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Abstract

Background: Lesions arising from odontogenic tissues cover a wide spectrum, from simple cysts to
benign tumors and even carcinomas. Unicystic ameloblastoma (UA), multicystic ameloblastoma
(MA), and ameloblastic carcinoma (AC) are relatively common among these odontogenic
lesions. Nevertheless, the exact origin of these lesions remains unclear. It is noteworthy that
BRCA1/2 mutations have been identified as potential contributing factors to the onset of various
cancers. The aim of the current study was to scrutinize the BRCA1/2 expression profiles in UA,
MA, and AC samples.

Methods: Biopsy specimens were collected from 60 patients, with 20 samples representing each
lesion, sourced from the pathology department archive of a teaching hospital from 2000 to
2019. Immunohistochemical staining was conducted on all biopsy samples. Statistical analyses
were performed using the Kruskal-Wallis H test. The differences in the data were compared with
Mann- Whitney U test, and P<0.05 was considered to be significant.

Results: The Kruskal-Wallis test results revealed significant differences between the examined
samples in terms of the cytoplasmic expression level of the BRCAT basal cells (P<0.001).
Regarding the cytoplasmic expression of BRCAT stellate reticulum-like cells, there was a
statistically significant difference between the examined groups (P<0.001). Furthermore, the
results of the Kruskal-Wallis test demonstrated a significant difference concerning the cytoplasmic
expression levels of BRCA2 basal cells between the studied groups (P<0.003). Based on the
Kruskal-Wallis results, significant differences were found in terms of the cytoplasmic expression
level of BRCA2 stellate reticulum-like cells between the investigated samples (P<0.001). The
Mann-Whitney U test compared differences between the two examined groups.

Conclusion: The findings mainly revealed the expression of BRCA1/2 at the invasive front, which
is composed of the most aggressive cells. Molecular interactions in this area may affect tumor
progression. BRCA1/2 mutations can be a promising future treatment option for ameloblastoma
and related lesions.
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Background

odontogenic tumors. It may arise de novo or result from

Lesions originating from odontogenic tissues encompass
a diverse spectrum, ranging from simple cysts to
benign tumors and even carcinomas (1). Unicystic
ameloblastoma (UA) is characterized by slow growth
and local aggressiveness, constituting 5%-15% of all
ameloblastomas. Multicystic ameloblastoma (MA) is a
benign yet locally aggressive odontogenic neoplasm with
a high recurrence rate, comprising about 1-3% of all jaw
tumors and cysts. Ameloblastic carcinoma (AC), the
malignant variant of MA, is rare, constituting 2% of all

the malignant transformation of a long-standing MA,
often with a history of multiple surgical procedures. AC
carries a poor prognosis and a tendency to metastasize.
Histologically, AC resembles MA but exhibits cytologic
features of malignancy, such as cellular atypia and
nuclear hyperchromatism (2). The etiology of MA is not
entirely clear, but some studies suggest that mutations
or molecular alterations play a significant role in its
development; however, the precise sequence of events
remains unknown.
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BRCA1/2 genes, pivotal tumor suppressor genes, play
a crucial role in DNA repair mechanisms. Mutations in
BRCA1/2 are implicated in the onset of various cancers,
including breast and ovarian cancers, with documented
occurrences in 45-80% and 18-40% of breast and ovarian
cancer patients, respectively (3,4). In prostate cancer,
BRCA1/2 mutations are linked to more aggressive tumor
types and an elevated risk of nodal and distant metastasis
(5). Previous studies on oral squamous cell carcinoma and
salivary gland tumors have demonstrated an increased
expression level of BRCA1/2 in tissue samples (6-8).

The interaction between nuclear and BRCA1/2 proteins
has been elucidated, showcasing the effectiveness of
poly(ADP-ribose) polymerase inhibitors against tumors
harboring BRCA1 and BRCA2 mutations (9). Currently,
the predominant approach to ameloblastoma treatment is
surgical resection, a method fraught with a considerable
risk of recurrence (10).

