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Abstract. Oral mucosal melanoma (OMM) is an aggressive
malignant tumor derived from melanocytes in the oral cavity.
The genetic etiology of OMM has not been extensively investi-
gated to date. In the present study, the aim was to detect novel
gene mutations in patients with OMM. Mutation analysis of
KIT, BRAF and NRAS was conducted by polymerase chain
reaction. In addition, the relevant literature was searched using
the PubMed database, and previous findings were compared
with the results of the present study. Among the 9 patients
with OMM examined, KIT, BRAF and NRAS mutations were
detected, and these mutations were all observed at a frequency
of 11.1% (1/9 patients). Notably, a novel FMNL2 mutation in
2 patients with OMM was identified by exome sequencing.
In conclusion, the current study observed KIT, BRAF, NRAS
and FMNL?2 mutations in patients with OMM, which may be
of benefit for elucidating the underlying mechanism of OMM
pathogenesis.

Introduction

Malignant melanoma (MM) is an aggressive tumor derived
from melanocytes, which has a high degree of malignancy
with rapid progression and early metastasis. Patients with
this tumor have a poor prognosis and low survival rate (1,2).
Despite the majority of MMs originating from the skin
(cutaneous epithelia), they can arise in almost any part of the
body. Cutaneous melanoma, which comprises 91.2% of all
melanoma cases, is always associated with sun exposure (3).
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However, mucosal melanoma is another type of MM that is
observed in regions with low sun exposure. Mucosal mela-
noma is rare, with the head and neck being the most common
sites, accounting for 1.4% of all melanomas (4). In total, ~6.5%
of mucosal melanomas may arise in the oral cavity and differ
from their cutaneous counterparts in terms of pathogenesis,
biological behavior and prognosis (5).

Oral mucosal melanoma (OMM) is estimated to account
for 0.2-8% of all MM cases, and appears to be more common
in Asia, including Japan and India, as compared with Western
areas (6,7). In recent years, the incidence of mucosal melanoma
has increased significantly, particularly in Asia. The prognosis
of OMM is worse compared with cutaneous melanoma, with
a greater tendency to metastasize and a 5-year survival rate of
only 8-15% (5,7). In contrast to cutaneous melanoma, which is
associated with sun exposure among other factors, the precise
etiology of OMM has not been defined due to various different
influencing factors including ingested tobacco, ingested
alcohol and inhaled environmental carcinogens, including
smoke and formaldehyde (8). Although the use of tobacco,
mechanical trauma and denture use have been reported as
possible risk factors for OMM, the genetic etiology has not
been extensively investigated, and the pathogenesis remains
unclear (7.9).

Considering its highly aggressive biological behavior, the
pathogenesis of melanoma has been examined in numerous
studies to identify more effective treatment approaches (10-12).
In 2002, Davies et al (13) reported that ~50% of all mela-
nomas harbored an activating mutation in BRAF. Among all
BRAF mutations, the VOOOE mutation accounted for >90% of
cases. This study led to a melanoma genomic revolution, and
the genetic etiology and potential therapeutic targets of this
disease have become a focus for research. A number of BRAF
inhibitors have been applied to clinical practice and have been
demonstrated to inhibit melanoma proliferation (11,12).

Melanoma arising in different parts of the body may be
associated with diverse molecular genetic profiles, suggesting
that those tumors may represent a distinct pathogenesis.
In recent years, an increasing number of studies have been
focused on KIT, BRAF, NRAS and other mutations. The KIT
mutation is more common in mucosal and acral melanomas
than in cutaneous melanomas, and the percentage of KIT
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mutations detected in mucosal melanoma has been widely
recognized to be 10-35% (14). The BRAF mutation is the
most common mutation in cutaneous melanoma with a high
incidence. However, several studies have demonstrated a
low incidence of BRAF mutation in melanomas arising from
non-hair-bearing skin, mucosa and internal organs that are
totally sun protected, while the BRAF mutation is also rare
in uveal melanomas (15-17). Furthermore, mutations in NRAS
have been detected in 15-25% of melanoma patients (18). The
frequency of all these mutations vary according to different
methods of sourcing the analyzed tumor and differences in
processing methods, although there appears to be no signifi-
cant difference between cutaneous and mucosal melanoma.

