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Abstract. — OBJECTIVE: Anaplastic lympho-
ma kinase (ALK) gene has been demonstrated
to be rearranged, mutated or amplified in sev-
eral haematological and solid tumors. More-
over, the use of ALK inhibitors has recently rev-
olutionized the treatment of ALK-rearranged pa-
tients affected by non-small cell lung carcino-
ma. Herein we review the genetic alterations of
ALK in melanocytic neoplasms described in lit-
erature, focusing on their potential diagnostic
and predictive role.

MATERIALS AND METHODS: The Authors re-
viewed the pertinent literature through research
on PubMed server was performed typing the
terms “ALK”, “Anaplastic lymphoma kinase”,
“ALKATI”, “Melanoma”, “Spitz”, “Spitzoid”.

RESULTS: ALK translocations were demon-
strated in melanocytic neoplasms, particularly
in acral melanoma and spitzoid tumors. ALKATI
was described in primary and metastatic mela-
noma, indicating its early occurrence in onco-
genesis, with varying immunohistochemical ex-
pression of the protein.

CONCLUSIONS: The identification of the spe-
cific type of ALK mutations could be interesting
for planning biologic therapy of melanoma pa-
tients. Further studies are needed to evaluate the
possibility to introduce an ALK-targeted therapy
in patients affected by malignant melanoma.
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Introduction

The continuously found genetic alterations in
all the malignancies have been providing not only
information about the mechanism of tumorigene-
sis, but also useful tools for the diagnosis of dis-
tinct pathological entities and the development of
specific drugs for target therapies'. The anaplastic
lymphoma kinase (ALK) gene encodes for a
transmembrane tyrosine kinase receptor (TKR),
belonging to the insulin receptor superfamily?.
ALK gene was first described as the fusion
partner of nucleophosmin (NPM) in Anaplastic
Large Cell lymphoma (ALCL), as a result of the
t(2;5)(p23;q35) translocation®*. Thus, ALK im-
munohistochemical overexpression, as well as the
detection of NPM-ALK genes fusion, have been
considered essential for the diagnosis of ALCL.
However, more recently, ALK gene has been
observed as rearranged, mutated or amplified in
several other neoplasms, including non-small cell
lung cancer (NSCLC), renal carcinoma, neuro-
blastoma, inflammatory myofibroblastic tumour
(IMT) and several cutaneous malignancies, in-
cluding Merkel cell carcinoma, basal cell carci-
noma, fibrous histiocytoma and melanocytic neo-
plasms® 2, In addition, since the development of
specific targeted therapies with ALK inhibitors,
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successfully used in the treatment of NSCLC,
IMT and ALCL patients, the identification of the
ALK gene status has also gained a therapeutic
predictive significance'*!.

Herein we discuss the potential application of
ALK gene detection in melanocytic lesions.

ALK as Oncogene and Target for
Biological Therapy

ALK gene, located on chromosome 2p23, en-
codes for a protein belonging to the insulin-TKR
superfamily'>7. ALK receptor is involved in
the cell migration, proliferation and survival,
through the activation of multiple downstream
pathways, such as Ras/Raf/MEK/ERK1/2, JAK/
STAT, PI3K/Akt and PLC-y">""7. ALK gene was
first described in 1994 in ALCL as the fu-
sion partner of NPM in the characteristic t(2,5)
(p23;935) inter-chromosomal translocation®. The
native ALK protein of 1620 amino-acids includes
an extracellular domain with the binding sites
for the two ALK ligands (midkine and pleiotro-
phin), a single-chain transmembrane segment
and an intracellular domain'". ALK protein
seems to be inactive in adults, being physiolog-
ically expressed only during embryogenesis in
the brain and peripheral nervous system*?’. In
the recent years, Next Generation Sequencing
(NGS)-based studies have identified more than
20 different ALK fusion partners across multi-
ple malignancies, with a high variability of chi-
meric ALK proteins in terms of both sequence
and frequency?!. Indeed, in ALCL, NPMI-ALK
is the most commonly encountered fusion gene,
accounting for up to 80% of all ALK -translocat-
ed cases”. IMT was the first solid tumour found
to harbour ALK rearrangements, observed in
up to 50% of such cases®. IMT shows dif-
ferent ALK gene fusion partners, never relat-
ed to NPMI-ALK?. In addition, ALK fusions
have been detected in 3-7% of NSCLC patients,
generally associated with non-smoking habitus,
younger age, and adenocarcinoma histology?*%.
ALK gene rearrangements involving EML4 are
far more frequent in NSCLC than the several
ALK fusion genes described in the last years®.
Moreover, EML4-ALK translocations include
over 10 distinct variants, but, in most cases,
ALK breakpoint at intron 19 is conserved®. At
low frequency, ALK gene rearrangements have
been detected in other neoplasms, including
colorectal, breast, renal cell, oesophageal, ovar-
ian, anaplastic thyroid carcinoma, diffuse large
B-cell lymphoma and cutaneous malignancies.

