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Dedifferentiation and transdifferentiation are rare and only poorly understood phenomena in cutaneous melanoma. To study this
disease more comprehensively we have retrieved 11 primary cutaneous melanomas from our pathology archives showing biphasic
features characterized by a conventional melanoma and additional areas of de-/trans-differentiation as defined by a lack of
immunohistochemical expression of all conventional melanocytic markers (S-100 protein, SOX10, Melan-A, and HMB-45). The
clinical, histologic, and immunohistochemical findings were recorded and follow-up was obtained. The patients were mostly elderly
(median: 81 years; range: 42-86 years) without significant gender predilection, and the sun-exposed skin of the head and neck area
was most commonly affected. The tumors were deeply invasive with a mean depth of 7 mm (range: 4-80 mm). The dedifferentiated
component showed atypical fibroxanthoma-like features in the majority of cases (7), while additional rhabdomyosarcomatous and
epithelial transdifferentiation was noted histologically and/or immunohistochemically in two tumors each. The background
conventional melanoma component was of desmoplastic (4), superficial spreading (3), nodular (2), lentigo maligna (1), or spindle
cell (1) types. For the seven patients with available follow-up data (median follow-up period of 25 months; range: 8-36 months),
two died from their disease, and three developed metastases. Next-generation sequencing of the cohort revealed somatic
mutations of established melanoma drivers including mainly NF7 mutations (5) in the conventional component, which was also
detected in the corresponding de-/trans-differentiated component. In summary, the diagnosis of primary cutaneous de-/trans-
differentiated melanoma is challenging and depends on the morphologic identification of conventional melanoma. Molecular
analysis is diagnostically helpful as the mutated gene profile is shared between the conventional and de-/trans-differentiated
components. Importantly, de-/trans-differentiation does not appear to confer a more aggressive behavior.

Modern Pathology (2021) 34:2009-2019; https://doi.org/10.1038/s41379-021-00857-z

INTRODUCTION

Investigating the molecular mechanisms that drive melanoma devel-
opment facilitates the discovery of new therapies, improved diagnosis,
and furthers our understanding of the contribution that genetic changes
play in tumor morphology and behavior. It is now well established that
the proto-oncogene BRAF is mutated in around 40-45% of melanomas,
with p.V600OE mutations more commonly found in melanomas from low
chronic sun-damaged (CSD) skin and non-p.V60OE mutations more
frequently reported in melanomas from high-CSD sites. In the same

way, activating KIT mutations are more common in cases from sun-
protected sites such as acral and mucosal melanomas, NF1 mutations
are more frequent in desmoplastic melanomas, and GNAQ or GNATT
mutations are primarily found in uveal melanomas and melanomas that
develop in blue nevi. It is also well established that the landscape of
DNA copy-number changes and chromosomal aberrations vary
depending on the melanoma subtype [1, 2].

Dedifferentiation and transdifferentiation (implying dedifferen-
tiation with heterologous elements) in melanoma are unusual
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phenomena occurring mostly in metastatic deposits [3, 4]. It is
exceptionally rare in primary cutaneous melanoma and only
poorly documented in the literature, mainly in case reports (11
cases; Supplementary Table 1) [3-11]. By definition, primary
cutaneous de-/trans-differentiated melanomas are biphasic
tumors composed of an element of conventional melanoma with
a retained expression of melanocytic markers, such as S-100
protein, SOX10, and variably Melan-A and HMB-45. The invasive
de-/trans-differentiated components are characterized by the lack
of expression of all conventional melanocytic markers (S-100
protein, SOX10, Melan-A, and HMB-45). The dedifferentiated
component resembles atypical fibroxanthoma (AFX) histopatho-
logically, while the transdifferentiated component shows histolo-
gical and immunohistochemical evidence of transdifferentiation
towards other lineages, including rhabdomyosarcomatous ele-
ments [12]. Melanomas with osteocartilaginous and schwannian
differentiation may be better regarded as related differentiation
rather than as transdifferentiation, as S-100 protein and SOX10
expression are retained in these cases. Schwannian differentiation
is frequently encountered in melanocytic tumors such as
neurotization in benign nevi [13] and osteocartilaginous differ-
entiation has been reported in acral lentiginous melanoma [14].

