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Abstract. In search of an effective therapeutic target for 
bladder urothelial carcinoma (BLCA), the present study aimed 
to investigate the expression of cyclin B1 (CCNB1) and its 
putative mechanism in BLCA. BLCA sequencing data from 
Gene Expression Omnibus and The Cancer Genome Atlas 
were used to analyze expression of CCNB1 mRNA and high 
CCNB1 expression had a poorer prognosis compared with 
those with low expression. Immunohistochemistry (IHC) 
samples collected from the Human Protein Atlas database 
were analyzed for CCNB1 protein expression. Short hairpin 
(sh) CCNB1‑transfected BLCA T24 and 5637 cells were used 
to investigate the effects of CCNB1 and inhibit the prolifera‑
tion, migration and invasion of BLCA cells, affect the cell cycle 
distribution and promote apoptosis of 5637 cells. A sh‑CCNB1 
BLCA chicken embryo chorioallantoic membrane (CAM) 
transplantation model was established to observe the impacts 
of sh‑CCNB1 on the tumorigenesis of BLCA in vivo. Analysis 
of sequencing data showed that CCNB1 mRNA was signifi‑
cantly elevated in tumor and BLCA compared with normal 
tissues [standardized mean difference (SMD)=1.21; 95% CI: 
0.26‑2.15; I²=95.9%]. IHC indicated that CCNB1 protein was 
localized in the nucleus and cytoplasm and was significantly 

increased in BLCA tumor tissues. The in vitro tests demon‑
strated that proliferation of T24 and 5637 cells transfected 
with sh‑CCNB1 was significantly inhibited and cell migration 
and invasion ability were significantly decreased. sh‑CCNB1 
decreased the percentage of T24 cells in G0/G1, 5637 cells 
in the G0/G1 phase and S phase and increased percentage of 
5637 cells in the G2/M phase and increased early apoptosis of 
5637 cells. The in vivo experiments demonstrated that the mass 
of transplanted tumors was significantly decreased compared 
with the control group following silencing of CCNB1. The 
present results suggested that CCNB1 was involve in the devel‑
opment and prognosis of BLCA and silencing of CCNB1 may 
be a promising targeted therapy for BLCA.

Introduction

Among urological malignancies, bladder urothelial carcinoma 
(BLCA) is the most common type of all urological malig‑
nancy, including those not caused by transitional epithelial 
tissue (1). Currently, surgery is the initial treatment option for 
BLCA, followed by chemotherapy with gemcitabine and other 
drugs (2). However, despite systemic therapy, BLCA still has 
high recurrence and progression rates and poor prognosis in 
China as at 2019, especially for those with muscular infiltra‑
tion (3). Although numerous studies (4) have shown that tumor 
suppressor genes and proto‑oncogenes serve key roles in the 
development of BLCA, to the best of our knowledge, their 
underlying mechanisms have not been clarified. Therefore, it 
is key to explore novel molecular markers and mechanisms of 
BLCA to improve its early diagnosis and prognosis.

Cyclin B1 (CCNB1), a member of the cyclin family 
located at locus 12 on the long arm of chromosome 5, is a 
key initiator of mitosis that can promote cell cycle progres‑
sion (5,6) and exhibits changes in expression throughout the 
cell cycle. Several studies have confirmed that CCNB1 is 
highly expressed in numerous types of human tumor tissue 
and is related to tumor cell proliferation, metastasis and poor 
prognosis (7). Zhang et al (8) demonstrated that the CCNB1 
expression levels and apoptosis in pancreatic cancer tumor 
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tissue are increased and the cell proliferation is decreased 
following silencing of CCNB1 via short hairpin (sh)CCNB1. 
Another report indicated that sh‑CCNB1 arrests colorectal 
cancer cells in the G2/M phase and thereby inhibits prolif‑
eration (9). Zou et al (10) noted that the CCNB1 expression is 
positively correlated with infiltration levels of various inflam‑
matory cells, including CD4 + and CD8 + T cells and negatively 
associated with prognosis of hepatocellular carcinoma and 
may serve as a potential prognostic biomarker for this liver 
malignancy. In another study, the mitosis‑promoting factor 
CCNB1/CDK1 complex was found to regulate mitochondrial 
metabolism and ATP production; this might be an effective 
antineoplastic resistance‑associated therapeutic target (11). 
Together, the aforementioned studies indicated that CCNB1 
is highly expressed in multiple types of malignancy, including 
pancreatic, colorectal and liver cancer, and affects cell cycle 
regulation, proliferation and ATP synthesis of cancer cells 
and thus the development and prognosis of tumors. Several 
research groups have investigated the putative effects of 
CCNB1 in BLCA, but they mainly focused on the roles of 
CCNB1‑related genes (12,13) and the roles and underlying 
mechanisms of CCNB1 in the development of BLCA remain 
unexplored.

