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Abstract 
Background: The etiology and pathogenesis of odontogenic lesions remain to 
be determined. Previous studies have identified epigenetic and genetic altera-
tions that may be relevant to lesions progression and development. Hyper-
methylation of the Ras association domain family protein 1A (RASSF1A) has 
been observed in a variety of human cancers. However, the methylation status 
of RASSF1A in odontogenic lesions remains unknown. Thus, the aim of this 
study was to investigate the prevalence of RASSFA promoter hypermethyla-
tion and v-raf murine sarcoma viral oncogene homolog B V600E mutant 
(BRAF V600E) expression as well as the correlations between these altera-
tions and clinicopathological features of patients with odontogenic lesions. 
Methods: We subjected 66 formalin-fixed, paraffin-embedded odontogenic 
lesions [ameloblastoma (AM), 21; ameloblastic carcinoma (AC), 6; odonto-
genic keratocyst (OKC), 19; and dentigerous cyst (DC), 20] to methyla-
tion-specific polymerase chain reaction to determine RASSF1A hypermethy-
lation and immunohistochemistry to detect BRAF V600E protein expression. 
Results: We observed RASSF1A hypermethylation in 20% (4/20; methylation 
could not be detected in one lesion), 100% (6/6), 26.3% (5/19), and 5% (1/20) 
of AM, AC, OKC, and DC samples, respectively. RASSF1A methylation was 
significantly more frequently observed in AC relative to AM, OKC, and DC 
(p < 0.001). Moreover, 85.7% (18/21) and 83.3% (5/6) AM and AC samples, 
respectively, were BRAF V600E-positive, whereas all OKC and DC sample 
were BRAF V600E-negative. No correlations of RASSF1A methylation and 
BRAF V600E expression with clinicopathological features were observed. Con-
clusions: Concomitant RASSF1A methylation and positive BRAF V600E ex-
pression are commonly observed in AC, which may contribute to AC tumo-
rigenesis. 
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1. Introduction 

Odontogenic tumors and cysts are a heterogeneous group of diseases derived 
from the cells of the tooth forming apparatus and their remnants [1] [2]. Ame-
loblastoma (AM) is among the most common benign odontogenic tumors and is 
clinically characterized by features such as slow infiltrative growth mainly in-
volving the mandible, an asymptomatic presentation, and high recurrence rate 
when treated with conservative surgery [2] [3]. In contrast, ameloblastic carci-
noma (AC) is a rare malignant odontogenic tumor. It combines the histological 
features of AM with malignant cytologic features such as cellular pleomorphism, 
mitotic activity, and nuclear hyperchromatism. AC may cause extensive local 
destruction of the jawbone as well as lung metastasis in approximately a third of 
patients [2] [4]. Odontogenic keratocysts (OKCs) and dentigerous cysts (DCs) 
are common developmental odontogenic cysts. DCs arise from the crowns of 
impacted or unerupted teeth and are usually slow growing and asymptomatic 
[5]. In contrast, OKC has a unique presentation characterized by locally aggres-
sive behavior and tendency to recur in cases of incomplete resection or in the 
presence of daughter cysts [2] [6]. 

Ras association domain family 1 isoform A (RASSF1A) is an important tumor 
suppressor gene located in the 3p21.3 region of the human genome [7]. RASSF1A 
has been implicated in the RAS signaling pathway and is involved in various bi-
ological events, such as cell cycle arrest and apoptosis, and may also reduce tu-
morigenicity in cancer cell lines [8]. Extensive investigations have revealed that 
RASSF1A is frequently hypermethylated in several tumor types, such as small 
cell lung cancer, breast cancer, prostate cancer (~88% - 99% of samples), but is 
less frequently methylated in oral squamous cell carcinoma and ovarian cancer 
(~22% - 40% and 26% - 30% of samples, respectively) [8] [9]. 

BRAF is a member of the rapidly accelerated fibrosarcoma (RAF) family of se-
rine/threonine kinases [10]. Specifically, this kinase activates the RAF/MEK/ERK 
cascade to induce cell cycle progression and cell growth [11] [12]. BRAF is com-
monly mutated in a variety of human cancers [10]. The most frequent mutation 
is a missense thymine to adenine transversion in exon 15, resulting in amino ac-
id change in BRAF protein at codon 600 from valine (V) to glutamic acid (E) 
(V600E) [12]. BRAF V600E mutations have been reported in various tumors, 
such as malignant melanomas, thyroid papillary carcinomas, and right-sided co-
lorectal cancers [10] [12]. 