Several common points emerge when compar-
ing all identified ALK rearrangements®'. Indeed,
in all ALK fusion variants, while the C-terminal
ALK kinase domain is entirely preserved, the
N-terminal partner is represented by a consti-
tutively activated promoter of different genes
enhancing the fusion protein overexpression?.
Thus, the level of ALK expression depends
upon the partner gene, as demonstrated by in
vitro studies. Indeed, the effects of ALK fusion
transcripts on proliferation and invasion ability
in NIH3T3 cell line were seen to vary accord-
ing to the type of the ALK fusion partner?.
These findings could also explain the different
sensitivity of different ALK fusion proteins to
tyrosine kinase inhibitors (TKIs) observed in
the clinical settings, as described below?’. ALK
fusion proteins constitutively activate multiple
downstream pathways, including JAK/STAT,
PI3K/AKT, and MEK/ERK, driving aberrant
cellular proliferation and survival?*®*. Howev-
er, besides translocations, ALK gene could be
involved in other genetic alterations. Indeed,
ALK gene amplification and the consequent
ALK protein overexpression have been demon-
strated in several different tumours, including
melanoma, NSCLC, neuroblastoma, glioblasto-
ma, rhabdomyosarcoma, ovarian cancer, breast
cancer, astrocytoma, Ewing’s sarcoma and ret-
inoblastoma’®. On the other side, ALK point
mutations are found in 7% of sporadic neuro-
blastomas and 50% of familial neuroblastomas,
with a demonstrated oncogenetic behaviour in
both in vitro and in vivo models®*. Moreover,
ALK gene point mutations have also been de-
scribed in NSCLC and anaplastic thyroid carci-
noma*®'*?. Finally, secondary ALK point muta-
tions, responsible for the acquired resistance to
crizotinib, often occur in NSCLC and IMT?*-4,
Fluorescence In Situ Hybridization (FISH) pat-
tern and ALK mutational status are showed
in Figure 1. ALK protein is rarely found to be
overexpressed in some neoplasms, in absence
of any demonstrable alteration of ALK gene. In
these cases, ALK overexpression may be due to
poorly known genetic and epigenetic alternative
mechanisms.

ALK Fusion in Acral Melanoma

Acral melanomas are relatively rare neoplasms
occurring in palms, soles and nail apparatus®.
They are characterized by a low mutational bur-
den, as expected in poorly sun-damaged loca-
tions, and a lower frequency of BRAF mutations
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Figure 1. ALK gene status and FISH patterns. A, a normal cell with ALK gene wild type shows a signal pattern consisting
of two orange/green fusion signal. B, a cell with ALK copy number gain or amplifications shows a signal pattern consisting of
3-6 orange/green fusion signal. C, a cell with ALK rearrangement shows a signal pattern consisting of one orange/green fusion
signal, one orange signal, and a separate green signal. Abbreviations: ALK: anaplastic lymphoma kinase; FISH: fluorescent

in situ hybridization.

