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Summary Spitzoid neoplasms typically affect young individuals and include Spitz nevus, atypical Spitz tu-
mor, and Spitzoid melanoma. Spitz tumors can exhibit gene fusions involving the receptor tyrosine kinases
NTRKI, NTRK3, ALK, ROS1, RET, or MET, or the serine-threonine kinase BRAF. Because most studies
have been based on adult cases, we studied ALK fusions in Spitz nevi occurring in pediatric patients.
Twenty-seven cases were screened for ALK expression by immunohistochemistry, and 6 positive cases
were identified. These cases were studied further using the TruSight RNA Fusion Panel, and in 4 cases, exon
20 of the ALK gene was found to be fused to exon 14 of the MLPH (melanophilin) gene, a gene fusion that
has only been reported in a Spitz nevus in an adult. The remaining 2 cases showed no fusion of ALK with
any gene. The cases with the MLPH-ALK fusion showed a similar histology to that described for Spitz nevi
with ALK fusions, with spindle-shaped and epithelioid melanocytes in fusiform nests with a plexiform
growth pattern and infiltrative border. We created a breakapart fluorescence in situ hybridization assay for
MLPH, and all 4 cases with the MLPH-ALK fusion were positive, whereas the other 23 cases in the study
were negative. Thus, ALK and MLPH were fused only to each other in our series. Melanophilin is part of
the melanosome trafficking apparatus together with MYOS5a, TPM3, and RAB27a, all constitutively
expressed in melanocytes. Kinase fusions involving MYOS5A and TPM3 have been reported in Spitz tumors,
and our series adds MLPH to this group.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Spitz tumors comprise a heterogeneous group of melanocy-
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tic neoplasms that typically affect young individuals and in-
clude Spitz nevus (benign), Spitzoid melanoma (malignant),
and atypical Spitz tumor (intermediate histology and metasta-
tic potential but overall good prognosis) [ 1-4]. Histopathologic
criteria that can be used to differentiate nevi from melanoma
may not be reliable for Spitz tumors [4], and even with
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Spitzoid melanoma, the majority of childhood cases do not de-
velop metastases beyond local lymph nodes [1]. Considerable
effort has been made to validate cytogenetic and molecular
markers that might help differentiate benign versus malignant.
Although the majority of melanomas show numerous chromo-
somal aberrations (such as 6p gain, 6q loss, 9p loss, 11p gain),
most Spitz nevi do not [2,5]. Isolated chromosomal copy num-
ber gains or losses have been found in Spitz (including atypi-
cal) nevi, but the changes are inconsistent [6-9]. Moreover,
Spitz nevi typically lack activating mutations in NRAS,
KIT, GNAQ, and GNA11 that occur in melanoma [3,10]. Sub-
sets of Spitz tumors show activating mutations in FRAS (15%
of cases) associated with gain of 11p [11] or BRAF (5% of
cases) associated with biallelic BAP! loss [12]. As well,
TERT promoter mutations have been found in Spitz tumors
with a malignant course but not in those with a benign out-
come [4,13].

More recently, it has been found that Spitz tumors often ex-
hibit specific gene fusions involving the receptor tyrosine ki-
nases NTRKI, NTRK3, ALK, ROS1, RET, or MET, or the
serine-threonine kinase BRAF [3-5,10,14-17], with each of
these genes involved in 2%-17% of cases. However, these fu-
sions occurred in a mutually exclusive pattern, with the result-
ing gene fusions occurring in about 50% of Spitz tumors
overall. In these fusions, the 3’ portion of the kinase gene be-
comes linked to the 5" portion of another gene, resulting in
an in-frame mRNA transcript that encodes a chimeric protein
with a constitutively activated kinase. The chimeric proteins
activate oncogenic signaling pathways (such as the MAPK/
ERK, PI3K/AKT/mTOR, and JAK-STAT), which induce cell
proliferation and improve cell survival [3,10,16]. These trans-
locations are found across the biologic spectrum of Spitz tu-
mors, including Spitz nevi, atypical Spitz tumor, and
Spitzoid melanoma, implying that these fusions are involved
in the pathogenesis of Spitz tumors but are not sufficient for
malignant transformation [3,5,16]. In fact, cases with gene fu-
sions as the sole genetic anomaly tend to behave in a benign
fashion without recurrence [4,10,18-20], whereas those that
show malignant behavior demonstrate additional genetic
changes such as TERT promoter mutation [4].

