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Abstract

Despite extraordinary advances in the molecular characterization of soft tissue tumors as a result
of the widespread application of next generation sequencing in clinical practice, a subset of lesions
remain difficult to diagnose. In this study we describe 3 unclassified spindle cell sarcomas with a
monomorphic cytomorphology and distinctive storiform growth, characterized by novel fusions
between EWSRI or FUSI, and NACCI genes. The tumors occurred in 3 young adult females (age
range: 29-31) involving deep soft tissues, two located in the lower extremity and one in the
abdominal wall. All three tumors showed patchy positivity for S100 protein, while being negative
for SOX10 and retained H3K27me3 expression. All cases were negative for epithelial or muscle
markers. As the findings were non-specific, molecular studies using targeted panels of RNA
sequencing were performed, including one case tested by TruSight RNA Fusion Panel and 2 cases
by Archer FusionPlex. The results showed 2 cases were positive for FUS-NACCI and one for
EWSRI-NACCI fusions. These findings were further confirmed by FISH using custom BAC
probes for a dual-color fusion assay. These results suggest the possibility of a previously
undescribed soft tissue neoplasm characterized by a uniform spindle cell phenotype arranged in a
storiform and fascicular pattern, expressing S100 protein and harboring MACCI-related fusions.
The biologic behavior of this tumor remains to be determined.

Keywords
sarcoma; EWSRL1; FUS; NACC1,; gene fusions

Correspondence: Cristina R. Antonescu, MD, Department of Pathology, Memorial Sloan Kettering Cancer Center, 1275 York Ave,
New York, NY 10065, antonesc@mskcc.org.

Author Contribution Statement: CRA, BD and CDF participated in the concept of the study, CRA wrote the manuscript, LZ
performed the FISH experiments, YSS performed the bioinformatic analysis and fusion diagrams; all authors read and approved the
manuscript.

Ethics Approval / Consent to Participate: The study was approved at the participating institutions IRB.
Data Availability Statement: the Fastq data on one of the cases is available upon request.
Conflict of interest: None to declare



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Antonescu et al.

Page 2

INTRODUCTION

Gene fusions constitute pivotal driver events occurring in two-thirds of mesenchymal
neoplasms in children and young adults. In sarcomas, these recurrent chromosomal
translocations are often the only cytogenetic abnormality and result in specific gene fusions,
often encoding aberrant chimeric transcription factors. Clinically, the correlation of these
translocation-derived genetic markers and discrete pathologic entities has been quite reliable,
albeit, an increasing number of gene fusion events have been shown not to be histotype
specific (e.g., molecular pleiotrophy).

A subset of tumors continue to defy classification based on lack of a distinctive morphology
and immunohistochemical profile, necessitating the label of ‘unclassified mesenchymal
neoplasms’. This category is decreasing at an accelerated pace due to the application of
RNA sequencing technology on archival material. As a result, a number of new entities have
recently emerged from the realm of previously unclassified spindle cell neoplasms with
monomorphic cytomorphology, such as N7TRK and other kinase-fusion positive spindle cell
tumors?2:3 undifferentiated sarcomas with BCOR-CCNB3*%and MEISI-NCOAZ2S.

In this study we have encountered 3 low grade spindle cell sarcomas with storiform growth,
uniform phenotype, and variable S100 immunopositivity, which did not fit into any well-
defined pathologic category. Targeted RNA sequencing platforms were used for further
molecular characterization which uncovered recurrent novel NACCI fusions.

MATERIAL AND METHODS

Case selection

The cases were retrieved from the consultation files of the authors (C.R.A. and C.D.F).
Three unclassified low grade spindle cell sarcomas with distinctive storiform growth and
variable S100 positivity were collected. These cases were submitted for various RNA
sequencing methods, two at the time of initial diagnosis for further tumor classification and
one during retrospective case review for unclassified translocation-associated sarcomas. The
hematoxylin and eosin stained slides and the immunohistochemical stains were reviewed.
Clinicopathologic parameters, including relevant clinical history, age, gender, tumor
location, tumor size, and follow-up information, were collected from the pathologic reports
and electronic medical record. This study was approved by the institutional review board.

RNA sequencing

The samples were investigated on different targeted RNA sequencing platforms, including
TruSight RNA Fusion Panel (Illumina, San Diego, CA) (case #1), and Archer FusionPlex
Custom Solid Panel (n=2, cases #2-3), using formalin-fixed paraffin-embedded (FFPE)
tissues. The above gene panels include 507 and 85 cancer-related genes, respectively, with
NACCI gene being not included in these panels. The detailed methods have been described
previously.%7
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Fluorescence in situ hybridization (FISH)

FISH for EWSR1, FUS and NACCI was performed using custom designed probes made by
BACs flanking respective genes as previously described® and listed in Supplementary Table
1 to validate the fusions. BAC clones were selected based on the information on UCSC
genome browser (http://genome.ucsc.edu) and obtained from BACPAC sources of
Children’s Hospital of Oakland Research Institute (CHORI) (Oakland, CA) (http://
bacpac.chori.org) and Life Technologies Corporation (Carlsbad, CA). After plasmid DNA
extraction and nick translation, the probes were validated on metaphases. Four um-thick
FFPE tissue sections of our cases were pretreated and hybridized with the probes. Two-color
FISH was performed, first using a break-apart signal assay for each gene to document
individual gene rearrangement; followed by a dual-color fusion FISH assay, showing come-
together signal for validating the gene fusion event.