The present study aimed to investigate the effects and 
possible mechanisms of CCNB1 in BLCA using public 
databases, followed by primary confirmative experiments 
in vitro and in vivo, such as cell cycle and proliferation analysis, 
to determine its biological functions in BLCA cell models and 
the effect of CCNB1 on prognosis of patients with BLCA to 
find practical biomarkers for early diagnosis and intervention 
in BLCA.

Materials and methods

Materials. Normal bladder cells (SV‑HUC‑1) and human BLCA 
cells (T24, 5637 and UM‑UC‑3) were obtained from Shanghai 
Cell Bank (Chinese Academy of Sciences). RPMI‑1640 and 
fetal bovine serum were obtained from Gibco (Thermo Fisher 
Scientific, Inc.). Penicillin‑streptomycin double antibody was 
obtained from Beijing Solarbio Science & Technology Co., 
Ltd. Trypsin and CCNB1 and GAPDH primers were obtained 
from Sangon Biotech Co., Ltd. RNA extraction (Axygen) 
and Transwell chambers were obtained from Corning, Inc. 
HiScript® Ⅲ RT SuperMix for qualitive (q)PCR and Cell 
Counting Kit (CCK)‑8 were obtained from Vazyme Biotech 
Co., Ltd. RIPA lysis solution and BCA quantification kit were 
obtained from Beyotime Institute of Biotechnology. Chickens 
embryos (age, 7 days) were obtained from Guangxi Fufeng 
Agricultural and Livestock Company.

Bioinformatics analysis. CCNB1 mRNA expression in 
pan‑cancer was obtained from The Cancer Genome Atlas 
(TCGA; https://www.cancer.gov/ccg/research/genome‑ 
sequencing/tcga) database. CCNB1 mRNA expression data 
were obtained for both BLCA and non‑cancerous tissue, 
including 144 BLCA cases and 19 non‑cancerous controls. 
BLCA‑associated high‑throughput sequencing data were 
obtained from the Gene Expression Omnibus (GEO; 
https://www.ncbi.nlm.nih.gov/geo) database. A total of 
20 datasets from 10 platforms were utilized (accession nos. 

GPL96, GPL570, GPL6102, GPL14951, GSE19915, GSE24152, 
GSE40355, GSE52519 and GSE76211), including 742 BLCA 
and 173 non‑cancerous samples (Fig. S1; Table SI). The expres‑
sion matrix was transformed by uniform Log2 calculation and 
the batch effect was removed using the removeBatchEffect 
function in R version 4.2.1 Limma package to normalize data. 
The summary standardised mean differences (SMD) were esti‑
mated using meta‑analysis with random effects. Kaplan‑Meier 
univariate survival analysis (KM survival curve) of the 
ENCORI (http://starbase.sysu.edu.cn/index.php) online data‑
base. The protein expression of CCNB1 in BLCA and normal 
bladder tissue was investigated in randomly chosen clinical 
samples (Patient ID: 2053, 2311, 2031 and 2699, n=4) from the 
Human Protein Atlas (HPA) database (proteinatlas.org/).