While the genetic etiology of cutaneous melanoma has
been widely reported, few studies have described the distribu-
tion pattern of mutations in OMM and investigated the cause
of its variety. Thus, the aim of the present study was to detect
the presence of KIT, BRAF and NRAS mutations in 9 OMM
patients. In addition, exome sequencing was conducted to
identify the genes associated with OMM.

Materials and methods

Tumor samples and clinical background. Information on
the characteristics of the patients included into the present
study is listed in Table I. In total, 9 patients with a histo-
logically proven diagnosis of OMM were selected from
the Department of Oral and Maxillofacial Surgery, Peking
University Hospital of Stomatology (Beijing, China) between
July 2009 and November 2014. Diagnosis was based on
the criteria provided by the World Health Organization on
the classification of head and neck tumors (19). The study
was reviewed and approved by the Ethics Committee of the
Peking University Hospital of Stomatology (Beijing, China).
Written informed consent was obtained from all subjects
prior to tissue collection.

Genomic DNA extraction and mutation analysis. The tumor
and para-carcinoma tissues were transported to the Center
Laboratory (Peking University Hospital of Stomatology)
within 30 min of surgery in 4°C Krebs-Ringer Hepes (KRH)
solution (containing 120 mM NaCl, 5.4 mM KCI, 1 mM
CaCl,, 0.8 mM MgCl,, 11.1 mM glucose and 20 mM HEPES,
pH 7.4) and aerated with 95% O,. For DNA isolation, tissues
were minced and homogenized in 80 ul PBS using Tissue
Ruptor (IKA, Staufen, Germany). Then, the genomic DNA
was extracted using a QIAamp DNA Mini kit (Qiagen, Hilden,
Germany), according to the manufacturer’s protocols. The
concentration of the extracted DNA was determined using
the NanoDrop 8000 spectrophotometer (Thermo Fisher
Scientific, Inc., Waltham, MA, USA). Exons 11 and 15 of
the BRAF gene (NG_007873.3), exons 1 and 2 of the NRAS
gene (AH001530.2), and exons 11 and 13 of the KIT gene
(NG_007456.1) were amplified by polymerase chain reaction
(PCR) with six pairs of primers that covered the entire coding
region of OMM. Primer sequences from previous studies
used for PCR amplification are presented in Table II (20,21).
PCR assays were performed in a 30 ul reaction with
KOD-plus enzyme (Toyobo Life Science, Osaka, Japan), as
previously described (22). Following an initial denaturation
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Table I. Patient information.

Lymph
Age, node Recurrent

Patient years Sex Location metastasis melanoma

1 61 M Upper gingiva + -

2 69 M Upper gingiva + -

3 57 M Upper gingiva + -

42 56 M Upper and + -
lower gingiva

5 44 M Lower gingiva + -

6 47 M Lower gingiva + -

7 61 F  Buccal mucosa + +

8 51 M  Upper lip + +
vermilion

9 42 F Lower gingiva + +

“Patient presented multiple melanomas at the upper and lower
gingiva, and the paraffin-embedded sample was obtained from the
upper gingiva. M, male; F, female; +, present; -, absent.

step at 95°C for 5 min, 30 cycles of amplification consisting
of denaturation at 94°C for 1 min, annealing at 55°C for
30 sec and extension at 72°C for 45 sec were conducted,
followed by a final extension step at 72°C for 10 min. The
PCR products were separated by 1% agarose gel electropho-
resis and purified using an AxyPrepDNA gel Extraction kit
(Axygen Scientific, Inc., Union City, CA, USA). Products
were then sequenced using an ABI 3730XL DNA analyzer
(Applied Biosystems; Thermo Fisher Scientific, Inc.).
Mutations were analyzed using Polymorphism Phenotyping
(version 2; http://genetics.bwh.harvard.edu/pph2/dbsearch.
shtml) and the probability of missense mutations being
damaging based on scores allocated to a combination of
properties (including single-nucleotide polymorphisms
(SNPs), maps coding SNPs to gene transcripts, extraction of
protein sequence annotations and structural attributes, and
construction of conservation profiles) was estimated, with a
score closer to 1 indicating a greater incidence of missense
mutation (23).

