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Abstract. Angiogenesis is important in the development of 
solid tumors. Vasohibin‑1 (VASH‑1) is an endothelium‑derived 
protein that acts as an inhibitor of angiogenesis in many 
different types of cancer. However, the expression of VASH‑1 
and its clinical value in bladder cancer remain unknown. The 
current study analyzed the expression of VASH‑1, as well as 
the expression of the angiogenesis‑related factors vascular 
endothelial growth factor‑A, hypoxia inducible factor‑1α and 
cluster of differentiation 34 in bladder cancer tissues from 
50 patients using immunohistochemistry. The associations 
between the expression of these factors and the clinico-
pathological characteristics of the patients were assessed. The 
current study demonstrated that VASH‑1 is primarily 
expressed in the cytoplasm of bladder cancer cells and in a 
fraction of vascular endothelial cells. Furthermore, the expres-
sion of VASH‑1 was positively associated with the tumor stage 
(P<0.01), pathological grade (P<0.01) and distant metastasis 
(P<0.05) but not with patient age or sex (P>0.05). Spearman 
rank correlation tests indicated that levels of those four factors 
were positively correlated with each other. Kaplan‑Meier 

analysis indicated that high expression of these four factors 
was significantly associated with lower 5‑year overall survival 
and progression‑free survival rates. Collectively, the results of 
the current study suggest that VASH‑1 is clinically significant 
in bladder cancer and its high expression may predict the 
progression and prognosis of patients with bladder cancer. The 
present study also implies that VASH‑1 may be a novel target 
for vascular targeting therapy.

Introduction

Bladder cancer is the most common malignant tumor of the 
urinary system (1). In 2015, bladder cancer was the fourth most 
common malignant neoplasm in the United States and was 
one of the leading causes of cancer‑associated mortality (2). In 
developing countries such as China, the incidence of bladder 
cancer has been steadily increasing, becoming a greater 
public health problem in these countries (3,4). There are three 
pathological types of bladder cancer: Urothelial carcinoma, 
squamous cell carcinoma and adenocarcinoma, with urothe-
lial carcinoma accounting for >90% of all cases of bladder 
cancer  (5). Characteristically, 50‑70% of patients initially 
diagnosed with non‑muscle invasive bladder cancer will expe-
rience recurrence within 5 years and ~10% will progress to 
invasive bladder cancer (6). Thus, it is important to identify 
biomarkers able to predict disease progression for patients 
with bladder cancer.

It is well established that angiogenesis is required for the 
development of solid tumors in different types of cancer. 
When solid tumor cell clumps reach 1‑2 mm in diameter, 
angiogenesis results in the formation of new blood vessels 
that provide adequate oxygen and nutrients for the tumor (7). 
These newly formed vessels not only promote tumor growth 
but also facilitate the entry of tumor cells into the circulation, 
as well as tumor metastasis to distant organs. During angio-
genesis, cancer cells produce increased levels of angiogenic 
factors, overwhelming the effects of angiogenesis inhibitors, 
to support the growth of new vessels (8). The angiogenesis 
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stimulators vascular endothelial growth factor (VEGF) and 
hypoxia inducible factor‑1α (HIF‑1α), as well as the inhibitory 
factors platelet factor 4, endostatin and angiostatin, are being 
extensively investigated to determine their effects on cancer 
prognosis and therapy (9,10).

Vasohibin‑1 (VASH‑1) is as an endothelium‑derived 
protein that is induced by VEGF and fibroblast growth factor‑2 
(FGF‑2) (11). VASH‑1 is characterized as a negative feedback 
regulator of angiogenesis, which may inhibit the migration and 
proliferation of endothelial cells, though this inhibitory effect 
is not identical in different endothelial cells (12). Previous 
studies have demonstrated that VASH‑1 is associated with a 
number of malignant tumors, including colorectal cancer (13), 
hepatocellular carcinoma (14), non‑small cell lung cancer (15), 
renal cell carcinoma (16,17) and prostate cancer (18). However, 
the expression of VASH‑1 in bladder cancer has not yet been 
investigated.

