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Abstract
Pediatric neoplasms with a myofibroblastic differentiation are frequent in children, in particular myofibroma. Recently, a novel
deep soft tissue myofibroblastic neoplasm has been described with high cellularity, a smooth muscle phenotype and SRF-RELA
fusion. We report the case of a 15-year-old boy who presented with a tumor of the deep soft tissue of the arm, with overlapping
histological features with the recently described SRF-RELA group of myofibromas but differing by the presence of calcifications,
a novel SRF-STAT6 fusion transcript and nuclear expression of STAT6. No local recurrence nor distant metastasis was detected at
the current follow-up of 29 months. The clinical relevance of this novel fusion requires further investigations.
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Introduction

In children, the most frequent sarcoma with muscle differentia-
tion is rhabdomyosarcoma. Sarcomas harboring a smooth mus-
cle phenotype, such as leiomyosarcoma, are conversely much
more uncommon in children, accounting for 2–4% of soft tissue
sarcomas [1]. Their benign counterpart, namely, pediatric
leiomyoma, is even more exceptional. Most leiomyomas arise
in adult women, in a gynecological context. Leiomyoma of the
deep soft tissue (LDST) is a rare neoplasm, accounting for 4% of
all benign soft tissue tumors [2].

In contrast to smooth muscle tumors, neoplasms with a
myofibroblastic differentiation are much more common in chil-
dren, in particular myofibroma, which usually harbor PDGFRB
mutations [3]. A subset of cellular myofibromas of the deep soft
tissues have been recently characterized by fusions of SRF-RELA
or SRF-ICA1L, with potential prognostic implications [4, 5]. In
contrast to conventional myofibromas, these SRF-rearranged
neoplasms display a high cellularity and myoid phenotype.

In this report, we present the case of a 15-year-old boy that
developed a deep soft tissue tumor of the arm, expressing a full
smooth muscle phenotype and harboring a SRF-STAT6 fusion
transcript, a fusion which had not been reported in this spectrum
of neoplasm yet. This case is of potential interest as it also
displayed nuclear expression of STAT6, a potential diagnostic pit-
fall with solitary fibrous tumors.

Materials and methods

Immunohistochemistry

Immunohistochemical studies were performed on 4 μm sec-
tions cut from the paraffin block using a fully automated sys-
tem (Benchmark XT System; Ventana Medical Systems Inc.,
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Tucson, AZ) and the following primary antibodies: smooth
muscle actin alpha (clone 1A4, prediluted; Microm), desmin
(clone DE-R-11, prediluted; Roche), h-caldesmon (clone h-
CD, 1: 2; Dako), calponin (clone h-cp,1: 20000; Sigma),
myogenin (clone F5D, 1: 2; Dako), MyoD1(clone EP212,
prediluted; Cell Marque), cluster of differentiation 34
(CD34) (clone QBend10, prediluted; Roche), epithelial mem-
brane antigen (EMA) (clone E29, 1: 500; Dako), PS100 (poly-
clonal, 1: 400; DBS), Fumarate Hydratase (clone J-13, 1: 100;
Santa Cruz Biotechnology), Ki67 (clone MIB-1, 1: 100;
Dako), and STAT6 (clone YE361, 1: 250; Abcam
Cambridge UK).

Total RNA extraction

Total RNA was extracted from formalin-fixed paraffin-em-
bedded (FFPE) tissues using TRIzol reagent (Invitrogen).
RNA quality was assessed by Eukaryote Total RNA Nano
Assay (Agilent, cat. No. 5067-1511), and DV200 was deter-
mined. RNAs were stored at − 80 °C.

RNA sequencing

Libraries were prepared with 100 ng of total RNA using
TruSeq RNA Access Library Prep Kit (Illumina, San Diego,
USA). Libraries were pooled by group of 12 samples. Paired-
end sequencing was performed using the NextSeq 500/550
High Output V2 kit on Illumina NextSeq 500 platform
(Illumina, San Diego, CA). The read length was 75 bp.

Sequencing data (average of 65 million reads per sample)
were aligned with STAR on GRCh 38 reference genome. The
fusion transcripts were calledwith STAR-Fusion, FusionMap,
FusionCatcher, ERICSCRIPT, and TopHat-fusion and vali-
dated if present in fusion list of at least two algorithms.

Case report

A 15-year-old boy presented with a lump of the left forearm.
Radiological investigations revealed a partially calcified mass,
developed in the deep soft tissue, between the radial biceps
and the pronator teres. The mass displayed hypersignal on T2
FS (fat-suppressed) and a heterogeneous contrast enhance-
ment on T1 FS (Fig. 1) MRI sequences. The two main radio-
logical hypotheses were synovial sarcoma and extraskeletal
osteosarcoma. Fine-needle biopsy revealed a spindle cell neo-
plasm, with a low mitotic activity and a smooth muscle mor-
phology and phenotype, without overt malignant criteria.
Surgical excision of the mass was performed. Gross examina-
tion revealed a well limited white and firm tumor measuring
5 × 3 × 2 cm with calcifications.

