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Abstract. Zinc finger and BTB domain containing 7A 
(ZBTB7) is a ZBTB protein family member of transcriptional 
repressors that serves a critical role in cell transformation and 
malignancy. However, the association between ZBTB7 expres-
sion in bladder cancer tissues and the prognosis of patients 
remains unclear. The aim of the current study was to detect 
the expression of ZBTB7 in transitional cell carcinoma (TCC) 
of the bladder and normal bladder mucous tissues to evaluate 
the diagnostic and prognostic value of ZBTB7 in TCC of the 
bladder. A total of 100 TCC specimens were analyzed and 
the expression of ZBTB7 mRNA was examined via reverse 
transcription‑quantitative polymerase chain reaction. The 
expression of ZBTB7 protein was examined by western blot-
ting and immunohistochemistry. The association between 
ZBTB7 expression and the clinical prognosis of patients 
from the TCGA database was analyzed. High expression of 
ZBTB7 mRNA and protein in TCC tissue was detected and 
TCC expression was significantly higher in TCC tissue than in 
normal bladder mucous tissues (P<0.05). Furthermore, ZBTB7 
expression was associated with recurrence, a larger tumor size 
and higher tumor grade. In terms of overall and recurrence‑free 
survival, the group expressing high levels of ZBTB7 exhibited 
lower overall and recurrence‑free survival compared with the 
low ZBTB7 expression group, although these differences were 
not statistically significant. Therefore, ZBTB7 may be impor-
tant in the initiation and progression of TCC.

Introduction

Bladder cancer (BC) is the fifth most common cancer and the 
second most diagnosed genitourinary cancer in Western coun-
tries (1). In China, BC is the leading cause of mortality of all 
urinary malignancies (2,3). BC may be non‑muscle invasive or 
muscle invasive. Patients with non‑muscle invasive BC have a 
high risk of experiencing tumor recurrence and progression into 
muscle invasive BC and the prognosis of patients with muscle 
invasive BC is poor due to its high rate of metastasis (4). It has 
previously been demonstrated that the epithelial‑mesenchymal 
transition (EMT) is important in BC (5). However, the precise 
mechanism of how the EMT regulates BC invasion remains 
unclear.

Zinc finger and BTB domain containing 7A (ZBTB7) 
is a ZBTB protein family member that critically influences 
cellular differentiation in a pleiotropic manner (6). ZBTB7 
consists of four COOH‑terminal krüppel‑type zinc fingers 
and an NH2‑terminal POZ/BTB domain (6). The POZ/BTB 
domain is involved in homodimerization and heterodimeriza-
tion and recruits corepressors including B‑cell lymphoma 6 
protein (BCL‑6) and nuclear receptor corepressors 1 and 2. 
The krüppel‑type zinc finger domain mediates specific 
DNA recognition and binding (7). ZBTB7 is overexpressed 
in different types of human cancer, including non‑small 
cell lung, prostate, ovarian and breast carcinoma, as well 
as glioma, T‑cell and B‑cell lymphoma (8‑13). A previous 
study by the current authors suggested that the expression 
of E‑cadherin in bladder cancer cells may be inhibited by 
ZBTB7 and that low E‑cadherin expression may alter the 
phenotype and apical‑base polarity of epithelial cells in the 
T24 cell line (4). Therefore, ZBTB7 may regulate the EMT 
in bladder cancer cells. However, the levels of ZBTB7 expres-
sion in bladder cancer tissues and how ZBTB7 regulates EMT 
remain unknown.