Currently, the etiology and pathogenesis of odontogenic lesions remain un-
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clear [13], although previous studies have reported various transcriptional changes 
and genetic alterations relevant to lesion progression and development [14] [15] 
[16]. In AM, for example, BRAFV600E mutation has been detected in 62% - 83% 
of both multicystic and unicystic cases [17], and strong agreement was observed 
between immunohistochemical analyses of BRAF V600E and the molecular de-
tection of BRAFV600E mutation [18]. BRAF V600E expression has been de-
tected in 46% - 89% of cases of mandibular AM [19] [20] [21] [22]. However, the 
potential correlations between BRAF V600E expression and clinical variables in 
AM remain controversial. In 2017, Fregnani et al. reported a significant associa-
tion between positive BRAF V600E expression and recurrent AM, whereas other 
studies found no such correlation [19] [20] [21] [22]. Similarly, the frequency of 
BRAFV600E mutation in OKC remains uncertain [23] [24]. 

To date, a few published studies have explored epigenetic alterations in odon-
togenic lesions [25] [26] [27] [28]. To our knowledge, however, no information 
is available regarding the RASSF1A methylation statuses of these lesions and the 
corresponding associations with clinical variables. This study aimed to assess the 
frequency of RASSF1A promoter methylation and BRAF V600E immunohisto-
chemical expression in various types of odontogenic lesions (AM, AC, OKC, and 
DC) and to explore potential correlations between these changes and clinicopa-
thological variables. Potentially, the study findings could provide a better under-
standing about the roles of RASSF1A and BRAFin the development of odonto-
genic lesions.  

2. Material and Methods 
2.1. Sample Collection and Histological Evaluation 

This study was approved by the research ethics committee of Kyushu Dental 
University, Kitakyushu, Fukuoka, Japan (reference number: 17 - 50). We in-
cluded a total of 66 odontogenic lesions (AM, 21; AC, 6; OKC, 19; DC, 20) in 
this study. All samples were formalin-fixed/paraffin-embedded (FFPE) biopsy 
and/or resection specimens retrieved from the Division of Oral Pathology at 
Kyushu Dental University from January 2009 to June 2018. Two oral patholo-
gists (NY and KM) confirmed the histopathological diagnoses based on the 
World Health Organization classification of odontogenic cysts and tumors [2]. 
We based conclusive diagnoses of AC samples on malignant morphological fea-
tures and a Ki-67 proliferation index > 10% [29]. The clinicopathological cha-
racteristics of all samples are summarized in Table 1. 

2.2. DNA Extraction, Bisulfite Modification, and  
Methylation-Specific Polymerase Chain Reaction (MS-PCR) 

We extracted genomic DNA from all 66 FFPE odontogenic lesions using the 
QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. Next, we modified 20 µl of DNA with sodium bisulfite to 
convert unmethylated cytosines to uracil while preserving methylated cytosines, 
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Table 1. Clinicopathological characteristics of the odontogenic lesions included in the 
study (N = 66). 

Characteristics 
AM 

n (%) 
AC 

n (%) 
OKC 
n (%) 

DC 
n (%) 

Samples 21 (100) 6 (100) 19 (100) 20 (100) 

Sex 
    

Male 11 (52.4) 2 (33.3) 8 (42.1) 14 (70) 

Female 10 (47.6) 4 (66.7) 11 (57.9) 6 (30) 

Age, years 
    

≤50 14 (66.7) 2 (33.3) 9 (47.4) 15 (75) 

>50 7 (33.3) 4 (66.7) 10 (52.6) 5 (25) 

Mean ± SD 46.2 ± 22.22 55.3 ± 14.62 51.9 ± 21.60 42.2 ± 11.41 

Location 
    

Maxilla 0 (0) 0 (0) 4 (21.1) 6 (30) 

Mandible 21 (100) 6 (100) 15 (78.9) 14 (70) 

Histological subtype 
    

Follicular 13 (61.9) 4 (66.7) N/A N/A 

Plexiform 8 (38.1) 2 (33.3) N/A N/A 

Histology 
    

Daughter cyst present N/A N/A 9 (47.4) N/A 

No daughter cyst N/A N/A 10 (52.6) N/A 

Status 
    

Primary 15 (71.4) 2 (33.3) 16 (84.2) 20 (100) 

