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Abstract
Background: Odontogenic cysts and tumors develop from the 
dental follicle of asymptomatic impacted teeth. Odontogenic 
tissues express the epidermal growth factor receptor family 
(EGFR), which mediates cell proliferation, survival, and 
neoplastic differentiation. The present study aimed to compare the 
immunohistochemical expression of EGFR and human epidermal 
growth factor receptor 2 (HER2) in the dental follicle of impacted 
wisdom teeth with normal and abnormal radiographic size.
Methods: In this analytical study, immunohistochemical 
staining of EGFR and HER2 was performed on 30 normal and 
30 abnormal follicles of impacted third molars. Follicles with 
a width of <2.5 mm were considered normal, whereas those 
with a width of ≥2.5 mm were regarded as abnormal. The 
immunoreactive score (IRS) was used to report the expression 
levels of EGFR and HER2. The obtained data were analyzed 
using SPSS software. Age and sex were compared in normal and 
abnormal groups with independent t test and Chi square test, 
respectively. P<0.05 was considered statistically significant.
Results: The EGFR and HER2 overall expression was high 
in all normal and abnormal follicles. The comparison of the 
percentage of stained cells and intensity of EGFR and HER2 
staining in normal and abnormal follicles were not significantly 
different (P=0.73, P=0.63, P=0.95, respectively). 
Conclusion: Due to the high expression of EGFR and HER2 in 
normal and abnormal follicles, as well as the lack of significant 
differences in these two groups, the radiographic size of dental 
follicles might not indicate the potential capabilities of their 
cells, and more research in this field is recommended.
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What’s Known

• Normal dental follicles of impacted 
teeth can be distinguished using normal 
radiographic size.
• The normal dental follicle of impacted 
teeth can evolve into odontogenic cysts 
and tumors.

What’s New

• The epidermal growth factor receptor 
(EGFR) and human epidermal growth 
factor receptor 2 (HER2) expression was 
high in both normal and abnormal follicles.
• EGFR and HER2 expression was 
not significantly different between the 
radiographic of normal and abnormal follicles.
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Introduction

The dental follicle is a connective tissue originating from loose 
ectomesenchyme that surrounds the enamel organ and the 
dental papilla of the tooth germ.1 Dental follicles are involved in 
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cementum, periodontal ligament, and alveolar 
bone formation.2 In vitro studies indicated 
that dental follicle stem cells can differentiate 
into osteoblasts, adipocytes, cardiomyocytes, 
chondrocytes, neurons, hepatocytes, salivary 
gland cells, and ductal cells.3 Radiographically, 
the dental follicles surrounding the impacted 
teeth present as a semicircular radiolucency 
around unerupted teeth.4 Dental follicles with 
pericoronal spaces of <2.5 mm are considered 
normal, but follicular space of ≥2.5 mm is 
recognized as radiographic pathology.4, 5 
Nonetheless, limited histopathological studies 
confirmed this radiographic criterion, and more 
detailed studies are required in this regard.6

Growth factors are polypeptides that 
regulate cell proliferation and differentiation.7 
One of these growth factors is the ErbB family 
from receptor tyrosine kinases. This family’s 
performance is essential for normal epithelial 
cell activity.8 The epidermal growth factor 
receptor family (EGFR) is the first member of this 
transmembrane receptor family, which is located 
on chromosome 7p12 and more than 40 ligands 
control its signaling.9 The second member of 
this family is human epidermal growth factor 
receptor 2 (HER2), a 185-kDa transmembrane 
protein, which is located on chromosome 17q21-
22.10 EGFR and HER2 overexpression has been 
reported in odontogenic cysts and tumors.11-13

The extraction of asymptomatic impacted 
third molars with their associated dental follicles 
has always been a controversial issue. One of 
the indications for impacted tooth extraction 
is the presence of abnormal changes in the 
dental follicle on radiography.4 However, studies 
reported that odontogenic cysts and tumors 
develop from the dental follicle of asymptomatic 
impacted teeth. Therefore, it is critical to identify 
the role of follicle cells in the pathogenesis and 
progression of odontogenic lesions.2 In light of 

the aforementioned issues, the present study 
aimed to compare the immunohistochemical 
expression of EGFR and HER2 in the follicles 
of impacted wisdom teeth with normal and 
abnormal radiographic size.

Patients and Methods

The current case-control study was approved 
by the Ethics Committee of Zahedan 
University of Medical Sciences (code: 
IR.ZAUMS.REC.1395.037). Due to the 
small number of eligible patients and the 
high cost of histopathological evaluation and 
immunohistochemical staining, all eligible 
samples were evaluated over one year. Initially, 
all patients who were referred to the oral surgery 
clinic, affiliated with Zahedan School of Dentistry 
(Zahedan, Iran), for the extraction of the impacted 
third molars were clinically evaluated by an oral 
and maxillofacial surgeon.