Cell culture and transfection. T24 and 5637 BLCA cells were 
cultured at 37˚C and 5% CO2 in RPMI‑1640 medium with 10% 
fetal bovine serum and 1% penicillin‑streptomycin double 
antibody. The cultured T24 and 5637 cells were randomly 
divided into experimental group and the negative control (NC) 
group. The viral solution obtained following lentiviral pack‑
aging of sh‑CCNB1 (5'‑gcC AAA TAC CTG ATG GAA CTA‑3') 
and sh‑NC (5'‑TTC TCC GAA CGT GTC ACG T‑3') plasmid with 
the HIV backbone‑based lentiviral particle packaging kit and 
empty viral backbone (Lenti‑Pac™ HIV Expression Packaging 
Kit; GeneCopoeia, Inc.) were used to transfect T24 and 5637 
cells. The lentiviral backbone was pCMV‑hU6‑MCS‑Ubiq‑
uitin‑EGFP‑IRES‑puromycin (Shanghai GeneChem Co., 
Ltd.). Opti‑MEM serum‑free medium (200 µl) was added with 
2.5 µg of plasmid and 5 µl of Lenti‑Pac and marked as tube 
A. An additional 200 µl opti‑MEM was used in the absence 
of serum medium, a total of 15 µl of EndoFectin Lenti was 
added, and marked as tube B. Tubes A and B were mixed to 
transfect 293T cells until 4 days in order to collect lentivirus. 
Temperature of transfection for T24 and 5637 cells was 37˚C 
and lasted for 48 h. After screening with 2 µg/ml puromycin for 
at least 3 days before additional experiments were performed, 
the proportion of cells with green fluorescent protein was 
observed under a fluorescent microscope (magnification, 
x100). Subsequent experiments were performed when the 
percentage of cells with green fluorescent protein was >70% of 
the total number of cells.

Detection of CCNB1 mRNA expression in BLCA cells by 
reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was harvested from cells (Axygen Scientific Inc) and reverse 
transcriptase was used to synthesize cDNA (HiScript Ⅲ 
RT SuperMix for qPCR). The system of comprised 4 µl 4X 
gDNA wiper mix, 1 µl RNA and 11 µl RNase‑free water to 
42˚C for 2 min. 4 µl 5X HiScript Ⅲ q‑RT SuperMix was 
added at 37˚C for 15 min, 85˚C for 5 sec and stored at 4˚C. 
The cDNA was diluted three times for RT‑qPCR reaction. 
The reaction system comprised 10 µl 2X FS Universal SYBR 
Green Master Mix (FS Universal SYBR Green Master; Roche 
Diagnostics), 0.6 µl each of the upstream and downstream 
primers, 2 µl cDNA and RNase‑free water to a total volume 
of 20 µl. Thermocycling conditions were as follows: 95˚C for 
3 min, followed by 40 cycles of 95˚C for 10 sec, 65˚C for 1 min 
and 97˚C for 1 sec and final extension at 37˚C for 30 sec. The 
primer sequences of CCNB1 and the internal reference control 
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GAPDH were amplified separately. The primer sequences 
were as follows: CCNB1 forward, 5'‑GCC TGA GCC TAT TTT 
GGT TGA TAC‑3' and reverse, 5'‑TCC ATC TTC TGC ATC CAC 
ATC A‑3' and GAPDH (internal control) forward, 5'‑ACC ACA 
GTC CAT GCC ATC AC‑3' and reverse, 5'‑TTC CCG TTC AGC 
TCA GGG AT‑3'. The 2‑ΔΔCq method was used to calculate the 
relative expression (2‑ΔΔCq Livak and Schmittgen 2001).

CCK‑8 assay. When the density of the stable cell lines at the 
logarithmic growth stage reached 70‑80%, the cells were 
digested with trypsin and counted by counting board. Cell 
suspension (100 µl containing 2,500 cells/well) was added 
to a 96‑well plate with triplicate wells. After 1 h incubation 
with 10 µl CCK‑8 solution, the cells were assessed at 490 nm 
using an enzyme marker to assess the cells at 490 nm and the 
measured OD value indirectly reflects the number of viable 
cells. A cell proliferation curve was drawn.

Transwell assay for cell migration and invasion. Transwell 
chambers were sterilized by radiation under UV light for 2 h 
at room temperature. The RPMI‑1640 medium containing 5% 
fetal bovine serum was added to each well of the 24‑well plate 
and Transwell chambers were gently placed into the wells to 
avoid air bubbles. Then, the upper chamber was filled with a 
cell suspension containing 6x104 cells in a volume of 100 µl. It 
was incubated for 24 h at the incubation temperature of 37˚C. 
The cells were gently wiped from the chamber with a cotton 
swab. Following washing with PBS solution three times, 
500 µl 70% methanol solution was added, fixed at 37˚C for 
30 min, and put into a 3% crystal violet solution for overnight 
staining at room temperature. Chambers were dried with a 
clean cotton swab and images captured under a microscope. 
The quantity of cells that had penetrated the membrane was 
recorded. For cell invasion assay, the ratio of the Matrigel 
matrix gel at 4˚C to the serum‑free RPMI‑1640 medium was 
1:8, and 60 µl solution was spread evenly on the upper chamber 
for 30 min. Medium plated in upper chamber (usually without 
serum) and medium and serum (type and concentration) plated 
in lower chamber. The remaining procedures were the same as 
the migration assay. Observation was with a light microscope 
(magnification, x100). A total of three independent repeats 
was performed.