The biological mechanisms underlying de-/trans-differentiation
in melanoma and its prognostic significance are unknown. In this
study, we detail the clinicopathologic spectrum and behavior of
primary cutaneous de-/trans-differentiated melanomas. In addi-
tion, we profile the mutational landscape of these tumors and
explore somatic point mutations, DNA copy-number changes, and
also the transcriptome of the largest cohort of cases described
to date.

MATERIALS AND METHODS

Case selection

Eleven de-/trans-differentiated melanoma cases were identified from nine
clinical centers. All cases underwent a central pathological review of H&E
stains and immunohistochemistry. To meet inclusion criteria, all tumors
were primary cutaneous melanomas. Histopathologically, tumors were
biphasic and contained a background of a conventional melanoma, either
in situ or invasive, with immunohistochemical expression of S-100 protein
and SOX10, and variable expression of Melan-A and HMB-45. The de-/
trans-differentiated component was characterized by loss of expression of
all melanocytic markers by immunohistochemistry. Immunohistochemistry
was performed according to the manufacturer’s protocols. The antibodies
used, their source and dilution, are shown in Supplementary Table 2.
Histopathological features including the histopathologic subtype of the
conventional melanoma, in situ component, heterologous elements,
Breslow thickness, Clark level, ulceration, necrosis, mitoses (per mm?),
lymphovascular and perineural invasions, regression, and tumor-infiltrating
lymphocytes (TILs) were collected from each case by TB. Clinical data and
follow-up were obtained from patient records.

Next-generation sequencing analyses

DNA and RNA extraction. We used a tissue microarray (TMA) coring
needle to collect specifically-identified tumor and normal material from
formalin-fixed paraffin-embedded (FFPE) tissue blocks following a detailed
assessment of the H&E slide of each case. DNA and RNA were extracted
using the All Prep DNA/RNA FFPE Kit (Qiagen), according to the
manufacturer’s instructions.

DNA was extracted from seven cases/patients (21 samples in total), as
detailed in Table 1. For five of these patients, tumor material from both the
conventional and the de-/trans-differentiated components was obtained,
as well as normal tissue; one patient had two samples of normal tissue that
were sequenced (16/21 samples). For the remaining two patients, only
material from the dedifferentiated component was collected, along with
normal tissue, as material from the conventional component was
insufficient. Additionally, for one of these cases, we analyzed material
from a metastasis (5/21 samples). RNA of sufficient quality for sequencing
was extracted from FFPE samples from six cases/patients (18 samples in
total) (Table 1).

SPRINGER NATURE

Whole exome sequencing, data processing, and variant
analysis

Paired-end whole-exome sequencing was performed using the Agilent
whole exome capture kit (SureSelect All Exon V5) on the HiSeq4000
platform (lllumina) at the Wellcome Sanger Institute. The DNA samples had
average coverage of 6.2 Gb per sample, with an average of 86% of the
exome being covered by >30x. The RNA samples were more variable,
ranging from 3 to 200x coverage per sample. Sequencing reads were
mapped with BWA-mem (via Canapps, v0.7.17) against the GRCh37 human
reference genome [15]. Data processing and analysis were performed
using GATK (v4.1.1.) and Mutect2 was used to call single-nucleotide
variants (SNVs) [16]. Variant calls were subsequently filtered using the
strategy outlined in Supplementary Table 3 as well as for a median-base
quality (MBQ) > 30, and a total read depth >10 reads. Read processing in R
(v3.6.0) was performed using the VariantAnnotation package (v1.30.1) [17].
The effects of variants on genes and proteins were annotated using the
variant effect predictor (VEP) from Ensembl (processed on https://grch37.
ensembl.org/Homo_sapiens/Tools/VEP on 09/2020, Ensembl database
version 102, genome assembly GRCH37.p13, dbSNP version 153, ClinVar
version 12/2019 and gnomAD version r2.1 exomes only dataset). Somatic
variants were further filtered using data from gnomAD [18] to an allele
frequency <0.01 and for variants in the canonical transcript of each gene,
as defined by Ensembl. All SNVs shown in the figures were visually
inspected by looking at the raw sequence alignments (Supplementary
Table 4). Where a variant was called in one sample from a patient, we
inspected that position in all additional samples from the same patient and
considered it “true” if it was supported by two or more reads (even in the
absence of the call being made by Mutect2). In this way manual inspection
found a BRAF p.V600OE mutation in PD42798c that was missed by Mutect2
because only 2/6 reads covering this position were mutant. Of note, there
was a lower concordance of mutations in samples PD42798a and
PD42798c when compared to other cases. We used Sequenza (v3.0.0) for
somatic DNA copy-number analysis [19, 20]. Samples PD42798 and
PD42799 were excluded due to their predicted low cellularity (<0.2).
Mutational Signatures were analyzed using the MutationalPatterns
package (v3.0.1) in R (v4.0.3) [21].

