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BACKGROUND: Keratocystic odontogenic  tumor
(KCOT), also known as odontogenic keratocyst, is a be-
nign cystic neoplasm, which may be associated with ne-
void basal cell carcinoma syndrome (NBCCS) and if it
does, will occur as multiple cystic lesions. KCOT is locally
destructive despite its bland histological features. How-
ever, the neoplastic nature of KCOT is not well estab-
lished.Heparanase is an endo-bp-glucuronidase enzyme
that specifically cleaves heparan sulfate (HS) and the
increase of its level in tumors promotes invasion, angio-
genesis, and metastasis.

METHODS: To investigate the neoplastic character of
KCOT, we studied the localization patterns of heparanase
in KCOT, focusing on the differences between sporadic and
NBCCS-associated KCOTs, by immunohistochemistry
and in situ hybridization. To compare the expression
pattern of these cysts with non-tumorous odontogenic
developmental cyst, dentigerous cyst was included.
RESULTS: All the odontogenic cysts showed positive
immunoreaction for heparanase protein in various
intensities. The expression pattern of heparanase gene
corresponded to that of protein expression. Interestingly,
intense gene and protein expressions were observed in
KCOT associated with NBCCS compared with sporadic
ones and dentigerous cyst.

CONCLUSIONS: The results implied that heparanase
expression may be correlated with the neoplastic prop-
erties of KCOT, particularly in NBCCS-associated cases.
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Introduction

Although the bulk of odontogenic tumors is benign, some
of them will show locally destructive behavior. Kerato-
cystic odontogenic tumor (KCOT), previously called
odontogenic keratocyst in former times, is known as a
benign but aggressive odontogenic neoplasm and it often
associated with nevoid basal cell carcinoma syndrome
(NBCCS). In the new WHO classification revised in 2005,
KCOT is defined as benign intraosseous neoplasm of
odontogenic origin with characteristic lining of parakera-
tinized squamous epithelium (1). It is generally agreed that
the origin of KCOT is odontogenic epithelium, partic-
ularly the dental lamina and its remnants, and extensions
of basal cells from overlying oral epithelium (2—4).

Heparanase is a mammalian endo-p-glucuronidase
enzyme that specifically cleaves heparan sulfate (HS)
chains. HS chains include repeating disaccharides com-
posed of N-acetylglucosamine and uronic acid, and exist
in extracellular matrix and cell surface attached to a
heparan sulfate proteoglycan (HSPG) core protein.

It is reported that heparanase is involved in the
remodeling of extracellular matrix in normal condition,
and increases in tumor condition associated with inva-
sion and metastasis, and poor prognosis in many kinds
of cancers (5, 6).

In a previous study, we investigated the localization of
heparanase gene and protein expression in ameloblasto-
ma, suggesting the possible contribution of heparanase
in the local invasiveness and secondary morphological
changes (7). In the present study, we investigated the
localization of heparanase gene and protein expression
in KCOT to determine its neoplastic nature and local
aggressiveness.



Materials and methods

Surgical materials

A total of 30 cases of paraffin-embedded blocks were
selected for this study from the surgical pathology unit of
the Department of Oral Pathology and Medicine, Gradu-
ate School of Medicine, Dentistry and Pharmaceutical
Sciences of Okayama University (Okayama, Japan).

In the 20 cases of KCOT, 10 were associated with
NBCCS. To compare the expression pattern of hepara-
nase gene and protein of these cysts with non-tumorous
odontogenic developmental cyst, 10 cases of dentigerous
cyst were included. The cases of KCOT associated with
NBCCS were taken from patients who were clinically
diagnosed as NBCCS according to the diagnostic criteria
(8). The clinical details are summarized in Table 1.

These cases were fixed in 10% neutral-buffered
formalin, decalcified with citrate-buffered 10% formic
acid if needed, and routinely processed and embedded in
paraffin. Histopathological diagnosis was done based on
the WHO histological typing (9). Four-micrometer-
thick serial sections were made and used for hematox-
ylin—eosin staining, immunohistochemistry and in situ
hybridization.