All panoramic radiographs were prepared 
by Ortho Pantomo Gram device (Planmeca, 
Finland), transferred to Planmeca Romexis 
viewer, and calibrated to real size. An expert 
oral and maxillofacial radiologist measured the 
pericoronal space of the impacted wisdom tooth 
from distal, mesial, and occlusal surfaces using 
a “measuring tool”, and the greater width was 
recorded (figure 1). Radiographic measurements 
were performed in a room with low light. According 
to the radiographic findings, follicles less than 2.5 
mm in width were considered normal, while those 
≥2.5 mm in width were considered abnormal.4

After providing necessary explanations about 
the aims of the study, written informed consent 
was obtained from all the patients who were 
systemically healthy. An oral and maxillofacial 
surgeon extracted the impacted wisdom teeth 
and their accompanying follicles. Then, complete 
information about the patient, including age, 

Figure 1: Radiographic feature shows the measurement of greater pericoronal width of dental follicle.
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sex, surgical site, and radiological size of the 
follicle, was recorded in an information form and 
assigned a code. The specimen was then sent 
to the pathology laboratory in a 10% formalin 
solution.

In the laboratory, paraffin blocks of 
specimens were initially prepared. Thereafter, 
3-5 micron sections were made from the 
blocks. Haematoxylin and eosin (H&E) stained 
pathology slides were prepared, and an oral and 
maxillofacial pathologist confirmed the diagnosis 
of dental follicles. Afterward, the patient was 
informed of the results. The follicles that were 
developed into cysts or tumors after fixation 
and microscopic examinations, as well as 
necrotic and infectious follicles, were excluded. 
All immunohistochemical staining steps were 
performed for other follicles that had sufficient 
tissue according to the instructions in the EGFR 
and HER2 staining kit as follows:

Immunohistochemical Staining
In the first step, antigen retrieval was performed 

for 30 min (Ethylenediaminetetraacetic acid 
[EDTA]; PH=8 for EGFR and PH=9 for HER2) 
using a microwave. Following that, the basket 
containing the slide was cooled in running water, 
but not in direct contact with the slides. The 
basket of slides was placed in a jar containing 
Tris-buffered saline (TBS) buffer. Subsequently, 
the slides were rinsed, and the tissues were 
encircled by an immunohistochemical Pen.

In the following stage, the primary antibody 
of mouse monoclonal anti-EGFR antibody 
(EmergoEurope, Pleasanton, CA, Lot: E858) 
and Rabbit anti-c-erbB-2/HER2 monoclonal 
antibody clone SP3 (Master diagnostica, Lot: 
0186-02), which were diluted (1:50) and was 
ready to use, was poured on the specimens 
for 30 min. Then, the basket of slides was 
immersed in three TBS containers for 5 min, and 
the excess buffer was rinsed and removed from 
the slides. Following that, secondary antibodies 
were poured on the specimens for 1 hour, 
after which the slides were rinsed in three TBS 
containers, and then the slides were cleaned up. 
Next, the obtained Dap solution was poured onto 
the specimens for 5 min, and the slides were 
rinsed in a distilled water container. Afterward, 
hematoxylin was poured onto the tissues, and 
the slides were then immersed in distilled water 
for 1 min. The specimens were taken in alcohol 
(90 °C and then 100 °C). Subsequently, the 
slides were immersed in a xylenol container 
for 2 min. Finally, the slides were mounted by a 
coverslip. It is worth mentioning that squamous 
cell carcinoma samples were used as the 
positive control, and the primary antibody was 

removed as the negative control.

Microscopic Evaluation
Following the completion of 

immunohistochemical staining, the slides 
were evaluated under a light microscope 
(Leica, USA). The expression of EGFR and 
HER2 in the cell membrane and cytoplasm of 
odontogenic epithelial cells in dental follicles 
was assessed using the immunoreactive 
score (IRS) and based on the staining intensity 
and percentage of stained cells. The overall 
intensity was rated based on a four-point scale 
(0, 1, 2, and 3 for none, light, medium, or dark 
brown staining, respectively). Moreover, the 
percentage of staining was rated as follows: 0 
(no staining), 1 (<10% of cells), 2 (11%-50% of 
cells), 3 (51%-80% of cells), 4 (81%-100% of 
cells).14 Then, the IS score (0-12) was obtained 
by multiplying the percentage of positive cells 
by the intensity of staining. The expression was 
classified as low if the score was <3 and high 
if it was ≥4.

