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Abstract

Epithelioid sarcomas (ES) are mesenchymal neoplasms subclassified into distal and proximal
subtypes based on their distinct clinical presentations and histologic features. Consistent loss of
SMARCB1 nuclear expression has been considered as the hallmark abnormality for both subtypes,
a feature shared with atypical teratoid/rhabdoid tumor of infancy (ATRT). While virtually all
ATRTSs harbor underlying SMARCB1 somatic or germline alterations, mechanisms of SMARCB1
inactivation in ES are less well defined. To further define mechanisms of SMARCBL1 inactivation
a detailed molecular analysis was performed on 40 ES (25 proximal and 15 distal ES, with classic
morphology and negative SMARCBL1 expression) for their genomic status of SMARCBL1 and
related genes encoding the SWI/SNF subunits (PBRM1, BRG1, BRM, SMARCC1/2 and ARID1A)
by FISH using custom BAC probes. An additional control group was included spanning a variety
of 41 soft tissue neoplasms with either rhabdoid/epithelioid features or selected histotypes
previously shown to lack SMARCB1 by IHC. Furthermore, 12 ES were studied by array CGH
(aCGH) and an independent TMA containing 50 additional ES cases was screened for Aurora
Kinase A (AURKA) and cyclin D1 immunoexpression. Homozygous SMARCB1 deletions were
found by FISH in 36/40 ES (21/25 proximal-type). One of the distal-type ES displayed
homozygous SMARCBL1 deletion in the tumor cells, along with a heterozygous deletion within
normal tissue, finding confirmed by array CGH. None of the proximal ES lacking homozygous
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SMARCBL deletions displayed alterations in other SWI/SNF subunits gene members. Among
controls, only the SMARCB1-immunonegative myoepithelial carcinomas displayed SMARCB1
homozygous deletions in 3/5 cases, while no gene specific abnormalities were seen among all
other histologic subtypes of sarcomas tested regardless of the SMARCBL1 protein status. There
was no consistent pattern of AURKA and Cyclin D1 expression. The array CGH was successful in
9/12 ES, confirming the SMARCBL and other SWI/SNF genes copy numbers detected by FISH.
Our study confirms the shared pathogenesis of proximal and distal ES, showing consistent
SMARCB1 homozygous deletions. Additionally we report the first ES case associated with a
SMARCBL constitutional deletion, establishing a previously undocumented link with ATRT.
Alternative mechanisms of SMARCBL inactivation in SMARCB1-disomic ES remain to be
identified, but appear unrelated to large genomic abnormalities in other SWI/SNF subunits.
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INTRODUCTION

Epithelioid sarcomas (ES) are rare but aggressive soft tissue neoplasms occurring in young
individuals, being characterized by expression of epithelial markers along with loss of
SMARCB1 (INI1, BAFA47) nuclear expression (Fletcher et al., 2013). ES are sub-classified
into distal (or conventional) type (Enzinger, 1970), typically occurring in the skin or
superficial soft tissues of the distal extremities; and proximal type (Guillou et al., 1997),
often more aggressive, located in the deep soft tissue of the perineum, and harboring
distinctive rhabdoid cytology.

SMARCBL, which encodes the SMARCBL protein, has been first identified as a tumor
suppressor gene at the 22q11 locus, being inactivated in 95% of extracranial malignant
rhabdoid tumors of the kidney (MRT) and atypical teratoid rhabdoid tumors (ATRT) of the
central nervous system of infancy (Versteege et al., 1998; Jackson et al., 2009).
Histologically, these lesions display similar rhabdoid features, express epithelial markers
and show loss of SMARCBL expression, features reminiscent of proximal-type ES.
Accordingly, SMARCBL deletions were later identified in proximal-type ES (Modena et al.,
2005) and loss of SMARCB1 nuclear expression was subsequently detected by
immunohistochemistry (IHC) in up to 93% of ES, both proximal and distal types (Chbani et
al., 2009; Hornick et al., 2009). However, the prevalence of SMARCBL1 gene alterations
reported initially in distal ES by using standard molecular techniques, such as FISH or PCR,
was significantly lower than in proximal type ES (Modena et al., 2005) or ATRT (Flucke et
al., 2009; Kohashi et al., 2009; Gasparini et al., 2011).

