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Abstract Sinonasal mucosal melanomas (SNMM) of the

head and neck regions are rare and aggressive malignan-

cies. Although they can affect patients of any ethnicity,

they are more numerous in Chinese patients. The diagnosis

and treatment of these tumors can be challenging. Recent

studies have reported that Sox10 is a sensitive melanocytic

marker for cutaneous melanoma (Nonaka et al. in Am J

Surg Pathol 32:1291–1298, 2008). In addition, a CD117

(c-kit) gene mutation has been identified in cutaneous mela-

nomas, indicating that there may be potential therapeutic

benefits of tyrosine kinase inhibitors, such as Imatinib. The

purpose of this study was to detect and test the immuno-

histochemical expression of Sox10 and c-kit in mucosal

melanomas (MM) arising in the nasal cavities of Chinese

patients. Twenty eight patients with mucosal melanomas of

the nasal cavity were treated in two major hospitals in

China. All cases had been locally diagnosed as primary

SNMM. We confirmed all diagnoses with positive immu-

nohistochemical stains for S100 and HMB-45. Addition-

ally, automated immunohistochemistry was performed

using a goat polyclonal Sox10 antibody and a monoclonal

c-kit antibody counterstained using a standard avidin–bio-

tin complex method. Immunohistochemical positive

expression of Sox10 was defined by nuclear stain; and

positivity for c-kit resulted in a distinct membranous

staining. The extent of nuclear positivity for Sox10 and

membranous stain for c-kit was graded by 4 board certified

pathologists as follows: 1?, 1–25 % of positive tumor

cells; 2?, 25–50 %; 3?, 50–75 %; and 4?, C75 %. Sox10

nuclear expression was found in all cases (100 %), with 4?

staining in 26 out of 28 cases (92.8 %) and 3? staining in

two cases with (7.1 %). The overall positivity for S100

staining was 23 out of 28 (82.1 %), with 1? staining in 10

cases, 2? staining in 6 cases, 3? staining in 7 cases, and no

staining in 5 cases. The sensitivity and intensity of Sox10

immunohistochemistry were both higher than with S100

immunohistochemistry. Immunopositivity of membranous

stain for c-kit (CD117) was seen in 24 out of 28 cases

(85.7 %), including 6 tumors that were 4?, eight that were

3?, six that were 2?, and four that showed 1? staining.

Our results demonstrate that Sox10 is a sensitive marker

for SNMM and it may possess diagnostic value in addition

to that of S100 protein. The expression of c-kit in the

majority of MMs suggests that it may be useful in the

assessment of these tumors for potential treatment with

tyrosine kinase inhibitors.
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Introduction

Primary sinonasal mucosal melanomas (SNMM) are rare

malignancies, accounting for 0.3–2 % malignant melano-

mas and about 4 % of head and neck melanomas [2]. The

biologic behavior of these tumors is not only worse than

their cutaneous counterparts, but they are often diagnosed

at a later stage because of anatomical limitations [3–5]. For

example, patients with SNMM may present with epistaxis

due to obstruction of nasal cavities as their first symptom.

Furthermore, SNMMs tend to metastasize earlier and

relapse more frequently [2, 6, 7].

The correct diagnosis of SNMM may be challenging due

to the notorious variability of tumor morphology and

architectural and cytological growth patterns, especially in

the absence of melanin pigment. SNMM can mimic any

other type of malignant neoplasm. The usual differential

diagnosis of SNMM includes poorly differentiated sino-

nasal malignancies, such as sinonasal undifferentiated

carcinoma, sinonasal small cell carcinoma and neuroen-

docrine tumor, olfactory neuroblastoma, rhabdomyosar-

coma, and malignant lymphoma. Immunohistochemical

panels are useful in their distinction. While melanocytic

markers, S100 protein, HMB-45, and Melan-A have been

recognized as helpful in resolving the differential diagno-

sis, no single marker, however, is deemed sufficiently

sensitive and specific as to support a final diagnosis.

Sox10 is a newly discovered melanocytic marker [1]. It

functions as an important transcription factor of the Sox

group E, and plays a crucial role in the normal develop-

ment of neural crest [8]. The neural crest gives rise to

migratory cells that colonize a wide range of embryonic

tissues and will act as stem cells for a variety of local cells

including melanocytes. Sox10 cooperates with other tran-

scription factors to direct the development and differenti-

ation of melanocytes and is essential for the commitment of

the neural crest cells into melanocytic lineages [9, 10].