The present study investigated the expression of ZBTB7 in 
transitional cell carcinoma of the bladder (TCC). The expres-
sion of ZBTB7 in TCC and normal human bladder tissues was 
evaluated using immunohistochemistry, reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR) and 
western blotting to investigate whether ZBTB7 expression was 
associated with the clinicopathological characteristics and 
prognosis of patients with TCC.
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Patients and methods

Patients. Between September 2008 and June 2014, 100 patients 
(72 males and 28 females; mean age 66.3) pathologically 
diagnosed with TCC were enrolled in the current study at 
the Department of Shanghai Tenth People's Hospital, Tongji 
University (Shanghai, China). Pre‑operative clinical data for 
each patient, including complete blood count, liver biochem-
istry, renal function, and tumor size were assembled in a 
computerized database. Two different types of tissues from 
each patient with TCC, including tissue taken from the TCC 
tumor itself and tumor‑free tissue taken >5 cm from the tumor 
edge, were collected immediately following surgical resection. 
All tissue samples included the mucous and muscular layers. 
Areas of hemorrhage and tissue necrosis were excluded. 
Specimens from each patient were divided into two sections. 
One section was snap‑frozen immediately following resec-
tion and stored in liquid nitrogen until required. The other 
section was preserved in 10% formaldehyde solution (at 62˚C 
for 60 min) and paraffin‑embedded. The current study was 
performed following a protocol approved by the Ethics 
Committee of Shanghai Tenth People's Hospital, Tongji 
University School of Medicine (Shanghai, China). Written 
informed consent for participation was obtained from each 
patient.

RT‑qPCR. ZBTB7 primers were designed using Primer 3 
(http://bioinfo.ut.ee/primer3‑0.4.0/primer3/) according 
to the sequence of ZBTB7 taken from Genbank (https:// 
www.ncbi.nlm.nih.gov/nuccore). β‑actin acted as an internal 
control and its primers were synthesized by Shanghai Sangon 
Biological Engineering Technology & Services Co., Ltd. 
(Shanghai, China). The primer sequences were as follows: 
β‑actin forward, 5'‑TGA​AGG​TGA​CAG​CAG​TCG​GTT‑3' and 
reverse, 5'‑AGA​AGT​GGG​GTG​GCT​TTT​AGG​A‑3'; ZBTB7 
forward, 5'‑TTC​ACC​AGG​CAG​GAC​AAG​‑3' and reverse, 
5'‑GGT​TCT​TCA​GGT​CGT​AGT​TG‑3'.

Total RNA was isolated from the tissues using a Tiangen 
RNA isolation kit (Tiangen, Biotech, Co., Ltd., Beijing, China), 
following the manufacturer's protocol. The density of the bands 
was measured using a UV spectrophotometer. Total RNA was 
reverse‑transcribed into cDNA using Takara PrimeScript™ 
RT reagent kit (Takara Bio, Inc., Otsu, Japan) following the 
manufacturer's protocol. qPCR was subsequently performed in 
triplicate for each sample using a SYBR® ExScript Real‑time 
PCR kit (Takara Biotechnology Co., Ltd., Dalian, China). A 
20 µl reaction mixture was used, containing 2 µl template 
DNA, 1 µl primers, 10 µl SYBR premix and 7 µl ddH2O. PCR 
was performed using a 7900HT Fast Real‑Time PCR machine 
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) under the following conditions: 95˚C for 30 sec, 
40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. PCR results 
were quantified using the ‑2ΔΔCq method (14).

Western blotting. Total protein was extracted using radioim-
munoprecipitation assay lysis buffer (Sangon Biotech Co., 
Ltd., Shanghai, China). Protein concentration was determined 
using the bicinchoninic acid protein assay kit (Pierce; Thermo 
Fisher Scientific, Inc.). Equal quantities of protein (30 µg) were 
separated by 8% sodium dodecyl sulphate‑polyacrylamide 

