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Abstract. – OBJECTIVE: Bladder cancer is 
the most prevalent genitourinary malignant dis-
order worldwide. We aimed to observe effects 
of high-glucose on bladder cancer proliferation 
and explore the associated mechanisms.

MATERIALS AND METHODS: Human blad-
der cancer cell line, T24, was divided into Blank, 
Control (Ctrl), 10 mmol/l, 20 mmol/l and 30 
mmol/l group. T24 cell proliferation was evaluat-
ed by using multiple table tournament (MTT) as-
say and colony formation analysis, respective-
ly. Quantitative Real-time PCR (qRT-PCR) assay 
was employed to examine mRNA expression of 
Wnt-5a and β-catenin. Meanwhile, Western blot 
assay was used to evaluate expression of Wnt-
5a and β-catenin protein. The linear regression 
analysis was utilized to analyze correlation be-
tween Wnt-5a/β-catenin expression and T24 cell 
proliferation.

RESULTS: High-glucose significantly en-
hanced proliferation of T24 cells compared to 
that of Blank and Ctrl group (p < 0.05). High-glu-
cose significantly promoted colony formation 
of T24 cells compared to that of Blank and 
Ctrl group (p < 0.05). High-glucose significantly 
up-regulated Wnt-5a mRNA and protein expres-
sion compared to that of Blank and Ctrl group 
(p < 0.01). High-glucose significantly increased 
β-catenin mRNA and protein expression com-
pared to that of Blank and Ctrl group (p < 0.01). 
Effects of high-glucose on T24 cell prolifera-
tion were increased following with the enhanced 
glucose concentration. Wnt/β-catenin signaling 
pathway molecules were correlated with colony 
formation of T24 cells (p < 0.05).

CONCLUSIONS: High-glucose promoted the pro-
liferation of T24 cells by activating the Wnt/β-caten-
in signaling pathway. This study would provide the 
novel targets for bladder cancer therapy.
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Introduction

Bladder cancer is the most prevalent genito-
urinary malignant disorder and the 4th frequently 
occurred cancer for men in the whole world1,2. 
Bladder is mainly characterized by the high-
er mortality rate and higher recurrence rate, 
and is unpredictable for the progression3,4. Every 
year, approximately 140430 cases were diagnosed 
as bladder cancer and about 29790 cases were 
dead5. The previous study reported that there 
were about 33% to 75% patients which were 
not sensitive to the chemo- or radio-therapy be-
cause of tumor metastasis and relapse6. Although 
plenty of clinical therapy for bladder cancer has 
been discovered, the 5-year survival rate is only 
about 50%7. Therefore, we believed that it’s ur-
gent to further investigate the development and 
carcinogenesis of bladder cancer, and to search 
the specific targets and therapeutic approaches8,9. 
Dysregulation of metabolic signaling pathway 
plays critical roles in cancers10. Meanwhile, the 
high-glucose is considered to act as a pathogenic 
and risk factor for the progression and develop-
ment of the bladder cancer11. Researches12,13 also 
reported that diabetes patients exhibited higher 
incidences of bladder cancer compared to the 
non-diabetes patients. Therefore, high glucose 
in diabetes is associated with the progression 
of bladder cancer patients. Although the tumor 
cells need higher-energy demand, the growth 
of tumor cells also requires plenty of bio-mol-
ecules and glucose acting as critical precursor 
for the bio-synthesis the molecules14. The cancer 
cells consume the glucose to produce the lactate 
and to support the oxidative phosphorylation of 
the mitochondria, even in the conditions with 
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rich oxygen15. However, the mechanism for the 
high-glucose associated pathogenesis of bladder 
cancer has not been investigated till now. Varol et 
al16 reported that the dysfunctional Wnt/β-catenin 
signaling pathway is considered as a common 
characteristic for plenty of tumors. Meanwhile, 
the Wnt/β-catenin signaling pathway also induc-
es the impaired tumor cell differentiation and 
the un-controlled tumor cell proliferation. It has 
been observed17,18 that Wnt/β-catenin signaling 
pathway participates in the bladder cancer cells 
invasion, metastasis, proliferation and differen-
tiation. Therefore, we found that the Wnt/β-cat-
enin signaling pathway might participate in the 
processes of high-glucose induced bladder cancer 
cell proliferation and metastasis. Therefore, we 
aimed to observe the effects of high-glucose and 
explore the associated mechanisms that increased 
the metastasis and proliferation of bladder cancer 
cells by evaluating Wnt/β-catenin signaling path-
way related molecules. 

