
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(3):1326-1336 | http://dx.doi.org/10.21037/tcr.2020.01.13

Introduction 

As one of the most common tumors in the urogenital 
system, bladder carcinoma (BC) is the second leading 
cause of death (1). To calculate mortality, the number of 
patients with BC is estimated to be more than 160,000 

every year. For the past 20 years, the incidence of BC has 
been rising, which ranks the 7th in male and the 17th in 
female worldwide (2). Bladder transitional cell carcinoma 
(BTCC) is the most common malignancy in the bladder 
and accounts for 90% of all malignant bladder tumors (3,4). 
At present, although the mechanism of occurrence and 
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progression in BC have been intensively studied, it remains 
unclear how to prevent the tumorigenesis of BTCC. There 
is a high recurrence rate of up to 50–70% after resection (5). 
Despite surgical removal of cancer tissue, with cisplatin-
based adjuvant chemotherapy after surgery, approximately 
half of the patients die within 4–5 years after surgery (6). 
The tumorigenesis, progression and invasion of BTCC 
were complex processes which may involve a variety of 
genes’ interactive effects.

The B-cell-specific Moloney murine leukemia virus 
insertion site 1 (Bmi-1) gene was firstly separated as an 
oncogene in murine models and it could collaborate 
with cellular-myelocytomatosis (c-Myc) to generate 
lymphadenomas (7,8). It was reported that Bmi-1 played 
key roles in cell multiplication and tumor progression, 
including in lung cancer, laryngeal squamous cell 
carcinoma, colorectal cancer and gallbladder carcinoma  
(9-12). The astrocyte elevated gene-1 (AEG-1) was initially 
distinguished in the human fetal astrocytes, where it could 
be induced by human immunodeficiency virus type 1 
(HIV-1) infection (13). The AEG-1 participated in genesis 
and development of diverse cancers, including colorectal 
carcinoma, glioblastoma and lung carcinoma (14-17), 
which is related to tumor multiplication, metastasis, and 
invasion (18,19). As an important member of histidine triad 
gene family, the fragile histidine triad (FHIT) is a tumor 
suppressor gene, of which abnormal expression is related to 
various malignant tumors. Studies have shown that FHIT 
can regulate the process of cell proliferation and apoptosis 
(20,21). 

The tumorigenesis, progression and invasion of BTCC 
may involve in a series of genetic factors. In the current 
study, our purpose was to explore the expression levels 
and correlation of Bmi-1, AEG-1 and FHIT in BTCC. We 
aimed to provide mechanism insights into Bmi-1, AEG-1 
and FHIT function and support the research of therapeutic 
strategy that targets at these genes (or their downstream 
mediators of transformation and angiogenesis) by a genetic 
[antisense or small interfering ribonucleic acid (siRNA)] or 
pharmacological (small-molecule) approach, thus to develop 
an effective rational strategy for the therapy of BTCC.

Methods

Human clinical specimens

Forty-six cases of BC tissue samples were obtained from 
patients (ranged 40–80 years) diagnosed with primary BC 

during the first radical cystectomy between June 2010 and 
January 2014 in the Characteristic Medical Center of the 
Chinese People’s Armed Police Force Hospital. All patients 
were not treated with chemoradiotherapy. Meanwhile, 
10 non-cancer bladder mucous membrane tissue samples 
in the same period were obtained from patients with no 
symptoms and signs of bladder cancer who had undergone 
the surgical treatment for benign prostatic hyperplasia. All 
the tissue samples were collected during surgery and further 
confirmed by histopathological, which were trimmed to 
pieces of 0.5 cm size after washed by physiological saline 
repeatedly. Some samples were stored in −80 ℃ deep freezer 
for quantitative real time polymerase chain reaction (qRT-
PCR) and Western blot. Some samples were unbuffered 
formalin fixed and paraffin embedded, which were send 
to the specimen library for immunohistochemistry. Some 
samples were used to pathological diagnosis. 

