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 Bladder carcinoma is the most common malignant tu-
mors of genitourinary system in China. The incidence and 
mortality of bladder carcinoma both rank first in tumors of 
urinary system. After the first diagnosis, 70%–85% of pa-
tients are superficial bladder cancer, 50%–70% of patients 
after first bladder preserving operation relapse. Although 
the grade and staging of majority of tumors’s recurrence 
and that of primary tumor are similar, 10%–15% of su-
perficial bladder cancers eventually evolve highly malig-
nant invasive tumors [1]. Bladder perfusion chemotherapy 
and immunotherapy after postoperative bladder cancer 
can reduce bladder cancer’s recurrence, but can not com-
pletely prevent tumor progression. Bladder cancer inva-
sion and metastasis are the main factors of recurrence of 
bladder cancer. It is also the leading cause of treatment 
failure and death in patients. Recent researches showed 
that heparanase (HPa) can specifically degrade sulfate 
proteoglycan in extracellular matrix, and damage extra-
cellular matrix barrier, so as to promote cellular invasion, 
cell proliferation and induction of angiogenesis [2–6]. The 
study also found that Hpa was not directly anchored on 
the cell surface, but played a role by combining CD222 

receptor. CD222 is also called insulin-like growth factor 
II receptor. It is a multiple structure domain transmem-
brane glycoprotein. In addition to Hpa, it also can com-
bine insulin-like growth factor II (IGF-II) and lysosomal 
enzyme, inhibit tumor cell proliferation induced by IGF- 
II [7–9]. This study used immunohistochemical method to 
detect the expression of Hpa and CD222 protein in 95 
cases of urothelial carcinoma, and to investigate the cor-
relation between expression level of Hpa and its receptor 
with the metastasis and prognosis of bladder cancer.

Materials and methods 

Materials
General information
We gathered 95 cases of paraffin specimens of bladder 

cancer removed in operation in Tumor Hospital of Liaon-
ing province from February 2002 to October 2005. All pa-
tients were treated without preoperative chemotherapy, 
radiotherapy and immunotherapy. The pathological diag-
nosis was transitional cell carcinoma of bladder. Another 
20 cases of paraneoplastic bladder tissues (distance was 
more than 5 cm from neoplastci foci) were considered as 
the control group. After pathological examination, it was 
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confirmed as normal bladder tissue. All specimens were 
fixed in 10% formalin, embedded in paraffin. We made 
4 μm continuous slices to spare. There were 77 cases of 
male and 18 cases of female in 95 cases of bladder cancer 
patients. The age was 30–76 years old. The average age 
was 45 years old. Among all patients, 35 cases occurred 
lymphatic metastasis. According to WHO method, we 
formulated clinical pathological staging, 57 cases were su-
perficial bladder cancer and 38 cases were invasive blad-
der cancer. All cases had complete follow-up after opera-
tion, the survival rate was calculated from the operation 
date to death induced by recurrence and metastasis or fol-
low-up date (June 2011). This study was approved by the 
relevant ethics committees. 

Reagents
Kit Rabbit anti-human Hpa polyclonal antibody and 

mouse anti-human CD222 monoclonal antibody were 
purchased from Santa Cruz company, USA. SP ELISA 
Kit (second anti biotin Goat anti pika IgG, normal sheep 
serum blocking solution, horseradish peroxidase labeled 
streptavidin solution) were purchased from Maixin Bio-
technology Development Co., Ltd., China. 0.01 M ci-
trate antigen repairing buffer (pH6.0), PBS (pH7.2–7.6) 
buffer solution and DAB enzyme substrate chromogenic 
reagents were purchased from Maixin Biotechnology De-
velopment Co., Ltd., China.

Method
Immunohistochemical detection
In accordance with the operation method in detec-

tion kit of immunohistochemical SP method, we used the 
pressure cooker antigen repairing technique for the de-
tection of Hpa and CD222 expression in bladder cancer. 
We use PBS buffer instead of the first antibody as nega-
tive control.

Judgment standard
The Hpa and CD222 immunohistochemistry results of 

brown yellow granules emerging in cytoplasm was posi-
tive, staining intensity and percentage of positive cells 
were used to evaluate positive expression. We randomly 
selected 10 high power field in each section of the blad-
der cancer tissue under light microscope. We counted 
100 cells in per power field. The staining intensity was 
classified as follows: no coloring was 0, light brown was 
1, brown yellow and deeper color was 2. The number of 
positive cells was graded as: the number of positive cells 
≤ 50% was 0, 51%–75% was 1, ≥ 76% was 2. Two scores 
were added together, the result > 2 was positive.