Materials and Methods

Cell Culture and Trial Grouping
The human bladder cancer cell line, T24, was 

purchased from Shanghai Cell Bank of China Ac-
ademia Sinica (Shanghai, China) and cultured in 
low-glucose Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco BRL. Co. Ltd, Rockville, MD, 
USA) supplementing with 10% fetal bovine se-
rum (FBS, Gemini Bio-Products, Woodland, CA, 
USA) and 1% penicillin-streptomycin (Invitro-
gen/Life Technologies, Carlsbad, CA, USA). The 
T24 cells were cultured at 37°C in 5% CO2 and 
humidified incubator (Thermo Electron Corp, 
Waltham, MA, USA). The cells were randomly 
divided into 5 groups, including Blank (cells 
treated with normal 5.5 mmol/l glucose), Control 
group (Ctrl, adding glucose at final concentration 
of 5.5 mmol/l and mannitol at final concentration 
of 25 mmol/l), 10 mmol/l group (at final concen-
tration of 10 mmol/l), 20 mmol/l group (at final 
concentration of 20 mmol/l)and 30 mmol/l group 
(at final concentration of 30 mmol/l). The present 
study was approved by the Ethics Committee of 
Affiliated Hospital of Guilin Medical University 
(Guilin, China).

Cell Proliferation Analysis
The T24 cell proliferation was evaluated by 

using the multiple table tournament (MTT, Am-
resco Inc., Solon, OH, USA) assay according to 

the previous study reported19. Briefly, T24 cells 
were digested with 0.25% trypsin (Tiangen Bio-
tech Co. Ltd., Beijing, China) and washed with 
Dulbecco’s Modified Eagle Medium (DMEM) 
containing 10% fetal bovine serum (FBS), and 
seeded onto the 96-well plates (Corning, Corn-
ing, NY, USA) at final density of 2000 cells/well 
(supplementing with DMEM to volume of 200 
μl, and tests were conducted for 4 repeats). The 
cells were cultured for 24 h and then incubated 
with glucose according to the grouping described 
for 24 h, 48 h and 72 h, respectively. After that, 
the cells were washed with DMEM and the MTT 
(Amresco Inc., Solon, OH, USA) was added to 
each well of 96-well plates at final concentration 
of 5 mg/ml at 37°C for 4 h. The culture medium 
was removed and the dimethylsulfoxide (DMSO, 
Sigma-Aldrich, St. Louis, MO, USA) was added 
to each well (150 μl per well) to dissolve the 
formazan. Finally, the absorbance of each well 
was measured by using iMark microplate reader 
(Bio-Rad Laboratories, Hercules, CA, USA) at 
wavelength of 490 nm. The cell proliferation was 
represented by calculating the optical density 
(OD) values.

Colony Formation Analysis
The colony formation assay was conducted 

due to the previously published research20. In 
brief, the T24 cells were adjusted to the density 
of 2000 cells/well. The cells were washed with 
phosphate-buffered saline (PBS, Beyotime Bio-
tech. Shanghai, China) containing Mg2+ twice 
and fixed with 4% paraformaldehyde (Tiangen 
Biotech Co. Ltd., Beijing, China) for 15 min. 
Next, the T24 cells were cultured in CO2 condi-
tion at 37°C for 48 h and stained with the 0.1% 
crystal violet (Amresco Inc., Solon, OH, USA) for 
15 min. Finally, the absorbance of each well was 
measured with iMark microplate reader (Bio-Rad 
Laboratories, Hercules, CA, USA) at wavelength 
of 560 nm. The cell proliferation rate was illus-
trated by calculating the OD values. Meanwhile, 
the formed colonies were captured and observed 
under a microscope (Mode: BX51, Olympus, To-
kyo, Japan).