It is well known that pediatric melanocytic tumors behave
differently from their adult counterparts [5]. Although several
studies have noted that cases with gene fusions in Spitz tumors
occur more often in younger patients [3,10,15,16,19], most of
the studies have been based on adult cases [3,16] or a mixture
of adult and pediatric cases [1,10,12,14,15,18-21], with very
few studies based on pediatric patients only [4,17]. For this
reason, we based our study on a series of pediatric cases, and
in this study, we focused on ALK fusions in Spitz nevi.

In adult series, ALK fusions are found in 8%-11% of Spitz
nevi, 5%-16% of atypical Spitz tumors, and 1%-3% of
Spitzoid melanomas [1,3,14,16]. The frequency of ALK fu-
sions in the pediatric population is unknown. Because Spitz tu-
mors with ALK fusions overexpress ALK [1,3,10,14,16,19],
this provided a ready starting point for us to screen a pediatric
series of Spitz nevi. Cases that were found to be positive for

ALK protein by immunohistochemistry were then analyzed
for the partner gene fused to ALK. Previous studies have iden-
tified several genes that can partner with ALK in Spitz tumors,
including 7PM3 (most commonly) but also DCTNI, NPM1,
TPR, CLIP1, GTF3C2, FBX028, NPAS2, and PPFIBPI
[1,3,4,14,16,18,19]. Surprisingly, in our series, we found
ALK was fused to the MLPH (melanophilin) gene, which has
only been recently reported in a single adult case [22]. More-
over, in the Spitz nevi with an ALK fusion, the only partner
gene detected was MLPH.

2. Materials and methods
2.1. Case selection

Cases coded under a diagnosis of “Spitz nevus” (which
would include atypical Spitz nevus) were selected from the pa-
thology archives at The Hospital for Sick Children, Toronto,
Canada, between the years 2014 and 2017. All cases had been
fixed in 10% formalin and embedded in paraffin (FFPE). All
slides were reviewed by a pathologist (C. C.) to confirm the di-
agnosis and to ensure that lesional tissue was present for im-
munohistochemistry, fluorescence in situ hybridization
(FISH), and RNA extraction. After review, 27 cases of Spitz
nevi were included in the study (Table). The patients ranged
from 9 months to 14 years old, with 14 males and 13 females.

2.2. Immunohistochemistry for ALK

FFPE tissue samples were cut at 4 um, baked at 64°C for
1 hour, and dewaxed prior to staining. Immunostaining for
ALK was performed with the Rabbit anti-ALK (D5F3) anti-
body (cat. # 3633; Cell Signaling, Beverly, MA) at 1:1000 di-
lution, preceded by epitope retrieval in 0. 01 mol/L citrate
buffer (pH 6) in a pressure cooker. The antibody was detected
with the IMMPRESS Anti-Rabbit IgG peroxidase kit (cat.
#MP7401; Vector Laboratories, Burlingame, CA) and visual-
ized with 3,3’-diaminobenzidine.

