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ABSTRACT

Review: Odontogenic cysts represent 7 to 15% of all maxillofacial lesions. TWIST proteins 
have essential physiological roles during morphogenesis, tissue healing and fibrosis. TWIST 
protein attaches to E-box DNA response members to suppress or induce transcription. Also, TWIST 
expression can stimulate the epithelial-mesenchymal transition (EMT) process and is associated 
with bad prognosis. Vascular Endothelial Growth Factor (VEGF) is a multifunctional cytokine that 
has a role in increasing the vascular permeability and angiogenesis which is reported in various 
lesions.

Aim of study: The present study aimed to examine the immunohistochemical labeling of Twist 
in dentigerous cysts (DCs), odontogenic keratocysts (OKCs) and calcifying odontogenic cysts 
(COCs) and correlate its expression with their angiogenic ability through VEGF expression.

Material and Methods: Immunohistochemical localization of Twist and VEGF was evaluated 
in 10 samples of each DC, OKC, and COC.

Results: OKCs showed the highest mean value of TWIST and VEGF expression (13.53±5.52) 
(14.49±5.14) followed by COCs group (6.01±1.77) (7.51±1.66) while DCs showed the lowest 
mean value (2.77±.68)(4.35±.68), respectively, with a statistically significant positive correlation 
between TWIST and VEGF in all cyst groups together and also was observed in each group 
separately (P-value ≤0.05).

Conclusion: Overexpression and significant positive correlation between TWIST and VEGF 
expression in DCs, OKCs and COCs indicates their important role in pathogenesis of these cysts. 
Also, indicates their potential link with aggressiveness and invasive growth behavior observed in 
OKCs. In addition, proper targeting of the EMT process may improve treatment of OKCs. Twist 
may be also a novel therapeutic target for angiogenesis
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INTRODUCTION 

Odontogenic cysts represent 7 to 15% of all 
lesions affecting oral and maxillofacial region 
(Kambalimath et al., 2014). The majority of 
odontogenic cyst has no recurrence, except 
odontogenic keratocysts (OKCs) which recur 
with a rate of 58.3%.  Clinically, cysts originating 
from odontogenic tissues have no symptoms and 
they are presented accidently during radiological 
examinations to find out why the tooth fails to erupt 
(Akyol and Salman, 2012). Essential constituent of 
odontogenic cysts is the epithelial lining and most 
of these cysts originate from rests of epithelium 
(Demirkol et al., 2014).

Dentigerous cyst (DC) is the most frequent 
developmental cyst arising from odontogenic 
tissues with favourable behavior and rarely recurs. 
It represents about 20% of oral cysts (Mohajerani 
et al., 2015). They are associated with impacted 
maxillary canines and third molars. These cysts 
originate from epithelial remnants of enamel organ 
after formation of enamel and reamin bounded to 
at the amelocemental junction, enclosing the crown 
of the tooth (Robinson, 2017). Microscopically 
DC consists of uniform non-keratinized stratified 
squamous lining overlie a connective tissue stroma, 
few mucous cells could also be seen in its lining and 
considered as a diagnostic feature to help in their 
diagnosis. (Robinson, 2017).

OKCs have characteristic clinical features, 
with unique histopathological features, aggressive 
behavior and high recurrence rate so they are 
categorized as odontogenic tumors and renamed 
as keratocystic odontogenic tumors (Johnson et al., 
2014). They are asymptomatic unless infected or 
enlarge in size causing pain and root resorption, the 
posterior mandibular region is the most commonly 
affected region for OKCs (Myoung et al., 2001). 
OKCs which originate from the basal epithelial 
cells, has  specific features of epithelial proliferation, 
presence of parakeratin on the surface and high 

index of mitotic division and are accompanied by 
alterations of some genes (mutation in p53, tumor 
suppressor gene) (Alaeddini et al., 2009). 

Calcifying odontogenic cysts (COCs) are rare 
lesions with different clinical behavior representing 
1 to 7% of cyst and neoplasms arising from 
odontogenic remnants. Microscopically, they appear 
as cystic proliferations lined with odontogenic 
epithelium and surrounded by connective tissue 
wall. Calcified and keratinized ghost cells are 
characteristic features of COC (Shiva and Nosrati, 
2015).