Cell cycle and apoptosis analysis. When the cell density in the 
culture dish was ~70%, the RPMI‑1640 medium containing 
10% fetal bovine serum was replaced by serum‑free RPMI‑1640 
medium. After 12 h at 37˚C, the 10% fetal bovine serum 
of RPMI‑1640 medium was substituted by the serum‑free 
RPMI‑1640 medium to synchronize the cell cycle. After 
another 12 h at 37˚C, ≥1x106 cells were extracted following 
transfection, washed twice with pre‑cooled PBS solution and 
centrifuged at 300 x g for 5 min at 37˚C. A total of 1 ml PBS 
solution was added and the sample was resuspended after 
supernatant was discarded. The cells were homogenized by 
adding 1 ml PBS solution and shaken on a vortex shaker while 
adding 3 ml 75% isopropyl alcohol dropwise. The solution was 
fixed by 1 ml PBS solution and 3 ml 75% isopropyl alcohol 
overnight at ‑20˚C in the dark. It was centrifuged at 300 x g for 
5 min at 37˚C. The supernatant was discarded and cell precipi‑
tation were cleaned with 3 ml PBS. Then, 1 ml PI/RNase 

dye was added for cell cycle analysis by flow cytometry (BD 
FACSCalibur; BD Biosciences). The cells were shielded from 
light for 30 min before being tested. For apoptosis detection, 
the cells were centrifuged at 300 x g at 37˚C for 5 min and 
resuspended in 500 µl 1X binding buffer. A total of 5 µl 
Annexin V‑FITC and 10 µl PI dye were added to each sample, 
incubated for 15 min with gentle shaking and then incubated 
at room temperature for 1 h before apoptotic analysis by flow 
cytometry (BD FACSCalibur; BD Biosciences). FlowJo 7.6 
(FlowJo LLC) was used for analysis.

Tumorigenic experiment on chick chorioallantoic membrane 
(CAM). The air chambers of CAM from 7‑day‑old chicken 
embryos at 42˚C were outlined by a marker after checking for 
signs of life: In the dark room, blood vessels and embryonic 
movements were clearly visible under a flashlight. The tumori‑
genic experiment was performed as follows. The eggshell was 
knocked on at the air chamber of the circle and the air chamber 
membrane soaked with 0.9% normal saline until blood vessels 
could be clearly observed. Tweezers were used to tear the air 
chamber membrane where the blood vessels were rare and 
exposed the CAM. Finally, a silicon ring (diameter 7 mm) was 
placed between two large blood vessels.

BLCA cells (1.2x107) at the logarithmic growth stage 
were collected and added into the silicon ring, which was 
closed with sterile and breathable adhesive tape. The signs of 
life, tumor size and the surrounding blood vessels of embryos 
were observed with a torch every 24 h. At 6 days after cell 
implantation, intact tumors were removed and measured, 
then stored in 4% paraformaldehyde at room temperature for 
three days. The sections were cut at 4 µm and stained with 
hematoxylin solution for 3‑5 min, washed with 85% ethanol 
for 5 min, 95% ethanol for 5 min and stained with eosin for 
5 min. The sections were observed with a light microscope 
(magnification, x400).

Statistical analysis. Data were analyzed using SPSS 25.0 
(IBM Corp.) and images were drawn using GraphPad Prism 
8. Data (Dotmatics) were tested for normality. Data adhering 
to a normal distribution are presented as the mean ± SD. 
Independent unpaired t test was used for comparisons between 
two groups; the Analysis of Variance (ANOVA) was performed 
for comparisons between >2 groups. For measures that did not 
have a normal distribution, descriptive statistics are reported as 
the median and interquartile range. Non‑parametric tests were 
used to compare groups and correlation was analyzed using 
Spearman's correlation coefficient. The real standardized 
mean difference (SMD) was calculated using Stata 15.0 
(StataCorp LLC) and forest plots and the summary receiver 
operating characteristic (sROC) curves were plotted. P<0.05 
was considered to indicate a statistically significant difference.

