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Abstract

Background Spitz tumors are relatively uncommon melanocytic lesions, typically affecting a relatively younger pop-
ulation but can be encountered at any age. They are characterized by a proliferation of melanocytes with epithelioid
and/or spindled cytomorphology features, and interpretation is often challenging. The majority of these tumors are
driven by kinase fusions or HRAS mutations. MAP3K8 fusions, although rare, are characteristic genomic events in Spitz
tumors, especially in more atypical or malignant lesions.

Case presentation Here, we present the case of a 43-year-old woman with a clinically cystic mass in her right groin,
histologically characterized as a spindle and epithelioid cell malignant tumor. Immunohistochemistry revealed diffuse
expression of S100 protein, tyrosinase and SOX10, patchy weak PRAME, HMB45 and Melan-A reactivity, and negative
staining for BRAF V600E. Next-generation sequencing analysis revealed the presence of a MAP3K8:ABLIM1 fusion gene,

as well as GRIN2A and TERT promoter mutations. The morphology, immunohistochemistry and molecular analysis
confirmed Spitz melanoma with molecular features suggesting a worse prognosis.

Conclusion This case introduces a novel fusion partner of MAP3K8 in the context of Spitz melanoma and expands
the morphologic and molecular spectrum of Spitz melanoma.
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Introduction

Spitz tumors are challenging melanocytic lesions in daily
practice, as the morphologic features frequently overlap
with those of melanoma [1]. They exist within a spec-
trum that goes from benign Spitz nevi to malignant Spitz
tumors, passing through intermediate lesions (Atypical
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Spitz tumors / Spitz melanocytomas) [1-4]. We now rec-
ognize specific molecular determinants of these lesions,
namely HRAS mutations [1] and translocations involving
tyrosine and serine/threonine kinases [1], while the pres-
ence of conventional melanocytic lesion molecular deter-
minants, such as BRAF V600E mutations, excludes these
lesions from the Spitz category [1-4].

While documentation of the Spitz pathway aids in
identifying Spitz tumors, it does not directly determine
their benign or malignant nature [2]. However, it offers
invaluable diagnostic insights. For instance, given the rar-
ity of melanomas exhibiting HRAS aberration or specific
kinase fusion, detecting such aberrations reduces the
probability of a malignant melanoma, unless compelling
clinical or histopathological contexts suggest otherwise,
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or co-existing mutations or genomic aberrations are pre-
sent [2].

Malignant Spitz tumors, also known as Spitz melano-
mas, are rare and are characterized by additional molec-
ular determinants, such as TERT promoter mutations,
CDKN2A mutations, and other aberrations [2—4].

In this report, we present a unique case of Spitz
melanoma in which a kinase fusion gene involving
MAP3K8::ABLIM1 was identified. The ABLIM]1 fusion
partner has not been described before in the literature in
the context of Spitz melanoma.

Case presentation

A 43-year-old woman with a medical history of hyper-
tension sought care at a general surgery clinic due to a
painful and itchy ulcerated cystic mass on her right groin.
The mass had been present for over a year but had grown
larger in the last six months, measuring around 5 cm. It
had a firm base underneath and ulceration on top, sur-
rounded by redness without purulent drainage. Magnetic
resonance imaging (MRI) of the pelvic muscular tissue
(Fig. 1) revealed a lobulated mass within the subcutane-
ous soft tissues of the right inguinal region measuring
44%x3.9%2.3 cm. The mass demonstrated significant
enhancement, consistent with a neoplastic process. The
deep surface margin of the lesion abutted the superfi-
cial myofascial margin of the pectineus. There was no

Fig. 1 Spitz melanoma. MRI of the pelvic muscular tissue (T1 axial,
post-contrast phase) shows a subcutaneous, soft tissue-enhancing
mass in the right groin/ inguinal region, medial to the right femoral
neurovascular bundle. The deep surface margin of the mass abuts
the superficial myofascial margin of the right pectineus muscle,
with mildly prominent lymph nodes around the peripheral margin
of the mass
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evidence of intramuscular signal abnormality or invasion,
and the mass was otherwise completely contained within
the subcutaneous soft tissues. Additionally, there were
some mildly prominent lymph nodes around the periph-
eral margins of the lesion.

