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The BRAF p.V600E mutation is a
 common event in
ameloblastomas but is absent in odontogenic keratocysts

Ran Zhang, PhD, Qiaolin Yang, PhD (candidate), Jiafei Qu, PhD, Yingying Hong, PhD,

Peng Liu, PhD (candidate), and Tiejun Li, DDS, PhD
Objective. Odontogenic keratocysts (OKCs) are jaw lesions with a tendency to recur. PTCH1 gene mutations are common events

in most OKCs; however, other genetic alterations underlying OKC pathogenesis have not yet been elucidated. BRAF p.V600E

mutations have recently been detected in some odontogenic tumors, such as ameloblastoma and ameloblastic fibroma, although

their involvement in OKC is still unclear. In this study we aimed to clarify the presence and/or frequency of BRAF p.V600E muta-

tions in OKCs.

Study Design. Thirty-five cases of OKCs, 13 of which were associated with Gorlin syndrome, were evaluated for BRAF p.V600E

mutations by direct sequencing of the formalin-fixed, paraffin-embedded, and frozen tissue samples. Seventeen cases of amelo-

blastoma and six cases of dentinogenic ghost cell tumor were also included in this study for comparative purposes.

Results. BRAF p.V600E mutations were not detected in any of the OKCs or dentinogenic ghost cell tumors. In contrast, 14 of 17

cases of ameloblastoma (82.35%) were proven to harbor BRAF p.V600E mutations.

Conclusion. BRAF p.V600E mutations were common in ameloblastomas, as previously reported, but were absent in OKCs and den-

tinogenic ghost cell tumors. These results further confirmed the noninvolvement of BRAF in OKCs and suggested different patho-

genic mechanisms involved in various odontogenic lesions. (Oral Surg Oral Med Oral Pathol Oral Radiol 2020;129:229�235)
Odontogenic keratocyst (OKC), also known as kerato-

cystic odontogenic tumor, is a common odontogenic cyst

often found in the mandible.1 Some OKCs occur as part

of Gorlin syndrome (also known as nevoid basal cell car-

cinoma syndrome [NBCCS]), and in these syndromic

cases OKCs are likely to be multiple and found in youn-

ger patients.2,3 Patched 1 (PTCH1) tumor suppressor

gene mutations are commonly associated with OKCs.4

PTCH1 gene product acts as ligand for sonic hedgehog

(SHH) receptor; mutations in the PTCH1 gene could

result in constitutive activation of hedgehog signaling,

which can be a potential risk factor for the development

of OKC.5 According to our previously published data,

PTCH1mutation frequency in sporadic OKC could be up

to 84% based on analyzing samples of epithelial linings

separated from the connective tissues, which is close to

the frequency detected in syndromic OKCs, leaving

15%�20% of OKCs with unknown genetic alterations.6,7

B-Raf is a member of the rapidly accelerated fibrosar-

coma kinase family (ARAF, BRAF, and CRAF) and is a

key regulator of the mitogen-activated protein kinase

(MAPK) pathway.8 BRAF mutation has been detected in
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a wide range of benign and malignant lesions, such as

melanomas, papillary thyroid and colon cancers, and

Langerhans cell histiocytosis.9-11 Previous studies have

found that BRAF p.V600E mutations are common in

ameloblastomas and some odontogenic tumors with ame-

loblastic morphology.12-14 Recently 2 contrasting opin-

ions came from 2 research groups regarding the

frequencies of BRAF p.V600E mutations in OKC sam-

ples.15,16 Considering the potential risk for dealing with

OKCs in BRAF-targeted therapy, we expanded the

number of OKC cases to further evaluate whether OKC

samples harbored BRAF p.V600E mutations or not.