Results

CCNB1 expression is increased in BLCA. The expression of 
CCNB1 mRNA in numerous types of cancers and non‑cancer 
tissues of TCGA database were integrated for analysis. 
Numerous types of tumor tissues had notably greater levels 
of CCNB1 mRNA than normal tissue, except for certain 
tumors such as thymic carcinoma (Fig. 1A). In the online 
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database TCGA, 411 BLCA samples and 19 normal bladder 
tissue samples were analyzed. CCNB1 mRNA expression 
was notably higher in BLCA than in normal bladder tissue 
(Fig. 1B).

Meta‑analysis of the GEO microarray data and TCGA 
database data showed that CCNB1 mRNA expression levels 
were markedly higher in BLCA than in non‑cancerous bladder 
tissue (SMD=1.21; 95% CI, 0.26‑2.15; I²=95.9%; Fig. 1C); 
the area under the sROC curve was 0.97 (95% CI: 0.95‑0.98; 

Fig. 1D). Stata 15.0 yielded a combined positive likelihood 
ratio of 6.69 and a combined negative likelihood ratio of 0.04 
for CCNB1 (Fig. 1E). These results suggested that the high 
expression of CCNB1 mRNA distinguished BLCA from 
normal bladder tissue samples. Kaplan‑Meier univariate 
survival analysis of the ENCORI online database demon‑
strated that patients with BLCA and high CCNB1 expression 
had a significantly decreased overall survival time and poorer 
prognosis than those with low expression (Fig. 1F).

Figure 1. CCNB1 mRNA expression in pan‑cancer and BLCA. (A) CCNB1 was expressed at notably higher levels in pan‑cancer than in normal tissue. 
(B) Expression of CCNB1 was notably higher in BLCA than in normal bladder tissue in the online database ENCORI (P<0.05). (C) Forest plots of eligible 
datasets in TCGA and GEO databases showed high expression of CCNB1 in BLCA tissue. (D) sROC AUC suggested good diagnostic value of CCNB1. 
(E) Combined positive likelihood ratio was 6.69 (2.18‑20.55) and the combined negative likelihood ratio was 0.04 (0.01‑0.15) (P<0.05). (F) Kaplan‑Meier 
survival curve suggested that patients with BLCA and high CCNB1 expression had worse prognosis than those with low expression (P<0.05). CCNB1, ; 
BLCA, ; TCGA, ; GEO, ; sROC, ; AUC, ; KM, ; FPKM, ; TPM, ; DLR,.
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CCNB1 expression differed between BLCA and non‑BLCA 
bladder tissues in 11 datasets and showed significantly higher 
expression in six datasets, including GPL6102, GPL14951, 
GSE19915, GSE40355, GSE52519 and TCGA‑GTEx (Fig. 2).

To validate the protein expression levels of CCNB1 in 
BLCA and normal bladder tissue, two groups of samples from 
the HPA database were randomly selected for analysis. Protein 
levels were substantially increased in BLCA compared with 
normal bladder tissue (Fig. 3).

Expression of CCNB1 mRNA in normal and bladder cancer 
cells. Expression of CCNB1 mRNA in normal bladder cells 
(SV‑HUC‑1) and human BLCA cells (T24, 5637 and UM‑UC‑3) 
was detected by RT‑qPCR. The relative expression of CCNB1 

mRNA in bladder cancer cells was higher than in normal 
bladder cells and the relative expression of CCNB1 mRNA in 
T24 and 5637 cell lines was compared with UM‑UC‑3 cells 
(Fig. 4). Therefore, T24 and 5637 cell lines were selected for 
silencing CCNB1.

Establishment of cell lines with stable expression of sh‑CCNB1. 
T24 and 5637 cell lines were infected with the virus solution 
obtained after lentiviral packaging of sh‑CCNB1 plasmid and 
sh‑CCNB1 stably expressed cell lines were established after 
puromycin selection. Silencing efficiency of CCNB1 was 
measured by RT‑qPCR, yielding 75 and 71%, respectively 
(Fig. 5A and B). Western blotting and RT‑qPCR showed that 
the expression levels of CCNB1 protein and mRNA were 

Figure 2. Expression of CCNB1 in datasets. A total of six datasets showed significantly high expression, including GPL6102, GPL14951, GSE19915, GSE40355, 
GSE52519 and TCGA‑GTEx. *P<0.05, **P<0.01, ****P<0.0001. CCNB1, cyclin B1; TCGA, The Cancer Genome Atlas; ns, not significant.
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significantly decreased following sh‑CCNB1 transfection 
compared with sh‑NC, indicating that stable expression of 
sh‑CCNB1 was in T24 and 5637 cells.

