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Abstract

Objective: To determine the Immunohistochemical expression of BRAF V600E and Epidermal growth factor
receptor (EGFR) in ameloblastoma and correlate the expression with age and gender of patients, and patterns
and types of ameloblastoma. Material & Methods: 39 cases were retrieved with their formalin-fixed, paraffin
embedded blocks, trimmed and cut into 5 microns sections. They were mounted on slides after staining with
routine hematoxylin and eosin followed by Immunohistochemical staining of BRAF V600E and EGFR. Mean
and standard deviation were calculated for quantitative variables. Frequency and percentages were calculated for
qualitative variables. Chi-square test was employed to assess the significance of difference. The p-value < 0.05
was considered significant. Results: There were 19 (41.2%) males and 20 (48.7%) female patients. The mean
age of patients at which they presented was 39.97 + 15.505 (mean + SD) with an age range between 12 to 65
years. 25 (64.1 %) cases showed positive expression of BRAF V600E and 14 (35.8 %) cases showed negative
expression of BRAF V600E. 27 (69.2 %) cases showed positive expression of EGFR whereas 6 (15.3 %) cases
showed negative expression of EGFR. The p-value was < 0.05 for expression of BRAF V600E with respect to
patterns of ameloblastoma and tumor site and expression of EGFR with respect to sub-types of ameloblastoma.
Conclusion: There is positive expression of BRAF V600E (64.1%) and EGFR (74.4%) in different sub-types
and patterns of ameloblastoma. Correct assessment with the help of these markers can lead to early diagnosis
and use of adjuvant treatment protocols.
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Introduction

Odontogenic tumors are the group of heterogeneous
tumors among which ameloblastoma is the most common
forming 1% of all jaw tumors and cysts [1, 2]. It is
reported that they arise from ectomesenchymal, epithelial
or mesenchymal cells [3]. Though most common among
odontogenic tumors, ameloblastoma is considered as a rare
tumor overall [4, 5] with a global incidence of 0.5 cases
per million per year [6].

Ameloblastoma grows in a very slow manner having a
distinctive infiltrative pattern of growth. It may grow into
a malignant tumor in rare cases [7, 8].

Studies have pointed out mutations in genes in MAPK
pathway that get affected or dysregulated as the RAF
proteins in this pathway may undergo mutations. One
of the common mutations in this pathway are of BRAF
V600E mutation [9] and changes in epidermal growth
factor receptor (EGFR). Recent reports throw light on
molecular basis of ameloblastoma similar to BRAF
V600E mutation [1,10,11]. Any mutation in EGFR induces
cellular processes like migration, proliferation, invasion,
angiogenesis as well as apoptosis thus growth of tumor
cells [12].
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Enough study has not been done to ensure the presence
of these mutations in Pakistani population. Therefore,
we expect that our study will be useful regarding
utilization of immunoexpression of BRAF V600E and
Epidermal growth factor receptor (EGFR) in diagnosis of
ameloblastoma facilitating and improving post-treatment
functional status of patients [13].

WHO has updated the classification of Ameloblastoma
in 2017 [14]. In 2017, no type of ameloblastoma
was classified as a malignant lesion. According to
this classification Ameloblastoma is of four types.
Conventional ameloblastoma earlier named as solid or
multicystic ameloblastoma [15], unicystic ameloblastomas
with one cystic space, metastatic ameloblastoma which
is rare but mostly seen in the lung area [7] and peripheral
ameloblastoma that develops in gingiva [16]. Almost
only two percent of the total ameloblastoma cases and
develops in gingiva. In the solid structure two main
patterns of tumor are seen i.e. follicular and plexiform.
Follicular Pattern is often invasive whereas plexiform
pattern is the lesser invasive variant. In the cystic structure
there are more cystic spaces seen in both follicular and
plexiform pattern. Desmoplastic ameloblastoma is a rare
and different variant of ameloblastoma with abundant
collagenous/desmoplastic tissue [17]. Acanthomatous
ameloblastoma shows squamous metaplasia and stellate
reticulum like cells are mostly keratinized. Granular cell
ameloblastoma has a granular and eosinophilic cytoplasm
and basaloid ameloblastoma shows islands of cells that are
basaloid and hyperchromatic without stellate reticulum-
like cells [17].

Diagnosis of ameloblastoma is made through
radiographs and histology of tumor after the biopsy of
tumor is carried out [7, 18].

The most effective treatment for ameloblastoma
is resection and enucleation [11]. Often conservative
treatments can be opted for removal of ameloblastoma
as they can minimize the after effects of surgical
resection. Radiation is not successful treatment option for
ameloblastoma. Some studies reported that after treating
with radiation, a sarcoma was induced [19].

