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Background:  Previous studies indicate that
heparanase (HPA), an endoglycosidase involved in
tumor angiogenesis and metastasis, is up-regulated in a
variety of malignancies. However, the expression of HPA
in neuroblastoma (NB), one of the most common extra
cranial solid tumors in children, remains unknown. This
study was undertaken to explore the expression and
clinical significance of HPA in NB.

Methods: ~ Immunohistochemical staining  was
applied to detect the expression of HPA in 42 cases
of NB. The relationships among HPA expression,
international neuroblastoma staging system (INSS)
stages, histopathological classification, and postoperative
survival of the NB patients were analyzed.

Results: The expression rate of HPA in NB was
61.9% (26/42), mainly in the cytoplasm of neuroblastoma
cells. The expression rates of stage 1-2, stage 3-4 and
stage 4S5 were 35.7%, 80.0% and 62.5%, respectively.
The differences between stage 1-2 and stage 3-4 were
significant (P<0.01). The expression of HPA was
significantly higher in the NB cases that had one of the
histopathological factors: age more than 1 year (P<0.01),
poorer differentiation (P<0.01), and higher mitosis
karyorrhexis index (P<0.01). The survival time of HPA-
negative patients was significantly longer than that of
HPA-positive patients (P<0.05).

Conclusion: Although these results indicate that
heparanase might be correlated with development and
progression of NB, a larger series of patients with a
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longer follow-up are probably needed to strengthen its
role in assessment of NB prognosis.
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Introduction

euroblastoma (NB) is one of the most
Ncommon malignant tumors in children,

and is responsible for about 15% of all
pediatric cancer deaths.! Spontaneous regressions
and differentiation in vivo are common in infants
with early-stage tumors, whereas children who are
over 1 year of age at clinical presentation often have
metastatic disease that fails to respond to medical
intervention.” Little is known about the factors
leading to systemic spread and metastasis of NB. A
series of studies have indicated that heparanase (HPA),
an endoglycosidase, promotes tumor metastasis by
degrading heparan sulfate proteoglycans (HSPG) in
the extracellular matrix and basement membrane,
allowing tumor cells to spread.” The expression
of HPA is found to be correlated with the metastatic
potential of tumor cells, and is up-regulated in a variety
of malignancies.”) However, the expression of HPA
in NB remains obscure. In this research, we examined
the correlation of the expression of HPA in NB with
the tumor stage using the international neuroblastoma
staging system (INSS) and pathological classification
based on the Shimada classification system. We also
investigated the risk effects of HPA expression, INSS
stages, pathological classification on postoperative
survival of NB patients.

Methods
Tissue samples
Tissue samples were obtained from 42 NB patients
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undergoing surgery during 1997-2007 in the Union
Hospital of Tongji Medical College, Huazhong
University of Science and Technology in Wuhan,
China. The diagnosis of NB was confirmed by at
least two pathologists independently. Patients with
ganglioneuroma or  ganglioneuroblastoma  were
excluded from this study. Eleven patients were
subjected to complete resection, 12 to partial resection,
and the remaining 19 to biopsies. Twenty-two tumors
were from the adrenal gland, 13 from retroperitoneum
and the remaining 7 from mediastinum. The age of
patients ranged from 4 months to 8 years, with an
average of 2 years and 6 months. Twenty-six were
boys and 16 girls with a male to female ratio of 1.6:1.
According to the INSS, 7 patients were classified as
stage 1, 7 stage 2, 9 stage 3, 11 stage 4, and 8 stage
4S. Based on the Shimada classification system,”
the mitosis karyorrhexis index (MKI), degree of
neuroblastic differentiation, and stromal maturation
combined with patient age, 19 patients were classified
as favorable histology (FH) and 23 unfavorable
histology (UFH). Histologically, 6, 28, and 8 patients
were classified as undifferentiated, poorly differentiated,
and differentiated types, respectively. Twenty-eight NB
patients were followed up for 6 months to 5 years with
complete follow-up information. The survival time was
defined as the time from the day of surgery to the last
day of follow-up or the day of relapse, metastasis or
death.