Recognizing potential BRCA1/2 mutations associated
with cases of ameloblastoma and related lesions
could pave the way for novel treatment strategies.
Immunohistochemistry, an accessible and cost-
effective technique, is employed to determine the
immunolocalization of BRCA1/2 proteins in various
cancers, including salivary gland tumors, oral cancer,
and ovarian cancer. Additionally, immunohistochemistry
serves as a prognostic biomarker for these cancers (6). A
deeper understanding of the implicated pathways holds
the potential to unveil innovative therapeutic strategies in
the management of these odontogenic lesions.

Materials and Methods

Samples

Biopsy specimens from 60 patients (20 samples for each
lesion) were obtained from the archive of the Pathology
Department of Taleghani Educational Hospital,
Tehran, Iran, from 2000 to 2020. Hematoxylin and
eosin (H&E) staining confirmed the previous diagnosis.
The institutional review board approval number was
9703011051.

Immunohistochemical Staining

In summary, paraffin blocks were cut into 4 pum
thick sections. These sections were then subjected to
deparaffinization and dehydration using graded alcohol.
Antigen retrieval was performed in citrate buffer (pH=6).
To inhibit endogenous peroxidase activity, a Leica
detection kit was utilized, followed by incubation with
the primary mouse monoclonal anti-BRCA1 antibody
(ab16780; Abcam, UK) at a 1:90 dilution and the primary
rabbit polyclonal anti-BRCA2 antibody (ab216972;
Abcam, UK) at a 1:80 dilution for 1 hour at room
temperature.

Subsequent to primary antibody incubation, the
sections were treated with a secondary antibody for 30
minutes. All sections were then immunostained with 3,
3’-diaminobenzidine for 5 minutes as a chromogen, with
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hematoxylin serving as a counterstain. Breast carcinoma
tissue was utilized as a positive control. The primary
antibody was omitted for negative control sections
(11,12).

Detection and Scoring
Two independent pathologists reviewed the stained
histological tissue sections. Cytoplasmic and nuclear
staining were considered positive immunoreactivity
for BRCA1/2. According to the manufacturer,
immunopositivity was localized at the sites of DNA
damage during double-strand breaks and recruitment to
DNA damage. A semi-quantitative scoring system was
used for the percentage of positively stained tumor cells,
as follows:

Occasional staining rates of < 10%, 10%-40%, 40%-70%,
and >70% were considered negative, weak, moderate, and
strong, respectively (8,13).

Statistical Analysis

The statistical analysis was performed using the SPSS
static software package, version 20. The Kruskal-Wallis
H test was used to determine if there was any statistically
significant difference between the means of the groups.
The differences in the means were compared with the
Mann-Whitney U test, and a P value < 0.05 was considered
to be significant.

Results

The Kruskal-Wallis test revealed significant differences
between the examined samples in terms of the cytoplasmic
and nuclear expression levels of the BRCAI basal cells
(P<0.001 and P<0.001, respectively). Regarding the
cytoplasmic and nuclear expression levels of BRCALl
stellate reticulum-like cells, there were statistically
significant differences between the studied groups
(P<0.001 and P<0.001, respectively). Furthermore, the
Kruskal-Wallis test results demonstrated significant
differences concerning the cytoplasmic and nuclear
expression levels of the BRCA2 basal cells between the
intended groups (P<0.003 and P<0.005, respectively).
Likewise, the results of the Kruskal-Wallis test showed
significant differences in terms of the cytoplasmic and
nuclear expression levels of BRCA2 stellate reticulum-
like cells between the investigated samples (P<0.001,
P<0.001, respectively). The Mann-Whitney U test
compared differences between the two examined groups.
The results of the BRCA1/2 staining in different types of
lesions and cells are summarized in Tables 1 and 2. In
addition, Figure 1 shows the subcellular localization of
BRCA1/2 in different layers of the examined lesions.

Discussion

BRCA1/2 mutations, known for their role in certain
cancers, present an intriguing avenue of exploration.
For example, women carrying BRCAI/2 mutations
face a heightened risk of breast and ovarian cancers
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Table 1. The Expression Profile of BRCA1/2 in Unicystic Ameloblastoma,
Multicystic Ameloblastoma, and Ameloblastic Carcinoma Using the Kruskal-

Table 1. Continued.