Exome sequencing and variant calling. The genomic DNAs
of patients no. 6 and 10 (tumor and para-carcinoma tissue),
as presented in Table I, were randomly fragmented into
150-200 bp. Next, library construction, exome capture and
sequencing were performed according to the protocol of
the Sure SelectXT Target Enrichment System for Illumina
Paired-End Sequencing Library, Illumina HiSeq and MiSeq
Multiplexed Sequencing Platforms (Illumina, Inc., San Diego,
CA, USA). Sequencing by synthesis was performed on a
HiScanSQ sequencer (Illumina, Inc.) using the paired-end
method. BAM files summarizing Burrows-Wheeler align-
ments that were mapped to the hgl9 reference sequence were
generated using the Genome Analysis Toolkit (GATK) (22,23).
The raw reads with all characteristics that were not confidently
aligned, exhibited a ratio of N >10%, a length <25 bp without
adapter and a quality score of <20 by Phred-scaled mapping
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Table II. Primer sequences of KI7, BRAF and NRAS exons used in polymerase chain reaction.

Gene Exon Size (bp) Forward primer (5'-3") Reverse primer (5'-3")
KIT 11 289 TGTTCTCTCTCCAGAGTGCTCTAA AAACAAAGGAAGCCACTGGA
KIT 13 294 CATCAGTTTGCCAGTTGTGC AGCAAGAGAGAACAACAGTCTGG
BRAF 11 204 CTCTCAGGCATAAGGTAATG CACTTTCCCTTGTAGACTGTT
BRAF 15 209 CCTAAACTCTTCATAATGCTT ATAGCCTCAATTCTTACCAT
NRAS 1 174 CGCCAATTAACCCTGATTACT CACTGGGCCTCACCTCTA
NRAS 2 196 CCCCTTACCCTCCACAC AGGTTAATATCCGCAAATGAC
B Patients without mutation A
30 B = eatients with mutation

Percentage of patients

BRAF (a)

BRAF (b)  NRAS (a) NRAS (b)  KIT (a) KIT (b)

Figure 1. KIT, BRAF and NRAS mutations in oral mucosal melanoma. The
percentage at the top of the histogram represents the rate of gene mutations
observed in patients reported in the literature, denoted by (a) and the current
study, denoted by (b).

were excluded from further analysis. The single nucleotide
variants (SN'Vs), insertions and deletions were detected and
annotated by the GATK and Annovar software (release
date Feburay 1st, 2016; http://www.openbioinformatics.
org/annovar/) (24).

Results

KIT, BRAF and NRAS mutations in patients with OMM.
Among the 9 patients included into the present study, there
were 7 males and 2 females with a median age of 54 years
(age range, 42-69 years). Out of the 9 melanoma samples, 6
were obtained from the gingiva, 1 from the hard palate, 1 in
the upper lip vermilion and 1 in the buccal mucosa (Table I).
Among the 9 primary oral mucosa melanoma samples that
were analyzed in the present study, 3 patients (33.3%) exhib-
ited KIT, BRAF or NRAS mutations. KIT, BRAF and NRAS
mutations were each identified in 1/9 patients (11.1%; Fig. 1).
Furthermore, a novel mutation was identified, namely L589M
in exon 11 of the KIT gene, which had not been previously
detected in melanomas or any other tumor types. The alteration
in the BRAF gene was detected in exon 15 (D594G), which has