than conventional melanoma*. Other genes re-
sulted as mutated in acral melanoma include
NRAS, KIT, CCNDI, TERT, CDK4, GAB2,
PAKI*. Few studies have recently investigated
alterations of ALK in acral melanoma. In a co-
hort of acral melanomas from 30 southern Chi-
nese patients, ALK translocation was demon-
strated by fluorescent in situ hybridization in 4
out of 30 cases (6.9%), and one case showed a
concurrent BRAF mutation®’. The partners of
the translocation were not investigated. All the
ALK translocated cases resulted as positive by
immunohistochemistry for ALK. Interestingly,
the mean age of ALK-translocated patients was
46 years, i.e., significantly lower than non-trans-
located patients mean age. In addition, ulcer-
ation was observed in all ALK- translocated
cases”’. However, the data we currently have
do not allow us to define the exact frequency
of ALK alterations in acral melanomas. Indeed,
Yeh et al*® investigated the mutational status of a
series of 122 acral melanomas through targeted
deep-sequencing, and demonstrated ALK fu-

sions only in one case (representing 0.8% of cas-
es)’®. In this case, the partner of the translocation
was represented by SDHA3. The correlation
between 4LK mutational status and histological
features in melanocytic lesions is summarized
in Table L.

ALK Fusion in Spitz Tumors and in
Melanocytic Myxoid Spindle Cell Tumor
Spitz neoplasms represent a spectrum of me-
lanocytic lesions with different biological be-
haviour, including benign lesions as Spitz ne-
vus, borderline lesions as atypical Spitz tumor
and malignant lesions as Spitz melanoma. Re-
gardless of their biological behaviour, all Spitz
neoplasms are characterized by the presence of
large cells with epithelioid or spindle morpholo-
gy*. Approximately 50% of Spitz tumours har-
bour mutually exclusive gene fusions, involving
TKR genes: ROSI (in 17% of tumours), NTRK1
(16%), ALK (10%), BRAF (5%), and RET (3%)*.
Remarkably, these gene alterations have been
identified in all types of Spitz neoplasms, from
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Table I. Correlation between ALK mutational status and histological features.

Melanocytic lesion

ALK mutational status

Associated histological features

Spitzoid tumors ALK-R Radial-oriented fascicular growth pattern
ALK copy gain Spitzoid melanoma
Acral melanoma ALK-R Ulceration
Nodular melanoma ALKATI Amelanotic
Epithelioid or mixed (epithelioid and
spindle-shaped cells) melanoma
Melanocytic Myxoid Spindle Cell Tumor ALK-R Dermal melanocytes with dermal expansion

of spindle-shaped amelanotic cells floating
in a myxoid stroma

Abbreviations: ALK-R: ALK rearrangement.

benign to malignant, particularly in 55% of Spitz
nevi, 56% of atypical Spitz tumours and 39% of
Spitz melanomas*’. Currently, the histological
categorization of Spitz neoplasms is particularly
challenging for the pathologists, due to the lack of
well-established, objective and reproducible mor-
phological criteria for a correct classification of
these lesions*'. Hence, there is an impelling inter-
est in the discovery of molecular markers useful
in the differential diagnosis of Spitz neoplasms®*.
Differently from conventional melanoma, onco-
genes such as NRAS, KIT, GNAQ, and GNAI1
are not found mutated in Spitz neoplasms, while
only a subset carries BRAFV600E and HRAS
mutations**##, Recently published studies have
described the presence of the aforementioned,
mutually exclusive activating kinase fusions in
spitzoid neoplasms lacking mutations in BRAF
or HRAS, all showing tumorigenic activity when
transduced in cell lines***?. There were several
ALK gene partners observed in these fusions,
including genes such as TPM3, NPMI1, CAP-
Gly domain-containing linker protein 1 (CLIP1),
translocated promoter region (TPR), general tran-
scription factor 3C polypeptide 2 (GTF3C2), and
dynactin (DCTN1)#044-46 ALK gene fusions have
been described in all the pathological entities
along the spectrum of Spitz neoplasms. Both
immunohistochemistry, with the use of D5F3
antibody clone and fluorescent in situ hybrid-
ization have been applied to identify ALK gene
fusions in these neoplasms**. The detection of
ALK protein by immunohistochemistry has the
considerable advantage to allow a simultaneous
morphological and molecular evaluation, high-
lighting the striking infiltrative growth pattern
of ALK-fused tumors. Indeed, small clusters of
ALK positive cells can be appreciated at con-
siderable distance from the main tumour mass

