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Abstract
Lipofibromatosis is a rare pediatric soft tissue tumor with predilection for the hands and feet. Previously considered to
represent “infantile fibromatosis”, lipofibromatosis has distinctive morphological features, with mature adipose tissue, short
fascicles of bland fibroblastic cells, and lipoblast-like cells. Very little is known about the genetic underpinnings of
lipofibromatosis. Prompted by our finding of the FN1-EGF gene fusion, previously shown to be a characteristic feature of
calcifying aponeurotic fibroma (CAF), in a morphologically typical case of lipofibromatosis that recurred showing features
of CAF, we studied a cohort of 20 cases of lipofibromatosis for this and other genetic events. The cohort was composed of
14 males and 6 females (median age 3 years; range 1 month–14 years). All primary tumors showed classical lipofibromatosis
morphology. Follow-up disclosed three local recurrences, two of which contained calcifying aponeurotic fibroma-like
nodular calcifications in addition to areas of classic lipofibromatosis, and no metastases. By FISH and RNA sequencing, four
cases were positive for FN1-EGF and one case each showed an EGR1-GRIA1, TPR-ROS1, SPARC-PDGFRB, FN1-TGFA,
EGFR-BRAF, VCL-RET, or HBEGF-RBM27 fusion. FN1-EGF was the only recurrent fusion, suggesting that some cases of
“lipofibromatosis” may represent calcifying aponeurotic fibroma lacking hallmark calcifications. Several of the genes
involved in fusions (BRAF, EGFR, PDGFRB, RET, and ROS1) encode receptor tyrosine kinases (RTK), or ligands to the
RTK EGFR (EGF, HBEGF, TGFA), suggesting a shared deregulation of the PI3K–AKT–mTOR pathway in a large subset
of lipofibromatosis cases.

Introduction

Lipofibromatosis, originally described by Stout as part of
the spectrum of “infantile fibromatosis”, is a rare soft
tissue tumor that occurs mainly in children [1, 2]. In 2000,
Fetsch and colleagues [3] coined the term “lipofi-
bromatosis” in their seminal description of 45 cases culled
from the archives of the Armed Forces Institute of
Pathology, emphasizing their unique clinicopathological
features, including the frequent presence of abundant
adipose tissue. Lipofibromatosis occurs more often in
males and preferentially involves the hands and feet,
although it can occur in other locations such as the trunk,
and head and neck [3–5]. By magnetic resonance imaging
(MRI), lipofibromatosis lacks specific features and
appears as a soft tissue mass with variable proportions of
adipocytic and solid components [6]. Morphologically,
lipofibromatosis displays a distinctive admixture of
mature adipose tissue and fascicles of bland, small,
cuboidal to spindled cells. Lipofibromatosis lacks
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metastatic potential, but may recur locally in up to one-
third of the cases [3, 7].

The morphologic features of lipofibromatosis overlap
with other pediatric fibroblastic/myofibroblastic mesenchy-
mal neoplasms, including calcifying aponeurotic fibroma
[8], the recently described “lipofibromatosis-like neural
tumor” [9] and fibrous hamartoma of infancy [10]. In most
cases, this differential diagnosis can be resolved by clinical
correlation and careful morphological evaluation, but there
are some cases in which this distinction is quite challenging,
particularly in the setting of limited biopsies or in tumors
occurring in unusual locations. Thus, there is continued
interest in the identification of “disease-specific” genetic
alterations in lipofibromatosis. Unlike calcifying apo-
neurotic fibroma, lipofibromatosis-like neural tumor and
fibrous hamartoma of infancy, which are associated with
FN1-EGF [11], NTRK1 fusions [9], and EGFR exon 20
alterations [12], respectively, a specific genetic event has
not been identified to date in lipofibromatosis; information
about the genetic events underlying lipofibromatosis is
limited to a single karyotypic study of one case, showing a
three-way translocation t(4;9;6)(q21;q22;q2?4) of unknown
pathogenetic significance [13].

