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The transient receptor potential cation channel, subfamily M, member 1 (TRPM1/Melastatin-1/MLSN-1)
expression has been shown to have prognostic utility in the evaluation of primary cutaneous melanoma. We
analyzed a series of spindled and epithelioid cell nevi (Spitz) and primary cutaneous nodular melanomas to
determine whether the expression of TRPM1 mRNA may be useful in distinguishing between Spitz nevi and
nodular melanomas and to further examine the patterns of TRPM1 mRNA expression in cutaneous melanocytic
proliferations. Formalin-fixed, paraffin-embedded tissues from 95 Spitz nevi and 33 nodular melanomas were
analyzed for the expression of TRPM1 mRNA by in situ hybridization using 35S-labeled riboprobes. Ubiquitous
melanocytic expression of TRPM1 mRNA was observed in 56 of 95 (59%) Spitz nevi and 4 of 33 (12%) nodular
melanomas. Diffusely scattered loss of TRPM1 mRNA was identified in 38 of 95 (40%) Spitz nevi and 2 of 33 (6%)
nodular melanomas. Regional loss of the TRPM1 mRNA expression by a significant subset of dermal tumor
cells or a complete absence of TRPM1 expression by the dermal tumor was identified in 27 of 33 (82%) nodular
melanomas, but only 1 of 95 (1%) Spitz nevi. These findings suggest that the pattern of TRPM1 mRNA
expression may be helpful in the differentiation of Spitz nevi and nodular melanomas. Of the 16 patients who
experienced metastasis, 15 (94%) had primary tumors that displayed reduced MLSN mRNA expression by all or
a part of the dermal tumor.
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Spindled and epithelioid cell nevi, also known as
Spitz nevi, were originally reported as tumors
arising predominantly in childhood. These tumors
also occur in adults and in some cases may mimic
melanoma histologically. Indeed, historically,
spindled and epithelioid cell nevi have been
described as histopathological stimulants of mela-
noma.1–3 Although many Spitz nevi can readily
be distinguished from nodular melanomas, there
remains a subset of tumors for which a definitive
diagnosis of Spitz nevus versus that of melanoma is
not rendered with ease.4–6 Of the benign histological

mimics of melanoma, Spitz nevi are among the most
important to be recognized because they often extend
into the reticular dermis and have a tumor thickness
that may provoke sentinel lymph node mapping if
called melanoma. Although Spitz nevi are cured by
local excision, the 5-year survival for patients with
nodular melanoma involving the reticular dermis
(level IV) is o50%.7 Given the markedly different
treatment protocols and prognostic implications of
the respective diagnoses, ancillary techniques that
may assist in this distinction would be helpful.

Studies in human melanocytic tumors have
indicated that TRPM1, also known as Melastatin
(MLSN-1), mRNA expression has diagnostic and
prognostic utility.8–11 TRPM1 is a member of the
transient receptor potential (TRP) channel family
with as-yet determined function in melanocytic
tumors. Channels in the TRP family allow for
calcium entry into cells, producing intracellular
responses linked to the phosphatidylinositol and
protein kinase C signal transduction pathways.12

The promoter region of TRPM1 contains four
consensus binding sites for MITF.13 TRPM1 is
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transcriptionally regulated by MITF, as is evidenced
by the strong response of TRPM1 expression in vitro
to MITF upregulation or downregulation.14 TRPM1
was identified by differential cDNA display in B16
murine melanoma cell lines of variable metastatic
potential.13 In humans, all benign nevi reported to
date have been shown to uniformly express TRPM1
mRNA, whereas primary melanomas show variable
expression, and all melanoma metastases show at
least regional loss of TRPM1 mRNA expression.8,9

A study analyzing the histological patterns of
TRPM1 mRNA expression in 64 cases of benign
melanocytic nevi, primary cutaneous melanomas,
and melanoma metastases found ubiquitous mela-
nocytic expression of TRPM1 mRNA in all 14
cases of benign melanocytic nevi. On the other
hand, 19 of 36 (53%) primary cutaneous melanomas
and 11 of 11 (100%) melanoma metastases showed
loss of TRPM1 mRNA expression in at least part of
the tumor.9 A subsequent study of 150 patients with
localized cutaneous melanoma (AJCC I and II)
showed that decreased expression of TRPM1 mRNA
in the primary cutaneous tumor correlated with an
increased risk of developing metastasis. In multi-
variate analysis of TRPM1 mRNA expression and
other clinical and pathological prognostic factors,
TRPM1, tumor thickness, and mitotic activity were
found to be independent and interactive predictors
of disease-free survival.10

The goals of this study were to analyze the
patterns of expression of TRPM1 mRNA in Spitz
nevi and nodular melanomas and to determine
whether specific patterns of expression of this novel
melanocyte-specific gene correlate with diagnosis
and patient outcome.