Statistical Analysis 
All analyses were performed using the SPSS 

software version 23.0 (SPSS Inc., Chicago, IL, 
USA). The obtained data were expressed as 
frequency and percentage. Statistical analysis 
was performed using the Chi square test. 
Age and sex were compared in normal and 
abnormal groups using an independent t test 
and Chi square test, respectively. P<0.05 was 
considered statistically significant. 

Results

In this study, 60 dental follicles were examined. 
Radiographically, 30 follicles were normal, and 
30 cases were abnormal. The study included 
33 (55%) male and 27 (45%) female patients. 
Moreover, 14 (46.7%) normal follicles and 13 
(43.3%) abnormal follicles were related to female 
patients (P=0.79). In addition, 34 (56.7%) follicles 
were located on the left side of the patients, out 
of which 18 follicles (60%) were normal, and 16 
follicles (53.3%) were abnormal.

The participant’s age range was between 
18-34 years old, and their mean age was 
25.2±3.7 years. The mean age of the patients 
with normal and abnormal follicles was 24.3±4.1 
and 26.2±2.9 years, respectively (P=0.04).

The EGFR staining was performed for all 
specimens, and the percentage of stained cells 
in most normal and abnormal follicles was above 
80% (table 1). The EGFR staining percentages 
in normal and abnormal follicles were not 
significantly different (P=0.73).
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Table 1 presents the distribution of EGFR 
staining intensity in normal and abnormal 
follicles. Moreover, the comparison of EGFR 
staining intensity in normal and abnormal follicles 
revealed no significant difference (P=0.63).

The overall expression of EGFR was high in 
86.7% of normal follicles and 90% of abnormal 
follicles (table 1). However, this difference was 
not statistically significant (P=0.68). 

The percentage of the cells stained for HER2 
was above 80% in all normal and abnormal 
follicles. As indicated in table 2, most normal and 
abnormal follicles had a moderate intensity of 
staining. The HER2 staining intensity in normal 
and abnormal follicles was not significantly 
different (P=0.95). 

HER2 overall expression was high in all 
normal and abnormal follicles. Figures 2 and 3 
show the EGFR and HER2 staining of abnormal 
and normal follicular cells. 

Discussion

The EGFR and HER2 overall expression was 

high in both normal and abnormal follicles. The 
percentage of stained cells and intensity of EGFR 
and HER2 staining in normal and abnormal 
follicles indicated no significant difference. In 
the present research, 100% of dental follicles 
were stained with EGFR, which was consistent 
with the findings of other previous studies.11-13, 15 
However, in a study by Cimadon and colleagues, 
EGFR expression was observed in only 86% of 
the 42 follicles surrounding the impacted teeth.16 
In the present study, the percentage of EGFR 
staining in all follicular cells of impacted wisdom 
teeth under the study was above 50%. However, 
in the study by Oikawa and colleagues, more 
than 50% of cells were stained in 54% of 
specimens.13 The intensity of EGFR staining in 
the present study was generally strong in 36.7% 
of cases. However, while in the study by Mohan 
and Angadi, 70% of cases had severe EGFR 
staining intensity. Moreover, staining intensity 
was (++) in 80% of cases in the study by Oikawa 
and colleagues.13, 15 

Instead of examining the percentage and 
intensity of EGFR staining, some studies 

Table 1: Frequency distribution of EGFR staining percentage, intensity, and overall expression in normal and abnormal follicles
Groups Percentage of  EGFR staining EGFR staining intensity EGFR overall expression

51-80% 81-100% P Value* Weak Moderate Severe P Value* Low High P Value*
Abnormal 
Follicle, n (%)

5 
(16.7%)

25 
(83.3%)

0.73 8 
(26.7%)

11 
(36.7%)

11 
(36.7%)

0.63 3 
(10.0%)

27 
(90.0%)

0.68

Normal 
Follicle, n (%)

6 
(20.0%)

24 
(80.0%)

5 
(16.7%)

12 
(40.0%)

13 
(43.3%)

4 
(13.3%)

26 
(86.7%)

Total, n (%) 11 
(18.3%)

49 
(81.7%)

13 
(21.7%)

23 
(38.3%)

24 
(40.0%)

7 
(11.7%)

53 
(88.3%)

*Chi square test; P<0.05 was considered statistically significant.

Table 2: Frequency distribution of HER2 staining intensity in normal and abnormal follicles
Groups HER2 staining intensity Total P value*

Weak Moderate Severe
Abnormal Follicle, n (%) 8 (26.7%) 18 (60.0%) 4 (13.3%) 30 (100%) 0.95
Normal Follicle, n (%) 7 (23.3%) 19 (63.3%) 4 (13.3%) 30 (100.0%)
Total, n (%) 15 (25.0%) 37 (61.7%) 8 (13.3%) 60 (100.0%)
*Chi square test; P<0.05 was considered statistically significant.

