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Summary

Mesenchymal round cell tumors are a diverse group of neoplasms defined by primitive, often high-
grade cytomorphology. The most common molecular alterations detected in these tumors are gene
rearrangements involving EWSR1 to one of many fusion partners. Rare EWSRI-NFATCZ2 gene
rearrangements, corresponding to a t(20;22) gene translocation, have been described in
mesenchymal tumors with clear round cell morphology and a predilection for the skeleton. We
present a case of a tumor harboring the EWSR1-NFATCZ2 gene fusion arising in the subcutaneous
tissue of a young woman. The tumor exhibited corded and trabecular architecture of epithelioid
cells within abundant myxoid and fibrous stroma. The cells showed strong immunoreactivity for
NKX2.2, variable CD99, keratin, and epithelial membrane antigen, but were negative for S100 and
myoepithelial markers. Importantly, similar to previously reported cases, the clinical course was
more indolent than that of Ewing sarcoma. This case highlights the distinctive clinicopathological
characteristics of EWSRI-NFATCZ gene fusion—-associated neoplasms that distinguish them from
Ewing sarcoma.
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1. Introduction

Tumors harboring Ewing sarcoma RNA-binding protein 1 (EWSRI) gene fusions show
clinicopathological diversity, with a growing list of fusion partners [1,2]. Ewing sarcoma is
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the canonical EWSR1-rearranged small round cell tumor, which harbors gene
rearrangements to the E26 transformation-specific (ETS) family of transcription factors. The
2 most common molecular alterations in Ewing sarcoma are EWSR1-FL 11 and EWSRI-
ERG gene fusions [3-6]. Other uncommon variant ETS fusions have been also been
identified in Ewing sarcoma, including EWSRI-ETV1, EWSRI-ETV4, and EWSRI-FEV.
Even less frequently, FUS, a member of the FET family of RNA-binding proteins similar to
EWSRI, can be rearranged to ETS family genes, including £RG and FEV/[7-11].
Collectively, these variant fusions account for less than 5% of all Ewing sarcoma cases [12].
The list of tumors harboring EWSRI gene rearrangements also includes cases within the
poorly defined category of “Ewing-like” tumors, myoepithelial tumors, extraskeletal myxoid
chondrosarcoma, and desmoplastic small round cell tumor, among others.

We report a case of a mesenchymal tumor that harbors an EWSR1 gene rearrangement to
nuclear factor of activated T cells, cytoplasmic and calcineurin-dependent 2 (NFATC2).
Thus far, descriptions of tumors that harbor EWSRI-NFATCZ gene fusions have been
limited with only 9 prior tumors reported [13-17], which have been categorized as “Ewing-
like” or “myoepithelial-like.” However, comprehensive clinicopathological characterization
of these tumors has not been described; the features of previously reported cases are
summarized in Tables 1 and 2. The previously reported EWSRI-NFATCZ2tumors seem to
have a predilection for the long bones of young men in the second and third decades. Here,
we describe an additional case, which is the first EWSRI-NFATCZtumor reported in a
woman and only the second to occur in an extraskeletal (subcutaneous) location. This case
highlights the unique clinicopathological features of this rare tumor compared with
previously described cases. Furthermore, we explore the relationship of EWSRI-NFATC2
tumors to Ewing sarcoma, Ewing-like tumors, and other EWSRI-rearranged small round
blue cell tumors.

2. Materials and methods

2.1.

Histology and immunohistochemistry

Tissue was fixed in 4% neutral-buffered formalin, routinely processed, embedded in
paraffin, and stained with hematoxylin and eosin. Formalin-fixed, paraffin-embedded
(FFPE) sections of 4-um thickness were stained with the following antibodies: keratin
cocktail (pan-keratin; AE1/AE3; 1:100; Dako, Santa Clara, CA), epithelial membrane
antigen (EMA, prediluted; Leica, Buffalo Grove, IL), CD99 (013, 1:400; Bio-Legend, San
Diego, CA), S100 (1:2000; Dako), a-smooth muscle actin (SMA, prediluted; Leica), p63
(prediluted; Ventana, Tucson, AZ), calponin (prediluted; Leica), desmin (1:5; Cell Marque,
Rocklin, CA), glial fibrillary acidic protein (1:3000; Dako), synaptophysin (1:200;
Invitrogen, Carlsbad, CA), and INI1 (BAF47/SMARCB1, 1:100; BD Transduction, San
Jose, CA). Slides were stained using a Leica Bond I, with the exception of the p63, which
was stained using a Ventana Benchmark Ultra immunostainer. Immunohistochemistry for
NKX2.2 was performed at PhenoPath Laboratories (Seattle, WA).
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2.2. Reverse-transcription polymerase chain reaction testing for EWSR1-FLI1 and
EWSR1-ERG fusions