2.3. Identification of partner genes fused to ALK

Total RNA was extracted from FFPE tissue scrolls (3-4 per
case) using the ExpressArt FFPE Clear RNA Ready kit (Ams-
bio, Cambridge, MA). RNA quality was assessed using the
RNA 6000 Nano Bioanalyzer Kit (Agilent, Mississauga, On-
tario, Canada) and quantitated using the Qubit RNA HS Assay
Kit (ThermoFisher Scientific, Mississauga, Ontario, Canada).
An input of 20-100 ng total RNA and the TruSight RNA Fu-
sion Panel were used to prepare the RNA-seq libraries (Illu-
mina, San Diego, CA), following manufacturer’s instructions
and as previously described [23]. Sequencing of each sample
was performed with 76 base pair paired-end reads on an Illu-
mina MiSeq at 8 samples per flow cell (~3 million reads per
sample). The results were then analyzed using the STAR and
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Table Results of immunohistochemistry, sequencing, and FISH for Spitz nevi
Case Age Sex ALK IHC [llumina RNA Fusion Panel MLPH breakapart FISH ALK breakapart FISH
1? 8y F Pos No ALK fusion detected Neg Neg
2 6y F Neg Neg
3 Sy Ifi Neg Neg
4 3y M Neg Neg
5¢ 5y F Pos Failed Neg Neg
6 2y 5 Neg Neg
7 Sy M Neg Neg
8 3y M Neg Neg
9 9 mo I8 Neg Neg
10 4y F Neg Neg
1 9y F Pos MLPH-ALK fusion Pos
12 12y M Neg Neg
13 2y P Neg Neg
14 6y M Neg Neg
15 Ty M Neg Neg
16* 10 mo F Pos MLPH-ALK fusion Pos
17 8y M Neg Neg
18 Sy Ifi Neg Neg
19 10y M Neg Neg
20 13y M Neg Neg
21 ly M Neg Neg
22 Sy M Neg Neg
23 7y M Neg Neg
24° 14y F Pos MLPH-ALK fusion Pos Pos
25 2y M Neg Neg
26 6y F Neg Neg
277 ly M Pos MLPH-ALK fusion Pos Pos

 Cases that are immunopositive for ALK are highlighted.

BOWTIE2 aligners, and Manta and JAFFA fusion callers, re-
spectively [24,25].

2.4. FISH for MLPH and ALK

Bacterial artificial chromosome DNA was acquired from
the Applied Centre for Genomics, Toronto, Canada (http://
www.tcga.ca/), and selected according to the UCSC Genome
Bioinformatics Browser (http://genome.uscs.edu/, GRCh37/
hg19 Build). For the detection of an MLPH translocation,
RP11-349L1 labeled with spectrum red and RP11-905D24 la-
beled with spectrum green were used. RP11-349L1 is located

49 973 base pairs from the 3’ end of MLPH, and RP11-
905D24 is located 822 base pairs from the 5’ end of MLPH
(Fig. 1). For the detection of an ALK translocation, RP11-
701P18 labeled with spectrum red and RP11-100C1 labeled
with spectrum green were used. RP11-701P18 is 221 478 base
pairs in length and covers intron 4 to intron 13, and RP11-
100C1 is 172 880 base pairs long and is located 32 285 base
pairs from the 3’ end of ALK. The labeled probes were hybrid-
ized to normal human lymphocyte metaphases to confirm their
chromosomal location.

For FISH on FFPE tissue samples, sections were cut at 5
pm and incubated at 62°C for 45 minutes prior to being

Normal Chromosome 2

MPLH: chr2q37.3

Location of BAC probes for MLPH break apart FISH

RP11-905D24 [174,639 bps]
” 822 bps from 5" MLPH

i
p MPLH

RP11-349L1 [155,786 bps]
49,973 bps from 3’ MLPH

MLPH breakpoint in 1.
MLPH:ALK fusion "

H 3
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Fig. 1  Breakapart assay for MLPH. The upper panel shows a normal chromosome 2 with the locations of the ALK gene at 2p23 and the
MLPH gene at 2q37. The lower panel shows the probes used to detect the MLPH break in the MPLH-ALK fusion identified by the TruSight

RNA Fusion Panel.
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processed for FISH. Slides were dewaxed and pretreated with
0. 01 mol/L citrate buffer (pH 6.0) for 10 minutes in a pres-
sure cooker and with pepsin (4 mg/mL in phosphate-buffered
saline [pH 1.5]) for 10 minutes at 45°C. Processed slides were
then co-denatured with the labeled probes for 10 minutes at
75°C in the ThermoBrite system (Abbot Molecular, Missis-
sauga, Ontario, Canada) and hybridized overnight at 37°C.
The slides were washed for 2 minutes at 72°C with 2x SSC/
0.3% NP-40 followed by a 1-minute room temperature wash
in the same buffer. Slides were stained and mounted with
DAPI/Antifade (Vector Laboratories, Burlingame, CA,
USA). FISH signals were visualized with an epifluorescence
microscope (Axiolmager Z1; Carl Zeiss Microimaging,
Thornwood, NY).

