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Abstract

Heparanase-1 (Hpa-1) has been implicated in tumour invasion and metastasis. In the present study, we evaluated the clinico-
pathological significance of Hpa-1 mRNA expression in prostate cancer and non-cancerous prostatic tissue by one-step polymerase

chain reaction (PCR) of laser microdissected prostatic gland cells. In addition, cell type-specific expression of Hpa-1 mRNA in
prostatic tissue was analysed by in situ hybridisation. Hpa-1 mRNA expression was found in 50% of normal and 40% of hyper-
plastic prostatic tissue. In situ hybridisation showed that Hpa-1 mRNA was strongly expressed in prostate gland cells. Of the 26

prostate carcinomas tested, 42% were positive for Hpa-1 mRNA. However, in non-cancerous prostatic tissue, Hpa-1 mRNA was
significantly more often expressed than in less differentiated or more invasive prostate cancers (P<0.05). In situ hybridisation
revealed only focal Hpa-1 mRNA expression in the neoplastic gland cells. Hpa-1 mRNA expression in the tumours significantly
correlated with tumour differentiation and tumour stage (P<0.05). Our data indicate that Hpa-1 gene expression may be lost
during dedifferentiation of prostatic gland cells.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Prostate cancer is the second leading cause of cancer-
related death in men in Western industrialised countries.
Its incidence is countinuously rising, with over 200 000
new cancers and 35–40 000 deaths each year [1]. Despite
extensive research the oncogenesis and the mechanisms
influencing the progression of prostate cancer are still
not completely understood. Currently used tumour
markers, such as prostate-specific antigen (PSA), p53 or
vascular endothelial growth factor (vEGF), have not
been successful at predicting the development and pro-
gression of prostate cancer [2,3]. It is therefore of great
importance to understand factors involved in prostate
carcinogenesis to identify new prognostic tumour
markers.
Prostate carcinogenesis and progression is a multistep

process involving both genetic insults to epithelial cells
and changes in epithelial–stromal interactions [4].
Recent studies have shown that alterations of the
heparan sulphate proteoglycans (HSPGs) on the cell
surface of epithelial cells are associated with the malig-
nant transformation of cells [5]. In addition to their role
of initial cell transformation, HSPGs bind growth fac-
tors and cytokines that are involved in the modulation
of tumour cell growth [5,6]. Degradation of HSPGs—
which are the main components of the extracellular
matrix (ECM)—has been demonstrated to play an
important role in signal transduction resulting in the
inhibition of tumour cell growth [7]. Heparanase-1
(Hpa-1) is an endo-beta-d-glucuronidase that specifi-
cally cleaves the heparan sulphate chain of HSPGs [8–
10]. Hpa-1 is expressed on the cell surface of a wide
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range of benign and neoplastic cells and tissues includ-
ing inflammatory cells, fibroblasts, hepatocellular carci-
noma, pancreatic adenocarcinoma, breast cancer and
prostate carcinoma cells in vitro [8,9,11–13]. Various
studies have demonstrated a correlation between the
expression of Hpa-1 mRNA and protein in cancer cells
and the metastatic potential of various tumours in vitro
and in vivo [8,9,12,13]. These observations suggest that
enhanced Hpa-1 mRNA expression could be a new
biological marker in prostate cancer. However, in pros-
tate carcinoma, the role of Hpa-1 gene expression
remains unclear.
Thus, in the present study we evaluated the clinico-

pathological significance of Hpa-1 gene expression in
prostate carcinoma and non-cancerous prostatic tissue
by one-step polymerase chain reaction (PCR) and ana-
lysed its cell-specific distribution by in situ hybridisation.
2. Materials and methods

2.1. Patients

Routinely processed formalin-fixed and paraffin-
embedded prostate specimens from 40 patients were
evaluated according to standard criteria as shown in
Table 1. The specimens included four probes of normal
prostatic tissue from young males that were obtained
during autopsy (median age 40 years, range 29–44
years), 10 cases of hyperplastic prostatic tissue (median
age 68 years, range 61–87 years), and 26 probes of
adenocarcinoma of the prostate (median age 61 years,
range 48–74 years). Histological grading and tumour
staging was done by one pathologist. The prostate can-
cers were graded using the Gleason score [14]. Tumour
staging was according to the TNM classification [15].
Nine tumours were graded as Gleason score <7, 12
tumours were graded as Gleason score=7, and five
tumours were graded as Gleason score >7. There were
13 cases staged as pT2 and 13 cases staged as pT3.
2.2. Microdissection