A needle biopsy performed on the right groin mass
(Fig. 2) revealed a diffuse sheets of malignant pleomor-
phic spindled and epithelioid cells exhibiting elongated
to ovoid hyperchromatic nuclei associated with moderate
to abundant amounts of eosinophilic cytoplasm. Mitoses,
including atypical forms, were present, and areas of
necrosis were observed. Immunohistochemical stains
showed that the tumoral cells were strongly positive for
S$100 protein, and SOX10. H3K27Me3 and INI1 were
retained. The malignant cells tested negative for cytoker-
atin AE1/AE3, cytokeratin OSCAR, desmin, muscle-spe-
cific actin, smooth muscle myosin, caldesmon, tyrosinase,
Melan-A, PRAME, HMB45, CD117, ERG, myogenin,
myo-D1, BRAF V600E, and CD3. The differential diagno-
sis centered predominantly around malignant peripheral
nerve sheath tumor, versus malignant melanoma. The
clinical impression of a lymph node metastasis favored
malignant melanoma. Next-generation sequencing analy-
sis was performed to further characterize this lesion, and
a multidisciplinary team recommended excision of the
mass.

Molecular testing (Table 1), utilizing RNA sequenc-
ing, revealed a MAP3KS8::ABLIMI translocation, while
next-generation sequencing showed TERT promoter
and TP53 pathogenic mutations and a likely pathogenic
GRIN2A variant. Other variants of unknown significance
are listed in Table 1. In addition, copy number loss was
detected in the CDKN2A and MTAP genes. Tumor muta-
tion burden (TMB) was low (3 mut/Mb). No BRAF muta-
tions were detected.

The resected specimen revealed a 7.4x4.2X3.8 cm
well-defined, firm, tan-pink, focally necrotic, bulging
mass continuous with a scar-like lesion on the skin sur-
face. The mass was abutting the skin, and 0.5 cm from the
closest soft tissue margin.

Microscopic examination (Fig. 3) of the resected mass
revealed a deeply-seated mass in the deep dermis and
subcutaneous tissue, composed of confluent expan-
sile nests and sheets of malignant epithelioid cells with
abundant eosinophilic cytoplasm. The cells exhibited
high-grade nuclear atypia with irregular nuclear mem-
branes and enlarged eosinophilic nucleoli. A focal area of
melanin pigment was present. Mitoses, including atypi-
cal mitoses, and necrosis were observed. Neither neu-
rotropism nor tumor-infiltrating lymphocytes (TILs)
were identified. No epidermal or junctional activity
was noted in the overlying epidermis. The tumoral cells
were diffusely positive for 100, SOX-10 and tyrosinase,
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Fig. 2 Spitz melanoma, needle core biopsy. A Malignant epithelioid and spindled cells exhibit moderate to severe pleomorphism, hyperchromatic
nuclei and eosinophilic cytoplasms (x100). B-C Malignant cells also display prominent nucleoli, multiple nuclear inclusions, and mitoses (x200

and x400, respectively). D Malignant cells are diffusely positive for SOX10 immunohistochemical marker (IHC) (x200). E Malignant cells are negative
for tyrosinase IHC (x400). F Malignant cells are negative for PRAME IHC (x400). G Malignant cells are negative for Melan-A IHC (x400)

weakly positive for PRAME and HMB45, Melan-A and
negative for BRAF V600E. In addition, p16 showed a loss
of nuclear and cytoplasmic expression.

Based on histomorphology, immunohistochemistry
and tumor profile analysis with MAP3K8 gene fusion, a
diagnosis of Spitz melanoma was rendered. Additionally,
the presence of copy number loss of CDKN2A (with p16
null type), GRIN2A and TERT promoter mutations pre-
dicted association with rapid disease progression.

Post-surgical follow-up records (1 month later) showed
a healing wound with minimal discomfort. Further imag-
ing studies revealed a metastasis to the right lung. The
patient is undergoing immunotherapy with nivolumab
and ipilimumab.

Discussion

Spitz melanomas (SM), or malignant Spitz tumors, con-
stitute a distinct subtype of spitzoid melanomas, as
recently characterized [1, 3]. The features of these lesions

include a larger tumor size (>1 cm), broad ulceration,
asymmetry, lack of maturation, nuclear pleomorphism,
necrosis and high mitotic activity featuring atypical
mitoses. Moreover, it presents spitzoid characteristics,
such as the presence of large epithelioid and/or spindle
melanocytes [1].