RNA was purified from two 20-um FFPE tissue scrolls containing tumor tissue from case 1
by the Molecular Pathology Department at Texas Children’s Hospital (Houston, TX).
Reverse-transcription polymerase chain reaction (RT-PCR) testing for EWSR1-FL/1 and
EWSRI-ERG was performed using previously described methods [18].

2.3. Fluorescence in situ hybridization for EWSR1 break-apart

Florescence in situ hybridization (FISH) studies were conducted at PhenoPath Laboratories.
Briefly, 4-um unstained FFPE sections were deparaffinized and pretreated using a \VP2000
processor (Abbott Laboratories Chicago, IL). After deparaffinization and rehydration, the
slides were acid treated in 0.2 N HCI for 20 minutes, washed twice in SSC, placed in 8.1%
sodium thiocyanate, washed twice in SSC, digested in 0.8% pepsin for 10 minutes, washed
twice in SSC, and post-fixed in 10% neutral-buffered formalin. Slides were then denatured
for 16 minutes at 79°C and then hybridized with a Vysis LSI EWSR1 dual-color probe
(Abbott Laboratories) and incubated overnight (14-16 hours) at 37°C. The Vysis LSI
EWSR1 dual-color probe comprises a 497-kilobase orange fluor-labeled probe to 22q12 and
a green fluor-labeled probe to the telomeric region of chromosome 22 (MS607). After
incubation, slides were washed for 3 minutes in 0.4 twice in SSC/0.3% NP40 at 79°C,
followed by washing at 25°C twice in SSC for 3 minutes and quick rinse in dH,0. After air
drying, slides were counterstained using DAPI/Fluorguard solution and then coverslipped.
For each case, the foci of interest (invasive and surface mesothelial proliferation) were
marked on a hematoxylin and eosin-stained slide. These marked areas of interest were then
localized by an anatomic pathologist with extensive experience in FISH analysis on the
DAPI-stained FISH slide and scanned at high-power. Slides were scanned using a
Metasystems slide scanner (MetaSystems, Altlussheim, Germany) in the areas containing
tumor. A positive break-apart event was defined as a DAPI-stained nucleus with separate
orange and green signals. Using the images captured by Metasystems, at least 50 to 100
nuclei were counted, and the percentage of positive nuclei was calculated. The threshold,
accounting for section truncation artifact, for EWSR1 break-apart for this assay on FFPE
sections was found to be 4.4%.

2.4. Capture-based next-generation sequencing

Tumor tissue from the resection specimen was selected for capture-based next-generation
sequencing (NGS), following informed consent for testing and communication of somatic
findings to the treating medical team. Sequencing libraries were prepared from genomic
DNA extracted from punch biopsies of tumor tissue from FFPE tissue. Sequencing was
performed at the UCSF Clinical Cancer Genomic Laboratory using an assay that targets the
coding regions of 480 cancer-related genes, select introns from 40 genes and the TERT
promoter, with a total sequencing footprint of 2.8 megabases (UCSF500 panel) [19].
Targeted enrichment was performed by hybrid capture using a custom oligonucleotide
library. Sequencing was performed on an Illumina (San Diego, CA) HiSeq 2500. Duplicate
sequencing reads were removed computationally to allow for accurate allele frequency
determination and copy number calls. The analysis was based on the human reference
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sequence UCSC build hg19 (NCBI build37), using the following software packages:
BWAO.7.13, Samtools: 1.1 (using htslib 1.1), Picard tools: 1.97 (1504), GATK: Appistry
v2015.1.1-3.4.46-0-ga8e1d99, CNVKkit: 0.7.2, Pindel: 0.2.5b8, SATK: Appistry v2015.1.1-1-
gead5d62, Annovar: v2016Feb01, Freebayes: 0.9.20, and Delly 0.7.2 [20-27]. Only
insertions/deletions up to 100 base pairs in length were included in the mutational analysis.
Somatic single-nucleotide variants and insertions/deletions were visualized and verified
using the Integrated Genomics Viewer (Broad Institute, Cambridge, MA) [28,29]. Genome-
wide copy number analysis based on on-target and off-target reads were performed by
CNVKit [24] and Nexus Copy Number (Biodiscovery, Hawthorne, CA).