Quantitative Real-Time PCR (qRT-PCR) 
Assay

The total RNAs of T24 cells were extract-
ed with TRIzol regents (Tiangen Biotech Co. 
Ltd., Beijing, China) according to the manufac-
turer’s instructions. The complementary DNAs 
(cDNAs) were synthesized with the QuantScript 
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RT Kit (Cat. No. KR103, Tiangen Biotech Co. 
Ltd., Beijing, China) due to instruction of manu-
facturer. The PCR MasterMix (Cat. No. KT201, 
Tiangen Biotech Co. Ltd., Beijing, China) was 
employed to amplify the Wnt-5a, β-catenin, glyc-
eraldehyde-3-phosphate dehydrogenase (GAP-
DH) genes by using the listed primers (Table I). 
Thermal cycling (CT) parameters were processed 
according to the followings: pre-denaturation 
step at 94°C for 3 min, following with 30 cycles 
of amplification of 94°C for 30 s, 59.3°C (Wnt-
5a)/56°C (β-catenin)/59°C (GAPDH) for 30 s and 
72°C for 1 min. Relative levels of Wnt-5a and 
β-catenin were calculated with the full-automatic 
gel scanning system (Mode: JS-780, Shanghai 
Peiqing Tech. Ltd., Shanghai, China) using the 
formula of 2-DDct method21.

Western Blot Assay
T24 cells were digested and lysed by using 

radioimmunoprecipitation assay (RIPA, Tiangen 
Biotech Co. Ltd., Beijing, China) and the products 
were centrifuged at 5000 r/min for 10 min. The 
protein concentration of T24 cell supernatants 
was evaluated with bicinchoninic acid (BCA) 
Protein Assay Kit (Cat. No. PA115, Tiangen Bio-
tech Co. Ltd., Beijing, China). Next, the proteins 
were separated with 15% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE, 
Tiangen Biotech Co. Ltd., Beijing, China) and 
electro-transferred onto the polyvinylidene diflu-
oride membrane (PVDF, ZSJQ BioTech. Co. Ltd., 
Beijing, China). The PVDF membranes were 
treated with 5% skim milk (ZSJQ BioTech. Co. 
Ltd., Beijing, China) at room temperature for 
2 h, and then incubated with rabbit anti-hu-
man Wnt-5a monoclonal antibody (1:500; Cat. 
No. ab174963, Abcam Biotech., Cambridge, MA, 
USA), rabbit anti-human β-catenin monoclonal 
antibody (1:2500, Cat. No. ab32572, Abcam Bio-
tech., Cambridge, MA, USA) and mouse anti-hu-
man GAPDH monoclonal antibody (1:5000; Cat. 
No.TA309157, ZSJQ BioTech. Co. Ltd., Beijing, 

China) at 4°C overnight. Polyvinylidene diflu-
oride (PVDF) membranes were then incubated 
with horseradish peroxidase (HRP)-labeled goat 
anti-rabbit IgG (1:1000, Cat. No. ZB-2301, ZSJQ 
BioTech. Co. Ltd., Beijing, China) and HRP-la-
beled goat anti-mouse IgG (1:1000, Cat. No. ZB-
2305, ZSJQ BioTech. Co. Ltd., Beijing, China) 
at 37°C for 2 h. Enhanced chemiluminescence 
(ECL, Amresco Inc., Solon, OH, USA) was used 
to incubate PVDF membrane in dark for 2 min. 
The relative grey density of Western blot bands 
was scanned and analyzed with Quantity One 
software (version: 4.66, Bio-Rad Laboratories, 
Inc., Hercules, CA, USA).