Sox10 expression persists throughout the entire differenti-

ation pathway leading to mature melanocytes; when its

expression is inhibited, the pathway leads toward alterna-

tive differentiation to other cell lineages [11]. The impor-

tant role of Sox10 in the differentiation of melanocytes and

its persistence throughout the pathway theoretically makes

it a desirable marker for the detection of neoplasms of

melanocytic origin [1]. Recent studies indicate that Sox10

is a sensitive and specific marker in the diagnosis of

cutaneous melanomas [11–13]. While Sox10 has also been

demonstrated to be a useful marker for identification of

malignant melanoma in other organs, [13, 14] the utility of

its expression has not been investigated in SNMM.

c-kit (CD117), a transmembrane receptor tyrosine

kinase encoded by the proto-oncogene KIT, [15] enables

the binding of the phosphorylate receptors to various sub-

strate proteins when activated by carcinogenic mutations.

This, in turn, leads to the activation of the signal trans-

duction cascades that regulate cell proliferation, apoptosis

and chemotaxis [16, 17].

Recent studies have reported that c-kit positivity is

present in melanocytic lesions [15]. Inhibitors of tyrosine

kinase, such as Imatinib, yield a favorable clinical response

in cutaneous melanomas [18, 19]. c-kit gene mutations in

various cutaneous and other mucosal melanomas have been

identified by RT-PCR, but the immunostaining patterns for

c-kit in SNMM tissue has not as yet been described.

Our objective was to study the immunohistochemical

expression of Sox10 and c-kit protein in 28 SNMMs arising

in Chinese patients to determine the value of Sox10 in their

diagnosis and to identify potential candidates for tyrosine

inhibitor-targeted therapy.

Materials and Methods

Case Selection

With the approval of both Institutional Review Boards, 28

cases of SNMM were retrieved from the archival files of

the Department of Pathology, Beijing Tong Ren Hospital,

Capital Medical University (Beijing, China) and Eye, Ear,

and Throat Hospital, Fu Dan University (Shanghai, China),

from April 2000 to July 2009. The patients ranged from 43

to 82 years of age, with a mean of 65.2 years (Table 1).

Female patients slightly predominated (M:F = 13:15). All

cases had been diagnosed as primary mucosal melanomas

and confirmed by immunohistochemical stains for melan-

ocytic markers including S100 protein, HMB-45, and/or

Melan-A and PNL-2.

Immunohistochemistry

Blocks of formalin-fixed, paraffin-embedded tissue were

retrieved from the archive and sectioned at 4 lm. Serial

sections were used for immunohistochemical analysis and

stained for the following antibodies: Sox10 (goat poly-

clonal antibody,1:100, Santa Cruz, CA, USA) and CD117

(c-kit, pre-diluted monoclonal antibody, clone 9.7, Ventana

Medical Systems, Tucson, AZ, USA). Immunostaining

was performed using the Ventana Benchmark XT

immnostainer (Ventana Medical Systems, Tucson, AZ,

USA) with the manufacturer’s deparaffinization procedure,

antigen retrieval, and detection reagents. Antigen retrieval
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consisted in incubating the tissue sections in microwave-

heated 0.01 M citrated buffer (pH 6.0) and allowing them

to cool to room temperature prior to staining. After sec-

ondary antibody application, visualization of immuno-

staining was achieved by a standard avidin–biotin complex

detection using diaminobenzidine. In some cases with a

high content of melanin pigment, 3-Ethylamino carbazole

(AEC) was used to avoid the interference of pigment.

Slides were counterstained with hematoxylin. Mast cells

were identified on each slide and used as an internal

positive control for the c-kit (CD117) staining. Non-neo-

plastic sinonasal mucosa was used as negative controls

using tissue sections incubated with isotype-matched serum

without primary antibody.

Immunohistochemical expression of Sox10 was defined

by nuclear staining. The c-kit (CD117) positivity was

characterized by distinct membranous staining. The extent

of nuclear positivity for Sox10 and membranous stain for

Table 1 The clinical data of 28 sinonasal mucosa melanomas in Chinese patients

Case Sex Age Tumor

sites

Adjuvant therapy

after resection

Follow up status

(from April 2000 to July 2009)