Only more recently, a high frequency of SMARCBL1 deletions was detected in a series of 12
ES of both subtypes by multiplex ligation-dependent probe amplification (Sullivan et al.,
2013). Additionally, one family with rhabdoid tumor predisposition syndrome lacking
SMACB1 gene abnormalities was linked to BRG1 inactivation, which encodes another
subunit of the SWI/SNF complex tightly bound to SMARCB1 (Schneppenheim et al., 2010).
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This latter finding suggests that rhabdoid tumors may be more broadly related to SWI/SNF
complex alterations. Therefore, we sought to reappraise the frequency of SMARCB1
deletions in a large series of ES and investigate alternative hits in the SWI/SNF complex-
encoding genes. For this purpose, we screened a retrospective series of histologically and
immunophenotypically typical 40 ES cases by fluorescence in situ hybridization (FISH) and
array-comparative genomic hybridization (a-CGH). Additionally, as SMARCB1-loss of
immunoexpression is not specific for ES and has been reported in other look-alike
epithelioid malignancies (Hollmann and Hornick, 2011), we studied a control group of
different histotypes, often entertained in the differential diagnosis of ES or previously
reported to lose SMARCBL expression, in order the investigate if their mechanism of
SMARCB1 inactivation is also related to SMARCB1 homozygous deletions.

MATERIAL AND METHODS

Patient Selection and Tumor Characteristics

We retrieved 40 archival specimens of epithelioid sarcomas (ES), either distal or proximal
types, from the Pathology Departments of Memorial Sloan Kettering Cancer Center (New
York, USA) and Institut Bergonié (Bordeaux, France). Samples from Institut Bergonié were
provided by the Biological Resources Center of Institut Bergonié (CRB-IB). In accordance
with the French Public Health Code (articles L. 1243—4 and R. 1243-61), the CRB-IB
received the agreement from the French authorities to deliver samples for scientific research
(number AC-2008-812, on February 2011). Samples from MSKCC were collected and
studied under 02-060 IRB protocol.

All cases were re-reviewed and loss of SMARCB1 expression by immunohistochemistry
was required for inclusion in the study. Additionally, we included a control group composed
of 41 tumors of either potential mimickers of ES or tumors previously reported to lose
SMARCB1 expression. The following lesions were included: 12 soft tissue and visceral
myoepithelial carcinomas (defined based on the increased nuclear pleomorphism and mitotic
activity and selected based on either loss of SMARCB1-expression or distinctive rhabdoid
phenotype); 1 chordoma periphericum (confirmed by expression of T-brachyury), 10
extraskeletal myxoid chondrosarcomas (selected based on either loss of SMARCB1-
expression or distinctive rhabdoid phenotype), 4 ossifying fibromyxoid tumors (OFMT), 3
high grade sarcomas with rhabdoid features, 3 epithelioid malignant peripheral nerve sheath
tumors (epMPNST), 7 pseudomyogenic (epithelioid sarcoma-like) hemangioendotheliomas
(PHE), and one high grade epithelioid angiosarcoma with distinctive rhabdoid morphology.

Immunohistochemistry (IHC)

Immunohistochemistry for SMARCB1 were reviewed. Additional stains were performed
with antibodies anti-BAF47 (mouse monoclonal, 1:30, clone 25, BD Bioscience), Aurora
Kinase A (mouse monoclonal, 1:50, JLM28, Novocastra) and Cyclin D1 (rabbit monoclonal,
1:100, SP4, Lab Vision). Immunohistochemistry studies were performed on 4 pm-thick
paraffin-embedded tissue sections with Benchmark-ultra Automated Ventana.
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Fluorescence in situ hybridization (FISH)

FISH was performed on interphase nuclei using paraffin embedded 4 pm-sections. Slides
pretreatment and FISH procedures were performed as previously described (Antonescu et
al., 2010). Custom-made probes using bacterial artificial chromosomes (BAC) were
designed covering and flanking genes of interest as well as control BAC probes targeting
centromeric or telomeric part of the corresponding chromosome (Supplementary Table 1).
BAC clones were obtained from BACPAC sources of Children’s Hospital of Oakland
Research Institute (Oakland, CA) (http://bacpac.chori.org). DNA extraction and labeling
were performed according to manufacturer’s instructions. Slides were assessed using a Zeiss
fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany), controlled by Isis
software (Metasystems, Watertown, MA, USA) and analyzed only when >80% of nuclei
were hybridized. Copy number abnormalities were assessed on 100 nuclei by two
independent observers. Normal copy number pattern was defined when two copies of the
SMARCBL gene or other members of the SWI/SNF complex were identified, with a 1:1 ratio
to the control probe (i.e. telomeric-EWSR1 or 22q11). Heterozygous deletion was defined as
only one copy of the gene of interest being present compared to the reference control probe
on 22q (ratio 2:1). Homozygous deletion of SMARCB1 was interpreted when both copies of
the gene were lost, compared to the control probes, either telomeric-EWSR1 or 22q11. A
monosomy pattern (or large deletion) was defined if one allele copy of both the gene of
interest and control were lost, with a ratio of 1:1. In cases where both SMARCBL1 and
EWSR1 signals were lost concurrently, two additional control probes were used as reference
on 22q11 (RP11-960P21+RP11-81B3, see Supplementary Table 1).

