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OBJECTIVE: The aim of the present study was to
evaluate and compare angiogenesis in keratocystic
odontogenic tumours, dentigerous cysts (DCs) and
ameloblasomas using monoclonal antibody against
CD34.

MATERIALS AND METHODS: Microvessel density was
assessed in a total of 53 cases including 20 keratocystic
odontogenic tumours, 13 DCs and 20 ameloblastomas
(14 solid and six unicystic variants). Microvessel density
was expressed as the mean number of microvessels per
high-power-field.

RESULTS: Statistically significant differences in mean
microvessel density were observed between keratocystic
odontogenic tumours, DCs and solid ameloblastomas
(P <0.001). Mean microvessel density was significantly
higher in solid ameloblastomas compared with both
keratocystic odontogenic tumours and DCs; and was also
significantly higher in keratocystic odontogenic tumours
than in DCs.

CONCLUSION: Within the limitations of the present
study, it can be suggested that angiogenesis may be one
of the mechanisms possibly contributing to the different
biological behaviours of keratocystic odontogenic
tumours, DCs and solid ameloblastomas.
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Introduction

The odontogenic keratocyst, recently known as kerato-
cystic odontogenic tumour (KOT), is regarded as a
developmental abnormality and is generally known for
its aggressive nature and high recurrence rate, especially
in comparison with other developmental odontogenic
cysts (Shear, 2002a.,b; Kolar et al, 2006; Neville et al,
2008). In addition to a distinctive biological behaviour,
the expression of various proliferation markers in the
epithelial lining and mutations in p53 and PTCH genes
(tumour suppressor genes) have led several investigators
to consider KOT as a benign cystic neoplasm (Shear,
2002a,b; Thosaporn et al, 2004; Tsuneki ez al, 2008).
Ameloblastoma is a benign locally aggressive epithelial
odontogenic tumour exhibiting a marked infiltrative
potential leading to multiple recurrences following
enucleation or curettage (Neville ez a/, 2008). The
dentigerous cyst (DC) is the most common type of
developmental odontogenic cyst, which demonstrates an
indolent behaviour and seldom recurs following removal
(Neville et al, 2008).

The KOTs, similar to DCs, appear as cystic lesions,
but their invasiveness and destructive growth are com-
parable to ameloblastoma (Kichi ez al, 2005; da Silva
et al, 2008). It has been suggested that unknown factors
integrated in the epithelium or fibrous capsule of KOTs
may be responsible for their specific biological behav-
iour (Shear, 2002a,b; Neville et al, 2008). Microscopic
epithelial and stromal features have been the centre
of attention in several investigations comparing
KOTs, DCs and ameloblastomas (Piattelli er al, 1998;
Thosaporn et al, 2004; Vered et al, 2005; da Silva et al,
2008).

Odontogenesis is controlled by interactions between
the epithelial and mesenchymal components of devel-
oping dental tissues (Thesleff ez al, 1990). Regarding the
fact that odontogenic cysts and tumours arise from
tissue remains of odontogenesis, these interactions have
been considered to play an important role in the



tumourigenesis of odontogenic lesions (de Oliveira et al,
2004). The connective tissue stroma has an essential role
in preservation of epithelial tissues and minor altera-
tions in the epithelium are followed by corresponding
changes in the stroma, such as angiogenesis (De Wever
and Mareel, 2003).

Neoplastic tissues require oxygen and nutrients for
survival and growth; therefore, they induce the forma-
tion of new blood vessels through angiogenesis or
neovascularization (Carmeliet and Jain, 2000; Kumar
et al, 2005). Angiogenesis has been evaluated in various
human lesions including breast cancer, melanoma,
lichen planus and ameloblastoma (Weidner et al, 1991;
Kumamoto et al, 2002; Mahabeleshwar and Byzova,
2007; Tao et al, 2007). Microvessel density (MVD)
represents neovascularization in tumoral tissues and can
be observed by immunohistochemical staining of endo-
thelial cells with markers such as CD34 (Gong et al,
2005). The aim of the present study was to evaluate and
compare MVD in KOTs, DCs and ameloblastomas
using monoclonal antibody against CD34. The number
of immunohistochemical studies focusing on angiogen-
esis in KOT is limited, but we were not able to find a
comparison of angiogenesis among these three lesions in
the literature in English language.

