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Introduction 

Ameloblastoma (AM) is a benign  

odontogenic tumor derived from the  

odontogenic epithelium with aggressive  

behavior and a high potential for recurrence 

(50-90% recurrence rate). This tumor is often 

asymptomatic and is identified accidentally in 

radiographic examination [1, 2]. Odontogenic 

keratocyst (OKC) is a developmental cyst with 

specific histopathological and clinical features. 

Unlike other odontogenic cysts, this cyst tends 

to recur after treatment with no clinical  

symptoms. OKC is derived from epithelial cells 

and expresses proliferating cell nuclear  
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 Abstract  

Background and Aim: Ameloblastoma (AM) and odontogenic  
keratocyst (OKC) are common lesions with a high recurrence rate. 
Epidermal growth factor receptor (EGFR) regulates cell proliferation 

and survival. Considering the controversial results of previous  

studies regarding the expression of EGFR in odontogenic cysts, this 
study aimed to compare the expression of EGFR in AM and OKC.   
Materials and Methods: In this descriptive study, 49 specimens 
(20 AM and 26 OKC) were evaluated. Five micrometer sections were 
made for immunohistochemical staining. Immunohistochemical  
analysis was performed using super-sensitive one-step  

polymer-HRP. Expression of EGFR was first assessed quantitatively 
by measuring the count of membrane- and/or cytoplasm-stained 
epithelial cells in AM (ameloblastoma-like cells, stellate reticulum, 
and all epithelial cell layers) and OKC (basal layer, suprabasal and 
basal layers, and all epithelial cell layers). Next, each specimen's 
mean percentage of stained cells was scored and classified into four 
groups (less than 5%, 5-25%, 25-50%, and more than 50% stained 

cells). Data were analyzed by t-test and Mann-Whitney test to  
compare the mean EGFR expression and the percentage of stained 
cells. The Chi-square test was used to compare the location of EGFR 

expression. 
Results: The mean percentage of EGFR expression was 
81.39±10.41% in AM and 78.05±19.27% in OKC. The results 
showed no significant difference between AM and OKC regarding 

EGFR expression, EGFR score (P=0.141), or EGFR expression in  
different layers (P=0.303). 
Conclusion: EGFR expression showed no significant difference  
between AM and OKC.  
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antigen, Ki67, P53, and protein patched  

homolog more than other odontogenic cysts, 

which makes it a unique cyst. Due to its  

tumor-like behavior, some researchers believe 

that OKC should be categorized as a benign  

tumor rather than a cyst [3-6]. 

Epidermal growth factor receptor (EGFR) is 

a growth factor receptor with a molecular 

weight of 170 kDa belonging to the family of 

receptor tyrosine kinase transmembrane. This 

receptor is naturally expressed by epithelial 

cells with a high proliferation rate, and plays an 

essential role in cell development and  

differentiation, tissue homeostasis, and signal 

transmission [7-9]. EGFR has excessive activity 

in the lung, breast, prostate, and cervical  

cancers [7, 10-13]. 

Considering the determining role of EGFR in 

head and neck cancers and high recurrence 

rate of AM and OKC after surgery and  

enucleation, it seems necessary to investigate 

more about the molecular background of these 

lesions to enhance their early detection and 

provide more treatment options. Thus, the  

present study was conducted to evaluate the 

expression of EGFR in AM and OKC. 

 

Materials and Methods  

The methodology of this study was  

approved by the Dental Research Committee 

and Dental Ethics Committee of Faculty of  

Dentistry, Islamic Azad Tehran Medical  

University (IR.IAU.DENTAL.REC.1397.053). 

This descriptive study was conducted on 20 

AM and 26 OKC specimens. First, 5 µm slices 

were prepared for hematoxylin-eosin staining. 

Next, two oral and maxillofacial pathologists 

selected slides with adequate tissue and proper 

fixation without excessive bleeding and  

swelling. Specimens of recurrent lesions were 

excluded. 

Immunohistochemical analysis of EGFR was 

performed using super-sensitive one-step  

polymer-HRP. The paraffin blocks were  

sectioned into 4 to 5 µm slices and placed in 

 (3-Aminopropyl) triethoxysilane solution 

(Sigma-Aldrich, Germany). Then, sections were 

deparaffinized and rehydrated with xylene and 

graded concentrations of alcohol (Merck,  

Germany). TRIS EDTA buffer (pH=8) (Gibco, 

Germany) was applied on the sections at 96°C 

using a commercial microwave antigen  

retrieval system, and then antigen retrieval 

was performed 3 times for 8 minutes. 