We recently encountered an unusual case (case 14 in the
present study), which initially presented as a morphologi-
cally classical example of lipofibromatosis in the finger of
2-year-old girl, and recurred 3 years later with typical
morphological features of calcifying aponeurotic fibroma,
including nodular calcification (Fig. 1). Subsequent genetic
study of this case showed FN1-EGF. Prompted by these
observations, we investigated the molecular genetic features
of a cohort of typical lipofibromatosis cases with the goals
of better characterizing the genetic features of this lesion
and ascertaining its relationship, if any, to other pediatric
fibroblastic tumors.

Materials and methods

Case selection

This study was approved by the Institutional Review
Boards at all participating institutions. Institutional and
consultation archives were queried from 1990 to 2017 for
pediatric cases (patients 0–18 years of age) diagnosed as
lipofibromatosis. All available routinely stained slides and
immunohistochemical studies for 35 cases were re-
reviewed by two soft tissue pathologists (AA and ALF).
Upon re-review, 15 cases either had insufficient material
or were felt to better correspond to other entities (e.g.,
fibrous hamartoma of infancy) and were excluded, leaving
a final study population of 20 cases (17 primary tumors, 3
local recurrences). Clinical data including age, gender,

anatomic location, and follow-up were obtained by
reviewing medical records.

Fluorescence in situ hybridization

Interphase fluorescence in situ hybridization (FISH) with a
break-apart probe (BAP) for the FN1 gene and/or a com-
bination of probes for FN1 and EGF to detect fusion signals
were performed as described [11]; the home-made 5′ FN1
probe was replaced with a commercial 5′ FN1 probe
(CytoTest, Rockville, MD, USA) at BAP FISH in cases 2
(primary and recurrent tumor), 4, 8, and 11, and at FN1-
EGF fusion FISH in cases 1 and 8. Cases were scored as
negative if <35% of the nuclei showed split signals with a
BAP for FN1 or <30% fusion signals with probes for FN1
and EGF. To verify SPARC-PDGFRB and TPR-ROS1
fusions detected by RNA-Seq, commercial BAPs for
PDGFRB (Vysis, Abbott Park, IL, USA) and ROS1
(ZytoVision, Bremerhaven, Germany) were used. For con-
firmation of the FN1-TGFA fusion, home-made bacterial
artificial chromosome (BAC) probes for the 3′-part of
TGFA were combined with the commercial 5′ FN1 probe;
the BAC probes were obtained from the BACPAC
Resource Center (http:/bacpac.chori.org; Supplementary
Table 2). On average 107 (range 57–190) nuclei were
analyzed per hybridization.

RNA sequencing

For 16 tumor samples from 15 patients, RNA sequencing
(RNA-Seq) was attempted on RNA extracted from FFPE
blocks using Qiagen’s RNeasy FFPE Kit (Qiagen, Valencia,
CA, USA), as described [14]. The RNA DV200 values
varied between 28 and 68 (Table 2) and mRNA libraries
were prepared from 20 to 400 ng of RNA, depending on the
DV200 value, using the capturing chemistry of the TruSeq
RNA Access Library Prep Kit (Illumina, San Diego, USA).
Paired-end 85 nt reads were generated from the mRNA
libraries on a NextSeq 500 (Illumina). Sectioning, RNA
extraction, library preparation and sequencing were per-
formed as described [14].

ChimeraScan and FusionCatcher, using default settings,
were used to identify candidate fusion transcripts from the
sequence data [15, 16]. The GRCh37/hg19 build was used
as the human reference genome.

RT-PCR

RT-PCR and sequencing to confirm EGR-GRIA1,
FN1-TGFA, HBEGF-RBM27, SPARC-PDGFRB, and
TPR-ROS1 fusions detected at RNA-Seq were performed as
described [17]. Primers are listed in Supplementary
Table 1.
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Fig. 1 This case of lipofibromatosis occurred in the finger of a one
-year-old female, and showed only typical morphological features in
the primary tumor (a, b). In contrast, a local recurrence at 3 years

showed higher cellularity, a pronounced fascicular growth pattern, and
vaguely chondroid areas with multinucleated giant cells and nodular
calcification, reminiscent of calcifying aponeurotic fibroma (c–e)
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Results

Clinicopathologic features

Table 1 summarizes the clinicopathologic findings for the
20 studied cases. The tumors occurred in 14 males and
6 females (male: female ratio= 2:1) with a median age of
3 years (range: 1 month to 14 years), and involved the
subcutaneous tissues of the forearm/arm (n= 5; 25%), fin-
gers/hand (n= 4; 20%), leg/foot (n= 4; 20%), trunk/but-
tock (n= 4; 20%), neck (n= 2; 10%), and an unknown
location (n= 1; 5%). All patients presented with painless,
slowly growing subcutaneous masses.

