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Summary Mitochondrial dysfunction is caused by an imbalance in the fission and fusion processes, and it
has been implicated in the pathogenesis of several human cancers. However, the role of mitochondrial
markers in melanomas still remains poorly understood. In this study, the authors assessed the expression
of 3 mitochondrial markers (antimitochondrial, fission protein 1 [FIS1], and mitofusin 2 [MFNZ2]) in a series

Ill/ilst(l)f:hondrla; of head and neck mucosal and cutaneous melanomas. Patients with cutaneous (n = 56) and mucosal (oral, n
i = 30, sinonasal, n = 26) melanomas of the head and neck region were enrolled in this study. Clinical and

MFN2; . . . . .

T follow-up data were retrieved from medical records. The expression of 3 mitochondrial markers was

assessed by the immunohistochemistry, and then digitally quantified and correlated with clinicopathological
data and outcome information. In the multivariate model, high mitochondrial content was identified as an
independent prognostic value for disease-free survival (DFS) in cutaneous melanomas and overall survival
in oral melanomas. FIS1 expression was significantly associated with lower overall survival rates in patients
with oral melanomas and strictly correlated with vascular invasion in mucosal melanomas. MFN2 was
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associated with high risk of distant metastasis in patients with cutaneous melanomas. In summary, the au-
thors demonstrated that mitochondrial content, along with FIS1 and MFN2 expressions, is correlated with
important clinicopathological characteristics in patients with cutaneous and mucosal head and neck melano-

mas.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Mitochondria are highly dynamic organelles involved in the
energy production of all human cells [1], and oxidative phos-
phorylation is the main source of energy for several biological
processes that demand ATP [2]. As a consequence of oxida-
tive phosphorylation, mitochondria also produce most reactive
oxygen species (ROS). ROS are implicated in the carcinogenic
process, damaging important proteins and macromolecules,
causing cell cycle deregulation and other relevant processes
that lead to tumor development and metastasis [3]. In addition,
mitochondria play an essential role in apoptosis, regulating
critical signaling pathways for its activation or inhibition [4].

Currently, the predictive value of mitochondrial markers is
described in recurrence, metastasis, and tamoxifen-resistance
of breast cancer patients [5]. In the intracellular compartment,
mitochondria constantly change in number and shape in an
event termed mitochondrial dynamics, which involves 2 main
processes: fusion and fission [1]. Although such processes are
widely investigated, their role in cancer cells and consequent
clinical behavior, tumorigenesis, and metastasis remains
poorly studied in the context of melanomas.

Melanomas are aggressive tumors that arise most commonly
on the skin or mucous membranes. Prognosis of primary mela-
noma is based on morphologic parameters such as the tumor
thickness and the mitotic index [6,7]. Considering that cutane-
ous melanomas (CM) are strictly associated with sun exposure,
whereas in mucosal melanomas (MMs), such association has no
effect in their pathogenesis, comparative studies are essential to
clarify the differences in signaling pathways involved in the dif-
ferent melanomas subtypes [8,9]. In addition, it has been cur-
rently demonstrated that CM and MM harbor different genetic
alterations, and few studies have compared mucosal and cutane-
ous head and neck (H&N) melanomas [10]. Oral and sinonasal
melanomas are uncommon tumors that arise in the mucosa of
these anatomical sites, presenting aggressive behavior, tendency
to metastasize, and worse prognosis than CMs [11,12]. To date,
few studies have attempted to describe proteins with prognostic
predictive value for these tumors.

The role of metabolic markers in several cancers is well
established [13-15]. Furthermore, high ROS levels are associ-
ated with tumor development and progression, and as the main
sources of ROS are mitochondria, it is hypothesized that these
organelles may play an essential role in tumorigenesis and

Fig. 1  AMT expression in cutaneous and mucosal H&N melanomas. A, Medium cytoplasmic positivity in malignant melanocytes in CM. B,
Strong positivity in a predominant fusiform oral melanoma. C, Strong positivity in a spindle/epithelioid sinonasal melanoma. D, Perinuclear pat-
tern of AMT immunostaining in sinonasal melanomas, undifferentiated type. Scale bars represent 100 um for all figures.
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impacts in the biological behavior of several cancers [16].
However, in melanomas, this role is not fully clarified. In the
current study, the expression of 3 mitochondrial markers in
oral, sinonasal, and cutaneous of the H&N region melanomas
was compared for their further comprehension.

2. Materials and methods
2.1. Case selection

A total of 112 H&N cutaneous and MM cases with follow-up
and complete clinical information from 4 pathology laboratories
were retrospectively collected. Formalin-fixed, paraffin-
embedded tissue blocks were retrieved; the melanomas diagno-
ses were reviewed and confirmed by 3 pathologists. In addition,
S-100, MelanA, and HMB45 immunostainings were performed
in all cases.

2.2. Immunohistochemistry

For the immunohistochemical (IHC) polymer-based
method, 3-pm-thick sections mounted on silanized slides were
used. The sections were deparaffinized, rehydrated in graded
ethanol solutions, and submitted to antigen retrieval with
EDTA/Tris buffer (pH 9.0) in an electric pressure cooker for
15 minutes. After that, endogenous peroxidase activity was
blocked with 20% H,0, with a single 15-minute incubation.

The sections were then incubated with the diluted primary an-
tibodies for 2 hours at room temperature. Two high-sensitive vi-
sualization systems were used: ADVANCE/HRP (code
K406889-2; Dako, Carpinteria, CA) and EnVision G|2 System/
AP, Rabbit/Mouse (Permanent Red; code K535521-2; Dako).
The THQ reactions were revealed with 3,3’-diaminobenzidine
(Sigma-Aldrich, St Louis, MO) or Permanent Red (Dako), and
counterstained with Carazzi hematoxylin. In cases stained with
3,3’-diaminobenzidine, bleaching was performed following the
protocol previously established by our group [17]. Detailed
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Fig. 2  FIS1 expression in cutaneous and mucosal H&N melanomas. A, Medium cytoplasmic positivity in macrophages and very weak FIS1
expression in CM. B, Weak cytoplasmic expression in tumor cells of CM. C, Strong FIS1 expression in malignant melanocytes of oral melanoma.
D, FIS1-positive cells during mitosis (blue arrows). E, Strong FIS1 positivity in vascular and neural invasion areas. F, Weak FIS1 immunostaining
in tumor cells of sinonasal melanomas; occasional macrophages are positive. Scale bars represent 100-um magnification for all figures, except for

panel C (200 pm).
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Fig. 3

MEFN2 expression in cutaneous and mucosal H&N melanomas. A, Medium MFN2 immunostaining in CM. B, MFN2 positivity was fo-

cal and in individual cells of oral melanomas. C, Perinuclear MFN2 immunopositivity was observed in some cases of sinonasal melanomas. D,
Strong MFN2 positivity in a case of sinonasal melanoma (stage IVc). Scale bars represent 100 pm for all figures.

information on the primary antibodies, dilution, manufacturer,
and respective positive controls is listed in Supplementary
Table 1. Negative controls were obtained by omission of the pri-
mary antibodies.