Statistical analysis
SPSS19.0 was used for statistical analysis. Enumeration 

data were counted by Chi-square test. We used Ka-plan-
Meier method to make survival analysis of follow-up data 
and determined the difference by Log-rank test. There 

were statistically different when P < 0.05.

Results

Expression of Hpa and CD222 in bladder cancer 
and paraneoplastic bladder tissues

The expression of Hpa in normal bladder epithelium 
was negative (Fig. 1a), but its expression in part of lym-
phocytes and endothelial cells in the bladder interstitium 
was in different extent of strength. The expression of Hpa 
can be observed in 68.42% (65/95) in cytoplasm of blad-
der cancer, it was brown yellow granules (Fig. 1b). There 
was significant difference in positive expression rate be-
tween bladder carcinoma tissues and paraneoplastic blad-
der tissues (P < 0.01). In invasive and noninvasive bladder 
cancer tissues, the positive rates were 86.84% (33/38) and 
56.14% (32/57) respectively, and there was statistically 
significant difference between them (P < 0.01). The posi-
tive expression of CD222 in normal bladder epithelium 
was weak (Fig. 1c), mainly in cytoplasm in bladder can-
cer tissues, and the positive expression rate was 61.05% 
(58/95) (Fig. 1d).

The relationship between the expression of 
Hpa, CD222 and clinical pathological factors

We did Chi-square test for the expression of Hpa, 
CD222 and its correlation with the clinical pathologi-
cal features of bladder cancer respectively. The results 
showed that the expression of Hpa was correlated with 
tumor size, clinical pathological staging, lymphatic me-
tastasis in bladder cancer patients (P < 0.05). In those 
patients such as the diameter of tumor > 3 cm, invasive 
tumors and with lymphatic metastasis, the expressions of 
Hpa were all strong. The expression of CD222 was cor-
related with clinical pathological staging and lymphatic 
metastasis in patients with bladder cancer (P < 0.05). The 
expression of CD222 in invasive tumor accompanying 
lymphatic metastasis in patients was strong (Table 1).

The relationship between the expression of 
Hpa and CD222

We contrasted with Hpa, CD222 positive and negative 
data in bladder cancer patients. The results found that the 
expression of Hpa and CD222 were remarkably consis-
tent. The positive rate of CD222 expression was signifi-
cantly increased in the patients whose expression of Hpa 
was positive (P < 0.05; Table 2).

The relationship between the expression levels of hep-
aranase, CD222 and 5-year survival rate of bladder cancer: 
95 cases of bladder cancer patients all had complete fol-
low-up data. The follow-up period was five years, includ-
ing 35 cases of death. We used Kaplan-Merier method to 
analyze the survival period, and did Log-rank sequence 
test. The results showed that the positive expression of 
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the Hpa group showed a significantly poorer 5-year sur-
vival rate than the negative expression group, and there 
was statistically significant difference between them (P < 
0.05; Fig. 2). The positive expression of the CD222 group 
showed a significantly lower 5-year survival rate than the 
negative expression group, but there was no significant 
difference between them (P > 0.05; Fig. 3). The co-ex-
pression of the Hpa and CD222 group showed a signifi-
cantly worse 5-year survival rate than negative expres-
sion group, there was statistically significant difference 
between them (P < 0.05; Fig. 4).

Discussion

The extracellular matrix (ECM) and basement mem-
brane (BM) are important barriers from tumor invasion 
and metastasis. The barriers are mainly consisted of two 
components: (1) structural proteins, including collagen, 
laminin, fibronectin and vitreous binding and etc. (2) 

glycosaminoglycan. Its main component is heparan sul-
fate proteoglycan (HSPG). Hpa is an endogenous beta 
glucuronide incision enzyme. It can specifically degrade 
heparan sulfate proteoglycan in extracellular matrix, de-
stroy extracellular matrix barrier, and make some growth 
factors binding to heparan sulfate (VEGF, bFGF) released. 
Thus can promote cell invasion, also promote cell pro-
liferation and inducting angiogenesis, which may play a 
role in tumor invasion and metastasis [10–12].

Recent studies indicated that Hpa highly expressed in 
many tumors such as breast cancer, gastric cancer, pan-
creatic cancer, bladder cancer, ovarian cancer, lung can-
cer, head, neck and oral carcinoma. It positively corre-
lated with tumor invasion and metastasis, and negatively 
correlated with the prognosis of the patients. A study 
on several oral cancer cell lines and human oral muco-
sal epithelial carcinoma from Leiser et al [13] found that 
Hpa activity and mRNA level increased and correlated 
with metastasis ability. Zheng et al [14] indicated that Hpa 
expression in gastric cancer tissue was positively corre-

Table  1  Correlation between the clinico-pathological parameters and the expressions of Hpa and CD222 (n)

Parameter n Heparanase
P

CD222
P+ – Positive rate (%)  + – Positive rate (%)

