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Background: Cyst and tumors arise from tissue remains of odontogenesis, these interactions have been considered to 
play an important role in the tumorigenesis of odontogenic lesions. The connective tissue stroma has an essential role in 
the preservation of epithelial tissues and minor alterations in the epithelium are followed by corresponding changes in the 
stroma, such as angiogenesis. Vascular endothelial growth factor (VEGF) is considered the first factor which maintains 
its position as the most critical driver of vascular formation and is required to initiate the formation of immature vessels, 
with this aim, present study was executed to evaluate VEGF expression in kertocystic odontogenic tumor, dentigerous 
cyst and radicular cyst (RC). Materials and Methods: A retrospective study was carried out comprising a total of 31 cases; 
13 cases of keratocystic odontogenic tumor (KCOT), nine cases of dentigerous cyst (DC) and nine cases of RC. The 
sections were stained immunohistochemically with VEGF antibody and were evaluated for the presence and intensity of 
the immuno reactive cells. Statistical analysis was carried out using Chi‑square test to inter‑compare the VEGF expression 
between KCOT, DC, and RC. Results: VEGF expression in the epithelium and connective tissue was significantly higher 
in KCOT compared to dentigerous and RC. One case of KCOT with carcinomatous change also revealed positive results 
for the VEGF expression in the dysplastic epithelium, tumor islands, and connective tissue. The significant difference was 
observed on inter‑comparison of the VEGF expression in the connective tissue of KCOT and DC, whereas no significant 
difference was observed in the VEGF expression in the connective tissue of KCOT and DC. Conclusion: The present study 
data supports the literature finding that angiogenesis can be important in the progression and enlargement of odontogenic 
cysts similarly to what occurs in neoplastic conditions and further it can be concluded that the higher positivity for VEGF 
of KCOT could help to explain in part the aggressive biological behavior of the lesion. The stroma of KCOT could be 
regarded not only as a structural support of the cyst wall but also as playing a part in the neoplastic behavior of cyst.
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INTRODUCTION

Odontogenesis is controlled by interactions between the 
epithelial and mesenchymal components of developing 
dental tissues. Regarding the fact that odontogenic.
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Angiogenesis is the process of formation of new 
microvessels from the preexisting vasculature. 
It is thought to be initiated by an increase in the 
level of angiogenic stimuli and a concomitant 
decrease in the level of angiogenic inhibitors. These 
factors are produced by tumor cells, stromal cells, 
and inflammatory cells such as mast cells and 
macrophages.[1]

The angiogenic factors play a role as important mediators 
of tumor angiogenesis as in epithelial odontogenic 
tumors and the alterations might be associated 
with tumoriogenesis or malignant transformation of 
odontogenic tumors. The proangiogenic cytokine 
is capable of inducing micro vascular permeability 
leading to extravasation of plasma proteins, and 
a predictable sequence of proangiogenic stromal 
changes. Due to these functions, vascular endothelial 
growth factor  (VEGF) has been implicated as an 
important factor in granulation tissue development and 
cyst enlargement. Furthermore, it is now assumed that 
the critical event in the regulation of angiogenesis is 
the signaling cascade involving vascular endothelium 
growth factor (VEGF).[2]

VEGFs comprise a family of multifunctional proteins 
mainly involved in normal and pathologic angiogenesis, 
defined as the formation of new vessels by sprouting 
of the preexisting endothelium.[3] The VEGF family 
includes VEGF‑A or VEGF, also known as vascular 
permeability factor, VEGF‑B, VEGF‑C, VEGF‑D, 
VEGF‑E, and placental growth factors.[3‑5]

Therefore, the present study attempted to assess 
the VEGF expression, in keratocystic odontogenic 
tumor  (KCOT), dentigerous cyst  (DC) and radicular 
cyst  (RC) and correlate the role of VEGF and 
angiogenesis with cyst proliferation.

MATERIALS AND METHODS

The present study was carried out on 31  archival 
tissues that included13 cases of KCOT, nine cases 
of DC and nine cases of RC. Formalin fixed‑paraffin 
embedded tissues were sectioned at  3–4 micron 
thickness and stained with hematoxylin and eosin 
stain for histopathological conformation.

V E G F  e x p r e s s i o n  w a s  d e t e r m i n e d  b y 
immunohistochemistry using a rabbit polyclonal 
anti‑VEGF antibody (BioGenex, USA).