1789
B TA &6 6 T 6 A T T T T G G T C
Gly Asp Phe Gly

I | }. ’ _'\I
A WAVAVAVAWA
Figure 2. Comparison between mutation analysis and literature review results.
(A) Alteration of KIT at nucleotide position 1814 of exon 11 is a heterozygous
mutation from C to A and causes the p.L589M mutation. (B) Alteration of
BRAF at nucleotide position 1789 of exon 15 is a heterozygous mutation from
A to G and causes the p.D594G mutation. (C) Alteration of NRAS at nucleo-
tide position 176 of exon 2 causes the p.A5S9T mutation.

been described in arcal melanoma (25). The NRAS mutation
involved codon 59, and although a mutation at this position has
been previously identified (25), a novel amino acid substitution
(AS59T) was detected in the current analysis (Table IIT and
Fig. 2). No mutations in the adjacent tissues were observed.

Comparison between mutation analysis and litera-
ture review results. The present study performed a
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Table III. KIT, BRAF and NRAS gene mutations in oral mucosal melanoma.

Nucleotide Amino acid

Case no. Age/sex Gene Exon no. definition definition Functional effect Polyphen-2 score
9 61/F KIT 11 c.1814C>A p.L589M Missense 0.981

61/M BRAF 15 c.1789A>G p.D59%4G Missense 0.983
7 44/M NRAS 2 c.176G>A p.AS9T Missense 0.745
M, male; F, female.
Table IV. KIT, BRAF and NRAS genes in oral mucosal melanoma mutations from the literature.
Authors, year Gene Exon no. Amino acid definition Functional effect (Refs.)
Cohen et al, 2008 KIT 11 WS557R, V569G Missense 27
Cohen et al, 2008 13 K642E Missense 27

S645S, P585P Synonymous

Soma et al, 2014 BRAF 15 V600L, V60OE Synonymous 5
Buery et al, 2011
Buery et al, 2011 NRAS 2 K166K, F66F Synonymous 6

systematic search of studies published between July 1969
and March 2015 (https://www.ncbi.nlm.nih.gov/pubmed).
Additional information was identified by searching the
reference lists of the included publications. Inclusion criteria
for the literature review were as follows: i) Studies that
included the key words ‘oral and melanoma and (mutation
OR mutated)’; ii) studies that examined gene mutations in
patients with oral malignant mucosal melanoma; iii) studies
that were only published in English. A preferred reporting
items for systematic reviews and meta-analyses flowchart
for literature attrition was also included (26). Only a
single entry was made if the same mutation or patient was
reported across multiple studies. Separate entries were made
for each patient when the same mutation was detected in
unrelated patients. In the systematic review conducted in
the present study, a total of five studies (5,6,14,27,28) on
gene mutations in OMM were identified, which satisfied the
eligibility criteria. The distribution pattern of mutated genes
is summarized in Fig. 1. The KIT, NRAS and BRAF muta-
tions were detected in 3/28 (10.7%), 0/22 (0.0%), and 4/16
(25.0%) patients with OMM, respectively (5,6,14,25,26). In
these articles, the 11 mutations observed were distributed
on 5 exons (including exons 1, 2, 11, 13 and 15), of which
there were 4 synonymous mutations and 6 missense muta-
tions (Table IV). Of the 6 KIT mutations, 2 cases harbored
the same mutation in exon 13, leading to a replacement in
position 642 of a lysine by a glutamic acid (K642E) (6,29).
In addition, 2 synonymous mutations (S645S and P585P)
were detected in these 2 cases; however, they did not result
in amino acid changes (28). A single mutation occurred at
codon 557 in exon 11 and resulted in the replacement of a
tryptophan by a glutamic acid L-arginine (W557R), which
has already been previously described in gastrointestinal

stromal tumors (29). Furthermore, the V569G mutation was
identified in 1 case (28), which has not otherwise been previ-
ously reported. In regards to BRAF, the classical V60OE
substitution that is typically identified in cutaneous mela-
noma was detected in 2 patients previously (5,13). There
was also another mutation located at codon 600, namely the
V600L mutation, resulting in the replacement of the valine
by leucine (6). No missense mutation of NRAS was reported
in a previous study investigating OMM, but two synony-
mous mutations, K/66K and F66F, were demonstrated in
2 patients (6).