Immunoexpression of BRAF V600E and EGFR in
Ameloblastoma

BRAF is a gene which forms protein named as BRAF
V600E. This gene plays a role in MAPK pathway which
is an important signaling pathway for cell survival and
differentiation. BRAF gets mutated in various kinds of
tumors, resulting into a change in BRAF V600E protein.
Hence, enhancing the spread as well as growth of cancer
cells [20]. Many studies have shown presence of BRAF
V600E mutation in the ameloblastomas [21-24].

The epidermal growth factor receptor belongs to
receptor family of ErbB family. Epidermal growth factor
receptor signals essential cell lineage determination
and cellular growth, cellular homeostasis, organ
morphogenesis, cellular motility and cell survival. When
this gene is mutated it results in changes in different
cellular processes causing neoplastic changes [1].
Ameloblastoma like many of the head and neck squamous

cell carcinomas also show an increased expression of
EGFR [2, 25, 26].

Targeted Therapies in treatment of ameloblastoma

As studies show evidence of BRAF V600E and EGFR
mutation in variants of ameloblastoma [26-28], the use of
targeted therapies was seen as a conservative approach
that reduced the need for extensive surgery. These drugs
affect different steps along the MAPK pathway performing
a selective inhibition of gene and tumor progression.
Vemurafenib and debrafenib are two of the most common
therapies that prevent the function of the mutated BRAF
V600E gene [22, 29]. Tyrosine kinase inhibitors (TKIs)
erlotinib, gefitinib, and lapatinib are EGFR inhibitors
which function to reduce abnormal growth of tumor [30].

The usage of these conservative therapies for
ameloblastoma are still under study as enough data is not
yet collected to confirm this approach of treatment [22].

Materials and Methods

Ethical Approval

Ethical approval from the Institutional Review Board
(IRB) of AFIP (Armed forces institute of Pathology)
was taken to carry out the study. (MP-ORP18-6/READ-
IRB/19/646).

Methodology

It was an analytical, cross-sectional study. The study
was conducted at the Department of Histopathology, AFIP,
and Rawalpindi. Non probability, convenience sampling
method was used to collect desired sample size.

Sample Collection

The sample size was 39 cases of ameloblastoma which
were retrieved from the records file of Histopathology
Department of Armed Forces Institute of Pathology,
Rawalpindi, along with their formalin-fixed, paraffin
embedded blocks. This study was carried out over
a period of one year from June 2019 to June 2020. All
fresh cases of ameloblastoma diagnosed on H&E of
patients from all ages, groups and both genders were
included. All types and patterns of ameloblastomas
according to WHO classification 2017 [14] i.e. multicystic,
unicystic, peripheral and patterns including plexiform,
follicular, acanthomatous, granular and desmoplastic were
included in the study. All the specimen with poor fixation,
post-chemo radio therapy tissue samples and odontogenic
tumors other than ameloblastomas were excluded.

For every case, demographic and clinical details of the
patient were recorded in a data collection questionnaire
formulated from the histories presented with each case.
Consent was taken from all patients in a formulated
consent form. Tissue Blocks were trimmed and sliced
into small 5 microns sections with the help of a
microtome. They were then mounted on slides and
stained with routine haematoxylin and eosin followed by
immunohistochemical staining.
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Immunohistochemical Analysis

Diagnosis was made on H&E slides followed by
application of immunomarkers. Indirect method of IHC
was used. BRAF V600E Rabbit monoclonal antibody
(Clone: RMS8 Catalogue no BSB 2829 Isotype: IgQG)
and EGFR mouse monoclonal antibody (Clone: 31G7,
catalogue no: 5473 Isotype: IgG1) were used following
their standard protocol of application. Controls were run
with each batch for the IHC markers. The microscopic
results along with the Immunohistochemical results were
conversed and verified by the consultant histopathologist.

Staining evaluation

Staining pattern for BRAF V600E was found in
nucleus, cytoplasm and cell membrane whereas for EGFR
it was found to be cytoplasmic and membranous. Figure 1
(A & B). Expression of EGFR showing membranous
positivity at different powers in plexiform ameloblastoma.
(C & D). Expression of BRAF showing cytoplasmic
positivity in cells of follicular ameloblastoma at high
power.

Statistical Data Analysis

All the data was collected in the form of qualitative
and quantitative variables. The analysis was done in SPSS
software version 24.0 with a p-value taken as < 0.05.
Quantitative variables like gender, site, subtype, patterns
and expression of IHC markers were calculated in
frequencies and percentages while mean and standard
deviations were taken for qualitative variables such as
age. The test of significance (Chi square test) gave the
significance of association between variables.

