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Abstract. – OBJECTIVE: To explore the cis-
platin medical tolerance mechanism affecting 
bladder cancer cells. 

MATERIALS AND METHODS: Bladder cancer 
cells were treated with protein kinase C α (PKCα) 
stimulation and inhibition agents. The small-in-
terfering RNA (siRNA) inhibitory technique was 
used to differentiate and remove Netrin-1 from 
UNC5B. Cells treated by cisplatin were pro-
cessed by the MIT method to estimate cell death 
and growth rate. The Western blot method was 
utilized to analyze PKCα, netrin-1, and UNC5B in 
bladder cancer cells, used in the relative control 
sample. Co-immunoprecipitation was employed 
to analyze PKCα, netrin-1, and UNC5B combina-
tion effects.

RESULTS: PKCα high activity, netrin-1 high ex-
pression, and UNC5B with low expression can 
enhance bladder cancer cells cisplatin medi-
cal tolerance. PKCα low activity, netrin-1 low 
expression, and UNC5B with high expression 
can also enhance bladder cancer cells sensi-
tivity to chemical therapeutic treatments. PK-
Cα high activity with enhanced netrin-1 reduced 
UNC5B expression, and also enhanced netrin-1/
UNC5B combination. It inhibits and/or deletes 
PKCα, Netrin-1 lower stream extracellular regu-
lated protein kinases (ERK) signal, deletes UN-
C5B, PKCα, and lowers stream (ERK) signaling 
from activity. 

CONCLUSIONS: PKCα and netrin-1/UNC5B 
form a positive feedback control loop in rela-
tion to the regulation of cisplatin in bladder can-
cer cells.
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Introduction

Bladder cancer is a form of malignant tumor 
occurring in the bladder mucosa and is one of 
the common forms of malignant urological tu-

mors1. Bladder cancer is a complex, multi-fac-
tor, and multi-stage pathological condition. 
Current clinical treatment of bladder cancer is 
mainly surgical and supplemented by chemical 
therapy. With the combination of well-managed 
chemical therapy and planning, there can usu-
ally be enhanced results in reducing anticancer 
medication toxicity to bladder cancer cells. 
Still, bladder cancer recurrence rate remains 
high, which may result from the cancer cell’s 
high medical tolerance to anticancer medica-
tions2-4. Tolerance to anticancer medications 
has been one of the primary obstacles in blad-
der cancer treatment, therefore researching the 
mechanism of its medication tolerance is our 
main objective.

Materials and Methods 

Cell Culture and Processing
T24 and 5637 cell sequence was acquired in 

the U.S Standard Culture Storage Center. Culture 
agents Roswell Park Memorial Institute-1640 
(RPMI-1640; Hyclone, South Logan, UT, USA) 
were used, including 10% fetal bovine serum 
(FBS; Hyclone, South Logan, UT, USA), 100 
μg/mL streptomycin and 100 UI/mL penicillin 
(Beyotime, Shanghai, China). Culture was con-
ditioned at 37°C, 5% CO2, and cultivated for two 
days. (1) PMA at 5 μg/mL was used for 48 h in 
the cell process. (2) Calphostin C at 5 μg/mL was 
used for 48 h in the cell process. (3) Cisplatin at 
10 μm was used 24 h in the cell process.

Cell Interference
T24 and 5637 cell cultivation was in great 

condition. Once concentration reached around 
70%, cell interference was started. Interference 
agents used were SMARTpool siRNA netrin-1, 
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SMARTpool siRNA UNC5B, and negative com-
parison agent Non-targeting siRNA, acquired 
from Dharmacon (Shanghai, China). Interference 
agents Dharmafect 1 reagent, also came from 
Dharmacon (Shanghai, China). The incubation 
condition was at 37°C, 5% CO2, for 48 h, until it 
was ready for collection.

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyl Tetrazolium Bromide) 
Experiment

Cell cultivation was conducted in the 96-hole 
cultivation dish, with a density of 5x103 per hole, 
for 5 days. Afterwards, each hole was filled 
with 20 μm 5 mg/mL MTT solutions (Beyotime, 
Shanghai, China), and continued to be cultivated 
for 4 h. The cultivated base was then removed and 
filled with 150 μL of dimethyl sulfoxide (DMSO; 
Beyotime, Shanghai, China), with a wavelength 
result of 490 nm.

Cell Death Rate Experiment
Cells were collected and phosphate-buffered 

saline (PBS) solution was used to neutralize the 
cells. A 250 μL buffer solution was added to 
fill the test tube. Next, 5 mg/mL of propidium 
iodide (PI) and Annexin V/FITC (Beyotime, 
Shanghai, China) were added. Under darkroom 
conditions, 15 min later, the cell death rate was 
recorded.