The molecular alterations of SM are characterized
by initiating genomic alterations typical of Spitz nevus,
including kinase fusions and HRAS mutations, alongside
homozygous loss of 9p21. Mutations in BRAF V600E
or other molecular characteristics of conventional mel-
anocytic tumors are not present by definition; that is,
presence of such alterations excludes a diagnosis of SM.
Furthermore, copy number loss of CDKN2A, GRIN2A
and TERT promoter mutations and multiple chromo-
somal copy number aberrations may be observed, corre-
lating with an adverse prognosis [5, 6]. Additionally, SM
usually exhibit a lower tumor mutational burden when
compared with conventional melanoma [2].
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Fig. 3 Spitz melanoma, resected specimen. A The deep dermal/subcutaneous tumor with overlying epidermis shows mild spongiosis

with no epidermal or junctional melanocytic activity, and dermis shows a perivascular inflammatory infiltrate (x20). B Confluent nests of malignant

epithelioid cells with abundant eosinophilic cytoplasms and focal necrosis (x100). C-D Epithelioid cells exhibit very prominent nucleoli (x200

and x400, respectively). E Malignant cells with adjacent areas of prominent pigmentation (x400). F Malignant cells are diffusely positive for S100 IHC
(x200). G Malignant cells are diffusely positive for tyrosinase IHC (x200). H Malignant cells are weakly positive for PRAME IHC (x200). | Malignant cells
are weakly positive for Melan-A IHC (x200). J Malignant cells show loss of p16 expression (x200)

The differential diagnosis of SM encompasses the
spectrum of Spitz melanocytic neoplasms, which share
common features such as clinical aspects, histological
characteristics like epithelioid and spindled melanocytes,
and specific genetic alteration. However, non-melanoma
Spitz tumors typically exhibit low to intermediate grade
histomorphological features, fewer DNA alterations, and
a low risk of progression compared to their malignant
counterparts. Atypical Spitz tumors, also known as Spitz

melanocytomas, represent intermediate Spitz melano-
cytic neoplasms that may display some high-grade histo-
morphological features. Moreover, the umbrella term
‘spitzoid melanomas’ includes melanomas with spitzoid
cytomorphology that lack Spitz-defining genetic altera-
tions and demonstrate conventional melanocytic aber-
rations, most commonly BRAF V600E mutations, as
mentioned above [2, 3]. Other differentials to consider,
especially in cases of dermal lesions without an epidermal
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Table 1 Summary of molecular findings
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Translocation

Location

MAP3K8:ABLIM1
Mutations
Pathogenic Variants
TERT
TP53
Likely Pathogenic Variants
GRIN2A
Variants of Unknown Significance
PLCG2
APOB
SPEN
ETV5
SYNET
FANCL
POLQ
CASR
NRG1
GATAT
Copy Number Loss
CDKN2A
MTAP
Tumor mutation burden (TMB)

exon 7:exon 5 NM_001244134.1/NM_001322885.1

c-146 C>T 52 NM_198253.2
€659_672+44del58 29 NM_000546.5

p.5929F 14 2786 C>T 20 NM_000833.4

€3756-3 C>T Splice region variant
€.8524G > A p.E2842K Missense variant
€.698 C> A p.P233Q Missense variant
€.1343T> A p.V448D Missense variant
c.5045 A>G p.E1682G Missense variant
¢.857T>C p.L286S Missense variant
.5944T>G p.L1982V Missense variant
C.1553G > A p.G518E Missense variant
C.1747G > A p.E583K Missense variant
c.113 C>T p.P38L Missense variant

Low (3 mut/Mb)

component (as in our case), include clear cell sarcoma,
which is characterized by EWSRI translocations [7]; alve-
olar soft part sarcoma, which features ASPSCRI-TFE3
fusion [8], epithelioid sarcoma, and epithelioid malignant
peripheral nerve sheath tumor, usually demonstrating
SMARCBI (INI1) deletion [9, 10].

Kinase fusions activate downstream cell signaling path-
ways such as MAP kinase signaling, JAK/STAT signaling,
and PI3K/AKT1/MTOR signaling. This activation leads
to the promotion of gene transcription, cell growth, pro-
liferation, differentiation, and survival [11, 12]. In Spitz
neoplasms, kinase fusions represent important mecha-
nisms of oncogene activation and may serve as therapeu-
tic targets for metastatic SM. Spitz neoplasms frequently
harbor fusions involving various receptor tyrosine
kinases such as ROS1, NTRKI-3, ALK, RET, MET, as
well as serine/threonine kinases including BRAF and
MAP3KS [12, 13].

MAP3KS8, a serine-threonine protein kinase, acti-
vates extracellular signal-regulated kinase (ERK) 1/2
by phosphorylating its direct substrate, mitogen-acti-
vated protein kinase (MEK). High MAP3K8 expression
in melanoma leads to resistance against BRAF inhibi-
tors via a MEK-dependent mechanism that does not
necessitate BRAF activation upstream [14]. Various
MAP3K8 fusion partners have been identified in Spitz
neoplasms, with SVIL being the most common 3’ fusion

partner [15]. The details of MAP3KS kinase fusion part-
ners identified in the literature in Spitz tumors are pro-
vided in Table 2. Other 3’ fusion partners, not mentioned
in Table 2, include SFMBT2, MIR3681HG, CDC42EP,
SLC4A4, CCNY, LINC00703, and PIP4K2A [15].