To study the expression of Hpa-1 mRNA in normal,
hyperplastic and neoplastic prostatic tissue, pure epi-
thelial cell population were selected by laser-assisted
microdissection using a PixCell laser capture microscope
with an infrared diode laser (Arcturus Engineering, Santa
Clara, CA, USA) as previously described in Ref. [16].
Therefore, formalin-fixed and paraffin-embedded tissue
sections were rehydrated following standard protocols.
After haematoxylin eosin staining, the sections were fixed
in 100% ethanol and air-dried. Thereafter, tissue sections
were overlaid with a thermoplastic membrane mounted
on optically transparent caps, and cells captured by focal
melting of the membrane through laser activation. The
captured prostatic gland cells were stored in reaction
tubes until the PCR analysis.

2.3. RNA isolation and one-step PCR

Total mRNA was isolated from captured prostatic
gland cells (500–1000) using the RNA Isolation Kit
from GENTRA (Minneapolis, MN, USA) according to
the manufacturer‘s protocol. RNA was precipitated
after the addition of 1 mg/ml glycogen (Roche, Basel,
Switzerland), resuspended in 10 ml Rnase-free water,
and 5 ml was used for one-step PCR with glycer-
aldehyde-3-phosphodehydrogenase (GAPDH) and
Hpa-1, respectively. PCR was performed with the one-
step kit from Qiagen (Hilden, Germany) according to
the supplier’s protocol. The PCR products were size-
fractionated in a 2% agarose gel and visualised with
ethidium bromide. The following primer pairs were
used: GAPDH forward: 50-GGTGAAG-GTCGGTG
TCAA-30; reverse: 50-CAAAGTTGTCATGGATGA-30;
heparanase-1 forward: 50-TTCGATCCCAAGAAGGA
ATCAAC-30; reverse: 50-GTAGTGATGCCATGTA
ACTG-AATC-30 (results in a 584-bp fragment covering
the gene segment from exon 3 to exon 7).

2.4. Tissue processing and in situ hybridisation

To study the distribution of Hpa-1 mRNA in the
prostatic tissue, formalin-fixed and paraffin-embedded
prostate specimens, from the same patients as used for
the PCR analysis, were processed for in situ hybridisa-
tion. Therefore, a Hpa-1-specific DNA fragment was
generated from placental RNA by the primer pair
described above, cloned into a pGEM-T easy1 vector
(Promega) and sequence verified. The vector was
linearised and used as a template for in vitro transcription
of fluorescein-labelled antisense or sense (control) ribo-
probes using a SP6/T7 transcription kit (Roche, Switzer-
land). Tissue sections were dewaxed and rehydrated and
then digested with proteinase K (20 mg/ml) at room tem-
perature (RT) for 30 min. Slides were prehybridised and
Table 1

Expression of Hpa-1 mRNA in prostate cancer cells according to the

cancer characteristics of patients analysed using a one-step PCR
Parameters
 No. of

patients
No. overall

positive (%)
P value
 ra
Tumour grade
 0.040*
 0.497
Gleason <7
 9
 5 (56)
Gleason=7
 12
 6 (50)
Gleason >7
 5
 0 (0)
Tumour stage
 0.044*
 0.395
pT2
 13
 8 (62)
pT3
 13
 3 (23)
Hpa-1, heparanase-1; PCR, polymerase chain reaction.

P values were evaluated by the log-likelihood ratio test (G-test),

*P<0.05. ra, product–moment correlation coefficient.
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hybridised with the anti-sense probe or sense probe
(negative control) at concentrations of 2 mg/ml. After
hybridisation washes and incubation with antifluorescein
antibodies, an APAAP detection system (Dako,
Glostrup, Denmark) was used according to the suppli-
er’s protocol. Slides were counterstained with Mayers’
haematoxylin.