The present study aimed to determine the expression of 
different angiogenesis‑related factors including VASH‑1, 
VEGF‑A, HIF‑1α and cluster of differentiation (CD)34 in 
urothelial bladder cancer tissues, identify their associations 
with various clinicopathological features and their influence 
on the prognosis of patients with bladder cancer.

Patients and methods

Patients and tissue samples. A total of 50  patients 
(41 males and 9 females), with a median age of 67 years (range, 
43‑81 years) histopathologically diagnosed with urothelial 
bladder cancer at the Department of Urology, Second Hospital 
of Tianjin Medical University (Tianjin, China) between 
January 2010 and January 2011 were recruited in the current 
study. Tissue samples were collected immediately following 
transurethral resection of the bladder tumor or radical cystec-
tomy surgery. No patients had received radio‑ or chemotherapy 
prior to surgery. Tumor stage was classified according to the 
seventh edition of the tumor node metastasis classification by 
the Union for International Cancer Control in 2009 (19) and 
tumor grade was classified according to the criteria of 2004 
World Health Organization classification  (20). Regarding 
tumor stage, there were 19 patients with Ta tumors, 14 patients 
with T1 tumors, 8 patients with T2 tumors, 6 patients with T3 
tumors and 3 patients with T4 tumors. There were 35 patients 
with low pathological grade tumors and 15 patients with high 
pathological grade tumors. Distant metastasis was detected 
in 2 patients (liver metastases); there was no evidence of 
distant metastasis in the other 48 patients. The present study 
was approved by the Ethics Committee of Second Hospital of 
Tianjin Medical University and written informed consent was 
received from all patients.

Immunohistochemistry. Bladder cancer tissues were surgically 
removed and fixed in 10% neutral formalin solution immedi-
ately at room temperature for 24 h. Tissues were subsequently 
embedded in paraffin. Tissue sections 4 µm‑thick were 
prepared following standard protocols. Sections were then 
subjected to a 60˚C water‑bath in 0.01 M citric buffer (pH 6.0) 
for 15 min to perform epitope retrieval. A Polink‑1 HRP DAB 
Detection System kit (PV‑6000; ZSGB‑Bio Technology, Co., 
Ltd., Beijing, China) was used to process the tissue sections 

prior to VASH‑1, VEGF‑A, HIF‑1α and CD34 immunoreac-
tion. Firstly, to quench endogenous peroxidase activity, tissue 
sections was incubated with 3% hydrogen peroxide at room 
temperature for 5 min, follwed by washing with PBS for 3 min. 
Subsequently, mouse monoclonal anti‑VASH‑1 antibody (dilu-
tion, 1:100; sc‑365541; Santa Cruz Biotechnology, Inc., Dallas, 
TX USA), rabbit polyclonal anti‑VEGF‑A antibodies (dilution, 
1:100; ab51745; Abcam, Cambridge, UK), mouse monoclonal 
anti‑HIF‑1α antibody (dilution, 1:200; ab16066; Abcam) 
and mouse monoclonal anti‑CD34 antibody (dilution, 1:100; 
ZM‑0046; ZSGB‑Bio Technology, Co., Ltd.) were used to 
treat tissue sections overnight at 4˚C in a humidified chamber. 
To determine specific antigen‑antibody interaction, PBS was 
used as a negative control in the primary incubation step. The 
following day, tissue sections were washed with PBS for 3 min 
and incubated with rabbit/mouse immunoglobulin G/horse-
radish peroxidase (HRP) polymer at 37˚C for 15 min. Finally, 
after 3 min PBS washed, the sections were colored and coun-
terstained using a DAB kit (ZLI‑9017; ZSGB‑Bio Technology, 
Co., Ltd.) at room temperature for 2 min and hematoxylin at 
room temperature for 30 sec.