with a tendency to invade adnexal structures
such as erector pili, eccrine ducts, and follicu-
lar epithelium*!. Although the presence of ALK
gene rearrangements has not traditionally been
considered useful in discriminating benign from
malignant lesions, in a recent series of 17 ALK-
fused Spitz neoplasms, none met sufficient crite-
ria for a diagnosis of melanoma. Similarly, in a
series of 246 paediatric spitzoid neoplasms, ALK
fusion was observed in 16.7% of cases, but none
was characterized by morphological or biological
features of melanoma neither associated to the
disease recurrence*®. Only in the series published
by Wiesner et al*’ and by Yeh et al*, 1 out of
14 (7.14%) and 4 out of 32 (12.5%) respectively,
ALK-fused spitzoid neoplasms met the criteria
for Spitz melanoma. However, ALK gene fusions
in Spitz tumors have been associated with distinct
clinical-pathological features***¢. They are more
common in young patients (median, 12 years), but
occurrence in older patients (64 years) has also
been described**#, Clinically, Spitz tumours
harbouring ALK gene rearrangement generally
appear as large tumours or polypoid nodules
located on the lower extremities. Microscopical-
ly, a plexiform dermal growth with intersecting
fascicles of large fusiform melanocytes is more
commonly observed**°. In addition, a wedge-
shaped silhouette of the lesion and absence of
pigment were found to be significantly associated
to ALK expression in Spitz tumors*’.

ALK gene fusions have also been described
also in non-spitzoid melanocytic neoplasms. In-
deed, in a recently published original article,
Perron et al** have proposed the new entity among
melanocytic tumors harboring ALK gene fusions,
named Melanocytic Myxoid Spindle Cell Tumor
with ALK Rearrangement. It is characterized by
a dermal melanocytic nevus with dermal expan-
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sion of spindle-shaped amelanotic cells floating
in a myxoid stroma. In the four cases reported by
the authors, four different ALK fusion partners
were identified, namely FBXO028, NPAS2, TPM3,
PPFIBPI*°. Despite the presence of a relatively
strong ALK immunostaining in cellular blue
naevus and deep penetrating naevus, significant
ALK rearrangements were not found in these
subtypes of melanocytic naevi’'.

A case of ALK-positive malignant melanoma
with spitzoid features and a case of ALK-positive
atypical Spitz tumor are showed in Figure 2 and
Figure 3, respectively.

ALK Copy Gain

Besides rearrangements, ALK gene deregula-
tion and subsequent protein constitutive activa-
tion could be observed because of other genetic
alterations, such as copy gains, amplifications
and point mutations®?. In particular, ALK gene
copy number gains and amplifications are com-

monly found in neuroblastoma and NSCLC, asso-
ciated with a poor prognosis®’. Recently, a case of
spitzoid melanoma with ALK copy gain with >3
intact ALK signals in 36% of the tumour cells has
been reported®. The tumour nodule was of 3 cm
in size, histologically characterized by the typ-
ical growth pattern of ALK-rearranged spitzoid
neoplasms, with intradermal fusiform amelanotic
melanocytes arranged in intersecting fascicles.
However, in contrast to ALK fused spitzoid tu-
mors, with strong staining for ALK antibody,
only weak-to-moderate, albeit diffuse, ALK im-
munostaining was observed in such cases. This
could be easily explained considering that copy
gains alone do not imply any modification in the
transcriptional control of the ALK gene'”-*.