Antibodies

Monoclonal antibody against human heparanase, which
recognizes both proform and mature forms as previ-
ously reported (6), was used. For antibody detection,
mouse IgG ABC kit (Vectastain Elite ABC kits; Vector
Laboratories, Burlingame, CA, USA) was used. DAB
(Histofine DAB substrate; Nichirei, Tokyo, Japan) was
used to visualize the immunoreactions.

Probe

Digoxigenin 11-UTP-labeled single-stranded RNA
probes were prepared using DIG labeling kit (Roche
Diagnostic GmbH, Penzberg, Germany) according to
the manufacturer’s instruction. For the generation of
single-stranded heparanase RNA probe, 571-bp frag-
ment of human heparanase cDNA (bases 261-832 of the
total cDNA) (GenBank accession no. AF144325) was
produced by RT-PCR, subcloned into pCR21 (Invitro-
gen, Carlsbad, CA, USA) and amplified by PCR.

In situ hybridization
In situ hybridization was performed as previously des-

cribed (6). Sections were deparaffinized in xylene, rehy-

Table 1 Surgical materials

No. of
Diagnosis cases  Location
Sporadic keratocystic odontogenic tumor 10 4 maxilla
6 mandible
Keratocystic odontogenic tumor associated 10 6 maxilla and
with Nevoid basal cell carcinoma syndrome mandible
3 maxilla
1 mandible
Dentigerous cyst 10 3 maxilla
7 mandible

Total: 30 cases.
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drated in ethanol and incubated with 3 mgiml of
proteinase K (Roche Diagnostics) in 10 mM Tris—HCI
(pH8.0) and 1 mM EDTA for 15 min at 37°C. Acetyla-
tion of the sections was performed by incubatingin 0.1 M
triethanolamine-HCI buffer (pH 8.0) at room tempera-
ture. Hybridization solution contains 50% deionized
formamide, 10% dextran sulfate, 1x Dehardt’s solution,
600 mM NaCl, 0.25% SDS, 250 mgil of Escherichia
coli tRNA (proteinase treated), 10 mM dithiothreitol,
and 0.1-0.2 mg/iMml of digoxigenin-UTP-labeled RNA
probe. The probe was placed on the sections, covered
with parafilm, incubated at 50°C. After hybridization, the
sections were washed in a series of Standard Saline
Citrate (SSC) at 50°C, incubated with 1.5% blocking
reagent in DIG1 buffer for 60 min. Anti-digoxigenin-AP
Fab fragment (1:800) (Roche Diagnostics) in DIGI
buffer was applied to the sections and incubated for
60 min at room temperature. Coloring solution, contain-
ing 337.5 pg/ml of nitro blue tetrazolium and 165-pginl of
5-bromo-4-chloro-3-indolyl phosphate in DIG3 buffer,
was mounted on the sections and incubated at 37°C.
Counter staining was performed with methyl green.

Results

Heparanase gene and protein expression were observed
in all lesions. Both heparanase protein and gene were
positive in the epithelium of the cyst wall in varying
degrees.

The details of heparanase protein and mRNA expres-
sion in each case are summarized in Table 2 and
discussed as follows.

Expression of heparanase protein in KCOT and
dentigerous cyst

Both sporadic and NBCCS-associated KCOTs showed
positive reactions to heparanase in the lining epithelium.
Interestingly, there were some differences in the expres-
sion patterns between the two (Fig. 1).

In sporadic KCOT, heparanase expression was com-
paratively weak and uneven. However, basal and
keratinized cells showed moderate expression.

On the other hand, NBCCS-associated KCOT
showed very intense and even expression of heparanase

Table 2 Summary of immunohistochemistry and in situ hybridization

Heparanase

Diagnosis Immunohistochemistry In situ hybridization

Sporadic keratocystic odontogenic tumor

E (+) (+)

C ) =)
Keratocystic odontogenic tumor associated with nevoid basal cell
carcinoma syndrome

E (++) (++)

C ) =)
Dentigerous Cyst

E (+) (+)

C (-) )

E, epithelium; + +, strongly positive; C, connective tissue; +, posit-
ive; —, negative.
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Figure 1 Heparanase protein expression in KCOT and dentigerous cyst. In sporadic KCOT, heparanase expression pattern was weak and uneven,
localized within keratinized cells (a). In NBCCS-associated KCOT, intense and uneven expression of heparanase was observed not only in
cytoplasm but also in nucleus of basal cells (b and c). In dentigerous cyst, heparanase was positive in the lining epithelium (d).

protein. Moreover, the protein expression was observed
not only in cytoplasm but also in the nucleus of the basal
cells. No significant difference in the heparanase protein
expression pattern between primary and recurrent cases.
In the case of dentigerous cyst, heparanase protein was
weakly positive in lining epithelium. Connective tissue
beneath the epithelium was almost negative or weak.