Results

Total number of cases collected were 39. There were
19 (48.7%) male and 20 (51.3%) female patients which
corresponded to a male: female ratio of about 1:1.05.

Overall mandible was involved in 32 (82%) of the
cases followed by maxilla in 6 (15.4 %) of the cases
and 1 case (2.6%) in nose was seen. Mandible remained
the affected site in case of all plexiform ameloblastoma
(48.7%) followed by acanthomatous ameloblastoma
(17.9%).

The overall mean age of the patients at which they
presented was 39.97 £ 15.505 (mean + SD) with the
youngest of 12 years and the oldest of 65 years (Table 1).

19 cases showed plexiform pattern, 11 acanthomatous,
5 follicular, 2 cases were of granular ameloblastoma and
2 cases were of desmoplastic ameloblastoma. Mandible
was involved in 32 (82%) of the cases followed by maxilla
in 6 (15.4 %) of the cases.

23 (58.9%) cases of solid/multicystic ameloblastoma
were found in mandible, 8 (20.5%) unicystic
ameloblastoma cases were seen in mandible and only
1 (2.5 %) case of peripheral ameloblastoma was seen in
mandible. In maxilla all cases were of multicystic/solid
type (15.3 % of total sample size).

Pattern of two immune markers i.e. BRAF V600E
and EGFR was then analyzed in these cases (Table 2).

Table 1. Clinicopathological Feature of Cohort of
Ameloblastoma

Clinicopathological features N %
Gender
Male 19 48.7
Female 20 51.3
Age years
<50 28 72
>51 11 28
Location in jaw
Mandible 32 82
Maxilla 6 15
Other 1 3
Histologic Variant
Plexiform 19 48
Acanthomatous 11 27
Follicular 5 13
Granular 2 6
Desmoplastic
Histologic sub-type
Multicystic 30 76
Unicystic 8 21
Peripheral 1 3
BRAF V600E THC
Positive 25 64
Negative 14 35
EGFR IHC
Positive 29 74
Negative 10 25

64% cases showed positive expression of BRAF
V600E. A significant correlation was found between
patterns of ameloblastoma and BRAF V600E expression.

17/30 (56.6%) conventional/multicystic solid type
showed positive expression of BRAF V600E. 7/8
(87.5%) cases of unicystic ameloblastoma showed
positive expression of BRAF V600E. 1/1 (100%) case of
peripheral ameloblastoma showed positive expression of
BRAF V600E.

All 6 (100%) cases in maxilla showed BRAF V600E
negativity. 25 (78.1%) mandibular ameloblastoma
showed positive expression of BRAF V600E. A statistical
correlation was seen between site of tumor and BRAF
V600E expression with a p-value of 0.01.

27 (69.2%) cases showed positive expression of EGFR.
Chi square test was applied to compare the expression of
EGFR with histological sub-types. P-value of <0.05 was
considered as significant.

Among a total of 19 plexiform ameloblastomas,
11 (57.8%) showed positive expression of EGFR.
All 5 (100%) follicular ameloblastoma showed positive
expression of EGFR.

The statistical estimates and expression of EGFR with
respect to tumor site was not significant.

No correlation was found between the expression of
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Table 2. Represents BRAF V600E Expression and EGFR Expression with Respect to Histologic Pattern and Histologic
Subtypes of Ameloblastoma Respectively along with their Expression According to Sites

Histologic patterns of Ameloblastoma (n) Total Site of Tumor (n)
Plexiform  Follicular ~ Acanthomatous Granular Desmoplastic Mandible Maxilla
IHC BRAF V600E Positive 19 3 2 0 1 25 25 0
Negative 0 2 9 2 1 14 7 6
Total 19 5 11 2 2 39 32 6
Histologic subtypes of Ameloblastoma
Conventional/Multicystic Peripheral Unicystic Total Mandible Maxilla
IHC EGFR Expression  Positive 27 0 2 29 23 5
Negative 3 1 6 10 9 1
Total 30 1 8 39 32 6

Figure 1 (A & B). Expression of EGFR Showing
Membranous Positivity at Different Powers in Plexiform
Ameloblastoma. (C & D). Expression of BRAF
showing cytoplasmic positivity in cells of follicular
ameloblastoma at high power.

EGFR and BRAF V600E and with gender and age of
patient.

Discussion

Ameloblastoma is one of the common tumors
among the group of odontogenic tumors. It is generally
considered benign in nature. Recent studies have shown
that ameloblastoma can often present as a cancerous
tumor that has the ability to invade locally [31]. To date,
the exact pathogenesis of ameloblastoma is not known.
Many studies regard genetics as well as hereditary changes
as the cause of tumor development [3, 32].