Epithelial Mesenchymal Transition (EMT) is a 
biological cell process, where there is a decrease in 
the epithelial cell attachment and morphology and 
gain mesenchymal features (Lamouille et al., 2014). 
EMT is presented normally during development, 
homeostasis, tissue healing, and fibrosis and is 
controlled through a transcriptional cascade and 
epigenetic events (Derynck and Weinberg, 2019). 
Recently, EMT is recognized as a reversible and 
dynamic process in which cells having special 
epithelial and mesenchymal features (Cook and 
Vanderhyden, 2019) and become in a state of 
hybrid epithelial and mesenchymal feaures, this 
results in a higher tumor-initiating and metastatic 
ability of these cells and increase apoptosis resistant 
(Pastushenko et al., 2018) so these cells are capable 
of penetrating the extracellular matrix, go inside the 
blood vessels and grow in a different tissues.  These 
steps need a continuous vascular supply to the cells 
(Sciacovelli and Frezza, 2017).

Odontogenesis is regulated by epithelial and 
mesenchymal elements interaction of developing 
tissues responsible for teeth formation; these 
interactions are responsible for pathogenesis of 
these odontogenic lesions. The mesenchymal tissue 
has an important function in epithelial proliferation 
and corresponding changes in this stroma such as 
angiogenesis (Puthiyaveetil et al., 2016).

TWIST proteins have the same structure and 
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attach to E-box DNA response elements to suppress 
or enhance transcription (Franco et al., 2011). 
TWIST proteins have essential biological functions 
at the time of embryogenesis, wound healing and 
tissue fibrosis (Soldatov et al., 2019), they are down 
regulated or even not expressed in most cell types 
except special progenitor cell types (Qin et al., 
2012). On contrary, TWIST expression can activate 
the EMT mechanism and is increased during tumor 
formation, metastasis, invasion, and is accompanied 
by bad clinical outcome (Norozi et al., 2016) (Yang 
et al., 2006) suggesting that they might be cancer 
biomarker and targeted gene therapy.

Vascular Endothelial Growth Factor (VEGF) is 
a multifunctional cytokine that has a vital role in 
increasing the permeability of blood vessels and 
formation of new vessels, enhancing endothelial 
cells division, migration and increase density of 
small vessels by 5000 units more than histamines 
(Puthiyaveetil et al., 2016). VEGF is an essential 
modulator of normal and pathologic angiogenesis 
which is reported in many diseases including 
ameloblastoma, melanoma, breast cancer but few 
studies focused on angiogenesis in odontogenic 
cysts (Shahsavari  et al., 2015, Maruthanila et al., 
2017, Gaustad et al., 2016). 

Previous studies demonstrated that vascular 
density have an impact on the biological features 
of different lesions and recent treatments modalities 
depend on decrease their vascular density 
(Sargolzaei et al., 2014, Seifi et al., 2011). The need 
for new studies seems to be mandatory because of 
variable behavioral features of odontogenic cysts 
and very few knowledge about their biological 
agents (Sadri et al., 2019).So, considering the 
importance of early detection, early management 
of these cysts (José-Alcides et al., 2018) in order 
to prevent or decrease their aggressive behavior, 
recurrence rate and malignant changes (Seifi et al., 
2011), the current study was conducted to examine 
the immunohistochemical expression of Twist and 

VEGF in DCs, OKCs and COCs and correlate their 
expression, to predict their prognostic value in these 
cysts and using them as targeted genes therapies in 
treatment of these lesions. 

MATERIALS AND METHODS 

1- Case selection and immunohistochemical 
staining

In the current study, 10 samples of (OKC, COC, 
and DC) were selected according to this equation:

n = 
p (100 − p) z2

E2

n is the required sample size

P is the percentage occurrence of a state or 
condition 

E is the percentage maximum error required

Z is the value corresponding to level of 
confidence required (Taherdoost, 2016).

All samples obtained from the Oral Pathology 
archive, National Cancer Institute, Cairo University. 
Briefly, Immunohistochemical staining was done as 
follows: wax blocks were cut into four micrometer. 
Sections were deparaffinized with xylol and 
rehydrated in grading concentration of alcohol. 
Tissue sections were placed in citrate buffer before the 
immunostaining steps. Peroxidase-antiperoxidase 
process utilizing the biotin-streptavidin system was 
done, 3% hydrogen peroxide was added to the tissue 
sections to prevent endogenous peroxidase action. 