1 M 68 Left turbinate and nasal cavity DOD after 4 years 9 months

2 M 62 Right nasal cavity Chemo, Rt NOD for 6 year 2 months

3 F 70 right nasal cavity and septum With recurrent tumor, LOF

4 M 76 Left turbinate LOF

5 F 66 Right maxillary and

ethmoid sinus

Chemo LOF

6 F 82 Right nasal cavity LOF

7 M 71 Right nasal cavity LOF

8 M 57 Right nasal cavity and

ethmoid sinus

Rt Neck metastases, DOD after 2 years

9 M 54 Right nasal septum LOF

10 F 43 Left nasal cavity With recurrent tumor, LOF

11 M 78 Left nasal cavity/maxillary

sinus and septum

Chemo With recurrent tumor, DOD after 2 years

12 M 49 Left nasal cavity Chemo With recurrent tumor, LOF

13 F 68 Right nasal cavity Rt With recurrent tumor, LOF

14 F 75 Right nasal cavity Rt DOD after 1 year

15 M 77 Right nasal cavity Chemo DOD after 1 year and 3 months

16 F 47 Right nasal cavity Chemo With recurrent tumor and lung metastases,

DOD after 2 years and 1 month

17 F 61 Left maxillary sinus Chemo With distant metastases, alive with disease

for 6 months, LOF

18 M 68 Left nasal cavity Chemo, Rt With lung metastases, LOF

19 M 54 Left turbinate With neck metastases, LOF

20 F 48 Left nasal cavity Chemo DOD after 2 years

21 F 51 Right ethmoid sinus LOF

22 M 65 Left nasal cavity DOD after 9 months

23 F 73 Right nasal cavity Chemo With multiple organ metastases,

DOD after 10 months

24 F 70 Right nasal cavity and septum Chemo With multiple abdominal organ metastases,

DOD after 10 months

25 F 78 Left nasal cavity LOF

26 F 68 Right nasal cavity Rt With mediastinal metastases,

DOD after 1 year 5 months

27 M 71 Right nasal cavity LOF

28 F 77 Right nasal cavity LOF

Due to geography and because patients frequently switch hospitals, this follow up data was based on telephone interviews with the patient and/or

the patient’s family; independent medical documentation for confirmation was not available

DOD dead of disease after initial diagnosis, Chemo chemotherapy, Rt radiation, NOD negative of disease, LOF loss of follow up
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c-kit was graded as follows: 1?, 1–25 % of tumor cells

stained; 2?, 25–50 %; 3?, 50–75 %; 4?, C75 %. All

stained slides were reviewed by 4 board–certified

pathologists.

Results

Sox10 nuclear staining was found in all cases (100 %).

Specifically, 26 out of the 28 cases revealed diffuse stain

4? (92.8 %, Figs. 1c, 2c, 3c), and 2 cases were 3?

(7.1 %).

S100 staining was negative in 5 cases (Fig. 2b); 1? in

10 cases; 2? in 6 cases (Fig. 1b); 3? in 7 cases (Fig. 3b);

4? , in 0 cases. The overall positivity was 23/28 (82.1 %).

Our preliminary data demonstrated that Sox10 staining is

more sensitive and stronger than S100 in comparing Sox10

and S100 staining patterns.

c-kit membranous staining was seen in the cytoplasmic

membranes in 24 out of 28 cases (85.7 %), including 6

tumors which were diffusely positive 4? (Fig. 2d), 8 which

were 3? (Fig. 3d), 6 which were 2? and 4 with focal and

weak staining 1?.

Discussion

Mucosal malignant melanomas are infrequent tumors. The

head and neck region accounts for approximately half of all

human mucosal melanomas representing 9 % of all

malignant head and neck tumors [7]. The remaining

mucosal melanomas arise from the anorectal mucosa, the

female genitalia, and the urinary tract [3, 5, 20]. Mucosal

melanomas of the head and neck area most commonly

occur in the nasal cavity, followed by the oral cavity and

paranasal sinuses; they are much less common in naso-

pharynx, larynx and middle ear [21]. In general, sinonasal

tract mucosal melanomas (SNMM) affect the nasal cavity

more frequently than the paranasal sinuses, and are typi-

cally seen in patients in their 6th to 8th decades of life.

There is no significant sex predilection observed in

mucosal melanoma of the head and neck [19, 22–24]. In

our series, 28 Chinese patients had an average age of

65.2 years (Table 1). Female patients were affected

slightly more than male (M:F = 13:15).

Clinical symptoms caused by SNMM can be variable,

and are usually associated with tumor obstruction of the

sinuses. Patients with nasal cavity mucosal melanoma may

Fig. 1 Representative case of mucosal melanoma, conventional

morphology. a Section of SNMM shows epithelioid tumor cells

[Hematoxylin and Eosin (H&E)] b Immunostain for S100 staining

highlights both nuclei and cytoplasm. c Sox10 nuclear stain.

d Immunostain for c-kit shows negative staining. Original magnifi-

cation 9200 for a–d
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present with epistaxis and difficulty breathing, leading to

earlier discovery than those with tumors of the paranasal

sinuses. Risk factors for SNMM are unclear.