Statistical Analysis
Data in this study were described as mean ± 

standard deviation (SD) and analyzed with SPSS 
software 19.0 (IBM Corp., IBM SPSS Statistics 
for Windows, Armonk, NY, USA). The Student’s 
t-test was used to analyze the differences be-
tween two groups. The Tukey’s post-hoc test was 
used to validate analysis of variance (ANOVA) 
for comparing the differences among the multiple 
groups. Linear regression analysis was utilized 
to analyze correlation between Wnt-5a/β-catenin 
expression and T24 cell proliferation. The exper-
iments or tests were conducted at least for six 
repeats. A statistical significance was defined as 
p < 0.05.

Results

High-Glucose Enhanced Proliferation of 
T24 Cells

The MTT results showed that there were no 
significant differences for T24 cell prolifera-
tion between Blank group and Ctrl group, at 
24 h, 48 h and 72 h, respectively (Table II, p > 
0.05). Comparing with the Blank or Ctrl group, 
the high-glucose (10 mmol/l, 20 mmol/l and 
30 mmol/l) treated T24 cells exhibited signifi-

Table I. Primers for the qRT-PCR assay.

 Genes  Sequences Length (bp)

Wnt-5a Forwards 5’-TGCGTGTTGGGTTGAAGATA-3’ 311
 Reverse 5’-TTTGATGGCACTGTTTGGAA-3’ 
β-catenin Forwards 5’-CGACAGACTGCCTTCAGATCTT-3’ 162
 Reverse 5’-CCTTCAGCACTCTGCTTGTG-3 
GAPDH Forwards 5’-TGCACCACCAACTGCTTAGC-3’ 112
 Reverse 5’-GGCATGGACTGTGGTCATGAG-3’ 
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cantly higher proliferative activities, at 24 h, 
48 h and 72 h, respectively (Table II, p < 0.05). 
Meanwhile, the proliferation of T24 cells was 
enhanced following with the increased concen-
tration of glucose (ranging from 10 mmol/l to 30 
mmol/l) (Table II), showing significant dose-ef-
fect relationship.

High-Glucose Promoted the Colony 
Formation of T24 Cells

The colony formation assay indicated that there 
were no remarkable differences for the formed 

colonies between Blank group and Ctrl group 
(Figure 1, p > 0.05). The colonies in High-glucose 
treatment T24 cells were significantly increased 
compared to that of Blank or Ctrl group (Figure 
1, p < 0.01). Moreover, the colony proliferative 
rate in 10 mmol/l, 20 mmol/l and 30 mmol/l 
group was (47.73% ± 5.72%), (67.32% ± 5.2%) and 
(145.43% ± 10.36%), respectively (Figure 1). The 
statistical analysis showed that the colony prolif-
erative rate was increased significantly following 
with increased concentration of glucose (Figure 
1, p < 0.01).

*p < 0.05 vs. Blank group, #p < 0.05 vs. Ctrl group.

Table II. Proliferation of T24 cells undergoing high-glucose environment.

   OD values (A490)

 Groups 24 h 48 h 72 h

Blank 0.4210 ± 0.0164 0.6277 ± 0.1567 1.0457 ± 0.5403
Ctrl 0.4123 ± 0.0101 0.6510 ± 0.2726 1.0565 ± 0.6575
10 mmol/l 0.4347 ± 0.0158*,# 07130 ± 0.1270*,# 1.2053 ± 0.7129*,#

20 mmol/l 0.475 ± 0.0157*,# 0.7653 ± 0.1772*,# 1.3837 ± 0.5861*,#

30 mmol/l 0.5024 ± 0.0136*,# 0.8259 ± 0.2584*,# 1.5391 ± 0.4499*,#

Figure 1. Proliferation of T24 cells undergoing high-glucose treatment. A. Colony formation in different groups. B. Statistical 
analysis for colony formation. *p < 0.01 vs. Blank group, #p < 0.01 vs. Ctrl group.
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High-Glucose Up-Regulated 
Wnt-5a Expression