3. Results

3.1. Case

A 24-year-old woman noticed a soft, mobile, painless, golf ball-sized lump in her posterior
right calf that had grown slowly over 2 years. No other constitutional symptoms were noted.
She subsequently underwent magnetic resonance imaging, which showed a T1 hypointense,
T2 hyperintense 6 x 3 x1.8-cm lobulated superficial calf mass. No regional or distant
metastases were identified. The incisional biopsy specimen demonstrated a pauci-cellular
proliferation of monomorphic small round cells with oval nuclei, finely dispersed but dense
chromatin, small nucleoli, and small amount of clear cytoplasm (Fig. 2A). The tumor cells
were arranged in cords and thin trabeculae in a background of myxohyaline stroma. Mitoses
were not readily identified and necrosis was not present. Immunohistochemistry, which was
performed and evaluated at the referring institution, demonstrated diffuse membranous
positive staining for CD99 and negative staining for keratin cocktail, AE1/AE3, EMA,
SMA, CD34, CD31, and CD45. S100 showed only rare weak positive cytoplasmic staining
and no nuclear staining. An immunostain for NKX2.2 and an EWSR1 break-apart signal by
FISH, performed at the referring institution and not available for review, were reportedly
positive. An initial diagnosis of extraskeletal Ewing sarcoma was made on the basis of
histopathological features, immunophenotype, and FISH results.

She was referred to our institution for care. Based on the initial diagnosis, she received 5
cycles of neoadjuvant therapy, alternating doxorubicin, vincristine, and cyclophosphamide
with ifosfamide and etoposide. Subsequent restaging of lower extremity magnetic resonance
imaging demonstrated no significant change in size of the tumor (Fig. 1A). Intraoperatively,
the mass consisted of a 4-cm well-circumscribed and encapsulated, firm yellow nodule in
the deep subcutaneous adipose tissue, abutting but not involving skeletal muscle or deep
fascia. Microscopically, the posttreatment resection specimen showed identical morphologic
features to the pretreatment biopsy. Specifically, it was a hypocellular tumor composed of
small round cells arranged in cords, thin trabeculae, and pseudoacinar structures in a
background of prominent fibromyxoid stroma (Fig. 2B-D). The tumor was bound by a
fibrous capsule of uniform thickness. No evidence of treatment effect was seen, including no
necrosis or increased fibrosis. Mitoses were infrequent, with a maximum of 2 mitoses per 10
high-power fields. No atypical mitotic forms were identified. The surgical margins were
negative. The immunophenotype was similar to the pretreatment biopsy. Tumor cells showed
patchy membrane positivity for CD99, with some areas showing complete membranous
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staining (Fig. 3A) and some areas lacking CD99 staining altogether. Immunostaining for
NKX2.2 showed strong and diffuse nuclear positivity (Fig. 3B). Patchy perinuclear dot-like
positivity for AEL/AE3 + CAMS5.2 cocktail (pan-keratin) and EMA (Fig. 3C and D) was
seen. Immunohistochemistry was negative for S100 and desmin, as well as myoepithelial
markers, including SMA, p63, and calponin (Fig. 3E-G). The tumor cells were also negative
for synaptophysin and GFAP (not shown). INI-1 (BAF47) nuclear staining was retained (not
shown). A provisional diagnosis of “mesenchymal round cell and stromal neoplasm” was
made. No further chemotherapy or radiation treatment was pursued. The patient is free of
local recurrence or metastases 12 months after resection.