gel electrophoresis with Tris‑glycine running buffer and 
were subsequently transferred to nitrocellulose membranes. 
Membranes were blocked with 0.1% Tween in Tris‑buffered 
saline for 60 min at room temperature and incubated with 
monoclonal antibodies against ZBTB7 (cat. no.  ab70208) 
(1:200 dilution) and glyceraldehyde 3‑phosphate dehydroge-
nase [GAPDH; (cat. no. ab8245); 1:500 dilution, both from 
Abcam, Cambridge, UK] at 4˚C overnight. GAPDH acted 
as a control. The membranes were washed with PBS‑0.05% 
Tween‑20 and then incubated with appropriate goat‑anti‑rabbit 
peroxidase‑conjugated secondary antibody (cat. no. A0545; 
1:1,000) or goat‑anti‑mouse peroxidase‑conjugated secondary 
antibody (cat. no. A9044; 1:5,000) (both from Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) for 1 h at 37˚C, washed 
again and developed using an enhanced chemiluminescence 
(ECL) western blotting system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Immunohistochemical staining. Sections (5 µm) were stained 
using the Sp method (15) using the Vectorstain Elite ABC kit 
(Vector Laboratories, Inc., Burlingame, CA, USA) following 
the manufacturer's protocol, and underwent high temperature 
and pressure antigen retrieval (the sections were immersed in 
0.01 M citric acid salt retrieval solution, pH 6.0 for 10 min) 
and were blocked with 2% goat serum (Gibco; Thermo Fisher 
Scientific, Inc.) for 20 min at room temperature. Following 
the addition of 50 µl primary antibody against ZBTB7 (cat. 
no. ab70208; dilution, 1:100; Abcam), the sections were incu-
bated at 4˚C overnight. Negative controls were established 
using phosphate buffered saline instead of primary antibody. 
Subsequently, 50 µl secondary antibody (Vectorstain Elite 
ABC kit; dilution, 1:100; Vector Laboratories, Inc., Burlingame, 
CA, USA) was added to the sections, which were incubated for 
30 min at room temperature. Staining was performed using 
diaminobenzidine for 5 min at room temperature followed by 
counterstaining with hematoxylin for 1 min at room tempera-
ture. Following dehydration, sections were fixed using a graded 
ethanol series (70% ethanol 5 min, 80% ethanol 5 min, 90% 
ethanol 5 min, 100% ethanol 5 min) then treat with xylene for 
10 min at room temperature and mounted with Permount™ 
mounting medium (Thermo Fisher Scientific, Inc.).

The slides were observed using a light microscope under 
five random high‑power fields and 100 cells were counted in 
each field. The number of ZBTB7‑positive cells with brownish 
granular staining in the nucleus and cytoplasm were estimated. 
The observer was blinded to the study and analysis was based 
upon the percentage of positively stained cells and the degree 
of staining. Positively stained cells were scored as follows: 
<5% staining, 0; 6‑25, 1; 26‑50, 2; 51‑75, 3 and >75%, 4. Cells 
were also given a score according to the degree of the staining 
exhibited: Light yellow staining, 1; yellow, 2 and brown, 3. 
A positive reaction was determined if the product of the two 
scores was >1 (16).

The cancer genome atlas (TCGA) database analysis. 
The TCGA database (http://cancergenome.nih.gov) was 
analyzed using the UCSC Cancer Genome Brower (https:// 
genome‑cancer.soe.ucsc.edu/). These data included gene 
expression data from 436  patients with bladder cancer, 
which facilitated the further investigation of the overall and 
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recurrence free survival in groups with low and high levels of 
ZBTB7 expression.

Statistical analysis. Statistical analysis was performed using 
the IBM SPSS software v20.0 (IBM Corp., Armonk, NY, 
USA). Student's t‑test was used as statistical methods to 
compare the difference in ZBTB7 mRNA expression between 
normal bladder tissues and TCC tissues of different grades and 
stages, and between primary and recurrent cases. To compare 
the level of ZBTB7 protein expression (two group: Positive and 
negative group) between TCC tissues of different grades and 
stages, and between primary and recurrent cases, the χ2 test 
was used. The log‑rank test was used to analyze the significant 
of low expression and high expression of ZBTB7. P<0.05 was 
considered to indicate a statistically significant difference. 
Comparison of survival curves was conducted using the 
log‑rank test.

