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Simple Summary: Molecular profiling of unclassified neoplasms has been pivotal in the characterization of new entities. Cutaneous melanocytic tumor with CRTC1::TRIM11 fusion (CMTCT) is a
newly described neoplasm that falls into the broad category of diagnostically challenging dermal
proliferations with melanocytic differentiation. The aim of this review is to educate colleagues about
the clinical, histopathologic, and molecular features of CMTCT, and provide important information
on the differential diagnosis.
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Abstract: “Cutaneous melanocytic tumor with CRTC1::TRIM11 fusion” (CMTCT) is a recently described entity belonging to the family of superficial tumors displaying melanocytic differentiation.
Thirteen cases have been reported so far, on the head and neck, extremities, and trunk of adults of
all ages (12 cases) and one in an 11-year-old child. Histopathologically, it is a nodular or multilobulated tumor composed of spindle and epithelioid cells arranged in nests, fascicles, or bundles that
are surrounded by thin collagenous septa. By immunohistochemistry, the tumor shows variable
immunoreactivity for S100-protein, SOX10, and MITF, as well as specific melanocytic markers such
as MelanA and HMB-45. The neoplasm’s biologic behavior remains uncertain since the reported
cases are limited and the follow-up is short (median 12 months). However, local recurrence and
synchronous distant metastasis after 13 years of initial resection has been described in one case.
Herein, we present a comprehensive literature review of CMTCT hoping to raise awareness among
the dermatopathologists of this potentially novel entity.
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1. Introduction
The histopathologic diagnosis of dermal/subcutaneous proliferations with melanocytic
differentiation can be challenging due to existing similarities among different entities and
their broad differential diagnosis. This includes the newly described superficial melanocytic
tumor with CRTC1::TRIM11 fusion. Cellier et al. [1] first reported five cases in 2018, and
described it as a relatively well-circumscribed neoplasm composed of atypical spindle
and epithelioid cells immunoreactive for melanocytic markers, such as SOX10, MITF, and
S100-protein; it was initially termed “cutaneous melanocytoma with CRTC1::TRIM11 fusion”. Since then, eight more cases sharing the same morphologic, immunohistochemical
and molecular phenotype have been added to the literature [2–5]. The histopathologic
differential diagnosis includes cutaneous clear cell sarcoma, primary dermal and metastatic
melanoma, atypical blue nevus, Spitz tumor, myoepithelial tumor, epithelioid schwannoma, malignant peripheral nerve sheath tumor (MPNST), and paraganglioma-like dermal
melanocytic tumor. CMTCT’s biologic behavior has not yet been determined, as the
reported median follow-up is relatively short (12 months); one case did recur and metastasized to the regional lymph nodes and lung after 13 years, which prompted the use of the
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term “cutaneous melanocytic tumor with CRTC1::TRIM11 fusion” (CMTCT). Herein, we
present a review of the current literature on this potentially novel entity.
2. Methods
A literature search with the keyword “CRTC1::TRIM11” was conducted using PubMed
database as an online source. Five results were generated, all of which were relevant and
included in this review.
3. Clinical Features
So far, 13 cases of CMTCT have been reported [1–5], eight on the extremities, three on
the head and neck, and two on the lower back. Sizes ranged from 0.4 to 5.1 cm in greatest
diameter (median 1 cm), and patient age ranged from 11–82 years (median 33 years). The
clinical differential diagnosis included epidermal cyst, pyogenic granuloma, dermatofibroma, and melanoma. The definitive management was local excision in 12 of 13 cases; in
one case, the treatment is unknown. Twelve cases have not recurred or metastasized with
follow-up ranging from 3 to 72 months (median 12 months). However, one case exhibited
local recurrence and synchronous regional and distant metastasis 13 years after initial
resection. Information on the primary lesion is not available.
4. Histopathologic and Immunohistochemical Features
CMTCT most commonly presents as a well-circumscribed dermal (or dermal and
subcutaneous) nodular or multilobulated tumor, with pushing borders, occasionally surrounded by a fibrous capsule. Three cases have exhibited a focally infiltrating pattern of
growth [1,3]. A polypoid appearance has also been reported [4]. The neoplasm may abut
and/or attenuate the overlying epidermis; however, an intraepidermal component has not
been described so far. The neoplasm is composed of nests, fascicles, bundles, or sheets
of mostly non-pigmented spindle and epithelioid cells, surrounded by thin collagenous
septa. Multinucleated giant cells may also be identified. Cytologically, it exhibits pale
to eosinophilic cytoplasm, mild to severe pleomorphism with mild to moderate nuclear
atypia, and prominent nucleoli and nuclear pseudoinclusions. All reported cases [1–5]
displayed mitotic activity, ranging from 1 to 12 mitoses/10HPF. Areas of necrosis have also
been identified in three cases so far [4]. The tumor may be accompanied by a peripheral