After washing with phosphate buffered  

saline (Bio-Idea, Iran), the sections were  

impregnated with a peroxidase block (3%  

hydrogen peroxide in water; Merck, Germany) 

for 15 minutes to prevent endogenous  

peroxidase activity. Then, before incubation 

with optimally pre-diluted antibodies against 

EGFR (Invitrogen, USA) at room temperature 

for one hour, a 20-minute power block  

(BioGenex, USA) was applied to inactivate any 

non-specific antigen. Next, the sections were 

washed with phosphate buffered saline and 

incubated again. Incubation was done for 30 

minutes with polymer-HRP reagent (BioGenex, 

USA), and detection was done using DAB  

(3,3′-Diaminobenzidine) (Sigma-Aldrich,  

Germany). The sections were counter-stained 

with Harris hematoxylin (Sigma-Aldrich,  

Germany). 

In this study, squamous cell carcinoma and 

normal oral mucosa were used as the positive 

control. Also, endothelial lining of blood  

vessels, non-reactive to EGFR, served as the 

internal negative control [14]. 

Expression of EGFR was evaluated based on 

the method described by Li et al, [15] at ×400 

magnification in five random sections.  

Evaluation was done quantitatively by  

measuring the count of membrane- and/or  

cytoplasm-stained epithelial cells in AM  

(ameloblastoma-like cells, stellate reticulum, 

and all epithelial cell layers) and OKC (basal 

layer, suprabasal and basal layers, and all  

epithelial cell layers). Next, each specimen's 

mean percentage of stained cells was scored 

and classified into four groups (less than 5%,  
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5-25%, 25-50%, and more than 50% stained 

cells). Based on this scoring system, the  

intensity of EGFR expression was determined. 

Scores < 5% indicated no marker expression, 

5%- 25% indicated poor marker expression, 

26%-50% indicated moderate expression, and 

scores >50% showed severe marker  

expression (Figures 1 and 2). 

The data were analyzed using t-test and 

Mann-Whitney test to compare the mean EGFR 

expression and the percentage of stained cells 

in each score. Also, the Chi-square test was 

used to compare the location of EGFR  

expression. P<0.05 was considered statistically 

significant. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. EGFR expression in AM at x400 magnification 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. EGFR expression in OKC at x100 magnification [5] 

 
Results  

This study was conducted on 46 specimens, 

including 26 OKC and 20 AM specimens.  

Table 1 shows the EGFR expression in AM 

and OKC. The lowest and the highest  

percentage of staining in AM were 

45.3%±10.41% and 94.8%±10.41%,  

respectively; while these values for OKC  

were 23.1%±19.27% and 98.4%±19.27%,  

respectively. The mean percentage of stained 

cells in AM and OKC was 81.39±10.41% and 

78.05±19.27%, respectively.  

T-test showed no significant difference  

between AM and OKC regarding EGFR  

expression (P=0.528). 

Table 2 shows EGFR expression in AM and 

OKC based on the scoring system. In the AM 

group, 95% of specimens scored > 50%, and 

only one (5%) scored 26-50%. In the OKC 

group, 80% of specimens scored > 50%, 16% 

scored 26-50%, and only one (4%) scored  

5-25%.  

Based on the Mann-Whitney test, no  

significant difference was found between AM 

and OKC in EGFR score (P=0.141). 

Table 3 shows the frequency and  

percentage of specimens based on the location 

of EGFR expression in AM and OKC. None of the 

specimens expressed EGFR in the basal layer in 

the two groups. Three specimens in AM (15%) 

and seven in OKC (26.9%) group expressed 

EGFR in the basal and suprabasal layers.  

Seventeen specimens in AM and 19 in OKC 

showed EGFR expression in all layers (85% 

and 73.1%, respectively). The Chi-square test 

showed no statistically significant difference in 

location of EGFR expression between the two 

groups (P=0.303). 

 

Discussion 
This study showed no significant difference 

between AM and OKC regarding the percentage 

and intensity of EGFR expression (P=0.141). 

The location of EGFR expression was not  

significantly different either (P=0.303). 