3. Results
3.1. Identification of MLPH as a partner genes for ALK

All cases underwent immunostaining for ALK, and 6 cases
were scored as positive (Fig. 2 and Table). All positive cases
were submitted for RNA extraction and testing on the Tru-
Sight RNA Fusion Panel. One case (#5) failed to yield ade-
quate RNA. Of the other 5 cases, 4 showed a fusion of the

ALK gene to the MLPH gene (cases #11, #16, #24, and #27).
All 4 cases showed the identical fusion: exon 14 of the
MLPH gene fused to exon 20 of the ALK gene (Fig. 3). This
transcript includes the first 479 of 600 amino acids of the mel-
anophilin protein and the terminal 1058 of 1620 amino acids
of'the ALK protein. For the remaining case (#1), the ALK gene
was not found to be fused to any other gene.

3.2. FISH for MLPH and ALK

Because a gene fusion to MLPH was a novel finding, we
designed a breakapart FISH assay for MLPH based on the
RNAseq results, with 2 purposes in mind: (1) to confirm the
TruSight RNA Fusion Panel results and (2) to screen the re-
maining 21 cases of Spitz nevi to see if any of them showed
a gene fusion involving MLPH to a partner gene other than
ALK. All 4 cases that showed the MLPH-ALK fusion on the
TruSight RNA Fusion Panel were positive by FISH using
the breakapart assay for MLPH, with 33%-50% of cells show-
ing the split signal (Fig. 4). Only 1 allele was split in each case;
the other allele remained intact. None of the remaining 23
cases of Spitz nevi showed a positive result, including the 2
cases that were positive for ALK by immunohistochemistry
but which lacked an ALK fusion using the TruSight RNA Fu-
sion Panel (case #1) or which could not be tested due to poor

Fig. 2 Histology of the 3 categories of Spitz nevi in the study. A-C, Case with an MLPH-ALK fusion (case 24) showing a fascicular growth
pattern with lesional cells that range from epithelioid to spindle-shaped and which express ALK by immunohistochemistry (C). The infiltrative
deep border is best seen on the ALK stain (asterisk). D-F, Case without an MLPH-ALK fusion (case 1) lacking a fascicular growth pattern and
showing a more conventional histology for a Spitz nevus, but still expressing ALK by immunohistochemistry (F). G-I, Case lacking an MLPH-
ALK fusion (case 22) showing conventional Spitz nevus histology and no expression of ALK by immunohistochemistry (I) (A, D, and G: original

magnification x4; B, E, and H: x40; C, F, and I: x20.)
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MLPH:ALK

MPLH ALK
last nucleotide of exon 14 | | first nucleotide of exon 20
exon 14 exon 20

------ GCAATGGCTGTGCCCTATCTTCTGAGAAGAAAGT TCAGTAATTCCCTGAAAAGTCAAGTGTACCGCCGGAAGCACCAGGAGCTGCAAGCCATGCAGATGGAGCTGCAGAGCC +vvvee
AMA AV PY LLRI RIKTFSNSLIKSQVYRRI KHQELOQAMAQQMTETLQ S

Fig.3 MLPH-ALK fusion detected by the TruSight RNA Fusion Panel. The MPLH gene forms the 5’ end and is fused at exon 14 to the 3’ end of

the ALK gene at exon 20.

RNA quality (case #5). These 2 cases were additionally tested
for an ALK translocation using a breakapart FISH assay, and
both cases were negative (Fig. 4), implying that there was no
ALK translocation in these 2 cases.