Expression of heparanase mRNA in KCOT and
dentigerous cyst
Comparing the results of immunohistochemistry, differ-
ence in intensity was the most distinct feature (Fig. 2).

In sporadic KCOT, heparanase mRNA expression
was limited within the basal cell layer, whereas in
NBCCS-associated KCOT, intense expression was
observed in the entire lining epithelium. Significant
difference in intensity was observed also in mRNA
expression pattern between sporadic and NBCCS-asso-
ciated KCOT.

In dentigerous cyst, heparanase mRNA expression
was detected in the whole layer of the lining epithelium

)] Oral Pathol Med

uniformly. But it was not detected in the connective
tissue.

Discussion

Keratocystic odontogenic tumor, previously known as
odontogenic keratocyst, is a benign cystic lesion, but it
often shows locally destructive behavior and high
recurrence rate, in spite of its bland histology (10).
This may be attributed to the active proliferation of
the lining epithelium (11, 12). Recent studies demon-
strated that PTCH gene, which is mapped onto
chromosome 9q22.3-q31 and thought to be a tumor
suppressor gene, was involved in the etiology of
KCOT (13-16).

Some articles support the tumorous character of
KCOT, which shows a higher expression of bcl-2, p53,
p63 observed in immunohistochemical studies (11, 12,
17).

Heparanase is an endo-p-glucuronidase that specific-
ally cleaves HS. Heparanase is necessary for the natural
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Figure 2 Heparanase mRNA expression in KCOT and dentigerous cyst. In sporadic KCOT, heparanase mRNA expression pattern was weak and
uneven (a), whereas it was very intense and diffusely observed in NBCCS-associated cases (b). In dentigerous cyst, heparanase mRNA expression

was weakly observed (arrows, c).

turn over of the HS (18); however, it may function not
only as a digestive enzyme but may also be involved in
cell signaling. The target of heparanase, HS exist in
basement membrane and extracellular matrix attached
to HSPGs. These HS can bind many kinds of biologic-
ally active molecules, growth factors, cytokines, and cell
adhesion molecules; thus, they play important roles in
cell adhesion and intercellular signaling (19), and as a
reservoir of these molecules (20).

Heparanase will cleave HS and make 10-20 sugar
residue materials that are more active than the native
HS (21). It is known that heparanase is rare in the
normal tissue and often increases in tumors and
promotes tumor invasion, angiogenesis and metastasis
(6, 22-26).

In this study, both sporadic and NBCCS-associated
KCOT showed heparanase protein and mRNA expres-
sion in varying degrees. In all cases, both heparanase
protein and mRNA expression were limited to the lining
epithelium and the expression of heparanase in the
connective tissue of the cyst wall was minimal.

In the case of dentigerous cyst, immunopositive
reaction for heparanase protein was observed in odon-
togenic epithelium. The expression pattern was monot-
onous, but in some areas with inflammatory reaction,
the immunoreaction showed a weaker reaction. The
mRNA of heparanase corresponds to that of protein
expression.

Interestingly, some differences in the heparanase
expression pattern and intensity were observed between
sporadic and NBCCS-associated KCOT, not only in the
protein level, but also in the mRNA level. Heparanase
protein and mRNA were detected in the lining epithe-
lium of sporadic and NBCCS-associated cases. In
sporadic case, heparanase expression was uneven and
limited, whereas very intense and even pattern in
NBCCS-associated cases.

It is reported that heparanase expression will increase
in many kinds of tumors, including odontogenic tumors
(7, 22-26).The increased heparanase expression was
thought to be somewhat concerned with the invasive
property.