Immunohistochemical staining

Tissue samples were fixed with 10% formalin,
embedded in paraffin and then cut into 4-5 pm thick
sections. The streptavidin-peroxidase-biotin  (SP)
immunohistochemical method was applied to detect the
expression of HPA. The sections were deparaffinized,
hydrated and underwent antigen retrieval using the
bathing method. When citric acid buffer (pH 6.0) was
heated up to 95°C-99°C. The sections were bathed
in the buffer for 30 minutes and then cooled at room
temperature for 20 minutes. Then the sections were
taken out and washed with phosphate buffered saline
(PBS). The 3% H,O, was used to block intrinsic
peroxidase activities. After incubation with normal
serum, tissue sections were soaked with murine
monoclonal anti-human HPA antibody (InSight
Company, Rehovot, Isracl) at 4°C overnight; the
second antibody was from SP reagent kit (Zhongshan
Biotechnology Company, Beijing, China). Stained
with diaminobenzidine (DAB), the sections were
counterstained with hematoxylin. Negative controls
included parallel sections treated with mouse serum (an
isotype control) or PBS solution, but not with primary
antibody.

Heparanase staining index

Under a light microscope, HPA positive immunohisto-
chemical staining reaction presented brown cytoplasmic
granules. Five to ten high microscope fields were
randomly selected to calculate the numbers of positively
staining cells in 1000 tumor cells, and a positive index
(PI) = (number of positive staining cells/1000) x100% was
obtained. Tissue was considered negative (-) if less than 5%
of the cells were positive; weakly positive (+) if 6%-25%
of the cells were positive; moderately positive (++) if
26%-50% of the cells were positive; and strongly positive
(+++) if more than 50% of the cells were positive.

Statistical analysis

The SPSS 12.0 statistical software was used to analyze
the results. The Chi-square test and Fisher's exact test
were used for comparison. The Mann-Whitney U test
and the Kruskal-Walis test were used to compare the
graded staining intensities. The Kaplan-Meier method
and log-rank test were used for survival analysis.
P<0.05 was considered statistically significant.

Results

Expression of HPA in NB tissues

HPA was detected in 26 (61.9%) of the 42 patients and
the staining was weak (+) in 6, moderate (++) in &, and
strong (+++) in 12. As shown in Figs. 1, 2, HPA was
mainly expressed in the cytoplasm of tumor cells within
the neuroblastic nests. HPA was also expressed in
some ganglionic differentiated tumor cells. No nuclear
localization of HPA was noted in the NB specimens
examined. There was no immunostaining of HPA within
the fibrillary stroma of the tumors.

Correlation between expression of HPA and INSS
stages of NB

There was 35.7% (5/14) disperse or local heparanase
expression in NB samples of stages 1-2, 80.0% (16/20)
in NB samples of stage 3-4, and 62.5% (5/8) in stage
4S. The differences of HPA expression between stage
1-2 and stage 3-4 were significant (P<0.01) (Table 1).

Correlation between HPA expression and
histopathological types of NB

The relations between each of the known
histopathological factors and the expression of HPA
are shown in Table 2. The expression of HPA was
significantly higher in the NB patients who had one
of the factors: age more than 1 year (P<0.01), poorer
differentiation (P<0.01), and higher MKI (P<0.01).
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Fig 1. Express1on of heparanase in the ‘c3;top1asm of tumor cells within
the neuroblastic nests of neuroblastoma tissues (DAB staining, original
magnification x 200).

Table 1. Expression of heparanase in different INSS stages of neuroblastoma

Expression of heparanase Positive rates
- + ++ +++ (%)

Stages 1-2 14 9 3 2 0 35.7
Stages 3-4 20 4 1 4 11 80.0"
Stage 4S 8 3 2 2 1 62.5

*: P<0.01, compared with stages 1-2; t: P>0.05, compared with stages
1-2; i: P>0.05, compared with stages 3-4.

INSS stages n

Table 2. Correlation of heparanase expression with age and
histological types of neuroblastoma

Expression of heparanase Positive

Factors - " et rates (% )P value
Age

<l year 20 12 1 4 40.0 <0.01

>] year 22 4 5 8 81.8
Differentiation

Undifferentiated 6 0 1 2 3 100.0

Poorly differentiated 28 9 4 6 9 67.9 >0.05

Differentiated 8 7 1 0 0 125 <0.01°"
MKI

<200 17 13 2 1 1 23.5 <0.01

>200 25 3 4 7 11 88.0

*: compared with undifferentiated; 1: compared with poorly differentiated.
MKI: mitosis karyorrhexis index.