Mutations and ALK

In melanocytic tumours, ALK gene overex-
pression can be also related to genetic mutations
other than structural alterations. Indeed, ALK

Figure 2. Immunohistochemical detection of ALK protein in a case of melanoma. A lesion located on the back of a 65 years
old woman, diagnosed as melanoma with spitzoid morphological features. A, Clinically, the lesion appeared as a partially
pigmented macule characterized by border irregularity and asymmetric distribution of pigment. B, In dermoscopy, atypical
pigment network and regression structures were visible. C, Histological examination showed a proliferation of spindle-shaped
cells, also organized in a fascicular pattern (H&E stain, original magnification 10x). D, Immunohistochemistry demonstrated
the expression of ALK protein in the melanocytes (ALK immunostain, original magnification 20x). FISH demonstrated a
wild-type ALK gene. Abbreviations: ALK: anaplastic lymphoma kinase; FISH: fluorescent in situ hybridization; Hematoxylin

and Eosin.
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Figure 3. ALK-rearranged atypical Spitz tumor. A lesion located on the buttock of a 4 years old girl, diagnosed as atypical
Spitz tumor. Breslow thickness was 5 millimeters and ulceration was absent. The patient was submitted to re-excision and
sentinel lymph-node was removed. The histological examination of the lymph-node demonstrated the presence of small
metastatic nodules in the sub-capsule lymph-node cortex. A, Histological examination showed an exophytic and asimmetrical
melanocytic proliferation, with spindle-cell morphology (Hematoxylin and Eosin stain, original magnification 2.4x).
B, Spindle cell morphology and plexiform pattern were evident also in the deeper component of the lesion, at the dermo-
ipodermal junction (Hematoxylin and Eosin stain, original magnification 20x). C, The melanocytes strongly expressed the
ALK protein (ALK immunostain, original magnification 20x). The immunostaining also highlighted the invasive pattern of
growth at the bottom of the lesion. D, FISH demonstrated the rearrangement of ALK gene. Abbreviations: ALK: anaplastic

lymphoma kinase.

missense mutations have been identified by NGS
analysis on the tissue samples from a series of
pan-negative melanomas, defined as melanomas
lacking the usual recurrent mutations in genes
such as BRAF, NRAS, KIT, GNAQ, and GNA11,
In this subset of tumors, 12 significantly mutated
genes were recognised, including ALK, STK31,
DGKI, RAC1, EPHA4, ADAMTSI8, EPHA7,
ERBB4, TAFIL, NFI, SYK and KDR>. In this
series of genes harbouring point mutation, ALK
represents the most frequently mutated gene™.
Although the concomitant increase of protein ac-
tivity in such cases was not investigated, at least
one third of the identified ALK missense muta-
tions predict a medium to high impact on protein
function according to the Mutation Assessor™.

A novel ALK gene isoform has been described
in melanomas, named ALK wth Alternative Tras-
cription Initiation (ALKA"), generated from an
alternative transcription initiation site in ALK
intron 19 (Figure 4)-¢, ALKA™ transcript shows
3 different functional start codons, producing 3

different proteins, each maintaining intact in-
tracellular tyrosine kinase domain, but lacking
the extracellular and transmembrane domains of
wild-type ALK®®. In vitro experiments demon-
strated the ALKA™ ability to stimulate cell prolif-
eration, independently from any growth factor’.
In addition, its tumorigenic activity has also been
documented in vivo®*. ALKA™ has been described
in both primary and metastatic melanoma, indi-
cating its early occurrence during oncogenesis.
The two hitherto published studies on large series
reported discording incidences for ALKA™ ex-
pression in melanomas, 2% and 11% respectively,
probably due to the different study design and
applied methodologies*-¢. In their study, Busam
et al*® assessed immunohistochemical ALK ex-
pression in a series of non-spitzoid melanomas
and found variable ALK positivity in 7 out of
300 (2.3%) non-spitzoid primary melanomas and
in 9 out of 303 (2.97%) non-spitzoid metastat-
ic melanomas. Interestingly, all ALK-positive
cases showed a predominant expression of the
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Figure 4. ALK*" isoforms expressed in melanoma. ALK*™isoforms may result from the existence of three translational start
codons (ATG 1069, 1071, and 1089) in the ALKA™ transcript. ALKA™ transcript encodes three ALK proteins that conserve
the tyrosine kinase domain, but lack the extracellular and transmembrane domains of wild-type ALK. Abbreviations:
ALK: anaplastic lymphoma kinase; ATI: alternative transcription initiation; MAM: meprin, A5-protein, LDL: low-density
lipoprotein receptor class A domain; G-rich: glycine-rich domain; TM: transmembrane domain; PTK: Protein kinase domain.