2.3. Digital analysis

After the IHC reactions, the slides were scanned into
high-resolution images and digitally assessed as

described previously with the scores of positivity ranging
from 100 (very weak) to 300 (strongly positive) [17]. One
calibrated pathologist selected 10 different and random-
ized regions per case to perform the digital IHC quantifi-
cation; these areas were from the superior and inferior
portions of the tumors. In cases stained with permanent
red, the software distinguishes red (IHC signal) from
brown (melanin) areas; nevertheless, highly pigmented
areas were avoided.

Table 1  Relationship of AMT, FIS1, and MFN2 expressions with clinicopathological characteristics of all patients with HN CMs (n = 56)
Variables Categories AMT, n (%) 2 FIS1, n (%) P MEN2, n (%) 2
Low High Low High Low High

Age <56y 14 (51.9) 15 (51.7) 9923 14 (50.0) 15 (53.6) 7891 13 (46.4) 16 (57.1) 4223
>56y 13 (48.1) 14 (48.3) 14 (50.0) 13 (46.4) 15 (53.6) 12 (42.9)

Sex Female 13 (48.1) 12 (41.4) .6106 13 (46.4) 12 (42.9) 7880 13 (46.4) 12(42.9) .7880
Male 14 (51.9) 17 (58.6) 15(53.6) 16 (57.1) 15(53.6) 16 (57.1)

Ulceration Absent 21(77.8) 13 (44.8) 0116% 24(85.7) 10 (35.7) .0001* 24 (85.7) 10(35.7)  .0001 =
Present 6(222) 16(55.2) 4(14.3) 18 (64.3) 4(14.3) 18 (64.3)

Growth phase Radial 10 (37.0) 12 (41.4) 7395 15(53.6) 7(25.0) 0286« 13 (46.4) 9(32.1) 2737
Vertical 17 (63.0) 17 (58.6) 13 (47.4) 21 (75.0) 15 (53.6) 19 (67.9)

Breslow thickness <3.3mm 23 (852) 16(55.2) 0146 25(89.3) 14 (50.0) 0013 24 (85.7) 15(53.6)  .0089 =
>33 mm 4 (14.8) 13 (44.8) 3(10.7) 14 (50.0) 4 (14.3) 13 (46.4)

Clark level 1, IT, 11T 15 (55.6) 10 (34.5) 1129 22(78.6) 3(10.7) <0001 17(60.7) 8(28.6) .0155%
v,V 12 (44.4) 19 (65.5) 6(21.4) 25(89.3) 11(39.3) 20(71.4)

Mitotic index <3 mm’? 16 (59.3)  8(27.6) 0167 19(67.9) 5(17.9) .0001 % 19(67.9) 5(17.9)  .0001 =
>3 mm? 11 (40.7) 21 (72.4) 9 (32.1) 23(82.1) 9 (32.1) 23(82.1)

AJCC stage I and IT 24 (88.9) 9(31.0) <000l 19(67.9) 14(50.0) 1744 24 (85.7) 9 (32.1) <.0001 =
I and IV 3(15.0) 17 (85.0) 9(45.0) 11(55.0) 4(20.0) 16 (80.0)

* Statistical significance (P < .05).
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Table 2  Relationship of clinicopathological characteristics of patients with HN CMs (n = 56) and AMT, FIS1, and MFN2 expressions with
DFS and OS rates in univariate and multivariate models
Variables Categories n (%) DFS P Multivariate OS P Multivariate
univariate  (log-rank) HR (95% CI) P univariate  (log-rank) HR (95%CI) P
(%) (%)
3y Sy 3y Sy
Age <56y 29 (51.8) 93.1 77.3 .29 - - 93.1 81.6 .21 - -
>56y 27 (48.2) 923 59.9 (1.09) 92.3 67.6 (1.57)
Sex Female 25 (44.6) 957 77.0 .39 - - 95.7 822 .22 - -
Male 31 (554) 903 62.0 (0.71) 90.3 68.9 (1.46)
Ulceration Absent 34 (60.7) 97.1 87.4 <.01= 3.27 .08 97.1 90.9 <.0I % 2.23 .34
Present 22(39.3) 854 30.1 (24.17) (0.86-12.35) 854 454 (14.76) (0.42-11.76)
Growth phase Radial 22 (39.3) 955 713 47 - - 95.5 764 .24 - -
Vertical 34 (60.7) 87.7 67.5 (0.51) 87.8 744 (1.34)
Breslow thickness <3.3 mm 39 (69.5) 974 86.4 <.01:x 4.61 .02 97.4 86.4 <.01= 4.593 .052
>33mm 17 (30.5) 81.6 30.1 (13.43) (1.24-17.11) 81.6 48.3 (7.69) (0.98-21.43)
Clark level I, I1, 111 25 (44.6) 958 779 .02 4.32 44 100.0 82.8 .23 - -
v,V 31(554) 86.6 57.0 (4.79) (0.1-184.66) 86.6 68.2 (1.40)
Mitotic index <3mm’> 24 (42.8) 95.8 91.7 <.01=% 5.168 .04 = 95.8 91.7 <.01* 2.87 .20
>3mm’ 32 (57.2) 902 50.9 (16.32) (1.06-24.98) 90.2 61.1 (7.84) (0.55-14.82)
AJCC stage Iand IT 33(62.3) 96.6 85.5 <.01=* 2.469 18 100.0 96.4 <.01 = 11.21 .03
Mland IV 20 (37.7) 82.6 41.1 (24.48) (0.65-9.343) 82.6 46.2 (22.48) (1.18-106.003)
AMT Low 27 (48.2) 100.0 95.5 <.01= 24.07 012 100.0 95.5 <.01= 1.32 .79
High 29 (51.8) 859 46.0 (26.72) (2.03-284.66) 85.9 56.5 (12.67) (0.15-11.34)
FIS1 Low 28 (50.0) 96.4 81.3 <.01=* 0.04 .14 96.4 85.6 .06 0.24 13
High 28 (50.0) 88.7 49.8 (8.92) (0.001-2.989) 88.7 62.5 (3.32) (0.041-1.52)
MFN2 Low 28 (50.0) 100.0 88.7 <.01=* 1.14 87 100.0 92.7 <.01 % 2.09 .49
High 28 (50.0) 85.1 459 24.03 (0.21-6.181) 85.1 53.7 (15.06) (0.25-17.31)

* Statistical significance (P < .05).