lymphocytic infiltrate. The histopathologic features of a CMTCT case are presented in
Figure 1.
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Immunohistochemical features of CMTCT include consistent diffuse SOX10 and
Immunohistochemical features of CMTCT include consistent diffuse SOX10 and MITF
MITF immunoreaction [1–5]. MelanA and HMB-45 expression may be focal or patchy and,
immunoreaction [1–5]. MelanA and HMB-45 expression may be focal or patchy and, in
in some instances, completely absent. Most of the cases reported were also diffusely S100some instances, completely absent. Most of the cases reported were also diffusely S100protein positive; however, in a few cases, S100-protein expression was patchy, focal, or
protein positive; however, in a few cases, S100-protein expression was patchy, focal, or
absent. INI1 nuclear expression was retained in all cases tested so far [3], and p16 has been
absent. INI1 nuclear expression was retained in all cases tested so far [3], and p16 has
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to its normal functions, CRTC1 and its isoforms also promote tumorigenesis. Schumacher
functions, CRTC1 and its isoforms also promote tumorigenesis. Schumacher et al. [7]
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et al. [7] showed that CRTC1 activation plays an important role in colonic adenocarcinoma
growth, through the enhancement of prostaglandin E2 function, which includes NR4A2,
COX2, AREG, and IL-6 expression. It is also implicated in the pathogenesis of multiple
neoplasms as a fusion partner. The CRTC1::MAML2 fusion has been detected in mucoepidermoid carcinomas of the salivary gland [8], breast [9], and liver [10], as well as clear cell
hidradenomas [11]. The CRTC1::MAML2 fusion product upregulates CREB induced transcription, leading to oncogenesis; however, Chen et al. [12] described a non CREB-mediated
transcription stimulation, which includes interaction with other transcription regulators,
including MYC, TP53, NF-κB, ATF2, GLI1, STAT6, and AP-1. A CRTC1::SS18 fusion has
also been reported in a subset of undifferentiated small round blue cell sarcomas [13].
A total of six cases of CMTCT displayed TrkA expression by immunohistochemistry, without corresponding NTRK1 gene fusion or amplification. The exact mechanism of the protein overexpression has not been studied in CMTCT; it may reflect true
over-transcription of the gene through other mechanisms that may be related to the
CRTC1::TRIM11 chimeric protein activity [5]. Increased NTRK1 mRNA and corresponding
TrkA protein overexpression have also been described in two cases of undifferentiated
small round blue cell sarcoma with CRTC1::SS18 fusion. This finding further supports
the possible correlation between CRTC1 rearrangements and aberrant NTRK1 expression [13]. The overexpression of a Trk protein without corresponding gene amplification
or fusion has also been described in other tumors. Kao et al. [14] reported upregulation
of NTRK3 mRNA with corresponding TrkC protein overexpression detected by Pan-TRK
immunohistochemical antibody in the majority of BCOR and YWHAE rearranged sarcomas
studied.
Tripartite motif-containing protein 11 (TRIM11) is a gene located on the 1q42.13 region,
and encodes for a protein with E3 ubiquitin ligase activity that participates in protein
degradation in various tissue types [15]. Increased TRIM11 mRNA expression-compared
to normal tissue- has been described in hepatocellular carcinoma, which translated to
increased protein expression by IHC [16], lung non-small cell carcinoma (NSCC) [15], prostatic, colonic, gastric adenocarcinomas [17–19], and lymphoma [20]. TRIM11 upregulation
is also associated with increased motility, invasiveness, and cell proliferation of lung and
breast cancer cells and glioblastoma cell lines [15,21,22]. Conversely, when TRIM11 was
knocked down in ovarian cancer cells and lymphoma tissues/lymphoma cell lines in vitro,
suppression of cell proliferation was observed. This was the result of either an increase
in apoptotic factors or the prevention of cell cycle progression to S or G2 phase [20,23].
In lymphoma tissue and cell lines in particular, the knockdown of TRIM11 resulted in
decreased expression of β-catenin, Cyclin D1, and c-Myc, while Axin1 was increased due to
decreased ubiquitin-induced degradation. [20] Furthermore, Huang et al. [24] observed increased CD31 expression and microvascular density in lung adenocarcinoma cell lines with
upregulated TRIM11 compared to TRIM11 downregulated cell lines, indicating stimulation
of angiogenesis. High TRIM11 expression was also recognized as an independent marker
of poor prognosis in patients with breast cancer, colon and prostate adenocarcinoma, lung
NSCC, HCC, and glioblastoma and it has also been correlated with advanced disease
stage. [15–18,20–22] Although TRIM11 expression by IHC has been examined in a variety
of neoplasms, data on entities that lie within the differential of CRTC1::TRIM11 melanocytic
tumor are limited. Hence, more studies to assess its sensitivity and specificity in identifying
CMTCT are necessary.
The reported cases’ clinical, histopathologic, immunohistochemical and molecular
features are presented in Table 1.
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Table 1. Clinical, histopathologic, immunohistochemical and molecular characteristics of all published CMTCT cases.