Table 2 Summary of MAP3K8 kinase fusion partners identified in
the literature in Spitz tumors

MAP3K8 Kinase Type of Spitz Tumor and Number References
Fusion Partners of Cases
Spitz Nevus Atypical Spitz Tumor

or Malignant Spitz

Tumor
SVIL 1 20 [14-16]
Dip2C 1 5 [14-16]
UBL3 0 4 [14-16]
GNG2 - 2 [14,15]
STX7 - 2 [14,15]
LyzL2 - 2 [14,15]
RSUT - 2 [14,15]
SPECCT - 1 [14,15]
CUBN - 1 [14,15]
PRKACB - 1 [14,15]
PCDH7 - 1 [16]
ATP2A2 - 1 [1é]
ABLIM1 - 1 Current study
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MAP3K8-rearranged cases exhibit epithelioid features,
amelanotic melanocytes, marked pleomorphism, pl6
loss, ulceration, and are more prevalent in atypical Spitz
tumors and SM compared to other kinase fusions [4].

ABLIM1I, known as Actin-binding LIM protein 1, is a
cytoskeletal protein that binds to actin filaments and
interacts with cytoplasmic targets [17]. Dysregulation
of ABLIM1 is associated with different types of cancers,
and its loss in melanoma serves as a tumor suppres-
sor [18]. MAP3K8::ABLIM1 fusion has been previously
reported in peritoneal mesothelioma [19]. Interestingly,
there have been no previous reports of fusions involving
MAP3K8::ABLIM1I in melanoma to our knowledge.

In conclusion, we report an unusual aggressive Spitz
melanoma with a novel MAP3K8:ABLIM1I fusion gene
and absence of identifiable in-situ component, contribut-
ing to the expanding morphologic and molecular spec-
trum of Spitz melanoma.

Informed consent
Informed consent was obtained from the patient involved in the study.

Authors’ contributions

RS: Designed the study, interpreted the data, prepared the manuscript, and
critically reviewed the manuscript. AV: Prepared the manuscript (clinical
history), and reviewed the manuscript. AG and PM: Designed the study, and
critically reviewed the manuscript. All authors read and approved the final
manuscript. All authors agreed on submission.

Funding
This research received no external funding.

Availability of data and materials

The data generated during the current study are not publicly available due
to patient confidentiality but are available from the corresponding author on
reasonable request.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 4 June 2024 Accepted: 16 September 2024
Published online: 03 October 2024

References

1. Barnhill RL, Bastian BC, Gerami P, et al. Spitz melanoma. In: Barnhill RL, Bas-
tian BC, Brenn T, et al,, editors. Skin tumours. Lyon (France): International
Agency for Research on Cancer; 2023. (WHO classification of tumours
series, 5th ed,; vol. 12). Available from: https://tumourclassification.iarc.
who.int/chapters/64. Accessed 26 Mar 2024.

2. Yehl,Busam KJ. Spitz melanocytic tumours - a review. Histopathology.
2022;80(1):122-34. https://doi.org/10.1111/his.14583.

3. Raghavan SS, Peternel S, Mully TW, et al. Spitz melanoma is a distinct
subset of spitzoid melanoma. Mod Pathol. 2020;33(6):1122-34. https://
doi.org/10.1038/541379-019-0445-z.

Page 6 of 6

4. Cheng TW, Ahern MC, Giubellino A. The spectrum of Spitz Melanocytic
Lesions: from morphologic diagnosis to molecular classification. Front
Oncol. 2022;12:889223. https://doi.org/10.3389/fonc.2022.889223. Pub-
lished 2022 Jun 7.

5. LeeS, Barnhill RL, Dummer R, et al. TERT promoter mutations are predic-
tive of aggressive clinical behavior in patients with spitzoid melanocytic
neoplasms. Sci Rep. 2015;5:11200. https://doi.org/10.1038/srep11200. .
Published 2015 Jun 10.

6. D'mello SA, Flanagan JU, Green TN, et al. Evidence that GRIN2A mutations
in melanoma correlate with decreased survival. Front Oncol. 2014;3:333.
https://doi.org/10.3389/fonc.2013.00333. Published 2014 Jan 13.

7. Hocar O, Le Cesne A, Berissi S, et al. Clear cell sarcoma (malignant mela-
noma) of soft parts: a clinicopathologic study of 52 cases. Dermatol Res
Pract. 2012;2012:984096. https://doi.org/10.1155/2012/984096.