Table 3  Relationship of AMT, FIS1, and MFN2 expressions with clinicopathological characteristics of all patients with oral melanomas (n = 30)
Variables Categories AMT, n (%) P FIS1, n (%) P MEFN2, n (%) P
Low High Low High Low High

Age <48y 6 (40.0) 10 (66.7) .1432 7 (46.7) 9 (60.0) .4642 7 (46.7) 9 (60.0) .4642
>48 y 9 (60.0) 5(33.3) 8(53.3) 6(40.0) 8(53.3) 6(40.0)

Sex Female 9(60.0) 7 (46.7) .4642 6 (40.0) 10 (66.7) .1432 10(66.7) 6 (40.0) .1432
Male 6 (40.0) 8(53.3) 9(60.0) 5(33.3) 5(33.3) 9(60.0)

Site Palate 6 (40.0) 7 (46.7) .8706 5(333) 8(53.3) .0641 8(53.3) 5(33.3) .5418
Gingiva 3(20.0) 2(13.3) 1(6.7) 4(26.7) 2(13.3) 3(20.0)
Others 6 (40.0) 6 (40.0) 9 (60.0) 3(20.0) 5(33.4) 746.7)

Treatment Only surgery 12 (80.0) 8(53.2) 2465 12(80.0) 8(53.3) .2465 9(60.0) 11(73.3) .5191
Surgery plus CH/RT 3 (20.0) 6 (40.0) 3(20.0) 6 (40.0) 5(33.3) 4(26.7)
No treatment 0 (0.0) 1(6.7) 0 (0.0) 1(6.7) 1(6.7) 0(0.0)

Vascular invasion Absent 10 (66.7) 9 (60.0) .7047 15(100) 4 (26.7) <.001% 9 (60.0) 10 (66.7) .7047
Present 5(33.3) 6(40.0) 0(0.0) 11(73.3) 6 (40.0) 5(33.3)

Neural invasion Absent 13 (86.7) 11 (73.3) 3613 14(93.3) 10(66.7) .0678 12 (80.0) 12 (80.0) 1.000
Present 2 (13.3) 4(26.7) 1(6.7) 5(33.3) 3(20.0) 3(20.0)

Mitotic index <1 9(60.0) 4(26.7) .0654 11(73.3) 2(13.3) <.001=* 6 (40.0) 7 (46.7) .7125
>1 6 (40.0) 11 (73.3) 4(26.7) 13 (86.7) 9 (60.0) 8(53.3)

Cellular morphology Nonepithelioid 8(53.3) 2(13.3) .0201* 7(46.7) 3(20.0) .1213 5(33.3) 5(33.3) 1.000
Epithelioid 7 (46.7) 13 (86.7) 8 (53.3) 12 (80.0) 10 (66.7) 10 (66.7)

AJCC stage 11T 8(53.3) 5(33.3) .4843 8(53.3) 5(33.3) .0233% 8(53.3) 5(333) .0201+
IVa 5(33.3) 6 (40.0) 7 (46.7) 4 (26.7) 2 (13.4) 9 (60.0)
IVb and IVc 2(13.4) 4(26.7) 0(0.0) 6 (40.0) 533.3) 1(6.7)

Abbreviations: CH, chemotherapy; RT, radiotherapy.
* Statistical significance (P < .05).
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2.4. Statistical methods

Briefly, for the statistical methods, the CMs were divided
into 2 groups based on the Clark level: (1) I, I, and III ;, and
(2) IV and V. The immunostaining scores were correlated with
clinical data from all types of melanomas using contingency ta-
bles and 2 or Fisher exact test. Survival curves were calcu-
lated according to the Kaplan-Meier method. The log-rank
test was applied for patients with low and high marker expres-
sion (cutoff value: median of positivity scores). Cox propor-
tional hazards regression analysis was performed to test the
statistical independence and significance between pathologi-
cal, molecular, and clinical variables. All statistical tests were
carried out in the SPSS software, version 22.0 (SPSS, Chi-
cago, IL) with a 95% confidence level (P < .05).

The National Commission for Ethics in Research approved the
study protocol (CONEP-Brazil, CAAE: 72077517.1.0000.5418).
This study was carried out according to the ethical principles
stated in the Declaration of Helsinki

3. Results

The immunostaining scores were quantitatively assessed
by digital analysis. All mitochondrial markers demonstrated
high expression in tumor cells. Overall, antimitochondrial
(AMT) expression was higher in mucosal melanoma than in
CM (Fig. 1); fission protein 1 (FIS1) immunostaining was high
in oral melanomas and closely correlated with tumor cells in
areas of vascular and neural invasion (Fig. 2), and mitofusin
2 (MFN2) expression was much higher in cutaneous and sino-
nasal melanomas than in oral melanomas (Fig. 3). The mean
scores for CMs were 199.4 (range, 118.4-248.8 for AMT),
134.5 (range, 101.9-175.9 for FIS1), and 211.9 (range,
156.2-255.7 for MFN2). For oral melanomas, the mean scores
were 224.4 (range, 109.3-268.1 for AMT), 179.7 (range,
116.1-230.0 for FIS1), and 182.7 (range, 142.0-226.4 for
MFN2). For sinonasal melanomas, the mean scores were
229.4 (range, 173.5-258.9 for AMT), 124.1 (range, 112.3-
181.0 for FIS1), and 239.8 (range, 208.7-259.4 for MFN2).