Recurrent 6 (28.6) 4 (66.7) 3 (15.8) 0 (0) 

AM: Ameloblastoma; AC: Ameloblastic carcinoma; OKC: Odontogenic keratocyst; DC: Dentigerous cyst; 
N/A: Not available; SD: Standard deviation 

 
using the EZ DNA Methylation-GoldTM Kit (Zymo Research, Irvine, CA, USA) 
according to the manufacturer’s instructions. Bisulfite-converted DNA was eluted 
in a total volume of 12.5 µl and stored at –20˚C until use. 

We detected the methylation status of the RASSF1A promoter region using 
MS-PCR with specific primers, as described previously by Helmbold et al. [30]. 
The primers for methylated sequence (forward:  
5'-GTGTTAACGCGTTGCGTATC-3' and reverse:  
5'-AACCCCGCGAACTAAAAACGA-3') produced a 93-bp product, while the 
primers for unmethylated sequences (forward:  
5'-TTTGGTTGGAGTGTGTTAATGTG-3' and reverse:  
5'-CAAACCCCACAAACTAAAAACAA-3') produced a 105-bp product. The 
MS-PCR total reaction volume of 25 µl contained 200 ng of bisulfite-modified 
DNA (template), 12.5 µl of 2× MS-PCR buffer, 1.5 µl each of forward and re-
verse primers (15 pmol each), 0.25 µl of SYBR® Green I, 6.25 µl of distilled water, 
and 1 µl of MS-PCR enzyme (Takara Episcope MS-PCR Kit, Shiga, Japan). The 
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thermal cycling conditions were 95˚C for 10 min; 40 cycles at 94˚C for 30 s 
(Denaturation), 60˚C for 30 s (Annealing), and 72˚C for 30 s (Extension); and 
a final extension at 72˚C for 10 min. We used universal unmethylated and 
methylated DNA (Qiagen) as positive controls for unmethylated and methy-
lated genes, respectively. A reaction in which DNA was replaced by water was 
used as a negative control. We separated all PCR products on 2% Tris-borate 
EDTA agarose gels, stained with ethidium bromide, and evaluated them under 
ultraviolet light. 

2.3. Immunohistochemistry 

For immunohistochemical analysis, all FFPE odontogenic lesions were cut into 
4–μm sections, deparaffinized, rehydrated, and immersed in 3% hydrogen pe-
roxide solution to quench endogenous peroxidase activity. We then incubated 
the sections in 10 mM EDTA buffer (pH 8.0) for 40 min at 98˚C for antigen re-
trieval and treated them with normal horse serum for 20 min at room tempera-
ture to eliminate nonspecific binding. Next, we incubated the tissues at 4˚C 
overnight with a mouse monoclonal primary antibody of BRAF V600E (1:50, 
sc-5284, Santa Cruz Biotechnology, Inc., Dallas, TX, USA). After washing with 
PBS, we incubated the sections with a biotinylated secondary antibody (R.T.U. 
Vectastain Universal ABC kit, Vector Laboratories, Inc., Burlingame, CA, USA) 
for 30 minand rinsed them with PBS. Subsequently, we incubated the sections 
for 30 min with Vectastain ABC-reagent (R. T. U. Vectastain Universal ABC kit) 
and washed them in PBS. Finally, the samples were incubated in 3,3'-diamino- 
benzidine (DAB) solution for 3 minto visualize the immunolabeled proteins, 
counterstained with Mayer’s hematoxylin, dehydrated, and mounted. We used 
melanocytic nevi tissue as a positive control for BRAF V600E expression [31]. 
The presence of clear cytoplasmic BRAF V600E staining in the odontogenic ep-
ithelium was considered a positive immunostaining result. Faint diffuse staining 
and/or staining of monocytes, macrophages, and plasma cells was considered a 
negative result [17]. 

2.4. Statistical Analysis 

We examined differences in the RASSF1A methylation frequency and BRAF 
V600E immunohistochemical expression frequency between AM, AC, OKC, and 
DC using Fisher’s exact test. We also examined correlations of the RASSF1A 
methylation status and BRAF V600E immunohistochemical status with various 
clinicopathological characteristics of the samples using Fisher’s exact test. A p 
value of <0.05 was considered statistically significant. 