Transcriptome sequencing and data processing. RNA-seq data were
mapped to the GRCh37 reference genome using STAR (via Canapps,
v2.5.0c) [22]. Read counts were tabulated using FeatureCounts (1.6.4).
Differential gene analysis was performed using the DESeq2 package
(v1.24.0) in R (v3.6.1) [23]. STAR-Fusion (v1.8.1) was used to identify
putative fusion events. Of note, PD42798c¢ failed RNA sequencing.

RESULTS

Clinical data and follow-up

All eleven patients were adults, with a median age of 81 years
(range: 42-86 years) and a mean age of 76 years (Table 1). The
male:female ratio was 1.2:1. The majority of tumors presented on
the head and neck followed by the extremities, but the anatomical
distribution was wide and included the scalp (3), arm (3), ear, nose,
chin, neck, and back (1 each).

Follow-up was available for seven patients, three cases were
recent, and no follow-up could be obtained for one patient. The
follow-up interval ranged from 8 to 36 months (median:
25 months, mean: 24 months). Two patients (33%) died from
disease 8 and 24 months after presentation. Metastatic disease
was documented in three patients (43%) and observed as a
widespread metastatic disease in one patient; for the second as a
satellite metastasis, nodal metastases, and lung metastasis; and for
the third patient as metastases to lymph nodes, lung, and brain.
No local recurrences were reported.

Histological and immunohistochemical features

All eleven tumors were deeply invasive melanomas with two cases
invading into the reticular dermis (Clark level IV), while the
majority of tumors (9) showed Clark level V invasion. The Breslow
thickness ranged from at least 4.0-80 mm with a median tumor
thickness of 7 mm and a mean depth of 15.4 mm. A background of
conventional melanoma was identified in all eleven melanomas

Modern Pathology (2021) 34:2009-2019
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Fig. 1

Dedifferentiated melanoma. This ulcerated tumor shows a nodular growth pattern within the dermis (a). It is composed of sheets of

pleomorphic epithelioid cells with brisk mitotic activity (b). The adjacent epidermis shows melanoma in situ (c). The invasive tumor expresses
CD10 (d) but it is negative for S-100 protein (e) and Melan-A (f). Melan-A staining also highlights the background of melanoma in situ (f).