Table 4 Relationship of clinicopathological characteristics of patients with oral melanomas (n = 30) and AMT, FIS1, and MFN2 expressions

with OS rates in univariate and multivariate models

Variables Categories n (%) OS univariate P Multivariate
O (log-rank) HR (95% CT) P
3y Sy
Age <48y 16 (53.3) 56.3 40.2 .76 - -
>48 y 14 (46.7) 43.8 43.8 (0.09)

Sex Female 16 (53.3) 38.4 384 .33 = -
Male 14 (46.7) 64.3 42.9 (0.94)

Anatomical site Palate 13 (43.3) 27.7 0.0 .02 * 0.33 .02 *
Gingiva 5(16.6) 40.0 40.0 (7.46) (0.13-0.85)
Others 12 (40.1) 81.8 65.5

Treatment Only surgery 20 (66.7) 57.4 57.4 21 - -
Surgery plus CH/RT 9 (30.0) 44.4 14.8 (1.57)
No treatment 13.3) - -

Vascular invasion Absent 19 (63.3) 83.6 61.0 <.01 * 1.61 .69
Present 11 (36.7) 0.0 0.0 (20.69) (0.14-17.97)

Neural invasion Absent 24 (80.0) 60.4 44.1 .03 = 0.82 .81
Present 6 (20.0) 16.7 16.7 (4.48) (0.17-3.93)

Mitotic index <1 mm’ 13 (43.3) 91.7 91.7 <.01 * 6.75 18

>1 mm? 17 (56.7) 23.5 11.7 (13.93) (0.42-109.16)
Necrosis Absent 22 (73.3) 51.3 41.0 .59 - -
Present 8(26.7) 50.0 25.0 (0.28)

Cellular morphology Nonepithelioid 10 (33.3) 88.9 88.9 <.01 * 8.56 11
Epithelioid 20 (66.7) 35.0 0.0 (9.76) (0.59-122.71)

AJCC stage I 13 (43.3) 68.4 51.3 <.01 * 1.25 .61
IVa 11 (36.7) 60.6 40.4 (14.66) (0.52-3.05)
IVb and IVc 6 (20.0) 0.0 0.0

AMT Low 15 (50.0) 62.7 62.7 .03 12.97 .01 =
High 15 (50.0) 40.0 13.3 (4.48) (1.73-97.09)

FIS1 Low 15 (50.0) 92.9 63.7 <.01 =* 22.99 .03
High 15 (50.0) 13.3 133 (15.45) (1.32-401.12)

MFN2 Low 15 (50.0) 52.5 28.0 49 - -
High 15 (50.0) 50.3 50.3 (0.47)

Abbreviations: CH, chemotherapy; RT, radiotherapy.
* Statistical significance (P < .05).
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3.1. Cutaneous melanomas

A total of 56 patients with H&N CMs (25 female, 31 male)
were included. The case distribution of American Joint Com-
mittee on Cancer (AJCC) stages was as follows: stage 0, in situ
5.4% (3/56); 1A, 17.9% (10/56); 1B, 8.8% (5/56); 11A, 10.7%
(6/56); 1IB, 12.5% (7/56); 1IC, 8.9% (5/56); IIIA, 5.4% (3/
56); 1B, 5.4% (3/56); I1IC, 7.1% (4/56); and IV, 17.9% (10/
56). The mean of Breslow thickness was 3.0 mm (ranging
from 0 to 38 mm).

All mitochondrial markers analyzed in this study demon-
strated correlation with the presence of ulceration, Breslow
thickness, and mitotic index. AMT and FIS1 were associated
with AJCC stage, whereas FIS1 and MFN2 were correlated
with Clark level. High expression of FIS1 was also correlated
with the vertical growth phase (Table 1).

Univariate Cox analysis of all cutaneous cases showed a
significant correlation between lower disease-free survival
(DFS) rates and the presence of ulceration, Breslow thickness,
Clark level, mitotic index, AJCC stage, AMT, FIS1, and
MFN2 expressions. In contrast, in the multivariate Cox analy-
sis of all cutaneous cases (including all variables with signifi-
cance in the univariate model), only Breslow thickness,
mitotic index, and AMT expression were significant for
DFS. With respect to overall survival (OS), in the univariate
model, ulceration, Breslow thickness, mitotic index, AJCC
stage, AMT, and MFN2 expressions demonstrated significant

prognostic value. All variables, except for the AJCC stage, lost
their prognostic values within a multivariate model (summa-
rized in Table 2).

In addition, the predictive value of tumor ulceration status,
Breslow thickness, mitotic rate, Clark level, and the expres-
sions of AMT, FIS1, and MFN2 for distant metastasis risk
were assessed with Cox analysis. Only presence of ulceration
(hazard ratio [HR], 4.29; 95% confidence interval [CI], 1.19-
15.37; P = .025) and MFN2 expression (HR, 38.88; 95% CI,
3.42-441.93; P=.003) were significantly associated with high
risk for distant metastasis, in a multivariate model (Supple-
mentary Table 2).

3.2. Oral melanomas

Thirty patients with oral melanomas (16 female, 14 male)
were considered for this study. Regarding site distribution,
13 cases occurred in the palate, 5 in the inferior gingiva, and
12 in other areas that included the tongue (1 case) the mouth
floor (1 case), and 6 cases had no specification regarding their
incidence areas. The distribution of AJCC stages was as fol-
lows: 111, 43.3% (13/30); IVa, 36.7% (11/30); and IVb and
Ve, 20% (6/30).

High AMT expression was associated with epithelioid
cellular morphology, whereas high FIS1 expression was corre-
lated with the presence of vascular invasion, mitotic indexing,
and AJCC stage. MFN2 expression was significantly

Table 5 Relationship of AMT, FIS1, and MFN2 expressions with clinicopathological characteristics of all patients with sinonasal mela-

nomas (n = 26)

Variables Categories AMT, n (%) FIS1, n (%) P MEFEN2, n (%) P

Low High Low High Low High

Age <59y 6(46.2) 7(53.8) .6948 7(53.8) 6(46.2) .6948 4(30.8) 9(69.2) .0498+
>59y 7(53.8) 6(46.2) 6(46.2) 7(53.8) 9(69.2) 4(30.8)

Sex Female 6(46.2) 8(61.5) 4314 8(61.5 6(46.2) 4314 10(76.9) 4(30.8) .0182x
Male 7(53.8) 5(38.5) 5(38.5) 7(53.8) 3(23.1) 9(69.2)

Site Nasal cavity 6(46.2) 5(384) 3180 7(53.8) 4(30.8) .4920 4(30.8) 7(53.8) .4920
Paranasal sinuses 6(46.2) 4 (30.8) 4(30.8) 6(46.2) 6 (46.1) 4 (30.8)
Nasopharynx 1(7.6) 4(30.8) 2(154) 3(23.0) 3(23.1) 252