Evaluation of immunohistochemical staining. The expression 
of VASH‑1, VEGF‑A, and HIF‑1α in bladder cancer tissues 
was evaluated using Image Pro Plus 6.0 (Media Cybernetics, 
Inc., Rockville, MD, USA). The software was used to measure 
integrated optical density (IOD) and the area of pictures, which 
were subsequently used to calculate average optical density 
(AOD) using the following formula: AOD=IOD/Area. CD34 
expression was determined by evaluating microvessel density 
(MVD) according to the criteria established by Weidner (21). 
A tissue sample was first examined using a light microscope at 
low magnification (x100) under a light microscope to identify 
the highest vascular density area (hot spot). Subsequently, 
five areas of the highest density were selected under a higher 
magnification (x200) for counting. The average density of 
the five areas was recorded as the MVD level for this tissue. 
During this process, any brown‑staining endothelial cell or 
endothelial cell cluster that was clearly separate from adjacent 
vessels, tumor cells and other connective tissue elements was 
considered to be a single countable microvessel, even those 
distinct clusters of stained endothelial cells which may be 
from the same vessel. However, vessels with a thick muscular 
wall or with a lumen >8 red blood cells in diameter (~50 µm) 
were excluded from the count. Subsequently, in order to carry 
out Kaplan‑Meier analysis, these patients were divided into 
the low and high expression groups according to the average 
values of the AOD or MVD individually.

Follow‑up. Following patient discharge, information regarding 
patient disease progression was received by letter, telephone 
or outpatient visits every 3 months. The period for the 5‑year 
overall survival (OS) was estimated from the date of initial 
surgery to the date of mortality from any cause or the final 
follow‑up session. The 5‑years progression‑free survival (PFS) 
duration was calculated from the date of initial surgery to the 
date of disease recurrence, progression or the final follow‑up.

Statistical analysis. SPSS 13.0 (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis and the results were 
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Figure 2. Comparison of VASH‑1 expression in bladder cancer tissues. Patients were divided into two groups for analysis of (A) sex, (B) age, (C) tumor stage, 
(D) pathological grade or (E) distant metastasis. The results were expressed as the mean ± standard deviation. *P<0.05; **P<0.01. AOD, average optical density; 
VASH‑1, vasohibin‑1.

Figure 1. Immunostaining of VASH‑1 in bladder cancer (magnification, x200). (A) Low and (B) high expression of VASH‑1 in tumor tissues. VASH‑1, 
vasohibin‑1.
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expressed as the mean ±  standard deviation. An indepen-
dent‑sample t test was performed to compare the differences 
between groups and the correlation between two continuous 
variables was evaluated by using the Spearman rank corre-
lation test. The 5‑year OS and PFS were analyzed using the 
Kaplan‑Meier method and the log‑rank test was used to analyze 
differences between groups. All statistical tests were bilat-
eral and P<0.05 was considered to indicate a statistically 
significant difference.

Results

VASH‑1 expression in bladder cancer. Immunohistochemistry 
analysis demonstrated that VASH‑1 was mainly expressed in 
the cytoplasm of cancer cells and in a fraction of vascular 
endothelial cells (Fig. 1). The mean AOD of VASH‑1 was 
0.029±0.011 in all 50 bladder cancer tissues. The expression 
of VASH‑1 did not differ significantly between males and 
females (Fig. 2A) and between older and younger patients 
(Fig. 2B). According to whether there was muscle invasion or 
not, the 50 patients were classified into two groups: A Ta‑T1 
group (n=33) and a T2‑T4 group (n=17). Notably, the AOD of 
VASH‑1 in the Ta‑T1 group was 0.025±0.010 and in the T2‑T4 
group was 0.035±0.009; a significant difference (P<0.01; 
Fig. 2C). Additionally, there was a significant difference in the 
expression of VASH‑1 in terms of pathological grade (P<0.01; 
Fig. 2D) and distant metastasis (P<0.05; Fig. 2E). Detailed data 
are presented in Table I.