Author

Case

Age

Sex

Location

SOX-10

MITF

S100

MelanA

HMB-45

TRIM11

NTRK1

CRTC1::
TRIM11
Fusion
(RNA Sequencing)

Cellier
et al. [1]

1

28

F

Leg

+

+

+

+a

+d

+

+

+

+

−

+7

No

36

2

82

M

Lumbar

+

+

+

+a

+a

+

+

+

+

−

−

No

6

+

+

+

−

NP

+

+

+

−

NP

No

14

d

3

25

F

Elbow

+

a

TRIM11
FISH

NTRK1
FISH

CGH

Recurrence

FollowUp
(Months)

4

28

F

Thigh

+

+

+

+

+

+

+

+

+

NP

+7

No

72

5

64

M

Neck

+

+

+

−

+d

+

+

+

+

NP

NP

No

3

Bontoux
et al. [2]

6

31

F

Arm

+

NP

+

+

+a

NP

NP

+

NP

NP

NP

Yes e

156

Kashima
et al. [3]

7

77

M

Thigh

+

+

+

+b

+a

+

NP

+

CISH +

NP

NP

No

12

Ko et al.
[4]

8

32

M

Ear lobe

+

NP

+a

−

−

NP

NP

NP

+

NP

NP

No

16

9

59

F

Face

+

NP

−

−

−

NP

NP

NP

+

NP

NP

No

12

+

NP

−

+a

+a

NP

NP

+

+

NP

NP

No

10

Parra
et al. [5]

10

11

F

Lower
leg

11

49

M

Leg

+

NP

+b

−

−

NP

NP

+

+

NP

NP

No

10

12

65

F

Back

+

+

+

+c

+c

NP

+

+

−

−

−

No

48

13

33

F

Bicep

+

NP

+

+b

NP

NP

NP

+

+

NP

No

9

NP
a

F, Female; M, Male; NP, Not Performed; FISH, Fluorescence in situ Hybridization; CGH, Comparative Genomic Hybridization; CISH, Chromogenic in situ Hybridization. Focal positivity.
c Rare positivity. d Positive in a few cells. e Local recurrence, lymph node and distant metastasis.