8. Jaber OI, Kirby PA. Alveolar soft part sarcoma. Arch Pathol Lab Med.
2015;139(11):1459-62. https://doi.org/10.5858/arpa.2014-0385-RS.

9. Thway K, Jones RL, Noujaim J, Fisher C. Epithelioid sarcoma: diagnostic
features and Genetics. Adv Anat Pathol. 2016;23(1):41-9. https://doi.org/
10.1097/PAP0000000000000102.

10. Schaefer IM, Al-lbraheemi A, Qian X. Cytomorphologic spectrum
of SMARCB1-Deficient soft tissue neoplasms. Am J Clin Pathol.
2021;156(2):229-45. https://doi.org/10.1093/ajcp/agaa223.

11. Stransky N, Cerami E, Schalm S, Kim JL, Lengauer C. The landscape of
kinase fusions in cancer. Nat Commun. 2014;5:4846. https://doi.org/10.
1038/ncomms5846. Published 2014 Sep 10.

12. Shalin SC. A review of kinase fusions in melanocytic tumors. Lab Invest.
2017;97(2):158-65. https://doi.org/10.1038/labinvest.2016.122.

13. WiesnerT, He J, Yelensky R, et al. Kinase fusions are frequent in Spitz
tumours and spitzoid melanomas. Nat Commun. 2014;5:3116. https://doi.
org/10.1038/ncomms4116.

14. Newman S, Fan L, Pribnow A, et al. Clinical genome sequencing uncovers
potentially targetable truncations and fusions of MAP3K8 in spitzoid and
other melanomas. Nat Med. 2019;25(4):597-602. https://doi.org/10.1038/
$41591-019-0373-y.

15. Houlier A, Pissaloux D, Masse |, et al. Melanocytic tumors with MAP3K8
fusions: report of 33 cases with morphological-genetic correlations. Mod
Pathol. 2020;33(5):846-57. https://doi.org/10.1038/541379-019-0384-8.

16. Quan VL, Zhang B, Mohan LS, et al. Activating structural alterations in
MAPK genes are distinct genetic drivers in a Unique Subgroup of Spitzoid
Neoplasms. Am J Surg Pathol. 2019;43(4):538-48. https://doi.org/10.1097/
PAS.0000000000001213.

17. HeY, ShiQ, LingY, et al. ABLIM1, a novel ubiquitin E3 ligase, pro-
motes growth and metastasis of colorectal cancer through targeting
IkBa ubiquitination and activating NF-kB signaling. Cell Death Differ.
2024;31(2):203-16. https://doi.org/10.1038/541418-024-01256-y.

18. Kwong LN, Chin L. Chromosome 10, frequently lost in human mela-
noma, encodes multiple tumor-suppressive functions. Cancer Res.
2014,74(6):1814-21. https://doi.org/10.1158/0008-5472.CAN-13-1446.

19. Panagopoulos |, Andersen K, Brunetti M, et al. Genetic pathways in
peritoneal Mesothelioma Tumorigenesis. Cancer Genomics Proteom.
2023;20(4):363-74. https://doi.org/10.21873/cgp.20388.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://tumourclassification.iarc.who.int/chapters/64
https://tumourclassification.iarc.who.int/chapters/64
https://doi.org/10.1111/his.14583
https://doi.org/10.1038/s41379-019-0445-z
https://doi.org/10.1038/s41379-019-0445-z
https://doi.org/10.3389/fonc.2022.889223
https://doi.org/10.1038/srep11200
https://doi.org/10.3389/fonc.2013.00333
https://doi.org/10.1155/2012/984096
https://doi.org/10.5858/arpa.2014-0385-RS
https://doi.org/10.1097/PAP.0000000000000102
https://doi.org/10.1097/PAP.0000000000000102
https://doi.org/10.1093/ajcp/aqaa223
https://doi.org/10.1038/ncomms5846
https://doi.org/10.1038/ncomms5846
https://doi.org/10.1038/labinvest.2016.122
https://doi.org/10.1038/ncomms4116
https://doi.org/10.1038/ncomms4116
https://doi.org/10.1038/s41591-019-0373-y
https://doi.org/10.1038/s41591-019-0373-y
https://doi.org/10.1038/s41379-019-0384-8
https://doi.org/10.1097/PAS.0000000000001213
https://doi.org/10.1097/PAS.0000000000001213
https://doi.org/10.1038/s41418-024-01256-y
https://doi.org/10.1158/0008-5472.CAN-13-1446
https://doi.org/10.21873/cgp.20388

	Spitz melanoma with MAP3K8::ABLIM1 rearrangement: a case report with review of the literature
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Introduction
	Case presentation
	Discussion
	References