Materials and methods

Cases and Tissues

Patients were identified by review of the surgical
pathology files of the James Homer Wright Pathology
Laboratories at the Massachusetts General Hospital
and by the records of the Massachusetts General
Hospital Cancer Registry for the years 1988–1994.
Formalin-fixed, paraffin-embedded tissue blocks
were obtained from all available cases. These
included 95 Spitz nevi and 33 nodular melanomas.
Hematoxylin and eosin-stained sections were
reviewed by three dermatopathologists (L.M.D.,
G.A.L., L.A.E.) for verification of diagnoses. Cases
were evaluated microscopically for the following
histological parameters: ulceration, mitotic activity,
tumor diameter, tumor thickness, and Clark level.
Clinical information including age, gender, and
follow-up was obtained by chart review and discus-
sion with the patients’ physicians. This protocol
was approved by the Institutional Review Board
Subcommittee on Human Studies at the Massachu-
setts General Hospital (Boston, MA, USA (98-7327)).

In Situ Hybridization

In situ hybridization studies were carried out as
reported previously.9 Formalin-fixed, paraffin-
embedded tissue sections were cut at 4 mm thick-
ness, deparaffinized, rehydrated, and postfixed with
4% paraformaldehyde in phosphate-buffered saline
(PBS) for 15min. After washing with PBS, the tissue
sections were digested with 2 mg/ml proteinase K at
37 1C for 15min and incubated with 4% parafor-
maldehyde/PBS for 10min. The tissue sections were
then washed with PBS, incubated with 0.2N HCl for
10min and 0.25% acetic anhydride/1mol/l trietha-
nolamine for 10min, and dehydrated with graded
ethanols. Hybridizations were carried out with
single-stranded 35S-radiolabeled (5� 107 c.p.m./ml)
cRNA probes encoding a 1.9-kb segment of the
coding region of the human cDNA (accession no.
AF071787)8 or a 1-kb segment of the coding region of
the human H4 histone gene in the presence of 50%
formamide, 10% dextran sulfate, 1� Denhardt’s
solution, 600mmol/l NaCl, 10mmol/l DTT, 0.25%
sodium dodecyl sulfate, and 100 mg/ml tRNA for
18h at 55 1C. After hybridization, the slides were
washed with 5� standard saline citrate (SSC) at
55 1C for 30min, 50% formamide/2� SSC at 55 1C
for 30min, 10mmol/l Tris-HCl (pH 7.6)/500mmol/l
NaCl/1mmol/l EDTA (TNE buffer) at 37 1C for
10min, incubated once in 2� SSC at 50 1C for
30min, twice in 0.2� SSC at 50 1C for 30min, and
dehydrated with graded ethanols. Localization of
mRNA transcripts was detected by dipping the
slides in Kodak NTB2 photoemulsion (Eastman
Kodak, Rochester, NY, USA) and exposing them for
10–14 days at 4 1C.15 Before dehydration and cover-
slipping of the slides, the sections were counter-
stained using Myer’s hematoxylin and alcoholic
eosin Y. H4 histone probes were used as positive
controls, and sense probes were used as negative
controls.