In order to clarify the mechanism triggering 
the high-glucose associated T24 cell prolifera-
tion, the Wnt/β-catenin signaling pathway mol-
ecule, Wnt-5a22, was evaluated. The qRT-PCR 
results indicated that there were no significant 
differences for the Wnt-5a mRNA levels between 
Blank group and Ctrl group (Figure 2, p > 0.05). 
However, the high-glucose treatment (10 mmol/l, 
20 mmol/l and 30 mmol/l glucose) significantly 
increased the mRNA levels of Wnt-5a compared 
to that of Blank or Ctrl group (Figure 2, p < 0.01). 
Moreover, the Western blot assay (Figure 3A) was 
also conducted to verify the Wnt-5a expression. 
Similar to the qRT-PCR findings, the Western 
blot results also showed that the high-glucose 
treatment significantly enhanced the Wnt-5a ex-
pressions compared to that of Blank or Ctrl group 
(Figure 3B, p < 0.01).

High-Glucose Increased β-Catenin 
Expression

In this study, the other Wnt/β-catenin signaling 
pathway molecule, β-catenin23, was also exam-

ined by using qRT-PCR and Western blots assay. 
The qRT-PCR results showed that there were no 
significant differences for the β-catenin mRNA 
between Blank group and Ctrl group (Figure 4, p 
> 0.05). However, the β-catenin mRNA levels in 
High-glucose groups were significantly increased 
compared to that of Blank or Ctrl group (Figure 
4, p < 0.01). Furthermore, the Western blot results 
also indicated that the high-glucose treatment sig-
nificantly increased the Wnt-5a expression com-
pared to that of Blank or Ctrl group (Figure 5, p 
< 0.01).

Wnt/β-Catenin Signaling Pathway 
Molecules Were Correlated With 
Colony Formation of T24 Cells

In order to clarify the Wnt/β-catenin signaling 
pathway associated colony formation, the cor-
relations between Wnt-5a/β-catenin and colony 
formation were evaluated. The results showed 
that the Wnt-5a was positively correlated with 
the colony formation in T24 cells (Figure 6A, p 
< 0.05). Meanwhile, the β-catenin was also posi-
tively correlated with the colony formation in the 
T24 cells (Figure 6B, p < 0.05).

Figure 2. qRT-PCR analysis for the Wnt-5a mRNA expression in each group. A. Image for qRT-PCR amplified genes. B. 
Statistical analysis for Wnt-5a mRNA expression. *p < 0.01 vs. Blank group, #p < 0.01 vs. Ctrl group. 
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Discussion

Following with the quick development of 
society, enhancement of quality of life and 

achievement of population aging, the diabetes 
mellitus has been become a global disease 
threatening human health24,25. Previous inves-
tigations26-29 reported that the hyperglycemia 

Figure 3. Western blot assay for Wnt-5a protein expression in different groups. A. Western blot image for Wnt-5a in each 
group. B. Statistical analysis for Wnt-5a protein expression. *p < 0.01 vs. Blank group, #p < 0.01 vs. Ctrl group. 

Figure 4. qRT-PCR analysis for β-catenin mRNA expression in different groups. A. qRT-PCR image for the amplified 
β-catenin gene. B. Statistical analysis for β-catenin mRNA expression. *p < 0.01 vs. Blank group, #p < 0.01 vs. Ctrl group. 



High-glucose promotes T24 proliferation

8157

is closely associated with the occurrence of 
cancers, such as liver cancer, prostate cancer, 
breast cancer and bladder cancer. The occur-
rence rates of hyperglycemia in cancer patients 
are significantly higher compared to that of 
normal individuals. The long-term high-glu-
cose could damage the enzyme system par-
ticipating in aerobic metabolism and increase 
anaerobic glycolysis by activating oncogenes 
and silencing anti-oncogenes, finally promot-
ing the tumor proliferation30. The conclusion 
of oxidative stress playing critical roles in the 
pathogenesis of metabolic diseases has been 
proven to be reasonable by some research-
es31-33. These reports showed that reducing 
reactive oxygen species (ROS) could improve 
the hyperlipidemia, insulin-resistant state and 
hepatic steatosis. Therefore, higher concentra-
tion of glucose could provide the continuous, 
exclusive, direct energy and create appropriate 
circumstance for tumor growth, and eventu-
ally promote the proliferation of cancer cells. 
In the present study, MTT assay and colony 
formation assay were used to evaluate the 
proliferation of T24 cells. The results indicat-
ed that the high-glucose could significantly 
promote the proliferation of T24 cells com-