The immunoexpression of VEGF in the epithelium 
was qualitatively evaluated at ×400 magnification 
as the criteria purposed by the by Leonardi, et al.,[6] 

the immunoexpression of the VEGF was classified 
according to the following scores: Score 0–  no 
staining; Score 1– weak, staining in 11–25%of cells; 
Score 2–  moderate, staining in  26–75% of cells; 
3– strong, staining in more than 76% of cells.

VEGF expression in the connective tissue was 
semi‑quantitatively evaluated, calculating the 
percentage of VEGF‑positive vessels, fibroblasts, 
and inflammatory cells in 10 representative 
fields by using a binuclear microscope at  ×400 
magnification. The scoring were divided in the 
following categories: Score 0 (≤10% positivecells); 
Score 1  (>10% and  <50%  positivecells); Score 
2 (≥50% positivecells).[7]

The Chi‑square test was applied to inter‑compare 
the VEGF expression between KCOT, DC and 
RC. P  <  0.05 was considered to be statistically 
significant.

RESULTS

On inter‑comparison of vascular endothelial growth 
factor expression in the epithelium between keratocystic 
odontogenic tumor, dentigerous cyst and radicular cyst
Positive immune reactivity was observed in all 
cases of KCOT, [Figure 1] DC [Figure 2] where as in 
66.66% cases of RC. All the epithelial layers, with 
the exception of the parakeratin layer in two cases of 
KCOT, were stained. In KCOT strong expression was 
observed in six cases (46.15%) moderate expression 
in six cases  (46.15%), weak expression in one 
case (7.69%). One case of KCOT (out of 13) with 
carcinomatous change revealed the moderate intensity 
of VEGF both in the epithelium, tumor islands, and 
connective tissue stroma.

In DC strong expression was observed in four 
cases  (44.44%), moderate expression in two 
cases  (22.22%), and weak expression in three 
cases  (33.33%). In RC strong expression was 
observed in [Figure 3] one case (11.11%), moderate 
expression in one case (11.11%), weak expression 
in four cases (44.44%) and three cases  (33.33%) 
revealed negative staining. A  significant difference 
was observed with the P = 0.018 on inter‑comparison 
of VEGF expression in the epithelium between KCOT, 
DC, and RC.

On inter‑comparison of VEGF expression in the 
connective tissue between KCOT, DC and RC. In KCOT 
more number of cases of KCOT six cases (46.15%), 
revealed strong expression as compared to dentigerous 
three cases (33.33%) and RC four cases (44.44%).
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Inter-comparison of VEGF expression in the epithelium 
between KCOT and DC revealed statistically highly 
significant results with the P = 0.0032 [Table 1].

Inter-comparison of VEGF expression in the connective 
tissue between KCOT and DC revealed a significant 
difference with the P = 0.002 [Table 2].

Inter-comparison of VEGF expression in the epithelium 
between KCOT and RC revealed statistically highly 
significant results with the P = 0.00156 [Table 1].

Inter-comparison of VEGF expression in the connective 
tissue between KCOT and RC revealed Anon 
significant difference with the P = 0.1281 [Table 2].

Inter-comparison of VEGF expression in the epithelium 
between DC and RC revealed statistically significant 
results with the P = 0.0321 [Table 1].

Inter-comparison of VEGF expression in the connective 
tissue between DC and RC revealed a nonsignificant 
difference with the P = 0.145 [Table 2].

DISCUSSION

The present study assessed the expression of VEGF 
in 13 cases of KCOT and nine cases each of DC 
and RC. Statistically significant differences in VEGF 
expression in the epithelium (0.018) and connective 
tissue (0.0155) were observed between KCOT, DC 
and RC. All epithelial cell layers, with the exception 
of the parakeratin layer in 12 out of 13 cases 
of KCOT revealed positive immunoreactivity for 
VEGF [Figure 1]. These results might suggest that 
the critical event in the regulation of angiogenesis is 
the signaling cascade involving vascular endothelium 
growth factor (VEGF). This conclusion is based first of 
all on the biological properties of this growth factor.

On literature review, only one study was found 
comparing VEGF expression in KCOT, DC and RC 
by Mitrou et al.[8] who observed immune reactivity 
for VEGF in 35 cases out of 37 odontogenic 
keratocysts (OKCs) and all DCs and RCs, as well 
as adjacent endothelial cells, fibroblasts, and 
inflammatory cells. Our results were consistent with 
the findings of Mitrou et al. as we also observed 
positive expression of VEGF in the epithelium of all 
the cases of KCOT 31(out of 31) DC 9(out of 9), RC 
9(out of 9) with all cases of KCOT, DC, while only 
66.66% cases of RC 6 (out of 9) revealing positive 
VEGF expression in the connective tissue.