b

Patchy positivity.
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7. Differential Diagnosis
Cutaneous clear cell sarcoma (CCS): The main differential diagnosis of CMTCT is primary
or metastatic cutaneous clear cell sarcoma (CCS). Similar to CMTCT, primary superficial
CCS typically presents as a single dermal/subcutaneous nodule or multilobulated tumor
organized in nests or fascicles of spindle and epithelioid cells with pale to eosinophilic
cytoplasm, surrounded by delicate collagen fibers [25]. It involves the dermis and possibly
the subcutis in an infiltrative manner, and can also rarely display epidermotropism, with
isolated tumoral nests at the dermo-epidermal junction [26]. In the majority of cases,
wreath-like giant cells, which are different from the multinucleated giant cells of CMTCT in
terms of the distribution of the nuclei, are present. Immunohistochemically, CCS displays
positivity for S100-protein, HMB-45, MelanA and SOX10. The pathogenic driver event of
CCS is rearrangement of the EWSR1 gene with ATF1 (90% of the cases), CREB1 or CREM as
fusion partners [27,28]. Compared to CCS, CMTCT displays mostly a pushing border rather
than an infiltrating one and does not involve the epidermis. Furthermore, CMTCT appears
to behave in a less aggressive fashion than CCS; hence distinction between these two
entities, possibly with the input of molecular techniques, is imperative. Based on their case
of recurrent and metastasizing CMTCT, Bontoux et al. [2] argued that this entity represents
a cutaneous CCS with a fusion other than the most common EWSR1::ATF1. Currently,
there is no evidence that the two neoplasms share similar pathways of pathogenesis, and a
definitive classification of CMTCT would be premature. More studies with emphasis on
the activity of the CRTC1::TRIM11 fusion product are needed to further classify CMTCT.
Other melanocytic neoplasms: Primary or metastatic melanoma confined to the dermis/subcutis lies within the differential and has been the initial diagnosis in 5 cases of
CMTCT. [1] Primary dermal melanoma (PDM) also presents as a single nodule or multilobulated tumor composed of spindle, or epithelioid cells arranged in sheets or nests [29,30].
Since a subset of PDMs behave in a low grade fashion compared to similar thickness
conventional melanomas, it is plausible that some of them may represent CMTCT. [1] The
detection of CRTC1::TRIM11 fusion and/or the lack of characteristic mutations and cytogenetic abnormalities of PDM could aid in the distinction between the two entities [4,31–33].
To exclude a metastatic or regressing melanoma, an extensive histopathologic and clinical
work-up are necessary. TRIM11 immunohistochemistry may also have some value as a
screening tool for CMTCT; however, TRIM11 has not been examined in melanoma and
other dermal proliferations with melanocytic differentiation. More studies are necessary
to determine the marker’s diagnostic utility. [1] Albeit rare, NTRK-fused metastatic Spitz
melanomas with corresponding anti-Trk immunoreaction have been reported in the literature [34]. Therefore, Trk immunohistochemistry may not be useful in the differential
diagnosis.
Spitz tumors also display spindled and/or epithelioid cytological features; however,
the majority of them have a different pathway of pathogenesis with fusions in oncogenic
kinase drivers, such as ROS1, ALK, NTRK1, NTRK3, MAP3K8, MET, BRAF, and RET [35,36].
As mentioned above CMTCT expresses TrkA by IHC, however, NTRK1 rearrangements
have not been described. Spitz tumors with NTRK fusions display distinct histologic
features that may aid in the differential diagnosis. They are usually compound, with
epidermal hyperplasia and thin rete ridges [37]. Approximately half of them display a
wedge-shaped architecture, and the majority of them is composed of small spindle and/or
epithelioid cells that can form rosette-like structures [35,38].
Clear cell tumor with melanocytic differentiation and MITF rearrangements: Recently, de la
