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The Importance of Vascular Endothelial 
Growth Factor (VEGF) in Aggressiveness 
of Odontogenic Lesions
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INTRODUCTION
Odontogenic lesions constitute an important aspect of oral and 
maxillofacial pathology [1]. Ameloblastoma (AML) is a locally 
aggressive benign epithelial odontogenic tumour with a marked 
invasion potential that results in multiple recurrences after 
treatment [2]. Ameloblastoma occurs at any age but often in the 
third-fourth decade of life. According to WHO classification (2017) 
ameloblastoma was divided into solid or multicystic type, unicystic 
type, peripheral type [3].

The clinical signs of the ameloblastoma are changeable, but they are 
commonly associated with painless mandibular expansion because 
of their slow growth. Pain and numbness are rare symptoms [4].

Histologically, AML is formed by odontogenic epithelium with 
fibrous mature stroma [5] and shows different histological 
subtypes: follicular, plexiform, acanthomatous, desmoplastic, 
granular cell, and basal cell subtypes but the first two being the 
most common [6].

Follicular type has a high recurrence rate and is composed of many 
islands which contain peripheral columnar cells (ameloblast like 
cells) and central cells (stellate reticulum like cells), whereas the 
epithelial tumour cells in plexiform type are arranged in double rows 
of columnar cells (like a network).

Dentigerous cyst (DC, follicular cyst) is known as the most common 
odontogenic developmental cyst that originates by the separation of 
the follicle from around the crown of an impacted tooth originating 
from dental follicle [7]. In addition, DC is classified as the second 
most common odontogenic cyst after periapical cysts [8].

Most of the cysts are detected early and the surgical treatment 
can adequately solve the clinical problems but sometimes the cyst 
can grow significantly large and their resection causes the need of 
reconstruction and can lead to clinical challenges. Also, tumours 
transformation occurring in DC have been reported but is rare 
[9], few cases found in medical literature showed the neoplastic 

transformation of the epithelium of dentigerous cysts to unicystic 
ameloblastoma, epidermoid carcinoma, and mucoepidermoid 
carcinoma [10].

Pinheiro JJ et al., in their study on ameloblastoma aggressiveness 
explored that almost half of ameloblastoma cells make protein [11]. 
Such protein activity may participate in a mechanism that contribute 
in the growth pattern of ameloblastoma. This activity could include 
proteolytic proteins related to the invasive phenotype.

Angiogenesis is a major part of a variety of physiological and 
pathological processes, including, inflammation and tumour growth, 
and is known as the process by which new blood vessels are 
produced by increasing from pre-existing vasculature. This process 
depends on strictly controlled endothelial cell proliferation, migration 
and survival, and is regulated by various proteins, most of which 
are polypeptide growth factors [12]. The angiogenic factors play a 
role as essential mediators of tumour angiogenesis as in epithelial 
odontogenic tumours and the changes might be associated with 
tumourigenesis or malignant diversion of odontogenic lesions. The 
proangiogenic cytokine is capable of stimulation of microvascular 
permeability leading to extravasation of plasma proteins, and an 
expected sequence of proangiogenic stromal changes. Due to 
these functions, VEGF has been implicated as an essential factor in 
granulation tissue development and tumour growth [13].

VEGF’s is a family of multifunctional proteins mainly involved in 
normal and pathologic angiogenesis, defined as the formation of 
new vessels by sprouting of the pre-existing endothelium. The 
VEGF family includes VEGFA (was known as vascular permeability 
factor VPF), VEGFB, VEGFC, VEGFD, VEGFE, and placental 
growth factors. VEGF is a cytokine and a dimeric heparin-binding 
glycoprotein with an eclectic mitogenic effect on vascular endothelial 
cells, VEGF is a highly potent and specific angiogenic factor [13].

Many studies in odontogenic lesions have been done to assess 
the expression of VEGF. But a few of them have been evaluated 
as epithelial and mesenchymal components. Therefore, the aim of 
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ABSTRACT
Introduction: Angiogenesis is a major part of a variety of 
physiological and pathological processes, including tumour 
growth. Vascular Endothelial Growth Factor (VEGF) is a highly 
potent and specific angiogenic factor. Many studies have indicated 
the importance of VEGF in growth and expansion of lesions which 
contributes to the local invasion of odontogenic lesions.

Aim: To investigate the expression of VEGF in Ameloblastoma 
and Dentigerous Cyst, using a monoclonal antibody, then 
compare between them to investigate the role in diagnosis and 
determination of biological behaviour of some odontogenic 
lesions.

Materials and Methods: The sample consisted of 15 formalin-
fixed, paraffin-embedded specimens of Ameloblastoma 

(Follicular-plexiform pattern) and 15 cases of Dentigerous 
Cyst that were conventionally stained with H and E and 
immunohistochemically stained with a monoclonal anti-VEGF 
antibody. VEGF expression in this specimen was qualitatively 
evaluated, calculating the percentage of VEGF positive cells in 
the epithelial and stromal cells.