and included “pure” desmoplastic melanoma (DM) (4), superficial
spreading melanoma (SSM) (3), nodular melanoma (NM) (2),
lentigo maligna melanoma (LMM) (1) and spindle cell melanoma
(1). An in situ component was seen in six tumors. By
immunohistochemistry, the conventional components expressed
S-100 protein and SOX10. In addition, there was an expression of
Melan-A in the in situ and the epithelioid invasive components. All
desmoplastic melanomas lacked Melan-A and HMB-45 expression.
The transition to the invasive de-/trans-differentiated component
was abrupt rather than gradual and the de-/trans-differentiated
component typically was the dominant aspect of the tumors,
representing more than 50% of the tumor in most biopsies. Seven
tumors showed areas of dedifferentiation (Fig. 1) characterized by
a sheet-like growth of large pleomorphic epithelioid and spindle
cells with variably abundant eosinophilic cytoplasm containing
vesicular nuclei with prominent eosinophilic nucleoli reminiscent
of AFX (Fig. 1a-b). Multinucleated pleomorphic tumor cells were
also admixed. The tumor cells of the dedifferentiated component
were consistently negative for S-100 protein (Fig. 1e) and SOX10,
and no expression was seen for Melan-A (Fig. 1f) or HMB-45.
Heterologous elements were observed in four tumors and
included rhabdomyosarcomatous (2) and epithelial (2) transdiffer-
entiation. The heterologous areas lacked S-100 protein, SOX10,
Melan-A, and HMB-45 expression. Rhabdomyosarcomatous trans-
differentiation (Fig. 2) was characterized by the presence of sheets
of round to spindled cells with abundant brightly eosinophilic
cytoplasm containing pleomorphic vesicular nuclei with promi-
nent nucleoli (Fig. 2c). By immunohistochemistry, the tumor cells
expressed desmin (Fig. 2e), myogenin, and MyoD1 (Fig. 2f). The
tumor cells in the areas of epithelial transdifferentiation (Fig. 3)
were pleomorphic and spindled and arranged in intersecting
fascicles (Fig. 3d). They contained a moderate amount of
cytoplasm with hyperchromatic to vesicular nuclei and eosino-
philic nucleoli. By immunohistochemistry, the tumor cells
expressed cytokeratins AE1/AE3 (Fig. 3f) and MNF116, but they
were negative for p63 and p40 expression. Ulceration was present
in 8 tumors (Fig. 1a), tumor necrosis in 1, lymphovascular invasion
in 4, and perineural invasion in 3 of the eleven tumors. None of
the tumors showed evidence of regression. The mitotic count
varied from 3 to 40 per mm? (median, 12 mm? mean, 14.5 mm?)
(Fig. 1b). TILs were present in 7 tumors; they were brisk in one and
non-brisk in six tumors. The histopathologic and immunohisto-
chemical features are summarized in Table 1 and Supplementary
Table 5, and Supplementary Table 6, respectively.

Modern Pathology (2021) 34:2009-2019

Molecular analyses

Somatic mutational landscape. DNA sequencing was performed
on samples from 7/11 patients (Table 1) and used for somatic
variant calling. A BRAF pV600OE mutation was found in the
dedifferentiated part of a dedifferentiated NM, while non-p.V600E
BRAF mutations were present in three of the seven cases (in the
conventional melanoma of a dedifferentiated SSM, in both
conventional and transdifferentiated components of a transdiffer-
entiated DM, and in the dedifferentiated component of a
dedifferentiated LMM). An NRAS p.Q61K mutation was found in
both components of an NM with epithelial transdifferentiation. NF1
was mutated in five cases: in both components of a dediffer-
entiated SSM, a DM with epithelial transdifferentiation and two
heterologous rhabdomyosarcomatous melanomas (a DM and an
SSM), as well as in the dedifferentiated component of a
dedifferentiated LMM (for which insufficient material from the
conventional melanoma was available for analysis). No tumor was
wild type for BRAF, NRAS, and NF1. BRAF and NRAS hotspot
mutations as well as mutation of NRAS and NF1 were mutually
exclusive, whereas BRAF and NF1 mutations were not (except for
the BRAF p.V600OE mutation) as shown in Fig. 4. Other known
melanoma driver genes [1] that were mutated in our cohort are
shown in Fig. 4, while known genetic alterations related to
desmoplastic melanoma [24] are in shown Supplementary Figure 1,
and genes mutated in at least half of patients are shown in
Supplementary Fig. 2. Importantly, most somatic mutations were
shared in all components of the tumor (primary [conventional and
de-/trans-differentiated components of the melanoma] and/or
metastasis [dedifferentiated component]) suggesting minimal
genetic mutational divergence between these elements of the
tumor. The mutational burden varied significantly between
individual tumor samples with a range from 31 to 10,202 mutations
(mean: 3885.4 mutations, median: 4113 mutations) or from 0.62 to
2025 mutations/megabase (Mb) (mean: 77.1 mutations/Mb,
median: 81.62 mutations/Mb). The highest (>50 mutations/Mb)
mutational burden level was associated with COSMIC (catalog of
somatic mutations in cancer) mutational signature seven which is
caused by ultraviolet (UV) light, although this mutational signature
also dominated the mutation catalog of tumors with a low
mutational burden as well (Supplementary Fig. 3).