Scoring TRPM1 Assay

Loss of TRPM1 expression was determined by
identifying the loss of TRPM1 mRNA expression
in tumor cells as compared with the background
levels of photoemulsion grains. Examples of scoring
are seen in Figures 1 and 2. All melanocytic
proliferations showed TRPM1 mRNA expression
throughout the intraepidermal component. Slides
were scored as having ‘no loss’ if TRPM1 expression
was equally detectable at all levels of the intrader-
mal extension. ‘Scattered loss’ was defined as
reduced TRPM1 mRNA signal scattered randomly
throughout the tumor (another term may be ‘diffuse
loss’; we prefer the term ‘scattered’ to indicate that
only few cells randomly distributed show down-
regulation of mRNA). ‘Regional loss’ was defined as
focal areas or well-defined regions of the tumor
exhibiting only background signal of TRPM1
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mRNA. Although the term ‘focal loss’ was also
considered for this pattern, the focus of reduced
TRPM1 mRNA expression may actually be quite large,
for example, more than a focus of a few cells.
‘Complete loss’ was defined as uniform loss of TRPM1
mRNA expression by all dermal tumor cells (Figure 1).
Benign intraepidermal melanocytes elsewhere in the
sections were used as internal positive controls for
sample RNA integrity because they normally express
high levels of MLSN mRNA. In addition, tumors
displaying complete loss of TRPM1 mRNA expression
were examined for H4 histone expression to confirm
mRNA preservation. All cases displayed TRPM1
mRNA expression in intraepidermal melanocytes.
TRPM1 mRNA expression for each tumor was scored
independently by three dermatopathologists (L.A.E.,
G.A.L., L.M.D.) in the absence of patient outcome
information. Discordant scoring results between read-
ers were resolved by joint review.

Statistical Analysis

Statistical analysis was carried out using the SAS
statistical package version 6.12 (SAS Institute Inc.,
Cary, NC, USA). The association of TRPM1 mRNA

status with other covariates was tested with the w2

test for categorical data and the Wilcoxon test.

Results

The tumors in this study showed characteristic
histological features. The Spitz nevi were symme-
trical circumscribed melanocytic proliferations
composed of large nests of melanocytes separated
by cleft-like spaces from the adjacent and overlying
hyperplastic epidermis. Cytologically, the Spitz nevi
showed an admixture of epithelioid and spindled
melanocytes with large nuclei, evenly distributed
chromatin, smooth nuclear margins, prominent
central nucleoli, and abundant eosinophilic cyto-
plasm. Nodular melanomas were composed of
proliferations of cytologically atypical melanocytes
with increased nuclear to cytoplasmic ratios,
clumped chromatin, and irregular nuclear outlines.
The nodular melanomas were thicker on average
than Spitz nevi (median Breslow thickness: 2.7mm
(0.5–14.7mm) vs. 0.5mm (0.1–3.2mm), respectively,
(P¼ 0.027)). Ulceration was identified in 1 of 95
Spitz nevi and in 14 of the 33 nodular melanomas.
Mitotic activity was identified in 22 of 95 of the

Figure 1 Schematic representation of scoring for TRPM1 mRNA expression in cutaneous melanocytic tumors. All melanocytic
proliferations show TRPM1 mRNA expression throughout the intraepidermal component. No loss was defined as TRPM1 mRNA
expression equally detectable at all levels of the intradermal extension. Scattered loss (diffuse loss) was defined as reduced TRPM1
mRNA signal scattered randomly throughout the tumor. Regional loss (focal loss) was defined as focal areas or well-defined regions of the
tumor exhibiting only background signal of TRPM1mRNA. Complete losswas defined as uniform loss of expression of TRPM1mRNA by
all dermal tumor cells.
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Spitz nevi, but no Spitz nevus showed greater than 1
mitotic figure per millimeter squared. Of the 33
nodular melanomas, 15 showed more than one
mitoses per square millimeter. Mitoses were identi-

fied in the deep aspect of the nodular melanomas,
but not in the deep aspect of the Spitz nevi.

The clinical features of the patients with Spitz
nevi and those with nodular melanomas are sum-