Follow-up information was available for 14 patients with
a range of 21 to 168 months (median 57 months). Local
recurrences were observed in 3 patients, 32–72 months after
resection with only one patient developing local recurrences
twice. No distant metastases occurred. At the time of last
follow-up, all patients were alive without evidence of
disease.

Morphologically, all 17 primary tumors showed classic
features of lipofibromatosis, with a variable component of
mature adipose tissue, and a somewhat haphazard pro-
liferation of bland fibroblastic cells (Fig. 2). The lesional
cells ranged from cuboidal to spindled in shape, and

contained scant eosinophilic cytoplasm, small, regular,
normochromatic nuclei, and inapparent nucleoli. Mitotic
activity was low (0 to 3 mitotic figures per 10 high power
fields) and necrosis was absent. A subset of the fibroblastic
spindled cells showed intracytoplasmic vacuolization,
resembling uni- or occasionally bi-vacuolated lipoblasts. In
addition to typical areas of lipofibromatosis, one case
(case 7) showed areas with moderately higher cellularity, a
more pronounced fascicular pattern of growth, and infil-
tration of underlying skeletal muscle (Fig. 3). By definition,
no case showed calcification or nodules of primitive myxoid
mesenchyme.

Two recurrent tumors (cases 12 and 14) showed mor-
phological features of calcifying aponeurotic fibroma, with
much diminished fat, cellular, “fibromatosis-like” fibro-
blastic fascicles and scattered islands of calcification, sur-
rounded by epithelioid cells (Fig. 4). The third recurrent
tumor continued to display typical morphological features
of lipofibromatosis.

By immunohistochemistry, the spindled cells showed
variable expression of smooth muscle actin (in a myofibro-
blastic “tram-track” pattern) and CD34. S100 protein was
present only in the adipocytic component, without expres-
sion in spindled cells. Other tested markers were negative. A
ROS1 immunostain, performed in case 7, was negative.

Table 1 Summary of
clinicopathologic and genetic
features in 20 cases of
lipofibromatosis

Case no. Agea Sexb Site Local recurrence Follow-upc Fusion

1 48 M Hand No 21 HBEGF-RBM27

2 36 M Leg Yes 72 No

3 24 F Forearm No 32 EGR1-GRIA1

4 72 M Arm No 115 No

5 72 M Finger No 100 FN1-EGF

6 12 M Foot No 48 FN1-EGF

7 28 F Arm No 20 TPR-ROS1

8 84 M Abdomen No 80 No

9 168 F Hip No 156 No

10 12 M Buttock No 168 SPARC-PDGFRB

11 1 F Abdomen No 66 No

12 1 M Forearm Yes 40 No

13 36 M Foot No 48 FN1-TGFA

14d 12 F Finger Yes 32 FN1-EGF

15 36 F Arm No NA No

16 36 M Unknown No NA No

17 11 M Neck No NA FN1-EGF

18 7 M Neck No NA VCL-RET

19 6 M Foot No Not available EGFR-BRAF

20 96 M Hand No Not available No

aAge in months
bM male; F female
cFollow-up in months. All patients were alive without evidence of disease at last follow-up
dIndex case
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FISH

FISH for FN1 rearrangement and/or FN1-EGF fusion was
performed on 14 cases, with positive results in 4 (29%)

cases. Three cases, none of which could be analyzed at
RNA-Seq, were positive for the FN1-EGF fusion (Fig. 5a),
and the FN1-TGFA fusion in case 13 detected at RNA-Seq
was found also by FISH. In addition, the involvement of