Western Blot
Cells were collected and added to the ra-

dioimmunoprecipitation assay (RIPA; Beyotime, 
Shanghai, China) lysis buffer, ice chilled for 10 
min, low-temperature and high-speed centrif-
ugation (4°C, 12 000 s/min) for 30 min. Serum 
was collected from the total cell protein (TCP). 
TCP undergo dodecyl sulfate, sodium salt-poly-
acrylamide gel electrophoresis (SDS-PAGE) elec-
trophoresis, print on polyvinylidene difluoride 
(PVDF; Thermo Scientific, Waltham, MA, USA). 
5% bovine serum albumin (BSA; Beyotime, 
Shanghai, China) was used in the enzyme-linked 
immunosorbent assay (ELISA; Novus Biologi-
cals, Littleton, CO, USA).

The antibodies used in this assay are ne-
trin-1 (1:1000, sc9292, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA), and from Cell 
Signalling Technology, (Danvers, MA, USA), 
UNC5B (1:1000, 13851), p-ERK (1:1000, 9101), 
PKCα (1:1000, 59754), Glyceraldehyde-3-Phos-
phate Dehydrogenase (GAPDH) (1:1000, 2118) 

were all obtained from Abcam (Cambridge, 
MA, USA). The incubation condition was at 
4°C overnight. Then, they were compared with 
incubation condition at 37°C for 2 h, post-in-
cubation enhanced chemiluminescence (ECL; 
Thermo Scientific, Waltham, MA, USA) and 
electrophoresis analysts.

Co-Immunoprecipitation
Cells were collected and added to RIPA lysis 

buffer, ice chilled for 10 min, low-temperature 
high-speed centrifugation (4°C, 12 000 s/min) 
for 30 min. The serum was collected and ready 
for Western blot analysis. Lug corresponding 
antibody lysis buffer was added to the remaining 
serum, at 4°C, and slow sway incubated over-
night. 10 μL of protein A agarose was rinsed 
with lysis buffer, and added to the serum that was 
prepared overnight, and again incubated for 4 h 
to fuse the agarose and antibody together. It was 
then centrifuged at (4°C, 3 000 s/min) for 3 min, 
the substrate of agarose was at the bottom of the 
test tube, and the filtered serum was discarded. 
The agarose was rinsed with lysis buffer, 15 μL 
2×SDS buffer added and then boiled for 5 min. A 
Western blot analysis was completed to confirm 
the conjugate protein.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 16.0 (SPSS Inc., Chicago, IL, USA) soft-
ware was used to analyze the data collected. The 
Student’s t-test analytical methods were used to 
analyze the data from the control and experimen-
tal groups. The clinical significance between the 
two groups was demonstrated as p<0.05.

Results

PKCsα, Netrin-1, and UNC5B Were 
Utilized to Test Tolerance in the 
Bladder Cancer Cells

To investigate whether PKCα had an im-
pact on cisplatin medications, we first induced 
apoptosis of bladder cancer cells with cispla-
tin. Then, the apoptosis-induced bladder cancer 
cells were treated with PMA and calphostin C, 
respectively. 

The results showed that the induction of apop-
tosis induced by cisplatin was weakened when 
the activity of PKCα was increased. After PKCα 
activity decreased, the apoptosis-inducing effect 
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of cisplatin on cancer cells was further strength-
ened (as shown in Figure 1A). Similarly, we 
knocked out netrin-1 and UNC5B in the cancer 
cell lines and found that, after netrin-1 knock-
down, the level of apoptosis induced by cisplatin 
was higher than that of control group, and the cell 
survival rate was lower than that of control group 
(as shown in Figure 1B).

After the knockdown of UNC5B, the level of 
apoptosis induced by cisplatin was lower than 
that of control group, and the cell survival rate 
was higher than that of control group (as shown 
in Figure 1C). These experimental results show 

that the level of PKCα, netrin-1, and UNC5B in 
bladder cancer cells can regulate the resistance of 
those cancer cells to cisplatin.

PKCα Regulated the Level of Netrin-1 
and UNC5B in Bladder Cancer Cells

If PKCα, netrin-1, and UNC5B are able to 
regulate bladder cancer cells resistant to cispla-
tin, then what is the relation between them? To 
verify the regulation of netrin-1 and UNC5B 
expression by PKCα, we detected the protein 
expression of netrin-1 and UNC5B in bladder 
cancer cells by Western blot. Results showed 

Figure 1. Effects of PKCα, netrin-1 and UNC5B on chemoresistance of bladder cancer cells. A, *Indicates (CDDP+/PMA- vs. 
CDDP-/PMA-) or (calphoatin C+/PMA- vs. calphoatin C-/PMA-); #Indicates (CDDP+/PMA+ vs. CDDP+/PMA-) or (calphoatin 
C+/PMA+ vs. calphoatin C+/PMA-). B, *Indicates netrin-1 siRNA vs. Neg siRNA; C, *Indicates UNC5B siRNA vs. Neg 
siRNA.
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that netrin-1 was up-regulated and UNC5B was 
down-regulated in cells after the PKCα activity 
was enhanced. However, the expression of ne-
trin-1 was down-regulated and the expression of 
UNC5B was up-regulated when PKCα activity 
was inhibited (Figure 2A).