3. Results 
3.1. RASSF1A Methylation Statuses of Odontogenic Lesions and  

Associations with Clinicopathological Features 

To investigate the frequency of RASSF1A methylation in odontogenic lesions, 
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we analyzed the RASSF1A promoter methylation statuses of 21 AM, 6 AC, 19 
OKC, and 20 DC samples by MS-PCR. Notably, we detected partial methylation 
in 4/20 (20%; one sample could not be detected), 6/6 (100%), 5/19 (26.3%), and 
1/20 (5%) AM, AC, OKC, and DC samples, respectively. Notably, the frequency 
of RASSF1A methylationwas significantly higherin AC samples than in AM, 
OKC, and DC samples (p < 0.001), and significantly higher in OKC and AM 
samples than in DC samples (p < 0.001 and p = 0.004, respectively) (Table 2; 
Figure 1). 

RASSF1A hypermethylation in the odontogenic lesions did not correlate sig-
nificantly with patient sex or age (≤50 vs. >50 years) or with tumor status (pri-
mary/recurrent) or location (p > 0.05 for all). In AM and AC samples, RASSF1A 
promoter hypermethylation also did not correlate with histological subtype (fol-
licular/plexiform; p > 0.05). In OKC samples, no significant correlation was ob-
served between RASSF1A promoter hypermethylation and histology (daughter 
cyst present/absent; p > 0.05). Table 3 lists the results of the correlation analysis 
of RASSF1A methylation with clinicopathological features in AM samples (data 
not shown for AC, OKC, and DC samples). 
 

 
The RASSF1A promoter methylation statuses in AM (lane A), AC (lane B), OKC (lane C), and DC (lane 
D) samples were analyzed using methylation-specific PCR. Methylation-(M) and unmethylation-(U) 
specific PCR products (93 and 105 bp, respectively) were resolved on 2% agarose gelwith a 100-bp 
marker. Universal unmethylated and methylated DNA (CU and CM) were used as positive controls. A 
reaction lacking DNA was used as a negative control (lane E). In AM (lane A), samples no. 3, 6, 17, and 
20 exhibited an unmethylated RASSF1A promoter, while sample No. 18 exhibited partial methylation. 
In AC (lane B), all samples exhibited partial methylation of the RASSF1A promoter. In OKC (lane C), 
samples No. 5, 6, 12 exhibited an unmethylated RASSF1A promoter, while sample no.8 exhibited partial 
methylation. In DC (lane D), samples no. 1, 5, 12 exhibited an unmethylated RASSF1A promoter, while 
sample No. 3 exhibited partial methylation.  

Figure 1. Representative RASSF1A methylation-specific PCR analyses of ameloblastoma 
(AM), ameloblastic carcinoma (AC), odontogenic keratocyst (OKC), and dentigerous cyst 
(DC) specimens. 
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Table 2. Frequency of RASSF1A methylation and BRAF V600E immunohistochemical 
expression in odontogenic lesions (N = 66). 

No. 
Genetic/epigenetic 

alterations 

Odontogenic lesions 

P valueb AM 
(n = 21) 

AC (n = 6) OKC (n = 19) 
DC 

(n = 20) 

1 
RASSF1A 

methylation 
4/20 (20%)a 6/6 (100%) 5/19 (26.3%) 1/20 (5%) 

<0.001†, 
0.004* 

2 
BRAF V600E 

expression 
18/21 (85.7%) 5/6 (83.3%) 0/19 (0%) 0/20 (0%) <0.001‡ 

AM: Ameloblastoma; AC: Ameloblastic carcinoma; OKC: Odontogenic keratocyst; DC: Dentigerous cyst. 
aData were obtained for 20 samples; RASSF1A methylation could not be detected in one sample. bFisher’s 
exact test; p < 0.05 indicates statistical significance. †Comparisons of ameloblastic carcinoma with other 
odontogenic lesions and of odontogenic keratocyst with dentigerous cyst. *Comparison of ameloblastoma 
with dentigerous cyst. ‡Comparison of ameloblastoma and ameloblastic carcinoma with odontogenic kera-
tocyst and dentigerous cyst. 

 
Table 3. Analysis of the associations of RASSF1A methylation and BRAF V600E expres-
sion with clinicopathological variables in ameloblastoma samples (N = 21). 