In addition, as a rare odontogenic tumor, dentino-

genic ghost cell tumor (DGCT) also has ameloblas-

toma-like epithelium infiltrating into the mature

connective tissues.1 Therefore we selected some cases

to assess the mutation rate of BRAF p.V600E in DGCT

at the same time.
MATERIALS ANDMETHODS
Patients and samples
From the database of the Department of Oral Pathology

at Peking University Hospital of Stomatology, we
Statement for Clinical Relevance

Our results indicated that BRAF p.V600E muta-

tions were absent in odontogenic keratocysts and

dentinogenic ghost cell tumors but occurred often

in ameloblastomas, suggesting different pathogenic

mechanisms might be involved in various odonto-

genic lesions. Thus different therapeutic targets

might be implicated in this group of lesions.
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selected 35 recent Chinese patients with OKC, among

whom 13 patients met the diagnostic criteria of the

NBCCS (also known as Gorlin syndrome) based on

the World Health Organization classification; one sam-

ple was from a recurrent lesion. All 22 other OKC sam-

ples were from patients with sporadic OKC, among

which 13 harbored PTCH1 mutations and the other

nine had no PTCH1 mutations based on our published

or unpublished data.6 The 13 NBCCS-associated sam-

ples were from the same patients as those in our previ-

ously published study, with PTCH1 mutations detected

in patients’ blood and fresh tissues.17,18 In this study

we also enrolled 6 cases of dentinogenic ghost cell

tumors because they harbor areas of odontogenic epi-

thelium similar to ameloblastoma. Additionally, 17

cases of ameloblastoma were included to validate the

experimental procedures in this study. All diagnoses

were reviewed and confirmed by 2 oral pathologists.

None of the samples were dropped out because of fail-

ures. This study was approved by the Peking Univer-

sity Health and Science Center’s ethics committee.

DNA extraction and BRAF p.V600E mutation
analysis
For sporadic OKC samples, we used the same DNA

from epithelial linings with our previous published

data or unpublished data; these DNA samples had been

stored at �80˚C.6 For all other samples (NBCCS OKC,

ameloblastoma, and dentinogenic ghost cell tumor),

we selected cases with a prominent epithelial compo-

nent and extracted genomic DNA using a Universal

DNA Purification kit (Tiangen, Beijing, China) from

formalin-fixed paraffin-embedded tissues. Polymerase

chain reaction (PCR) was performed by using the fol-

lowing primer sequences to detect BRAF p.V600E

mutations: Forward 3ʹ-TCATAATGCTTGCTCTGA-
TAGGA-5ʹ and reverse 3ʹ-CCAAAAATTTAAT-
CAGTGGA-5ʹ. One hundred nanograms of template

DNA were used per reaction, and the reaction volume

was 50 microliters. The thermal cycling protocol con-

sisted of initial denaturation at 94˚C for 5 minutes, fol-

lowed by 35 cycles of amplification at 94˚C for

30 seconds, 64�65˚C for 30 seconds, and 72˚C for 30

seconds. A final extension was performed at 72˚C for

10 minutes. All PCR products were directly sequenced
Table I. Summary of BRAF p.V600E mutation detections in

Mean age Male: fema

Sporadic-OKC 36.6 15:7

NBCCS-OKC 26.3 11:2

Dentinogenic ghost cell tumor 42.3 6:0

Ameloblastoma 29.2 7:10

OKC, odontogenic keratocyst; NBCCS, nevoid basal cell carcinoma syndrom

Data on PTCH1mutations were from some of our unpublished data and prev
to confirm the results on an ABI PRISM 3100 Genetic

Analyzer (Applied Biosystems, Foster City, CA, USA)

according to the manufacturer’s instructions. All PCR

results were validated by reverse sequencing and more

than 2 independent experiments. The DNA extraction

procedures and subsequent PCR experiments were per-

formed simultaneously for all samples.

RESULTS
Of all the 22 sporadic OKC cases that we selected, 6

cases were from our previous data and the other 16

cases were new. The median age of the sporadic

patients was 35.8 years old (range 1�68 years); the

male/female ratio was 15:7. Six of the sporadic cases

occurred in the maxilla, and 16 of the lesions were

found in the mandible. Of them, 13 samples harbored

PTCH1 mutation in the epithelial components; the

other 9 samples did not. The median age of the NBCCS

patients was 31 years (range 13�62); the male/female

ratio was 11:2. All of them had multiple lesions. All 6

DGCT patients were male, and the median age was

42.3 years (range 18�60); 3 of the lesions were from

the mandible, and 3 of the lesions were from the max-

illa. The median age of the ameloblastoma patients in

this study was 29.2 years old (range 8�45), with a

male/female ratio of 7:10. All the ameloblastoma

lesions were from the mandible. The clinical informa-

tion is summarized in Table I.

