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ABSTRACT

Infantile myofibromatosis (IM) comprises a wide clinical spectrum, ranging from solitary or multicentric lesions to generalized

life-threatening forms. IM is mostly linked to germline or somatic heterozygous mutations in the PDGFR@ tyrosine kinase,

encoded by the PDGFRB gene. Treatments for IM range from wait and see approach to systemic chemotherapy, according to the

clinical context. Targeted therapies, such as tyrosine kinase inhibitors (TKIs) like Imatinib, show promise in treating IM lesions

with PDGFRB gain-of-function mutations. Here, we report the first evidence of two sporadic, multifocal IM with PDGFRB gene

fusions. RNA sequencing analysis revealed two novel fusion transcripts involving the protein kinase domain of PDGFRB, with

UBEZI and FNI genes, respectively. Although gene fusions are frequent and potent oncogenic drivers in soft-tissue neoplasia,

fusion genes involving PDGFRB have not previously been linked to IM. DNA-based NGS panel testing may not detect chromo-

somal rearrangements, such as translocations, emphasizing the critical role of comprehensive molecular profiling, including

RNA sequencing, in diagnosing and managing children with IM.

1 | Introduction

Infantile myofibromatosis (IM) is a rare mesenchymal neo-
plasm characterized by the growth of one or more benign nod-
ules in the skin, subcutaneous tissues, muscles, and bones.
In rare cases, it affects visceral organs and typically occurs
in infants and young children under 2years of age [1]. In the
2022 WHO classification, IM was included within the group of
Pericytic (perivascular) tumors [2].

This condition generally has a good prognosis, with a high
rate of spontaneous regression due to apoptosis. Mortality is
higher only in generalized forms which involve visceral organs
[3]. Histological and immunohistochemical examination re-
mains essential to confirm an early diagnosis of IM, as benign
growths are sometimes misdiagnosed as malignant tumors [4].

To date, the molecular mechanisms underlying IM tumorigen-
esis remain largely unknown. Most IM are sporadic, though a
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few familial cases with autosomal dominant inheritance have
been reported (MIM #228550, #615293). Genetic studies have
identified activating somatic and germline mutations in the
PDGFR@ tyrosine kinase, encoded by the PDGFRB gene, and in
the NOTCHS3 gene, highlighting the role of the Notch/PDGFRB
axis in IM tumorigenesis [5-7].

Various treatment options have been reported for IM, with out-
comes ranging from close observation to surgical resection or
systemic, low-dose chemotherapy for multifocal or unresectable
disease [8]. However, several reports describe PDGFRB muta-
tions associated with familial IM and overgrowth syndromes
sensitive to tyrosine kinase inhibitors (TKIs). This suggests
that TKIs can be effective in treating IM with PDGFRB gain-of-
function variants [9, 10].

A recent study described a novel mechanism of PDGFRB acti-
vation in a newborn with sporadic, multifocal IM. It involved
a complex somatic/mosaic PDGFRB rearrangement affecting
the juxta membrane domain, and in vitro functional studies
demonstrated its oncogenic activity and retained sensitivity to
the PDGFR inhibitor imatinib [11].

Gene fusions resulting from chromosomal translocations in-
volving PDGFRB have been linked mainly to myeloid and lym-
phoid neoplasms, which often exhibit marked eosinophilia as a
prominent hematologic feature [12].

Here, we report the first evidence of two sporadic, multifo-
cal IM with PDGFRB gene fusions identified through whole
transcriptome sequencing analysis. To our knowledge,
PDGFRB fusion transcripts have not previously been re-
ported in IM. We demonstrate the importance of comprehen-
sive molecular characterization, including DNA and RNA
NGS analysis, in diagnosing and managing children with IM
lesions.

2 | Material and Methods

2.1 | Conventional Stains
and Immunohistochemistry

The study was approved by the Institutional Review Board
of the participating institutions. Case 1 was a consult, while
patient 2 was admitted to the Bambino Gesu Children's
Hospital. Informed consent was obtained from the patient's
parents.