Fig. 2 Lipofibromatosis (LPF)
classically shows variable
component of mature adipose
tissue, and haphazard
proliferation of bland
fibroblastic cells. a, b LPF,
presenting as a mass in the foot
of a 3-year male. This tumor was
positive for FN1-TGFA gene
fusion by molecular methods.
c, d LPF, presenting as a mass in
the hand of a 4-year-old boy
with foci of lipoblast-like cells.
This tumor was positive for
HBEGF-RBM27 gene fusion
by molecular methods.
e, f Lipofibromatosis, presenting
as a mass in the forearm of a
2-year-old female. This tumor
was positive for EGR1-GRIA1
gene fusions by molecular
methods. g, h Lipofibromatosis,
presenting as a mass in the foot
of a 1-year-old male. This tumor
was positive for FN1-EGF gene
fusions by molecular methods
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PDGFRB and ROS1 in fusions was verified by FISH
(Table 2).

RNA-Seq

RNA-Seq identified in-frame fusion transcripts in 9 of 16
(56%) samples from 15 patients (Table 2). The only
recurrent fusion was between VCL, encoding the cytoske-
letal protein vinculin, and RET, encoding a receptor tyrosine
kinase (RTK); the VCL-RET fusion was found in two
separate samples from case 18. Also two other fusions
involving RTK-encoding genes as 3′-partners were found in
one case each: SPARC-PDGFRB and TPR-ROS1 (Fig. 5b).
In all three patients with RTK fusions, the kinase domain
was included in the predicted fusion protein (Fig. 5c). Three
cases displayed fusions (FN1-EGF, FN1-TGFA, and
HBEGF-RBM27, respectively) involving genes that encode
ligands (epidermal growth factor, transforming growth
factor alpha, and heparin-binding EGF-like growth factor,

respectively) for the epidermal growth factor receptor
(EGFR). Also the EGFR gene itself was involved in a
fusion in one case, with BRAF as 3′-partner. Finally, one
case had an EGR1-GRIA1 fusion, involving the genes
encoding the C2H2 zinc-finger early growth response pro-
tein and the glutamate ionotropic receptor AMPA-type
subunit 1, upregulating the expression of GRIA1 (Fig. 5d;
Supplementary Figure 1).

Discussion

To the best of our knowledge, this represents the first
molecular genetic study of lipofibromatosis. Our combined
FISH and RNA-Seq analyses have identified an unprece-
dented variety of gene fusions in these distinctive pediatric
tumors, with 8 different fusions found in 11 of the
20 tumors (55%) analyzed. Further adding to the genetic
heterogeneity of lipofibromatosis, only one of the 11

Fig. 3 This case of lipofibromatosis involved the arm of a two year old female, and showed in addition to typical areas of lipofibromatosis
(a, b) areas with moderately higher cellularity, fascicular pattern of growth, and infiltration of underlying skeletal muscle (c, d)
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fusion-related genes (ROS1 in 6q22) we have identified in
lipofibromatosis maps to any of the three breakpoints in the
previously reported, cytogenetically abnormal case reported

by Kenney et al. [13]. Although several other soft tissue
tumor types, such as inflammatory myofibroblastic tumor
and benign fibrous histiocytoma, are known to display
many different gene fusions, their repertoire is typically
much smaller, with one specific fusion accounting for the
majority of cases [18]. In contrast, in the present study,
FN1-EGF was the only recurrent fusion, detected in four
cases. While the observed genetic heterogeneity might raise
concerns about the reliability and significance of our results,
it should also be emphasized that almost all fusions detected
by RNA-seq were corroborated by repeated RNA-seq, RT-
PCR, and/or FISH; the only exception, because of lack of
suitable material, was an FN1-EGF fusion that, however,
was highly expressed and had breakpoints similar to those
reported before in calcifying aponeurotic fibroma [11]. With
regards to the two FN1-EGF fusions detected only by FISH,
both cases showed concordant results with fusion probes
and a BAP probe for FN1. Thus, we are confident that our
results do not represent technical artifacts.

