell cytotoxicity assay and AO/EB staining 

Figure 7. Trypan blue staining was performed to determine the role of Akt stimulator. (A) The cells are divided into four groups (control, 0.5 mg/ml UB, 
0.5 UB+3MA, 0.5 UB+10 ug/ml Akt stimulator). (B) Ubenimex promoted cell death as expected. Furthermore, 3MA and Akt stimulator reversed the toxic 
effects of ubenimex, significantly increasing the cell survival rate above that of the ubenimex treatment group. *P<0.05, for cells treated with 0.5 UB+Akt 
stimulator and 0.5 UB+3MA vs. 0.5 mg/ml ubenimex treatment alone. CCK‑8 cytotoxicity assay was performed to determine the role of Akt stimulator. The 
cells are divided into four groups (control, 0.5 mg/ml UB, Akt stimulator, 0.5 UB+Akt stimulator). After 16 h and 24 h culture of 5637 cells with the indicated 
concentrations of ubenimex and Akt stimulator (10 ug/ml), (D) CCK‑8 cytotoxicity assays revealed that cell viability increased with Akt stimulator treatment 
compared with the 0.5 mg/ml ubenimex treatment group. (C) Western blotting confirmed this result. *P<0.05, for cells treated with 0.5 mg/ml UB+Akt 
stimulator vs. 0.5 mg/ml ubenimex treatment alone. Data are expressed as the mean ± standard deviation of 3 independent experiments. UB, ubenimex; 3MA, 
3‑Methyladenine; Akt‑s, Akt stimulator.
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demonstrated a correlation between cell death and dosage, we 
considered that autophagic cell death may participate in the 
cell death program. As it turned out, 3MA (3‑Methyladenine, 
an inhibitor of autophagy) partially reversed the beneficial 
effects induced by ubenimex: Cell death was significantly 
reduced when compared to the ubenimex only treatment 
group. Thus, we maintain that ubenimex induces autophagic 
cell death in bladder cancer cells.

Apoptosis plays an extensively investigated role whereby 
cells undergo a caspase‑dependent 'self‑killing' mechanism. 
The activation of catabolic enzymes leads to rapid demolition 
of cellular structures and organelles, eliminating damaged or 
aged cells and organelles (10). In our study, the apoptosis of 
bladder cancer cells was assessed by Annexin V‑PE/7AAD 
staining and western blotting. Analysis of flow cytometric 
results showed that apoptosis of RT112 and 5637 cells 
increased with ubenimex treatment. Western blotting also 
demonstrated that caspase‑3 was increased in this context. 
Thus, we detected a mixed phenotype of apoptosis and 
autophagic cell death in response to ubenimex treatment in 
bladder cancer cells. However, further study is necessary to 
elucidate the mechanisms of apoptosis and autophagy acti-
vation in bladder cancer. A literature review showed many 
examples of a complicated relationship between apoptosis 
and autophagy (10).

The Akt signaling pathway plays a crucial role in the 
regulation of both apoptosis and autophagy, involving many 
growth factors and receptors (29,30). The activation of the 
Akt pathway acts as a survival signal, preventing cells from 
undergoing apoptosis  (31). In oral cancer and colorectal 
cancer, the induction of autophagy and apoptosis is associ-
ated with the disruption of Akt signaling (32,33). Previous 
literature indicates that some signal transduction pathways 
triggered by common cellular stresses can trigger both 
autophagic cell death and apoptosis (10). In our present study, 
the addition of ubenimex significantly induced apoptotic and 
autophagic cell death accompanied by a decrease in Akt 
expression. It was demonstrated that ubenimex might acti-
vate mixed PCD concurrent with the inhibition of the Akt 
signaling pathway.

We expect that additional clinical insights may be obtained 
from bladder cancer cells. They are valuable in the study 
of early postoperative bladder irrigation after treatment of 
a partial cystectomy as well as transurethral resection in 
early‑stage bladder cancer. Experiments in vitro may be a 
fairly good approximation of postoperative bladder irriga-
tion because bladder cancer cells and drugs make reciprocal 
contacts in this environment. Combined infusions of ubenimex 
and BCG or mitomycin may be more practical in the clinic. 
Ubenimex has already been used in medical treatments, but its 
role as an adjuvant therapy for the treatment of bladder cancer 
has not yet been studied.

Overall, the present study demonstrated that high expres-
sion of APN plays a key role in the cell proliferation, migration 
and invasion of bladder cancer cells. Further, we demonstrated 
that ubenimex could be an excellent inhibitor of APN. The 
enhancement of autophagy and apoptosis is associated with 
the inhibition of the Akt signaling pathway. In conclusion, 
ubenimex could be a desirable adjuvant therapy for the treat-
ment of bladder cancer.
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