Fouchardiere et al. [39] reported seven cases of an intradermal tumor with clear cell features
and expression of melanocytic markers, harboring the ACTIN (ACTG1 or ACTB)::MITF
fusion. Similar to CMTCT, as well as to CSS, the neoplasm presented as a dermal nodule, occasionally involving the subcutis, in patients of all ages. The lesional cells mostly displayed
a clear-appearing cytoplasm, and were arranged in small nests or cords; however, they
were typically more confluent. The degree of atypia and mitotic activity was also similar to
those of CMTCT. MelanA, HMB-45, MITF, S100-protein, and SOX10 immunoreaction con-
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firmed the melanocytic differentiation of this tumor. Although MITF hyperactivity could
explain the morphologic and immunohistochemical phenotype of this neoplasm, the exact
mechanism of action of the ACTIN::MITF chimera is still unknown. De la Fouchardiere
et al. [40] also reported a case of clear cell tumor with melanocytic differentiation (diffuse
SOX10, MITF and S100-protein positivity), harboring MITF::CREM fusion, and resembling
clear cell sarcoma. Compared to CMTCT, the neoplasm displayed a higher degree of atypia,
an infiltrating pattern of growth, and perineural invasion.
Other soft tissue neoplasms: Myoepithelial tumors display epithelioid or spindle cytology with S100-protein and SOX10 immunoreactivity. However, in contrast to CMTCT they
also display immunoreaction for (myo)epithelial markers such as EMA, low-molecular
weight cytokeratins, calponin, and p63 and a subset of them harbors EWSR1 rearrangements [41]. Epithelioid schwannoma and epithelioid malignant peripheral nerve sheath
tumor (MPNST) lie in the differential as well, but they are consistently negative for
melanocytic markers including MITF, and a subset of them shows loss of INI1 expression [42,43].
Paraganglioma-like dermal melanocytic tumor (PDMT): Paraganglioma-like dermal melanocytic
tumor is an entity that was first reported by Deyrup et al. in 2004 [44]. Similar to CMTCT,
PDMT is described as a relatively well-circumscribed nodule or multinodular tumor
confined to the dermis and/or subcutis with epithelioid to spindle cells arranged in nests,
packets, or cords, and surrounded by fibrous septa. A subset of cases exhibits an infiltrating
growth pattern. By immunohistochemistry, PDMT is positive for S-100 protein, MITF and
HMB-45, variably positive for MelanA and negative for cytokeratins, EMA, SMA, CD34,
and synaptophysin. Given the fact that data on the molecular profile of PDMT are not
available and both entities display a similar biologic behavior, it is conceivable that a subset
of them may harbor the CRTC1::TRIM11 fusion.
8. Conclusions
CMTCT is a potentially novel entity that expands the differential diagnosis of superficial tumors with melanocytic differentiation. Molecular studies may be necessary
to reach a definitive diagnosis, especially in challenging cases, when neoplasms with a
more aggressive biologic behavior (CCS, melanoma) cannot be categorically excluded.
Current data suggest that CMTCT behaves in a low-grade fashion, with only one reported
case of recurrence and metastasis after 13 years; however, longer clinical follow-up and
additional cases are necessary for definitive conclusions. Treatment of CMTCT was wide
excision in the majority of the cases. Targeted therapy with NTRK inhibitors has proven
extremely beneficial for patients with NTRK-rearranged neoplasms. Nonetheless, whether
or not NTRK upregulation without the corresponding fusion, as observed in CMTCT, is
therapeutically actionable remains to be studied. Lastly, although, the role of CRTC1 and
TRIM11 in tumorigenesis is well-described, the exact mechanism of action of their fusion
product and subsequently the definitive classification of this neoplasm has not yet been
determined.
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Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.
Conflicts of Interest: The authors declare no conflict of interest.