3.2. Molecular genetics

After resection of the mass, the positive EWSR1 break-apart FISH result was confirmed
(Fig. 4C). RT-PCR testing for the 2 most common gene fusions—associated with Ewing
sarcoma, ESWRI-FLI1and ESWR1-ERG, was performed and was negative (not shown). In
an effort to identify the £EWSR1 fusion partner, a capture-based NGS approach (UCSF500
panel) was then used on tumor tissue from the resection specimen, which revealed a precise
translocation event between £WSR1 and NFATCZ. A genomic breakpoint occurred in intron
10 of EWSR1 (NM_013986, genomic location: 29687751) and intron 2 of NFATCZ2
(NM_173091, genomic location: 50135065; Fig. 4A). The breakpoint created a predicted in-
frame transcript that fuses exons 1-10 of EWSR1 (amino acids 1-349) to exons 3-11 of
NFATCZ (amino acids 388-925). Chromosomal copy number analysis revealed
amplification of the EWSRI-NFATCZ2fusion gene with loss of chromosomes 20q and 22q
distal to the breakpoints but otherwise a simple genome with only a few additional gains and
losses on 20q (Fig. 4B). The loss of chromosomes 20q and 22q distal to the breakpoints in
both EWSR1-NFATCZ2 cases suggests the formation of a ring chromosome, which has been
described in these tumors previously [13]. The predicted fusion protein retains the N-
terminal EWSRL transactivation domain and the C-terminus of NFATC2 containing a Rel
homology DNA-binding domain (Fig. 4D). No coding nonsynonymous single-nucleotide
variants, insertions, deletions, focal amplifications, or deep deletions were identified in any
of the genes on the panel.

4. Discussion

The differential diagnosis of mesenchymal neoplasms that harbor £EWSRI gene
rearrangements ranges from clinically indolent to frankly malignant tumors. Often,
correlation with morphology, immunohistochemistry, and clinical presentation is necessary,
and ancillary genetic testing may be needed. We describe a case of a mesenchymal round
cell tumor with abundant stroma that harbors an EWSR1 gene rearrangement to NFATC2.
The primary differential diagnosis in the case presented above included Ewing sarcoma,
Ewing-like tumors, or myoepithelial tumors, all of which can have EWSR1 gene
rearrangements.

Ewing sarcoma is generally characterized by primitive round cells with £EWSR1 fusions to
ETS gene family members. Recognized morphologic variants include rosette formation
(previous denoted as primitive neuroectodermal tumor) and adamantinoma-like. An
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important morphologic clue to the diagnosis is the relative absence of stroma in Ewing
sarcoma. Ewing-like tumors are typified by Ewing morphology but display £WSR1 fusions
with non-ETS family genes, which encompass those that encode for zinc finger proteins
such as PA7.Z21[30] and SP3[31], and a case of SMARCAS5[32], a member of the SWI/SNF
chromatin-remodeling complex. These neoplasms tend to occur in older individuals and, to
date, have only been reported in extraskeletal sites. Given the relative paucity of cases, little
is known about their clinical behavior.

The definition of the Ewing-like category is controversial and has historically included
neoplasms with several genetic rearrangements, including tumors harboring EWSR1-
POUSFI gene fusions [33]. The initial description of bone tumors with EWSR1-POU5F1
reported immunoexpression with S100 and keratins consistent with a myoepithelial tumor
[33]. Over the past decade, significant work has been done to document the
clinicopathological features of myoepithelial tumors, which are now recognized to occur in
soft tissue, bone, and other visceral locations [34-36]. Although the morphologic features
are diverse, tumor cells usually exhibit spindled or epithelioid cytomorphology. Growth
patterns include solid nests or sheets, cords or trabeculae, and sometimes discohesive
clusters, but typically contain fibrous, myxoid, or myxohyaline stroma. A subset of pediatric
myoepithelial tumors can also contain a small round undifferentiated component much
analogous to the morphology seen in Ewing sarcoma [37]. Immunohistochemical studies
have shown that myoepithelial tumors express keratins, EMA, and S100, and roughly half of
cases are positive for GFAP [34,35], with variable expression for smooth muscle markers
(calponin, SMA, and p63). EWSR1 gene fusions are found in roughly half of the cases of
soft tissue myoepithelial tumors and in up to 71% of cases in primary intraosseous
myoepithelial tumors [35,37,38], with EWSR1-POUSFI being the most common fusion and
more common in tumors exhibiting clear cell morphology [39]. Other variants include
EWSRI1-PBX1[40], EWSRI-PBX3[41], EWSR1-ATFI [42], EWSRI-ZNF444[43], and
EWSRI-KLF17[44]. Non—-EWSRI-rearranged myoepithelial tumors have recently been
shown to harbor FUS-KLF17gene fusions, tend to affect younger patients, and often display
more myxohyaline stroma [44]. A series of cutaneous myoepithelial tumors showed positive
EWSRI1 gene rearrangements in 3 of 8 of cases, 2 of which were localized to the subcutis.
However, fusion partners were not identified in this study [45]. Notably, the clinical behavior
of myoepithelial tumors differs from Ewing sarcoma with different treatment and clinical
management. Although clinical outcome can be unpredictable in soft tissue myoepithelial
tumors, it is dependent, in part, on cytologic atypia, mitoses and necrosis [34].