3.3. Histology of Spitz nevi immunopositive for ALK

The 4 cases with the MLPH-ALK fusion showed compound
(2 cases) or purely dermal involvement (2 cases) and grew in a
compact fascicular pattern with an infiltrative border (Fig. 2).
The lesional cells ranged from epithelioid to spindle-shaped
with occasional multinucleated cells. Rare Kamino bodies
were observed in a single case. Three of the cases were amela-
notic. The 2 other ALK-positive cases that lacked the MLPH-
ALK fusion showed a different appearance. Case #1 was a
compound nevus with a nested growth pattern, lacking an in-
filtrative border. The nevus was composed of a mixture of ep-
ithelioid and spindle-shaped cells. Kamino bodies and melanin
were present, and there was an accompanying lymphocytic in-
filtrate. Case #5 was a desmoplastic, amelanotic Spitz nevus

composed of spindle-shaped cells, dermal in location and lack-
ing an infiltrative border.

4. Discussion

Our study on pediatric Spitz nevi identified the melanophi-
lin gene (MLPH) as the fusion partner to ALK. Of 27 cases, 6
overexpressed ALK by immunohistochemistry, and 4 of those
showed a rearrangement of the ALK gene by FISH. All 4 of
those cases (100%) showed fusion of the 3’ portion of ALK
to the 5’ portion of MLPH using a breakapart FISH probe for
MLPH and by sequencing. Genes previously reported as 5’
partners with ALK in Spitz tumors include CLIP1, DCTNI,
FBX028, GTF3C2, NPAS2, NPM1, PPFIBPI, TPM3, and
TPR [1,3,4,14,16,18,19]. Other kinase genes besides ALK
have been reported in gene fusions in Spitz tumors, including
NTRK1, NTRK3, ROS1, RET, MET, and BRAF [3-5,10,15-
17]. These fusions involve a variety of 5" partners including
ARIDIB, BAIAP2L1, CEP89, CLIP1, EML4, ERCI, EPSI15,

Fig. 4 FISH using breakapart probes for MLPH and ALK. A, Case 27 showing separation of the green and red signals for MLPH, indicating the
presence of a translocation. This case was ALK-positive by immunohistochemistry. B, Case 14 showing contiguous green and red signals for
MLPH, indicating no translocation. This case was ALK negative by immunohistochemistry. C; and D, Case 1, which was ALK positive by im-
munohistochemistry, showing contiguous green and red signals for MLPH (C) and ALK (D), indicating no translocation involving either gene.
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ETV6, GOLGAS, HLA-A, IL6R, KIAA1598, KIF5B, LMNA,
LSMI14A, LRRFIPI, MYH9, MYOS5A, PPFIBPI, PTPRZI,
PWWP2A, TP53, TPM3, TRIM4, ZCCHCS, and ZKSCAN1
[3,4,10,15,16,20]. MLPH has only been recently reported as
a partner gene for ALK in a single case of a Spitz nevus in an
adult [22]. The finding that MLPH was an exclusive partner
for ALK in our study may relate to the study material because
our series was restricted to a small series of pediatric Spitz
nevi, whereas other studies included adult patients and atypical
Spitz tumor and Spitzoid melanomas [1,3,10,12,14-16,18-21],
and the 2 series based on pediatric cases included only a single
case with an ALK gene fusion (to 7PM3) [4,17]. None of our 4
cases showed a gain in the fusion protein by FISH, although
this has been noted in other studies for other fusion genes in
20%-35% of cases [19,21].