Of all the BC tissue samples, 16 samples were lymphatic 
metastasis. Histological cell type of the tumor was assigned 
according to the World Health Organization (WHO) 
classification: 24 were classified as low grade papillary 
urothelial carcinoma (LGPUC), 22 as high grade papillary 
urothelial carcinoma (HGPUC). Staging was reviewed 
based on the International Union Against Cancer (UICC)-
tumour node metastases (TNM) staging system: 27 were 
stage Tis-T1, 19 were stage T2-T4. 

qRT-PCR

The TRIzol reagent (Tianjin Biotechnology, Tianjin, China) 
was used to extract total RNA from samples, according to 
the manufacturer’s protocol. Then the extracted total RNA 
was reversely transcripted into cDNA (Complementary 
deoxyribonucleic acid) with PrimeScript RT-PCR kit 
(Takara Biotechnology, Dalian, China). The qRT-PCR 
reaction conditions were as follows: pre-denaturation at 95 
℃ for 5 s, denaturation at 95 ℃ for 5 s, annealing at 60 ℃ 
for 30 s, 40 cycles. β-actin was used as an internal control. 
The 2-ΔΔCt method was used to evaluate expression fold 
changes. The Bmi-1 sense primer was 5'-AATCTAAGGA 
GGAGGTGA-3'  and  the  ant i - sense  pr imer  was 
5'-CAAACAAGAAGAGGTGGA-3'; the AEG-1 sense 
primer was 5'-AAATAGCCAGCCTATCAAGACTC-3', 
and the anti-sense primer was 5'-TTCAGACTTGGTCT 
GTGAAGGAG-3 ' ;  the  FHIT  s en se  p r imer  was 
5 ' -GCTCTTGTGAATAGGAAACC-3 ' ,  and  the 
anti-sense primer was 5'- TCACTGGTTGAAGA 
ATACAGG-3'. For the β-actin gene, the sense primer was 
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5'-CGCTGCGCTGGTCGTCGACA-3', and the anti-
sense primer was 5'-GTCACGCACGATTTCCCGCT-3'. 

Western blot

In short, the total cellular protein was extracted with lysis 
buffer, followed by ice bath for 30 min and centrifuge 
at 12,000 ×g for 15 min at 4 ℃, then the protein was 
quantified by bicinchoninic acid (BCA) method. Sodium 
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) was used to separate 40 μg proteins, which was 
then transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Bedford, Massachusetts, USA). 
Blocking the membranes with 5% BSA (bovine serum 
albumin, ServiceBio, Beijing, China) for 1 hour, and then 
probing the membranes with antibodies against Bmi-1  
(1:1,000, Sigama, Saint Louis, USA ), AEG-1 (1:1,000, 
Sigama), FHIT (1:1,000, Sigama) and β-actin (1:1,000, 
Sigama) at 4 ℃ overnight. Washing the membranes three 
times with TBST and incubating the membranes with 
horse-radish peroxidase-conjugated second antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 
1 hour. The protein bands were visualized by enhanced 
chemiluminescence (ECL) reagents (Pierce, Rockford, IL, 
USA). The membranes were stripped and re-probed with 
β-actin antibodies as the loading controls. Image J software 
(National Institutes of Health, Bethesda, USA) was utilized 
for densitometric quantification of the Western blot bands. 

Immunohistochemistry

Briefly, xylene (ChuanghuaChem, Nanjing, China) was used 
for deparaffinization. Four mL tissue sections which were 
formalin-fixed and paraffin-embedded, then rehydrated 
in serial dilution of ethanol, and boiled (microwave) for  
15 min in ethylene diamine tetraacetic acid (EDTA) buffer 
(pH 8.0, SolarBio, Beijing, China) for antigen retrieval 
of Bmi-1, AEG-1 and FHIT; 3% hydrogen peroxide 
(ChuanghuaChem, Nanjing, China) was used to incubate 
these tissue sections for 10 min to quench the activity of 
endogenous peroxidase, followed by incubating with goat 
serum to block nonspecific binding. Washed slides with PBS 
(phosphate buffered solution, SolarBio, Beijing, China) and 
incubated with polyclonal antibodies (Weiao Biotechnology, 
Shanghai, China) at room temperature for 1 h. Then they 
were reacted with biotinylated secondary antibodies (Weiao 
Biotechnology) for 10 min and followed by incubating with 

the streptavidin-horseradish-peroxidase complex. DAB 
(Diaminobenzidine, Weiao Biotechnology) was used on the 
slides as substrates after further washing. These sections 
were counterstained with Mayer’s hematoxylin, dehydrated 
with ascending concentrations of alcohol, and mounted 
by crystal mount. Taking place of the primary antibodies 
with non-immune IgG (Weiao Biotechnology) of the same 
isotype to be negative controls.