VEGF‑A and HIF‑1α expression in bladder cancer. VEGF‑A 
staining was observed primarily in the cytoplasm and on the 
membrane of cancer cells, as well as in a proportion of the 

nucleus of cancer cells and vascular endothelial cells (Fig. 3A 
and B). HIF‑1α was predominantly expressed in the nucleus of 
cancer cells (Fig. 3C and D). The average AODs of VEGF‑A 
and HIF‑1α were 0.133±0.051 and 0.0064±0.0034, respec-
tively, for the cohort in the current study. When patients were 
dichotomized in terms of clinical parameters (T stage, patho-
logical grade or distant metastasis), significant differences 
were observed between the two groups (P<0.05; Table  I). 
However, there were no significant differences in the mean 
levels of VEGF‑A and HIF‑1α between the two patient groups 
by either sex or age (P>0.05; Table I).

CD34 is a representative marker for the formation of 
microvessels. CD34 was primarily expressed in the cyto-
plasm and on the membranes of vascular endothelial cells 
(Fig. 3E and F). Mean CD34 was 45.94±17.28 for the cohort. 
There were significant differences in mean CD34 levels 
between the two patient groups based on T stage (P<0.01) and 
pathological grade (P<0.01) but not in distant metastasis, sex 
or age (P>0.05; Table I).

Correlations between VASH‑1, VEGF‑A, HIF‑1α and CD34 in 
bladder cancer. Spearman rank correlation analysis revealed 
that there were positive correlations between the levels 
of VASH‑1 and VEGF‑A (r=0.750); VASH‑1 and HIF‑1α 
(r=0.626); and VASH‑1 and CD34 (r=0.637; all P<0.01; Fig. 4). 
In addition, the correlation coefficients between VEGF‑A and 
HIF‑1α, VEGF‑A and CD34, HIF‑1α and CD34 were 0.524, 
0.530, and 0.478 (P<0.01), respectively (data not shown).

Prognostic significance of VASH‑1, VEGF‑A, HIF‑1α and 
CD34 expression in bladder cancer. All patients were followed 

Table I. Associations between clinicopathological parameters and VASH‑1, VEGF‑A, HIF‑1α or CD34 expression in bladder 
cancer tissues.

	 No. of	 VASH‑1		  VEGF‑A		  HIF‑1α		  CD34	
Parameter	 cases	 expression	 P‑value	 expression	 P‑value	 expression	 P‑value	 expression	 P‑value

Sex			   0.277	 	 0.36	 	 0.088	 	 0.744
  Male	 41	 0.028±0.011		  0.130±0.051	 	 0.0060±0.0032	 	 45.56±17.74	
  Female	 9	 0.032±0.009		  0.148±0.051	 	 0.0082±0.0039	 	 47.67±15.84	
Age	 		  0.282	 	 0.322	 	 0.819	 	 0.18
  <67	 25	 0.027±0.011		  0.126±0.055	 	 0.0063±0.0036	 	 42.64±17.79	
  ≥67	 25	 0.030±0.009		  0.141±0.046	 	 0.0065±0.0033	 	 49.24±16.45	
T stage	 		  <0.01	 	 <0.01	 	 0.033	 	 <0.01
  Ta‑T1	 33	 0.025±0.010		  0.114±0.049	 	 0.0056±0.0034	 	 41.21±16.06	
  T2‑T4	 17	 0.035±0.009		  0.170±0.032	 	 0.0078±0.0032	 	 55.12±16.23	
Pathological grade		  	 <0.01	 	 <0.01	 	 <0.01	 	 <0.01
  Low	 35	 0.025±0.009		  0.119±0.050	 	 0.0054±0.0028	 	 40.89±16.00	
  High	 15	 0.037±0.009		  0.166±0.038	 	 0.0088±0.0037	 	 57.73±14.51	
Distant metastasis		  	 0.027	 	 <0.01	 	 0.027	 	 0.086
  No	 48	 0.028±0.010		  0.130±0.049	 	 0.0062±0.0033	 	 45.08±17.02	
  Yes	   2	 0.045±0.007		  0.217±0.003	 	 0.0116±0.0016	 	 66.50±12.02