In this study none of the OKC samples harbored

BRAF p.V600E mutation, but we detected a high muta-

tion frequency of approximately 82.4% in ameloblas-

toma cases (Fig. 1). Although DGCT have areas

resembling ameloblastoma, no BRAF p.V600E muta-

tion was detected in DGCT samples (Table I).

DISCUSSION
As a RAS-regulated serine-threonine kinase, BRAF

serves as an activator of the MAPK signaling cascade.

The majority of BRAF mutations are found in exon 15

with a thymine to adenine transversion mutation at

nucleotide 1799 position, which is responsible for

valine to glutamic acid substitution at amino acid 600

position (V600E).19 This mutation alters kinase activ-

ity of BRAF, which constitutively activates the

MAPK pathway.20 Heterozygous mutations in codon
odontogenic tumors reported in English literatures

le PTCH1 mutation BRAF p. V600E mutations

13/22 (59%) 0/22 (0%)

13/13 (100%) 0/13 (0%)

NA 0/6 (0%)

NA 14/17 (82.35%)

e; NA, not available.

ious studies.6,17,18



Fig. 1. Example of DNA sequence analysis showing the presence of BRAF p.V600E mutation in an ameloblastoma but absence

of the mutation in the detached epithelial layer of an odontogenic keratocyst (OKC).
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600 are sufficient to transform the activity of BRAF

kinase, which results in the continuous stimulation of

cell proliferation and inhibits programmed cell

death.21,22 Mutations in the BRAF gene have been

identified in a variety of lesions, including thyroid

cancers, melanoma, and colorectal cancers.9,10 In

addition to a high frequency of BRAF mutations in

ameloblastomas, which have been reported since

2014 by 3 separate research groups,12,13,23 BRAF

p.V600E mutations were also detected in some benign

and malignant odontogenic tumors, including clear cell

odontogenic carcinoma, ameloblastic fibroma, amelo-

blastic fibrodentinoma, ameloblastic fibro-odontoma,

and ameloblastic carcinoma (Table II).12-15,23-26 These

findings may provide possibilities for application of

BRAF inhibitors to odontogenic tumors harboring

BRAFmutations.

There has been a reversal of the nomenclature of

OKC in the new World Health Organization classifica-

tion of head and neck tumors, reflecting the uncertainty

over the nature of this lesion.1,2 Clinically, OKC shares

some features with ameloblastoma, such as a high risk

of recurrence; however, OKC has characteristic histo-

pathologic and radiologic features such as parakerati-

nized epithelium (Fig. 2A and 2a, 2C and 2c), a well-

demarcated radiolucent lesion, and rare resorption of

involved roots.1 At the molecular level, the significant

changes in OKCs are mutations of the PTCH1 gene;

more than 80% of both NBCCS-associated and
sporadic OKCs harbor PTCH1 mutations.6,7 Although

some other mutations have also been detected in

OKCs, such as PTCH2, SUFU, and SMO, but these are

not common mutational events.27,28 With the detection

of BRAF p.V600E mutations in ameloblastomas and

some other odontogenic tumors, many researchers

started to evaluate BRAF p.V600E mutation status in

OKCs. Brown et al.13 reported an absence of BRAF p.

V600E mutations in OKCs (0/19 cases) using allele-

specific PCR. Brunner et al.14 reported a single case of

OKC without BRAF p.V600E mutation. Cha et al.15

was the first to report the high frequency of BRAF p.