PKCα Promotes the Binding of Netrin-1 to 
Its Receptor UNC5B in Bladder Cancer Cells

It has been reported that netrin-1 and its re-
ceptor UNC5B affect tumorigenesis and devel-

opment through the interaction of netrin-1 and 
its receptor in many malignant tumors. How-
ever, whether PKCα affects cell resistance to 
cisplatin by regulating the interaction between 
netrin-1 and its receptor UNC5B it remains 
unknown. We analyzed it with co-immuno-
precipitation. The results show that enhanced 
PKCα activity can promote netrin-1 and its 
receptor UNC5B mutual binding; and PKCα 
activity decreased netrin-1 and UNC5B bind-
ing (Figure 2B).

Figure 2. A, PKCα regulated the level of netrin-1 and UNC5B in bladder cancer cells. B, PKCα promotes the binding of 
netrin-1 to its receptor UNC5B in bladder cancer cells C, Netrin-1 and its receptor UNC5B regulated the activity of PKCα in 
bladder cancer cells. PKCα, netrin-1 and UNC5B mutual regulation.
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Netrin-1 and Its Receptor UNC5B 
Regulated the Activity of PKCα in 
Bladder Cancer Cells

It is noteworthy that the expression levels of 
netrin-1 and its receptor UNC5B in bladder can-
cer cells can, in turn, regulate the activity level 
of PKCα and its downstream ERK1/2 signaling 
pathway in cells. Western blot results showed 
that the levels of PKCα and p-ERK1/2 in cells 
were decreased after the knockdown of netrin-1 
in bladder cancer cells. However, the knockdown 
of UNC5B in cells resulted in increased levels of 
PKCα and p-ERK1/2 (Figure 2C).

Discussion

Protein kinase (PKC) is an important member 
of the protein kinase family and is an important 
part of the cell growth regulatory information 
pathway. PKCα is one of the most common sub-
types in PKC. It is a type of Ca2+ and phospholip-
id-dependent Ser/Thr protein kinase that plays an 
important role in transmembrane signal transduc-
tion and affects the phosphorylation of multiple 
proteins cell proliferation, metastasis, apoptosis, 
and other physiological processes5-8. In this study, 
it was found that PKCα agonist can weaken the 
induction of apoptosis induced by cisplatin in 
bladder cancer cells, while the PKCα inhibitor 
can further induce the apoptosis induced by cis-
platin in bladder cancer cells. The high level of 
activity in cells increases the resistance of cells 
to cisplatin, whereas the low activity of PKCα 
enhances the sensitivity of cells to cisplatin.

Netrins family is a class of soluble secreted 
protein, netrin-1 and is the earliest discovered ax-
on guidance factor, called neurotransmitter. Ne-
trin-1 and its receptor UNC5B have been found 
to play an important role in cell proliferation, 
apoptosis, and migration9-12. In recent years, their 
role in tumorigenesis has drawn more attention. 
In this work, netrin-1 and UNC5B were found to 
be involved in the regulation of drug resistance 
of bladder cancer cells. After knocking down 
netrin-1, the apoptosis rate of bladder cancer cells 
induced by cisplatin was increased and the sur-
vival rate was decreased. After UNC5B knock-
down, cisplatin of bladder cancer cells apoptosis 
rate decreased, the survival rate increased. In 
bladder cancer cells, netrin-1 was up-regulat-
ed and UNC5B down-regulated the cell resis-
tance. Netrin-1 was down-regulated and UNC5B 
up-regulated the chemosensitivity of cells.

PKCα and netrin-1/UNC5B play a regulatory 
role in the regulation of bladder cancer cell resis-
tance. We found that PKCα agonist up-regulated 
the expression of netrin-1 and down-regulated 
the expression of UNC5B. PKCα inhibitor can 
down-regulate the expression of netrin-1 and 
up-regulate the expression of UNC5B. PKCα also 
promotes the binding of netrin-1 to its receptor 
UNC5B. In our previous research13, netrin-1 and 
its receptor UNC5B were found to increase PKCα 
activity. We speculate that PKCα and netrin-1/
UNC5B form a positive feedback regulation loop 
in the regulation of drug resistance in bladder 
cancer cells. To further validate this hypothesis, 
we knocked out netrin-1 and UNC5B in bladder 
cancer cells and analyzed the activity of PKCα 
and its downstream ERK signaling pathway in 
cells. Results showed that the activity of PK-
Cα and its downstream ERK signaling pathway 
were inhibited after netrin-1 knockdown, while 
UNC5B knocking out activated PKCα and its 
downstream ERK signaling pathway, indicating 
that netrin-1/UNC5B can, in turn, regulate the 
activity of PKCα in bladder cancer cells.

Conclusions

The results of this study indicated that PKCα 
and netrin-1/UNC5B form a positive feedback 
regulatory loop; PKCα high activity, netrin-1 
high expression, and UNC5B low expression 
increased bladder cancer chemoresistance. PKCα 
low activity, netrin-1 low expression, and UN-
C5B high expression increased the chemosensi-
tivity of bladder cancer cells.
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