Characteristics (n) 
RASSF1A 

methylated 
n (%)a 

P value 
BRAF V600E 
IHC positivity 

n (%) 
P value* 

Sex 
    

Male (11) 2/10 (20) 
1.0 

8/11 (72.7) 
0.21 

Female (10) 2/10 (20) 10/10 (100) 

Age, years 
    

≤50 (14) 2/13 (15.4) 
0.59 

13/14 (92.9) 
0.25 

>50 (7) 2/7 (28.6) 5/7 (71.4) 

Location 
    

Anterior mandible (3) 1/3 (33.3) 
0.51 

3/3 (100) 
1.0 

Posterior mandible (18) 3/17 (17.6) 15/18 (83.3) 

Histological subtype 
    

Follicular (13) 3/12 (25) 
0.62 

11/13 (84.6) 
1.0 

Plexiform (8) 1/8 (12.5) 7/8 (87.5) 

Status 
    

Primary (15) 3/14 (21.4) 
1.0 

12/15 (80) 
0.53 

Recurrent (6) 1/6 (16.7) 6/6 (100) 

IHC: immunohistochemistry; aData were obtained for 20 samples; RASSF1A methylation could not be de-
tected in one sample. *Fisher’s exact test; p < 0.05 indicates statistical significance. 

3.2. BRAF V600E Immunohistochemical Expression in  
Odontogenic Lesions and Associations with  
Clinicopathological Features 

Positive BRAF V600E immunostaining was observed in 18/21 (85.7%), 5/6 
(83.3%), 0/19 (0%), and 0/20 (0%) of AM, AC, OKC, and DC samples, respec-
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tively (Table 2). Both AM and AC samples exhibited moderate to strong BRAF 
V600E cytoplasmic staining in both the central and peripheral ameloblast-like 
cells. In contrast, we observed negative or non-specific immunostaining (i.e., 
faint diffuse staining) in the epithelial linings of all OKC and DC samples. Non- 
specific immunostaining of macrophages and plasma cells was also detected in 
some odontogenic lesions. The frequency of BRAF V600E expression was sig-
nificantly higher in AM and AC samples than in OKC and DC samples (p < 
0.001 for all) (Table 2; Figure 2). 

In these odontogenic lesions, we did not observe any associations between 
BRAF V600E expression and patient sex or age or tumor status (primary/recur- 
rent) or location (p > 0.05 for all). Moreover, BRAF V600E expression was not 
correlated with the histological subtype (follicular/plexiform) in AM and AC 
samples (p > 0.05 for both), or with histology (daughter cyst present/absent) in 
OKC samples (p > 0.05). Table 3 summarizes the results of correlation analysis 
between BRAF V600E expression and various clinicopathological variables in 
AM samples (data not shown for AC, OKC, and DC samples).  

4. Discussion 

The pathogenesis of odontogenic tumors and cysts has not been well established, 
although epigenetic and genetic alterations appear to play important develop-
mental roles [13]. In this study, we investigated the potential correlations of the 
RASSF1A promoter methylation status and BRAF V600E immunohistochemical 
expression with various clinicopathological characteristics in AM, AC, OKC, 
and DC samples. Despite differences in both markers between the various lesion 
types, we did not identify any significant correlations with clinicopathological 
features. 

It has been suggested that RASSF1A heterodimerizes Novel Ras effector 1 and 
may mediate the tumor-suppressive effects of Ras cascade [7]. As noted pre-
viously, RASSF1A hypermethylation is a common event in the development of 
several cancers [8]. In this study, we reported aberrant RASSF1A hypermethyla-
tion in all six tested AC samples, but low to moderate RASSF1A methylation 
frequencies in other odontogenic lesions. The methylation of other tumor sup-
pressor genes has also been reported in odontogenic lesions. For example, p16 
methylation was observed in 25% - 53% of AM and 100% of AC cases [26] [28]. 
The presence of p16 alteration in AM may predispose the lesions to malignant 
features in the future [28]. p21 methylation was present in 30% of OKC samples, 
suggesting that p21 methylation might implicate in the OKC development [25]. 