Results

Clinicopathological characteristics of selected patients. A 
total of 100 patients with TCC, recruited from the Department 
of Urology, Shanghai Tenth People's Hospital between 
September 2010 and June 2014, were included in the present 
study. The clinicopathological characteristics of these patients 
are summarized in Table I.

The expression of ZBTB7 mRNA in patients with TCC. The 
association between ZBTB7 mRNA expression in TCC 
samples and patient clinicopathological characteristics was 
analyzed (Fig. 1). Firstly, the association between tumor size, as 
determined by the tumor‑node‑metastasis (TNM) classification 
system was analyzed (17). The expression of ZBTB7 mRNA was 
significantly higher in larger than smaller tumors. The relative 
expression of ZBTB7 in T1 stage tumors was 2.08±0.53, in T2 it 
2.69±0.68, significantly higher than in T1 stage tumors (P<0.01) 
and in T3 it was 4.26±0.90, significantly higher than in T2 stage 
tumors (P<0.01; Fig. 1A). ZBTB7 expression was significantly 
higher in high grade tumors compared with low‑grade tumors 
(P<0.05; Fig. 1B). However, there is no significant difference 
between the low and potential grade groups. In terms of grade, 
as determined by the WHO 1973 grading system and the new 
WHO classification of malignant tumors of the urinary tract 
2004 (18), the relative expression of ZBTB7 was 2.15±0.51 in 
potential grade tumors, 2.44±0.76 in low grade tumors and 
3.10±1.06 in high grade tumors. Additionally, ZBTB7 expres-
sion was significantly higher in recurrent tumors (3.70±1.09) 
compared with primary tumors (2.39±0.69; P<0.01; Fig. 1C).

The expression of ZBTB7 protein in normal human bladder 
and TCC tissues. ZBTB7 protein was measured in the nucleus 
and cytoplasm. Following immunohistochemical staining, cells 
with high ZBTB7 expression were stained a brownish yellow 

Table I. Clinicopathological characteristics of patients with TCC.

	 Grade	 TNM stage
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 Patients	 Potential	 Low grade	  High grade	 T1	 T2	 T3	 Primary carcinoma	 Recurrent

Total	 100	 24	 36	 40	 40	 48	 12	 81	 19
Sex									       
  Male	 72	 19	 25	 28	 29	 34	 9	 63	 9
  Female	 28	 5	 11	 12	 11	 14	 3	 18	 10
Age									       
  <45	 1	 0	 0	 1	 0	 0	 1	 1	 0
  45‑65	 65	 9	 27	 29	 25	 29	 11	 57	 8
  >65	 34	 15	 9	 10	 15	 19	 0	 23	 11

TCC, transitional cell carcinoma; TNM, tumor‑node‑metastasis.

Figure 1. ZBTB7 expression in patients with TCC. (A) ZBTB7 expression in patients with T1, T2, T3 stage TCC. (B) ZBTB7 expression in potential, low and 
high grade TCC. (C) ZBTB7 expression in primary and recurrent TCC. TCC, transitional cell carcinoma; ZBTB7, zinc finger and BTB domain containing 7A. 
**P<0.01, ***P<0.001.
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granular color (Fig. 2). The expression of ZBTB7 protein in 
normal bladder tissue was positive only in the mucous layer. 
However, in TCC tumor tissue, the mucous and muscular layer 
exhibited positive ZBTB7 expression. The positive rate of 
ZBTB7 protein expression in TCC tumors of different stages 
and grades were as follows (Table II): T1, 70%; T2, 87.5%; T3, 
83.3%; potential grade, 16.6%; low grade, 83.33%; high grade, 
80%; recurrent tumor, 100% and primary tumor, 75%. The 
expression of ZBTB7 protein differed significantly between 
TCC and normal bladder tissues (P<0.05) (Fig. 2) and between 

tumors of different TCC grades (potential grade vs. low grade, 
P<0.05) (Table II). The associations between the expression of 
ZBTB7 protein in TCC tissues and patient clinicopathological 
indicators are presented in Table II. No significant differences 
were found between tumors in different TNM stages (P>0.05), 
however ZBTB7 protein expression differed significantly 
among tumors with different histological grades (potential 
grade vs. low grade, P<0.05).