Treatment Only surgery 6(46.2) 5(38.5) .5024 7(53.8) 4(30.8) .3492 5(38.5) 6(46.2) .5024
Surgery plus CH/RT 6 (46.2) 8(61.5) 6(46.2) 8(6l.5) 8(61.5) 6(46.2)
No treatment 1(7.6)  0(0.0) 0(0.0) 1(7.7) 0 (0.0) 1 (7.6)

Vascular invasion Absent 10 (76.9) 9(69.2) .6583 12(92.3) 7(53.8) .0270* 11(84.7) 8(61.5) .1847
Present 3(23.1) 4(30.8) 1(7.7)  6(46.2) 2(15.3) 5(38.5)

Neural invasion Absent 11(84.6) 13(100) .1410 13(100) 11(84.7) .1410 13 (100) 11 (84.7) .1410
Present 2 (15.4) 0(0.0) 0(0.0)0 2(153) 0(0.0) 2(15.3)

Mitotic index <l 10 (76.9) 8 (61.5) .3954 10(76.9) 8(61.5) .3954 8(61.5) 10 (76.9) .3954
>1 3(23.1) 5(38.5) 3(23.1) 5(38.5) 5(38.5) 3(23.1)

Cellular morphology Plasmacytoid/others 4 (30.8) 6 (46.2) 4201 7(53.8) 3(23.1) .1068 9(69.2) 1(7.7) .0012=*
Fusiform/epithelioid 9 (69.2) 7 (53.8) 6 (46.2) 10(76.9) 4(30.8) 12(92.3)

AJCC stage 11 5(38.5) 4(30.8) 2110 5(38.5) 4(30.8) .6969  5(38.4) 4(30.8) .8948
IVa 6(46.2) 3(23.1) 5(38.4) 4(30.8) 4(30.8) 5(384)
IVb and IVc 2(15.3) 6(46.1) 3(23.1) 5(38.5) 4(30.8) 4(30.8)

Abbreviations: CH, chemotherapy; RT, radiotherapy.
* Statistical significance (P < .05).
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Table 6 Relationship of clinicopathological characteristics of patients with sinonasal melanomas (n = 26), AMT, FIS1, and MFN2
expressions with OS rates in univariate and multivariate models
Variables Categories n (%) OS  univariate P Multivariate

(GO Uzl HR (95% CI) P
3y Sy

Age <59y 13 (50.0) 59.2 39.5 .67 - -
>59y 13 (50.0) 53.9 40.5 (0.17)

Sex Female 14 (53.8) 66.2 414 .53 - -
Male 12 (46.2) 48.6 36.5 (0.38)

Anatomical site Nasal cavity 11 (42.3) 57.7 57.7 32 - -
Maxillary sinus 10 (38.5) 54.9 54.9 (2.24)
Nasopharynx 5(19.2) 60.0 0.0

Treatment Only surgery 11 (42.3) 57.1 28.6 24 = =
Surgery plus CH/RT 14 (53.8) 60.6 50.5 (1.36)
No treatment 1 (3.9 - -

Vascular invasion Absent 19 (73.1) 70.1 50.1 .01 = 2.16 15
Present 7 (26.9) 28.6 14.3 (5.60) (0.75-6.19)

Neural invasion Absent 24 (92.3) 63.0 43.0 12 = =
Present 2(7.7) 0.0 0.0 (2.33)

Mitotic index <1 mm? 18 (69.2) 55.8 55.8 79 = =
>] mm? 8 (30.8) 62.5 15.6 (0.06)

Necrosis Absent 16 (61.5) 61.3 42.0 27 = =
Present 10 (38.5) 50.0 333 (1.21)

Cellular morphology Plasmacytoid/others 10 (38.5) 100.0 83.3 <.01* 12.840 .02
Epithelioid/fusiform 16 (61.5) 375 22.5 (10.335) (1.30-126.37)

AJCC stage I 9 (34.6) 85.7 64.3 21 - -
IVa 9 (34.6) 43.8 29.2 (3.12)
IVb and IVc 8 (30.8) 375 18.8

AMT Low 13 (50.0) 33.8 33.8 .07 - -
High 13 (50.0) 76.2 48.4 (3.14)

FIS1 Low 13 (50.0) 80.0 53.3 .057 - -
High 13 (50.0) 359 23.9 (3.63)

MFN2 Low 13 (50.0) 80.2 50.1 .02 0.88 .85
High 13 (50.0) 38.5 28.8 (5.21) (0.23-3.25)

Abbreviations: CH, chemotherapy; RT, radiotherapy.
* Statistical significance (P < .05).

associated with AJCC stage only, with most cases within
IVb/IVce stages, with low expression of this marker
(Table 3). Regarding OS probabilities, some clinicopathologi-
cal characteristics were significantly associated with lower OS,
including the anatomical site (palate), the presence of vascular
and neural invasion, high mitotic index, epithelioid cellular
morphology, advanced AJCC stages, and AMT and FISI ex-
pressions. High MFN2 expression was associated with better
prognosis, with no statistical significance. In the multivariate
model, the anatomical site (palate) and AMT and FIS1 expres-
sions were significantly correlated with lower OS rates
(Table 4).

3.3. Sinonasal melanomas

Twenty-six patients with oral melanomas (14 female, 12
male) were considered for this study. Regarding site distribu-
tion, 11 cases occurred in the nasal cavity, 10 in the maxillary
sinus, and 5 in the nasopharynx area. The distribution of AJCC

stages was as follows: III, 34.6% (9/26); IVa, 34.6% (9/26);
IVb and IVc, 30.8% (8/26).

High expression of FIS1 was significantly correlated with
the presence of vascular invasion, whereas MFN2 expression
was associated with age (higher expression in young patients),
sex (high expression within males), and fusiform/epithelioid
cellular morphology (Table 5). Lower OS rates were signifi-
cantly associated with the presence of vascular invasion and
fusiform/epithelioid cellular morphology. In contrast, regard-
ing mitochondrial markers, only the MFN2 was associated
with lower OS probability. In the multivariate model, fusi-
form/epithelioid cellular morphology showed predictive value
for sinonasal melanomas (Table 6).