Statistical analysis 

Statistical analysis was conducted using SPSS 20.0 (SPSS 
Inc, Chicago, Illinois, USA). Continuous variables were 
expressed as the mean ± SD. Differences between groups 
were evaluated by the Student’s t-test for two groups or 
one-way analysis of variance (ANOVA) followed by Tukey 
post hoc test for three groups. Categorical variables were 
represented as percentages and were tested by chi-square 
test. Relationships between Bmi-1, AEG-1 and FHIT were 
determined by using linear correlation coefficient. For all 
the tests, P<0.05 was considered as statistical significance.

Results

The messenger RNA (mRNA) expression of Bmi-1, AEG-1 
and FHIT in normal tissues and BTCC tissues evaluating 
by qRT-PCR

The mRNA expression of Bmi-1 and AEG-1 in BTCC 
tissues were significantly higher than those in normal tissues 
(0.60±0.03 vs. 0.16±0.03, 0.58±0.03 vs. 0.14±0.03, P<0.01). 
Conversely the mRNA expression of FHIT was much 
higher in normal tissues than BTCC tissues (0.83±0.03 vs. 
0.42±0.02, P<0.01). There were also significant differences 
in the mRNA expression of Bmi-1, AEG-1 and FHIT in 
different histological cell type, the differences between 
groups were about 1.7–1.9 times (P<0.01). The mRNA 
expressions of Bmi-1, AEG-1 and FHIT in BTCC patients 
with lymph node metastasis were significantly different 
compared with non-lymph node metastasis patients 
(P<0.01), as well. Detailed data was showed in Figure 1. 

The linear correlation analysis showed that the mRNA 
expression of Bmi-1 was positively related to the mRNA 
expression of AEG-1 (r=0.90, P<0.01). The mRNA 
expression of Bmi-1 and AEG-1 had negative relationships 
with the mRNA expression of FHIT (r=−0.84, P=0.03; 
r=−0.89, P<0.01). Detailed data were showed in Table 1.
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Figure 1 The mRNA expression of Bmi-1, AEG-1 and FHIT in normal tissues and BTCC tissues. (A) The mRNA expression of Bmi-1 in 
normal tissues and BTCC tissues: normal tissues vs. BTCC: 0.16±0.03 vs. 0.60±0.03; Tis-T1 vs. T2-T4: 0.57±0.05 vs. 0.63±0.05; LGPUC 
vs. HGPUC: 0.45±0.04 vs. 0.77±0.02; no-lymphatic metastasis vs. lymphatic metastasis: 0.49±0.03 vs. 0.81±0.03. (B) The mRNA expression 
of AEG-1 in normal tissues and BTCC tissues: normal tissues vs. BTCC: 0.14±0.03 vs. 0.58±0.03; Tis-T1 vs. T2-T4: 0.53±0.04 vs. 0.66±0.05; 
LGPUC vs. HGPUC: 0.41±0.02 vs. 0.78±0.03; no-lymphatic metastasis vs. lymphatic metastasis: 0.45±0.03 vs. 0.83±0.02. (C) The mRNA 
expression of FHIT in normal tissues and BTCC tissues: normal tissues vs. BTCC: 0.83±0.03 vs. 0.42±0.02; Tis-T1 vs. T2-T4: 0.45±0.03 
vs. 0.38±0.12; LGPUC vs. HGPUC: 0.42±0.02 vs. 0.31±0.02; no-lymphatic metastasis vs. lymphatic metastasis: 0.51±0.02 vs. 0.27±0.02. 
**, P<0.01. BTCC, bladder transitional cell carcinoma; LGPUC, low grade papillary urothelial carcinoma; HGPUC, high grade papillary 
urothelial carcinoma.

Table 1 Correlation analysis among the mRNA expression of Bmi-1, AEG-1 and FHIT

The mRNA expression
Linear correlation coefficient

Bmi-1 AEG-1 FHIT

Bmi-1 – 0.90* −0.84*

AEG-1 0.90* – −0.89*

FHIT −0.84* −0.89* –

*, P<0.05.
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The protein expression of Bmi-1, AEG-1 and FHIT in 
normal tissues and BTCC tissues evaluating by Western blot

The expression levels of Bmi-1, AEG-1 and FHIT protein 
in BTCC tissues evaluating by Western blot were showed 
in Figure 2. Compared with normal tissues, the protein 
expression of Bmi-1 and AEG-1 in BTCC tissues were 
significantly higher (P<0.05). On the contrary, the protein 

expression of FHIT was higher in normal tissues than 
BTCC tissues (P<0.05). There were significant differences 
in the protein expression of Bmi-1, AEG-1 and FHIT in 
difference histological cell type (P<0.05). In BTCC patients 
with lymph node metastasis, the protein expression of Bmi-
1, AEG-1 and FHIT were significantly different compared 
with non-lymph node metastasis patients (P<0.05). 