Levels of ZBTB7 protein in TCC bladder and normal tissue 
were detected by western blot analysis and it was observed 
that the expression of ZBTB7 protein was markedly higher in 
tumor tissue than normal tissue (Fig. 3).

ZBTB7 gene expression is not associated with the clinical prog‑
nosis of TCC. Information from 436 patients with BC patients 
from the TCGA database were analyzed and patients with 
higher ZBTB7 expression exhibited a lower overall survival 
rates compared with patients with low ZBTB7 expression 
(Fig. 4A). However, this difference was not statistically signifi-
cant (P=0.75). Recurrence free survival in patients with low 
expression of ZBTB7 compared with patients with high expres-
sion of ZBTB7 was also analyzed. Recurrence‑free survival 
was generally lower in patients with high ZBTB7 expression. 
However, this difference was not significant (P=0.43).

Figure 2. H&E and IHC staining for ZBTB7 in normal and tumor tissue. 
(A) H&E and IHC staining for ZBTB7 in normal tissue. ZBTB7 staining was 
positive only in superficial mucous layer. (B) H&E and IHC staining for ZBTB7 
in tumor tissue. ZBTB7 staining was positive throughout the mucous and 
muscular layers. Left panels, x100 magnification; middle panels, x200 magni-
fication; right panel, x400 magnification. H&E, hematoxylin and eosin; IHC, 
immunohistochemistry; ZBTB7, zinc finger and BTB domain containing 7A.

Table II. The associations between ZBTB7 IHC and clinicopathological indicators.

Pathological feature	 Number	 Positive	 Negative	 Rate of expression, %	 P‑valuesa

TNM stage	 				  
  T1	 40	 28	 12	   70	
  T2	 32	 28	 4	 87.50	 0.424
  T3	 28	 20	 8	 71.43	
Grade	 				  
  Potential grade	 12	 2	 10	 16.60	
  Low grade	 48	 40	 8	 83.33	 0.003
  High grade	 40	 32	 8	   80	
Primary or recurrent	 				  
  Primary	 19	 19	 0	 100	
  Recurrent	 81	 60	 19	   75	 0.185

aχ2 test. IHC, immunohistochemistry.

Figure 3. Western blot analysis of levels of ZBTB7 expression in three 
patients with transitional cell carcinoma. The expression of ZBTB7 protein 
is markedly increased in tumor tissue. T, transitional cell carcinoma samples; 
N, normal samples; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase; 
ZBTB7, zinc finger and BTB domain containing 7A.
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Discussion

BC is responsible for 150,000  cases of cancer‑associated 
mortality annually and is the fourth most common malignant 
neoplasm diagnosed in males worldwide (19). Approximately 
70‑80% cases of BCs are non‑muscle invasive and the 
remaining 20‑30% are muscle invasive at initial diagnosis. 
Between 30 and 50% of patients with non‑muscle invasive 
BC experience recurrence following transurethral resection of 
the primary tumor and 10‑20% progress to muscle invasive 
BC (4). Therefore, patients with non‑muscle invasive BC have 
a high risk of experiencing recurrence and progression to 
muscle invasive BC. Despite therapeutic advancements in BC 
treatment, including surgery and neoadjuvant chemotherapy, 
there were 16,000 cases of BC‑associated mortality in the 
USA in 2015 alone (20).