Li et al. [15] analyzed 35 odontogenic cysts, 

6 AMs, and 7 periapical granulomas and found 

that although the cytoplasm of epithelial 

cells stained for endothelial growth factor, 
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most of the basal layer cells in the  

epithelium stained weakly [15]. In the  

present study, the location of EGFR  

expression was not significantly different 

between AM and OKC. However, EGFR  

expression increased by analyzing more  

layers of epithelium. The expression of EGFR 

in odontogenic and resting cysts can be  

affected by inflammation. In previous studies, 

 

 

 

 

 

 

odontogenic cysts like OKC and dentigerous 

cysts showed higher EGFR staining than  

inflammatory cysts, and they stained weakly  

in inflamed areas [4, 15, 16]. In a study by  

Razavi et al. [17], none of the OKC specimens 

were stained for EGFR. It might be because of 

inflammation or using a different staining 

method compared with the present study.  

Razavi et al. [17] used biotin-streptavidin; 

Table 1: Expression of EGFR in AM and OKC 

Lesion type Sample size 
Lowest staining 

percentage 

Highest staining 

percentage 

Mean staining 

percentage 
Std. deviation 

 AM  20       45.3        94.8      81.39   10.41 

 OKC  26        23.1        98.4      78.05    19.27 

Table 2: EGFR expression based on EGFR score 

 

  

 
>5% 5-25% 26-50% >50% Total 

 

AM 

 

Sample size 0 0 1 19 20 

Lesion type Percentage 0% 0% 5% 95% 100% 

  Sample size 0 1 4 21 26 

 
OKC 

Percentage 0% 4% 16% 80% 100% 

 

Total 

 

 
Sample size 0 1 5 40 46 

  
Percentage 0% 2.2% 11.1% 86.7% 100% 

                   Table 3. Expression of EGFR in different layers 

 

 The location of EGFR expression 

 

  

 
Basal layer 

Basal & suprabasal 

layers 

All 

layers 

Ameloblastoma 

like cells 

Stellate 

reticulum 

All 

layers 
Total 

 
AM 

Sample size - - - 0 3 17 20 

Lesion type Percentage - - - 0% 15% 85% 100% 

 OKC Sample size 0 7 19 - - - 26 

  Percentage 0% 26.9% 73.1% - - - 100% 



    J Res Dent Maxillofac Sci 2023 ;8(4)                                                                                                                     Mirzaee  et al.   278 

while we used super-sensitive one step  

polymer-HRP. 

Odontogenic tumors have unique properties 

and are only found in the oral cavity. These 

tumors originate from tissues contributing to 

odontogenesis and can be benign or malignant 

[18-21]. Tumor growth and metastasis depend 

on angiogenesis and its contributing factors. 

Vascular endothelial growth factors and  

epidermal growth factors are the most  

well-known factors that can play important 

roles in angiogenesis. These factors stimulate 

endothelial growth, differentiation, and  

migration, leading to tumor growth and  

metastasis [22-24]. 

In the present study, most of the  

specimens in AM and OKC groups showed 

more than 50% stained cells. Thus, they all 

scored by the same level, and no significant 

difference was found in this regard among 

them. However, the mean percentage of EGFR 

expression in AM was slightly more than that in 

OKC (3.34%), and the lowest percentage of AM 

staining was considerably more than that in 

OKC (45.3% and 23.1%, respectively). These 

findings can suggest more aggressive behavior 

of AM, which is a true neoplasm compared with 

OKC as an aggressive cyst. 

The EGFR expression patterns may vary in 

epithelial cells [16, 25, 26], and its high  

expression in AM and OKC can be predictable 

based on their aggressive behavior. In a study 

conducted by de-Vicente et al. [16], all odonto-

genic epithelial tumors positively reacted to  

monoclonal antibodies of EGFR, but AM  

specimens expressed EGFR significantly more 

than others. Also, 100% of AM and 73% of OKC 

specimens were stained with EGFR. 

AM and OKC behave aggressively with a 

high potential for recurrence. Today, clinical 

management of both tumors entirely depends 

on surgical approaches. Some mutations like a 

mutation in protein patched homolog 1 and 

loss of heterozygosity of tumor suppressor 

genes have been seen in OKC. Also, recent  

discoveries in AM regarding BRAF V600E  

provide new choices for targeted therapy. 

Nonetheless, the molecular backgrounds of AM 

and OKC have yet to be fully elucidated [7, 16, 

27,28]. Studies like the present investigation 

enhance the current molecular knowledge 

about AM and OKC, leading to more practical 

non-aggressive treatment opportunities. 

 

Conclusion 

The present study showed no significant  

difference between AM and OKC regarding 

EGFR expression. The majority of specimens in 

both groups highly expressed EGFR, and the 

marginal disparity seen between OKC and AM 

can be a reason for the tumor-like behavior of 

OKC. However, further studies should be  

conducted to precisely clarify the molecular 

background of AM and OKC.   
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