Mitrou et al.[8] concluded that VEGF expression in 
the lining epithelium of KCOT, DC, and RC was 
not associated with the presence of inflammation. 
Although it can be assumed that preexisting 
inflammation may upregulate VEGF expression, 

Figure 1: Vascular endothelial growth factor expression in keratocystic 
odontogenic tumor

Figure 2: Vascular endothelial growth factor expression in dentigerous 
cyst

Figure 3: Vascular endothelial growth factor expression in radicular cyst
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particularly in RCs, their findings are suggestive of a 
role for VEGF regardless of inflammation.

The epithelial lining of odontogenic cysts can undergo 
simple cystic expansion, keratinization, or dysplastic 
transformation. However, it is well known that 
the lining of an odontogenic cyst may transform 
into a mucoepidermoid carcinoma or a squamous 
cell carcinoma  (SCC)[9] with carcinomatous change 
occurring in <1% of the odontogenic cysts.[10]

In the present study, one case of KCOT with 
carcinomatous changes revealed the moderate 
intensity of VEGF both in the epithelium, tumor 
islands, and connective tissue stroma. On review of 
literature no study was found evaluating the VEGF 
expression in the case of KCOT transforming into 
SCC, moreover, only 15 reports of SCC developing 
from KCOT have been reported.

VEGF has been implicated in the pathogenesis of 
odontogenic tumors and cysts, while acquisition 
of anangiogenic phenotype appears to be a crucial 
aspect in the transition from hyperplasia to neoplasia 
and VEGF has also been found to be produced 
by tumor cells. High expression by tumor cells is 
strongly correlated with high expression of VEGF 
receptors (VEGFR)‑2 and VEGFR‑3 by the same cells, 
suggesting the presence of an autocrine loop that 
induces epithelial proliferation.

Further, in the present study with the P = 0.0032 
and 0.002 significant differences were observed in 
the epithelium and connective tissue when VEGF 
expression was inter‑compared between KCOT and 
DC. Moderate to strong expression was observed in 
the majority of cases of KCOT (92.3%), on the other 

hand, 66.7% cases of DC revealed moderate to strong 
expression. These findings are suggestive of the fact 
that KCOT has increased epithelial proliferation rate, 
and increased level of angiogenesis may be related 
to the increase in tissue metabolism and nutrition 
requirement of the proliferating epithelium. These 
findings also help to explain the biological behavior 
of KCOT that should be considered to be a benign 
odontogenic tumor rather than merely cyst.

On literature review only two studies by Mitrou 
et  al.[8] and Rubini et  al.[7] were found comparing 
VEGF expression in KCOT and DC. Our results were 
consistent with the findings of these studies. Mitrou 
et al.[8] observed very strong expression in 72.97% 
of KCOT, while weak expression in the majority of 
DCs (38.89%). Rubini et al.[7] observed a significant 
different expression of VEGF in all cell components 
in OKCs compared to follicular cysts (FCs). Indeed, 
the majority of parakeratotic OKCs  (80%) and 
OOKCs (68%) showed more than 50% VEGF‑positive 
epithelial cells, whereas the majority of FCs (71%) were 
either negative in the epithelium or showed <10% 
positive cells (2, P < 0.0005). This higher positivity 
for VEGF of KCOT could help to explain in part the 
infiltrative characteristic of this lesion. They also 
observed a correlation between VEGF expression in 
epithelial cells and capsular fibroblasts and vessels, 
suggesting that these cell types might form a cellular 
network sharing regulation by the stimulatory signals 
promoting angiogenesis.

el‑Labban and Aghabeigi[11] morphometrically and 
ultrastructurally evaluated blood vessels in KCOTs 
and DCs. Their ultrastructural examination revealed 
the presence of thrombosis in KCOTs, but rarely 
in DCs. The thrombosed vessels in KCOT probably 