Primary antibodies Twist (Lab Vision, Fermont 
CA, USA) and VEGF (Genome Me Lab) were 
applied and then incubated at room temperature 
overnight. After that they washed in phosphate buffer 
saline (PBS), and then link antibody was applied, 
followed by streptavidin labeling antibody. After 
rinsing with PBS, diaminobenzidine chromogen 
was added to the sections then the counterstain. All 
sections were dehydrated in grading concentration 
of alcohol, applied in xylol and mounted. All 
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the steps of immunohistochemical quantitative 
estimation were carried out on photomicrographs 
captured at a magnification of X40. The images are 
taken with a camera linked to the microscope and 
then the images taken are analyzed with the image 
software (Image J, 1.41a, NIH, USA). 

2. Statistical analysis

Data was analyzed using Statistical Package for 
Social Science software computer program version 
26 (SPSS, Inc., Chicago, IL, USA). Shapiro-wilk 
test was used to detect normal distribution of data. 
Quantitative data was parametric and prepared in 
mean and standard deviation.  One way ANOVA 
(Variance analysis) followed by post-hoc tukey was 
used to compare more than two different groups of 
parametric data. Pearson’s correlation was used to 
correlate between Twist & VEGF. P value (less than 
0.05) was considered sta tistically significant.

RESULTS

1. Immunohistochemical Results 

A. TWIST

All 10 cases of OKC, COC and DC demonstrated 
positive TWIST immunoreactivity. The immune 
reaction was cytoplasmic in epithelial cells of cyst 
lining in the three cysts (Fig.1.A, B, C).

B. VEGF

All 10 cases of OKC, COC and DC demonstrat-
ed positive VEGF immunoreactivity. The epithelial 
cells of cyst lining in the three cysts showed cyto-
plasmic VEGF expression. The vascular endothelial 
cells in the connective tissue wall of the three le-
sions also showed cytoplasmic immunopositivity of 
VEGF (Fig.1. D, E, F).

2. Statistical results

A) Comparisons

One way ANOVA (Analysis of variance) 
followed by post-hoc tukey revealed that the 
difference in expression of TWIST and VEGF in 
the three cyst groups studied (OKCs, COCs and 
DCs) was statistically significant (P-value ≤ 0.05). 
OKCs showed the highest mean value of TWIST 
and VEGF expression(13.53±5.52) (14.49±5.14) 
followed by COCs (6.01±1.77) (7.51±1.66)  then 
DCs (2.77±.68) (4.35±.68), respectively (Table 1, 
Fig.2, 3)

TABLE (1): Comparison of Twist & VEGF between 
OKCs, COCs& DCs: 

OKCs COCs DCs P value

Twist
13.53±

5.52
6.01±
1.77a

2.77±
.68 a

<0.001*

VEGF
14.49±

5.14
7.51±
1.66 a

4.35±
.68 a

<0.001*

Data expressed as mean±SD

SD: standard deviation    

P:Probability   *:significance <0.05 

Test used: One way ANOVA followed by post-hoc tukey

a: significance vsOKC, b: significance vsCOC

B) Correlations

A statistically significant positive correlation 
between TWIST and VEGF expression (P-value 
≤0.05) was observed in all cyst groups together 
(Table 2, Fig.4) and also was observed in each group 
separately (P-value ≤ 0.05) (Table 2, Fig.5, 6, 7).
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Fig. (1): Photomicrographs of immunohistochemical results of TWIST (A, B, C) showing the cytoplasmic expression of TWIST 
(blue arrows) in epithelial cells of cyst lining of OKC (A), COC (B) and DC (C), and VEGF (D, E, F) showing the 
cytoplasmic expression of VEGF in epithelial cells of cyst lining (yellow arrows) and endothelial cells of blood vessels 
(green arrows) of  OKC (D), COC (E) and DC (F) (Orig. Mag. X40).
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TABLE (2): Correlation between Twist & VEGF in 
OKCs, COCs& DCs: 

r P

Twist&VEGF

All cases 0.99 <0.001*

OKCs 0.99 <0.001*

COCs 0.99 <0.001*

DCs 0.95 0.003*

r: Pearson’s correlation coefficient          P:Probability   

*:significance <0.05 

Fig. (2): A bar chart showing the mean values of TWIST 
expression in OKC, COC& DC groups.

Fig. (4):  Scatter diagram representing the correlation between 
TWIST and VEGF in OKC, COC& DC groups together.

Fig. (3): A bar chart showing the mean values of VEGF 
expression in OKC, COC& DC groups

Fig. (5): Scatter diagram representing the correlation between 
TWIST and VEGF in OKCs group.