Inhibition of CCNB1 expression decreases the migration and 
invasion of BLCA cells. The ability of cells to migrate and 
invade was examined by Transwell assay. Compared with 

sh‑NC group, sh‑CCNB1 group in both cell lines showed a 
significant reduction in cell migration and invasion (P<0.0001 
and P<0.001, respectively; Fig. 5C and D).

sh‑CCNB1 inhibits the proliferation of BLCA cells, affects the 
cell cycle distribution and promotes apoptosis of 5637 cells. 
CCK‑8 showed that compared with sh‑NC group, sh‑CCNB1 
group of T24 and 5637 cells exhibited significantly lower 
proliferative capacity at day 6 (P<0.0001; Fig. 6A). The effect 
of sh‑CCNB1 on BLCA cell cycle and apoptosis was observed 
by flow cytometry, with sh‑CCNB1 decreasing the percentage 
of T24 cells in G0/G1 (P<0.05) 5637 cells in the G0/G1 phase 
(P<0.0001) and S phase (P<0.01) and increasing percentage of 
5637 cells in the G2/M phase (P<0.0001; Fig. 6B). sh‑CCNB1 
induced early apoptosis in 5637 cells (P<0.05; Fig. 6C), but 
had no significant effect on the apoptosis of T24 cells.

sh‑CCNB1 inhibits tumorigenesis in CAM. T24 and 5637 cells 
were inoculated into the CAM and the survival of the chicken 
embryo was observed every 24 h. The tumor cell suspension 
floated on the surface of the CAM in a thin film within 24 h 
of inoculation, with no notable change in the blood vessels. 
At day 6, the tumor protruded and small blood vessels were 
observed in surrounding area. By day 6, the tumor appeared 
in the AM, protruding from the CAM, which presented 
clear borders. When small blood vessels were seen observed 
in a radial pattern around the tumor center, the growth of 
chicken embryos were terminated and tumors were removed 
at sixth day after inoculation. Volumes of T24‑sh‑CCNB1 

Figure 3. Immunohistochemical staining and clinical information of normal bladder and BLCA tissues in Human Protein Atlas. Expression of cyclin B1 
protein in (A) normal bladder and (B) BLCA tissue. BLCA, bladder urothelial carcinoma. 

Figure 4. Expression of CCNB1 mRNA in normal and bladder cancer cell 
lines. ***P<0.001, ****P<0.0001 vs. UM‑UC‑3 cells. CCNB1, cyclin B1.
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and 5637‑sh‑CCNB1 derived tumors were smaller compared 
with sh‑NC group (Fig. 7A). The diameter of the implanted 
tumor was measured and its volume was calculated after 

it was separated from CAM (Table I). This experiment was 
repeated three times and it was concluded that the volumes 
of T24‑sh‑CCNB1 and 5637‑sh‑CCNB1 were smaller than 

Figure 5. Construction of CCNB1‑silenced stably transfected cell lines and migration and invasion of bladder cancer cell lines. (A) Representative fluorescence 
microscopy of (A) T24 and (B) 5637 cells infected with sh‑NC and sh‑CCNB1. Reverse transcription‑quantitative PCR detection of silencing efficiency was 
75 and 71%, respectively. CCNB1 protein expression was significantly decreased. sh‑CCNB1 inhibited (C) migration and (D) invasion of T24 and 5637 cells. 
Magnification, x100. ***P<0.001, ****P<0.0001. CCNB1, cyclin B1; sh, short hairpin; NC, negative control.
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the sh‑NC group. Under light microscope in the group of 
T24‑sh‑CCNB1 and 5637‑sh‑CCNB1, HE‑stained invasive 
cancer cells were morphologically changed, exhibiting 

enlarged, angular or irregular, dark‑stained nuclei, some of 
which presented small or double nucleoli. Fibrous connective 
tissue reaction was observed in the interstitial tissue, with 

Figure 6. Effect of sh‑CCNB1 on proliferation, cell cycle and apoptosis of T24 and 5637 cells. (A) sh‑CCNB1 significantly inhibited cell proliferation. 
(B) sh‑CCNB1 decreased percentage of T24 and 5637 cells in G0/G1 and S and increased percentage in G2/M phase. (C) In 5637 cells, sh‑CCNB1 induced 
early apoptosis. *P<0.05, **P<0.001, ****P<0.0001. sh, short hairpin; CCNB1, cyclin B1; NC, negative control; OD, optical density.
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different degree of plasma cell and lymphocyte infiltration. 
Squamous and glandular differentiation was observed in focal 
cancer cells (Fig. 7B).