4. Discussion

There are increasing shreds of evidence that mitochondrial
dynamics regulate melanogenesis and probably have an
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important role in the malignant transformation of melanocytes
[18]. Besides that, increased metabolism of tumor cells is a
hallmark of cancer progression, and mitochondria are directly
associated with energy production in human cells [19]. Cor-
roborating with this, a new tool for melanoma metastasis pre-
diction has been suggested, which uses a magnetic resonance
imaging method based in the mitochondrial redox ratio, and
it has been adding important value in the diagnosis and predic-
tion of melanoma metastases [20]. In cancer cells, mitochon-
dria constantly modify their number, shape, and function
mainly through 2 main processes (fission and fusion), which
are generically termed mitochondrial dynamics [1,4]. The in-
hibition of mitochondrial dynamics—related proteins is also as-
sociated with reduced growth tumor [21]. However, limited
research on the mitochondrial markers and their prognostic
value in mucosal and CMs exists. In this study, a retrospective
study was carried out to assess the expression of 3 mitochon-
drial markers in a series of cutaneous and mucosal (oral and
sinonasal) melanomas. Furthermore, the potential prognostic
value of the mitochondrial content (assessed by AMT expres-
sion) and of 2 proteins involved in the fission (FIS1) and fu-
sion (MFN2) processes were evaluated.

One interesting finding was the higher mitochondrial con-
tent observed in MM than in CM, indicating a probability that
the mitochondrial mass may influence in the poor MM prog-
nosis. In agreement with prior reports, high mitochondrial con-
tent is associated with poor prognosis in several human
cancers such as H&N squamous cell carcinomas [22], gall-
bladder [23], prostate [24], and breast carcinomas [25]. In ad-
dition, some studies have demonstrated a crucial role of the
mitochondrial mass in acquisition of a malignant phenotype
and in tumor chemoresistance [26,27]. Our findings also dem-
onstrate that high mitochondrial content is an independent
prognostic marker for DFS in cutaneous and OS in oral mela-
nomas. In CMs, high expression of AMT was associated with
AJCC stage and Breslow thickness, indicating a possible role
of mitochondrial mass in CM pathogenesis. High expression
of AMT was also ulceration related, as a subpopulation of
highly AMT-positive macrophages was observed in ulcerated
lesions. Thus, we hypothesize that the inflammatory infiltrate
that overexpresses AMT may be associated with the high mi-
tochondrial content. As demonstrated previously, the mito-
chondrial biogenesis plays a crucial role during cell cycle
progression [28], and it corroborates with a positive correlation
between high AMT expressions and mitotic index in CMs.

With respect to the fission process, several proteins are in-
volved in its signaling, including the dynamin-related protein
1 (DRP1) and the FIS1 [29]. Recently, several studies have ad-
dressed the oncogenic role of DRP1 in cellular responses to
MAPK inhibition [30]. In addition, another study showed that
the induction of DRP1 in nevi and melanoma contributed to
the development of BRAFV60E disease [31]. Thus, it was hy-
pothesized that the fission process could lead to essential mel-
anoma progression events. Regarding the FIS1 expression,
this study demonstrated a correlation between Clark levels
with increased FIS1 immunostaining. In fact, different Clark

levels are interesting examples to study CM progress. Besides
that, the FIS1 expression was correlated with critical prognos-
tic parameters for CMs, such as Breslow thickness and mitotic
index. In oral melanomas, the FIS1 expression was associated
with the AJCC stage and strictly correlated with vascular inva-
sion. It also identified FIS1 as an independent prognostic fac-
tor for OS in patients with oral melanomas in both univariate
and multivariate models. Most importantly, such data suggest
that the FIS1 plays an essential part in the pathogenesis of cu-
taneous and oral melanomas, and it is consequently appointed
as a possible prognostic biomarker for these tumors, mainly
for oral melanomas.

The exact role of MFN2 in cancer is not well established, as
contradictory data, in some studies, have demonstrated an on-
cogenic activity, whereas other studies have researched its
antioncogenic effect [13,32]. In this study’s cohort of H&N
melanomas, the MFN2 expression was associated with lower
DFS and OS in the multivariate model for patients with
CMs. Furthermore, high MFN2 expressions demonstrated a
correlation with high risk for distant metastasis in a multivari-
ate model. In oral melanomas, cases with high MFN2 expres-
sion have better prognosis than cases with lower expression.
Although these data were not significant, it is important to
highlight a possible MFN2 antioncogenic effect in these par-
ticular tumors. This corroborates with a previous study, in
which B16F10 melanoma cell knockdown for MFN2 demon-
strated a higher number of lung metastasis [32]. On the other
hand, for sinonasal melanomas, MFN2 was also associated
with worse OS rates in the univariate model, which is validated
by other studies [13,15]. Additional studies to determine the
role of MFN2 in different human cancers types are highly
suggested.

The current understanding of the clinical and pathological
characteristics of MMs is mainly based on the analysis of indi-
vidual cases or small series [33-35]. However, in this study, 56
oral and sinonasal melanoma samples were collected with
strict follow-up and complete clinicopathological data. Within
clinicopathological parameters for oral melanomas, worse out-
come was identified for lesions in the palate and demonstrating
a prognostic value of AMT and FIS1 for these tumors. In a uni-
variate model, variables such as vascular and neural invasion,
mitotic index, and AJCC stage were significantly correlated
with lower OS rates. Importantly, epithelioid cellular morphol-
ogy has emerged as a valuable prognostic predictor for oral
melanomas. Regarding the sinonasal melanomas, only an epi-
thelioid/fusiform cellular morphology was identified as an in-
dependent prognostic factor. In contrast, in the univariate
model, vascular invasion, and MFN2 were correlated
with lower OS probability. The lack of predictive value of
these clinicopathological parameters probably is due to
the heterogeneity of these tumors, and future studies must be
able to study the melanomas of the nasal cavity separately
and from other localizations such as paranasal sinuses and
nasopharynx.

In conclusion, high mitochondrial content and FIS1 expres-
sion are associated with the aggressive characteristics and with
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poor prognosis in patients with oral melanomas. Furthermore,
high mitochondrial content predicted lower DFS in patients
with CMs, as well as MFN2 that predicted distant metastasis
in CMs of the H&N region. Altogether, the novel identified
mitochondrial markers in this study may help in the develop-
ment of new drugs that target the mitochondria and modulate
the mitochondrial dysfunction that underlies in the pathogene-
sis of mucosal and CMs to prevent tumor recurrence and dis-
tant metastasis.

Author contributions

Conceptualization: C.D.S., J.J., O.P.A.

Data curation: F. V.M., M.B.C.,, RR.D.R.,L.S.A,,R.C., A.
A, M.GF.C,O.PA.

Formal analysis: C.D.S., O.P.A., TM.LM.