Figure 2 Examples of TRPM1 mRNA expression patterns. In situ hybridization using 35S-labeled riboprobe; white grains correlate with
positive TRPM1mRNA expression in dark field images. All melanocytic proliferations showed TRPM1mRNA expression throughout the
intraepidermal component. No mRNA loss: (a) H&E, (b) TRPM1 dark field, Spitz nevus. Scattered loss: (c) H&E, (d) TRPM1 dark field,
Spitz nevus. Regional loss: (e) H&E, (f) TRPM1 dark field, nodular melanoma, reduced TRPM1 expression is observed in the dermal
tumor cells in the lower half of the field. The irregular side-to-side color shading in the bright field images is a result of irregular uptake of
H&E by the coating of NTB2 photographic emulsion.
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marized in Table 1. The median age of patients with
Spitz nevi was less than those with nodular
melanomas (24 vs. 60 years; P¼ 0.012). The site
distribution of Spitz nevi and melanoma was similar
with approximately half of cases occurring on the
extremity (48 vs. 52%), one-third on the trunk (32
vs. 30%), one-fifth on the head and neck (17 vs.
18%), and the remainder at other sites. Clinical
follow-up data beyond 9 months of diagnosis was
available for 58 of the patients with Spitz nevi; with
a mean follow-up duration exceeding 10 years
(range 9 months to 20 years). No patient with a
Spitz nevus developed metastatic disease. The mean
duration of follow-up for the patients with nodular
melanomas was 7.6 years (range 1–17). Of the 33
patients with nodular malignant melanoma, 17 did
not experience metastasis, 5 patients were alive but
had suffered metastases, and 11 patients died from
complications related to metastatic melanoma. Of
the patients who died, the mean length of time from
diagnosis to death was 2.6 years (range 1–7).

TRPM1 mRNAwas detected in bright-field micro-
scopy as black grains overlying the cells and in dark
field as bright white spots (Figure 2). Normal
epidermal melanocytes expressed TRPM1 mRNA.
In cases of melanoma with contiguous benign nevi,
the benign nevomelanocytic component showed
uniform TRPM1 mRNA expression. TRPM1 mRNA
was detected in the intraepidermal component of
the melanoma in all of the tumors tested. In contrast,
variable expression of TRPM1 mRNA was observed
in the dermal component of many of the Spitz
nevi and the nodular melanomas. The results of the
in situ hybridization assays are summarized in
Table 2 and shown graphically in Figure 3.

Ubiquitous melanocytic expression of TRPM1
mRNA was observed in 56 of 95 (59%) Spitz nevi
and 4 of 33 (12%) nodular melanomas; this uniform
expression was termed ‘no loss.’ Scattered loss of
TRPM1 mRNA was identified in 38 of 95 (40%)
Spitz nevi and 2 of 33 (6%) nodular melanomas.
Regional loss (focal loss) of TRPM1 mRNA was
identified in 22 of 33 (67%) nodular melanomas; 1
Spitz nevus of 95 cases (1%) showed regional

TRPM1 mRNA loss. Complete loss of detectable
TRPM1 mRNA was manifested by the dermal
component of 5 (15%) of the nodular melanomas
but none of the Spitz nevi.

Expression of TRPM1 mRNA was evaluated with
disease progression in patients with nodular mela-
noma. Four cases of NMM showed ubiquitous
melanocytic TRPM1 mRNA expression; none died
of disease. Three of four were without recurrence or
metastasis; one developed metastatic disease 8 years
after diagnosis and remained alive 7 years later. Two
cases of NMM showed scattered loss of TRPM1
mRNA; in one case the patient was alive with no
disease at last follow-up and in the other case the
patient died with melanoma. Overall, 22 cases
displayed regional loss of TRPM1 mRNA expres-
sion; 12 of these 22 experienced metastasis. Two of
five patients with complete TRPM1 mRNA loss died
with metastatic melanoma (Table 3).

Although the pattern association of TRPM1
mRNA expression with diagnosis of Spitz nevus or
nodular melanoma is strong, we also sought to

Table 1 Clinical features of patients with Spitz nevi and patients
with nodular melanomas

Diagnosis Spitz nevus Nodular
melanoma

Number of patients 95 33
Median age (range) (years) 24 (2–68) 60 (23–94)
Females/males 47F/48M 14F/19M
Median tumor thickness
(range) (mm)

0.5 (0.1–3.2) 2.7 (0.48–14.7)

Number of patients with
metastasis

0 16

Number of patients died
of melanoma

0 11

Follow-up (range) (years) 10.9 (0.75–20) 7.6 (1–17)

Table 2 Patterns of loss of TRPM1 mRNA expression in Spitz
nevi and primary cutaneous nodular melanomas

Diagnosis N No
loss

Scattered loss
(Diffuse loss)

Regional loss
(Focal loss)

Complete
loss

Spitz nevus 95 56 (59%) 38 (40%) 1 (1%) 0 (0%)
Nodular
melanoma

33 4 (12%) 2 (6%) 22 (67%) 5 (15%)

N¼number of cases.