Biology 2021, 10, 1286

9 of 10

References
1.
2.

3.

4.
5.
6.
7.

8.

9.
10.
11.
12.
13.

14.

15.
16.
17.

18.
19.
20.
21.
22.
23.
24.
25.

Cellier, L.; Perron, E.; Pissaloux, D.; Karanian, M.; Haddad, V.; Alberti, L.; de la Fouchardière, A. Cutaneous melanocytoma with
CRTC1-TRIM11 fusion: Report of 5 cases resembling clear cell sarcoma. Am. J. Surg. Pathol. 2018, 42, 382–391. [CrossRef]
Bontoux, C.; Baroudjian, B.; Le Maignan, C.; Vercellino, L.; Farges, C.; Guillemot, D.; Pierron, G.; Lebbé, C.; Battistella, M.
CRTC1-TRIM11 fusion in a case of metastatic clear cell sarcoma: Are CRTC1-TRIM11 fusion-bearing tumors melanocytomas or
clear cell sarcomas? Am. J. Surg. Pathol. 2019, 43, 861–863. [CrossRef]
Kashima, J.; Motoi, T.; Nishimaki, M.; Hayashi, Y.; Ogawa, M.; Kato, I.; Yamada, R.; Tonooka, A.; Horiguchi, S.I.; Funata, N.; et al.
A case report of cutaneous melanocytoma with CRTC1-TRIM11 fusion: Is CMCT distinct from clear cell sarcoma of soft tissue?
Pathol. Int. 2019, 69, 496–501. [CrossRef] [PubMed]
Ko, J.S.; Wang, L.; Billings, S.D.; Pissaloux, D.; Tirode, F.; Berry, R.; de La Fouchardiere, A. CRTC1-TRIM11 fusion defined
melanocytic tumors: A series of four cases. J. Cutan. Pathol. 2019, 46, 810–818. [CrossRef]
Parra, O.; Bridge, J.A.; Busam, K.J.; Shalin, S.C.; Linos, K. Dermal melanocytic tumor with CRTC1-TRIM11 fusion: Report of two
additional cases with review of the literature of an emerging entity. J. Cutan. Pathol. 2021, 48, 915–924. [CrossRef] [PubMed]
O’Neill, I.D. t(11;19) translocation and CRTC1-MAML2 fusion oncogene in mucoepidermoid carcinoma. Oral Oncol. 2009, 45, 2–9.
[CrossRef]
Schumacher, Y.; Aparicio, T.; Ourabah, S.; Baraille, F.; Martin, A.; Wind, P.; Dentin, R.; Postic, C.; Guilmeau, S. Dysregulated
CRTC1 activity is a novel component of PGE2 signaling that contributes to colon cancer growth. Oncogene 2016, 35, 2602–2614.
[CrossRef] [PubMed]
Pérez-de-Oliveira, M.E.; Wagner, V.P.; Araújo, A.L.D.; Martins, M.D.; Santos-Silva, A.R.; Bingle, L.; Vargas, P.A. Prognostic value
of CRTC1-MAML2 translocation in salivary mucoepidermoid carcinoma: Systematic review and meta-analysis. J. Oral. Pathol.
Med. 2020, 49, 386–394. [CrossRef]
Bean, G.R.; Krings, G.; Otis, C.N.; Solomon, D.A.; García, J.J.; van Zante, A.; Camelo-Piragua, S.; van Ziffle, J.; Chen, Y.Y.
CRTC1-MAML2fusion in mucoepidermoid carcinoma of the breast. Histopathology 2019, 74, 463–473. [CrossRef] [PubMed]
Watanabe, J.; Kai, K.; Tanikawa, K.; Hiraki, M.; Mizukami, N.; Aishima, S.; Nakano, T.; Yamamoto, H. Primary mucoepidermoid
carcinoma of the liver with CRTC1-MAML2 fusion: A case report. Diagn Pathol. 2019, 14, 84. [CrossRef] [PubMed]
Winnes, M.; Mölne, L.; Suurküla, M.; Andrén, Y.; Persson, F.; Enlund, F.; Stenman, G. Frequent fusion of the CRTC1 and MAML2
genes in clear cell variants of cutaneous hidradenomas. Genes Chromosomes Cancer. 2007, 46, 559–563. [CrossRef]
Chen, J.; Li, J.-L.; Chen, Z.; Griffin, J.D.; Wu, L. Gene expression profiling analysis of CRTC1-MAML2 fusion oncogene-induced