All results are presented as the mean ± standard deviation. VASH‑1, vasohibin‑1; VEGF‑A, vascular endothelial growth factor‑A; HIF‑1α, 
hypoxia inducible factor‑1α; CD34, cluster of differentiation 34.
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up for 5 years. The Kaplan‑Meier analysis demonstrated that 
patients exhibiting high expression of VASH‑1, VEGF‑A, 
HIF‑1α and CD34 had significantly lower 5‑year OS and PFS 
rates than patients exhibiting low expression of these factors 
(P<0.05; Fig.  5). The difference in OS and PFS between 
patients with high and low expression of VASH‑1 was greater 
(P<0.01) than the difference in OS and PFS between patients 
with high and low expression of VEGF‑A, HIF‑1α and CD34 

(P<0.05), indicating that the effect of VASH‑1 expression on 
the prognosis of bladder cancer may be greater than that of 
VEGF‑A, HIF‑1α and CD34 expression.

Discussion

Angiogenesis is critically important for the progression of 
solid tumors. To date, a number of vasoactive factors have 

Figure 3. Immunostaining of VEGF‑A, HIF‑1α and CD34 in bladder cancer tissues (magnification, x200). Representative images for low expression of 
(A) VEGF‑A, (C) HIF‑1α and (E) CD34 in tumor tissues; representative images for high expression of (B) VEGF‑A, (D) HIF‑1α and (F) CD34 in tumor tissues. 
VEGF‑A, vascular endothelial growth factor A; HIF‑1α, hypoxia inducible factor‑1α; CD34, cluster of differentiation 34.

Figure 4. Correlation between the expression of VASH‑1, VEGF‑A, HIF‑1α and MVD. There were positive correlations between (A) VASH‑1 and VEGF‑A, 
(B) VASH‑1 and HIF‑1α and (C) VASH‑1 and MVD. P<0.01. CD34 expression was used to calculate MVD. VASH‑1, vasohibin‑1; VEGF‑A, vascular endo-
thelial growth factor A; HIF‑1α, hypoxia inducible factor‑1α; CD34, cluster of differentiation 34; AOD, average optical density; MVD, microvessel density.
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Figure 5. Kaplan‑Meier survival curves for 5‑year OS and PFS of VASH‑1, VEGF‑A, HIF‑1α and CD34 in bladder cancer. The 5‑year OS and PFS for high 
expression group of (A and B) VASH‑1, (C and D) VEGF‑A, (E and F) HIF‑1α, and (G and H) CD34 were significantly lower than the low expression group, 
respectively. VASH‑1, vasohibin‑1; VEGF‑A, vascular endothelial growth factor A; HIF‑1α, hypoxia inducible factor‑1α; CD34, cluster of differentiation 34; 
OS, overall survival; PFS, progression‑free survival.
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been identified, including VEGF (22). VEGF‑A is a represen-
tative member of the VEGF family and is able to upregulate 
vascular endothelial‑cadherin, matrix metalloproteases and 
ephrin type‑A receptor 2, which are crucial for the formation 
of vasculogenic mimicry and the alteration of vascular endo-
thelium to promote tumor growth and invasion, particularly 
in avascular regions (23). VEGF receptors have 5 different 
isoforms and VEGF‑A primarily recognizes VEGFR1 and 
VEGFR2 (24). The binding of VEGF to the different recep-
tors may have different biological impacts on angiogenesis. 
During the development of solid tumors, following tumor 
enlargement, ischemia, hypoxia and necrosis will occur in the 
center of the neoplasm (25). In response to growth stresses, 
HIF‑1α stimulates VEGF expression in tumor cells by binding 
to the enhancer of the VEGF gene. Consequently, VEGF will 
promote the formation of new blood vessels (26). To quantify 
the newly formed blood vessels, it has been suggested that 
CD34 should be used as a molecular marker to evaluate the 
MVD within tumors (27).