Somatic DNA copy-number alterations (CNAs). As above for

somatic point mutations, the conventional and the de-/trans-
differentiated components of the tumor samples from the same
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Fig.2 Melanoma with rhabdomyosarcomatous transdifferentiation. This tumor invades adjacent skeletal muscle and is composed of two
morphologically distinct components (a). The left-sided component is composed of intersecting fascicles of spindle cells (b), while the right-
sided component shows a sheet-like proliferation of large round cells showing marked nuclear pleomorphism and containing ample
cytoplasm with brightly eosinophilic inclusions, suggestive of rhabdomyosarcomatous transdifferentiation (c). S-100 protein expression is
confined to the spindle cell component (d). Desmin (e) and MyoD1 (f) are only expressed in the pleomorphic component confirming the

rhabdomyosarcomatous transdifferentiation.

AE1/3

Fig.3 Melanoma with epithelial transdifferentiation. This large tumor invades subcutis and into the underlying fascia (a). It is composed of
two morphologically distinct components (b) characterized by a spindle cell tumor in a desmoplastic stroma to the right (c) and a
pleomorphic spindle cell tumor to the left (d). The desmoplastic spindle cell tumor expresses S-100 protein (e) and is negative for cytokeratin
AE1/AE3 (f). In contrast, the pleomorphic component lacks S-100 protein expression (e) but is strongly and diffusely positive for cytokeratin

AE1/AE3 (f).

individual were almost identical in their somatic DNA CNA profiles
(Fig. 5). However, some additional structural variants were
observed in the de-/trans-differentiated component of the tumor
or in the metastasis, of which several were recurrent (variable
alterations in chromosomes 6, 9, and 17).

Transcriptomic landscape. RNA sequencing was performed on
samples from 6/11 patients (Table 1). For four cases, we generated
data allowing a comparison between the conventional and the
de-/trans-differentiated components. The expression of MITF,
SOX10, MLANA, TYR, DCT, EDNRB, and EDN3, amongst others, were
lower in the de-/trans-differentiated component (except in those
cases that were desmoplastic melanomas [PR42796 and
PR42800]). In contrast, AXL was higher in the de-/trans-differ-
entiated component (PR42795 and PR42797). Interestingly, DES,

SPRINGER NATURE

MYOG, and MYOD1 (myogenic genes) were expressed in the
heterologous rhabdomyosarcomatous melanoma (PR42800)
(Fig. 6). No significant gene fusions between protein-coding
genes were identified in samples from six patient’s tumors which
were analyzed.

DISCUSSION

Dedifferentiation and transdifferentiation are rarely seen in
primary cutaneous invasive melanoma. Clinically, these tumors
usually arise on chronically sun-damaged skin of elderly patients,
with an overall male predilection [3-11]. Although de-/trans-
differentiation can be observed in any melanoma subtype, they
present most commonly in the context of a desmoplastic
melanoma, and dedifferentiation is more frequently observed
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Fig. 4 The genomic landscape of de-/trans-differentiated mela-
noma. The top panel shows the somatic mutation rate for each of
the tumor samples that were sequenced in this study. This figure
also provides information on the melanoma subtype and presenta-
tion and the mutation status of key melanoma driver genes (bottom
panel).

