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Abstract C-kit is a trans-membrane receptor tyrosine
kinase (RTK) encoded by the proto-oncogene KIT located
at 4q11-12. Gain-of-function mutations arising to c-kit
activation independent of its ligand were observed in
various tumors related to germ cells, mast cells, and
interstitial cells of Cajal. C-kit also participates in melano-
cyte development; hence, its involvement in oral mucosal
melanoma (OMM) tumorigenesis was investigated. Immu-
nohistochemistry and mutation analysis were performed
using 18 cases of human primary OMM. Results revealed
16 cases positive to c-kit protein. Atypical melanocytes
expressed c-kit. All in situ components expressed c-kit, but
only four cases exhibited intense expression in the invasive
component. Missense mutations were observed in four
cases, and two of those correlated with increased protein

expression. C-kit expression in atypical melanocytes sug-
gests the role of c-kit in the early stage of OMM
tumorigenesis. C-kit protein expression correlated with
activating mutations indicating the pertinent role of the
proto-oncogene KIT in the tumorigenesis of OMM.
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Introduction

Oral mucosal melanoma (OMM) is a rare malignant soft
tissue neoplasm, which comprises 0.5% of oral malignan-
cies [5, 13]. The mechanism involved in its progression and
aggressiveness is not clearly understood. Because of the
slow progress in the treatment of melanoma, significant
advances may require new insights into melanoma biology.
Molecular analysis may give better perception and selection
of therapy, targeting signaling molecules responsible for
OMM progression.

Melanocytes are specialized melanin-producing cells that
originate from the neural crest and migrate to the skin, hair
follicle, and retina. Melanocytes can also be found in the
oral mucosa, but their existence and function are unknown
[13]. C-kit is one of the receptor tyrosine kinases (RTK)
that influences proliferation, migration, and survival of
melanocytes. C-kit, a protein encoded by the proto-
oncogene KIT, is activated by its ligand, stem cell factor,
during melanogenesis [1]. However, in tumors, c-kit
activation independent of its ligand through oncogenic
mutations enables the receptor to phosphorylate various
substrate proteins. This will then lead to activation of signal
transduction cascades that regulate cell proliferation, apo-
ptosis, chemotaxis, and adhesion [21, 23].
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Gain-of-function mutations in c-kit were identified in
various solid tumors particularly in gastrointestinal stromal
tumor (GIST) [4, 7, 9, 10, 14, 15, 18, 19, 23, 26, 32, 37, 38].
The in-frame mutations vary from single base pair substitu-
tions to complex deletions and insertions [7, 38]. The
identification of c-kit mutation led to further studies on
molecular therapy of GIST and other tumors with imatinib
mesylate (STI-571, Gleevec), a specific competitive inhibitor
of c-kit [39]. C-kit mutations most commonly involve the
juxta-membrane domain (JMD) encoded by exon 11, although
mutations in other domains were also found [8, 21, 26, 38].

C-kit is an important receptor for melanocyte growth and
maturation and its expression might be inferred in melano-
ma [19]. Likewise, the detection of c-kit activating mutation
in OMM may give an insight to the value of specific RTK
inhibitor in a subset of melanoma. Although several studies
involving c-kit and melanoma have been reported, there has
been no research done on OMM. Thus, we investigated the
protein expression and activating mutations in c-kit exons
11 and 13. C-kit protein expression correlated with
activating mutations, which might be in part responsible
for OMM tumorigenesis.

Materials and methods

Paraffin-embedded tissue samples

Hematoxylin and eosin (HE) sections from 18 cases of
formalin-fixed, paraffin-embedded primary OMM were
retrospectively analyzed. The cases were histologically
classified according to the Western Society of Teachers in
Oral Pathology classification [5, 28].

Immunohistochemistry

New sections of tissue samples were cut for immunohisto-
chemistry (IHC). Deparaffinized tissue sections were
blocked for endogenous peroxidase activity using 3%
hydrogen peroxide in methanol for 30 min, washed with
Tris-buffered saline solution, and treated for antigen
retrieval in citrate buffer, pH 6.0 (heat pressure for 5 min
at 121°C). The slides were covered with serum-free protein
block (DakoCytomation, Carpinteria, USA) for 15 min,
followed by C-kit antibody (DakoCytomation) with a
dilution of 1:100 and incubated overnight at 4°C. Immuno-
reaction was carried out with Envision™ Detection Reagent
Peroxidase (DakoCytomation) and detected with 3-
amino-ethylcarbazole substrate chromogen (DakoCytoma-
tion). Immunoreaction was defined as negative (−) when no
immunoreaction was observed and focal (±) when less than
20% melanoma cells were positive and if the degree of
staining was weak. When the degree of staining was strong,

it was regarded as moderate (+) when 20–50% melanoma
cells were positive and intense (++) when more than 50%
melanoma cells were positive. Immunoreactions for in situ
and invasive components were recorded separately.