Figure 2: Histopathologic feature shows EGFR staining of 
abnormal follicle cells (×400).

Figure 3: Histopathologic feature shows HER2 staining of 
normal follicle cells (×400).
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assessed only the location of EGFR staining in 
cells in three forms: membrane-only, cytoplasm-
only, and combined membrane and cytoplasmic 
staining. In all of these studies, the most 
prevalent form of staining was a combination of 
membrane and cytoplasmic.11, 12, 16 In line with the 
study conducted by Oikawa and colleagues,13 in 
the present research, the staining of the dental 
follicle epithelial cells surrounding the impacted 
teeth was combined membrane and cytoplasmic 
in all cases. When cells exhibit membrane-only 
staining, they appear to alter more quickly in the 
presence of ligands in the bloodstream. On the 
other hand, when cells display cytoplasm-only or 
combined membrane and cytoplasmic staining, 
all or some of the receptors are internalized and 
display a slower and physiological response.11 

On the other hand, some studies evaluated 
separately the EGFR expression in the reduced 
enamel epithelium (REE) and the remnants of 
odontogenic epithelium in the impacted tooth 
follicle. In terms of EGFR staining, some of these 
studies found no significant differences between 
these two components of the dental follicle.15, 17  
Nonetheless, Cimadon and colleagues 
suggested that the epithelial islands and cords 
indicated higher positivity for EGFR (71.07%) 
than REE (28.93%).16 In the present study, out of 
a total of 60 dental follicles, only five specimens 
contained epithelial islands. Their staining was 
similar to the follicle’s surface epithelium or REE.

The present study compared the expression 
of EGFR in follicles <2.5 mm (as normal follicles) 
and ≥2.5 mm (as abnormal follicles). In contrast to 
the results of the study by Razavi and colleagues,6 
the present study found no significant difference 
between them. This difference can be attributed 
to variations in sample size, type, and time of 
sample fixation, as well as type of marker, such 
as retrieval, monoclonality, or polyclonality, and 
marker dilution.11 This variation could also be 
attributed to the staining assessment criteria. 
Razavi and colleagues utilized membrane-only, 
cytoplasm-only, and combined membrane and 
cytoplasmic stainings.6 While in the present 
research, combined membrane and cytoplasmic 
staining was used in all specimens and it was 
evaluated as the percentage of stained cells and 
intensity of staining. 

In the present study, HER2 staining was 
observed in all normal and abnormal follicles. The 
percentage of all impacted dental follicle cells with 
positive HER2 staining exceeded 80%. Likewise, 
Oikawa and colleagues found HER2 expression 
in all 10 impacted mandibular wisdom teeth.13 In 
the present study, HER2 staining intensity was 
strong in 13% of cases and moderate to weak in 
87% of cases. Whereas, Oikawa and colleagues 

found that staining intensity was weak in 100% 
of cases.13 This discrepancy in the intensity and 
proportion of HER2 staining in the dental follicle 
can be attributed to the differences in the type of 
marker (monoclonality and polyclonality) utilized 
in the studies. 

Numerous studies examined the 
histopathological changes in radiographically 
normal follicles surrounding the impacted 
teeth and indicated that these follicles had the 
potential to differentiate into different tissues 
and cause cysts and tumors.18, 19 In the same 
context, Razavi and colleagues found no 
correlation between radiographic size of third 
molar’s follicles and staining with ki-67 antigen.20 
Furthermore, Cabbar and colleagues reported 
Ki-67 expression in 59 follicles (with <2.5 mm 
radiographic width) surrounding impacted third 
molars. Besides, Ki-67 expression in dental 
follicles was significantly higher than normal oral 
epithelium. This finding indicated the ability of 
active proliferation in the odontogenic epithelia 
of the dental follicles, and prophylactic removal 
of impacted wisdom teeth was recommended.21 
Finally, it is suggested that future studies evaluate 
other immunohistochemical markers using new 
molecular techniques to express markers.

Therefore, although there are advanced 
modalities such as cone beam computed 
tomography (CBCT) to better evaluate the size 
of the dental follicle, considering that the majority 
of the studied patients did not have CBCT, and 
performing CBCT for the patients had additional 
cost and radiation dose, in this study, panoramic 
radiographs were used, which was a limitation of 
the present study.

Conclusion

According to the findings of this study, follicles 
with a size of <2.5 and ≥2.5 mm indicated no 
significant difference in EGFR and HER2 
expression. Furthermore, the high expression of 
EGFR and HER2 in dental follicles indicated that 
the dental follicle epithelium had a high growth 
potential. Therefore, since the radiographic size 
of dental follicles might not indicate the potential 
capabilities of their cells, it is recommended that 
further research be done in this area.
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