Two other cases were ALK positive by immunohistochem-
istry but lacked a gene fusion involving ALK, as determined
by RNA sequencing and FISH. Although not formally tested,
it is conceivable that these 2 Spitz nevi express ALK constitu-
tively. This could have the same effect as constitutive expres-
sion of the ALK tyrosine kinase domain in a gene fusion,
although the role of ALK in the development of Spitz tumors
is currently unknown. ALK expression unrelated to a translo-
cation has been documented in 2% of melanomas, related to an
alternate transcription form of ALK protein (ALKAT!) [26].
Whether this is true in these 2 Spitz nevi is unknown. Another
possibility is that these 2 cases had activating mutations in the
tyrosine kinase portion of the ALK gene, leading to constitu-
tive kinase activity. This occurs in about 10% of sporadic neu-
roblastoma cases with hot spot mutations in the ALK gene,
most commonly R1275 and F1174 [27,28]. Mutation testing
for ALK was not carried out in our study. There is also a re-
ported case of a Spitz nevus with ALK expression that was felt
to be related to ALK amplification rather than a translocation
[14], but in our 2 cases, ALK copy number was normal. This
case together with our 2 cases indicate that positive immuno-
histochemistry for ALK does not always indicate the presence
of an ALK gene fusion. Whether this situation applies to other
kinase proteins requires further study.

In our series, the ALK gene was fused at exon 20, which is
comparable to previous reports showing the ALK gene fused at
exon 19, 20, or 21 [3,16,18,19,22]. The MLPH portion of the
gene fusion included exons 1-14, similar to the one previous
report with an MLPH fusion [22]. The fusion was in frame,
retaining the kinase portion of the ALK gene that could be de-
tected by immunohistochemistry. This gene fusion follows the
pattern of previously reported kinase fusions, in which the 5’
partner is derived from a gene that is expressed normally in
the cell of origin, and the 5’ portion retained in the gene fusion
leads to constitutive activation of tyrosine kinase domain of
the 3’ partner. Melanophilin is a protein that is normally
expressed in melanocytes as part of the transport system for
moving melanosomes to the periphery of melanocytes for sub-
sequent transfer to keratinocytes [29-31]. Melanophilin com-
plexes with RAB27A and myosin-5a (myoVa) to move
melanosomes along actin tracks in the actin-rich dendritic