At present, it is unclear how best to classify EWSRI-NFATC2tumors. The
clinicopathological features of our case, as well as those of others (Tables 1 and 2), argue
that they constitute an entity distinct from “classic” Ewing sarcoma. The prominent
trabecular and pseudoacinar growth with abundant myxohyaline stroma reminiscent of
“myoepithelial” morphologic appearance has not been previously described in EWSR1-
NFATCZtumors (Fig. 1A-D). In contrast to Ewing sarcoma and most Ewing-like tumors,
which are commonly characterized by diffuse sheets of monotonous primitive cells with or
without rosette-like structures and little or no intervening stroma [16], the case we present
contains abundant stroma, with trabecular architecture and a low mitotic rate. Molecularly,
the present case showed EWSRI exon 10 fused to NFATCZexon 3 by NGS in contrast to
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other EWSR1-NFATCZ fusion tumors that reported Sanger sequencing or RT-PCR results
demonstrating that £/WSRI exon 8 joined to NFATCZ2exon 3.

Immunohistochemically, expression of EMA was seen in 2 (40%) of 5 EWSR1I-NFATC2
cases, and dot-like staining of keratin observed in 3 (38%) of 8 cases evaluated in the
literature and including our case (Table 1) [14,15]. The expression of other myoepithelial
and smooth muscle markers was typically negative or not reported, as seen in our case, and
thus falling short of immunohistochemical support of myoepithelial differentiation. All cases
of EWSRI1-NFATC2-rearranged tumors thus far described express membranous CD99 to
some degree, ranging from only focal to diffuse staining, with the present case showing
patchy expression. In contrast, Ewing sarcoma typically demonstrates diffuse, strong
membranous CD99 immunoreactivity. The presence of CD99 expression is not specific for
Ewing sarcoma and patchy staining and/or diffuse nonmembranous expression is often seen
in other mesenchymal neoplasms. The lack of strong membranous CD99 expression in
EWSRI-NFATC2tumors suggests that, by this parameter, they are a neoplasm distinct from
classic Ewing sarcoma. The present case showed expression for NKX2.2, which is a
relatively recently identified nuclear marker with high sensitivity for Ewing sarcoma [46—
48]; however, it lacks specificity and has been shown to be positive in a small subset of other
round cell tumors with EWSRI rearrangements, including desmoplastic small round cell
tumor and soft tissue myoepithelial tumors [46-48]. NKX2.2 can also show
immunoreactivity in a high percentage of mesenchymal chondrosarcomas and olfactory
neuroblastomas, tumors with resemblance to Ewing sarcoma but are not associated with
EWSR1 gene fusions, and thereby may diminish the diagnostic value of this stain.
Therefore, EWSRI-NFATCZ-rearranged tumors are not defined by a specific
immunophenotype and exhibit variable limited expression of epithelial and myoepithelial
markers. From this perspective, immunohistochemistry is of little value in resolving the
question of histogenesis, which remains to be elucidated.

Limited information on the clinical behavior of EWSRI-NFATCZtumors is available. Only
5 reported cases, including our case, have any clinical and/or follow-up data (Table 2), which
emphasizes the need for more data on these unique tumors. Two (50%) of 4 cases in which
radiology was reported demonstrated locally aggressive features. One of the intraosseous
tumors arose in a site that underwent irradiation 7 years prior for non—Hodgkin lymphoma
[14]. Two cases had local recurrence (33%); however, it is noted that both of these cases had
suboptimal initial surgical resections [15,17]. One tumor was treated by curettage and the
other by marginal excision due to an initial misdiagnosis of diffuse large B-cell lymphoma.
Upon recurrence, 1 of these 2 cases also reported a suspicious lung lesion, but no pathology
was described [17]. Importantly, none of the cases for which clinical information was
available demonstrated metastatic disease at the time of initial diagnosis, in contrast to
Ewing sarcoma, which exhibits detectable metastases in approximately a quarter of patients
at the time of diagnosis [49]. Three of the 5 cases with reported clinical data underwent
neoadjuvant chemotherapy. Two cases were described as primarily chemoresistant [17] as
was observed in the case presented here. This lack of treatment response suggests a
biological difference between EWSRI-NFATCZ-rearranged tumors and Ewing sarcoma.