The linear correlation analysis showed that the protein 

Figure 2 Expression of protein Bmi-1, AEG-1, FHIT in normal tissue and BTCC tissues. (A) Different clinical pathological stage, **, 
P<0.05, vs. normal tissue; &, P<0.05, vs. Tis-T1 tissue. (B) Different histological cell type, **, P<0.05, vs. normal tissue; &, P<0.05, vs. low 
grade tissue. (C) Different lymphatic metastasis types, **, P<0.05, vs. normal tissue; &, P<0.05, &&, P<0.01, vs. no lymph-node metastasis. 
The result was a representative of three independent experiments, n=3 in each group. Error bars represented mean ± SD. P values were 
determined by one-way analysis of variance (ANOVA) followed by Tukey post hoc test. BTCC, bladder transitional cell carcinoma.
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expression of Bmi-1 was positively related to the protein 
expression of AEG-1 (r=0.94, P<0.01). The protein 
expression of Bmi-1 and AEG-1 had negative relationships 
with the protein expression of FHIT (r=−0.84, P<0.05; 
r=−0.97, P<0.01). Detailed data were showed in Table 2.

The protein expression of Bmi-1, AEG-1 and FHIT 
in normal tissues and BTCC tissues evaluating by 
immunohistochemistry

As shown in Figure 3, the Bmi-1 expression was located 
mainly in the nuclei of tumor cells, and the AEG-1 
expression was localized within nuclear membranes or 
cytoplasm; the FHIT expression was closely distributed in 
the cytoplasm of normal cells.

There were more samples in BTCC tissues, of which 
Bmi-1 and AEG-1 expressed positively, than normal tissues 
(P<0.01). In patients with BTCC, more proportions were 
positive expression of Bmi-1 and AEG-1 in HGPUC 
compared with LGPUC (P<0.05). The rates of positive 
expression of Bmi-1 and AEG-1 were higher in the patients 
with lymph node metastasis than the patients with non-
lymph node metastasis (P<0.05). The expression of FHIT 
was opposite to Bmi-1 and AEG-1. Detailed data was 
showed in Tables 3-5.

Discussion

Although some genes, such as the epidermal growth factor 
receptor (EGFR) and human epithelial growth factor 
receptor 2 (HER-2) have been reported to associate with 
BC in previous study (22), it still remains unclear about the 
molecular mechanisms of the occurrence and development 
in BC. There are a series of genetic factors involving 
the above processes, including the inactivation of tumor 
suppressor genes and the activation of oncogenes (22-24). 
The current study demonstrated that the expression of  
Bmi-1 and AEG-1 were up-regulated and the down-

regulated expression of FHIT in BTCC tissues. The 
interaction of Bmi-1, AEG-1 and FHIT may associate with 
tumorigenesis and progression of BTCC. 

There is often an up-regulated of polycomb group (PcG) 
protein in many human cancers. As a member of the PcG 
family, the over-expression of Bmi-1 could repress the 
p19Arf targets and p16Ink4a/CDKN2A (cyclin-dependent 
kinase Inhibitor 2A) (25,26). Because the lack of p16Ink4a, 
the retinoblastoma product (pRB) can be phosphorylated 
by the cyclin D/Cdk4/6 complex, which allows the 
transcription factor (E2F)-dependent transcription that 
leads to the progression of cell cycle and synthesis of DNA. 
Ma et al. (27) found that Bmi-1 may play an important 
role in the progression of liver cancer by the independent 
pathway of p16Ink4a to regulate the cell multiplication. 
Furthermore, murine double minute 2 (MDM2)-mediated 
p53 degradation causes low p53 levels in the absence of 
p19Arf, thus could prevent cell cycle arrest and apoptosis. 
It has been proved that MDM2 and p53 can repress 
the transactivation of nuclear factor-κB (NF-κB) (28).  
Compared with normal tissues, the expression of Bmi-1  
in BTCC tissues was significantly higher in the current 
study, which was in consistent with Qin’s study (29). There 
were significant differences in the expression levels of Bmi-1  
in various histological cell types. Compared with non-
lymph node metastasis patients, BTCC patients with lymph 
node metastasis showed the significantly higher expression 
levels of Bmi-1. Invasion and metastasis of tumor cells 
depend on the hydrolysis of extracellular protein matrix 
mediated by matrix metallopeptidase 9 (MMP-9). Yu’s study 
demonstrated that Bmi-1 could induce the expression and 
the activity of MMP-9 through the NF-κB activation in 
glioma, whereas blocking the activity of NF-κB drastically 
reduced the pro-invasive effects of Bmi-1 and prevented 
upregulation of MMP-9 (30). Thus, we believed that the 
Bmi-1 probably played a key role in the cell multiplication, 
tumor progression and metastasis in BTCC by the NF-κB/
MMP-9 pathway.