Table 3. The relation among survival time, INSS stages, histo-
pathological types and heparanase expression of neuroblastoma

Variables n Median survival time (mon) P value
INSS stages

Stages 1-2 12 252

Stages 3-4 10 14.6 <0.05"

Stage 4S 6 21.2 <0.05"
Shimada's classification

Favorable 16 243

Unfavorable 12 15.6 <0.05
Heparanase expression

Negative 11 234

Weak 6 18.1 <0.05¢
Moderate 5 16.2 <0.05*

Strong 6 12.2 <0.05%

*: compared with stages 1-2; f: compared with stages 3-4; i:
compared with negative; §: compared with weak.
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Fig 2. Expressmn of heparanase in some ganghomc dlfferentlated tumor
cells of neuroblastoma tissues (DAB staining, original magnification x
200).
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Fig. 3. Survival curve of neuroblastoma patients with different
heparanase expression.

Correlation between HPA expression and
postoperative survival time of NB

Twenty-eight NB patients were followed up. The
information obtained from these patients indicated that
the median survival time was significantly correlated
with INSS stages, histopathological types, and degree
of HPA positivity (Table 3). As shown in Fig. 3, the
median survival time of HPA-negative patients (23.4
months) was longer than that of HPA-positive patients
(14.2 months, P<0.05).

Discussion

Neuroblastoma is the most common extra cranial
malignant solid tumor in children. Although the
mechanisms that control the cellular differentiation,
proliferation, and apoptosis of NB have been
considerably clarified at the molecular biological
levels, the clinical outcome in the advanced disease is
not improved significantly.” Varied outcomes in NB
patients, even in the same staging category, indicate
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a need for better understanding of the basic biology
of NB in an attempt to define relevant targets and to
develop novel therapeutic approaches.”

By catalyzing the cleavage of HSPG, HPA disrupts
extracellular matrix and basement membranes, and
thus promotes tumor invasion and metastasis."”
Recently, HPA up-regulation has been documented in
an increasing number of primary human tumors such
as bladder, gastric, cervical and colorectal cancer.”"
Similarly, HPA up-regulation is found to be correlated
with increased lymph node and distant metastasis,
showing a clinical support for the pro-metastatic
property of HPA.'""' In addition, HPA plays an
important role in tumor angiogenesis by releasing
growth factors such as fibroblast growth factor and
vascular endothelial cell growth factor stored in the
extracellular matrix""” and by inducing the expression
of wvascular endothelial cell growth factor and
cyclooxygenase-2."*'"" Since these evidences indicate
that HPA plays important roles in tumor development
and progression, we hypothesize that HPA might
contribute to the clinicopathological characteristics of
NB patients.

In the current study, we examined the HPA
expression in specimens from 42 NB patients. HPA
expression was noted in 61.9% of these patients which
was in agreement with previously reported HPA
expression in several other human malignancies."”"'"*!
According to the classification of Pediatric Oncology
Group for NB,"® stage 1-2 patients commonly have
low risks of death, while stage 3-4 patients have
intermediate or high risk; the risk of death for stage
4S patients may be low, intermediate or high. We
compared the HPA expression within different risk
groups (stage 1-2, stage 3-4 and stage 4S) of NB.
Clearly, HPA expression correlated with INSS stages,
histopathological features, and postoperative survival
time of NB patients. These findings were consistent
with what found in other human cancers with enhanced
metastatic spread and reduced postoperative survival
noted for HPA over-expressing patients,!'”'*' which
clinically support the pro-metastatic function of HPA.
For one stage 4S patient with tumor metastasis to
the liver, strong HPA expression was observed. We
suspect that the strong HPA expression may attribute
to the metastasis of tumor to the liver. However,
further studies are needed to explore the exact role
of HPA in the liver metastasis of NB. In this study,
HPA exhibited a mostly cytoplasmic localization. No
nuclear localization of HPA in the NB specimens was
shown to correlate with cellular differentiation.!"” Our
results suggest that HPA expression may be useful as
a prognostic marker for NB patients. Because of the
limited number of patients and duration of the follow-

up, however, a larger series of patients with a long-term
follow-up are needed to prove this conclusion.

For patients with HPA-positive tumors, new
targeted therapies are worth pursuing. Inhibitors of
HPA like non-anticoagulant heparins, and specific
HPA-neutralizing antibodies show promising results
in in vitro and in vivo studies of cancer therapy.””
HPA inhibitors such as phosphomannopentaose sulfate
(PI-88), laminarin sulfate, and 4-alkyl-RK-486, which
have been confirmed to inhibit tumor cell invasion
in vitro and metastasis in animal tumor xenograft
models,”"** can be developed as novel therapeutic
agents to treat cancers. We suppose that HPA may also
serve as a target for the therapy of NB, which warrants
our further investigation. Taken together, our results
suggest that HPA is expressed in NB and correlates
with poor outcome, which may therefore be considered
as a target for the development of anticancer drugs for
advanced stage NB.
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