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Abstract:

Background:

The recent scientific reports have shown that angiogenesis can affect biological behavior of pathologic lesions.

Objective:

Regarding unique clinical  outcome of Odontogenic keratocyst  (OKC),  the present  study was aimed to compare angiogenesis  in
Odontogenic keratocyst and Dentigerous cyst (DC).

Method:

In this experimental study, tissue sections of 46 samples of OKC and DC were stained through immunohistochemical method using
Vascular Endothelial Growth Factor (VEGF) antibody. VEGF expression was evaluated in epithelial cells, fibroblasts and endothelial
cells. The average percentage of stained cells in any samples was categorized to 3 groups as follows: SCORE 0: 10% of cells or less
are positive. SCORE 1: 10 to 50% of cells are positive. SCORE 2: more than 50% of cells are positive. Mann-U-Whitney, T-test and
chi-square was used for statistical analysis.

Result:

The average of VEGF expression in 24 samples of DC was 20.2% and in 22 samples of OKC was 52.6%, respectively. The average
of  VEGF  expression  in  these  two  cysts  had  statistical  significant  differences.  (PV=  0.045).  There  was  significant  statistical
differences between two cysts in the terms of VEGF SCORE (PV= 0.000). OKC samples had significantly higher SCORE for the
purpose of VEGF incidence than DC. Also, there were no differences between VEGF expression in epithelial cells of two cysts (PV=
0.268) there were significant  statistical  differences between two cysts  in  terms of  endothelial  cell  staining.  The endothelial  cell
staining was significantly higher in OKC than DC (PV= 0.037%).

Conclusion:

Regarding higher expression of Vascular Endothelial Growth factor in OKC than DC, it seems that angiogenesis may have great
impression on clinical outcome of OKC.
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INTRODUCTION

Cysts  are  the  most  common  destructive  oral  and  maxillofacial  lesions  [1].  Dentigerous  cyst  (DC)  is  the  most
common developmental odontogenic cyst which has good prognosis and low recurrence rate and forms 20% of oral
cysts [2]. Typically, patients with odontogenic  cysts are  asymptomatic and the  lesions are discovered on  radiographic
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examinations or when films are taken to find out the reason for failure of a tooth to erupt. Unfrequently, a dentigerous
cyst may grow to a significant size and result in cortical expansion of the bone and facial asymmetry, and very rarely
predisposes the patient to a pathologic fracture [3, 4].

Furthermore,  Odontogenic  keratocyst  (OKC)  is  famous  regarding  its  unique  histopathological  features,  high
recurrence rate and aggressive biological behavior. In addition to a distinctive biological behavior, the expression of
various proliferation markers in the cyst wall and mutation in p53 and PTCH gene, have led several investigators to
consider KOT as a benign cystic neoplasm [5 - 7].

Odontogenesis  is  controlled  by  interaction  between  the  epithelial  and  mesenchymal  components  of  developing
dental tissues regarding the fact that odontogenic cysts and tumors arise from tissue remains of odontogenesis, these
interactions have been considered to play an important role in tumorogenesis of odontogenic lesions. The connective
tissue stroma has an essential role in proliferation of epithelium even the minor alteration of epitelium is followed by
corresponding changes in the stroma such as angiogenesis [8].

Vascular Endothelial Growth Factor (VEGF) is a multifunctional cytokine that expresses in different situations and
has a role in increasing the vascular permeability and angiogenesis, stimulating the endothelial cells proliferation and
migration [8]. So it can increase the permeability of small vessels density 5000 units more than Histamines [9]. This
cytokine  is  produced  by  different  kinds  of  cells  and  operates  as  a  main  regulator  of  physiologic  and  pathologic
angiogenesis [10, 11].

Angiogenesis has been evaluated in various pathologic lesions including breast cancer, melanoma, ameloblastoma
and  etc.  using  different  angiogenic  markers  [12  -  15],  but  the  number  of  studies  focusing  on  angiogenesis  in
odontogenic  cysts  is  limited.  So,  regarding  different  clinical  behavior  of  oral  and  maxillofacial  cysts  and  lack  of
information regarding concerned biologic factors and also the importance of early diagnosis and treatment to prevent or
at least reduce the risk of recurrence and malignancy changes, further studies were recommended.

The  last  reports  have  shown that  vascular  density  of  the  lesions  affects  their  biological  behavior  [16].  So,  new
treatments are based on reduction of the vascular density [17]. According to the importance of this subject and lack of
information about it, the present study was aimed to compare the VEGF expression in OKC and DC samples referred to
the Oral & Maxillofacial pathology department, Dental branch of Tehran, Islamic Azad University during 2006 to 2014.

METHODS AND MATERIALS

In this experimental study, the paraffin blocks of 46 samples including 22 cases of OKC and 24 cases of DC, were
sectioned  for  Hematoxilin-Eosin  staining.  After  observing  the  H&E  slides  by  two  pathologists,  the  samples  with
sufficient tissue and appropriate fixation were selected. Also, the samples with necrotic tissue or bleeding or excessive
swelling and insufficient tissue and related to recurrence of odontogenic lesions were excluded from the study.