2.5. Statistical analyses

The difference in the positive staining rate of Hpa-1
mRNA between non-cancerous tissue and prostate
cancer, as well as the expression of Hpa-1 mRNA in
prostate carcinomas according to their cancer charac-
teristics were analysed by the log-likelihood ratio test
(G-test). Results are expressed as positive Hpa-1 mRNA
expression in prostatic gland cells and in a percentage of
controls. Significance was implied at P<0.05.
3. Results

To study the expression of Hpa-1 mRNA in prostatic
glands, one-step PCR of laser microdissected prostatic
gland cells was performed. Positive Hpa-1 mRNA
expression in the epithelial cells was detected in 50% of
the normal prostatic tissue and 40% of the hyperplastic
prostatic tissue. 42% of the prostate carcinomas showed
a positive Hpa-1 mRNA expression that was not sig-
nificantly different from the expression in benign prostatic
tissue (Fig. 1). However, Hpa-1 mRNA expression in less
differentiated (P<0.05) or more invasive prostate cancers
(P<0.05) was significantly lower than in non-cancerous
prostatic tissue (Fig. 1). The expression of Hpa-1
mRNA in prostate carcinoma related to cancer charac-
teristics is shown in Table 1. Hpa-1 mRNA expression
was significantly associated with tumour grade
(P<0.05) or tumour stage (P<0.05). Fifty-six percent
of the prostate cancers graded as Gleason <7, 50% of
the tumours graded as Gleason=7, but none of the
tumours graded as Gleason57 showed a positive Hpa-1
mRNA expression. Moreover, Hpa-1 mRNA was expres-
sed in 62% of stage pT2 tumours, but only 23% of pT3
prostate cancers.
To study the cell-specific expression and distribution

of Hpa-1 mRNA in prostatic tissue, in situ hybridisation
was performed. In normal and hyperplastic prostatic
tissue, the vast majority of the Hpa-1 mRNA was
expressed at the luminal part of the prostatic gland cells
(Fig. 2a and b). Only occasional and focal Hpa-1
mRNA expression could be detected in the surrounding
stroma that was confined to single fibroblasts, endo-
thelial cells, and intra- or extravascular granulocytes
(Fig. 2a). Benign hyperplastic glands adjacent to neo-
plastic glands showed a comparatively stronger expres-
sion of Hpa-1 mRNA compared with the invasive
cancer cells (Fig. 2c). In contrast to the non-cancerous
prostatic tissue, prostate cancer cells only focally
expressed Hpa-1 mRNA (Fig. 2d) with also focal label-
ling of the surrounding desmoplastic stromal cells
(Fig. 2c and d).
Fig. 1. Detection of heparanase-1 (Hpa-1)-specific mRNA transcripts

by one-step polymerase chain reaction (PCR). Total RNA was iso-

lated from laser-captured prostatic gland cells and used for one-step

PCR with glyceraldehyde-3-phosphodehydrogenase (GAPDH) and

Hpa-1, respectively. Hpa-1 mRNA expression in non-cancerous tissue

(Benign) is not significantly different from prostate cancer (Ca). How-

ever, Hpa-1 mRNA in non-cancerous prostatic tissue is significantly

more often detected than in less differentiated (Ca>7) or more invasive

prostate cancers (CapT3). *P<0.05.
Fig. 2. Heparanase-1 (Hpa-1) mRNA (in situ hybridisation) expres-

sion in prostatic tissue. Positive labelling is red, nuclei counterstain is

blue. Normal prostate: (a) Hpa-1 mRNA expression in prostatic gland

cells; neutrophils serve as positive internal controls (arrow). Benign

prostatic hyperplasia: (b) Strong expression of Hpa-1 mRNA in the

majority of prostatic gland cells whereas (c) adjacent neoplastic epi-

thelial tissue is often negative for Hpa-1 mRNA. Prostate cancer: (d)

Only focal expression of Hpa-1 mRNA in the majority of less differ-

entiated or more invasive neoplastic gland cells with (c, d) positive

expression also of the surrounding desmoplastic stroma. (a, b, d, ori-

ginal magnifications 40�; c, original magnification 20�).
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4. Discussion

Hpa-1 has been recognised as a key enzyme in cancer
cell invasion and metastasis by cleaving HSPGs from
the basement membrane and the ECM [8–10,17].
Recently, mRNA or protein expression of Hpa-1 has
been identified in various cancer cells, and the over-
expression of Hpa-1 in tumour cells has been reported
to correlate with the metastatic potential of cancers
[8,9,12,13].
However, results from our study are completely dif-

ferent to those previously reported. In the present study,
we demonstrate that Hpa-1 mRNA is expressed in
benign as well as malignant prostatic tissue. However,
Hpa-1 mRNA in non-cancerous prostatic tissue was sig-
nificantly more frequently expressed than in advanced
prostate cancers as confirmed by PCR analysis. The
Hpa-1 mRNA expression in neoplastic gland cells sig-
nificantly correlated with tumour differentiation and
tumour stage.
The results from the PCR analysis were confirmed by