The VASH‑1 gene is located in human chromosome 
14q24.3 and has 8  exons and 7 introns  (28). It is able to 
inhibit angiogenesis under physiological and pathological 
conditions (29). It has also been demonstrated that VASH‑1 
serves an important role in many malignant tumors, including 
renal cell carcinoma (16,17), prostate  (18), breast  (30) and 
ovarian cancer (31). However, the behavior and influence of 
VASH‑1 differs in different types of cancer and even among 
different pathological types of the same cancer. Zhao et al (16) 
demonstrated that VASH‑1 was primarily expressed in the 
cytoplasm and on the membrane of tumor cells and vascular 
endothelial cells in renal cell carcinoma and that the expres-
sion of VASH‑1 in tumor tissues was significantly reduced 
compared with adjacent non‑tumor renal tissues (P<0.05). 
However, in prostate cancer, it was demonstrated that VASH‑1 
was primarily expressed in vascular endothelial cells and 
its expression was positively correlated with the malignancy 
degree of the tumor (18). It remains unclear what the reasons 
for the different behavior of VASH‑1 in different types of 
cancer are. It has been suggested this phenomenon is associ-
ated with the local vessel distribution of tumor tissues (tumor 
cells‑vessels or tumor cells‑stromal‑vessels) and the different 
regulatory mechanisms of VASH‑1 in different tumors.

The current study determined that levels of VASH‑1, 
VEGF‑A and HIF‑1α in bladder cancer tissue were 
significantly associated with a more severe tumor stage and 
pathological grade, as well as with the presence of distant 
metastasis (P<0.05). Notably, CD34 levels were significantly 
associated with a more severe tumor stage and pathological 
grade (P<0.01) but not with the presence of distant metas-
tasis. These results are similar to those of Canoglu et al (32) 
and Deniz et al (33), which investigated the effect of MVD 
on bladder cancer. However, neither study investigated the 
association between MVD and distant metastasis in bladder 
carcinoma.

The current study used the Spearman correlation test to 
determine the potential correlations between the vasoactive 
factors. The correlation coefficients between VASH‑1 and 
VEGF‑A, VASH‑1 and HIF‑1α, VASH‑1 and CD34 were 
0.750, 0.626 and 0.637, respectively (P<0.01), suggesting that 
the angiogenesis inhibitor VASH‑1 may be the most responsive 

to the alteration of angiogenesis‑promoting factors in bladder 
cancer. As previously mentioned, VASH‑1 is induced by 
VEGF and FGF‑2, and HIF‑1α is able to increase the expres-
sion of VEGF by promoting the transcription of target genes. 
Thus, when VEGF or other factors promote tumor angiogen-
esis, they also promote the production of VASH‑1, which acts 
as an angiogenesis inhibitor and exhibits an anti‑tumor effect 
on the body itself (34). The present study identified that there 
was a positive correlation between VASH‑1 expression and 
the number of microvessels formed during tumor progression. 
Therefore, it is hypothesized that although VASH‑1 expression 
inhibits angiogenesis via a negative feedback mechanism, it 
alone may not be potent enough to dominate the stimulatory 
factors and there may be other unknown pathways suppressing 
the activity of VASH‑1. Kaplan‑Meier analysis demonstrated 
that the group exhibiting high expression of VASH‑1, VEGF‑A, 
HIF‑1α and CD34 had significantly lower 5‑year OS and PFS 
rates than the low expression group. Furthermore, the results 
of the current study indicated that the effect of VASH‑1 on the 
prognosis of patients with bladder cancer was greater than that 
of VEGF‑A, HIF‑1α and CD34. This suggests that VASH‑1 
may be more effective at predicting the progression and metas-
tasis of bladder cancer. One major limitation of the current 
study was that most of the patients were from the north of 
China, meaning that the results may have regional limitations.

Preventing tumor recurrence and progression in patients 
with non‑muscle invasive bladder cancer following transure-
thral resection of the bladder tumor remains challenging. In 
light of the critical role of angiogenesis in tumor development, 
angiogenesis inhibitors can act to starve neoplasms, thereby 
inhibiting the growth and recurrence of tumors. A number 
of anti‑angiogenic drugs, such as sunitinib, are already clini-
cally used, however the side effects they induce limit their use 
in patients. Therefore, the results of the current study may 
provide new clues to further understand the mechanisms by 
which VASH‑1 suppresses angiogenesis in bladder cancer and 
exploit the potential of VASH‑1 in vascular targeting therapy.
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