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TO THE EDITOR

Cutaneous tumors with myopericytic 

differentiation (PTs) are a family of soft 

tissue tumors arising from pericytes, 

encompassing myopericytoma (MPC), 

glomus tumor (GT), and angioleio

myoma (ALM). These tumors represent 

a morphological continuum, with some 

cases showing overlapping features 

(Figure 1a—c). Molecular studies of PTs 

to date have focused on either their 

mutational profile or gene fusions 

(Agaram et al, 2020; Hung and 

Fletcher, 2017; Iwamura et al, 2023; 

Mosquera et al, 2013; Panagopoulos 

et al, 2023); however, it remains to be 

determined how these alterations 

overlap and whether they can explain 

the subtle morphological differences 

between these subtypes. Thus, we 

collated an international cohort of 168 

formalin-fixed, paraffin-embedded PTs, 

comprised of MPC (n = 42), GT (n =

45), and ALM (n = 81) cases, none of 

which included the malignant counter

parts. We performed tumor and normal 

DNA whole-exome sequencing and 

tumor RNA exome-capture tran

scriptome sequencing from cases for 

which both tumor and matched normal 

tissue were available (‘matched’ cohort) 

or for which tumor-only tissue was 

available (‘unmatched’ cohort).

Across the matched and unmatched 

MPC cohorts, we identified mutations 

in KRAS (p.Q61H and p.G12R, 1/42 

cases each), which have not been re

ported in this tumor type. In agreement 

with previous MPC studies (Hung and 

Fletcher, 2017; Iwamura et al, 2023), 

we observed mutations in PDGFRB and 

NOTCH3 (5 of 42 and 3 of 42 cases, 

respectively). PDGFRB mutations were 

found at several hotspots, including 

p.E570_G576delinsDT, p.V568G, p.I5 

38N, p.L539P, and those previously 

reported in MPC (p.K653E and 

p.N666K) (Hung and Fletcher, 2017; 

Iwamura et al, 2023). Considering fu

sions, 2 were identified in the MPC 

cases: CARMN::TXK (28 of 42, 67% 

cases) and CARMN::NOTCH2 (with its 

reciprocal in 1 of 42 cases). Most 

CARMN::TXK fusions with the highest 

read support per sample shared genomic 

breakpoint coordinates at CARMN, a 

highly expressed smooth muscle—

specific long noncoding RNA, and 

tyrosine kinase TXK, on exons 2 or 3. 

These findings are consistent with the 

only previous report of CARMN::TXK in 

a case of ALM (Panagopoulos et al, 

2023), where the effect of TXK over

expression by promoter replacement is 

proposed (Panagopoulos et al, 2023).

In the matched GT cohort, there were 

4 recurrently mutated genes, specifically 

NF1, PCLO, PDGFRB, and TEK (2 of 24 

cases each). Previous molecular studies 

of GT have reported mutations in 

PDGFRB and NOTCH3 (Hung and 

Fletcher, 2017; Iwamura et al, 2023), 

and when considering both matched 

and unmatched GT cohorts, PDGFRB 

and NOTCH3 were mutated in 10 of 45 

(22%) and 1 of 45 (2%) cases, respec

tively. The PDGFRB mutations occurred 

at the same hotspots previously reported 

in MPC, including p.Y562C (Hung and 

Fletcher, 2017; Iwamura et al, 2023). 

Regarding fusions, 3 were identified in 

GT (with their reciprocal fusions also 

noted), specifically CARMN::NOTCH2 

(19 of 45 cases), as previously reported 

(Agaram et al, 2020; Mosquera et al, 

2013), and the in-frame fusions 

ACTB::NOTCH3 (2 of 45 cases) and 

CACNA2D3::MYH9 (1 of 45 cases). In 

CARMN::NOTCH2 cases, the fusion 

incorporated the first exons of CARMN 

and the C-terminal end of NOTCH2, 

with 3 different recurrent breakpoints 

identified on exon 27 (as previously re

ported [Mosquera et al, 2013]), 28, 

or 29.