Results: The expression of VEGF in Ameloblastoma (Follicular-
plexiform subtype) was varied between high and medial while its 
expression in Dentigerous Cyst was low, the statistical analysis 
indicated significant differences between these lesions (p<0.05).

Conclusion: VEGF contributes to the invasion of aggressive 
odontogenic lesions, thus we concluded its role as diagnostic 
and prognostic markers in the prediction of the biological 
behaviour of odontogenic lesions.
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the present study is to assess VEGF expression in ameloblastoma 
and dentigerous cyst subsequently to understand more about the 
aggressive behaviour of ameloblastoma.

MATERIALS AND METHODS
A retrospective study was carried out comprising a total of 
30  cases, included 15 formalin-fixed, paraffin-embedded blocks 
of ameloblastoma (10 follicular type, 5 plexiform type), 15 other of 
dentigerous cyst without any inflammation obtained from archives 
of  the Department of Oral and Maxillofacial Pathology in The 
Damascus University, between January 2015 and July 2016. Ethical 
Committee approval was obtained.

In the present study G POWER was used for sample size calculation 
and we got 88% power of 30 cases.

Exclusion Criteria
Exclusion criteria were patients having any immunological and 
systemic diseases, any other oral lesions along with cysts and 
tumours, tobacco habits, and any inflammatory dentigerous cysts.

A 3 cm3 paraffin section of formalin-fixed tissues were used for 
both routine (H and E) stained sections and Immunohistochemical 
(IHC) examination. Histological (H and E) stained sections were 
used for the initial diagnosis. For immunohistochemical evaluation, 
4 µ sections were made and loaded on slides. Slides were 
deparaffinised and washed in deionised water and treated with 
antigen retrieval. Peroxide block (3% hydrogen peroxide) was used 
to block endogenous peroxidase for 12 minutes.

After pre-treatment, sections were incubated with primary antibody 
rabbit monoclonal to VEGF antibody (Bio SB, USA), in a humid 
chamber at 4°C overnight, performing heat mediated antigen 
retrieval with citrate buffer at pH 6 before commencing with IHC 
staining protocol.

The standard streptavidin-biotin-peroxidase complex method 
was performed to bind the primary antibodies (biogenex Life 
Sciences Ltd., CA, USA). The reaction ingredients were visualised 
by treating with diaminobenzidine solution diluted according to the 
manufacturer’s instructions.

Staining Evaluation
For positive control, sections of the placenta for VEGF were taken 
and treated in a similar manner as the test sample with each batch 
of staining, and they were run with each batch of staining.

The IHC expression of VEGF was studied in both the epithelial cells 
as well as connective tissue of AML and DC (fibroblast, endothelial 
cells of micro vessels, inflammatory cells). As VEGF is a cytoplasmic 
markers, every epithelial and stromal cell having diffuse brown 
staining in cytoplasm of the cell, was considered positive.

Light microscopy under 100X magnification was used and four 
hot spots with the largest number of immunostained cells were 
identified. Further, 400X magnification was used for counting the 
number of immunopositive cells in these fields.

The IHC staining was evaluated using qualitative method based on 
an adaptation of the criteria of Leonardi R et al., which divided the 
result to four groups: group 0- no staining; group 1- weak staining 
in 11-25% of cells; group 2- moderate staining in 26-75% of cells; 
group 3- strong staining in more than 76% of cells [14].

STATISTICAL ANALYSIS
The results were computed and subjected to statistical analysis 
using  T-student (for independent samples) test. Statistical analysis 
indicated significant differences between AML and DC (p-value<0.05).

RESULTS
Vascular Endothelial Growth Factor (VEGF): Five cases of AML 
were strongly positive in epithelial cells, especially stellate reticulum 

[Table/Fig-1]:	 Expression of VEGF (400). Note the diffuse staining in ameloblastoma 
in (a) follicular type: high percentage was observed in the central cells of follicle, group-3 
(b) plexiform type, group-3.

[Table/Fig-2]:	 Expression of VEGF in stroma of AML (400X). Note expression in 
stromal cells especially endothelial cells of microvessels, group-2.

[Table/Fig-3]:	 Expression of VEGF in the epithelium and connective tissue of 
dentigerous cyst (weak staining) (DC) (400X), group-1.

like cells, seven cases expressed moderate positive in ameloblast 
like cells and stellate reticulum like cells, three cases expressed 
weak positive in neoplastic odontogenic epithelial cells [Table/Fig-
1a,b]. VEGF was also present in stromal cells but the expression 
in the stromal cells (fibroblast, endothelial cells, inflammatory cells) 
was not as strong as in the epithelial cells [Table/Fig-2].

Most cases of DC (10/15) expressed weak staining in epithelium 
and connective tissue [Table/Fig-3]. Four cases showed moderate 
staining [Table/Fig-4] and only one case was showing strong staining 
in epithelium and connective tissue.
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Gupta B et al., also had same results as in the present study that 
showed higher expression positivity of VEGF in the epithelial lining of 
ameloblastoma as compared to dentigerous cysts [21].