In this study, we observed a much higher frequency of RASSF1A methylation 
in AC samples (100% cases) relative to AM, OKC, and DC samples (20%, 26.3%, 
5% cases, respectively) (p < 0.001). Recently, Zhao et al. reported a significantly 
higher frequency of RASSF1A methylation in malignant solitary pulmonary no-
dules (SPNs) than in benign SPNs (70% vs.14%) [32]. Other studies also re-
ported higher frequencies of RASSF1A promoter methylation in patients with  
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Representative photomicrographs of hematoxylin and eosin (H & E)-stained ameloblastoma (AM) 
(A and B), ameloblastic carcinoma (AC) (E and F), odontogenic keratocyst (OKC) (I), and denti-
gerous cyst (DC) samples (K). In AM, islands of odontogenic epithelium showed columnar peri-
pheral cells, whereas the central cells were stellate reticulum like cells with focal areas of squamous 
metaplasia (A and B). Sheets of malignant epithelial cells in AC showing a plexiform pattern (E). 
One focal area of AC showed cytological features of malignancy, such as cellular pleomorphism, 
nuclear hyperchromatism, and mitotic figures (arrows) (F). Representative immunohistochemical 
staining of Ki-67 in AM (C) and AC (G) samples. Higher Ki-67 expression was observed in AC 
(labeling index: 17.7%) than in AM (labeling index: 2.3%) (arrows). Representative immunohisto-
chemical staining of BRAF V600E in AM (D), AC (H), OKC (J), and DC (L). Moderate to strong 
BRAF V600E cytoplasmic immunostaining was observed in AM and AC samples, while non-specific 
immunostaining (faint diffuse staining) was observed in OKC and DC samples. Non-specific stain-
ing of macrophages and plasma cells was observed in the DC samples (L). Original magnifications, 
×100 (A, E, I, J, K, L) and ×200 (B, C, D, F, G, H). 

Figure 2. Staining of representative odontogenic lesion samples. 
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high-grade and advanced-stage nasopharyngeal carcinoma, breast cancer, and 
ovarian cancer, suggesting that RASSF1A promoter methylation may lead to a 
more aggressive tumor phenotype and disease progression [33] [34] [35]. 

We further investigated the associations between the RASSF1A methylation 
statuses of the odontogenic lesions and various clinicopathological variables, in-
cluding patient sex or age, tumor status or location, histological subtype (AM 
and AC), and histology (OKC). We did not observe significant associations of 
RASSF1A hypermethylation with any of these variables, although this might be 
attributable to the small sample size. To our knowledge, this was the first study 
to evaluate the potential correlations between the RASSF1A methylation statuses 
of odontogenic lesions and clinicopathological features. Consequently, we can-
not directly compare our results to those of other studies. Further research is 
needed to assess the associations between clinicopathological characteristics and 
RASSF1A promoter hypermethylation in odontogenic tumors and cysts. 

Previous studies demonstrated that the overexpression of RASSF1A promotes 
apoptosis and cell cycle arrest in various cancer cell lines [8]. Joo et al. demon-
strated that exogenous RASSF1A upregulated p27 and downregulated cyclin D1 
expression and decreased retinoblastoma protein phosphorylation (Ser 608) in 
human gastric cancer cell lines, thus inhibiting cell proliferation [36]. Moreover, 
Wang et al. demonstrated that exogenous RASSF1A could increase the percen-
tage of cells in the G0/G1 phase of cell cycle, inhibit cell proliferation, and in-
duce apoptosis in a nasopharyngeal carcinoma cell line [33]. Therefore, the epi-
genetic silencing of RASSF1A by promoter methylation has been implicated in 
the development of many human cancers [33]. Some recent studies have identi-
fied the biological functions of RASSF1A methylation in tumorigenesis. Schirosi 
et al. reported a positive correlation between RASSF1A methylation and cytop-
lasmic and nuclear β-catenin expression, which resulted in the proliferation and 
metastasis of colorectal cancer cells [37]. Dubois et al. suggested that RASSF1A 
methylation could downregulate GEF-H1 and RhoB activity and thus promote 
the nuclear accumulation of YAP, resulting in the metastasis of non-small cell 
lung cancer cells [38]. 