Hematoxylin-eosin (H&E) stained slides and immunostains
were performed according to standard protocols on 2um sec-
tions of formalin-fixed paraffin-embedded (FFPE) surgically
excised specimens, using the following primary antibodies on
Dako Omnis platform (Agilent): CD34 (Dako, clone QBEnd10,
ready to use), desmin (Dako, clone D33, ready to use), S100
(Dako, polyclonal, ready to use), SOX10 (Cell Marque, clone
EP268, dilution 1:100), -catenin (BD Biosciences, dilution
1:1000), EMA (Dako, clone E29, dilution 1:200), CD68 (Dako
PG-M1, ready to use), smooth muscle actin (Dako, clone 1A4,
ready to use) according to published guidelines.

2.2 | DNA and RNA Sequencing

Total RNA was extracted from FFPE sections of the tumor using
Maxwell CSC FFPE RNA Extraction Kit (Promega) for the auto-
matic extraction. The quantity of RNA extracted was measured
using Qubit fluorometric quantification system (Agilent). Two
hundred nanogrammes of RNA were used for library prepa-
ration with SureSelect XT HS2 (Agilent Technologies) kit fol-
lowing the manufacturer's instructions. The sequencing run
was performed in paired-end mode (2 X 151-bp reads) using the
Illumina NextSeQ 550 platform and generating at least 20 mil-
lion reads per sample. Raw reads were aligned to the reference
human genome (UCSC-Build38) using STAR (2.5.3a) algo-
rithm and candidate fusion transcripts identification was then
performed using Arriba Fusion pipeline [13] and the Fusion
Catcher tool with default parameters [14].

For Case 1, a custom NGS panel of 3 genes (PDGFRB, NOTCH3,
and NFI) was performed on genomic DNA extracted from cir-
culating leukocytes using DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany) following the manufacturer's instructions.
Library preparation and sequencing by synthesis were performed
using the Illumina platform (TruSight One Expanded kit and se-
quencing on NEXTSEQ550). The bioinformatic analysis involves
the use of BWA Aligner or DRAGEN Enrichment software. The
sequences are aligned to the human genome reference GRCh37,
which allows the calling of single nucleotide and structural vari-
ants. Illumina Variant Interpreter software or TGEX Software
was used for variant analysis. Only variants with read depth
>20x and adequate quality parameters are considered [15].

3 | Results
3.1 | Clinical and Pathological Features

The first case was of a newborn with seemingly sporadic, multi-
focal IM. The patient, a female, was born by spontaneous deliv-
ery in an uneventful pregnancy from healthy parents, with no
anomalies in prenatal tests. The APGAR score was 9 at 1 min
and 10 at 5min, while measurements were normal: neonatal
weight 2545 g, length 47.4cm, and head circumference 33.4cm.

The first clinical evaluation showed diffuse, nodular, hard-
elastic, non-painful skin lesions, some adherent to the deep
layers. No other findings were observed at the birth objective
examination. An echocardiogram, chest x-ray, abdomen ultra-
sound, and whole-body MRI were performed to exclude a gener-
alized IM, with no further anomaly detected (Figure S1).

A biopsy performed at 10days of age revealed an intramuscu-
lar nodular lesion characterized by alternance of hypocellular
and more cellular areas, imparting a vaguely biphasic appear-
ance. In more cellular areas, elongated cells with myofibroblas-
tic appearance formed intersecting short fascicles. A prominent
myxoid stroma was present in hypocellular areas with evidence
of loosely arranged cells. An hemangiopericytoma-like (HPL)
vascular pattern was focally observed in more cellular areas.
A typical intravascular herniation of myoid nodules was seen.
There were no cytologic atypia or necrosis, and mitotic activity
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was low (3/10 HPF). Immunohistochemistry showed positiv-
ity for SMA and negativity for EMA, CD34, S100, desmin, and
myogenin, with a Ki67 index of about 10%. Diagnosis of IM was
made (Figure 1A-D).

After multidisciplinary discussion, given the absence of visceral
involvement, a “watchful waiting” strategy was decided, and the
patient underwent a clinical and imaging follow-up. A second
whole-body MRI was scheduled after 40 days with clinical mon-
itoring. At 1 month of age, strabismus appeared without other
findings, and the MRI showed a new myofibroma of the inferior
rectus muscle, without optic nerve involvement. At 3months of
age, the clinical and imaging re-evaluation showed almost com-
plete regression of all lesions. Currently, the child is 12 months
old and continues to be followed up by alternated semestral
whole-body MRI and ultrasound. Physical and neuropsychomo-
tor development are completely normal so far.