FMNL?2 mutations detected by exome sequencing. Exome
sequencing was used to identify the potential pathogenic
gene mutation in 6/9 patients in the present study, which
were revealed not to be mutations in the KIT, BRAF or NRAS
genes. However, only 2 of the 6 enrolled patients met the
sequencing requirements. The exome sequencing in these
2 cases resulted in 2.1x10® reads, yielding >99% exome
coverage, with the exome average depth of each sample being
between 58 and 70%. A total of 37 SN'Vs, as well as 5 insertion
and deletion mutations, were detected in the 4 samples, while
22 mutations were observed in patient no. 6 and 15 mutations
in patient no. 10. These mutations were only detected in the
pathologic tissue, but not in the para-carcinoma tissue. More
detailed information is listed in Fig. 3. These results revealed
that OMM has an increased number of somatic mutations.
Among the 37 SNVs, there was a FMNL2 gene detected in
the 2 patients (Fig. 3), which demonstrated a non-frame-shift
insertion mutation, and these insertion mutations involved
the area of exon 15. While this mutation was predicted to
have no influence on the protein level, it may serve a role in
transcription.
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USP35, VWDE,

WAS

Figure 3. Genetic mutations associated with oral mucosal melanoma identified by exome sequencing in two patients of the present study.

Discussion

The RAS/R AF/mitogen-activated protein kinase kinase/extra-
cellular signal-regulated kinase (ERK), also known as the
mitogen-activated protein kinase (MAPK)/ERK pathway is
the most common cell-signaling pathway in the progression
of melanoma by regulating cell proliferation, differentiation
and survival (30). The BRAF gene, encoding a serine/threo-
nine protein kinase, is a well-known downstream molecule
participating in this signal cascade. The V60OE (Val600Glu)
mutation that accounts for >90% of all BRAF mutations in
cutaneous melanoma has been demonstrated to be activated
by the RAS-guanosine triphosphate (GTP) protein, leading
to ERK activation and stimulating the growth of melanoma
cells (13,31). Another molecule that leads to the activation
of the MAPK pathway is NRAS, leading to accumulation of
RAS-GTP and affecting various downstream molecules,
including phosphoinositide 3-kinase and RAF kinases (32,26).
Codon 61 is the major position for NRAS alterations in mela-
noma, such as Q61H, Q61K and Q61L (32). Furthermore, the
KIT gene, one of the receptor tyrosine kinases, is an important
receptor for melanocyte proliferation and migration (33). The
MAPK pathway may also be triggered by the activation of a
KIT mutation, which participates in melanoma development
through the induction of signaling proteins (34).

The KIT and BRAF mutations detected in the present
study are consistent with the results of the literature review,
while the mutation rate of NRAS was slightly different. This
discrepancy in the results may be due to the inclusion of
adjacent tissues in the samples used in previous studies. In
addition, the small sample sizes utilized in the present study
and systematic review may be another cause of this differ-
ence. However, in general, the results of the current study
corresponded with the findings of previous studies included
in the systematic review. The BRAF and NRAS mutations are
the main genetic mutations in cutaneous melanoma cases,
with a high incidence rate of 30-70 and 15-25%, respec-
tively (15-18). In contrast, a low incidence of BRAF and
NRAS mutations has been described in mucosal melanoma
patients. It appears that the BRAF mutation is quite rare in
mucosal melanoma, whereas the NRAS mutation has a higher
frequency in comparison with BRAF in this melanoma,
although its percentage remains <20%. With regard to the
mutation frequency in OMM, 1/9 patients (11.1%) presented
a BRAF mutation, while the same incidence (1/9; 11.1%) of
NRAS mutations was detected in the present study. According