Materials and methods

The medical charts of approximately 7600 patients
referred to the oral and maxillofacial pathology depart-
ments of our institutions were reviewed from 1998 to
2008 and all KOTs, DCs and ameloblastomas were
retrieved. The protocol for this project was approved by
the Ethics Committee of our university. The haemat-
oxylin and eosin stained archival slides were re-exam-
ined and diagnoses were confirmed based on the World
Health Organization (WHO) classification (Barnes et al,
2005). An average of three slides (range, 2-4) were
available for the cystic lesions and nine (range, 5-14) for
the solid ameloblastomas. All lesions with inflammation,
incisional biopsies and recurrences were excluded from
the study sample. The two most common variants of
ameloblastoma, follicular and plexiform, were consid-
ered for evaluation. Only KOTs with parakeratinized
surfaces and cases that were not associated with basal
cell carcinoma syndrome were included in the present
investigation. Formalin-fixed paraffin-embedded blocks
of all selected cases were obtained and immunohisto-
chemical staining was performed. In brief, 5 um sections
were dewaxed in xylene, rehydrated in graded alcohol
and treated with 3% hydrogen peroxide in phosphate-
buffered saline (PBS) for blocking endogenous peroxi-
dase activity. Antigen retrieval was achieved by treatin%
the sections with 10 mmol 1”' Tris buffer, 1 mmol 1~
EDTA (pH 9.0) in a microwave oven for 10 min at
120°C. The sections were then incubated with anti-
CD34 monoclonal antibody (QBEnd 10; Dako, Glost-
rup, Denmark) for 30 min at room temperature with a
working dilution of 1:50. This was followed by incuba-
tion with secondary biotinylated antibody and strepta-
vidin for 15 min each. Diaminobenzidine was used for
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colour development followed by counterstaining with
Mayer’s haematoxylin. Positive and negative controls
were run simultaneously for each section. Human
tonsillar tissue served as positive control and large
thick-walled vessels with erythrocytes, if present, were
considered as internal positive control. Non-immune
serum was used instead of primary antibody to obtain
negative control. MVD quantification was carried out
using an Olympus BH2 microscope (Olympus, Tokyo,
Japan) according to the method suggested by Weidner
et al (1991). The definition of a microvessel used in the
present study was according to that described previously
(Sharma et al, 2005). Three areas with the highest
amount of vascularization (hotspots) were selected
under a magnification of x100. Microvessels were
counted in each of the three fields at x400 magnification
and the mean density was reported. MVD was expressed
as the mean number of microvessels per high power field
(HPF). All slides were simultaneously evaluated by two
observers using a double-headed microscope and both
had to agree on each of the individual microvessels
before being included in the count. The field size for
x400 magnification (x40 objectives and x10 ocular) was
approximately 0.18 mm?. Statistical analysis was per-
formed using Kruskal-Wallis and Mann—Whitney tests.
Bonferroni method was employed for the adjustment of
P-value in multiple comparisons and P < 0.05 was
considered significant.

Results

A total of 133 keratocystic odontogenic tumours, DCs
and ameloblastomas were obtained from the aforemen-
tioned archives, but 80 cases were excluded mostly due
to various degrees of inflammation or lack of an
adequate amount of specimen in the paraffin block.
Ultimately, the study sample consisted of 53 cases
including 20 keratocystic odontogenic tumours, 13 DCs
and 20 ameloblastomas (14 solid and six unicystic
forms). Maximum and minimum MVDs were 20.66 and
7.33 per HPF in KOTs (Figure 1); 10.33 and 1.66 per
HPF in DCs (Figure 2); 33 and 7.33 per HPF in solid
ameloblastomas (Figure 3) and 14.66 and 5.33 per HPF
in unicystic ameloblastomas (UAs), respectively. The
mean (s.d.) microvessel density of the studied lesions is
shown in Table 1.