The second case concerns a 6-month-old male with a right parotid
swelling, progressively increasing in volume. This child was born
by spontaneous delivery from healthy parents but he had a family
history of a maternal grandmother who died from a brain tumor.

The first clinical evaluation showed a poorly circumscribed, hard
lesion adherent to deep planes, apparently painless. Overlying
skin was intact, there were no signs of deficit of the seventh cra-
nial nerve bilaterally. After an initial diagnostic biopsy, a com-
plete excision was performed. At histological examination this

lesion was similar to case 1 but more homogenously composed
of loosely arranged elongated cells in a predominantly myxoid
stroma with only focal arrangement in short fascicles. HPL vas-
cular pattern was more prominent. The cells lacked significant
atypia and mitotic activity. Some lamellar bone trabeculae from
the adjacent bone were entrapped within the proliferation.

Immunohistochemical staining for SMA was diffusely positive,
while desmin, myogenin, MYOD1, CD31, CD34, EMA, S100,
and pan-cytokeratin MNF116 were negative (Figure 1E-H).

3.2 | Molecular Analysis

In both cases, RNA sequencing revealed novel PDGFRB fusion
transcripts. A balanced translocation between exon 4 of UBE2I
(chr16 p13.3) and exon 12 of PDGFRB (chr5 q32) was identified
in case 1. This fusion was not found in germline DNA from pe-
ripheral blood mononuclear cells, suggesting a somatic or mo-
saic event (Figure 2A). An NGS panel, including the PDGFRB,
NOTCH3, and NF1 genes, performed on DNA from peripheral
blood did not identify pathogenic activating variants commonly
associated with IM.

In case 2, RNA sequencing detected a novel in-frame fusion be-
tween exon 8 of FNI (chr2 q35) and exon 11 of the PDGFRB (chr5
q32) (Figure 2B). Neither duplication, deletion, nor pathogenic
variants were identified.

FIGURE1 | Representative pictures for H&E and THC staining in two IM lesions (A) In case 1, the HE sections show an intramuscular nodular

lesion composed of a spindle cell proliferation disposed in short fascicles in a collagenized stoma, with alternating hypercellular and less cellular
areas. (B) In hypocellular areas, the stroma was predominantly myxoid. (C) At higher magnification, the cells were bland with a pale eosinophilic
cytoplasm, ovoid nuclei and small inconspicuous nucleoli. A mild lymphocytic infiltrate was present. Some mitoses were seen (3/10 HPF). Necrosis
was not evident. (D) The immunohistochemical stains performed documented positivity for SMA and negativity for other immunohistochemical
markers such as EMA, CD34, S100, desmin and myogenin. (E) In case 2, the tumor consisted of a proliferation of spindle cells loosely arranged in

fascicles and vorticoid bundles made up of homogeneous and bland elements, devoid of significant atypia and mitotic activity. The stroma was loose
and myxoid. (F) A more prominent HPL vascular pattern was seen. (G) Some lamellar bone trabeculae were trapped by the proliferation. (H) The
neoplastic cells were positive for immunohistochemical staining for SMA and negative for those for desmin, myogenin, MYOD1, CD31, CD34, EMA,
$100, and CKMNF116.
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FIGURE 2 | Schematic representation of two chimeric fusions involving PDGFRB gene in IM lesions. (A) RNA-seq analysis revealed a balanced
translocation between chromosomes 16p13.3 and 5q32 in case 1, generating the UBE2I::PDGFRB fusion. (B) In case 2, a rearrangement between
chromosomes 2q35 and 5q32 resulted in the in-frame FN1::PDGFRB fusion gene. Both chimeric products retained the entire kinase domain of the
PDGFRB protein. Fusion transcripts were visualized using Arriba.
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By analyzing count data obtained from RNA-Seq after TPM
normalization, the overexpression of the PDGFRB chimeric
transcripts relative to housekeeping genes can be observed in
both cases.

4 | Discussion

IM is a relatively rare mesenchymal proliferation characterized
by variability in its clinical manifestation and severity [1].

The WHO classification includes IM together with myopericy-
toma within the group of pericytic tumors, which are driven by
activating mutations in PDGFRB [2].