The mechanisms in the release of heparanase during
tumor proliferation lies in the cleavage of HS causing

severe anomaly in some important signaling pathways
or growth factors (21). The possible mechanisms are
as follows: (i) release of the bioactive molecules
captured in HS, which results in profound effects on
cellular functions (27, 28). (ii) the cleavage of HS by
heparanase changes the signaling pathway and growth
factor controls, via: (1) shedding of proteoglycans
extracellular domain; (2) fragmentation of HS; and (3)
removal of sulfate from 6-O position from HS (19).
Kim et al. reported that the lining epithelium of
KCOT showed intense BMP-4 expression, which was
not expressed in dentigerous cyst (10). Supporting
these theories, the intense expression of heparanase
may be related to the aggressive growth attitude of
KCOT.

The nuclear heparanase expression was observed only
in NBCCS-associated KCOT. It is reported that nuclear
heparanase expression is observed in human cell lines
and breast and esophageal epithelial cells (24), and also
observed in squamous metaplastic cells in ameloblast-
oma (7).

Very recently, Kobayashi et al. reported that
heparanase was transferred to nucleus from cytoplasm
during esophageal cell differentiation, and it correlates
with keratinocyte differentiation. And it has been
reported that nuclear translocation of heparanase is
likely to correlate with cell differentiation and favora-
ble prognosis in patients with gastric, esophageal and
head and neck squamous cell carcinomas (29, 30).
NBCCS-associated KCOT showed intense heparanase
expression both in cytoplasm and nucleus. These facts
will well explain the nature of KCOT, which shows
locally destructive behavior regardless of its bland, and
well differentiated histology. We used dentigerous cyst
as a control, and weak heparanase protein and mRNA
expression were observed, which may imply non-
aggressive nature of this developmental cyst. These
results altogether suggest that heparanase is involved in
the aggressive behavior of NBCCS-associated KCOT,
although it remains unknown whether heparanase
overexpression leads first or secondary to aggressive
alteration. This is the first report that showed the
difference between heparanase expression pattern in
KCOT and dentigerous cyst both in protein and
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mRNA levels. The results may support the neoplastic
nature of KCOT, particularly those that are NBCCS
associated.

References

1.

10.

11.

12.

13.

14.

15.

16.

Barnes L, Eveson JW, Reichert P, Sidransky D. World
Health Organization of tumors pathology and genetics head
and neck tumors. Lyon: IARC Press, 2005.

Browne RM, Smith AJ. Pathogenesis of odontogenic
cysts. In: Browne RM ed. Investigative pathology of the
odontogenic cyst. Boca Raton, FL: CRC Press, 1999; 88—
109.

Shear M. Odontogenic keratocyst (primordial cyst). In:
Shear M, Seward GR, eds. Cysts of the oral regions.
Oxford: Butterworth Heinemann, 1992; 27-32.

Stoelimga PJ. Long-term follow-up on keratocysts treated
according to a defined protocol. Int J Oral Maxillofac
Surg 2001; 30: 14-25.

Fjeldstad K, Kolset SO. Decreasing the metastatic poten-
tial in cancers: targeting the heparan sulfate proteoglycans.
Curr Drug Target 2005; 6: 665-82.

Takaoka M, Naomoto Y, Ohkawa T, et al. Heparanase
expression correlated with invasion and poor prognosis in
gastric cancer. Lab Invest 2003; 83: 613-22.

Nagatsuka H, Han PP, Tsujigiwa H, et al. Heparanase
gene and protein expression in ameloblastoma: possible
role in local invasion of tumor cells. Oral Oncol 2005; 41:
542-8.

. Quinn AG, Epstein E Jr. Patched, hedgehog, and skin

cancer. Methods Mol Biol 2003; 222: 85-95.

Kramer IRH, Pindborg JJ, Shear M. Histological typing
of odontogenic tumors. Berlin Heidelberg: Springer-Ver-
lag, 1992; 31-2.

Kim SG, Yang BE, Oh SH, Min SK, Hong SP, Choi JY.
The differential expression pattern of BMP-4 between the
dentigerous cyst and the odontogenic keratocyst. J Pathol
Med 2005; 34: 178-83.