In this study, the basic clinicopathological features
were similar to other such studies. A mean age of 39.97
+ 15.505 was reported as the age of presentation of
ameloblastoma which has been confirmed by recent
studies where incidence of ameloblastoma was in 3™ - 4%
decade [3, 33]. There was no gender predilection [5],
[3] (Hendra). The most common pathological pattern

of ameloblastoma was plexiform type (48.7%) contrary
to other literature work such as done by Gonzalez et al
study where follicular type was the predominated type
(40%) [22]. This study concluded that most common
site for ameloblastoma was mandible (82.1 %) which
was relevant to previous studies [3, 4, 34-36]. Other
pathological features such as most common sub-type was
the conventional multicystic type which was consistent
with other studies that showed a prevalence of 56% [33]
and 67.7% [35].

It was interesting to note that most of the BRAF
V600E and EGFR positive cases were seen in patients
less than 50 years of age. Age could be predisposed
as a strong, independent and continuous factor in
diagnosis of ameloblastoma. This difference could be
attributed to genetic, hereditary or ethnic variabilities.
Immunoexpression of BRAF V600E was positive in
64% of cases in this study. Previously Oh et al reported
a BRAF V600E positivity of 62.4%, [27] while Fregnani
et al confirmed a positivity of 46.6%. The increased
expression in Pakistani population could be due to
racial and genetic factors. This expression was seen in
cytoplasm of peripheral palisading cells as well as loosely
arranged central cells [24]. This study confirmed BRAF
V600E positivity in subtypes such as acanthomatous
and desmoplastic type which contradicts the study done
by Kelppe et al [37]. Kelppe et al confirmed a negative
expression in these two subtypes.

Presence of these two mutations i.e. BRAF V600E
and EGFR has often been coincided with each other.
[18]. Positive EGFR expression in 74.4 % cases in
this study showed the presence of EGFR mutation in
MAPK pathway and its critical role in pathogenesis of
ameloblastoma. Two recent studies have shown 88%
EGFR positivity in cases of ameloblastoma [26, 38]
and some studies showed 100% EGFR positivity [8].
An interesting correlation was found between expression
of EGFR and types of ameloblastoma with p value of 0.01.
No such association were reported in studies done by costa
et al and Sanjai et al [26, 38]. Some of the sub-types are
therefore predisposed to EGFR mutations.

Positivity of BRAF V600E had a significant correlation
with patterns of ameloblastoma consistent with the
study done by Shirsat et al that showed a statistically
significant association among patterns of ameloblastoma
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and BRAF V600E immunoexpression [39]. A correlation
between site of tumor and BRAF V600E expression
depicted positive expression in tumors of mandible.
Canto et al reported various significant correlations
between different variables and BRAF V600E expression
including mandibular location (p =0.0353) and tumor size
(P=0.008) [40]. Similar to our results, Oh et al reported
no correlation with variables like age and gender [27].

Positive expression of these markers in various
patterns, subtypes and age is useful in further studies
regarding diagnosis and pathogenesis of ameloblastoma
which is prevalent in south-Asian population. Studies have
been done in United states, Europe and Africa that have
shown presence of MAPK mutations in ameloblastoma.
Lack of data about Pakistani and south Asian population
is a limiting factor in the use of inhibitor therapy for
MAPK mutations. Morlandt et al demonstrated the
use of anti-EGFR therapy for the EGFR positive
ameloblastoma. A study done by Kurppa et al. showed
significance of EGFR-targeted therapy [13, 41]. The cases
of ameloblastoma in which anti EGFR therapy was not
effective lead to the discovery of a subset of ameloblastoma
which was treated by anti BRAF V600E targeted therapies.
Gonzalez et al also reported four case reports with targeted
therapy to BRAF V600E [22]. Keeping genetic differences
among ethnicities into consideration, use of immune
markers as a treatment modality can be studied further to
find out the utility of anti BRAF and anti EGFR therapies
[20]. However, the small sample size in this study could
be a limiting factor in this study and further verifications
can be done with a bigger sample size.

In conclusion, it was concluded that there is a positive
expression of BRAF V600E and EGFR in ameloblastoma
occurring in the jaws. A correlation was found between
EGFR and histologic sub-types of ameloblastoma.
There was no correlation of BRAF V600E and EGFR
expression with gender and age of the patient. The positive
expression of BRAF V600E and EGFR in ameloblastoma
tumor cells may help in treatment protocols and reduce
the irreversible post-surgical consequences.
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