Funding acquisition: J.J., C.D.S.

Software: C.D.S., TM.L.M.

Writing - original draft: C.D.S.
Supervision: O.P.A., JJ., A.A.,, FV.M.

Writing - review & editing: The final version of this manu-
script has been reviewed and approved by all authors.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2018.11.009.

References

[1] Friedman JR, Nunnari J. Mitochondrial form and function. Nature 2014;
505:335-43. https://doi.org/10.1038/nature12985.

[2] Corazao-Rozas P, Guerreschi P, André F, et al. Mitochondrial oxidative
phosphorylation controls cancer cell’s life and death decisions upon ex-
posure to MAPK inhibitors. Oncotarget 2016;7:39473-85. https://doi.
org/10.18632/oncotarget.7790.

[3] Liou G-Y, Storz P. Reactive oxygen species in cancer. Free Radic Res
2010;44:479-96. https:/doi.org/10.3109/10715761003667554.

[4] Suen DF, Norris KL, Youle RJ. Mitochondrial dynamics and apo-

ptosis. Genes Dev 2008;22:1577-90. https://doi.org/10.1101/gad.

1658508.

Sotgia F, Fiorillo M, Lisanti MP. Mitochondrial markers predict

recurrence, metastasis and tamoxifen-resistance in breast cancer

patients: early detection of treatment failure with companion diagnostics.

Oncotarget 2017;8:68730-45. https://doi.org/10.18632/oncotarget.

19612.

[6] Dickson PV, Gershenwald JE. Staging and prognosis of cutaneous mel-
anoma. Surg Oncol Clin N Am 2011;20:1-17. https://doi.org/10.1016/].
50c.2010.09.007.

[7] Foletto MC, Haas SE. Cutaneous melanoma: new advances in treatment.
An Bras Dermatol 2014;89:301-10. https://doi.org/10.1590/abd1806-
4841.20142540.

[8] Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets of genetic alter-
ations in melanoma. N Engl J Med 2005;353:2135-47. https://doi.org/
10.1056/NEJM0a050092.

[5

—

[9] Satzger I, Schaefer T, Kuettler U, et al. Analysis of c-KIT expression and
KIT gene mutation in human mucosal melanomas. Br J Cancer 2008;99:
2065-9. https://doi.org/10.1038/sj.bjc.6604791.

[10] Alaeddini M, Etemad-Moghadam S. Immunohistochemical profile of
oral mucosal and head and neck cutancous melanoma. J Oral Pathol
Med 2015;44:234-8. https://doi.org/10.1111/jop.12235.

[11] de-Andrade B-A-B, Toral-Rizo V-H, Leon J-E, et al. Primary oral mela-
noma: a histopathological and immunohistochemical study of 22 cases of
Latin America. Med Oral Patol Oral Cir Bucal 2012;17:¢383-8. https:/
doi.org/10.4317/MEDORAL.17588.

[12] Lourengo SV, Fernandes JD, Hsieh R, et al. Head and neck mucosal mel-
anoma: a review. Am J Dermatopathol 2014;36:578-87. https://doi.org/
10.1097/DAD.0000000000000035.

[13] LouY, LiR, Liu J, et al. Mitofusin-2 over-expresses and leads to dysreg-
ulation of cell cycle and cell invasion in lung adenocarcinoma. Med
Oncol 2015;32:132. https://doi.org/10.1007/s12032-015-0515-0.

[14] Kannan A, Wells RB, Sivakumar S, et al. Mitochondrial reprogramming
regulates breast cancer progression. Clin Cancer Res 2016;22:3348-60.
https://doi.org/10.1158/1078-0432.CCR-15-2456.

[15] Ahn SY, Li C, Zhang X, Hyun Y-M. Mitofusin-2 expression is impli-
cated in cervical cancer pathogenesis. Anticancer Res 2018;38:
3419-26. https://doi.org/10.21873/anticanres. 126 10.

[16] Sotgia F, Whitaker-Menezes D, Martinez-Outschoorn UE, et al. Mito-
chondrial metabolism in cancer metastasis: visualizing tumor cell mito-
chondria and the quot;reverse ;“reverse Warburg effectquot;;” in
positive lymph node tissue. Cell Cycle 2012;11:1445-54. https://doi.
org/10.4161/cc.19841.

[17] Soares CD, Borges CF, Sena-Filho M, et al. Prognostic significance of
cyclooxygenase 2 and phosphorylated Aktl overexpression in primary
nonmetastatic and metastatic cutaneous melanomas. Melanoma Res
2017;27:448-56. https://doi.org/10.1097/CMR.0000000000000368.

[18] Kim ES, Park SJ, Goh M-J, et al. Mitochondrial dynamics regulate me-
lanogenesis through proteasomal degradation of MITF via ROS-ERK ac-
tivation. Pigment Cell Melanoma Res 2014;27:1051-62. https://doi.org/
10.1111/pemr.12298.

[19] Ward PS, Thompson CB. Metabolic reprogramming: a cancer hallmark
even Warburg did not anticipate. Cancer Cell 2012;21:297-308. https:/
doi.org/10.1016/j.ccr.2012.02.014.

[20] LiLZ, Zhou R, Zhong T, et al. Predicting melanoma metastatic potential
by optical and magnetic resonance imaging. Adv Exp Med Biol 2007;
599:67-78.

[21] Pal HC, Prasad R, Katiyar SK. Cryptolepine inhibits melanoma cell
growth through coordinated changes in mitochondrial biogenesis, dy-
namics and metabolic tumor suppressor AMPKa1/2-LKB1. Sci Rep
2017;7:1498. https://doi.org/10.1038/s41598-017-01659-7.

[22] Huebbers CU, Adam AC, Preuss SF, et al. High glucose uptake unex-
pectedly is accompanied by high levels of the mitochondrial 3-F1—
ATPase subunit in head and neck squamous cell carcinoma. Oncotarget
2015;6:36172-84. https://doi.org/10.18632/oncotarget.5459.

[23] SunJ, Yang Z, Miao X, et al. ATP5b and B2-microglobulin are pre-
dictive markers for the prognosis of patients with gallbladder can-
cer. J Mol Histol 2015;46:57-65. https://doi.org/10.1007/s10735-014-
9597-9.

[24] Grupp K, Jedrzejewska K, Tsourlakis MC, et al. High mitochondria con-
tent is associated with prostate cancer disease progression. Mol Cancer
2013;12:145. https:/doi.org/10.1186/1476-4598-12-145.