Fig. (6): Scatter diagram representing the correlation between 
TWIST and VEGF in COCs group.
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DISCUSSION

Odontogenic cysts and neoplasms represent 
a large number of lesions affecting oral and 
maxillofacial region, and, so, it is needed to study 
their biological behavior, enhancing the information 
about their formation and advancement (El-Naggar 
et al., 2017). The changes in permeability of the 
cystic epithelium are believed to be responsible for 
odontogenic cyst growth from after epithelial rest is 
excited (Siar and Abbas, 2013).  

DC is the most frequent developmental 
odontogenic cyst and it is of favorable outcome and 
rarely recurs and accounts for 20% of oral cysts 
(Neville et al., 2009). OKC has special histological 
features and due to the special behavioral features of 
this cyst, which has an impact on the management 
outline, it is essential to diagnose and mange it as 
early as possible (Johnson et al., 2014).COC was 
first recognized by Gorlin and colleagues in 1962 
(Gorlin et al., 1962), who categorized it a cyst with 
an epithelial lining that looks like ameloblastoma, 
containing different number of ghost cells and 
calcifications. This lesion is uncommon in jaws, 
accounts for less than 6% of all odontogenic cysts 
(De Souza et al., 2010, Johnson et al., 2013). It 
represents a pleomorophic group of cysts with 
variable clinical and behavioral features (Urs et al., 

2016). Recently, World Health Organization (WHO) 
considers this lesion as a cystic lesion (El-Naggar et 
al., 2017).

In the present study, the immunohistochemical 
expression of TWIST in DCs, OKCs and COCs 
was significantly different (P-value ≤ 0.05), OKCs 
showed the highest mean value of TWIST expression 
(13.53±5.52) followed by COCs (6.01±1.77) then 
DCs (2.77±.68). The epithelial showed cytoplasmic 
immunopositivity. These results were similar to 
those of Tadbir et al.,who showed higher expression 
of TWIST in ameloblastomas and OKCs than in 
DCs. (2015), Also Tadbir et al., reported cytoplasmic 
immunoreactivity of TWIST in the epithelium of 
DCs, OKCs and epithelial cells of ameloblastoma 
(2015). They pointed out the possible Twist function 
in the development of ameloblastomas and OKCs, 
but not in dentigerous cysts through prevention 
of apoptosis (Li et al., 2012) and enhancement of 
proliferation (Paliwal et al., 2012). 

Therefore, Twist overexpression in these lesions 
could be responsible for their aggressive behavior. 
Another study by Hakim et al. reported that 
overexpression of Twist in OKCs in comparison 
with DCs, augment the role of Twist in down 
regulation of E-cadherin (2011) which is a specific 
feature of EMT (Iwatsuki et al; 2010) by attachment 
to its promoter (Yang et al., 2004). To our interest, 
many epithelial odontogenic tumors including 
OKCs originate from the rests of Malassez, these 
rests also are constituted of special proportion of 
cells which are able to undergo EMT (Xiong et al.,. 
2012). However, till now it is not clear whether 
EMT acts in the development and progression of 
OKCs or not (Zhong et al., 2015).

Regarding COCs, the results of TWIST 
expression could be explained by the debate about 
its behavioral features as it was earlier recognized 
as calcifying cystic odontogenic tumor, but now 
became classified as a one of odontogenic cysts (El-
Naggar et al., 2017).This non-neoplastic nature of 

Fig. (7): Scatter diagram representing the correlation between 
TWIST and VEGF in DCs group.
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COC is supported by the hypothesis of Seyedmajidi 
et al. who demonstrated the absence of COX- 2 
in the epithelial lining of COCs in comparison 
with ameloblastomas and OKCs (2015) Arruda 
et al., also demonstrated low expression of CD1 
in COCs considering that cystic nature of COC is 
less aggressive and with low proliferation tendency 
(2018). In addition, management of intrabony COC 
cases by enucleation had a low recurrence rate in 
patient follow up (Santos et al., 2018). 

Twist perform its variable biological functions 
(formation of new blood vessels, chemoresistance, 
metastasis and senescence) via many downstream 
pathways, function as a transcription factor which 
controls the expression of many target genes (such 
as N- cadherin, E- cadherin,ARF, P53 and CD24) in 
the nuclei or modifying the role of effectors (such as 
VEGF, mTOR, Bcl2, p53 and Bmi1) by modifying 
the expression of their proteins in the cytoplasm 
(Zhao et al., 2017) .This may explain cytoplasmic 
expression of twist in our study. 