Figure 3 Patterns of TRPM1 mRNA expression Spitz nevi and
nodular melanomas. Percent of cases displayed. No loss or
scattered loss are most commonly observed in Spitz nevi, regional
loss and complete loss are the patterns most often seen in nodular
melanoma.
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determine the impact of TRPM1 expression on the
ability to improve upon existing diagnostic models.4

In multivariate analysis, all traditional variables
were significantly associated with the diagnosis of
Spitz nevus or melanoma (patient age, tumor
thickness, ulceration, and mitotic activity) with
the exception of tumor diameter. The addition of
TRPM1 pattern of expression in the logistic regres-
sion model resulted in no significant improvement
in the model. Reduced TRPM1 mRNA expression
was observed to correlate with increased patient age
in Spitz nevi (P¼ 0.06) and with mitoses (P¼ 0.07)
and ulceration (P¼ 0.01) in nodular melanoma.

Discussion

There were striking differences in TRPM1 mRNA
expression between Spitz nevi and nodular mela-
nomas. Most Spitz nevi showed no loss of TRPM1
mRNA (56 of 95 (69%) tumors), whereas this was
infrequent in nodular melanoma (4 of 33 (12%)
tumors). Regional (focal) or complete loss of TRPM1
was observed rarely in Spitz nevi (1 of 95 (1%)), but
was common in nodular melanoma (27 of 33 (82%)).
These findings are consistent with prior reports that
TRPM1 expression is inversely correlated with
biological aggressiveness in melanocytic lesions.
Benign nevi are reported to ubiquitously express
TRPM1 mRNA, whereas primary melanomas show
variable TRPM1 expression.8

Interestingly, of the four patients with nodular
melanomas showing no loss of TRPM1 mRNA
expression, only one developed metastasis; this
patient remains alive 15 years after primary mela-
noma diagnosis. In a previous study of patients with
AJCC stage I melanoma, patients whose tumors did
not show loss of TRPM1 mRNAwere found to have
an 8-year disease-free survival rate of 100%,
whereas patients with primary tumors that showed
TRPM1 loss had a disease-free survival of 77%.10

Patients with stage II disease whose tumors ubiqui-
tously expressed TRPM1 mRNA had an 8-year
disease-free survival of 90%, whereas patients with
tumors showing TRPM1 loss had a disease-free
survival rate of 51%. This study indicated that
TRPM1 mRNA expression has prognostic signifi-
cance in nodular melanomas.

Of the four patterns of TRPM1 expression,
perhaps the least understood is that of ‘scattered
loss.’ Scattered loss was manifested by an overall
random reduction of mRNA expression by scattered
dermal tumor cells. This pattern of expression is
reminiscent of the gradient of expression observed
for other markers in benign nevi, in that there was
no clear focus of marker loss. Indeed, one possible
explanation is that mRNA levels are reduced in
randomly scattered cells to a level below the
detection of this assay, possibly a low level of
undetectable mRNA remains. In the future, the
availability of a reliable colorimetric in situ hybri-
dization assay for TRPM1 may help in further
evaluation of expression patterns in melanocytic
tumors. Although there is a published study using a
colorimetric technique, this assay was not deemed
by those authors to be a significant improvement over
the radioactive assay.10 Unfortunately, no immuno-
histochemical reagent exists to detect TRPM1
protein in tissue sections. Correlation of mRNA
and protein levels would certainly help to further
understand the patterns of TRPM1 expression in
melanocytic tumors.

Regional loss (focal loss) or complete loss of
TRPM1 mRNA was identified in 27 of 33 (82%)
nodular melanomas, but only 1 of 95 (1%) Spitz
nevi. Different histological patterns of TRPM1
mRNA expression have been reported to assist in
distinguishing benign from malignant melanocytic
neoplasms.9 Acquired melanocytic nevi always
show ubiquitous melanocytic expression of TRPM1

Figure 4 Distribution of TRPM1 mRNA expression patterns in
benign and malignant melanocytic tumors (from Duncan 1998,
Deeds 2000, Duncan 2001, and this series).