transcriptional program in human mucoepidermoid carcinoma cells. BMC Cancer 2015, 15, 803. [CrossRef]
Alholle, A.; Karanian, M.; Brini, A.T.; Morris, M.R.; Kannappan, V.; Niada, S.; Niblett, A.; Ranchère-Vince, D.; Pissaloux, D.;
Delfour, C.; et al. Genetic analyses of undifferentiated small round cell sarcoma identifies a novel sarcoma subtype with a
recurrent CRTC1-SS18 gene fusion. J. Pathol. 2018, 245, 186–196. [CrossRef]
Kao, Y.C.; Sung, Y.S.; Argani, P.; Swanson, D.; Alaggio, R.; Tap, W.; Wexler, L.; Dickson, B.C.; Antonescu, C.R. NTRK3
overexpression in undifferentiated sarcomas with YWHAE and BCOR genetic alterations. Mod. Pathol. 2020, 33, 1341–1349.
[CrossRef] [PubMed]
Wang, X.; Shi, W.; Shi, H.; Lu, S.; Wang, K.; Sun, C.; He, J.; Jin, W.; Lv, X.; Zou, H.; et al. TRIM11 overexpression promotes
proliferation, migration and invasion of lung cancer cells. J. Exp. Clin. Cancer Res. 2016, 35, 100. [CrossRef] [PubMed]
Chen, Y.; Li, L.; Qian, X.; Ge, Y.; Xu, G. High expression of TRIM11 correlates with poor prognosis in patients with hepatocellular
carcinoma. Clin. Res. Hepatol. Gastroenterol. 2017, 41, 190–196. [CrossRef] [PubMed]
Pan, Y.; Zhang, R.; Chen, H.; Chen, W.; Wu, K.; Lv, J. Expression of Tripartite Motif-Containing Proteactiin 11 (TRIM11) is
associated with the progression of human prostate cancer and is downregulated by microRNA-5193. Med. Sci. Mon. 2019, 25,
98–106. [CrossRef] [PubMed]
Yin, Y.; Zhong, J.; Li, S.W.; Li, J.Z.; Zhou, M.; Chen, Y.; Sang, Y.; Liu, L. TRIM11, a direct target of miR-24-3p, promotes cell
proliferation and inhibits apoptosis in colon cancer. Oncotarget 2016, 7, 86755–86765. [CrossRef]
Luo, N.; Wang, Z. TRIM11 stimulates the proliferation of gastric cancer through targeting CPEB3/EGFR axis. J. BUON 2020, 25,
2097–2104.
Hou, Y.; Ding, M.; Wang, C.; Yang, X.; Ye, T.; Yu, H. TRIM11 promotes lymphomas by activating the β-catenin signaling and
Axin1 ubiquitination degradation. Exp. Cell Res. 2020, 387, 111750. [CrossRef] [PubMed]
Tang, J.; Luo, Y.; Tian, Z.; Liao, X.; Cui, Q.; Yang, Q.; Wu, G. TRIM11 promotes breast cancer cell proliferation by stabilizing
estrogen receptor α. Neoplasia 2020, 22, 343–351. [CrossRef]
Di, K.; Linskey, M.E.; Bota, D.A. TRIM11 is overexpressed in high-grade gliomas and promotes proliferation, invasion, migration
and glial tumor growth. Oncogene 2013, 32, 5038–5047. [CrossRef] [PubMed]
Chen, Y.; Sun, J.; Ma, J. Proliferation and invasion of ovarian cancer cells are suppressed by knockdown of TRIM11. Oncol. Lett.
2017, 14, 2125–2130. [CrossRef]
Huang, J.; Tang, L.; Zhao, Y.; Ding, W. TRIM11 promotes tumor angiogenesis via activation of STAT3/VEGFA signaling in lung
adenocarcinoma. Am. J. Cancer Res. 2019, 9, 2019–2027. [PubMed]
Hantschke, M.; Mentzel, T.; Rütten, A.; Palmedo, G.; Calonje, E.; Lazar, A.J.; Kutzner, H. Cutaneous clear cell sarcoma: A
clinicopathologic, immunohistochemical, and molecular analysis of 12 cases emphasizing its distinction from dermal melanoma.
Am. J. Surg. Pathol. 2010, 34, 216–222. [CrossRef] [PubMed]