The pathogenesis of SNMM is unknown. SNMMs are

characterized by aggressive biological behavior, leading to a

5 years survival rate of\25 to 30 % [7, 19]. Local recurrence

is common, resulting by from incomplete resection [19]. The

diagnosis of primary SNMM can be difficult. The pathologist

is expected to identify the presence of mucosal melanoma in

situ and needs to exclude metastases. An in situ component is

uncommon, being found in only 23 out of 115 cases in the

series of Thompson et al. [2].

Morphologically, melanoma is a notorious mimicker,

which may appear epithelioid, spindled, and even plas-

macytoid. Its cells can be arranged in an organoid pattern

or a solid growth pattern. Histologic diagnosis of mucosal

melanoma of the head and neck can be challenging,

requiring immunohistochemical stains which are less reli-

able than in cutaneous lesions. Melanocytic markers

including S100, human melanoma black-45 (HMB-45),

Melan-A, microphthalmia transcription factor (MITF),

Tyrosinase and PNL-2 may be helpful in confirmation of

the diagnosis [3, 23]. PNL-2 is a monoclonal antibody,

directly against a formalin resistant melanocytic antigen. It

has been used as an adjunctive marker in combination of

S100 and HMB-45 in diagnoses of melanocytic lesions

[25]. Sox10 is a novel marker that has not been examined

in mucosal melanoma.

Sox10 immunoreactivity

Recent studies have reported that Sox10 is a sensitive

melanocytic marker for cutaneous melanoma [1, 12, 13].

During the embryonic development, Sox10, as a tran-

scription factor of the Sox group E, directs melanocytes

derived from neural crest in their migration to skin and

mucosal epithelia [8–10]. Expression of Sox10 is contin-

uous throughout the differentiation pathway toward mature

melanocytes [11, 26]. Sox10 is essential for the specifica-

tion and differentiation of melanocytic lineage. The

essential function of Sox10 in the specification and dif-

ferentiation of the melanocytic lineage makes it a useful

melanocytic marker [1, 11]. Although it has been reported

that Sox10 can be highlighted in epidermal melanocytes

and cutaneous melanomas [10–13], little data are available

on Sox10 expression in SNMM.

Fig. 2 Representative case of mucosal melanoma, plasmacytoid

morphology. a Overlying squamous epithelium and sub-epithelial

melanoma with plasmacytoid tumor cells and occasional bi-nucleated

forms (H&E). b No expression for S100. c Sox10 highlights all nuclei

of the melanoma cells. d Immunostain for c-kit shows strong

membranous staining (4?). Original magnification 9200 for a–d
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We report the first study of the expression of Sox10 in

SNMM. Our results showed that Sox10 was expressed in

all 28 SNMM cases with diffuse and strong nuclear

staining (Figs. 1c, 2c, 3c). For comparison, the expression

of S100 was detected in 23 of 28 cases (1? in 10 cases, 2?

in 6 cases and 3? in 7 cases). Several authors reported that

Sox10 had a higher sensitivity and specificity for cutaneous

malignant melanoma as well as for metastatic melanoma in

sentinel lymph nodes than other immunohistochemical

markers such as S100 protein, HMB-45, Melan-A [1, 13,

14].