The high expression of TWIST in OKCs com-
pared to DCs and COCs could be explained by the 
hypothesis that Twist enhances cell migration and 
differentiation in different physiological (Khan et al., 
2013) and pathological conditions (Low-Marchelli 
et al., 2013). Also it was proved that TWIST is an 
oncogene that suppress the intercellular attachment, 
as it directly down regulate E-cadherin (Silva et 
al., 2014, Fan et al., 2013).  In turn, this results in 
enhancement of loss of intercellular adhesion, re-
sulting in a more motile cell phenotype through the 
“EMT process” and metastasis conditions (Ansieau 
et al., 2008). TWIST is characterized by several fea-
tures which facilitate the advancement of neoplasms 
including upregulation of angiogenesis, apoptosis 
prevention, and EMT excitation (Jouppila-Mättö et 
al., 2011, Fan et al., 2013, Ansieau et al., 2008, Yuen 
et al., 2007).

As the VEGF differs from the other markers of 
vascularity and is expressed in cells of epithelium 

and fibroblasts beside the endothelial lining and 
can increase vascular permeability that cause more 
plasma proteins getting out of blood vessels and 
finally fluid aggregation, it could be concluded that 
VEGF presence in the cysts can affect the fluid 
concentration in these lesions and their exceeding 
growth (Sargolzaei et al., 2014). In previous studies, 
VEGF had been used as marker for neoplasms in 
the mesenchymal issue (Dineshkumar et al., 2015, 
Srivastava et al., 2014). Small number of studies 
was done to examine the immunopositivity of 
VEGF in the epithelium of cysts and neoplasms. 
So this study was conducted to evaluate VEGF 
expressions in epithelium of DCs, OKCs and COCs 
and to clarify whether VEGF immunoreactivity 
could be responsible for the aggressive behavior of 
epithelial lining in OKCs and whether it function as 
an agent that induces mitosis of epithelial cells of 
odontogenic cysts (Mitrou et al., 2009, Dineshkumar 
et al., 2015, Srivastava et al., 2014).)

Concerning VEGF, its expression in DCs, 
OKCs and COCs was significantly different 
(P-value ≤ 0.05). OKCs showed the highest mean 
value of VEGF expression (14.49±5.14) followed 
by COCs (7.51±1.66) then DCs (4.35±.68). The 
immunopositivity was cytoplasmic in the epithelial 
cells of cyst lining as well as in endothelial lining 
of blood vessels in the connective tissue wall. 
These results were in accordance with the results 
of Gupta et al. and Sadri et al., who demonstrated 
cytoplasmic immunopositivity in epithelial cells 
and in vascular endothelial cells of cyst lining of 
OKCs and DCs (2016), also Rubini et al., observed 
VEGF immunoreactivity in epithelial cells of COCs 
(2011). 

The cytoplasmic expression of VEGF in our 
study might be explained by the statement that upon 
binding of VEGF to VEGF tyrosine kinase receptor 
(VEGFR) on the cell membrane, multiple tyrosine 
residues inside the cytoplasmic domain undergo 
autophosphorylation which causes the activation 
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of special signaling routes inside the cells which 
facilitate functional features such as increasing 
the mitotic division and motility, permeability, and 
pro-survival activity (Ferrara, 2004). In addition 
to VEGFRs that are excited by outer ligands at the 
cell surface and get inside endosomes after that 
(Simons, 2012), signaling function of the receptor 
is not stopped by VEGFR internalization upon 
attachment to the ligand, but rather, the receptor can 
continue functioning in endosomes (Lampugnani et 
al., 2006), 

The higher VEGF expression in OKCs than 
COCs and DCs in our study was similar to the 
results of Sadri et al., who showed significantly 
higher VEGF expression in OKCs than DCs (2019). 
Gupta et al., also demonstrated a significantly higher 
expression of VEGF in OKCs and ameloblastomas 
than DCs (2016). Another study by de Mendonca 
et al., reported that immunopositivity of VEGF 
in ameloblastomas was highly significant than in 
COCs and dental follicle (2020). Our results are 
supported by the hypothesis of Gupta et al. that 
epithelial VEGF expression could be the cause of 
high proliferation ability of epithelium in OKCs 
and ameloblastoma through autocrine pathway and 
the mitogenic activity of VEGF in the epithelial 
lining of odontogenic cysts. Beside its angiogenic 
properties via paracrine mechanism, VEGF may be 
responsible for the different growth rate and tumoral 
features via accumulating the protein in the cyst 
lumen and resulting in more bone resorption (2016).