Hum Pathol. Author manuscript; available in PMC 2021 May 07.
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NFATCZ encodes a transcription factor that plays key roles in immune responses and
neuronal development. Specifically, NFATCZ2function is controlled by calcium-dependent
activity of calcineurin, which dephosphorylates inhibitory phosphate residues [50]. This
action exposes a nuclear localization signal, thus allowing NFATC2 to traffic into the
nucleus where it interacts with the transcription factor AP1, composed of fos and jun
proteins [50]. In a similar manner, ETS gene family members also complex with AP1;
however, NFATC2 contains a DNA recognition motif with homology to the Rel family of
transcription factors, which is not expressed by ETS family proteins. The EWSRI-NFATC2
fusion results in a truncated NFATC2 protein with loss of the first 2 exons, which encode the
regulatory region. In the absence of negative phosphorylation signals, NFATC2 is thought to
freely and constitutively translocate to the nucleus where it binds to and transcribes target
genes [13]. Although several of the promoter regions in immune and neuronal cells have
been identified, the exact mechanism(s) by which EWSRI-NFATCZ initiates and maintains
oncogenesis is unknown and awaits further investigation.

In summary, we present a case of an EWSRI-NFATCZ fusion tumor with round cell
morphology and prominent myxoid to fibrous stroma. This tumor is the second documented
case of an EWSRI1-NFATCZ2—earranged tumor occurring in soft tissue and the first case to
be reported in a woman. By several parameters, these tumors are distinct from classic Ewing
sarcoma. Morphologically and early evidence suggests also in clinical behavior, they bear
resemblance to myoepithelial tumors but are an imperfect fit within this category
immunophenotypically. Overall, these cases contribute to the growing diversity of
mesenchymal tumors harboring £WSR1 gene fusions and highlight a unique presentation of
an EWSRI-NFATC2Ztumor.
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Fig. 1.

Magnetic resonance imaging, coronal short T1 inversion recovery sequence demonstrating a
hyperintense, well-circumscribed, solid mass situated between the subcutaneous fat and
muscle belly of the medial head of the right gastrocnemius muscle (arrow).
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Fig. 2.
A, High-magpnification view of the tumor in the incisional biopsy, characterized by

anastomosing cords and pseudoacini of small round tumor cells embedded within a
hypocellular myxoid stroma. B, Low-power view of the excision specimen showing a
circumscribed, encapsulated subcutaneous mass with a pushing border into skeletal muscle.
The modestly cellular tumor is embedded in a variable fibrous and myxoid stroma. C,
Medium-power view demonstrating corded, interlacing thin-trabecular, and pseudoacinar
growth patterns bounded by a thick fibrous capsule. D, High-power view showing
monomorphic small round blue cells with fine, evenly dispersed chromatin, small nucleoli,
and scant cytoplasm within abundant myxoid stroma.
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Fig. 3.
Immunohistochemical stains from the resection specimen revealed positive membranous

staining for CD99 (A), strong positive nuclear staining for NKX2.2 (B; note the negative

staining of endothelial cells in upper right), dot-like EMA (C), and keratin (D) positivity, and
absent staining for S100 (E), p63 (F), and calponin (G; note the positive calponin staining of
perivascular cells).
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Fig. 4.

A, NGS read piles aligned to the human genome and visualized using the Integrative
Genomics Viewer. The rainbow plot shows discordant mate pairs in the tumor with one mate
mapping to intron 10 of EWSR1 (NM_013986) on chromosome 22 and the other mapping
to intron 2 of NFATCZ2 (NM_173091) on chromosome 20. B, Chromosomal copy number
plot demonstrating amplification of regions on chromosomes 20q and 22q corresponding to
the EWSRI-NFAT2C fusion, with losses of 20q and 22q distal to the translocation
breakpoints. The genome is otherwise simple, with additional focal gains and losses of 20q
and no other copy number changes. C, Dual-color FISH using probes with specificity for the
centromeric (orange) and telomeric (green) regions of the EWSRI gene. Yellow signal
represents fused probes (hormal). Break-apart and amplification of the centromeric region
(red) are present in tumors cells (arrows). D, The predicted EWSR1-NFATCZ2 gene fusion is
composed of the N-terminus exons 1-10 of £WSR1, which encompass the transactivation
motif (TAD), and the C-terminus exons 3-11 of NFATCZ, which includes a Rel homology
domain (RHD) and an RHD dimerization domain (RHD dimer).
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