pared to that of normal glucose circumstance. 
The classical Wnt/β-catenin signaling path-
way participates in multiple physiologic func-

Figure 5. Evaluation of the β-catenin expression by using Western blot assay in different groups. A. Western blot image for the 
β-catenin in each group. B. Statistical analysis for β-catenin protein expression. *p < 0.01 vs. Blank group, #p < 0.01 vs. Ctrl group. 

Figure 6. Correlation analysis between Wnt/β-catenin si-
gnaling molecules and T24 cell proliferation by using linear 
regression method. A. Correlation between Wnt-5a and T24 
cell proliferation. B. Correlation between β-catenin and T24 
cell proliferation.
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tions, such as cell proliferation, differentiation 
and migration34. The abnormal activation of 
Wnt/β-catenin signaling pathway involves in 
the pathologic processes of bladder cancer by 
inhibiting glycogen synthase kinase 3β (GSK-
3β) and triggering accumulation of β-catenin35. 
β-catenin is the classical and central molecule 
for down-regulating the down-stream factors 
in Wnt/β-catenin signaling pathway, and mod-
ulates tumor cell proliferation, invasion and 
tissue repair35. Hirata et al36 also discovered 
that the expression of endo-nuclear β-catenin 
in bladder cancer cells was significantly in-
creased. However, when the β-catenin gene 
was knocked out, the proliferation and in-
vasion of bladder cancer were significantly 
decreased. The Wnt-5a, a critical molecule for 
the Wnt/β-catenin signaling pathway, mainly 
codes growth factor, participates in the tumor 
growth and differentiation and promotes the 
intercellular signal transduction37,38. Malgor et 
al39 reported that Wnt-5a highly expressed 
in the bladder cancer tissues and was posi-
tively correlated with pathological grading, 
tumor-node-metastasis (TNM) classification 
and prognosis of bladder cancer. In our study, 
we found that the high-glucose induced the 
activation of Wnt/β-catenin signaling path-
way, which may be the potential pathway that 
interlinks the diabetes mellitus and tumors40. 
Our findings showed that the high-glucose 
significantly enhanced the expression of Wnt-
5a and β-catenin in T24 cells, consistently 
with the previous report40. To date, there were 
many hypotheses for the high-glucose associ-
ated Wnt/β-catenin signaling pathway mediat-
ed bladder cancer cell proliferation and inva-
sion40-42; however, there were even no one well 
recognized mechanisms. Therefore, the mech-
anisms for the high-glucose and Wnt/β-catenin 
signaling pathway associated bladder cancer 
also need to be further investigated. Although 
some significant findings were obtained in this 
study, there were also a few limitations. On 
one hand, there might be plenty genes or mol-
ecules involved in the pathogenesis of bladder 
cancer; however, we only evaluated a few 
genes in this study. We would clarify, in fol-
lowing studies, the effects of the other genes or 
molecules on the bladder cancer. On the other 
hand, Wnt/β-catenin signaling pathway has not 
been evaluated in the bladder cancer patients 
with diabetes, which would be significant for 
the clinical therapy of bladder cancer.

Conclusions

We revealed the effects of high-glucose cir-
cumstance on the proliferation of T24 cells and 
evaluated the regulative functions of Wnt/β-cat-
enin signaling pathway. High-glucose promoted 
the proliferation of T24 cells by activating the 
Wnt/β-catenin signaling pathway. We clarified 
the pathogenetic mechanism providing a novel 
target for bladder cancer therapy.
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