Histologically, the neoplasm showed a fascicular prolifer-
ation of moderate cellularity, composed of spindle cells with
ample eosinophilic cytoplasm (Fig. 2a, b, c). Neoplastic cells
displayed oval monotonous nuclei, with a finely granular
chromatin and occasional pinpoint nucleoli. No pleomor-
phism nor high-grade nuclear atypia were observed. In some
areas, a biphasic morphological appearance was identified
owing to a higher cellularity and more basophilic cells.

Fig. 1 MRI of the forearm: a (Axial T2 FS (fat-suppressed)).
Hyperintense signal of a well-limited oval formation, with stellar and
punctiform central calcifications. This formation is located on the external
side of the distal part of humeral artery, and in front of the insertion of
brachial biceps. This lesion extends over 33 × 24 mm on the axial axis.

There is also an edematous infiltration around the periphery of the lesion.
b (Coronal-enhanced T1 FS). Heterogenous enhancement of the forma-
tion, with a higher enhancement around the periphery of the lesion. This
lesion extends over 54 × 28 mm on the coronal axis
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Numerous calcifications of variable size were intermingled
with tumor cells and were not associated with necrosis (Fig.
2d). Mitotic activity was 1 mitosis per 25 mm2. Immunostains
revealed diffuse expression of smooth-muscle-actin alpha,

desmin, h-caldesmon, and calponin, without expression of
myogenin, MyoD1, CD34, EMA, or PS100 (Fig. 2e–g). The
expression of fumarate hydratase was retained, and Ki67 la-
beling index was 1%.

Fig. 2 Histopathology and immunophenotype: a low-power view of the
mass, which is well demarcated, without a fibrous capsule, with a
multinodular growth of myoid nodules, ectatic vascular channels, and
numerous calcifications. Myoid fascicles are intermingled with more cel-
lular area displaying a biphasic architecture. b Microscopic detail of a
myoid nodule: the proliferation is arranged in fascicles and composed of
spindle cells displaying an intermediate myoid-myofibroblastic morphol-
ogy, associating an eosinophilic myoid, somewhat fibrillar, cytoplasm,
and a myofibroblastic central oval and elongated nuclei, with vesicular
chromatin, centered by a pinpoint nucleoli. c Detail of a hypercellular
area: neoplastic cells are more densely packed, smaller, with less

eosinophilic cytoplasm, and darker chromatin details. d Calcifications:
many small roundish psammomas and calcifications of a larger size are
frequently observed, haphazardly distributed within the neoplasm, with-
out being associated with infarction or necrosis. e h-caldesmon and f
desmin are diffusely and intensely expressed, revealing the fascicular
architecture of the neoplasm and its smooth muscle phenotype. g Ki67
is expressed in 1% of the nuclei; h STAT6 is intensely and diffusely
expressed in the nuclei, a peculiar finding that is usually observed in the
spectrum of solitary fibrous tumors and constitutes a diagnosis pitfall. Of
note, nuclei of endothelial cells are negative
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A provisory diagnosis of “smooth muscle neoplasm of un-
certain malignancy” was proposed. Ancillary genetic investi-
gations were performed to assess its aggressiveness. Array-
based comparative genomic hybridization revealed no
cytognetic gain nor loss across the tumor genome, raising
suspicion for a translocation-related tumor. No genomic
breakpoint was stated across genome, especially in STAT6
nor SRF loci. Next-generation sequencing (NGS) revealed
no alteration of TP53 nor RB1. Whole genome RNA-
sequencing revealed a SRF-STAT6 fusion transcript
(Fig. 3a). Interestingly, the neoplasm displayed a diffuse and
intense nuclear expression of STAT6 by immunohistochem-
istry (Fig. 2h). No local recurrence nor distant metastasis was
detected during a 29-month follow-up.

Discussion

We report a new fusion involving SRF and STAT6 in a mes-
enchymal neoplasm with a full smooth muscle phenotype.
This case illustrates the recent molecular findings in cellular
myoid neoplasms, a subset of which are associated with re-
current fusions involving SRFwith RELA, C3orf62, or ICA1L
[4, 5] (Table 1).

Tumors with rearrangements of SRF have been linked to
myofibroma and myopericytoma. This group of neoplasm
was characterized by a biphasic architecture: spindle cells with
abundant eosinophilic cytoplasm arranged in fascicles, alter-
nating with ovoid cells arranged in a syncytial growth or
nested architecture, with a rich capillary network. Nuclei were
ovoid with fine or vesicular chromatin, without high-grade
atypia, and mitotic activity was generally low. In some cases,
areas of infarction were present associated with dystrophic

calcifications. These neoplasms expressed a smooth muscle
differentiation: all reported cases stained for smooth muscle
actin alpha, while desmin and h-caldesmon were more vari-
ably expressed [1, 2, 4]. Our case displayed similarities with
this group of neoplasm, on both histopathological and immu-
nohistochemical grounds (Table 1). However, our case lacked
necrosis associated with dystrophic calcifications. Instead, the
calcifications were rather scattered within the proliferation.
SRF-RELA neoplasms are thought to carry a low risk of
recurrence.