Kolar Z, Geierova M, Bouchal J, Pazdera J, Zboril V,
Tvrdy P. Immunohistochemical analysis of the biological
potential of odontogenic keratocysts. J Oral Pathol Med
2006; 35: 75-80.

Shear M. The aggressive nature of the odontogenic
keratocyst: is it a benign cystic neoplasm? Part 2.
Proliferation and genetic studies. Oral Oncol 2002; 38:
323-31.

Farndon PA, Del Mastro RG, Evans DG, Kilpatrick
MW. Location of gene for Gorlin syndrome. Lancet 1992;
339: 581-2.

Lench NJ, High AS, Markham AF, Hume WJ, Robinson
PA. Investigation of chromosome 9q22.3-q31 DNA mar-
ker loss in odontogenic keratocysts. Eur J Cancer B Oral
Oncol 1996; 32B: 202-6.

Lench NJ, Telford EA, High AS, Markham AF, Wicking
C, Wainwright BJ. Characterization of human patched
germ line mutations in nevoid basal cell carcinoma
syndrome. Hum Genet 1997; 100: 497-502.

Barreto DC, Gomez RS, Bale AE, Boson WL, De Marco
L. PTCH gene mutation in odontogenic keratocysts.
J Dent Res 2000; 79: 1418-22.

J Oral Pathol Med

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lo Muzio L, Santarelli A, Caltabiano R, et al. p63
expression in odontogenic cysts. Int J Oral Maxillofac
Surg 2005; 34: 668-73.

Bame KJ. Heparanase: endoglycosidases that degrade
heparan sulfate proteoglycans. Glycobiology 2001; 11:
91R-8R.

Vlodavsky I, Miao HQ, Medalion B, Danagher P, Ron D.
Involvement of heparan sulfate and related molecules in
sequestration and growth promoting activity of fibroblast
growth factor. Cancer Metastasis Rev 1996; 15: 177-86.
Bernfield M, Gotte M, Park PW, et al. Functions of cell
surface heparan sulfate proteoglycans. Annu Rev Biochem
1999; 68: 729-717.

Sanderson RD, Yang Y, Kelly T, Macleod V, Dai Y,
Theus A. Enzymatic remodeling of heparan sulfate prot-
eoglycans within the tumor microenvironment: growth
regulation and the prospect of new cancer therapies. J Cell
Biochem 2005; 96: 897-905.

Endo K, Machara U, Baba H, et al. Heparanase gene
expression and metastatic potential in human gastric
cancer. Anticancer Res 2001; 21: 3365-9.

Mikami S, Ohashi K, Usui Y, et al. Loss pf syndecan-1
and increased expression of heparanase in invasive
esophageal carcinomas. Jpn J Cancer Res 2001; 91:
1062-73.

Ohkawa T, Naomoto Y, Takaoka M, et al. Localization
of heparanase in esophageal cancer cells: respective roles
in prognosis and differentiation. Lab Invest 2004; 84:
1289-304.

Koliopanos A, Friess H, Kleeff J, et al. Heparanase
expression in primary and metastatic pancreatic cancer.
Cancer Res 2001; 61: 4655-9.

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—
75.

Vlodavsky I, Goldshmidt O, Zcharia E, et a/. Mammalian
heparanase: involvement in cancer metastasis, angiogene-
sis and normal development. Semin Cancer Biol 2002; 12:
121-9.

Vlodavsky I, Friedmann Y. Molecular properties and
involvement of heparanase in cancer metastasis and
angiogenesis. J Clin Invest 2001; 108: 341-7.

Kobayashi M, Naomoto Y, Nobuhisa T, et al. Hepara-
nase regulates esophageal keratinocyte differentiation
through nuclear translocation and heparan sulfate clea-
vage. Differentiation 2006; 74: 235-43.

Doweck I, Kaplan-Cohen V, Naroditsky I, Sabo E, Ilan
N, Vlodavsky I. Heparanase localization and expression
by head and neck cancer: correlation with tumor progres-
sion and patient survival. Neoplasia 2006; 8: 1055-61.

Acknowledgements

This study was supported by Grant-in-Aid for Research (B) (No.
174060270) and (C) (No. 19592109) from the Japanese Ministry of
Education, Culture, Sports, Science and Technology.



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