periphery of melanocytes. Melanophilin is a 65-kDa protein
with 3 domains. The N terminal is formed by amino acids 1-
147 and binds melanosomes via RAB27a. The central portion
is formed by amino acids 147-480 and has 2 binding sites for
myoVa. The C terminal is formed by amino acids 480-590 and
has the actin binding sites needed for melanosome transport.
Melanophilin functions as an adapter protein that links melano-
somes to myoVa and to actin, as well as increasing the time me-
lanosomes spend on actin, which enhances the transfer of
melanosomes to keratinocytes. The myoVa-melanophilin com-
plex shows preferential binding with actin-Tpm3.1 for most effi-
cient transfer [32]. Tpm3.1 is enriched in the dendritic
protrusions of melanocytes, the site where myoVa-
melanophilin is involved in melanosome transport. Other Tpm
isoforms (eg, Tpm4) slow or block transport of melanosomes.
Because all these proteins involved in melanosome trans-
port are normally expressed in melanocytes, it is reasonable
that their respective genes might serve as 5’ partners in gene
fusions in Spitz tumors because these tumors are derived from
melanocytes. Support for this concept comes from previous
studies that have identified both MYOS5A and TPM3 as 5’ part-
ners in gene fusions in Spitz tumors, fusing to ALK, MERTK,
NTRKI, NTRK3, RET, or ROS1 [1,3,4,15-17,20]. Our study
adds MLPH to this picture. One might also predict that the
RAB27a gene should participate in these gene fusions, although
none have been reported to date. It is noteworthy that no gene
fusion with 7PM4 has been reported, in keeping with the fact that
the Tpm4 actin isoform is detrimental to melanosome transport
and likely not highly expressed in melanocytes or Spitz tumors.
The melanophilin-ALK fusion protein in our study in-
cluded amino acids 1-479, meaning the actin binding site is
lost and replaced by the kinase domain of the ALK protein.
Based on what is known about the function of melanophilin,
loss of the actin binding site in the fusion protein might be ex-
pected to disturb melanocyte trafficking. Defects in any of
melanophilin, RAB27A, and myoVa result in a failure of me-
lanosomes to move to the cell periphery, with perinuclear lo-
calization [31]. Mutations in any 1 of these 3 proteins results in
Griscelli syndrome, with a failure of the transfer of melanosomes
to neighboring keratinocytes, causing hypopigmentation. Failure
of the melanosome trafficking apparatus might be a contributing
factor as to why Spitz nevi are often amelanotic. However, ame-
lanosis varies with the specific gene fusion, and cases with ALK
involved are more often amelanotic compared to other kinase
fusions [1,2,14] (and 75% of our cases were amelanotic), im-
plying that amelanosis is more related to the 3’ partner in the
gene fusions. However, this cannot be stated definitively be-
cause the feature of amelanosis has never been correlated with
the 5’ partner in any previous study. Nor could we do this be-
cause MLPH was the only 5’ partner identified in our study.
Several studies have shown a correlation between the his-
tology of Spitz tumors and the genetic changes found. For ex-
ample, Spitz tumors with mutations in /RAS and gain of 11p
are composed of large epithelioid melanocytes with marked
desmoplasia [11], whereas Spitz tumors with BAPI loss and
BRAF mutations are also composed of large epithelioid
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melanocytes with enlarged, moderately pleomorphic nuclei
and abundant amphophilic cytoplasm [12]. In Spitz tumors,
the histology seems to be influenced by the 3’ partner in the
gene fusion rather than the 5’, although the latter has not been
examined as thoroughly. Spitz tumors with NTRK fusions are
typically arranged in small nests with predominantly spindle-
shaped cells, occasional rosettes and Kamino bodies [21]. A
BRAF fusion is associated with large epithelioid cells in a
sheet-like growth pattern and high-grade nuclear atypia, and
a RET fusion is associated with intermediate-sized epithelioid
cells with mild nuclear atypia and Kamino bodies [21]. With
respect to ALK fusions, these lesions have a limited junctional
component, with deep dermal expansion by large, spindle-
shaped and epithelioid melanocytes arranged in fusiform nests
showing a plexiform growth pattern and an infiltrative border
[1,2,14,18,19,21,22]. Lesional cells have fibrillary cytoplasm
and moderate nuclear atypia, but Kamino bodies are rare.
The 4 cases in our study with an MLPH-ALK fusion showed
similar features to what has been described previously. The 2
cases that were ALK positive by immunohistochemistry but
lacked an ALK translocation showed different histologic fea-
tures. One case was a desmoplastic Spitz nevus composed of
spindle-shaped cells, with prominent desmoplasia and amelano-
sis, but a noninfiltrative border. The other case was a compound
nevus with a mixture of spindle-shaped and epithelioid cells ar-
ranged in nests, with melanin production and Kamino bodies.
Thus, although the specific 3 partner in the gene fusion appears
to influence the histology, the typical features seen in ALK fu-
sion cases are not seen in our 2 cases expressing full-length
ALK. However, our numbers are small, and additional cases
are needed to confirm this observation. It is interesting to note
that many of the Spitz tumors with kinase fusions are com-
posed of large epithelioid cells. The activated kinases stimulate
the PI3K/AKT/mTOR pathway, which regulates cell size, and
may account for the increased cell size in these cases [3,16].
The identification of a gene fusion involving MLPH has
only been reported once in an adult Spitz nevus [22]. The in-
volvement of MLPH is a reasonable event in Spitz nevi given
the constitutive expression of melanophilin in melanocytes.
There are other organs in which MLPH has been shown to
play a role. For example, MLPH is expressed in prostate
[33,34], and increased expression of melanophilin has been
found in favorable risk prostate cancer [33], estrogen recep-
tor—positive breast cancer [35], meningothelial meningiomas
[36], and lung cancer [37,38]. Kinase fusions have already
been found in secretory breast carcinoma involving NTRK3
and in lung cancers involving ALK, ROS!, and RET. It may
be of value to screen these tumors for gene fusions involving
MLPH, which might identify new subgroups of tumors.
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