V600E mutation in OKCs (24 of 38 cases, 63.2%) and

suggested that it could be a potential therapeutic target

for OKC patients. Not long after, Franca et al.16 argued

that BRAF p.V600E mutations were rare in OKCs by

finding 1 case with BRAF p.V600E mutation out of 28

patients. In our study we selected 35 OKC cases, 22 of

which were sporadic cases, and the remaining 13

OKCs were associated with NBCCS. The DNA sam-

ples of sporadic cases were extracted from the epithe-

lial linings separated from the connective tissue

capsules, a procedure that could avoid the masking

effect of the fibrous capsules during sequencing analy-

sis of OKC cyst walls, and ameloblastoma samples

served as positive controls.6 We detected a high fre-

quency of BRAF p.V600E mutation in ameloblastoma

cases (82.35%, 14/17), but no positive BRAF p.V600E

mutation in any of the OKC cases. Additionally, in a



Table II. Summary of relevant clinico-pathological data and BRAF p.V600E mutations in OKC, dentinogenic ghost

cell tumors, and ameloblastomas

Mean age (range) Male:female Site BRAF p.V600E mutation Reference

Mandible Maxilla

Ameloblastoma (n = 264) 36.5 (22�58) 3:1 4 0 3/4 (75%) Cha et al., 201715

43.47 (16�87) 12:7 NA NA 12/19 (63.16%) Soltani et al., 201824

41.3 (8�84) 26:58 68 16 54/84 (64.29%) Brown et al., 201413

45.75 (14�84) 15:9 24 0 15/24 (62.5%) Kurppa et al., 201423

NA NA 13 11 13/24 (54.17%) Sweeney et al., 201412

34.7 35:38 63 10 34/73 (46.58%) Fregnani et al., 201725

39.5 (13�88) 12:7 17 2 14/19 (73.68%) Brunner et al., 201514

30.2 (8�75) 9:8 13 4 14/17 (82.35%) Diniz et al., 201526

Ameloblastic fibroma (n = 7) NA NA NA NA 2/2 (100%) Brown et al., 201413

20.2 (8�39) 1:4 4 1 2/5 (40%) Brunner et al., 201514

Ameloblastic fibrodentinoma

(n = 17)

NA NA NA NA 1/1 (100%) Brown et al., 2014

10.2 (1�18) 13:5 11 7 6/18 (33.3%) Brunner et al., 201514

Ameloblastic Carcinoma (n = 13) NA NA NA NA 0/1 (0%) Brown et al., 201413

49.8 (33�68) 3:1 3 1 1/4 (25%) Brunner et al., 201514

48 (21�65) 6:2 6 2 3/8 (37.5%) Diniz et al., 201526

Odontogenic keratocyst (n = 86) Sporadic 38.5 (11�76) 9:11 16 4 1/20 (5%) Franca et al., 201816

NBCCS 17 (14�29) 1:1 6 2 0/8 (0%)

Sporadic 30.36 (10�69) 23:13 20 16 22/36 (61.11%) Cha et al., 201715

NBCCS 23.5 (15�32) 1:1 1 1 2/2 (100%)

NA NA NA NA 0/19 (0%) Brown et al., 201413

32 (32) 0:1 1 0 0/1 (0%) Brunner et al., 201514

Orthokeratinized odontogenic

cyst (n = 11)

31.82 (16�56) 6:5 9 2 1/11 (9.09%) Cha et al., 201715

Dental follicles (n = 4) 11 (6�16) 3:1 4 0 0/4 (0%) Brunner et al., 201514

Dentigenrous cysts (n = 22) 47.7 (15�72) 18:4 20 2 0/22 (0%) Brunner et al., 201514

Odontogenic fibroma (n = 2) NA NA NA NA 0/2 (0%) Brown NA. et al., 201413

Odontogenic myxoma (n = 5) NA NA NA NA 0/5 (0%) Brown et al., 201413

Calcifying cystic odontogenic tumor

(n = 14)

NA NA NA NA 0/2 (0%) Brown et al., 201413

49.9 (12�77) 8:04 7 5 0/12 (0%) Brunner et al., 201514

Ademomatoid odontogenic tumor

(n = 2)