RESULTS

Clinical and Pathologic features

All three cases occurred in young adult female patients with a mean age of 30 years old
(range 29-31 years)(Table 1). The three lesions arose in the deep soft tissues, two in the
lower extremities (thigh, popliteal area) and one in the abdominal wall. Case #1 was located
close to the sciatic nerve and was marginally excised to preserve the nerve. The patient
received 6000cGy external beam radiation and remained free of disease at 3.5 years follow-
up. Case#2 involved the abdominal wall musculature without intra-abdominal extension and
measured 15 x 12 x 7 cm grossly and appeared well-circumscribed grossly, with a pale-
yellow and fleshy cut surface. The patient noted this lesion 5 years prior and it was thought
to represent a lipoma. Case #3 presented with a local recurrence in the popliteal area of a
lesion diagnosed a year prior.

Histologically, the tumors shared a predominant storiform and pinwheel growth pattern,
although 2 cases showed focal fascicular growth and solid sheet-like pattern (Figs. 1,2).
Case #1 showed focal macro and microcystic changes containing serous fluid content (Fig.
1). Case #2 showed a partial shell of mature bone at the periphery of the lesion (Fig. 2 A-G).
Case # 3 showed prominent stromal vessels (Fig. 2 H,I). All 3 tumors showed mainly
uniform cytomorphology, with slender spindle cells having thin cell processes, scant
eosinophilic cytoplasm and ovoid nuclei with vesicular or focally hyperchromatic nuclei
(Figs 1, 2). Only scattered cells with enlarged nuclei with hyperchromasia and moderate
nuclear pleomorphism were noted (Fig. 2). Mitotic figures ranged from 5-10 /10 HPFs,
while minute foci of necrosis were noted only in case #1. A delicate collagenous stroma was
seen in all cases.

Immunohistochemistry

A large battery of immunohistochemical stains were performed in all 3 cases at the time of
diagnosis. The only consistent immunopositivity was variable S100 protein staining which
was present in all three cases (Figs. 1,2), while none showed SOX10, CD34, EMA, CK,
TLEL, desmin, myogenin, MSA, or caldesmon positivity.
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Molecular Results

Case 1 was studied by TruSight RNA Fusion Panel (including a 507-gene panel) and
analyzed by using both the STAR aligner and Manta fusion caller, and the BOWTIE2 aligner
and JAFFA fusion caller. The analysis showed the presence of a fusion between a portion of
exon 6 of FUS gene with portion of MACCZ intron 1. The other 2 cases were analyzed by
Archer FusionPlex. Case 2 showed the presence of a fusion between FUS exon 6 to NACC1
exon 2, while case 3 was positive for a transcript composed of exon 7 of EWSR fused to
exon 2 of NACCI (Fig. 3). Based on this breakpoint, the projected fusion protein retains
both the BEN and the BTB (POZ) domains of the NACC1 (nucleus accumbens associated 1)
protein (Fig. 3).

FISH analysis showed split-apart signals for individual FUS, EWSR1 and NACCI gene
break-apart assays, as well as come-together signals using the dual-color FISH assay for
FUS-NACCI fusion (Supplementary Fig. 1).

DISCUSSION

In this study we describe 3 unique low grade spindle cell sarcomas arising in young women
in deep soft tissue sharing a similar morphology of storiform growth and uniform cytology
and an immunoprofile with patchy positivity for S100. Based on these findings, the tumors
did not fit into any well-defined category; being defined as unclassified sarcomas prior to
molecular characterization.

The main differential diagnosis was with a low grade malignant peripheral nerve sheath
tumor, due to monomorphic histology and patchy S100 positivity, which was rendered in 2
of the cases. However, none of the patients had history of NF1. Moreover, the tumors lacked
evidence of a pre-existent neurofibroma, and immunophenotypically were negative for
SOX10, while retaining H3K27me3 expression in all cases. The other close mimic based on
their predominant storiform growth was dermatofibrosarcoma protuberans. However, tumors
were all deep-seated, with no dermal component, had mostly well-circumscribed borders,
and were negative for CD34. In one of the cases the possibility of a synovial sarcoma was
raised due to monotonous growth, primitive cytology and fibrous stroma. However, tumors
lacked reactivity for EMA, CK and TLEL, as well as SS18 gene rearrangement. Case #2 had
a partial rim of ossification, raising the possibility of an ossifying fibromyxoid tumor.
However, this finding was not present in the other 2 cases and no ovoid to epithelioid cells
arranged in cords or nests, typically seen in ossifying fibromyxoid tumors, were noted.