Data of the present study reveals that most of cases showed 
VEGF expression extremely or moderately in the stroma (fibroblast, 
endothelial cells, inflammatory cells) of AMLs. This was significantly 
more as compared to DCs which showed low expression p<0.05, 
[Table/Fig-5].

Studies investigating the expression, of VEGF in odontogenic 
lesions are scarce. In view of ameloblastomas aggressive biologic 
behaviour, studies have tried to identify the molecular basis 
underlying the distinct behaviour of AML’s compared with other 
odontogenic lesions [17]. The present study has evaluated the 
VEGF in the epithelium, stroma of AML and DC.

In subtypes of ameloblastomas, Kumamoto H et al., found no 
significant difference in VEGF expression between follicular and 
plexiform ameloblastomas but in the present study, VEGF expression 
was significantly increased in the stroma of plexiform type p<0.05, 
[Table/Fig-6] [12]. This contradiction may due to the difference in 
number of samples which may affect statistically.

[Table/Fig-4]:	 Expression of VEGF in the epithelium and connective tissue of 
dentigerous cyst (moderate staining) (400X), group-2.

Type of cells T-value
Differences between 

mean values
p-value

Expression 
of VEGF

Epithelial 
cells

3.144 26.27 0.004
Significant 
differences

Stromal 
cells

4.109 25.20 0.000
Significant 
differences

[Table/Fig-5]:	 Difference between the mean values of VEGF in AML and DC.

Type of cells T-value
Differences between 

mean values
p-value

Expression 
of VEGF

Epithelial 
cells

-0.545 -7.80 0.595
Significant 
differences

Stromal 
cells

-2.309 -22.80 0.038
Significant 
differences

[Table/Fig-6]:	 Difference between the mean values of VEGF in follicular and plexi-
form ameloblastoma.

DISCUSSION
The diagnosis and assessment of prognosis of pathological lesions 
are very important tools to every pathologist, hence the recent 
studies emphasise that tumour markers are supposed to play a 
progressively main role as adjuvant tools [15].

Gupta B et al., have suggested that VEGF expression may be an 
important marker in the diagnosis of angiogenesis in developing 
pre-cancerous and invasive lesions [16].

Ameloblastoma (AML) is known as an odontogenic epithelial tumour 
which is benign and locally aggressive with destructive morbidity if 
left without treating, due to its limitless growth potential. Since the 
treatment is radical surgical intervention and long-term follow-up, 
diagnosis and assessment of prognosis is essential [4].

A lot of factors have been associated with the aggressive behaviour 
and invasive nature of odontogenic lesions, such as an increased 
proliferation potential, changes in the expression of tumour 
suppressor genes, and the abnormal expression of cell cycle-
regulating proteins, adhesion molecules [17].

VEGF expression in odontogenic neoplastic epithelial cells of 
ameloblastoma has been described by Kumamoto H et al., but the 
localisation was different from the present study as they showed 
higher VEGF expression by the peripheral cells of ameloblastoma 
(ameloblast-like cells) as compared to central cells (stellate 
reticulum like cells) [12]. But according to Kumar H et al., cyclin 
D1 showed expression in both central and peripheral cells in 
both follicular and plexiform ameloblastoma [18], Yang SX et al., 
showed that there is a positive correlation between VEGF and 
cyclin D1 in a lot of tumours [18,19] which shows same staining 
pattern as seen in the present study and VEGF expression is 
seen in many different types of carcinomas. Consequently, in the 
present study, the higher VEGF expression in the central cells 
of the follicles as compared to ameloblast-like cells may due to 
different reasons which are discussed above irrespective of the 
type of the antibody used.

Dentigerous Cyst has a good prognosis and low recurrence rate 
and forms 20% of oral cysts [20], The low expression in our cases 
reflected the fact that VEGF is associated with the biological 
behaviour of odontogenic lesions. This was in accordance with 
previous studies [9,20].

When the data of positive cells for VEGF in the epithelial cells of 
studied lesions was compared, it was found that the expression of 
AMLs as compared with DCs, showed extremely significant results 
p<0.05, [Table/Fig-5].

LIMITATION
In the present study, more required cases in the archives could not 
be found, due to the scarcity of biopsies for these lesions.

CONCLUSION
The results of this study can support the hypothesis that angiogenesis 
could be an important mechanism in the aggressiveness and 
the growth of ameloblastoma. The role of vascular endothelial 
growth factor in the pathogenesis of odontogenic lesions should 
be further evaluated as angiogenesis could be a potential goal for 
the therapeutic management of these lesions. This protein can be 
used as a diagnostic and prognostic marker for biological behaviour 
of odontogenic tumours. The expression of VEGF in odontogenic 
lesions should be further evaluated with a larger sample size for a 
better understanding of the role of these markers in pathogenesis 
of lesions.
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