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 ABSTRACT
Introduction: While de novo Ameloblastic Carcinomas (ACs) 
are easily diagnosed, it is the benign Ameloblastoma (AM) 
showing areas of malignant transformation which is a diagnostic 
challenge. SOX2, a transcription factor and Epidermal Growth 
Factor Receptor (EGFR) are oncogene on virtue of being 
embryogenic including odontogenic and adult stem cell regulator. 
Both are aberrantly expressed and amplified in several epithelial 
human cancers and have been used as immunohistochemical 
markers. 

Aim: To determine the expression of SOX2 and EGFR in AM, 
Odontoameloblastoma (OA) and AC in order to assess efficacy 
of the markers in differentiating between these tumours. 

Materials and Methods: This retrospective study was 
conducted to determine the immunohistochemical expression 
of SOX2 and EGFR on microscopic sections of AM (n=11), OA 
(n=2) and AC (n=6) retrieved from archives of the Department of 
Oral Pathology, Vydehi Institute of Dental Sciences, Bengaluru, 

India, from the period of January 2010 to December 2015. The 
data obtained were analysed using statistical software IBM 
SPSS version 21.0. 

Results: EGFR expression was noted in all cases of AM, OA 
and AC. Eight cases (72.72%) of AM showed SOX2 negative 
expression. Five cases (83%) of AC showed SOX2 positive 
expression (p≥0.05). Both the cases of OA demonstrated SOX2 
positivity. Two cases (50%) of recurrent AMs (n=4) showed 
SOX2 overexpression. 

Conclusion: While SOX2 has negative expression in AM, its 
positivity in OA and AC reiterates, its role in presence of cell 
lineage of tooth development and as an adjunct marker to 
highlight suspicious tumour aggregates respectively. SOX2 
overexpression in recurrent cases of AM can be used to follow-
up the patient. Strong EGFR overexpression indicates possibility 
of anti-EGFR treatment modality for both AM and AC. 

INTRODUCTION
Ameloblastoma is an uncommon, benign, but locally invading 
odontogenic neoplasm of the jaw. OA is a benign odontogenic 
jaw tumour which shows microscopic features of AM with mature 
or immature dental tissues. AC is a rare malignant odontogenic 
epithelial neoplasm which retains histologic features of ameloblastic 
differentiation with cytologic atypia, regardless of whether it has 
metastasised [1]. According to WHO classification (2005), AC 
is classified into two types, primary type occurs de novo and 
secondary type arises due to pre-existent benign AM undergoing 
malignant transformation [1,2].

Secondary type of AC are rare compared to de novo AC [3], whereas 
in a literature review of 31 cases from 2005 to 2011, majority of AC 
cases are seen to be arising from pre-existing AM and only 25% to be 
de novo cases [2]. In the latest WHO classification (2017), however, 
AC has been described as a single entity, since the authors found no 
justification in dividing a rare lesion. Similarly these authors believe 
that OA is a tumour arising from primitive ectoderm present in the 
odontome and discuss it as AM [4]. Irrespective of classification, AC 
show overt cytologic atypia with or without microscopic features of 
classical AM [3,5,6]. Some of the authors have advocated the use 
of SOX2 as a marker in routine practice to avoid overlooking such 
areas [3,7].

SOX2 is a member of the SOX family of transcription factors that 
share homology with the High Mobility Group (HMG) domain of the 
Sex determining Region Y (SRY) protein. It is a critical regulator of 
embryogenesis and is necessary for cellular reprogramming. SOX2 
is responsible for development of ectoderm, its derivatives like 

odontogenic epithelium, dental lamina which are the precursors of 
tooth development. Thus, it participates in the maintenance of all 
types of epithelial proliferative pool of tooth development [7,8]. As 
it modulates embryonic stem cell self-renewal and differentiation, 
it is considered as an oncogene in many epithelial tumours. Its 
expression has been linked to more aggressive clinical course and 
poorer outcomes [8-10].

EGFR is a receptor tyrosine kinase with four predominant binding 
sites and multiple tyrosine residues for auto phosphorylation. 
Upon binding of the ligand, EGFR is activated, which initiates 
several downstream signaling pathways, responsible for cell 
lineage determination, cellular proliferation, cell homeostasis, 
organ morphogenesis, cellular motility and cell survival [11]. EGFR 
gene when disrupted, produces receptor proteins which results in 
abnormal cell growth or tumourigenesis giving EGFR oncogene 
status. Epithelial malignancies involving various organs like colon, 
ovaries, kidneys, breast along with head and neck squamous cell 
carcinomas show overexpression of EGFR with correlation to clinical 
course, treatment modality and outcome [12].