Among the six cases of UA, two were mural- and four
were luminal- and intraluminal- subtypes. Due to the
limited number of cases and the fact that mural and
luminal/intraluminal types may differ in their biological
behaviours, UAs were not included in the statistical
analysis and it seems that stating our descriptive findings
would suffice. All UA subtypes contained ameloblasto-
matous lining in at least one area of the cystic
epithelium, which was in accordance with the definition
suggested by Reichart and Philipsen (2004). Mean vessel
count was higher in the stromal tissue surrounding the
intramural ameloblastic islands in comparison with that
found in the connective tissue adjacent to the cystic
epithelium. MVD did not differ between the ameloblas-
tic and non-ameloblastic cystic lining.
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Figure 1 Microvessel density in keratocystic odontogenic tumour
detected by immunohistochemistry using monoclonal antibody against
CD34 (original magnification x400)
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Figure 2 Microvessel density in dentigerous cyst detected by immu-
nohistochemistry using monoclonal antibody against CD34 (original
magnification x400)

The Kruskal-Wallis test showed a significant differ-
ence in mean MVD between the KOTs, DCs and solid
ameloblastomas (P < 0.001). Using the Mann—Whitney
test, the mean MVD was significantly higher in solid
ameloblastoma compared with both KOT (adjusted
P = 0.008) and DC (adjusted P < 0.001). In addition,
a significantly higher mean MVD was observed in KOT
in comparison with DC (adjusted P < 0.001).

Discussion

Due to the unique clinicopathological features of
odontogenic keratocyst, WHO has suggested the term
keratocystic odontogenic tumour, as it better describes
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Figure 3 Microvessel density in ameloblastoma detected by immuno-
histochemistry using monoclonal antibody against CD34 (original
magnification x400)

Table 1 Comparison of microvessel density in keratocystic odonto-
genic tumour, dentigerous cyst and ameloblastoma

Microvessel
Number  density/ HPF*
of cases (mean + s.d.) P-value® P-value®

Solid ameloblastoma 14 18.85 + 6.71 0.008¢
Keratocystic 20 12.57 &£ 3.58 <0.001 <0.001°¢
odontogenic tumour

Dentigerous cyst 13 5.07 £ 2.45 <0.001°
Unicystic 6 9.99 + 3.61

ameloblastoma®

“High power filed.

K ruskal-Wallis.

‘Mann-Whitney, adjusted P-value.

9Solid ameloblastoma vs keratocystic odontogenic tumour.
“Keratocystic odontogenic tumour vs dentigerous cyst.
Dentigerous cyst vs ameloblastoma.

Statistical analysis was not performed.

its neoplastic nature (Barnes et al, 2005). A considerable
number of investigations attribute the distinctive behav-
iour of KOT to its epithelium (Piattelli et al, 1998;
Thosaporn et al, 2004; Kolar et al, 2006; Tsuneki et al,
2008). Browne (1975) was one of the first to suggest that
the connective tissue wall may have a significant role in
the pathogenesis of KOT. Interaction between the
fibrous capsule and epithelium of this cyst has also
been confirmed in other studies (Vedtofte et al, 1982).
A number of connective tissue elements such as tenascin
and fibronectin (Amorim et al, 2004; de Oliveira et al,
2004); RANK, RANKL and OPG (da Silva et al, 2008);
laminins and collagen 4 (Poomsawat et al, 2006) have
also been studied in this lesion. Angiogenesis is one of
the best known stromal factors participating in tumour
progression and has been extensively investigated in
various lesions (Weidner et al, 1991; Kumamoto et al,
2002; Mahabeleshwar and Byzova, 2007; Tao et al,
2007). It is quantified by the assessment of MVD in



tumoral tissues using endothelial markers. Former
investigations have shown that CD34, similar to
CD31, is present on immature blood vessels, but
demonstrates a stronger expression and a lower rate of
staining failure (Uzzan et al, 2004). CD34 has also been
previously employed for the assessment of MVD in
different lesions (Kumamoto ef al, 2002; Tao et al,
2007) and was therefore used for the evaluation of
angiogenesis in the present investigation. According to
our results, a significant difference was found in the
expression of this protein between KOTs, DCs and
follicular/plexiform ameloblastomas. It is noteworthy
that previous studies (Reichart and Philipsen, 2004)
have suggested the possibility of desmoplastic amelo-
blastoma presenting a separate clinicopathological
entity and not merely a histological variant of solid
ameloblastoma. Therefore, desmoplastic ameloblastoma
were excluded from the present investigation and only
the two most common subtypes, which are also similar
in their biological behaviours, were studied. It seems
that evaluation of angiogenesis in desmoplastic amelo-
blastoma and its comparison with other odontogenic
lesions and ameloblastic variants could be helpful and
contribute more data to future investigations.