in situ hybridisation studies of benign and neoplastic
prostatic tissue. Although one-step PCR analysis
proved to be very sensitive at detecting Hpa-1 mRNA,
the message about Hpa-1 mRNA distribution in the
prostatic tissue was limited due to heterogenic expres-
sion in the prostatic glands and to invading inflamma-
tory cells expressing Hpa-1 mRNA. In situ hybridisation
of prostatic tissue allowed the accurate identification of
the benign prostatic gland cell as a major site of Hpa-1
synthesis. In contrast, the neoplastic gland cells dis-
played only focal Hpa-1 mRNA expression with posi-
tive labelling of the surrounding stromal cells. Together
with the results of the PCR studies, these findings indi-
cate that Hpa-1 gene expression may be lost during the
progression of prostate cancer.
Changes in the expression pattern of Hpa during

cancer development and progression has been described
in various tumours including gastric, pancreatic, colon,
bladder and breast carcinoma [13,18–21]. Most of the
studies have demonstrated an increased Hpa gene and/
or protein expression in carcinoma cells compared with
normal or dysplastic gland cells. However, recent stud-
ies from Ikeguchi and coworkers [7] have shown sig-
nificantly lower Hpa mRNA levels in zirrhotic
hepatocellular carcinomas than those of normal livers.
In contrast to our study, Hpa mRNA expression in the
hepatocellular carcinomas did not correlate with
tumour differentiation or with tumour stage [7]. They
concluded that Hpa gene expression may be lost during
the malignant transformation of hepatocytes through
alterations of their cell surface HSPGs profile.
Recent evidence highlights the fact that changes in the

HSPGs expression on the cell surface or in the ECM
modulates the cellular phenotype including transforma-
tion of a normal cell to a tumour cell and tumour
growth kinetics [5]. Hpa-1 that specifically cleaves
HSPGs may therefore be involved in the initial onco-
genic transformation of cells and the control of tumour
growth. However, recent studies reported that treatment
with Hpa reduces tumour volume and the number of
lung metastasis in mice injected with melanoma cells
[22]. These findings are supported by Ikeguchi and col-
legues [7] which demonstrated a significant positive
correlation between Hpa mRNA expression levels and
the percentage of apoptotic hepatic carcinoma cells.
Thus, Hpa-activity may control growth-signal trans-
duction essential for cell growth. The mechanisms by
which Hpa-1 can modulate tumour cell transformation
and proliferation are not completely understood.
Results from recent studies suggest that Hpa-1 may act
through two different pathways: (1) alteration of HSPGs
on the epithelial cell surface resulting in the transforma-
tion of a normal cell into a tumour cell, and/or (2)
cleaving of HSPGs-bound growth factors in the ECM
such as transforming growth factor-beta (TGF-b), basic
fibroblast growth factor (bFGF) or vascular endothelial
growth factor (vEGF) that promote or inhibit cell
growth [5–7]. However, Hpa-1 expression in tissue
stroma in close apposition to tumour glands may con-
tribute to this process by means of releasing HSPGs-
binding cytokines and growth factors that are stored in
the ECM [10]. It is tempting to suggest that Hpa-1
expression by stromal cells may be induced by tissue
remodelling during tumour progression and may thus
reflect a physiological response to alterations in the
local tissue caused by the tumour growth [18].
In summary, we demonstrated Hpa-1 mRNA expres-

sion in non-cancerous and cancerous prostatic tissue.
The present study points to the benign prostatic gland
cell as a major site of Hpa-1 expression. Our results
indicate that Hpa-1 expression in normal prostatic
gland cells is important for the regulation of their
growth properties. We conclude that loss of Hpa-1 gene
expression in epithelial gland cells may result in abnor-
mal cell proliferation and prostate cancer progression.
Acknowledgements

We thank Mr M. Heitz and Ms A. Struebl for their
excellent technical assistance. This work was supported
by the Jubilaeumsfond der Oesterreichischen National-
bank No. 8259.
References

1. Landis SH, Murray T, Bolden S, Wingo PA. Cancer statistics.

CA Cancer J Clin 1999, 49, 8–31.

2. Harding MA, Theodorescu D. Prostate tumor progression and

prognosis: interplay of tumor and host factors. Urol Oncol 2000,

5, 258–264.
2232 S. Stadlmann et al. / European Journal of Cancer 39 (2003) 2229–2233



3. Ross JS, Sheehan CE, Dolen EM, Kallakury BVS. Morphologic

and molecular prognostic markers in prostate cancer. Adv Anat

Pathol 2002, 2, 115–128.