SOX2 and EGFR mediated signals both are required for self-renewal 
of adult stem cells. It has been observed that cancer stem cells 
have biological features similar to stem cells, therefore they may 
share the same regulatory signaling pathways [8,9,12].

SOX2 and EGFR are aberrantly expressed and amplified in several 
human cancers and have been used as markers in ovarian cancer, 
urothelial carcinoma, breast tumours, nasopharyngeal carcinoma 
and oral squamous cell carcinoma [9]. SOX2 directly upregulates 
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EGFR expression whereas EGFR-mediated signaling promotes 
SOX2 production. The role of this feedback loop has been elucidated 
in lung cancer and glioblastoma [13]. This study is an attempt to 
shed some light on SOX2 EGFR expression in AM, OA and AC, and 
to assess their efficacy as marker in differentiating between these 
tumours. 

MATERIALS AND METHODS
This was a retrospective study conducted on the histologically 
diagnosed cases of AM obtained from the archives of the Department 
of Oral Pathology, Vydehi Institute of Dental sciences, from January 
2010 to December 2015. On reviewing the microscopic slides of 
19 cases reported previously as AM, six cases had areas fulfilling 
criteria of AC and two cases of OA. Only those cases were selected 
which had complete clinical history.

This study was approved by Institutional Ethical Board and involved 
the use of formalin fixed paraffin embedded tissues. Two sections 
of 4 µm each were obtained and transferred on to poly-L-lysine 
coated slides for immunostaining with SOX2 and EGFR. Sections 
were kept in incubator at a temperature range of 37-40°C overnight. 
The slides were deparafinised at 65-70°C for 15 minutes and then 
transferred to two changes of xylene for duration of 10 minutes 
each and then two changes of alcohol for 5 minutes each. Antigen 
retrieval was carried out by immersing slides in tris ethylene diamine 
tetra acetic acid buffer in a pressure cooker under pressure of 14 
pounds per sq. inch for 5-10 minutes. The sections were then 
subjected to peroxide block for 15 minutes to block endogenous 
peroxide activity and incubated with the primary antibodies for 45 
minutes at room temperature in a humid chamber. The primary 
antibodies used were anti SOX2 and anti EGFR monoclonal rabbit 
antibodies, procured from Path n Situ Biotechnologies Pvt. Ltd. The 
sections were then subjected to treatment with target binder and 
HRP polymer for 12 minutes each, followed by application of DAB 
chromogen for 5 minutes. In between the steps, the sections were 
washed using the immunowash buffer. The slides were counter 
stained with Harris haematoxylin, then washed in running tap water, 
dehydrated in ascending grades of alcohol, subjected to treatment 

with xylene for clearing, mounted with glass coverslip and DPX. 
Glioma and skin sections were used as positive controls of SOX2 
and EGFR respectively. As a negative control, sections were stained 
without addition of a primary antibody. 

immunohistochemical analysis: Immunostains were interpreted 
independently by two pathologists. The scores were recorded based 
on the percentage of staining and intensity of staining in the cells 
of interest. SOX2 staining is localised to the nucleus. Percentage 
of staining was graded 1-4, that is 0-25%, 26-50%, 51-75% and 
76-100%. Intensity was recorded from 0-3 representing negative, 
minimal, intermediate and strong respectively. The multiplied values 
give final score, in which <6 is considered negative [Table/Fig-1].

EGFR staining noted in odontogenic cells was membranous and 
cytoplasmic. The percentage of positively stained tumour cells 
was calculated by dividing the number of EGFR positive cells by 
total number of tumour cells in a given field. The final EGFR score 
was calculated by multiplying percentage of tumour cells stained 
positively by stain intensity, where stain intensity was graded from 
0-2 representing no staining, weak staining and strong staining 
respectively [Table/Fig-2].

STATISTICAL ANALYSIS
The statistical software IBM SPSS version 21.0 was used for the 
analysis of the data. Descriptive statistical analysis of the data has 
been done in present study. Results on continuous measurement 
are presented on mean±SD (Min-Max) and results on categorical 
measurement are presented in number (%). Significance level for 
the study was assessed at 5%. Mann-Whitney test has been used 
to find out the significance of SOX2 expression between AM and 
AC. Pearsons coefficient was used to find out correlation of SOX2 
expression and clinical variables.