Biology 2021, 10, 1286

26.
27.

28.

29.
30.

31.
32.

33.
34.
35.
36.
37.

38.
39.

40.

41.
42.
43.
44.

10 of 10

Nawrocki, S.; Fitzhugh, V.A.; Groisberg, R.; Aviv, H.A.; Maghari, A. A rare case of primary dermal clear cell sarcoma with focal
epidermotropism: An entity difficult to distinguish from melanoma. J. Cutan. Pathol. 2020, 47, 621–624. [CrossRef] [PubMed]
Hisaoka, M.; Ishida, T.; Kuo, T.T.; Matsuyama, A.; Imamura, T.; Nishida, K.; Kuroda, H.; Inayama, Y.; Oshiro, H.; Kobayashi, H.;
et al. Clear cell sarcoma of soft tissue: A clinicopathologic, immunohistochemical, and molecular analysis of 33 cases. Am. J. Surg.
Pathol. 2008, 32, 452–460. [CrossRef] [PubMed]
Yoshida, A.; Wakai, S.; Ryo, E.; Miyata, K.; Miyazawa, M.; Yoshida, K.; Motoi, T.; Ogawa, C.; Iwata, S.; Kobayashi, E.; et al.
Expanding the phenotypic spectrum of mesenchymal tumors harboring the EWSR1-CREM fusion. Am. J. Surg. Pathol. 2019, 43,
1622–1630. [CrossRef] [PubMed]
Cassarino, D.S.; Cabral, E.S.; Kartha, R.V.; Swetter, S.M. Primary dermal melanoma: Distinct immunohistochemical findings and
clinical outcome compared with nodular and metastatic melanoma. Arch. Dermatol. 2008, 144, 49–56. [CrossRef]
Sidiropoulos, M.; Obregon, R.; Cooper, C.; Sholl, L.M.; Guitart, J.; Gerami, P. Primary dermal melanoma: A unique subtype of
melanoma to be distinguished from cutaneous metastatic melanoma. J. Am. Acad. Dermatol. 2014, 71, 1083–1092. [CrossRef]
[PubMed]
Sun, B.K.; Wang, H.; Kim, J.; Chen, J.K.; Sun, L.; Zhang, Y.; Swetter, S.M. Mutational profile of primary dermal melanoma: A case
series. J. Am. Acad. Dermatol. 2016, 75, 1263–1265.e5. [CrossRef] [PubMed]
Namiki, T.; Yanagawa, S.; Izumo, T.; Ishikawa, M.; Tachibana, M.; Kawakami, Y.; Yokozeki, H.; Nishioka, K.; Kaneko, Y. Genomic
alterations in primary cutaneous melanomas detected by metaphase comparative genomic hybridization with laser capture or
manual microdissection: 6p gains may predict poor outcome. Cancer Genet. Cytogenet. 2005, 157, 1–11. [CrossRef] [PubMed]
Swetter, S.M.; Ecker, P.M.; Johnson, D.L.; Harvell, J.D. Primary dermal melanoma: A distinct subtype of melanoma. Arch Dermatol.
2004, 140, 99–103. [CrossRef]
Lezcano, C.; Shoushtari, A.N.; Ariyan, C.; Hollmann, T.J.; Busam, K.J. Primary and metastatic melanoma with NTRK fusions. Am.
J. Surg. Pathol. 2018, 42, 1052–1058. [CrossRef] [PubMed]
Tetzlaff, M.T.; Reuben, A.; Billings, S.D.; Prieto, V.G.; Curry, J.L. Toward a molecular-genetic classification of spitzoid neoplasms.
Clin. Lab. Med. 2017, 37, 431–448. [CrossRef] [PubMed]
Quan, V.L.; Panah, E.; Zhang, B.; Shi, K.; Mohan, L.S.; Gerami, P. The role of gene fusions in melanocytic neoplasms. J. Cutan.
Pathol. 2019, 46, 878–887. [CrossRef]
Yeh, I.; Busam, K.J.; McCalmont, T.H.; LeBoit, P.E.; Pissaloux, D.; Alberti, L.; de la Fouchardière, A.; Bastian, B.C. Filigree-like rete
ridges, lobulated nests, rosette-like structures, and exaggerated naturation characterize Spitz Tumors with NTRK1 fusion. Am. J.
Surg. Pathol. 2019, 43, 737–746. [CrossRef] [PubMed]
Amin, S.M.; Haugh, A.M.; Lee, C.Y.; Zhang, B.; Bubley, J.A.; Merkel, E.A.; Verzì, A.E.; Gerami, P. A Comparison of morphologic
and molecular features of BRAF, ALK, and NTRK1 fusion spitzoid neoplasms. Am. J. Surg. Pathol. 2017, 41, 491–498. [CrossRef]
De la Fouchardiere, A.; Pissaloux, D.; Tirode, F.; Karanian, M.; Fletcher, C.D.M.; Hanna, J. Clear Cell Tumor with melanocytic
differentiation and ACTIN-MITF translocation: Report of 7 Cases of a novel entity. Am. J. Surg. Pathol. 2020, 45, 962–968.
[CrossRef]
De la Fouchardiere, A.; Pissaloux, D.; Tirode, F.; Hanna, J. Clear cell tumor with melanocytic differentiation and MITF-CREM
translocation: A novel entity similar to clear cell sarcoma [published online ahead of print, 2021 Jan 18]. Virchows Arch. 2021, 479,
1–6. [CrossRef]
Jo, V.Y. Myoepithelial Tumors: An Update. Surg. Pathol. Clin. 2015, 8, 445–466. [CrossRef] [PubMed]
Hart, J.; Gardner, J.M.; Edgar, M.; Weiss, S.W. Epithelioid schwannomas. Am. J. Surg. Pathol. 2016, 40, 704–713. [CrossRef]
[PubMed]
Jo, V.Y.; Fletcher, C.D.M. Epithelioid malignant peripheral nerve sheath tumor. Am. J. Surg. Pathol. 2015, 39, 673–682. [CrossRef]
[PubMed]
Deyrup, A.T.; Althof, P.; Zhou, M.; Morgan, M.; Solomon, A.R.; Bridge, J.A.; Weiss, S.W. Paraganglioma-like dermal melanocytic
tumor: A unique entity distinct from cellular blue nevus, clear cell sarcoma, and cutaneous melanoma. Am. J. Surg. Pathol. 2004,
28, 1579–1586. [CrossRef] [PubMed]