4. Wong YC, Wang YZ. Growth factors and epithelial-stromal

interactions in prostate cancer development. Int Rev Cytol 2000,

199, 65–116.

5. Sasisekharan R, Shriver Z, Venkataraman G, Narayanasami U.

Roles of heparan-sulphate glycosaminoglycans in cancer. Nat

Rev Cancer 2002, 2, 521–528.

6. Mundhenke C, Meyer K, Drew S, Friedl A. Heparan sulfate

proteoglycans as regulators of fibroblast growth factor-2 receptor

binding in breast carcinomas. Am J Pathol 2002, 160, 185–194.

7. Ikeguchi M, Hirooka Y, Kaibara N. Heparanase gene expression

and its correlation with spontaneous apoptosis in hepatocytes of

cirrhotic liver and carcinoma. Eur J Cancer 2003, 39, 86–90.

8. Hulett MD, Freeman C, Hamdorf BJ, Baker RT, Harris MJ,

Parish CR. Cloning of mammalian heparanase, an important

enzyme in tumor invasion and metastasis. Nat Med 1999, 5, 803–

809.

9. Vlodavsky I, Friedmann Y, Elkin M, et al. Mammalian hepar-

anase: gene cloning, expression and function in tumor progres-

sion and metastasis. Nat Med 1999, 5, 793–802.

10. Parish CR, Freeman C, Hulett MD. Heparanase: a key enzyme

involved in cell invasion. Biochim Biophys Acta 2001, 1471, M99–

M108.

11. Mc Kenzie E, Tyson K, Stamps A, et al. Cloning and expression

profiling of Hpa2, a novel mammalian heparanase family mem-

ber. Biochem Biophys Res Commun 2000, 276, 1170–1177.

12. Kim AW, Xu X, Hollinger EF, Gattuso P, Godellas CV, Prinz

RA. Human heparanase-1 gene expression in pancreatic adeno-

carcinoma. J Gastrointest Surg 2002, 6, 167–172.
13. Maxhimer JB, Quiros RM, Stewart R, et al. Heparanase-1

expression is associated with the metastatic potential of breast

cancer. Surgery 2002, 132, 326–333.

14. Gleason DF, Mellinger GT. Prediction of prognosis for prostate

adenocarcinoma by combined histological grading and clinical

staging. J Urol 1974, 111, 58–64.

15. Hermanek P, Henson DE, Hutter RVP, Sobin LH, et al, eds.

International Union against Cancer (UICC). TNM Supplement

1993. A Commentary on Uniform Use. Berlin, Springer, 1993.

16. Fend F, Emmert-Buck MR, Chuaqui R, et al. Immuno-LCM:

laser capture microdissection of immunostained frozen sections

for mRNA analysis. Am J Pathol 1999, 154, 61–66.

17. Nicolson GL, Nakajima M, Wakabayashi H, Boyd DD, Diaz D,

Irimura T. Cancer cell heparanase activity associated with inva-

sion and metastasis. Adv Enzyme Regul 1998, 38, 19–32.

18. Friedmann Y, Vlodavsky I, Aingorn H, et al. Expression of

heparanase in normal, dysplastic, and neoplastic human colonic

mucosa and stroma. Am J Pathol 2000, 157, 1167–1175.

19. Endo K, Maejara U, Baba H, et al. Heparanase gene expression

and metastatic potential in human gastric cancer. Anticancer Res

2001, 21, 3365–3369.

20. Rohloff J, Zinke J, Schoppmeyer K, et al. Heparanase expression

is a prognostic indicator for postoperative survival in pancreatic

adenocarcinoma. Br J Cancer 2002, 86, 1270–1275.

21. Tang W, Nakamura Y, Tsujimoto M, et al. Heparanase: a key

enzyme in invasion and metastasis of gastric carcinoma. Mod

Pathol 2002, 15, 593–598.

22. Liu D, Shriver Z, Venkataraman G, Shabrawi YE, Sasisekharan

R. Tumor cell surface heparan sulfate as cryptic promoters or

inhibitors of tumor growth and metastasis. PNAS 2002, 99, 568–

573.
S. Stadlmann et al. / European Journal of Cancer 39 (2003) 2229–2233 2233


	Heparanase-1 gene expression in normal, hyperplastic and neoplastic prostatic tissue
	Introduction
	Materials and methods
	Patients
	Microdissection
	RNA isolation and one-step PCR
	Tissue processing and in situ hybridisation
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