RESULTS
The study group comprised 15 (79%) cases of male patients and 
4 (21%) female patients with an age ranging from 17-56 years. 
Mean age of the patients were 33.42±12.17 years. The clinical 

Case 
no.

SOX2
Final Score

% of Cell Staining Staining intensity

0-25%
Score-1

26-50%
 Score-2

51-75% 
Score-3

76-100% 
Score-4

Score 0
(no staining)

Score 1
(weak staining)

Score 2
(moderate staining)

Score 3
(strong staining)

% of cell staining 
multiplied by staining 

intensity

1 * * 1

2 * * 4

3 * * 0

4 * * 6

5 * * 0

6 * * 0

7 * * 9

8 * * 0

9 * * 1

10 * * 0

11 * * 12

12 * * 6

13 * * 6

14 * * 9

15 * * 0

16 * * 6

17 * * 6

18 * * 12

19 * * 6

[Table/Fig-1]: Descriptive analysis including scores for the percentage of SOX2 staining and intensity of all cases.
Where, * represents positive cells
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and histological features of all cases are included in [Table/Fig-3]. 
The six cases fulfilling histological criteria of AC are described in 
[Table/Fig-4]. Mann-Whitney test demonstrated higher SOX2 score 
in AC compared to AM however, the difference between the two 
was not statistically significant (p>0.05) [Table/Fig-5]. Overall SOX2 
staining was negative or scanty in 8 (72.72%) cases of AM whereas 

5 (83%) cases of AC had score ≥6 [Table/Fig-6a,b]. While one AM 
with history of no recurrence showed strong SOX2 positivity, 50% 
of recurrent AM cases (2/4) showed strong SOX2 positivity [Table/
Fig-7a,b]. Both the cases of OA showed positivity (score 6) [Table/
Fig-8]. Pearsons coefficient showed correlation between duration of 
tumour and SOX2 expression. SOX2 overexpression was seen in 
cases with shorter clinical course, but was not statistically significant 
(p=0.14). All the specimens demonstrated EGFR-positive tumour 
cells. There was no difference in EGFR scores between AM, OA and 
AC [Table/Fig-9a,b].

DISCUSSION
Ameloblastic carcinoma is a malignant counterpart of AM with 
distinctive clinical, demographic and biologic characteristics but 
sometimes present with subtle histologic features [1]. The diagnosis 
of AC can be overlooked especially when it arises in a pre-existing 
AM. The histologic features of AM, such as peripheral palisading, 
reverse polarisation and/or stellate reticulum-like structures were 
present in all cases. The follicular, plexiform and/or trabecular growth 
patterns were found in present study. The suspicious areas of AC 
show follicles with basilar hyperplasia and the stellate reticulum-
like structures replaced by the odontogenic cells. The cases of 
AC contained 2-10 mitotic figures per high-power field along with 
other features of malignancy such as hyperchromatism, nuclear 
pleomorphism, nucleus vesiculation and tumour necrosis. Infrequent 
features such as clear cells, ghost cells, keratin production, were also 
detected in some cases along with perineural invasion and vascular 
invasion. These features were consistent with histologic criteria for 
diagnosis of AC which is well described in the literature however, 
it can be missed out in secondary AC cases [5,6,14]. As a result, 
ancillary staining techniques like SOX2 have been recommended 
because of its high specificity and sensitivity to distinguish the AC 

Case 
no.

age/
gender

Duration Site
Size

(in cm)
pathological type Treatment Done egFr SOX-2 recurrence

1 33/M 6 months  Left mandible 9×5 Acanthomatous Segmental resection 2 1 -

2 20/M 2 months  Right mandible 4×5 Plexiform Segmental resection 2 4 Dentigerous cyst to Ameloblastoma

3 32/F 8 months Left mandible 6×5 Follicular(mixed) Hemimandibulectomy 2 0 Present

4 19/F 4 months Left mandible 8×5 Plexiform Hemimandibulectomy 2 6 Present

5 48/M 6 months  Left mandible 2×2 Mixed Type Segmental resection 2 0 -

6 53/M 12 months Right mandible 9×4 Acanthomatous Segmental resection 2 0 -

7 23/M 3 months Left mandible 4×3 Plexiform Incisional biopsy 2 9 -

8 25/F 1 years Right mandible 8×2 Acanthomatous Surgical excision 2 0 -

9 27/F 6 months  Left mandible 4×3 Plexiform(mixed) Segmental resection 2 1 -

10 36/M 6 months  Left mandible 8×8 Acanthomatous Segmental resection 2 0 -

11 35/M 5 months  Left maxilla 5×3 Mixed Maxillectomy 2 12 Recurrence as 3 times

12 17/M 8 months  Right mandible 2×3 Odontoameloblastoma Hemimandibulectomy 2 6 -