than transdifferentiation [3-11]. The tumors are thick, often
showing invasion of subcutaneous tissues. Histologically, there is
a sharp demarcation between the de-/trans-differentiated areas
and the conventional melanoma, which is generally only present
as an in situ component or a minor component of the invasive
tumor. The dedifferentiated areas are morphologically and
immunohistochemically indistinguishable from AFX or pleo-
morphic dermal sarcoma (PDS). The transdifferentiated compo-
nents in this study showed either rhabdomyosarcomatous
transdifferentiation both morphologically and immunohisto-
chemically as previously reported [5, 8, 9], or epithelial transdiffer-
entiation. Epithelial transdifferentiation is characterized by a
pleomorphic cellular component with immunohistochemical
expression of cytokeratins, but no epithelial phenotype on
morphology. Cytokeratin expression has been documented in
melanoma [25], usually seen in conventional melanomas with
retained S-100 protein expression, however, true epithelial
transdifferentiation has not been reported in primary cutaneous
melanoma, previously only described in metastatic deposits
showing morphological and immunohistochemical evidence of
epithelial transdifferentiation [26].
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Driver mutation analysis showed that NF7 was the most
frequently mutated gene, observed in tumors on chronically
sun-damaged skin of the elderly and in all melanomas with a
desmoplastic conventional melanoma component. The NF1
mutated tumors had a high mutation burden, were enriched for
TP53 mutations, and lacked BRAF p.V60OE or NRAS p.Q61
mutations, similar to other NF1 mutated melanomas [24, 27].
Mutations in other genes previously reported in desmoplastic
melanomas and known to activate the MAPK and PI3K signaling
cascades [24] were also identified (Supplementary Fig. 1), such as
BRAF non-p.V600E and ERRB2, which is rarely altered in melanoma
[28]. BRAF p.V600E and NRAS p.Q61K mutations were associated
with nodular de-/trans-differentiated melanoma located on
intermittently sun-exposed skin. Importantly, all somatic muta-
tions were typically identified in both the conventional and the
de-/trans-differentiated components of the tumor, as were DNA
CNAs, demonstrating shared mutational and CNA landscapes
despite the divergent morphological and immunohistochemical
phenotype.

The loss of melanocytic differentiation within the de-/trans-
differentiated component, as highlighted morphologically and
immunohistochemically, was further demonstrated by MITF°",
S0X10"°", and more variably AXL"9" expression at the RNA level
compared to the conventional component (Supplementary Fig. 4)
[29]. The same expression pattern as MITF was also observed for
other genes playing a role in melanocyte differentiation such as
MLANA, TYR, DCT, EDNRB, and EDN3 [29-32]. Interestingly, but not
surprisingly, these genes displayed a similar “de-/trans-differen-
tiated” gene expression profile within the two desmoplastic
conventional melanoma components (PR42796a and PR42800a),
which are characterized by a lack of some morphological and
immunohistochemical melanocytic features. In addition, the
rhabdomyosarcomatous component demonstrated strong expres-
sion of rhabdomyogenic RNA transcripts (DES, MYODI, and
MYOG), correlating with the morphologic features and the
immunohistochemical profile (Fig. 6). As an internal control,
adjacent normal skeletal muscle also expressed these rhabdo-
myogenic transcripts. Of note, expression of the protein products
of these genes is not usually observed in normal skeletal muscle
by immunohistochemistry (however, focal immunostaining of
myogenin has been observed in normal or regenerative skeletal
muscle) [33], although transcript expression has been reported
(https://www.proteinatlas.org). We noted that CASZ1, a gene
previously reported to be associated with upregulation of the
myogenic regulatory factors MYOD1 and MYOG, and thought to
contribute to rhabdomyosarcomatous tumorogenesis [34], was
mutated within exon 12 of two tumors with rhabdomyosarcoma-
tous transdifferentiation, potentially suggesting a role for this zinc
finger transcription factor in rhabdomyosarcomatous transdiffer-
entiation in these cases (Fig. 6, Supplementary Fig. 5 and
Supplementary Table 4).

Notably, these observations were based on a small number of
cases and further analyses of larger cohorts are required.