Wallis Test Variable UA MA AC P value
; BRCA2 (nucleus of stellate reticulum-like cells) 0.001 *
Variable UA MA AC P value
Mean +SD 13+2 6+5 5+7
BRCAT (cytoplasm of basal cells) 0.001" y
Mean =SD 18+1 191 11+7 Negative 0(0%)  6B30%)  (5eq,
Negative 00%) 0% 4 (20%) Weak 4(20%) 8 (40%) 4 (20%)
Weak 0 (Oo/o) 0 (Oo/o) 5 (250/0) Moderate 16 (800/0) 6 (300/0) 3 (1 50/0)
Moderate 3(15%) 3 (15%) 5 (25%) Strong 0 0%) (0%) 2 (10%)
Strong 17 (85%) 17 (85%) 6 (30%) Note. UA: AUnicys‘tiC ameloblastoma; MA: Mglticyﬁtic ameloblastoma; AC:
Ameloblastic carcinoma; SD: Standard devation. "P<0.05.
BRCAT (nucleus of basal cells) 0.001"
Mean £SD 191 13 0+1 Table 2. The Comparison of Means Between Two Groups Using Mann-
18 Whitney U Test
Negative 00%) 1575%)  go0. .
T‘/Pelf’f Antibody and Subcellular ) 14 MA  UA and AC MA and AC
Weak 0(0%) 5(25%) 2(10%) Localization
Moderate 2010%)  0(0%) 0 (0%) BRCAT (cytoplasm of basal cells) ~ P<0.001 P<0.001  P<0.001
BRCA1(nucleus of basal cells) P<0.001 P<0.001 P<0.001
Strong 18(85%) 0(0%) 0 (0%)
BRCAT1 (cytoplasm of stellate
BRCAT (cytoplasm of stellate reticulum-like cells) 0.015° reticulum-like cells) P<0.001 P<0.001  P<0.001
Mean =SD 182 16+2 162
ean= * - * BRCAT (nucleus of stellate P<0.001  P<0.001  P<0.001
. reticulum-like cells)
Negative 0 (0%) 0(0%)  0(0%)
BRCA2 (cytoplasm of basal cells) ~ P<0.032 P<0.001 P<0.001
Weak 0(0%) 0(0%) 0 (0%)
13 BRCA2 (nucleus of basal cells) P<0.033  P<0.002  P<0.001
Moderate 4(20%) 9 (45%) .
(65%) fefsﬁfu;:ﬁﬁizlzzws)of stellate P<0.001  P<0.001  P<0.001
Strong 16 (80%) 11 (55%) 7 (35%)
o BRCA2 (nucleus of stellate
BRCAT1 (nucleus of stellate reticulum-like cells) LUl reticulum-like cells) P<0.001 P<0.001  P<0.001
Mean=SD 1941 223 1248 Note. UA: _Umcys_nc ameloblastoma; MA: Multicystic ameloblastoma; AC:
Ameloblastic carcinoma.
Negative 0 14 (70%) 5 (25%)
Weak 0 660%W  © (14). In addition, germhne' mutat.1f)ns in BRCA] and
. BRCA2 have been observed in familial pancreatic ductal
Moderate 2(10%) 0(0%) 7 (35% . . L
(10%) (%) 7 35%) adenocarcinoma (15). A prior study has indicated that
Strong 18 (90%) 0 (0%) 8 (40%) BRCAI mutations seem to be more frequent than BRCA2
BRCA2 (cytoplasm of basal cells) 0.005 * mutations (7).
Mean+SD 647 1146 343 Ameloblastoma emerges as the most common benign
Negative 7 (35%) 4(20%) 8 (40%) 0dont0gen¥c tumor, notorious for 1t§ elevated recurren.ce
1 rate (reaching up to 50%) and a variable but present risk
Weak 7(35%)  525%) oy of malignant transformation. Unraveling the molecular
Moderate 3(15%) 7 (35%) 0 (0%) events and implicated genes in MA has the potential to
Strong 3(15%) 4(20%) 0 (0%) mltl'gate recurrence rajces and decrease the likelihood of
malignant transformations (16).