A recent report also described another subset of cases with
SRF-ICA1L fusions, further expanding this group of neo-
plasms [5]. However, these neoplasms did not express desmin
nor h-caldesmon and displayed worrisome histological fea-
tures, such as an increased mitotic activity and necrosis
(Table 1).

Our case harbored a novel translocation, fusing exon 5 of
SRFwith exon 17 of STAT6. Serum response factor (SRF) is a
member of the MADS box superfamily of transcription fac-
tors, which play a role in cell proliferation and migration,
muscle development and differentiation, cardiac muscles ho-
meostasis [6], leiomyomatosis, and fumarate hydratase defi-
ciency [7]. Fumarate hydratase-deficient leiomyoma was ex-
cluded by immunohistochemistry in our case. SRF-fusions
have been reported in other mesenchymal neoplasms, such
as SRF-NCOA2 in infantile spindle cell rhabdomyosarcoma
[8], SRF-FOXO1 and SRF-NCOA1 in a new distinctive sub-
set of well-differentiated rhabdomyosarcoma [9], and SRF-
E2F1 in myoepithelioma [10].

STAT6 is a cytoplasmic transcription factor, which
belongs to the STAT family of proteins that regulate
gene expression. These key transcription factors are nec-
essary for embryonic development, immune function,

Fig. 3 Schematic transcript and predicted chimeric protein. a SRF-STAT6
fusion transcript identified byRNA sequencing (RNAseq), representation
of the transcript with the identification of the exact breakpoints, occurring
at position 4314623 (forward strand) in exon 5 of SRF and on position
57492861 (reverse strand) in exon 17 of STAT6. b Predicted domains of
the chimeric protein, the breakpoint within STAT6 occurs inside the SH2

domain. The chimeric protein contains the MAD box domain from SRF,
a part of the SH2 domain and the C-terminal transactivation domain
(TAD) (MADS MAD box domain, αH alpha-helix domain, DBD
DNA binding domain, SH2 Src homology domain 2, TAD
transactivation domain)
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cell differentiation, growth, and apoptosis. STAT6 pro-
tein is composed of a DNA-binding domain, a SH2
domain, and a C-terminal transcriptional activation do-
main (TAD) (Fig. 3b). In mesenchymal neoplasms, fu-
sions of STAT6 typically occur in solitary fibrous tu-
mors, for which NAB2-STAT6 fusions are highly specif-
ic [10, 11]. In solitary fibrous tumors, over 40 types of
NAB2-STAT6 fusion proteins have been reported and all
the predicted NAB2-STAT6 fusion proteins retain the C-
terminal portion of STAT6, which contains the domain
of transactivation. The fusion induces a permanent nu-
clear translocation of this portion of STAT6, which is
easily detected by immunohistochemistry and widely
used for the pathological diagnosis of solitary fibrous
tumors [12–14]. In the present case, a similar STAT6
nuclear immunostaining was observed, representing a
potential diagnostic pitfall. Nevertheless, solitary fibrous
tumors display a diffuse expression of CD34 and do not
display a biphasic pattern nor a myoid cytology. The
nuclear overexpression of STAT6 has also been reported
in dedifferentiated liposarcoma, albeit not associated
with translocations but rather with amplifications of
12q13 on which MDM2 and STAT6 are mapped [15].

In our case, as exon 5 of SRF and exon 17 of STAT6
were involved, the predicted fusion protein contained
the MAD box domain of SRF and the whole transcrip-
tional activation domain (TAD) of STAT6 (Fig. 3b):
therefore, the predicted chimeric SRF-STAT6 fusion pro-
tein displayed both a DNA binding capacity from SRF
and a transcriptional activation potential from STAT6.

Interestingly, all SRF-RELA, SRF-ICA1L fusion neo-
plasms, and the present SRF-STAT6 case show a similar
SRF breakpoint, retaining the MADS box domain. Also,
the retained parts of RELA, ICA1L, or STAT6 within the
fusion proteins always contain their respective domain
of transactivation.

As this is the only case so far reported, the relationship of
this tumor with respect to the SRF-rearranged group of myoid
neoplasms requires further investigations, in particular its
prognostic relevance.

Conclusion

Altogether we have described a new variant of SRF-
rearranged neoplasm sharing histological features with the
recently described group of SRF-rearranged myofibroblastic
neoplasms. The case involved STAT6 as 3′ fusion partner,
which resulted in a strong nuclear expression of STAT6, a
potential diagnosis pitfall with solitary fibrous tumors. The
clinical relevance of this novel fusion requires further
investigations.
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