Table 3 Patterns of loss of TRPM1 mRNA expression and outcome in patients with localized primary cutaneous nodular melanomas at
presentation

Outcome N No loss Scattered loss
(diffuse loss)

Regional loss
(focal loss)

Complete loss

No evidence of metastatic melanoma 17 3 1 10 3
Alive with metastatic melanoma 5 1 0 4 0
Died with complications of metastatic melanoma 11 0 1 8 2

N¼number of cases.
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mRNA in contrast to primary and metastatic
melanomas, which often display regional or com-
plete loss of expression. Loss of TRPM1 mRNA in a
portion of the dermal component of an invasive
melanoma has been reported to occur more fre-
quently in primary cutaneous melanomas (19 of 36
cases, 53%) and in melanoma metastases (11 of 11
cases, 100%), but never in benign melanocytic
proliferations.9 These findings correlate well
with the observation of regional loss of TRPM1
mRNA expression in the majority of nodular
melanomas in this study, but in only 1 of 95 Spitz
nevi (Figure 4).

Although the histological pattern of loss of
TRPM1 mRNA expression may be especially helpful
in assisting in the differentiation of Spitz nevi from
nodular melanomas, it is important to note that
other factors including patient age, tumor thickness,
mitotic activity, and ulceration are important
diagnostic factors in this differential diagnosis.4

The addition of TRPM1 expression to a logistic
regression model including these traditional factors
did not improve the diagnostic model. It remains
unclear whether TRPM1 expression would be useful
in the analysis of atypical Spitz tumors and their
differentiation from nodular melanoma.

The observation of variable TRPM1 expression in
the dermal component of nodular melanomas is an
example of intratumoral heterogeneity. Intratumoral
heterogeneity is evident in the vertical growth phase
of primary melanomas with respect to expression
and distribution of a number of biomarkers as
revealed by immunohistochemical and in situ
hybridization analysis. For example, CEACAM
protein is expressed at the advancing front of
tumors,16 whereas reduced TRPM1 mRNA is dis-
played within subsets of tumor cells. The melanoma
tumor suppressor, originally named melanoma
differentiation associated gene-7 (mda-7)17,18 and
more recently recognized to be a melanocyte-
derived cytokine and named IL-24,19 is observed in
all benign melanocytic proliferations, and variably
expressed in primary cutaneous melanomas with
reduced expression in some subsets of vertical
growth-phase tumor cells.9,20 Benign nevi also dis-
play intratumoral heterogeneity; however, the pat-
tern of expression is usually a gradient from
superficial to deep dermal lesion. This gradient of
expression has also been observed in primary
melanomas that are cured by local excision.21

In the comparison of Spitz nevi with nodular
melanomas, investigators have reported the expres-
sion of a number of markers including MART-1,22

CD44,23 NM23,24 and CD40.25 These observers report
variable expression in nodular melanomas as com-
pared with Spitz nevi. More specifically, although
the expression of these markers was relatively
uniform in Spitz nevi, loss of expression of MART-
1 and CD44 and increased expression of CD40 were
reported in some primary melanomas. Overall, the
awareness of intratumoral heterogeneity in melano-

cytic tumors may guide future investigations of
melanoma biomarkers.

Biomarker expression within tumors reflects a
dynamic nature of tumors. In contrast to the
historical view that tumors represent clonal prolif-
erations of abnormal cells, all of which contain a
common phenotype and/or genotype, malignant
tumors are now understood to be composed of a
heterogeneous mix of cells that display cytological
distinctions and immunophenotypic and genotypic
heterogeneity. Metastatic melanoma samples also
display heterogeneity within a tumor sample and
between tumor samples.26 Intratumoral heterogene-
ity may confound the interpretation of molecular
profiling, given that any tumor may contain subsets
of cells with distinct molecular profiles. In some
cases, the tumor population bearing the metastasis-
associated profile may represent a minor subset of
the tumor as a whole. Identifying the molecular and
immunophenotypic features of tumor subsets that
are responsible for metastasis may be important in
the identification of therapeutic targets for patients
with melanoma.

In summary, intratumoral heterogeneity of TRPM1
mRNA expression was observed in both Spitz nevi
and nodular melanomas. The pattern of TRPM1
mRNA expression may be a useful diagnostic
marker because it is expressed in different histolo-
gical patterns in Spitz nevi and nodular melanomas.
Although observed in more than 80% of nodular
melanomas, a pattern of regional (focal) or complete
TRPM1 mRNA loss was rarely seen in Spitz nevi
(1%). In addition, regional or complete loss of
TRPM1 mRNA in primary cutaneous melanoma
correlates with an increased risk of developing
metastatic melanoma.
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