13 47/M 9 years  Right mandible 13×11 Odontoameloblastoma Surgical excision 2 6 -

14 22/M 2 years  Left mandible 8×5 Ameloblastic carcinoma Hemimandibulectomy 2 9 -

15 50/M 7 months Anterior mandible 10×6 Ameloblastic carcinoma Surgical excision 2 0 AM to AC

16 27/M 6 months  Left mandible 11×7 Ameloblastic carcinoma Segmental resection 2 6 -

17 56/M 6 months  Left mandible 5×5 Ameloblastic carcinoma Segmental resection 2 6 -

18 28/M 5 months Anterior mandible 6×5 Ameloblastic carcinoma Surgical excision 2 12 -

19 37/M 6 months  Left mandible 4×3 Ameloblastic carcinoma Segmental resection 2 6 -

[Table/Fig-3]: Clinical and histologic details of the ameloblastoma and ameloblastic carcinoma cases. 
M: Male; F: Female; AM: Ameloblastoma; AC: Ameloblastic carcinoma

Case 
no.

egFr Final 
Score% of Cell Staining Staining intensity

0- 
25%

26-
50%

51-
75% 

76-
100%

Score 
0 (no 
stain-
ing)

Score 
1 

(weak 
stain-
ing)

Score 2 
(strong 
stain-
ing)

% of cell 
staining 
multi-

plied by 
staining 
intensity

1 - - - * - - * 2

2 - - - * - - * 2

3 - - - * - - * 2

4 - - - * - - * 1.8

5 - - - * - - * 1.7

6 - - - * - - * 2

7 - - - * - - * 2

8 - - - * - - * 2

9 - - - * - - * 2

10 - - - * - - * 1.8

11 - - - * - - * 2

12 - - - * - - * 2

13 - - - * - - * 2

14 - - - * - - * 2

15 - - - * - - * 2

16 - - - * - - * 2

17 - - - * - - * 2

18 - - - * - - * 2

19 - - - * - - * 2

[Table/Fig-2]: Descriptive analysis including scores for the percentage of EGFR 
staining and intensity of all cases.
Where, * represents positive cells

from AM [7,15].

SOX2, a transcription factor is expressed in the stem cells during 
embryogenesis, tooth development as well as in various carcinomas 
of breast, colorectal, lung and squamous cell carcinomas [10]. In the 
present study, AM (8/11) cases were negative for SOX2, however 
recurrent cases of AM (2/4) showed strong SOX2 positivity. Cases of 
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[Table/Fig-6]: a) Negative SOX2 immunohistochemical expression in ameloblastoma 
in case no. 3 (20X magnification); b) Positive SOX2 expression in ameloblastic 
carcinoma (score 6) in case no. 17 (10X magnification).

[Table/Fig-7]: a) Positive SOX2 immunohistochemical expression (Score 9) in 
ameloblastoma with no recurrence in case no. 7 (20X magnification); b) Positive S0X2 
immunohistochemical expression (Score 12) in third time recurrent ameloblastoma in 
case no. 11 (20X magnification).

[Table/Fig-8]: Positive SOX2 immunohistochemical expression in primitive cells in 
odontoameloblastoma in case no. 12 (10X magnification).

AC (5/6) showed SOX2 positivity in cytologically atypical areas. Lei 
Y et al., demonstrated strong nuclear positivity of SOX2 in tumour 
aggregates of AC compared to negative or scanty positivity in case 
of AM in their study with the reason being presence or absence of 
stem cell population respectively [7].

The role of SOX2 overexpression in recurrence and metastasis 
in head and neck squamous cell carcinoma has shown positive 
significance and has been linked to presence of cancer stem cells 
[10,16]. In a study done to compare SOX2 expression in AM to 
keratinizing cystic odontogenic tumour, latter with its high recurrence 
rate showed strong positivity which authors suggested might be 
because of stem cells [17]. Recurrence of AM has been linked to 
presence of SOX2 expressing stem cells [8]. This might explain the 
strong SOX2 overexpression in two cases of recurrent AM in the 
present study. In addition, one of the cases of AM had developed 
from dentigerous cyst, which showed moderate SOX2 positivity. 
According to Lei Y et al., caution to be taken when evaluating 
lesions arising from surface oral epithelium or from the dentigerous 
cyst, as basal cells of stratified squamous epithelium show SOX2 
positive due to its role in epithelial homeostasis [7,10].