As this study utilized only FFPE tissue, more detailed
experiments to elucidate the functional outcome of each
fusion or to investigate potentially shared molecular path-
ways could not be performed. However, from the genes and
breakpoints involved in the detected fusions several plau-
sible pathogenetic mechanisms can be inferred, suggesting
that the development of lipofibromatosis may be attributed
to deregulation of the PI3K–AKT–mTOR pathway in a
substantial proportion of the cases (Fig. 6).

Three of the fusions (FN1-EGF, FN1-TGFA, and
HBEGF-RBM27) involve genes that encode ligands for the
epidermal growth factor receptor (EGFR): EGF, TGFA, and
HBEGF, respectively [19]. FN1-EGF fusions with similar
breakpoints have been reported before in calcifying apo-
neurotic fibroma [11], and the likely pathogenetic
mechanism is that the fusion results in increased expression
of the part of EGF that contains the mature EGF peptide. A
similar scenario could be envisioned for the FN1-TGFA
fusion, which is predicted to result in a chimeric protein that
retains the mature EGF-like domain of TGFA, encoded by
exons 3–4, but fused with a slightly smaller portion (only
the first 20 exons, compared to the first 23–42 exons in
calcifying aponeurotic fibroma) of the amino-terminal part
of FN1. The functional outcome of HBEGF-RBM27 is more
difficult to predict. The EGF-like domain of HBEGF,
encoded by exons 3 and 4 (aa 104–44), is only partly (first
three exons, aa 1–133) included in the predicted fusion, and
the fusion partner, RNA-binding motif protein 27
(RBM27), does not contribute any transmembrane domain.
Thus, if and how the HBEGF-RBM27 fusion affects EGFR
signaling remains to be elucidated. The fusion involving the
EGFR gene (the EGFR-BRAF chimera in case 19) adds
further support for an important role of distorted EGFR
signaling in lipofibromatosis. In this detected fusion, the last

Fig. 4 This case of lipofibromatosis occurring in a forearm of one
month old boy showed only typical morphological features in the
primary tumor (a). In contrast, a local recurrence at 3 years showed
areas reminiscent of calcifying aponeurotic fibroma (b, c)
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Fig. 5 a Interphase FISH with probes for 5′ FN1 (green) and 3′ EGF
(red) showing fused red and green signals, indicative of an FN1-EGF
fusion in case 6. b Chromatogram illustrating the TPR-ROS1 fusion
transcript in case 7. c Schematic view of the tyrosine kinases involved

in gene fusions in lipofibromatosis. Lollipops indicate the breakpoints,
which consistently were close to the kinase domains. d Increased
expression of the distal part of GRIA1 as a result of the fusion of EGR1
exon 1 with GRIA1 exon 3 in case 3
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exon of EGFR was replaced by the last nine exons of BRAF.
Thus, in the predicted chimeric protein, the kinase domain
of EGFR would be retained, with an added kinase domain
from BRAF added to its carboxy-terminal, intracellular
portion.

A second subgroup of detected fusion transcripts in
lipofibromatosis is arguably composed of the three cases
with fusions involving receptor tyrosine kinases (RTK) as
3′-partners. Such fusions are commonly observed in a
variety of neoplasms, and all 3 genes involved in the present
study (ROS1, PDGFRB, and RET) have been reported as 3′-
partners in fusions before, including in soft tissue tumors
[18, 20]. Furthermore, the breakpoints in the RTK-encoding

genes were in all three cases at, or very close to, the
beginning of the respective kinase domains (Fig. 5c). Fur-
ther supporting the pathogenetic significance of these
fusions, two of the three 5′-partners, TPR and VCL, have
been found as 5′-partners with kinase-encoding genes in
other neoplasms [18]. Also the third 5′-partner, SPARC, fits
well as a potent driver of kinase expression in the detected
SPARC-PDGFRB fusion; SPARC encodes a matricellular
protein (also known as osteonectin) that regulates
cell–matrix interactions and is abundantly expressed in
various mesenchymal tissues [21].