So, it is crucial to clarify that the epithelium 
in odontogenic lesions exerts an angiogenic effect 
in connective tissue stroma for nutrients and 
oxygen to facilitate their growth (Ali et al., 2020). 
The current study results showed higher VEGF 
expression in endothelial cells of OKCs than 
COCs and DCs, which could be explained by the 
hypothesis that beside fluid aggregation, VEGF can 
function in the exceeding growth of cystic lesions 
by inducing formation of new blood vessels in their 

connective tissue wall. So it might be concluded 
that angiogenesis can have a significantly effective 
role in the clinical behavior of OKCs through 
VEGF function in stimulation of endothelial cells 
formation, proliferation and migration, increasing 
vascular density and thus higher invasive behavioral 
features of OKCs than DCs (de Moraes et al., 2013). 
Moreover, this higher VEGF immunnopositivity in 
OKCs could be helpful in explaining part of the 
invasive features of this cyst (Shang and Li, 2005). 
Regarding VEGF expression in COCs, the present 
study results could be explained by the study of 
Dineshkumar et al., who found that difference in 
VEGF expression between ameloblastomas and 
COCs was not statistically significant (2015). 
This finding supports the fact that COCs, in spite 
of being a cystic odontogenic lesion and have 
less aggressive behavioral features in comparison 
with ameloblastomas, still acquire some invasive 
characteristics when compared to DCs (El-Naggar 
et al., 2017).

Cysts occurring in organs such as liver (Amura 
et al., 2007), thyroid nodules (Sato et al., 1997) and 
lung (Koyama et al., 2002) demonstrated an increase 
in the amount of VEGF in the cyst lumen, which was 
secreted by parenchymal cells and could enhance the 
mitotic rate of epithelial lining (Amura et al., 2007). 
The lining cells also can produce VEGF receptors, 
thus indicating a possible autocrine pathway where 
VEGF produced by epithelium acts in the division 
of the same cells (Stînga et al., 2011). So recent 
studies have reported that the vascular density of 
odontogenic cysts may participate in their clinical 
and biological behavioral features. Today, new 
treatment modalities are directed to the reduction of 
blood vascular density of lesions (Seif et al., 2011).

The correlation between TWIST and VEGF 
expression in all lesions studied was found to 
be statistically significant positive by Pearson’s 
correlation test, and also in DCs, OKCs and COCs 
when evaluated separately (P-value ≤0.05). This 
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positive correlation between TWIST and VEGF 
could be explained by the results of Niu et al. study 
who reported that increase of Twist messenger 
RNA protein were positively accompanied by the 
up regula tion of VEGF expression in hepatocellular  
carcinoma (HCC) patients with bad clinical outcome, 
indicating that Twist could play a pivotal role in 
the angiogenesis and metastasis of HCC (2007). 
It was also reported that Twist, which is a highly 
conserved basic helix–loop–helix transcription 
factor, induce the process of changing epithelial 
cells to mesenchymal ones and was able to promote 
angiogenesis (Mironchik et al., 2005). 

So, high Twist immunopositivity was found with 
bigger tumor size, more lymph node metastasis, 
and worse clinical stage (Zhang et al., 2015). These 
findings strongly supported that Twist/VEGF angio-
genic axis has a pivotal function in angiogenesis of 
tumors (Zhang et al., 2019). Overall, several studies 
indicated that Twist over expression may augment 
tumor invasion and metastasis via upregulating 
VEGF expression, causing the enhancement of new 
blood vessels formation, which is crucial for chang-
ing into an invasive phenotype (Lei et al., 2015).The 
present study is the first one conducted to evaluate 
the immunohistochemical expression of Twist and 
VEGF in DCs, OKCs and COCs and correlate their 
expression, to predict their prognostic value in these 
cysts and using them as targeted genes therapies in 
treatment of these lesions.

CONCLUSION

It could be concluded from the present study 
that TWIST and VEGF are overexpressed and 
have significant positive correlation between 
their expression in DCs, OKCs and COCs and 
these findings indicates their pivotal role in the 
pathogenesis of these cysts. Also, this supports 
their possible link with aggressiveness and invasive 
biological behavior observed in OKCs. In addition, 
suitable targeting of the EMT process could improve 

management of OKCs. Twist may be also a novel 
therapeutic target for angiogenesis.

Recommendations

We still need to be sure about the precise 
mechanism behind correlation between EMT 
and pathological processes in OKCs by further 
investigations. Also, studies using advanced 
techniques and more cases should be done to 
investigate the function of VEGF in the development 
of OKCs and other odontogenic cysts, also for 
the use of anti VEGF treatment modalities for the 
management of these lesions.
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