Age (years)
< 45 36 22 14 61.11 0.301 23 13 63.88 0.658≥ 45 59 42 17 71.17 35 24 59.32

Tumor size (cm)
< 3 65 37 18 56.92 0.020 41 24 63.07 0.119≥ 3 30 27 3 90.00 17 13 56.66

Pathologic grade
1 32 15 17 46.87

0.007
16 16 53.13

0.3052 34 25 9 69.44 20 14 61.76
3 29 24 5 82.76 22 7 79.31

Recurrent or not
Primary 41 22 17 53.66 0.028 21 20 51.21 0.087Recurrent 59 42 12 77.78 37 17 68.52

Number of tumors
Single 25 14 11 56.00 0.158 13 12 52.00 0.280Multiple 40 50 20 71.43 45 25 64.29

Clinical stage
Non-invasive (pTa) 57 32 25 56.14 0.004 30 27 54.38 0.039Invasive (pT1–pT4) 38 32 6 84.21 28 10 71.05

Lymphatic metastasis
No 60 35 25 56.14 0.014 31 29 51.66 0.014Yes 35 29 6 84.21 27 8 77.14

+, positive; –, negative

Table  2  Correlation between the expressions of Hpa and CD222 in bladder carcinoma

Parameter   
HPa expression

n PPositive Negative
n % n %

CD222 (+) 46 79.31 12 20.69 58 0.002CD222 (–) 18 48.65 19 51.35 37
+, positive; –, negative
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lated with the degree of tumor invasion and lymphatic 
metastasis. Gohji et al [15] found that the expression of Hpa 
protein in bladder cancer tissues invasive of the muscu-
lar layer was obviously higher than in that only confined 
to the mucosa. The expression in primary bladder can-
cer tissues accompanying with lymphatic metastasis was 
significantly higher than that without metastasis. The 
expression in high clinical staging of cancer tissue was 
higher than that in low clinical staging. The results of this 
study showed that Hpa was correlated with tumor size, 
histological grade, lymphatic metastasis and 5-year sur-
vival rate of bladder cancer (P < 0.05). This was basically 
consistent with above research results.

The present study showed that Hpa was not directly 

acted on the cell surface, but it exerted its degradation by 
combining the CD22 receptor. Wood et al [16] found that 
after Hpa was combined with L cells expressing CD222 
receptor in mice, the ability to destroy the extracellular 
matrix and basement membrane was 3–4 times of not 
expressing CD222 receptor. Hpa combining with CD222 
can significantly promote the degradation of extracellu-
lar matrix. The results of this study also showed that the 
expression of Hpa and CD222 was remarkably consistent 
(P < 0.05), the 5-year survival rate in the positive co-ex-
pression group of Hpa and CD222 was significantly lower 
than that in the negative group (P < 0.05). These indicated 
that Hpa and CD222 co-expression in bladder cancer was 
closely related with the prognosis of patients.

The results of this study also showed the expression of 
CD222 was obviously correlated with clinical pathologi-
cal staging in bladder cancer and lymphatic metastasis, 
but not correlated with the size of the tumor. Moreover, 
the positive expression of the CD222 group did not show 
a significant difference in 5-year survival rate compared 
with the negative expression group, and the positive 
expression group and 5-year survival rate were not sig-
nificantly different from that in the negative expression 

Fig.  1  Expression of HPa and CD222 in bladder cancer and paraneo-
plastic tissues. (a) Negative expression of HPa in paraneoplastic tissue; 
(b) Positive expression of Hpa in bladder carcinoma tissue; (c) Weakly 
positive expression of CD222 in paraneoplastic tissue; (d) Positive ex-
pression of CD222 in bladder carcinoma tissue

Fig.  2  Overall survival curves. Prognosis was significantly better in 
the group without Hpa expression than in the group with Hpa expression 
(Log-rank test; P = 0.027, P < 0.05)

Fig.  3  Overall survival curves.  Overall survival was not associated with 
CD222 expression (log-rank test, P = 0.0.593; P > 0.05)

Fig.  4  Overall survival curves. Overall survival rates were lower in pa-
tients with co-expression of Hpa and CD222 than in patients without Hpa 
and CD222 expression (Log-rank test; P = 0.016, P < 0.05)
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group. This also showed that the CD222 had a regulatory 
role in the occurrence and development of the of bladder 
cancer. But it alone as the detection index of bladder can-
cer was of little significance. Only combined detection of 
Hpa and CD222 can really help to judge the metastasis 
and prognosis of bladder cancer.

In conclusion, CD222 may mediate the activation of 
Hpa in bladder cancer, combined detection of Hpa and 
CD222 is expected to become a new index of judging the 
recurrence and prognosis of patients with bladder can-
cer.
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