S100 protein has been one of the most frequently used

screen markers for melanoma diagnosis. However, it pos-

sesses a lower specificity, and is expressed by a variety of

normal cell types including reactive lesions and benign and

malignant neoplasmas [15, 16]. When comparing it, S100

protein immunoreacts with fibrocytes and histiocytes,

complicating the assessment of residual melanoma versus

scar [12]. Additionally, the S100 protein signal is present in

both nuclear and cytoplasmic locations; its utilization to

evaluate the presence of melanoma in situ may not always

be helpful [12]. In this study, 5 of 28 SNMM were negative

for S100 staining. This phenomenon has also been reported

in other studies, including negativity of 9 % of malignant

melanomas in the Thompson et al. series [2] and 5 % in the

Prasad et al. series [27]. Similarly, other markers also have

a significant percentage of negative expression in mela-

nomas, and the general surgical pathologist (and indeed,

specialty pathologist) needs to be aware of this. In addition,

S-100 is not a specific stain unique for melanoma, since

other cell types also react with it. Although HMB-45 may

be a more sensitive marker than S100 for immunohisto-

chemical diagnosis of primary oral and nasal MM, [28] it is

less sensitive than Sox10, which might lead to false-neg-

ative results. Sox10 yields a much higher sensitivity and

specificity with distinct nuclear staining pattern which

make it easier to detect, especially in lesions rich in mel-

anin. Therefore, the use of Sox10 is more sensitive than

other melanocytic markers in detecting residual, metastatic,

and in situ melanoma [12–14]. Our data showed similar

results to those previously reported in a study in cutaneous

melanoma [1, 12, 29]. For the first time, we report that

Fig. 3 Representative case of mucosal melanoma, spindle cell

morphology. a Section of melanoma composed of spindle shaped

tumor cells (H&E). b Immunostain for S100 shows nuclear and

cytoplasmic staining. c Sox10 highlights all nuclei of the melanoma

cells. d Immunostain for c-kit shows membrane staining (3?).

Original magnification 9100 for a–d
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Sox10 is a useful sensitive marker for the diagnosis of

SNMM (Fig. 1, 2, 3).

c-kit immunoreactivity

Since the KIT mutation was first identified in melanoma in

2004, [30] several reports have found KIT that mutations

involving exon 11, 13, 17 are the most frequent sites of

mutations in cutaneous melanomas. Exon 11 and K642E

point mutations of exon 13 are the most important genetic

alternation subsites [31–38]. Moreover, about 30 % of

melanoma samples with KIT mutation have also demon-

strated KIT gene amplification [32–35, 38]. Remarkably,

the prevalence of KIT mutation or amplification is dra-

matically different in specific subtypes of melanoma. c-kit

mutations and amplifications have been found in approxi-

mately 15–30 % of mucosal and acral-lentiginous mela-

nomas [7]. It has also been reported that mucosal

melanoma shows a higher frequency of KIT mutation and

amplification events than acral melanoma [15, 35–39].

Torres-Cabala et al. [38] and other demonstrated sig-

nificant correlation between the percentage of c-kit positive

cells by immunohistochemistry and KIT mutation status in

invasive acral lentiginous/mucosal melanomas [30–32, 38].

The expression of c-kit was also seen in 31 % of mela-

nomas without detectable KIT mutation or amplification

[33]. Thus, other KIT function mechanisms may account

for the aberrant c-kit signaling.

C-kit protein is a transmembranous receptor tyrosine

kinase. Therapy based on KIT gene targeting is based on the

expression of c-kit protein. In most subtypes of melanoma,

c-kit expression can be detected in immunohistochemistry

including superficial spreading cutaneous melanomas

(53.7 %), primary anorectal melanomas (75 %), more than

80 % metastatic melanomas and acral lentiginous/mucosal

melanomas (84 %) [7, 40–43]. In our study, the expression of

c-kit on SNMM was present in 24 of 28 cases (85.7 %).

Treatment of resectable SNMM remains surgical. Due to

the rarity of this tumor, no clear-cut protocol has been

established for those cases that are not surgically resect-

able. In addition to surgical resection, adjuvant radiation

and/or chemotherapy, and immunotherapies (e.g. interleu-

kins and interferon) are often required because of the dif-

ficulty in achieving negative margins [42–44]. In addition

to these treatment modalities, c-kit gene targeting therapy

may well represent a new promising therapeutic approach

[7, 41, 45].

It is well known that Imatinib is a specific competitive

inhibitor of tyrosine kinase in KIT gene mutation pathway.

Clinical trials have already demonstrated promising clini-

cal response in tumors with KIT gene mutation, including

melanomas expressing the c-kit protein by immunohisto-

chemistry, [45–47] Papaspyrou et al. have advocated

therapy for mucosal melanomas of the head and neck

emphasizing c-kit protein inhibiting treatment modalities

for tumors carrying c-kit mutations [7].

Although the underlying relationships between KIT gene

mutation and/or amplification, c-kit protein expression and

Imatinib sensitivity are still controversial, the c-kit

expression in our study may provide insight into the value

of Imatinib in the treatment of SNMM. We found that the

expression of c-kit protein in SNMM by routine immuno-

histochemistry is reproducible.

In summary, our results demonstrate that Sox10 is a

highly sensitive and specific melanocytic marker for

SNMM. If added to conventional melanocytic markers,

Sox10 may have more diagnostic value than S100 protein.

In addition, the expression of c-kit in the majority of

SNMM by immunohistochemistry may provide useful

information for the treatment by potential target therapy

using tyrosine kinase inhibitors.
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