BRCA2 (nucleus of basal cells) 0.001° . ..
In the current study, strong immunoreactivity for
Mean £5D 827 3%5  1x2 BRCA1/2 was mainly found in UAs compared to MAs
Negative 7(35%) 14 (70%) (7‘550/) and ACs (Table 1). These results may indicate that
DNA damage is involved in the development of UA and
Weak 5(25%) 2 (10%) 5 (25%) . . .
may contribute to tumor progression and malignant
Moderate 3(15%)  4(20%)  0(0%) transformation. It was previously proposed that DNA
Strong 5(25%) 0(0%) 0 (0%) damage is involved in the development of MAs (17). Of
BRCA2 (cytoplasm of stellate reticulum-like cells) 0.001 " importance, BRCA1 and BRCA2 modulate the activity
Mean 5D 1822 945 g7 of some t'ranscrlptlo.n regulators, such as p53 and Smad3
(18). A high expression level of p53 and Smad3 has been
Negative 0 (0%) 0(0%)  6(5%) . . .
investigated in MAs (19, 20). It has been proposed that
Weak 00%) 14 (70%) 7 (45%) loss or inactivation of tumor suppressor genes contributes
Moderate 5(30%) 3 (15%) 3 (15%) to acquiring neoplastic growth and more aggressive types
Strong 15(70%) 3 (15%) 4 (20%) of tumors (21).
Different genes are involved in the development of
142 | Avicenna ] Dent Res, 2024, Volume 16, Issue 3
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Figure 1. (a) High magnification showing strong BRCA1 positivity in unicystic ameloblastoma, (b) Paraffin section of multicystic ameloblastoma illustrating strong
cytoplasmic and nuclear positivity for BRCAT in the basal layer and stellate reticulum-like cells, (c) High power section of ameloblastic carcinoma demonstrating
strong positive products of BRCA1 localized in the cytoplasm and nucleus of ameloblastic epithelium (x400), (d) Histologic section of multicystic ameloblastoma
displaying cytoplasmic and nuclear BRCAT labeling in the small islands and stromal cells, (e) High-power magnification of unicystic ameloblastoma exhibiting
strong cytoplasmic and nuclear BRCA2 immunoreactivity, (f) The high-power magnification view of multicystic ameloblastoma showing strong immunolocalization
of BRCA2 in the cytoplasm of basal layer cells and stellate reticulum-like cells, and (g) High magnification of ameloblastic carcinoma indicating strong BRCA2
immunoreactivity in the cytoplasm and nuclei of stellate-reticulum-like cells. Note. (@) Cytoplasmic and nuclear staining are evident in the cystic epithelial
lining and stromal cells in the cyst wall (x400). (b) The yellow arrow indicates the BRCA1 positivity in stromal cells (x400). (d) Note that endothelial cells also
demonstrate BRCA1 immunopositivity (x400). (e) A few stromal cells are stained as well (x400). (f) Some nuclei also exhibit BRCA2 immunostaining. The red