Discussion

To date, curing cancer remains a challenge for humans (14). 
The application of cell cycle protein family in tumor therapy 
provides a novel direction for cancer treatment (15). Many 
studies have demonstrated that CCNB1 serves critical roles in 
tumor progression (16), but, to the best of our knowledge, its 
effects and mechanisms in BLCA have not yet been reported. 
To the best of our knowledge, the present study is the first 
to demonstrate that CCNB1 was highly expressed in BLCA. 
sh‑CCNB1 was found to inhibit the proliferation, invasion, 
migration and tumor growth of BLCA cells, indicating key roles 
in cell functions and tumorigenesis of BLCA. Additionally, 
there was an association between high CCNB1 expression and 
poor prognosis for patients with BLCA. Therefore, exploring 
the precise roles of CCNB1 in BLCA may provide a theoretical 
foundation for future clinical treatment of BLCA.

As a member of the cell cycle protein family, CCNB1 
is highly expressed in various types of tumor tissues and 
is involved in tumorigenesis by regulating cell prolifera‑
tion and cycle distribution. For example, CCNB1 mRNA is 
highly expressed in gastric cancer and serves as a 
downstream target gene of heterogeneous nuclear ribonucleo‑
protein R (hnRNPR) protein, to which it binds to form the 
hnRNPR/CCNB1/Centromere Protein F (CENPF) mRNA 
axis, thus promoting proliferation of gastric cancer cells (17); 
another study found that CCNB1 partially reverses increased 
proliferation of gastric cancer cells (18). In an ovarian cancer 
study, high expression of CCNB1 is negatively regulated 
by microRNA‑559, thus promoting proliferation of ovarian 
cancer cells in vitro and increasing the lung metastasis of 
ovarian cancer cells in vivo (19). By contrast, silencing of 

CCNB1 inhibits tumor cell proliferation (20). Taken together, 
increasing evidence suggests that a high expression of CCNB1 
promotes cancer cell proliferation and tumorigenesis (21). It 
was hypothesized that CCNB1 may similarly impact the patho‑
genesis of BLCA. Therefore, the present study constructed a 
BLCA and CAM model with sh‑CCNB1. As expected, the 
proliferation of BLCA cells and tumor growth in CAM was 
significantly inhibited by sh‑CCNB1.

As an allosteric modulator for cyclin‑dependent kinases 
CDK1 and Cdc2, CCNB1 had been documented to inhibit 
tumor growth by influencing cell cycle events (22). For example, 
in renal cell carcinoma, the downregulation of CCNB1 and 
CDK1 expression causes G2/M arrest and apoptosis in tumor 
cells, indicating that upstream eukaryotic translation initiation 
factor 3 subunit D (EIF3D) is involved in development of renal 
cell carcinoma as a potential proto‑oncogene (23). Another 
study demonstrated that diacetin, which is a symptomatic 
slow acting drug in osteoarthritis, inhibits proliferation of 
chondrosarcoma cells by inducing G2/M cell cycle arrest via 
downregulation of CDK1/CCNB1 (24). Similarly, CCNB1, 
as a key regulator of cell cycle and promoter of G2/M phase, 
improves the prognosis of platinum‑based chemotherapy in 
advanced non‑small cell lung cancer (25). To determine the 
mechanism underlying the effects of CCNB1 on BLCA, the 
present study analyzed the cell cycle distribution and apoptotic 
rate in vitro. Flow cytometry demonstrated that 5637 cells 
were significantly arrested in the G2/M phase, the proportion 
of G0/G1 phase was relatively decreased and the proportion of 
T24 cells in G0/G1 phase decreased. These findings demon‑
strated that sh‑CCNB1 arrested BLCA cells at G2/M phase 
and inhibited BLCA cell proliferation.