A number of potential markers for BC have been identi-
fied, including zinc finger protein 671 (21) and C‑X‑C motif 
chemokine ligand 1 (22). However, there are still no charac-
terized, non‑invasive molecular markers able to detect BC 
tumors and predict patient outcomes. Therefore, improved 
understanding of the molecular carcinogenesis of BC tumor 
progression may aid the development of novel, less invasive 
diagnostic markers. In the current study, high expression of 
ZBTB7 in BC tumor tissue was detected and it was deter-
mined that ZBTB7 expression may be associated with tumor 
size, grade and stage.

ZBTB7, a member of the ZBTB family, was identified 
by Maeda et al (6) in 2005. ZBTB7 is located at 19p13.3 
and possesses two exons and two introns. It was initially 
considered to bind to HIV‑1 promoter elements and was 
subsequently identified as a protein that interacts with BCL‑6 
and leads to the inactivation of mouse ZBTB7, inhibition of 
multicellular differentiation and embryonic lethality (23,24). 
ZBTB7 is regarded as a master regulator as it binds specifi-
cally to p19 ARF, which is an important anti‑oncogene. 
Chen et al (25) demonstrated that ZBTB7 is able to combine 
directly with the p19 ARF promoter and inactivate it in vivo. 
In addition, ZBTB7 is able to act upstream of many types 
of proto‑ and anti‑oncogenes, which serve an important role 

in tumorigenesis and tumor biological behavior, whereas 
non‑specific proto‑oncogenes simply promote tumor cell 
growth (9).

Previous studies have indicated that ZBTB7 is highly 
expressed in different types of cancer, including lung and colon 
cancer (6,8,11,26‑28). In these neoplasms, it may promote 
tumorigenesis, acting as a proto‑oncogene by repressing or 
enhancing the expression of genes involved in apoptosis, cell 
proliferation, differentiation and invasion. The present study 
demonstrated that ZBTB7 expression in TCC tissue was posi-
tive, indicating that ZBTB7 may promote the initiation and 
progression of TCC. By assessing the association between 
ZBTB7 gene expression in TCC and the clinicopathological 
features of patients, it was determined that the higher expres-
sion of ZBTB7 was associated with a more severe tumor 
TNM stage, tumor recurrence and a higher histological grade. 
These results are in concordance with previous studies that 
investigated the prognostic impact of ZBTB7 in TCC (4,29). 
Therefore, high expression of ZBTB7 in TCC may be impor-
tant in tumor initiation, progression and invasion.

The present study used the TCGA database to analyze 
the association between ZBTB7 expression and patient 
prognosis. Patients with high expression of ZBTB7 gener-
ally exhibited lower overall survival rates compared to those 
with low ZBTB7 expression. However, this difference was 
not statistically significant (P>0.05). This may be explained 
by two reasons. Firstly, no follow‑up information existed on 
>100 patients out of the 436 patients included in the database. 
This loss of patients to follow‑up may have skewed the end 
result. Secondly, the number of patients included in the current 
study was relatively small. Therefore, further studies involving 
larger cohorts are required to confirm the prognostic impact of 
ZBTB7 in TCC.

In conclusion, positive immunoreactivity of ZBTB7 is 
frequently observed in TCC and there was a significant asso-
ciation between high ZBTB7 expression and a higher tumor 
histological stage and grade. ZBTB7 expression may serve an 
important role in the initiation and progression of TCC and 
routine assessment of ZBTB7 expression may improve the 
identification of patients with high‑risk TCC.

Figure 4. Associations between ZBTB7 expression and the clinical prognosis of patients with transitional cell carcinoma. (A) The overall survival curve 
indicated that patients with high expression of ZBTB7 exhibited lower overall survival levels compared with patients with low ZBTB7 expression. However, 
this difference between the two groups was not statistically significant (P>0.05). (B) The recurrence‑free survival curve indicated that there was a decline in 
recurrence‑free survival in patients exhibiting high expression of ZBTB7. However, there was still no significant difference between two groups (P>0.05). 
ZBTB7, zinc finger and BTB domain containing 7A.
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