Table 2 Correlation analysis among the expression of protein Bmi-1, AEG-1 and FHIT 

The mRNA expression
Linear correlation coefficient

Bmi-1 AEG-1 FHIT

Bmi-1 – 0.94 −0.84*

AEG-1 0.94* – −0.97*

FHIT −0.84* −0.97* –

*, P<0.05.
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As the Ha-Ras’s downstream target, AEG-1 has an 
important role in regulating the occurrence, invading, 
migration and angiogenesis of tumors. To be consistent 
with previous study, an over-expression of AEG-1 in 
BTCC tissues was observed in the current study (31). The 
over-expression of AEG-1 was also related to histological 
cell type. The invasive ability of the HeLa cells could be 
enhanced by the over-expression of AEG-1 (32). In sharp 

contrast, the knockdown of AEG-1 could reduce cell 
activity and promote apoptosis in prostatic carcinoma cells. 
It was reported that cervical cancer cell migration could be 
depressed by the down-regulation of AEG-1 (33). A study 
on glioma demonstrated that the AEG-1 could induced the 
degradation of inhibitor of NF-κB (IκB) to accelerate the 
activation of NF-κB, and that tumor cells proliferation was 
promoted eventually (34). On the other hand, the metastasis 

Figure 3 Analysis of Bmi-1, AEG-1 and FHIT expression by immunohistochemistry in normal tissues and BTCC tissues (original 
magnification ×400). (A,C,E) were the expression of Bmi-1, AEG-1 and FHIT in normal tissues; (B,D,F) were the expression of Bmi-1, 
AEG-1 and FHIT in BTCC tissues. BTCC, bladder transitional cell carcinoma.

A B

C D

E F
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Table 3 The protein expression of Bmi-1 in BTCC and normal tissues evaluating by immunohistochemistry

Group N
Protein expression of Bmi-1

χ2 P value
Positive (%) Negative (%)

Pathological diagnosis 8.51 <0.01

Normal tissues 10 1 (10.00) 9 (90.00)

BTCC 46 28 (60.87) 18 (39.13)

Clinical pathological stage 0.78 0.28

Tis-T1 27 15 (55.56) 12 (44.44)

T2-T4 19 13 (68.42) 6 (31.58)

Histological cell type 11.51 <0.01

LGPUC 24 9 (37.50) 15 (62.50)

HGPUC 22 19 (86.36) 3 (13.64)

Lymphatic metastasis 11.14 <0.01

No 30 13 (43.33) 17 (56.67)

Yes 16 15 (93.75) 1 (6.25)

BTCC, bladder transitional cell carcinoma; LGPUC, low grade papillary urothelial carcinoma; HGPUC, high grade papillary urothelial 
carcinoma.

Table 4 The protein expression of AEG-1 in BTCC and normal tissues evaluating by immunohistochemistry

Group N
Protein expression of AEG-1

χ2 P value
Positive (%) Negative (%)

Pathological diagnosis 10.40 <0.01

Normal tissues 10 2 (20.00) 8 (80.00)

BTCC 46 34 (73.91) 12 (26.09)

Clinical pathological stage 1.78 0.16

Tis-T1 27 18 (66.67) 9 (33.33)

T2-T4 19 16 (84.21) 3 (15.79)

Histological cell type 6.32 0.01

LGPUC 24 14 (58.33) 10 (41.67)

HGPUC 22 20 (90.91) 2 (9.09)

Lymphatic metastasis 8.66 <0.01

No 30 18 (60.00) 12 (40.00)

Yes 16 16 (100.00) 0 (0.00)

BTCC, bladder transitional cell carcinoma; LGPUC, low grade papillary urothelial carcinoma; HGPUC, high grade papillary urothelial 
carcinoma.
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and invading of glioma cells could be enhanced by the 
up-regulated of AEG-1, which was promoted by MMP-
9. When the AEG-1 was knockdown, their metastasis 
and invading would be inhibited. In summary, AEG-1 
was related to the initiation, development and invasion in 
BTCC via the NF-κB/MMP-9 pathway.