Although neither the multifaceted effects of RTK sig-
naling nor the individual characteristics of the different

Table 2 Summary of molecular
genetic findings in 20 cases of
lipofibromatosis

Case Dv200a RNA-seqb RT-PCR/
sequencing

Fusion
breakpointsc

FISHd Combined
result

1 37 HBEGF-
RBM27*

Confirmed ex3-ex2 FN1-neg HBEGF-
RBM27

2 31 Not done Not done FN1-neg* No fusion

3 44 EGR1-GRIA1* Confirmed ex1-ex3 FN1-neg EGR1-GRIA1

4 37 Negative* Not done FN1-neg No fusion

5 40 Negative* Not done Unknown FN1-EGF FN1-EGF

6 44 Negative* Not done Unknown FN1-EGF FN1-EGF

7 68 TPR-ROS1 Confirmed ex31-ex36 ROS1-pos,
FN1-neg

TPR-ROS1

8 29 Negative Not done FN1-neg No fusion

9 37 Negative* Not done Not done No fusion

10 31 SPARC-
PDGFRB*

Confirmed ex9-ex11 PDGFRB-pos SPARC-
PDGFRB

11 28 Negative Not done FN1-neg No fusion

12 <25 Not done Not done FN1-neg* No fusion

13 67 FN1-TGFA Confirmed ex20-ex3 FN1-TGFA FN1-TGFA

14e <25 Not done Not done Unknown FN1-EGF FN1-EGF

15 <25 Not done Not done FN1-neg* No fusion

16 <25 Not done Not done FN1-neg No fusion

17 40 FN1-EGF Not done ex36-ex16 Not done FN1-EGF

18a 54 VCL-RET Not done ex18-ex12 Not done VCL-RET

18b 38 VCL-RET Not done ex18-ex12 Not done VCL-RET

19 33 EGFR-BRAFf Not done ex27-ex10 Not done EGFR-BRAF

20 42 Negative Not done Not done No fusion

aDv200= fraction (%) of RNA fragments > 200 nt
bCases sequenced twice, using the same mRNA but with separate library preparations, are indicated with an
asterisk
cSequence variants for breakpoint assignment were: EGF (NM_001963), EGR1 (NM_001964), FN1
(NM_212482), GRIA1 (NM_001258020), HBEGF (NM_001945), PDGFRB (NM_002609), RBM27
(NM_018989), RET (NM_020975), ROS1 (NM_002944), SPARC (NM_003118), TGFA
(NM_001308158), TPR (NM_003292), VCL (NM_014000)
dFISH= fluorescence in situ hybridization. Cases were scored as FN1-negative if <35% of the nuclei showed
split signals with a break-apart probe (BAP) for FN1 or <30% fusion signals with probes for FN1 and EGF.
Cases analyzed only with the FN1 BAP are indicated with an asterisk
eIndex case
fThe EGFR-BRAF fusion transcript was detected by only one of the two algorithms used to detect fusion
transcripts

Aberrant receptor tyrosine kinase signaling in lipofibromatosis: a clinicopathological and molecular. . . 431



EGFR ligands or RTKs (EGFR, ROS1, RET, and
PDGFRB) involved should be neglected, it is of interest to
note that activation of these RTKs all have one downstream
pathway in common, namely PI3K–AKT–mTOR [22–26].
Thus, the pathogenesis of lipofibromatosis might be less
heterogeneous than expected from the plethora of gene
fusions.

The only fusion detected by RNA-Seq that did not
directly involve an RTK or an RTK ligand is EGR1-GRIA1,
in which the first exon of EGR1 was fused in-frame with
exon 3 of GRIA1. Early growth response-1 (EGR1) is a
zinc-finger transcription factor belonging to the group of
immediate-early response proteins [27] and glutamate
ionotropic receptor AMPA-type subunit 1 (GRIA1) encodes
a transmembranous protein that is important for mediating
excitatory signals in the central nervous system [28]. As
neither EGR1 nor GRIA1 has been described as a partner in
any recurrent neoplasia-associated gene fusion [18], the
EGR1-GRIA1 fusion detected in case 3 might represent a
passenger mutation, although both the fusion transcript and
GRIA1 were highly expressed (Fig. 5d, Supplementary
Figure 1). However, GRIA proteins have attracted
increasing attention in tumor biology due to the finding of
increased expression in many tumor types, including sar-
comas [29]. Furthermore, it has been shown that Ca2+

signaling through AMPA receptors, including GRIA1,
results in phosphorylation and activation of AKT1 in glio-
blastoma [30] and that glutamate promotes cell growth by
increasing the levels of EGFR and phosphorylated AKT1 in
a glioblastoma cell line [31]. In addition, EGR1 is highly
expressed in mesenchymal stem cells, in which its tran-
scription is upregulated by EGF [32]. Thus, it cannot be

excluded that also the EGR1-GRIA1 fusion might have an
impact on the PI3K–AKT–mTOR pathway (Fig. 6).