In the matched ALM cohort, the only 

recurrently mutated gene was PIK3CA (2 

of 34 cases), which has not been re

ported in this tumor type. Previous mo

lecular studies of ALM have reported 

mutations in PDGFRB and NOTCH3 

(Hung and Fletcher, 2017; Iwamura et al, 

2023). Considering both ALM cohorts, 

PDGFRB was mutated in 2 of 81 (2%) 

cases, and NOTCH1and NOTCH2 were 

mutated in 1 tumor sample each. No 

recurrent fusion events were identified, 

although we observed an in-frame 

THBS1::IGF1R fusion (1 of 81 cases)— 

recently identified as a fusion gene in a 

myopericytic tumor (Kato et al, 2024). 

Identified fusions with CARMN were 

CARMN::TXK, as previously reported 

(Panagopoulos et al, 2023), and, to our 

knowledge, the previously unreported 

fusion CARMN::PIK3CA (1 of 81 cases 

each).

Taking the transcriptome data from 

each PT in this study and performing 

principal component analysis, k-nearest 

neighbors, and shared nearest neighbor 

clustering analysis, we identified 5 

transcriptional clusters (Figure 2a). 

When the histopathological diagnosis 

was assigned to each tumor, clusters 1 

and 5 only contained ALM cases; cluster 

2 was predominantly MPC, with a few 

ALM and GT cases; and clusters 3 and 4 

were predominantly GT, with a few ALM 

and MPC cases (Figure 2b). Cases that 

showed morphological features of more 

than 1 subtype explained some of the 

overlap of tumor types between the 

clusters (Figure 2b). Fusions with 

CARMN as one of the partners 

Abbreviations: ALM, angioleiomyoma; GT, glomus tumor; MPC, myopericytoma; PT, cutaneous tumors 

with myopericytic differentiation

Accepted manuscript published online XXX; corrected proof published online XXX 

ª 2026 The Author(s). Published by Elsevier Inc. on behalf of Society for Investigative Dermatology. This 

is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 

www.jidonline.org 1 

LETTERS TO THE EDITOR

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jid.2026.04.036
http://creativecommons.org/licenses/by/4.0/


demonstrated that CARMN::TXK was pri

marily found in MPC (n = 1 ALM case) 

(Figure 2c). Furthermore, the presence of 

CARMN fusions and PDGFRB mutations 

was mutually exclusive (adjusted P =

.0488 and .0052 in MPC and GT, respec

tively; Fisher’s exact test, Benjamini—

Hochberg correction) (Figure 2d). 

CARMN::NOTCH2 were only found in 

cluster 3 of the GT cases, whereas cluster 4 

of the GT cases contained most of the tu

mors with PDGFRB mutations. Consid

ering the downstream signaling pathways 

of the CARMN fusion partners and 

PDGFRB, it is interesting to note that 

although PDGFRB signals through the 

phosphoinositide 3-kinase pathway, of 

which PIK3CA is a component, there is no 

overlap in the PDGFRB and NOTCH2 or 

TXK signaling pathways.

Thus, the presence of a CARMN 

fusion or PDGFRB mutation in a large 

proportion of MPC and GT but rarely 

ALM highlights that although these 3 

types of PTs represent a morphological 

continuum, MPC and GT possess key 

molecular similarities and are generally 

genetically distinct from ALM.
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Figure 1. Histopathology of cutaneous tumors with myopericytic differentiation. Representative images of H&E-stained sections of (a) myopericytoma, (b) 

glomus tumor, and (c) angioleiomyoma. The upper panel is ×1.25 magnification with bar representing 2.5 mm and the lower panel is ×20 magnification with 

bar representing 100 μm. 
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Figure 2. Transcriptomic clustering and molecular features of cutaneous tumors with myopericytic differentiation. (a) UMAP showing the annotation of the 5 

clusters derived from the shared nearest neighbor unsupervised clustering analysis from the tumor transcriptomes. (b) Distribution of the pathological diagnosis 

within the 5 clusters; diagnosis is indicated by color, with the presence of mixed features indicated by the different shapes. (c) Distribution of all the CARMN 

gene fusion events within the 5 clusters; the fusion partners and fusion-negative samples indicated by color. Also showing the noncoding fusion, 

CARMN::AL035425.1. (d) Distribution of the tumors with protein-altering PDGFRB mutations within the 5 clusters; the mutational status indicated by color, and 

the cohort used for somatic calling is indicated by shape. NA, not applicable; UMAP, Uniform Manifold Approximation and Projection. 
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