Tissue micro-array (TMA)

The TMA included 50 ES samples (42 distal and 8 proximal types). The TMA also included
5 other neoplasms as controls. Each case was represented by three spots of 4 um thick and 1
mm in diameter. IHC was performed with AURKA and cyclinD1 antibodies. CyclinD1
positivity was interpreted only if nuclear staining was detected, whereas both nuclear and
cytoplasmic patterns were assessed for AURKA. We assessed the percentage of positive
nuclear staining, as well as degree of staining intensity, as described previously (Ali et al.,
2012).

Array comparative genomic hybridization (a-CGH)

aCGH was performed following manufacturer protocol modified by Hostetter et al.
(Hostetter et al., 2010). One microgram of genomic DNA extracted from archival material
and 400 ng of reference DNA were labeled with Cyanine 5 and 3, as described previously
(Perot et al., 2012). Labeled DNA was hybridized to Agilent arrays (Agilent Technologies)
with a 60k resolution across the genome. Slides were scanned on Agilent microarray scanner
and analyzed using Feature extraction software, version 10.5.1.1 (Agilent Technologies) and
Agilent genomic workbench lite 6.5.0.18. The ADM-2 algorithm was used to identify DNA
copy number anomalies at the probe level. Homozygous deletion was considered when log2
ratios of targeting probes were below 1. Intermediate log2 ratios values between -1 and
-0.25 do not allow to be conclusive as to whether the deletion is homo or heterozygous. A
low-level copy number gain was defined as a log 2 ratio > 0.25. To further characterize the
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22911 somatic deletion identified in case ES#6, we used custom-designed aCGH 180k
Agilent array with high density coverage of 22g11 locus (in which 200 oligonucleotide
probes target SMARCB1).

RESULTS

Histological and Immunohistochemical Findings

Forty ES (25 proximal and 15 distal), showing a typical morphology and immunophenotype,
including loss of SMARCB1 expression, were included in the study (Table 1). Patients mean
age at diagnosis was 35 years old (range: 21-60 years) in the distal-type group and 36 years
old (range: 14-71 years) in the proximal-type group. Among the control cases 5/12
myoepithelial carcinomas and 1/10 extraskeletal myxoid chondrosarcoma (EMC) showed
diffuse loss of SMARCBL expression. Six additional EMCs showed a mosaic pattern of loss
of SMARCBL expression. The remaining tumors with epithelioid or rhabdoid morphology
showed retained SMARCB1 expression.

SMARCB1 (SMARCB1) genomic status

Overall, SMARCB1 homozygous deletion was present in 36 of the 40 samples, including all
15 distal ES and 21/25 proximal ES (Table 1, Fig. 1A,B). The EWSR1 control probe was
heterozygous co-deleted with SMARCBL1 in 9 cases, accounting for larger deletions at the
22q locus. This finding was present in both distal (3) and proximal type (6) cases. Only one
proximal ES showed a heterozygous deletion of SMARCBLI. In this case the 22q11 deletion
encompassed both SMARCB1 and EWSR1 loci, as illustrated by the additional reference
22011 probes (Fig 1.C,D). Notably, one distal type ES displayed homozygous deletion in
tumor cells along with heterozygous deletion in normal cells, a finding suggestive of
constitutional deletion (Fig. 2).

Three proximal ES cases showed a normal pattern, with two copies of the SMARCB1. The
ES cases with either two copies or heterozygous deletion of SMARCB1 were also tested for
abnormalities in other SWI/SNF gene subunits, however, no additional changes were noted.
The three ES cases that retained two copies of SMARCB1 were all proximal ES located in
the perineum of a 40 year-old male, axilla in a 14 year-old boy and cervical area in the 38
year-old man. The only tumor with heterozygous deletion of SMARCB1 occurred in the
groin of a 33 year-old man. No difference in morphology or diagnostic immunophenotype
was identified among the different SMARCB1 gene status cases.