Studies have investigated the potential roles of CCNB1 
in BLCA (26), demonstrating that overexpressing G2 and S 
phase‑expressed 1 (GTSE1) promotes BLCA cell prolifera‑
tion, invasion and migration through the P53/FoxM1/CCNB1 
pathway and is positively associated with disease recurrence 
history, lymph node invasion and progression (27). Differential 
gene enrichment analysis by analyzing sequencing data from 
BLCA clinical samples shows that CCNB1 is a hub gene 
expressed at 4.795‑fold higher levels in BLCA than in normal 
tissue, correlating with overall survival (28). However, the 
primary aim of the aforementioned studies was to explore 
the role of the genes associated with CCNB1, not CCNB1. To 

Figure 7. Transplanted tumors in CAM and pathological alterations of trans‑
planted tumors. (A) Transplanted tumors of T24 and 5637 cells transfected 
with sh‑CCNB1. (B) Hematoxylin‑eosin‑stained invasive cancer cells were 
morphologically changed (magnification, 400x). CAM, chorioallantoic 
membrane; sh, short hairpin; CCNB1, cyclin B1; NC, negative control.

Table I. Bladder urothelial carcinoma cell transplant tumor 
volume after 6 days.

 Mean diameter, Mean volume,
Group mm mm³

T24‑sh‑NC 5.00 22.50
T24‑sh‑CCNB1 2.75 12.38a

5637‑sh‑NC 3.25 14.63
5637‑sh‑CCNB1 1.33 5.985a 

Tumor volume was calculated as follows: Length x width2 x0.5. 
Comparison between groups of homogeneous cells, aP<0.05. sh, short 
hairpin; NC, negative control; CCNB1, cyclin B1.
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the best of our knowledge, the present study was the first to 
construct in vivo and in vitro models to determine the role of 
CCNB1 in BLCA. CCNB1 mRNA expression and its clinical 
significance in patients with BLCA was assessed. Analysis of 
1149 BLCA and 201 non‑cancerous bladder tissue samples 
in database sequencing data confirmed high expression of 
CCNB1 in BLCA. Furthermore, the KM survival curve 
suggested that patients with BLCA with high levels of CCNB1 
had a poorer prognosis than those with low levels of CCNB1, 
which indicated that CCNB1 may serve as a prognostic indi‑
cator for patients with BLCA. RT‑qPCR, western blotting and 
in vitro cell function and in vivo CAM xenograft assay were 
performed to determine the effects of sh‑CCNB1 on prolifera‑
tion, invasion, migration, cell cycle progression and apoptosis 
of BLCA cells. The present results confirmed that sh‑CCNB1 
inhibited proliferation, invasion and migration of BLCA T24 
and 5637 cells in vitro, significantly increased proportion of 
cells in G2/M phase and inhibited growth of xenograft tumors 
in vivo. Furthermore, the high expression of CCNB1 mRNA 
could distinguish BLCA from normal bladder tissue. CCNB1 
in tumor cells as a cell cycle progression modulator may be 
an effective indicator to assess the malignancy of tumors (29). 
Therefore, targeting CCNB1 may be a promising option for 
BLCA therapy.

The present study had limitations. First, bigger clinical 
samples are required to validate the prognostic significance of 
CCNB1 in BLCA. Second, although experiments on chicken 
CAM transplantation tumors were performed, experimental 
sample size should be increased. In vivo experiments on other 
animals should also be conducted for validation, such as tumor 
formation in nude mice. CCNB1 protein levels were signifi‑
cantly higher in BLCA compared with normal bladder tissue 
from immunohistochemical results of clinical samples in the 
HPA database. This was not confirmed in clinical samples 
because it is difficult to obtain normal bladder tissue as controls. 
Finally, the present study only investigated the putative 
mechanism of action of CCNB1 in BLCA. Information on the 
molecular mechanism is lacking and the specific signaling 
pathways involved need further investigation.

In summary, the present study demonstrated that CCNB1 
expression was upregulated in BLCA tumor tissue and 
sh‑CCNB1 inhibited proliferation of BLCA cells, arresting 
most cells in the G2/M phase and thereby inducing apoptosis. 
The present study established a foundation for a under‑
standing of CCNB1 function in BLCA. CCNB1 may have 
a key role in the progression of BLCA. Silencing of CCNB1 
may have inhibited growth of BLCA tumors. The present 
study may provide theoretical foundation for future clinical 
treatment of BLCA.
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