Given the small sample size, it is difficult to draw firm
conclusions on the behavior of these tumors. Metastatic disease
and disease-related mortality were only noted in tumors arising in
a background of nodular and superficial spreading melanoma,
while those associated with a desmoplastic melanoma pursued an
indolent disease course despite a tumor thickness of up to 80 mm
[35]. At the very least, the presence of de-/trans-differentiation
does not result in a profoundly worse outcome for patients with
these tumors. In contrast to conventional melanoma, rhabdomyo-
sarcomas are more aggressive tumors (survival range of localized
rhabdomyosarcoma in adults: 40-46% [36]). Of note, rhadomyo-
sarcomatous transdifferentiation has been reported as a marker of
poor prognosis in MPNST [37-39]. These associations will need to
be explored with larger tumor collections.
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The diagnosis of primary cutaneous de-/trans-differentiated
melanoma is challenging and should be included in all differential
diagnoses of tumors arising on sun-damaged skin of elderly
patients. The key to the correct diagnosis is adequate tissue
sampling and careful examination of the dermo-epidermal
junction, especially at the edges of the lesion, where the
conventional component is usually located. This may be
particularly challenging in ulcerated tumors. The conventional
component can be easily highlighted by S-100 protein and SOX10
immunohistochemical stains. The shared mutational landscape
between the conventional and de-/trans-differentiated compo-
nents may be an additional useful diagnostic tool and used to
reliably exclude the possibility of a collision tumor.

The differential diagnosis of these tumors depends on the de-/
trans-differentiated component. Dedifferentiated melanoma can
be misdiagnosed as an AFX or a PDS. AFX is often polypoid,
surrounded by an epidermal collarette with no evident epidermal
connection, and located in the dermis with pushing rather than
infiltrative deep margin. PDS shares many of the morphologic

SPRINGER NATURE

features with AFX but shows additional invasion of subcutis,
necrosis, and/or, lymphovascular or perineural invasion [40]. Both
tumors can express various non-specific markers such as CD10
and SMA, but do not express specific markers such as cytokeratins,
S-100 protein, SOX10, desmin, or CD34 [40]. AFX and PDS share
many genetic features, such as TP53, TERT promoter, FATI,
NOTCH1/2, and PIK3CA mutations, as well as a UV mutation
signature and CNAs such as losses of 9p (AFX: 65% and PDS: 66%)
and 13q (AFX: 65% and PDS: 93%), and gains of 8q (AFX: 18% and
PDS: 33%). However, there are subtle differences, specifically,
CDKN2A mutation is more related to AFX, and RAS mutations and
CDKN2A deletion to PDX [41-45]. In addition, upregulation of
genes in biological pathways such as tumor-associated macro-
phages response, GPCR (G-protein coupled receptors) signaling,
and epithelial to mesenchymal transition (EMT) has been reported
by gene expression profiling in AFX [46]. More importantly, they
are both diagnoses of exclusion. Melanoma with rhabdomyosar-
comatous transdifferentiation can be misinterpreted for rhabdo-
myosarcoma or MPNST with rhabdomyoblastic differentiation

Modern Pathology (2021) 34:2009-2019
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Fig. 6 Genes expressed within the melanoma with rhabdomyosarcomatous transdifferentiation (PR42800). H&E (a) and desmin
immunohistochemistry (b) of melanoma with rhabdomyosarcomatous transdifferentiation. The conventional melanoma is marked by a red

asterisk, rhabdomyosarcomatous transdifferentiation by a green aster
key skeletal muscle marker genes with transcripts per kilobase mil

isk, and normal adjacent skeletal muscle by a blue asterisk. Expression of
lion (TPM) determined using DESeq2 (c). Note, the normal tissue was

adjacent to normal skeletal muscle as indicated in (a). Importantly, MYOD1 and MYOG RNA are expressed in normal skeletal muscle (i.e., the
control tissue) but an expression of these markers at the protein level is absent. Conversely, the presence of MYOD1 and MYOG RNA in the
conventional melanoma with no associated protein expression may be explained by contamination from the adjacent (or underlying) normal

skeletal muscle. CASZ1 somatic mutation status (d). CASZT gene
transdifferentiation program.