Reports suggest that BRAF V600E mutation plays a key role in the tumorige-
nesis of various cancers, particularly melanomas, thyroid cancers, and hemato-
poietic malignancies, and a less frequent role in colorectal and lung adenocarci-
nomas [39]. Recent studies demonstrated that activating BRAF V600E muta-
tions occur in 62% - 83% of AM and AC cases [16] [17]. Moreover, BRAF 
V600E immunohistochemistry is highly sensitive and specific for the detection 
of BRAF V600E mutation in thyroid cancers and ameloblastomas, with a level of 
reliability comparable to that of molecular techniques [18] [40]. Previous studies 
reported BRAF V600E expression in 46% - 89% of mandibular AM cases [19] 
[20] [21] [22] consistent with our observations of positive BRAF V600E immu-
nostaining in 85.7% and 83.3% cases of mandibular AM and AC, respectively. In 
contrast, the frequency of BRAF V600E mutation in OKC samples remains un-
certain. Cha et al. reported frequent BRAF V600E mutation (~63%) in OKC 
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samples [23], while Franca et al. and Zhang et al. detected BRAF V600E muta-
tion in very few samples (0% - 3.5%) [24] [41]. In our study,all OKC and DC 
samplesexhibited negative or non-specific epithelial BRAF V600E immunos-
taining. Our results were consistent with the results obtained by Pereira et al., 
who reported non-specific BRAF V600E immunostaining in the epithelium and 
plasma cells in some dentigerous and radicular cysts [17]. Taken together, im-
munohistochemical BRAF V600E expression was observed at higher frequencies 
in AM and AC samples than in OKC and DC samples (p < 0.001). 

Moreover, we did not observe any correlations of immunohistochemical 
BRAF V600E expression with patient sex or age, tumor location or status, or 
histological subtype in the AM and AC samples. This finding was consistent 
with a report by Kurppa et al. [19]. However, other studies of AM cases have re-
ported significant correlations of BRAF V600E expression with recurrent dis-
ease, a younger age (≤50 years), and tumor location in the posterior region of 
mandible (vs. the anterior region) [20] [21] [22]. These inconsistent results 
might be attributable to small sample sizes and ethnic differences. Additional 
large-scale studies are needed to clarify the associations of BRAF V600E expres-
sion with clinicopathological features of AM patients. 

Finally, previous studies have reported a correlation between RASSF1A me-
thylation and KRAS/BRAF mutation in some tumors. Specifically, RASSF1A 
promoter hypermethylation occurs predominantly in sporadic colorectal, pan-
creatic, and thyroid cancers that habor wild type KRAS/BRAF [42] [43]. Interes-
tingly, KRAS/BRAF mutation may occur concomitantly with RASSF1A hyper-
methylation in malignant melanomas and sporadic MSI colorectal cancers, sug-
gesting a possible synergistic effect [44] [45]. In this study, we observed that 
83.3% of tested AC lesions harbored concomitant RASSF1A methylation and 
BRAF V600E-positive expression, suggesting a synergistic result between the in-
activating of RASSF1A and the genetic alteration of BRAF V600E expression. 
The majority of AM cases (70%) exhibited a preferential single genetic alteration 
leading to positive BRAF V600E expression. Our observations of infrequent 
RASSF1A methylation and BRAF V600E expression in OKC and DC samples 
suggest that genetic/epigenetic alterations in these genes may not play a vital role 
in the pathogenesis of these lesions. 

A limitation of this study is the small sample size. Further studies with larger 
samples are needed to confirm our preliminary results and elucidate the role of 
RASSF1A methylation in the tumorigenesis of odontogenic lesions. In addition, 
we tried to confirm the results of RASSF1A methylation status presented in this 
study by analyzing the RASSF1A expression with reverse-transcription PCR 
(RT-PCR) and immunohistochemistry. However, in the majority of RASSF1A 
unmethylated cases, RASSF1A expression could not be detected by both tech-
niques. It is possible that the routine decalcification procedure may diminish 
RASSF1A mRNA and protein in our samples. Thus, the selection of a weaker 
acid-decalcifying agent might provide better results of molecular and immuno-
histochemical studies of this gene. 
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5. Conclusion 

In summary, we investigated the RASSF1A tumor suppressor gene methylation 
statuses of various odontogenic lesion types, and observed that RASSF1A pro-
moter methylation was significantly more frequent in AC than in other odonto-
genic lesions. However, we did not observe a significant correlation between 
RASSF1A hypermethylation in these lesions and clinicopathological variables. 
Moreover, we confirmed that positive BRAF V600E expression was frequently 
observed in mandibular AM and AC lesions (>80% of tested cases), but was ab-
sent in OKC and DC lesions. However, BRAF V600E expression did not corre-
late with clinicopathological features in either AM or AC cases. 
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