OA, a type of odontogenic tumour shows microscopic features of 
AM and various tissues of tooth in different stages of development 
[1]. The present study included two cases of OA, which showed 
SOX2 positivity of focal aggregates of tumour cells that lacked 
ameloblastic differentiation and exhibited moderate cytoplasmic or 
nuclear pleomorphism. This might be explained by fact that SOX2 
shows positivity in epithelial cell lineage of tooth development [8].

EGFR is essential for normal physiological processes including 
odontogenesis. Disruption of receptor pathway leads to various 
cancers including those arising from remnants of odontogenic 
epithelium. EGFR overexpression has been demonstrated in AM 
[18,19]. It has been suggested that the combined cytoplasmic and 
membranous staining pattern of EGFR is indicative of proliferative 
potential of ameloblastomatous tumour islands similar to basal layer 
of oral epithelium and squamous cell carcinoma [18]. In the present 
study, all cases of AM, OA and AC exhibited similar intense EGFR 
immunoexpression. This result is similar to study by Abdel–Aziz A 
et al., who tried to elucidate the relationship between expression 
of EGFR, CD10 and Ki-67 labelling index and AM recurrence using 
clinical and pathological data and they could see no relation to 
recurrence [20].

It has been proven that SOX2 and EGFR have positive effect on 
each other in maintaining homeostasis of normal lung tissue, repair 
of damaged lung tissue by proliferating the stem cells and their 
overexpression in lung cancer [13]. However in the present study; 
no correlation between the expression of SOX2 and EGFR was 
elucidated in AM, OA and AC.

LIMITATION 
However, in the small sample of AC studied, no clinicopathological 
correlation between marker expression, tumour progression and 
prognosis were discernable. These factors need to be explored 
within a larger study sample to elucidate the diagnostic and 
prognostic value of these markers.

[Table/Fig-9]: a) Positive EGFR expression (Score 2) in ameloblastoma in case no. 
8 (20X magnification); b) Positive EGFR expression (Score 2) ameloblastic carcinoma 
in case no. 16 (20X magnification). 

Case 
no. 

h/p types 
Basilar hyper-

plasia
mitotic 
figures 

vesiculated 
nuclei

Clear cells, 
ghost cells 

keratin 
pearls 

peri neural 
invasion

intravascular 
invasion 

necrosis

Case 14 Follicular + 2-4 HPF + +

Case 15 Papillary pattern + 2-4 HPF +

Case 16 Follicular + >8 HPF + + + +

Case 17 Follicular + 4-6 HPF + +

Case 18 Follicular + 4-6 HPF + + + + + +

Case 19 Follicular + 4-6 HPF + + +

[Table/Fig-4]: Histopathological features of ameloblastic carcinoma cases. 
HPF: High power field; +: present

group n mean Standard Deviation Z value p-value

Group 1 13 3.46 4.03 -1.45 0.14

Group 2 6 6.50 3.99

[Table/Fig-5]: SOX2 score according to Mann-Whitney test. 
Group 1: AM and OA: Group 2: AC
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Scope for future studies: Follow-up studies can be planned to see if 
recurrent AM cases with high SOX2 immunohistochemical expression 
do progress to AC and to validate, whether treatment planning of 
resection/ enucleation can depend on SOX2 immunohistochemical 
expression. Studies can be designed to investigate, if areas with high 
SOX2 immunohistochemical expression (as in OA) are suggestive of 
merely inductive changes/potential or they signal true malignancies. 
Also, it can be used for clarity of treatment planning in ambiguous 
cases, especially in differentiation of keratinizing cystic odontogenic 
tumour from unicystic AM.

CONCLUSION
SOX2 positivity in OA reiterates its role in cell lineage of tooth 
development needed for its diverse histopathological features. 
SOX2 immunohistochemical staining could serve as a useful marker 
to highlight unsure areas in AM. It was also positive for recurrent 
cases of AM and can be used to monitor the patients. AC shows 
a significant expression of SOX2 compared with AM, suggesting 
that differential expression of this marker could be used to support 
the diagnosis of AC. There was no correlation between EGFR and 
SOX2 staining pattern in AC and AM. However, strong positivity 
for EGFR may render both AC and AM as candidates for the new 
targeted anti-EGFR treatment modalities.
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