Lipofibromatosis would thus seem to join a growing list
of pediatric fibroblastic/myofibroblastic tumors displaying
genetic rearrangements resulting in direct or indirect RTK
activation. Notably, our findings overlap with those of
Agaram et al. in their recent description of lipofibromatosis-
like neural tumors [9]. In that study, 10 of 14 cases had
fusions affecting the RTK NTRK1, and one of the 2 cases
that were studied by RNA-seq had the same 5′-partner
(TPR) as one of the cases in the present study. Furthermore,
using FISH, the authors showed that 2 of 4 NTRK1-negative
tumors had either ALK or ROS1 fusions instead. Impor-
tantly, they also investigated 25 cases of classical lipofi-
bromatosis by FISH, without detecting any NTRK1-
rearrangement [9], in agreement with the absence of NTRK1
fusions in the present study. A more extensively studied
tumor type is inflammatory myofibroblastic tumor, in which
roughly 85% of cases show fusions involving RTK-
encoding genes. Most commonly, they affect ALK, but
PDGFRB, ROS1, or NTRK3 may serve as alternate 3′-
partners [33–37]. The 5′-partners vary extensively, and for
ALK alone, more than 10 different fusion partners have been
described [34, 35, 38]. The RTK-activating fusions have
provided means to use specific RTK-inhibitors in inoper-
able/metastatic inflammatory myofibroblastic tumor cases
[39]. Thus, lipofibromatosis, lipofibromatosis-like neural
tumor, and inflammatory myofibroblastic tumor all display
fusions resulting in activation of several different RTKs.
Other examples include fibrous hamartoma of infancy, in
which a duplication of exon 20 of EGFR has been recently
described [12] and calcifying aponeurotic fibroma, which
shares the FN1-EGF fusion with some cases of lipofi-
bromatosis [11].

Our finding of the FN1-EGF fusion in morphologically
typical cases of lipofibromatosis which recurred as calci-
fying aponeurotic fibromas strongly suggests that some
cases of “lipofibromatosis” represent instead “early”
examples of calcifying aponeurotic fibroma in which the
adipocytic component is more pronounced, and diagnostic
calcifications are not yet apparent. However, it should be
kept in mind that there are several examples of identical
gene fusions occurring in distinct, unrelated soft tissue
tumors [18]. Whether FN1-EGF fusion-positive cases of
“lipofibromatosis” indeed are variants of CAF or whether
they differ clinically from cases with other fusions will have
to be investigated in larger series.

In summary, the results of our study of lipofibromatosis
suggest that this tumor may represent a morphological
pattern common to a variety of locally recurring pediatric
tumors of the extremities, rather than a single specific entity.
Despite stereotypical morphology, lipofibromatosis is
genetically heterogeneous, with 8 different fusions

Fig. 6 Predicted shared pathways among fusion proteins in lipofi-
bromatosis. The detected fusions involved either ligands (EGF,
HBEGF, TGFA) to the EGF receptor (EGFR), EGFR itself, or other
receptor tyrosine kinases (ROS1, RET, PDGFRB) that all are known
to activate the PI3K–AKT–mTOR pathway. The black boxes indicate
the kinase domains. Also the two proteins involved in the EGR1-
GRIA1 fusion have been implicated in EGFR signaling
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identified in 11 of 20 cases. The morphological features of
recurrent lesions, and the presence of FN1-EGF or related
FN1-TGFA fusions, suggest that some cases of lipofi-
bromatosis likely represent “early” or “non-calcified” cal-
cifying aponeurotic fibromas. The presence of alterations
involving RTK-encoding genes also suggests a link to the
recently described “lipofibromatosis-like neural tumor”.
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