[25] Gonidi M, Athanassiadou A-M, Patsouris E, et al. Mitochondrial UCP4
and bcl-2 expression in imprints of breast carcinomas: relationship with
DNA ploidy and classical prognostic factors. Pathol Res Pract 2011;
207:377-82. https:/doi.org/10.1016/j.prp.2011.03.007.

[26] Vlashi E, Lagadec C, Vergnes L, et al. Metabolic differences in breast
cancer stem cells and differentiated progeny. Breast Cancer Res Treat
2014;146:525-34. https://doi.org/10.1007/s10549-014-3051-2.

[27] Farnie G, Sotgia F, Lisanti MP, et al. High mitochondrial mass
identifies a sub-population of stem-like cancer cells that are chemo-
resistant. Oncotarget 2015;6:30472-86. https://doi.org/10.18632/onco-
target.5401.


https://doi.org/
https://doi.org/10.18632/oncotarget.7790
https://doi.org/10.18632/oncotarget.7790
https://doi.org/10.3109/10715761003667554
https://doi.org/10.1101/gad.1658508
https://doi.org/10.1101/gad.1658508
https://doi.org/10.18632/oncotarget.19612
https://doi.org/10.18632/oncotarget.19612
https://doi.org/10.1016/j.soc.2010.09.007
https://doi.org/10.1016/j.soc.2010.09.007
https://doi.org/10.1590/abd1806-4841.20142540
https://doi.org/10.1590/abd1806-4841.20142540
https://doi.org/10.1056/NEJMoa050092
https://doi.org/10.1056/NEJMoa050092
https://doi.org/10.1038/sj.bjc.6604791
https://doi.org/10.1111/jop.12235
https://doi.org/10.4317/MEDORAL.17588
https://doi.org/10.4317/MEDORAL.17588
https://doi.org/10.1097/DAD.0000000000000035
https://doi.org/10.1097/DAD.0000000000000035
https://doi.org/10.1007/s12032-015-0515-0
https://doi.org/10.1158/1078-0432.CCR-15-2456
https://doi.org/10.21873/anticanres.12610
https://doi.org/10.4161/cc.19841
https://doi.org/10.4161/cc.19841
https://doi.org/10.1097/CMR.0000000000000368
https://doi.org/10.1111/pcmr.12298
https://doi.org/10.1111/pcmr.12298
https://doi.org/10.1016/j.ccr.2012.02.014
https://doi.org/10.1016/j.ccr.2012.02.014
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0100
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0100
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0100
https://doi.org/10.1038/s41598-017-01659-7
https://doi.org/10.18632/oncotarget.5459
https://doi.org/10.1007/s10735-014-9597-9
https://doi.org/10.1007/s10735-014-9597-9
https://doi.org/10.1186/1476-4598-12-145
https://doi.org/10.1016/j.prp.2011.03.007
https://doi.org/10.1007/s10549-014-3051-2
https://doi.org/10.18632/oncotarget.5401
https://doi.org/10.18632/oncotarget.5401

Prognostic importance of mitochondrial markers in melanomas 289

[28] Lee S, Kim S, Sun X, Lee J-H, Cho H. Cell cycle—dependent mito-
chondrial biogenesis and dynamics in mammalian cells. Biochem
Biophys Res Commun 2007;357:111-7. https://doi.org/10.1016/j.bbrc.
2007.03.091.

[29] Smirnova E, Griparic L, Shurland DL, van der Bliek AM. Dynamin-

related protein Drpl is required for mitochondrial division in mammalian

cells. Mol Biol Cell 2001;12:2245-56. https://doi.org/10.1091/mbc.12.8.

2245.

Serasinghe MN, Wieder SY, Renault TT, et al. Mitochondrial division is

requisite to RAS-induced transformation and targeted by oncogenic

MAPK pathway inhibitors. Mol Cell 2015;57:521-36. https://doi.org/

10.1016/j.molcel.2015.01.003.

Wieder SY, Serasinghe MN, Sung JC, et al. Activation of the mitochon-

drial fragmentation protein DRP1 correlates with BRAF(V600E)

[30

=

[31

—

melanoma. J Invest Dermatol 2015;135:2544-7. https://doi.org/10.
1038/jid.2015.196.

[32] XuK, Chen G, Li X, et al. MFN2 suppresses cancer progression through
inhibition of mMTORC2/Akt signaling. Sci Rep 2017;7:41718. https://doi.
org/10.1038/srep41718.

[33] Narasimhan K, Kucuk O, Lin H-S, et al. Sinonasal mucosal melanoma: a
13-year experience at a single institution. Skull Base 2009;19:255-62.
https://doi.org/10.1055/s-0028-1115321.

[34] Thompson LDR, Wieneke JA, Miettinen M. Sinonasal tract and naso-
pharyngeal melanomas: a clinicopathologic study of 115 cases with a
proposed staging system. Am J Surg Pathol 2003;27:594-611.

[35] Lourenco SV, Martin Sangiieza A, Sotto MN, et al. Primary oral mucosal
melanoma: a series of 35 new cases from south America. Am J Dermatopathol
2009;31:323-30. https://doi.org/10.1097/DAD.0b013e3181a0d37c.


https://doi.org/10.1016/j.bbrc.2007.03.091
https://doi.org/10.1016/j.bbrc.2007.03.091
https://doi.org/10.1091/mbc.12.8.2245
https://doi.org/10.1091/mbc.12.8.2245
https://doi.org/10.1016/j.molcel.2015.01.003
https://doi.org/10.1016/j.molcel.2015.01.003
https://doi.org/10.1038/jid.2015.196
https://doi.org/10.1038/jid.2015.196
https://doi.org/10.1038/srep41718
https://doi.org/10.1038/srep41718
https://doi.org/10.1055/s-0028-1115321
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0170
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0170
http://refhub.elsevier.com/S0046-8177(18)30443-X/rf0170
https://doi.org/10.1097/DAD.0b013e3181a0d37c

	Prognostic importance of mitochondrial markers in mucosal and cutaneous head and neck melanomas
	1. Introduction
	2. Materials and methods
	2.1. Case selection
	2.2. Immunohistochemistry
	2.3. Digital analysis
	2.4. Statistical methods

	3. Results
	3.1. Cutaneous melanomas
	3.2. Oral melanomas
	3.3. Sinonasal melanomas

	4. Discussion
	Author contributions
	Supplementary data
	References