arrow represents BRCA2 positivity in stromal cells (x400). (g) Strong cytoplasmic and nuclear staining of basal layer cells are also evident (x400).

odontogenic lesions. Some genetic and molecular factors
playacriticalroleintheetiopathogenesisofameloblastoma.
These factors, including sonic hedgehog and WNT/B-
catenin signaling pathways, promote the transformation
of the odontogenic epithelium into ameloblastoma. It is
hypothesized that the development of ameloblastoma is
linked to the enamel organ, remnants of the odontogenic
epithelium, and the lining of the odontogenic cysts (22).
This hypothesis is supported by the similar expression
profiles of cytokeratin and vimentin in the developing
tooth germ and ameloblastoma (23). In addition,
molecular biological studies have demonstrated that gene
mutations play an important role in the pathogenesis of
ameloblastoma (24-26). For example, the BRAF V600E
mutation has been reported in 83% of UAs, 82% of Mas,
and 38% of ACs (27). Further, in a study on 84 cases of
mandibular ameloblastoma, BRAF V600E positivity was
documented in 78.6% of cases. The authors suggested
BRAF inhibitors as potential therapeutic strategies for the
treatment of ameloblastoma (28). A previously published
paper has indicated higher rates of allelic loss of L-myc
and pten genes in UA samples compared to MAs and
ACs (29). The smoothened mutation is also common in
ameloblastoma (30). A germline mutation of the PTCH
gene has also been reported in UA and MA samples (31).
Epithelial-mesenchymal transition (EMT) has an essential
role in tumor cell migration and invasion. Tumor cells
undergoing EMT can acquire stem cell-like features. The
BRCA1 mutation activates the EMT phenomenon and

induces the dedifferentiation of stem cells in mammary
tumor cells; therefore, it promotes cancer cell migration
and invasion (32). The BRCAI mutation, known for
its influence on the EMT phenomenon, induces the
dedifferentiation of stem cells in mammary tumor cells,
thereby promoting cancer cell migration and invasion.
This phenomenon has also been investigated in the
context of ameloblastoma, revealing the potential role
of EMT in tumor growth and bone destruction (33).
A prior study has shown that loss of BRCA1 in breast
epithelial cells may affect the tumor microenvironment,
which successively promotes tumor growth and the
metastatic potential of BRCA1-deficient tumor cells (34)
The contribution of stromal cells, including fibroblasts,
in the pathogenesis of ameloblastoma by forming a
specific microenvironment has been reported in previous
research (24). In addition, a published research paper
has demonstrated widespread expression of dental
epithelial stem cell markers in ameloblastoma samples.
The researchers concluded that these cells could be
cancer stem cells (35). A former study indicated higher
expression levels of NOTCH2 and NOTCH3 at the
interface between the ameloblastoma epithelium and
adjacent stroma, which may indicate the acquisition of
an invasive phenotype (36). Detailed research has shown
immunopositivity for cancer stem cell markers and Ki-67,
a cell proliferation marker, in the peripheral columnar
epithelium of MAs. The location of these peripheral cells
at the invasive front suggests their role in maintaining
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tumor growth. Interestingly, Ki67 expression in MAs
was primarily in basal and supra-basal cells, while in
ACs, it was observed in basal and central cells, with a
higher expression level in ACs compared to MAs (37).
In the present study, BRCA1/2 immunoreactivity was
identified in various cells, including peripheral columnar
cells (invasive front), stellate reticulum-like cells, stromal
cells such as fibroblasts across all samples, especially
at the interface, and endothelial cells (Figure 1). These
findings suggest a potential association between BRCA1/2
mutations, EMT activity, activation of cancer stem cells,
and stromal involvement in the development of cystic
lesions, tumor progress, and malignant transformation.
Consequently, BRCA1/2 mutations heighten the risk of
invasiveness in tumor cells.

Conclusion

Inrecent times, several studies have significantly enhanced
our comprehension of the molecular pathogenesis
underlying ameloblastoma. The majority of cases exhibit
mutations affecting various genes, and the identification of
these mutations has the potential to predict the biological
behavior of ameloblastoma. Notably, certain mutations,
such as the BRAF V600E mutation, can serve as valuable
diagnostic markers. In the present study, a higher
expression level of BRCA1/2 was observed at the invasive
front, where the most aggressive cells are concentrated.
These findings may suggest that peripheral and stromal
cells could serve as potential prognostic factors for tumor
aggressiveness. Moreover, BRCA1/2 mutations present a
promising avenue for prospective treatment options for
ameloblastoma and related lesions. The identification of
patients with BRCA1/2 mutations becomes paramount,
highlighting a crucial aspect of treatment planning with
substantial implications for therapeutic strategies. More
investigation with more samples is required to study
the role of the BRCA1/2 mutation in the development
of ameloblastoma and malignant transformation. In
addition, more details should be understood about the
pathways involved in odontogenic lesion development.
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