Immunohistochemical staining was performed on the 5 µ paraffin sections over the Poly-1-lysin-coated glass slides.
After heat drying, they were deparaffinazed in Xylene and rehydrated in Ethanol with TUF in 90° C for 10 minutes to
remove  antigen's  cover.  After  3  times  rinsing  with  4°  C  water  they  were  incubated  by  1/200  diluted  monoclonal
antibody  VEGF-VGI  made  by  (DAKO,  Denmark).  Finally,  that  slides  were  incubated  by  Streptevidin-Biotin-
Peroxidase method with diaminobanzidin 3.3 and were stained by Hematoxilin. In this staining procedure, placental
tissues were considered as a positive control [18].

The evaluation of VEGF expression was performed by Rubini et al. method [18]. In summary the VEGF incidence
with counting the stained cells includes epithelial cells, fibroblasts and endothelial cells in 5 microscopic fields. The
average of positive cell's percentage in each sample was reported and was categorized as follows:

SCORE 0: 10% of cells or less have showed the VEGF staining.

SCORE 1: 10 to 50% of cells have showed the VEGF staining.

SCORE 2: more than 50% of cells have showed the VEGF staining.

Optical microscope NIKON (Japan) with 400% magnification was used. Fig. (1) shows the expression of VEGF in
OKC sample with epithelial, endothelial and fibroblast expression by x200 magnification.
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Fig. (1). Expression of VEGF in OKC sample by x200 magnification.

Also,  Fig.  (2)  demonstrates  the  expression  of  VEGF  in  DC  sample  with  epithelial,  endothelial  and  fibroblast
expression by x200 magnification.

Fig. (2). Expression of VEGF in DC sample by x200 magnification.
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Finally, for statistical analysis the Mann-U-Whitney, T-test and chi-square was used and the significance level was
considered lower than 0.05.

RESULTS

The results of study on 46 samples including 22 cases of OKC and 24 cases of DC are shown in Tables 1 to 4.

Table 1. Comparison of VEGF expression percentage in OKC and DC.

Lesion N Minimum Maximum Mean SD
DC VEGF 24 4 40.2 20.2 11.86

OKC VEGF 22 14 79 52.6 19.98

Table 1 shows that the least percent of VEGF in DC was 40% and the most was 40.2% and also the average percent
of VEGF in this cyst was 20.2% and the related standard deviation was 11.86%.

Also the least percent of VEGF in OKC was 14% and the most was 79% and the average of VEGF percentage in
this cyst was 52.6% with standard deviation of 19.98%.

Comparison of VEGF Expression Percentage in DC and OKC

The expression of VEGF in this two cysts has significant statistical differences with significantly higher expression
of VEGF in odontogenic keratocyst than dentigerous cyst (PV= 0.045).

Comparison of VEGF Expression Based on VEGF Score

Table 2 shows in 10 samples of DC SCORE 0 was reported 41.7% and in 14 samples of this cyst SCORE 1 was
reported 58.3%. Also in 6 samples of OKC SCORE 1 was 27.3% and in 16 samples SCORE 2 was 72.7% and SCORE
0 was not reported in any sample.

Table 2. Comparison of vascular density base on VEGF SCORE in OKC and DC.

Samples VEGF score Total
0 1 2

DC(count) 10 (41.7%) 14 (58.3%) 0 (0.0%) 24
OKC(count) 0 (0.0%) 6 (27.3%) 16 (72.7%) 22
Total 10 (21.7%) 20 (43.5%) 16 (34.8%) 46

There was significant statistical differences between two cysts in the terms of VEGF score (PV= 0.000). It means
OKC samples had significantly higher VEGF score than DC.

In the next step, the relationship between VEGF expressions was evaluated in different cells regardless of the lesion.

According to Table 3, 5 cases of DC (20.8%) and 2 cases (9.1%) of OKC (79.2%) were not expressed VEGF by
epithelial cell. 19 cases (79.2%) of DC and 20 cases(90.9%) of OKC cases had epithelial VEGF expression . There were
no significant differences between VEGF expression in epithelial cells of two cysts (PV= 0.268).

Table 3. Comparison of VEGF expression in epithelial cells of OKC and DC.

Samples Epithelial cells Total
NO YES

DC(count) 5(20.8%) 19(79.2%) 24
OKC(count) 2(9.1%) 20(90.9%) 22

Total(count) 7(15.2%) 39(84.8%) 46

According  to  Table  4,  15  cases  of  DC  samples  (62.5%)  had  no  endothelial  cell  VEGF  expression  but  9  cases
(37.5%) expressed it. Also 7 cases (31.8%) of OKC had no endothelial cell VEGF expression but 15 cases (68.2%)
expressed it.  There were significant statistical differences between two cysts in the terms of endothelial cell  VEGF
expression. It means that the endothelial cell expression was significantly higher in OKC than DC (PV= 0.037).
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Table 4. Comparison of VEGF expression in endothelial cells of OKC and DC.