PDGFRB is a proto-oncogene encoding a receptor tyrosine ki-
nase that responds to platelet-derived growth factors (PDGF).
PDGFRB receptors are composed of the extracellular ligand
binding domain, the transmembrane a-helix, and the intracellu-
lar domain. Germline or somatic variants linked to IM typically
affect the juxtamembrane or kinase domain of PDGFRB, both
of which are classical mutation hotspots in the PDGFR receptor
family.

In this study, through RNA-Seq, we identified two novel fusion
transcripts involving PDGFRB with the UBE2I and FNI genes,
respectively. In both cases, these fusion transcripts encoded a
putative chimeric protein containing the C-terminal region of
PDGFRB, including its protein kinase domain (Figure 2).

Although gene fusions are frequent and are well-known onco-
genic drivers in various soft-tissue tumors, little is known re-
garding gene fusions in myofibroma. To date, the analyses of
myofibromas have led to the description of somatic fusion tran-
scripts, such as SRF:CITEDI, SRF:ICAIL, MTCH2::FNBP4,
FNI:TIMPI, and COL4A1::VEGFD, while an SRF::RELA fusion
has been reported in cellular myofibromas frequently character-
ized by desmin expression. However, no fusion genes involving
PDGFRB are early linked with IM [16, 17].

While FNI gene is a well-established fusion partner in inflam-
matory myofibroblastic lesions and has been identified at the 5’
end of oncogenic fusion products in various soft tissue tumors
characterized by the presence of a cartilaginous matrix, with or
without calcifications, and a favorable prognosis [18], much less
is known about the role of UBE2I as a fusion gene partner.

Fusions involving PDGFRB receptors occur in hematological
cancers, while among the myofibroblastic neoplasms (According
to the Mitelman Database of Chromosome Aberrations and
Gene Fusions in Cancer https://mitelmandatabase.isb-cgc.
org/), over 50 distinct fusion partners for PDGFRB have been
identified. Gene fusions involving PDGFRB have been mainly
linked to myeloid/lymphoid neoplasms [12].

PDGFRB fusions with other partners are known to activate
downstream signaling pathways, including the RAS/MAPK
pathway, leading to oncogenic transformations. Such signaling
is due to the constitutive activation of tyrosine kinase which be-
comes unregulated by PDGFs, or to disruption of the JM domain

involved in the auto-inhibitory control of PDGFR activation
[19, 20].

Several studies in the literature report multiple PDGFRB trans-
location breakpoints, leading to fusion transcripts that involve
exons 11 or 12 of the gene. It is plausible that these transloca-
tions enhance PDGFR expression and activity, similar to gene
fusions involving PDGF receptors known to drive hematologic
malignancies.

Imatinib, a type II TKI, is a potent inhibitor of the kinase domain
of PDGF receptors. This drug was approved for the treatment
of multiple neoplasms associated with aberrant PDGF receptor
activation, including dermatofibrosarcoma protuberans, gastro-
intestinal stromal tumors, a subset of acute lymphoblastic leu-
kemia, and myeloid neoplasms with hyper eosinophilia. Three
case reports suggest that TKI can be used in IM with PDGFRB
gain-of-function variants [10, 11, 21].

Furthermore, as PDGFRB mutations are prevalent in IM but rare
in histologically similar conditions like Infantile Fibrosarcoma,
identifying an oncogenic PDGFRB alteration could be critical for
accurate diagnosis [22].

Although in morphologically classic myofibromas molecular
characterization is not required for an appropriate diagnosis, it
may be essential in those that escape classic morphology or in
selected clinical contexts. In fact, while in the first patient the
molecular analysis was performed to identify a potential target
in case of further growth of the lesion involving the extrinsic
muscular component of the eye, in the second it was important
to achieve a final diagnosis, being the prominent myxoid stroma
rather unusual for an IM. The differential diagnosis included,
besides a nodular fasciitis and a myofibroma, also other tyrosin-
kinase-driven infantile myofibroblastic neoplasms.

In addition, our cases highlight the need for RNA sequencing to
identify oncogenic drivers because DNA-based NGS tests may
not always detect such chromosomal rearrangements.

In summary, the current cases underscore the utility of com-
prehensive molecular profiling, including RNA sequencing, in
the diagnostic work up of selected infantile myofibromas. Our
findings broaden the spectrum of genomic alterations involving
PDGFRB and provide insights into the molecular pathogenesis
of these tumors with potential implications for future targeted
therapeutic approaches.
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