to the results of the systematic review, 3/28 OMM patients
(10.7%) were reported to exhibit a BRAF mutation, while
no missense mutation of NRAS was reported among the
22 OMM npatients (0.0%) included in previous studies (6,25).
Thus, it is clear that the BRAF mutation in OMM occurs with
a low incidence of <10%, which is consistent with the obser-
vations of previous studies on mucosal melanoma (20,35,36).
The distinction of BRAF mutations existing between cuta-
neous melanoma and OMM may therefore reveal a different
molecular pathogenesis between these two melanoma types,
and the different frequency of the NRAS mutation in mucosal
melanoma and OMM may indicate that OMM has a distinc-
tive pathogenesis and is a separate subtype. Furthermore, the
novel NRAS mutation (namely A59T) detected in the current
study may provide a molecular target for further investigation.
Additionally, missense mutations of NRAS (p.S39F) with a
relatively low peak on the sequencing map were identified in
6 patients, which may be associated with the tumor heteroge-
neity phenomenon.

Prevalence differences in KI7 mutations between mela-
nomas were observed at different sites (20,35), with KIT
mutations occurring less frequently in head and neck mela-
nomas. This observation was also supported by the study of
Beadling et al (36), who reported a higher incidence of KIT
mutations in melanomas of the vulva, anorectum and vagina
when compared with melanomas occurring at the head and
neck sites. In addition, Schoenewolf et al (37) identified a high
frequency of KIT mutations (45%) in vulvovaginal melanomas
and no mutation in 12 sinonasal melanomas. On the basis of
these previous findings, the frequency of KI/T mutations in
head and neck melanomas does not appear to be consistent,
and this may be associated with differences in the sample
quantity and the geographical region of patients. The two novel
mutations detected by sequencing in the present study, namely
p.L589M of KIT and p.A59Tof NRAS, have not been reported
in primary mucosa melanoma. These results indicate that oral
mucosa melanoma has different characteristics as compared
with other mucosa melanomas. Although the significance of
these novel mutations has yet to be revealed, the newly identi-
fied mutated sites may suggest a potential path to examine the
mechanism underlying OMM pathogenesis.

In the present study cohort, 1 patient with a KIT mutation
was observed, as well as 1 patient with an NRAS mutation
and 1 patient with a BRAF mutation. The mutation rate of
all the 3 genes was 1/9 (11.1%), and this result was consis-
tent with previous OMM studies identified in the systematic
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review (5,6,14,28,29), indicating that mutations of the KIT,
NRAS and BRAF are associated with the occurrence of OMM.
When compared with cutaneous melanoma, the distribu-
tion of KIT and BRAF mutations is markedly different in
OMM (15,18). In contrast to its role in cutaneous melanoma,
the mutated KIT serves a more significant role in comparison
with the BRAF gene in the occurrence of OMM (13,31).
However, on the basis of these results, the mutation rates of
all the 3 genes are not sufficiently enough to support a definite
relevance to OMM pathogenesis, as the highest rate was 26.7%
for KIT (28). Therefore, it appears that none of the three muta-
tions were the main genetic factors leading to OMM.

In order to reveal other factors involved in the pathogenesis
of OMM, exome sequencing of candidate genes was performed
in the current study, and the FMNL?2 gene was considered as a
possible key molecule. This gene, as an encoding formin-asso-
ciated protein gene, is essential in morphogenesis, cytokines
is and cell polarity. The protein is strongly expressed in the
central nervous system and numerous epithelia, whereas a lack
of expression may cause weak immunoreactivity in certain
mesenchymal cell types (38). Furthermore, it has been reported
that the gene is associated with melanoma and colorectal
tumors (38,39). In cultured melanoma cells, FMNL-2
co-localizes with F-actin at the tips of cellular protrusions,
which supports the hypothesis that the gene is associated with
the formation of actin filament in cellular protrusions during
cellular migration. In consequence, the FMNL2 mutation may
be regarded as a potential cause of the oral melanoma in these
patients.

In conclusion, despite a small cohort and a lack of exten-
sive experimental repeat, the present study also revealed that
KIT, NRAS and BRAF mutations may be associated with the
occurrence of OMM, and that the FMNL2 mutations may
be regarded as a potential cause of OMM. The present study
may be of benefit for elucidating the underlying mechanism of
OMM, however, further studies are required to validate these
conclusions.
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