(malignant Triton tumor). By immunohistochemistry, the tumor
cells express rhabdomyogenic markers such as desmin, myogenin,
and MyoD1 in all three tumors. However, MPNST usually occurs at
a younger age, is deeply located, expresses S-100 protein more
focally than melanoma, and can be associated with a large nerve
and/or a pre-existing neurofibroma. Also, MPNST with hetero-
logous differentiation occurs more commonly in patients with
neurofibromatosis type-1 (NF7) [39]. Rhabdomyosarcoma is
extremely rare in the skin [47], as either a primary or a metastasis.
In contrast to either melanoma with rhabdomyosarcomatous
transdifferentiation or most malignant Triton tumors, the rhabdo-
myosarcomatous component of a primary or metastatic rhabdo-
myosarcoma is present throughout the entire tumor. Depending
on its variants, rhabdomyosarcoma can mainly exhibit (i) a
complex karyotype (including loss of heterozygosity of 11p15.5)
[48], as well as RAS pathway (NRAS, KRAS, HRAS, NF1, FGFR4),
PIK3CA, BCOR, FBXW?7, or TP53 mutations in embryonal rhabdo-
myosarcoma [49]; (i) in most cases, fusions involving PAX3/7-
FOXOT1 in alveolar rhabdomyosarcoma [50]; (iii) MYOD1 mutation
[51-53] which can be associated with PIK3CA mutation [52, 54] or
VGLL2 [54]/NCOA2 [55] rearrangements in spindle cell/sclerosing
rhabdomyosarcoma; (iv) ALK upregulation and fusions involving
TFCP2 in epithelioid and spindle cell rhabdomyosarcoma [56]; (v) a
complex karyotype in pleomorphic rhabdomyosarcoma [57].
MPNST, including malignant Triton tumor, is mostly characterized
by a complex karyotype [58]. In addition, NF1, CDKN2A, SUZ12,
and/or EED mutation have also been reported [59-61], the latter
two alterations lead to an expression loss of H3K27me3
immunohistochemistry [62-64]. Deletion of these genes, as well
as CNAs, have also been described [60, 65, 66]. Finally, poorly
differentiated/spindle cell squamous cell carcinoma (SCC) or
metaplastic SCC may be misinterpreted as melanoma with
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expression has previously been linked to a rhabdomyosarcomatous

divergent epithelial transdifferentiation, however, evidence of a
better-differentiated area of SCC, as well as cytokeratins and p63
expression, are useful in distinguishing these tumors. Like AFX and
PDX, SCCs may also carry TP53 mutations and a UV signature
similar to what we saw in the primary cutaneous de-/trans-
differentiated melanoma cases described here. CDKN2A mutation
and CNAs such as losses of 3p (42%), 13q (42%) and 9p (63%), and
gains of 3q (21%) and 8q (26%) are other events reported in SCCs
[44, 45]. Squamomelanomcytic tumor enters the differential
diagnosis with melanoma with epithelial transdifferentiation. It is
characterized by a well-circumscribed dermal tumor with overt
squamous differentiation colonized by morphologically and
immunohistochemically distinct atypical melanocytes [67-69]. In
contrast, melanoma with cytokeratin expression contains a
subclone of cells that might be morphologically different and
express both melanocytic and epithelial markers; the same
phenomenon can be encountered with rhabdomyogeninc mar-
kers in which case a diagnosis of melanoma with rhabdomyogenic
differentiation should be made.

In conclusion, primary cutaneous de-/trans-differentiated mel-
anoma is a rare histopathologic variant of melanoma, which
mostly occurs on sun-damaged skin of elderly men. This biphasic
tumor preferentially contains a desmoplastic melanoma as the
conventional component and a dedifferentiated, rather than
transdifferentiated, component losing the expression of all
conventional melanocytic markers. This melanoma subtype is
often NF1 mutated. Although phenotypically distinct, both
components demonstrate almost the same mutational and DNA
CNA landscapes, showing the high plasticity potential of
melanocytes and refuting the previous hypothesis of a collision
tumor. This feature may be a useful diagnostic tool in complex
cases. Despite its invasiveness and its phenotypic similarities with
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other aggressive tumors, its prognosis does not seem to be worse
than other melanoma subtypes.
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