Mutation analysis

Genomic deoxyribonucleic acid (DNA) was extracted from
formalin-fixed paraffin blocks with Dexpat Kit (Takara Bio,
Shiga, Japan) following the manufacturer’s procedure.
Although hot spots for c-kit include exons 9, 11, 13, and
17, the study focused on exons 11 and 13 because most
mutations in GIST were found in these exons. Exons 11 and
13 were amplified by polymerase chain reaction (PCR)
using primers shown in Table 1. PCR was performed in
20-μl reactions containing 2 μl reaction buffer, 1.6 μl
dexoyribonucleotide triphosphate, 0.5 μl of primer, and
0.1 μl rTaq (Takara Bio) and diluted to volume with sterile
water. PCR-cycling conditions were as follows: initial
denaturation at 94°C for 3 min, 45 cycles of denaturation
at 94°C for 30 s, annealing at 58 (exon 11) and 62°C (exon
13) for 1 min, and extension at 72°C for 1 min. A final
extension at 72°C for 7 min was also performed. PCR
products were purified with Geneclean III Kit, and others
were treated with ExoSAP-IT (USB, Ohio, USA) before
sequence-specific PCR. For confirmation purposes, new
sets of PCR products were subjected to single-strand
confirmation polymorphism (SSCP); aberrant bands were
cut and subjected to PCR followed by ExoSAP-IT
treatment and sequence-specific PCR.

Direct sequencing was performed using Big Dye
Terminator v1.1 Cycle Sequencing Kit (Applied Biosys-
tems, CA, USA). Sequence reactions were purified with
ethanol and ethylenediamine tetraacetic acid precipitation
and analyzed on a 3130xl ABI Prism Genetic Analyzer
(Applied Biosystems, Hitachi, Japan).

Results

Immunohistochemistry

Figure 1a (in situ) and c (invasive) are representative HE
sections of OMM. The expressions observed were mem-

Table 1 Primer sequences for C-kit

Exon Sequence

Exon 11 Forward 5′-CTCTCCAGAGTGCTCAATGAC-3′
Reverse 5′-AGCCCCTGTTTCATACTGACC-3′

Exon 13 Forward 5′-CGGCCATGACTGTCGCTGTAA-3′
Reverse 5′-CTCCAATGGTGCAGGCTCCAA-3′
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branous and cytoplasmic. C-kit expression was detected in
atypical melanocytes. Furthermore, c-kit expression was
detected in all in situ components (Fig. 1b). Only one case
exhibited focal staining, and the rest were moderate to
intense. In invasive components, c-kit expression was
observed in 16 out of 18 cases. C-kit expression varied
from focal to intense, and only four cases were intensely
positive (Fig. 1d).

Mutation analysis

All cases were subjected to mutation analysis including the
two IHC-negative cases. Many aberrant bands were
observed in SSCP gels for exons 11 and 13 (Fig. 2). When
these bands were sequenced, few missense and silent
mutations were obtained. Missense mutations were detected
in 4 out of 15 cases with DNA amplification (27%), two

mutations in exon 11 and two in exon 13. Mutations
W557R and K642E have been reported in GIST [4, 9, 14,
15, 18, 19, 23, 26, 37, 38], but K642E was also reported
specifically in mucosal melanoma [8]. Our literature search
did not reveal any report on the mutation V569G (Fig. 3).

Results in Table 2 show that in the four cases with
mutations, two showed intense c-kit protein expression
(cases 6 and 15). Case 6 exhibited several recurrences, and
case 15 was of the amelanotic type. Moreover, two cases
with mutations exhibited an increase in protein expression
from in situ phase to invasive phase (cases 6 and 9).

Discussion

OMM has a poor prognosis with a 5–20% survival rate
[33]. The poor prognosis of OMM has caused some
deliberations as to whether OMM has a more aggressive
behavior than its cutaneous counterpart or was it due to the
delay in diagnosis. Surgical excision, radiation therapy, and
targeting specific molecules were employed in the manage-
ment of melanoma [12, 22]. However, analysis of the
molecular biology of the tumor is one important leap
toward understanding the nature of the neoplasm and for
the provision of ample management.