The FHIT is located on human chromosome 3p14.2, 
of which protein product is 16.8 kDa in size (35). The 
protein can involve in the process of cell cycle and DNA 
repair. Previous study showed that the growth of human 
colon cancer cell line can be significantly inhibited by 
FHIT protein and finally promoted apoptosis (36). Our 
study demonstrated the down-regulated expression of 
FHIT in BTCC tissues. And the down-regulation of 
FHIT had relationship with histological cell types and 
lymphatic metastasis. When FHIT was transfected into 
lung carcinoma cells which was in absent of FHIT gene, the 
lung carcinoma cell cycle at G0/G1 phase was blocked and 
the cells’ apoptosis was promoted (37). In colon cancer cell 
lines, FHIT protein inhibited cell growth by attenuating the 
signaling mediated by NF-κB (38). It was demonstrated that 
FHIT silencing in bronchial cells could regulate cell invasion 
though inducing the overexpression of MMP-9 (39).  
We cherish the belief that FHIT also take part in the 
regulating the process of cell cycle and cell apoptosis in 
BTCC through the NF-κB/MMP-9 pathway.

In addition, we also analyzed the correlation among 
Bmi-1, AEG-1 and FHIT. A positive relationship between 
the expression of Bmi-1 and AEG-1 was observed. The 
aggressiveness of glioma could be promoted by Bmi-1  
activating the NF-κB/MMP-9 signaling pathway (40).  
AEG-1 was also involved in this pathway (41). Therefore, 
Bmi-1 and AEG-1 may promote the tumorigenesis, 
progression and invasion of BTCC synergistically. FHIT 
could also cause cell apoptosis and metastasis through  
NF-κB/MMP-9 pathway, which may explain why the 
expression of FHIT was negatively related to the expression 
of Bmi-1 and AEG-1 in our study.

Conclusions

The tumorigenesis, progression and invasion of BTCC 
were complex processes which may involve a variety of 
genes’ interactive effects. This study demonstrated that the 
expression of Bmi-1 and AEG-1 were up-regulated and the 
expression of FHIT was down-regulated in BTCC. The 
expression of Bmi-1 was positively related to the expression 
AEG-1, and the expression of FHIT had a negative 
correlation with the expression of Bmi-1 and AEG-1 in 
BTCC. It is believed that there may be common pathways 
and regulatory factors in the three genes, which may 
provide a new idea for gene therapy of BTCC. The present 

Table 5 The protein expression of FHIT-1 in BTCC and normal tissues evaluating by immunohistochemistry

Group N
Protein expression of FHIT

χ2 P value
Positive (%) Negative (%)

Pathological diagnosis 7.12 < 0.01

Normal tissues 10 9 (90.00) 1 (10.00)

BTCC 46 20 (43.48) 26 (56.52)

Clinical pathological stage 0.58 0.32

Tis-T1 27 13 (48.15) 14 (51.85)

T2-T4 19 7 (36.84) 12 (63.16)

Histological cell type 4.51 0.03

LGPUC 24 14 (58.33) 10 (41.67)

HGPUC 22 6 (27.27) 16 (72.73)

Lymphatic metastasis 6.11 0.01

No 30 17 (56.67) 13 (43.33)

Yes 16 3 (18.75) 13 (81.25)

BTCC, bladder transitional cell carcinoma; LGPUC, low grade papillary urothelial carcinoma; HGPUC, high grade papillary urothelial 
carcinoma.
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study provides mechanism insights into Bmi-1, AEG-1 and 
FHIT function and supports the research of therapeutic 
strategy which targeted at these genes (or their downstream 
mediators of transformation and angiogenesis) by a genetic 
(antisense or siRNA) or pharmacological (small-molecule) 
approach to develop an effective rational strategy for the 
therapy of BTCC.
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