EWSR1 is the prototypical ‘promiscuous gene’, with a propensity for fusing to a host of
different partner genes, mostly transcription factors. It encodes the RNA-binding protein
EWSR1, a member of the TET family of transcription factors, and is rearranged in a variety
of mesenchymal and epithelial neoplasms. FUS, another member of the TET family, can
substitute for EWSR-related fusions in the majority of tumor types®. Recurrent gene fusions
involving EWSR1 and FUS with various transcription factors have been described in tumors
of various risks of malignancy and cell lineages, including benign and malignant soft tissue
tumors, carcinomas, mesotheliomas, etc 10-13,
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In contrast, no MACCI related gene fusions have been implicated so far in human neoplasia.
NACCI (nucleus accumbens-associated 1) gene, located on 19p13.13, encodes a nuclear
protein which is a member of the bric-a-brac tramtrack Broad complex/poxvirus and zinc
finger (BTB/POZ) domain family, which is involved in several cellular processes including
proliferation, apoptosis and transcription regulation 4. NACC1 was originally identified and
cloned as a novel transcript from the nucleus accumbens, a unique forebrain structure
involved in reward motivation and addictive behaviors. The encoded protein is a
transcriptional repressor that plays a role in stem cell self-renewal and maintenance of
pluripotency 1216, In human cancer, MACCI is up-regulated in a variety of neoplasms,
mostly carcinomas but also in uterine sarcomas 17. The BTB/POZ gene family is composed
of several proteins that share a conserved BTB/POZ protein—protein interaction motif at the
N terminus that mediates homodimer or heterodimer formation 18, which is not retained in
the fusion oncoprotein.

We believe the three cases in this report represent unique soft tissue tumor entity,
characterized by MACCI rearrangement. The biologic behavior of these neoplasms remains
difficult to assess based on our limited sample size; however, given the potential for local
recurrence we feel it prudent to consider these a low-grade sarcoma until more detailed
characterization is possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Morphologic appear ance of tumor with FUS-NACC1 fusion (case #1).
A. Low power showing macro- and microcystic changes at the periphery of the lesion. B.

Distinctive storiform growth pattern throughout and slender cell processes; C. Spindle cells
with fibrillary eosinophilic cytoplasm and relatively monomorphic narrow to plump ovoid
nuclei, with fine chromatin and minute nucleoli and a brisk mitotic activity (3 mitoses
discerned in this 200x field); D. Focal S100 protein positivity.
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Figure 2. Additional mor phologic findings of tumorswith FUS-NACCL (case #2, A-G) and
EWSR1-NACCL1 (Case#3, H,|) fusions.

A. Focal area of ossification present at the periphery of the lesion composed of mature
lamellar bone. B. The tumor showed a predominant storiform pattern, with scattered tightly
packed micronodular whorls (C), as well as focal fascicular growth (D). D. Cells showed
mainly uniform cytology with open, vesicular chromatin and a brisk mitotic activity. E.
Areas with wiry collagen between tumor cells were also noted. F. Only rare cells with mildly
enlarged hyperchromatic nuclei and moderate nuclear pleomorphism. Small foci of
xanthoma cells also present. G. Patchy S100 positivity (red chromogen, nuclear and
cytoplasmic). H. Low power showing a uniformly cellular neoplasm associated with
prominent small vessels. |. Tumor showed a predominant storiform growth pattern
composed of monomorphic spindle cells with delicate cell processes.
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Figure 3. Diagrammatic representation of tumorswith EWSR1/FUS-NACC1 fusions.
A. Upper panel summarizes the chromosomal locations of EWSRI1 on 22q12.2, FUSon

16p11.2 and MACCI on 19p13.2. Red vertical lines depict the genomic break, while the
orange and green arrows reveal the direction of transcription of each gene partner B. Lower
panel depicts the two variant fusions, in which MACCZ exon 2 is fused either with exon 7 of
EWSRI1 or exon 6 of FUS. The protein domains of each gene as well as the predicted
domains preserved in the fusion oncoprotein are also illustrated.
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Table 1.

Clinicopathologic and molecular findings of sarcomas with MACCZ fusions

Page 10

Caseft | Age/Sex | Site Histology IHC Fusion
1 31/F Thigh 10 cm Storiform 10 MF/10 HPFs Small Pos: S100;Neg: SOX10, : Q
foci of necrosis CD34H3K27me3 retained FUS-NACCI
2% 30/F Abdominal wall 15 cm | Storiform, fascicular, and tight Pos: S100 Ki67 25% Neg: FUS-NACCI®
well circumscribed whorls (micronodules) Focal SOX10, CD34 H3K27me3
ossification, peripheral rim of retained
lamellar bone 10 MF/10 HPFs
3 29/F L popliteal area, Storiform 5MF/10 HPFs Pos: S100 focal Neg: EMA, CK, EWSRI-
recurrent CD34 H3K27me3 retained Naccr @

*
, FISH confirmed dual-color fusion assay;

0, TruSight RNA Fusion Panel;

a, ArcherFusionPlex.
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