C-kit expression has been detected mostly in the in situ
components of melanoma [27, 29, 30, 35]. The expression
of c-kit in basally growing acral lentiginous melanoma cells
suggested that the cells expressing the protein were
essential in the initial stage of tumor progression [30].
Atypical melanocytic proliferation may indicate early

Fig. 2 Single strand confirmation polymorphism. Aberrant bands
from PCR products with exon 13 were evident (arrows)

Fig. 1 C-kit expression in OMM. HE sections of the in situ component (a) and invasive components (c). This figure shows intense expression of
c-kit protein in the in situ component (b) and invasive component (d)
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progression of OMM [13, 28]. Therefore, c-kit expression
in atypical melanocytes indicates the role of c-kit in the
early stage of OMM tumorigenesis.

C-kit mutation in skin melanoma was rarely observed,
but several mutations have been found in acral and mucosal
melanoma with protein overexpression and increased DNA
copy [8]. Although two from our cases failed to express c-
kit protein, all cases were subjected to mutation analysis. It
is interesting to note that one mutation (W557R) was found

in a negative case. The significance of weak and focal c-kit
staining is not clear [39]. The negative case might have
probably expressed the receptor at a level below the
detection limit of IHC assay. Thus, c-kit mutation may also
be present, although the immunohistochemical assay gave a
negative response.

Although a decrease in c-kit protein from in situ to
invasive phase was observed, an increased expression was
also detected in two cases (cases 6 and 9). Incidentally,
these cases conformed to the mutation analysis suggesting
the correlation between increased c-kit protein expression
and the presence of activating mutation. Furthermore, case
6 exhibited several recurrences suggesting that c-kit protein
overexpression and gene mutation may contribute to the
high recurrence rate. Moreover, amelanotic melanoma has
been associated with a more aggressive type and poor
prognosis. Although only three samples from our cases
were amelanotic, incidentally, one case (case 15) had
intense protein expression and activating mutation. This
result suggests that c-kit has a role in the aggressiveness of
OMM.

Therapies targeting tyrosine kinase activities have been
promising in cases of melanoma expressing the c-kit
protein [11, 16, 20]. However, lack of response to imatinib
has also been reported in melanoma [2, 6, 36, 40]. Phase II
studies with imatinib until know failed to show efficacy in
melanoma patients [6]. Overexpression of the c-kit protein
has been previously observed without the occurrence of
mutation, so it is possible that the driving force toward
tumorigenesis is not solely related to mutation [3, 31].
Furthermore, it may also be speculated that a specific RTK
inhibitor may only be of value in subtypes of melanoma
[8]. Although it is unclear whether the presence of mutation
or protein overexpression might be of significance for
tumor behavior, the use of RTK inhibitors may have a
significant outcome in melanoma subtypes with increased
protein expression or activating mutation [34]. In addition,

Fig. 3 Direct sequence. The
figure shows normal sequence
and missense mutations in exon
11 (V569G) and exon 13
(K642E)

Table 2 Summary of immunohistochemistry results and mutation
analysis

Case Histological type IHC Mutation analysis

In situ Invasive

1 Invasive with in situ ++ + Wild type
2 Invasive with in situ + ± Wild type
3a Invasive NA ± Wild type
4 Invasive NA ± Wild type
5a Invasive with in situ ++ ++ Wild type
6b Invasive with in situ + ++ K642Ec, P585P
7 Invasive with in situ + ± Wild type
8 Invasive NA + Wild type
9 Invasive with in situ ± + V569G
10 Invasive NA − W557Rc

11 Invasive NA − Insufficient DNA
amount

12 Invasive with in situ ++ + Wild type
13 Invasive NA ± Insufficient DNA

amount
14 Invasive NA ++ Insufficient DNA

amount
15a Invasive NA ++ K642Ec, S645S
16 Invasive NA ± Wild type
17 Invasive with in situ + ± Wild type
18 Invasive with in situ + + Wild type

a Amelanotic type
bWith several recurrences
c Reported in other tumors
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(vascular endothelial growth factor) VEGF expression
might be regulated by a c-kit signal transduction cascade.
Several RTK inhibitors have antitumor effects by blocking
c-kit activation as well as suppressing VEGF transcription
and translation [17, 24, 25]. Because VEGF is highly
expressed by OMM cells (unpublished data), the use of
specific RTK inhibitor may block c-kit activation as well as
suppress angiogenesis.

In summary, c-kit expression suggests a role in the early
stage of OMM tumorigenesis. Increased c-kit protein
expression correlated with activating mutations suggesting
pertinent role of the proto-oncogene KIT in the tumorigen-
esis of OMM. Further studies may be carried out to
elucidate the molecular mechanisms that underlie the
correlation of activating mutation and protein expression
with clinical outcome.
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