Table 1: Inter‑comparison of VEGF expression in the epithelium
Odontogeniccysts n Negative (%) Mild (%) Moderate (%) Strong (%) P*
KCOT 13 0 (0) 1 (7.69) 6 (46.15) 6 (46.15) 0.0032 (S)
Dentigerous cyst 9 0 (0) 3 (33.33) 2 (22.22) 4 (44.44)
KCOT 13 0 (0) 1 (7.69) 6 (46.15) 6 (46.15) 0.00156 (S)
Radicular cyst 9 3 (33.33) 4 (44.44) 1 (11.11) 1 (11.11)
Dentigerous cyst 9 0 (0) 3 (33.33) 2 (22.22) 4 (44.44) 0.0321 (S)
Radicular cyst 9 3 (33.33) 4 (44.44) 1 (11.11) 1 (11.11)
*P<0.05: Statistically significant. VEGF: Vascular endothelial growth factor, KCOT: Keratocystic odontogenic tumor, S: Significant

Table 2: Inter-comparison of VEGF expression in the connective tissue
Odontogeniccysts n Weak (%) Moderate (%) Strong (%) P*
KCOT (n=13) 13 1 (7.69) 6 (46.15) 6 (46.15) 0.002 (S)
Dentigerous cyst (n=9) 9 1 (11.11) 5 (55.55) 3 (33.33)
KCOT (n=13) 13 1 (7.69) 6 (46.15) 6 (46.15) 0.1281 (NS)
Radicular cyst (n=9) 9 1 (11.11) 4 (44.44) 4 (44.44)
Dentigerous cyst (n=9) 9 1 (11.11) 5 (55.55) 3 (33.33) 0.145 (NS)
Radicular cyst (n=9) 9 1 (11.11) 4 (44.44) 4 (44.44)
*P<0.05: Statistically significant. VEGF: Vascular endothelial growth factor, NS: Not significant, KCOT: Keratocystic odontogenic tumor, S: Significant, NS: Nonsignificant
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contain a large number of platelets, which can 
produce angiogenic and proangiogenic factors such 
as platelet‑derived growth factor, VEGF, basic 
fibroblast growth factor and transforming growth 
factor‑beta1 (Brill et al. and Anitua et al.).[12,13] These 
proteins, especially VEGF, can induce endothelial 
cell proliferation, migration and vascular permeability 
at different levels  (Maharaj and D’Amore, 2007)[14] 
leading to increased angiogenesis and microvessel 
formation.

In this study, we observed a highly significant 
difference on inter‑comparison of the VEGF expression 
in the epithelium between KCOT and RC (0.00156) 
where as a nonsignificant difference was observed 
on inter‑ comparison of the VEGF expression in the 
connective tissue between KCOT and RC  (0.1281). 
Although it can be assumed that preexisting inflammation 
may upregulate VEGF expression, particularly in RCs, 
but the present study findings are suggestive of a role 
for VEGF regardless of inflammation. These results 
were in accordance with the study by Mitrou et al.[8] 
who also observed no statistically significant difference 
between KCOT and RC (0.228).

A significant difference in the epithelium  (0.0321) 
and the nonsignificant difference in the connective 
tissue  (0.145) were observed on inter‑comparison 
of the VEGF expression between DC and RC. These 
results were in accordance with that of Mitrou et al.[8] 
who also observed no statistical significant difference 
between DC and RC (P = 0.26).

de Moraes et al.[15] compared the VEGF and angiogenic 
index in RC and DC. They observed higher expression 
of VEGF in the epithelium and capsule of Rc as 
compared to DC and suggested that the receptor 
activator of nuclear factor kappa‑B  (NF‑κB) and 
receptor activator of NF‑κB ligand play an important 
role in bone resorption in DC and the hemorrhagic 
areas in the capsule of DC could be explained by 
increased vessel’s number and the higher VEGF 
expression in RC might be related to nature of these 
lesions, where the inflammatory process contributes 
significantly to these findings.

The epithelium status of the RCs has been suggested 
as a reliable histological parameter of biological activity 
and/or inactivity of cystic growth. The epithelial 
expression of VEGF in DCs might constitute an 
additional mechanism for the enlargement of these 
lesions, maintaining the stimulus for angiogenesis and 
vascular permeability.

In conclusion, the results of the present study 
suggest that higher positivity of VEGF expression 

by the epithelial cells in KCOT may promote growth 
via an autocrine proliferative effect on the cystic 
epithelium, while paracrine stimulation of the 
vascular net work may maintain survival and growth, 
and promote enlargement and expansion through 
protein accumulation in the cystic cavity and bone 
resorption.

CONCLUSION

Findings of the present study further stress on the hypo 
thesis that the stroma of KCOT could be regarded not 
only as a structural support of the cyst wall but also 
as playing a part in the neoplastic behavior of cyst.
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