Angiogenesis has been previously investigated in
keratocystic odontogenic tumours, but the number of
studies in this field is limited. Previous investigators
(Tete et al, 2005) found newly-formed vessels in maxil-
lary KOTs and radicular cysts using CD31 immuno-
staining. They proposed a primary role for angiogenesis
in the formation of gnathic cysts and suggested that
CD31 could be employed as a diagnostic marker.
Hayashi et al (2002) studied the efficiency of dynamic
multislice helical CT in the differentiation of ameloblas-
toma and KOT. Their results showed significantly higher
amounts of CD31-positive microvessels in ameloblas-
toma. Considering that CD34 and CD31 are similar in
detecting neovascularization (Uzzan et al, 2004), our
findings are in accordance with their results. el-Labban
and Aghabeigi (1990) morphometrically and ultrastruc-
turally evaluated blood vessels in KOTs and DCs. In
contrast to the findings obtained in the present investi-
gation, they failed to show a significant difference
between the two cysts using histochemical techniques.
This can be explained by the fact that immuno-
histochemical staining may be more accurate in the
quantification of vasculature. On the other hand, their
ultrastructural examination revealed the presence of
thrombosis in KOTs, but rarely in DCs. The thrombosed
vessels in KOT probably contain a large number of
platelets, which can produce angiogenic and proangio-
genic factors such as PDGF, VEGF, bFGF and TGF-f1
(Brill et al, 2004; Anitua et al, 2007). These proteins,
especially VEGF, can induce endothelial cell prolifera-
tion, migration and vascular permeability at different
levels (Kumar et al, 2005; Maharaj and D’Amore, 2007)
leading to increased angiogenesis and microvessel
formation. Therefore, their electron microscopic
observations essentially confirm the elevated MVD of
KOTs (compared to DCs) found in the current
investigation.
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Neovascularization is a complex process that
involves the interaction and balance between pro- and
anti-angiogenic factors. Several agents are known to
influence this process indirectly by affecting different
angiogenesis-related factors (Kumar et al, 2005), such as
p353, TGF-a, TGF-f, V-CAM, matrix metalloproteinases
and murine double minute-2 (MDM?2); which have been
investigated in keratocystic odontogenic tumours and
either DCs or ameloblastomas (Li et al, 1997; Carvalhais
et al, 1999; Shear, 2002a,b; Wang et al, 2003; Zhong
et al, 2003; Kichi et al, 2005). One of the problems in the
present study was that we were unable to evaluate these
proteins and other angiogenic factors like VEGF in the
selected cases. Simultaneous assessment of MVD and
other factors in KOT, DC and ameloblastoma may
provide additional information on the role of angiogen-
esis in odontogenic lesions. It should be noted that the
epithelial lining of the studied cystic lesions demonstrated
slight immunopositivity with CD34. However, we were
not able to find a previous report of CD34 immunore-
activity in KOTs and DCs in the English literature.
Therefore, it remains unclear as to whether the
immunoreactivity was due to technical errors or other
reasons.

In summary, our results suggest a significant difference
in angiogenesis between KOTs, DCs and solid amelobl-
astomas. The highest mean MVD in the studied lesions
was observed in ameloblastoma, followed by KOT, UA
and DC, in that order. On the other hand, when treatment
is based on enucleation, the recurrence rates of these
lesions have been reported as 50-90% in solid amelobl-
astomas, 17-56% in KOTs, 30.5% in UAs and usually
none in DCs. (Blanas et al, 2000; Lau and Samman, 2006;
Neville et al, 2008). Therefore, it seems that angiogenesis
may be associated with the different biological behaviours
of these lesions and at least to some degree can reflect their
clinical features. However, we did not perform statistical
analysis on the UA cases and the current results may
differ if recurrent or nevoid basal cell carcinoma
syndrome-associated KOTs or a larger number of UA
cases are used for comparison. We cannot draw strong
conclusions using the findings of this single study;
therefore, further evaluation using more sophisticated
methods and additional cases is recommended to help
clarify the role of angiogenesis in odontogenic lesions.
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