Samples Endothelial cells Total
NO YES

DC(count) 15(62.5%) 9(37.5%) 24
OKC(count) 7(31.8%) 15(68.2%) 22
Total 22(47.8%) 24(52.2%) 46

The statistical analysis about fibroblasts was not evaluated because 100% of cells in both cysts were stained.

DISCUSSION

Our results  have shown that  the  percentage of  VEGF expression in  OKC is  significantly  higher  than DC (PV=
0.045).  Also  OKC samples  had  significantly  higher  VEGF score  than  DC (PV= 0.000).  In  addition,  there  were  no
differences between VEGF expressions in epithelial cells of two cysts but there were significant statistical differences
between  two  cysts  in  the  terms  of  endothelial  cell  staining  which  means  that  the  endothelial  cell  staining  was
significantly  higher  in  OKC  than  DC  (PV=  0.037).

In the study by Rubini et al. [18] and also Mitrou GK et al. [19], similar to our results indicated that the expression
of VEGF in OKC is more over DC. On the other hand, Nonaka C et al. [20] have shown that VEGF expression had
significant relation with vascular density and angiogenesis marker.

The  higher  angiogenesis  and  vascular  density  and  severity  of  inflammation  increase  were  reported  to  higher
expression of VEGF, too [20]. Similarly, Leonardi R et al. had reported the incidence of VEGF in periapical granuloma
and radicular cyst and have related the rate of incidence with the pattern of placement of inflammatory cells [21].

The expression of VEGF was reported in many pathologic lesions so far, for example some researchers have related
the  incidence  of  VEGF with  poor  prognosis  of  breast  cancer.  Moreover,  so  many  studies  have  shown  that  overall
survival  and  disease-free  survival  in  those  tumors  have  decreased  with  increasing  the  VEGF  expression.  Also  the
increase of VEGF can be the first step of metastatic process that includes changes in angiogenesis. Although the VEGF
is related to poor survival but its exact mechanism of action in developing tumors, is still unknown [22]. Of course it
has  been  shown when  VEGF releases,  it  might  stimulate  many  responses  and  in  this  way  it  might  cause  the  cell's
survival, movement or differentiation. Therefore, the VEGF is the potential target for the treatment of cancers [23].

Also, there were studies around VEGF expression in other pathologic lesions except tumors which had reported that
the angiogenesis and related factors are necessary for growing pathologic lesions [24, 25]. These studies have found that
when VEGF signals are inhibited, the angiogenesis and as a result, growth of pathologic lesions stops [26, 27] VEGF
also  has  a  role  in  formation  of  pathologic  lesions  by  inducing  permeability  of  blood  vessels  that  facilitates  the
extravasation phenomenon and leads to create a matrix to support the growth of endothelial and tumoral cells. Thereby,
it allows the pathologic lesions to grow in adjacent tissue [28, 29].

There are a few studies in the case of VEGF expression in cysts and especially odontogenic cysts in which they
have reported the increase of VEGF in OKC. The results of present study have confirmed the last subject in line with
previous studies, thus according to the describing mechanism of VEGF function [30 - 32], it seems that angiogenesis
can have a significant impact on the clinical outcome of OKC. This means according to stimulator role of VEGF in
endothelial  cell's  formation, proliferation and migration, it  can cause an increase in vascular density and thus more
aggressive behavior of OKC than DC [33]. Also because the VEGF is progenitor rather than other vascular markers and
has expression in epithelial cells and fibroblasts in addition to endothelial cells and can cause the induction of vascular
density  that  leads  to  increasing extravasation of  plasma proteins  and finally  fluid  aggregation,  it  seems that  VEGF
incidence in cystic lesions has specific effect on the fluid aggregation in the cysts and its excessive growth [20]. On the
other hand, according to the present study resulting to higher VEGF expression in endothelial cells of OKC than DC, in
addition to fluid aggregation, VEGF can be effective on excessive growth of cysts by the induction of angiogenesis in
their stroma.

Therefore, it seems that angiogenesis may associate with different biological behaviors of these lesions and at least
to some degree can reflect their clinical features. The clinical significance of the present results may be helpful to the
surgical procedures of these lesions even the post operation bone healing and using the graft for grater lesions [34].
However, the results of present study can be a small step in the discovery of unknowns in this scientific field. In the
present study, due to limitation of case numbers and absence of follow up information, complete evaluation of the issue
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was impossible. So, it is recommended to schedule future studies evaluating the angiogenesis between aggressive and
nonaggressive case of both lesions and also preparing the follow up evaluation of cases leading to better understanding
of the clinical impression of recent findings.

CONCLUSION

In  the  present  study,  angiogenesis  by  VEGF  expression  was  significantly  higher  in  OKC  than  DC.  Also  this
difference was higher in endothelial cells rather than epithelial cells and fibroblasts. So, it seems angiogenesis that may
have great impression on clinical outcome of OKC.

LIST OF ABBREVIATIONS

DC = Dentigerous Cyst

OKC = Odontogenic Keratocyst

VEGF = Vascular Endothelial Growth Factor
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