ALKAT isoform over wild-type ALK at Nanos-
tring counter analysis, and in none of these cases
ALK translocations were detected. However, in
another published paper, co-existence of ALK
translocation and ALKA™ isoform was recently
described in 1 out of 8 (12.5%) ALKA™-express-
ing melanomas®. In the study by Wiesner et
al’® the reported frequency of ALKA™-express-
ing melanomas was significantly higher (11%).
As previously stated, this discrepancy is likely
related to the first-line use of the transcriptome
analysis (RNA-seq) to screen the population,
a far more sensitive technology than ALK im-
munohistochemistry>*. Interestingly, ALKA™
expression in melanomas was found regardless of
BRAF, NRAS and KIT status®-¢, differently from
what is observed in ALK-translocated Spitz neo-
plasm**#, Eventual correlation between ALKA™
genetic status and morphological features has
yet to be studied. It’s actually known that ALK
immunostaining showed a cytoplasmic/nuclear
distribution in ALKA™-expressing tumors, differ-
ently from the membrane distribution observed in
ALK-fused melanocytic tumours®~°. Moreover,

histopathologic preliminary results by Busam et
al® demonstrated that most ALK*™ melanomas
were morphologically characterized by nodular
amelanotic epithelioid cells.

Treatment of ALK Deregulated Melanoma

Since ALK deregulation has been only recent-
ly described in melanomas, treatment response
to ALK inhibitors has not yet been well charac-
terized. The supposable role of ALK as a target
for the therapy of advanced melanoma has been
addressed by Wiesner et al®*. They found that the
activity of ALKA™ isoform in melanoma cells
could be blocked by three ALK inhibitors (crizo-
tinib, ceritinib, and TAE-684). Moreover, they
demonstrated in vivo that crizotinib treatment
caused regression of ALKAT-driven NIH-3T3
tumours with mice experiments®. These results
disagree with those of Couts et al’” of 45 melano-
ma patients-derived xenograft models analysed
for ALK mRNA and protein expression. Eleven
out of 45 (24.4%) melanomas showed ALK ex-
pression, including 10 cases expressing wild-type
ALK and/or ALKA™ and 1 case expressing sever-
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al EML4-ALK fusion variants®’. While sensitivity
to ALK inhibitors was demonstrated in vitro and
in vivo in the mucosal melanoma with EML4-
ALK fusion variants models, ALKA™ melanoma
models did not show any response®’. Additionally,
a mucosal melanoma patient with ALKA"Y was
unsuccessfully treated with entrectinib, an ALK/
ROS1/TRK inhibitor, on a phase I trial®".

Conclusions

These data underline the emerging recognition
of a role for ALK gene deregulation in the patho-
genesis of melanocytic tumours. In this clinical
setting, ALK deregulation has been demonstrated
as the effect of different types of gene alterations.
Thus, translocations have been described in acral
and mucosal melanoma, as well as in the Spitz
tumours spectrum, in association with specif-
ic histopathological features, while the common
ALKA™ isoform has been observed in nodular
melanoma. Currently, the role of ALK deregula-
tion in the differential diagnosis of melanocytic
tumours is limited. In particular, in Spitz tumors
a diagnostic role for ALK has not yet been ac-
knowledged, notwithstanding the established as-
sociation of ALK fusions with benign rather than
malignant lesions. Further studies are required to
better define the frequency of ALK-expressing
melanoma and characterize distinctive morpho-
logical phenotypes comprised in this ‘molecular’
category.

The potential role of ALK as a therapeutic tar-
get in advanced melanoma should be more deep-
ly investigated. Indeed, whilst previous works
demonstrated that ALKA™-expressing cell lines
could be inhibited in vitro by several ALK inhib-
itors, recent studies on patient-derived xenograft
suggest that ALK inhibitors only show efficacy
in melanomas carrying ALK translocation and
not in ALKA" melanomas. Similarly, in a phase
I clinical trial, the treatment of an ALKAT mela-
noma patient with entrectinib, a potent inhibitor
of the tyrosine kinases ALK, TRKA/B/C and
ROSI, did not show the awaited results.
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