NA NA NA NA 0/2 (0%) Brown et al., 201413

Ghost cell odontogenic carcinoma

(n = 2)

42 (27�57) 2:0 1 1 0/2 (0%) Diniz et al., 201526

Clear cell odontogenic carcinoma

(n = 2)

64 1:0 1 0 1/1 (100%) Diniz et al., 201526

Odontoameloblastoma (n = 1) NA NA NA NA 0/1 (0%) Brown et al., 201413

Odontogenic carcinoma (n = 5) NA NA NA NA 0/5 (0%) Brown et al., 201413

Intraosseous carcinoma (n = 4) 63 (57�73) 2:2 2 2 0/4 (0%) Brunner et al., 201514

OKC, odontogenic keratocyst; NA, not available; NBCCS, nevoid basal cell carcinoma syndrome.
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separate ongoing study, we conducted whole-exome

sequencing in 5 OKC cases to identify novel mutations;

BRAFmutation was also absent (unpublished data).

The absence of BRAF p.V600E mutations in OKCs

and frequent detection in ameloblastomas further sug-

gested that these 2 lesions might have different patho-

genic mechanisms. Normal odontogenesis is

regulated by signaling pathways such as Bone Mor-

phogenetic Protein, SHH, WNT, MAPK; these signal-

ing pathways are involved at different developmental

stages.29-32 Most pathogenic gene mutations that have

been identified in odontogenic tumors are present

downstream of these signaling pathway genes.

PTCH1-mediated SHH signaling plays a pivotal role

in early odontogenesis, stimulating the proliferation
of epithelial cells and the formation of tooth bud,

whereas MAPK cascade, in which BRAF gene is

involved, regulates the bell stage of tooth develop-

ment.32,33 Thus it is interesting to speculate that

OKCs may arise from epithelial remnants formed dur-

ing the early stages of odontogenesis, such as the den-

tal lamina, a widely accepted tissue origin for OKC.

Ameloblastoma consists of ameloblast-like cells with

reversely polarized nuclei and stellate reticulum�like

cells; it tends to be a lesion of the enamel organ.34

The contrasting different mutation frequencies of

BRAF in OKC and ameloblastoma could be helpful in

differential diagnosis between unicystic variant of

ameloblastoma and OKC, particularly when the biop-

sied tissue is too small or severely inflamed.



Fig. 2. Histopathologic images of an ameloblastoma (A, a), a dentinogenic ghost cell tumor (DGCT) (B, b) and an odontogenic

keratocyst (OKC) (C and c). Images a�c are the higher-magnification views of the boxed areas in A-C, respectively. Ameloblas-

toma is made of islands of odontogenic epithelium and stellate reticulum�like cells (A, a). The DGCT consists of odontogenic

epithelium resembling ameloblastoma; the distinct feature is the presence of ghost cells (B and b, arrow). Typical histologic char-

acteristics of OKC include the presence of a parakeratin layer and palisading basal cells with hyperchromatic nuclei (C and c).

Scale bar: 250 mm (A, B), 100 mm (C), 25 mm (a, b, c).
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Moreover, in some cases, OKC and ameloblastoma can

occur simultaneously in a patient.35 In such situations,

BRAF could be a good molecular target to be examined.

In addition, BRAF p.V600E mutations were

also absent in dentinogenic ghost cell tumors.
Histologically the epithelial components of this

tumor resemble that of ameloblastoma, but with

additional features of dentinoid deposits and foci of

ghost cells (Fig. 2A and 2a, 2B and 2b). Thus

detection of BRAF p.V600E mutations could be
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used for distinguishing atypical cases such as amelo-

blastoma with suspicious features of ghost cells or

dentinoid.36

To summarize, our results indicated that BRAF

p.V600E mutations were absent in OKCs and dentino-

genic ghost cell tumors but occurred commonly in

ameloblastomas. These results suggest that different

pathogenic mechanisms might be involved in various

odontogenic lesions. Thus different therapeutic targets

might be implicated in this group of lesions.
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