From the control group all except one tumor with SMARCB1-retained protein expression by
IHC showed 2 copies of SMARCBLI. Three of the 5 SMARCB1-negative myoepithelial
carcinomas displayed SMARCB1 homozygous deletions, all of which lacked EWSR1 gene
rearrangements (Table 2). These 3 cases showed typical morphology with
immunohistochemical support for myoepithelial differentiation (co-expression for S100
protein and epithelial markers), occurring in the foot, wrist and kidney (Fig. 3). All three
tumors showed a distinctive rhabdoid histologic appearance, either as a sole pattern or
admixed with a more nested, spindle or myxoid appearances. In contrast, EMC with either
diffuse or mosaic pattern of SMARCBL1 loss of immunoexpression showed no SMARCB1
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gene abnormalities. Only one of the four ossifying fibromyxoid tumors showed one normal
SMARCBL copy and a large 22g11 deletion encompassing SMARCB1, EWSR1 and the
additional reference probe, but showed retained SMARCBL1 expression by
immunohistochemistry.

Array-CGH results (Table 3)

Twelve samples were processed by aCGH. Deviation Log?2 ratios (DLR) ranged from 0.19—
0.82. Three cases were excluded due to a low tumor cellularity (50%) displaying flat profiles
probably related to normal tissue contaminant. ES tumor displayed heterogeneous profiles,
ranging from few copy number alterations (CNA) < 10 in 5 cases, to highly rearranged
profiles in 6 cases. Genomic complexity did not correlate with ES subtype. The main
recurrent event was a deletion of 22g11 encompassing SMARCBL1 locus in 9 cases. In the
patient with FISH evidence of SMARCB1 mono-allelic deletion in the normal tissue (ES6),
aCGH was performed using genomic DNA extracted independently from normal and tumor
tissue. Both profiles displayed a similar deletion of 3Mb at 2211 locus covering SMARCB1
gene, thereby confirming the germline nature of the alteration (Fig. 2). The range of 22911
deletions varied in size from 100 Kb to 18 Mb. aCGH data correlated with FISH results in
all cases.

FISH screening for abnormalities in genes encoding SWI/SNF subunits

We hypothesized that alterations of other core members of the SWI/SNF complex might
disrupt the complex with subsequent SMARCBL1 protein loss or may be additionally
involved in cases with one retained SMARCBL allele or with SMARCB1-retained ES. Thus
we screened for copy number of SWI/SNF-encoding genes, such as BRM, BRG1, PBRM1,
SMARCC 1 and 2, ARID1A, in ES cases retaining 1 to 2 copies of SMARCB1 as well as 9
SMARCBZ1-null ES in comparison. In addition we tested all tumors included in the control
group. In brief there were no homozygous or heterozygous deletions identified in any of
genes and in any of the tumors tested. However, one distal ES (ES21) showed one copy of
BRG1 (1:1 ratio of BRG1 to the control probe, in keeping with the presence of larger
deletion/monosomy) in addition to a concurrent homozygous SMARCB1 deletion. By aCGH
analysis there was no evidence of BRG1 deletion in this sample, possibly due to normal
tissue contamination. Among the control cases, one case of myoepithelial carcinoma of the
salivary gland (CG#12, Table 2) showed one copy of PBRM1 and BRG1 (both with 1:1 ratio
to the control probe), while showing two normal signals for SMARCBL1.

Tissue Micro-Array (TMA) Analysis (Supplementary Table 1)

As ATRT display hyperactivation and subsequent overexpression of Aurora kinase A
(AURKA) and cyclin D1, we investigated whether SMARCB1-inactivated ES share a
similar pattern of protein expression. However, AURKA and Cyclin D1 were not
consistently overexpressed in ES, with only 13/50 ES showing positivity for AURKA,
including 1/8 proximal and 12/42 distal types. Similarly, 22/50 ES showed Cyclin D1 (>5%,
medium intensity), with 7/8 proximal and 15/42 of the distal cases. No clinicopathological
features correlated with expression of either AURKA or Cyclin D1.

Genes Chromosomes Cancer. Author manuscript; available in PMC 2014 November 10.
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DISCUSSION

Underlying mechanisms of SMARCBL protein loss in epithelioid sarcomas (ES) have long
remained elusive. While previous series reported SMARCBL1 loss of expression in roughly
90% of both proximal and distal types of ES (Chbani et al., 2009; Hornick et al., 2009),
corresponding genetic alterations in SMARCB1 gene appeared rather infrequent (Jackson et
al., 2009; Papp et al., 2013). This is in contrast with ATRT in which SMARCB1 loss is
associated with SMARCB1 gene alterations in virtually all cases. Evidence for SMARCB1
abnormalities in ES was first demonstrated by Modena et al (Modena et al., 2005)
exclusively in the proximal type. Subsequent conflicting data emerged from larger series
highlighting that SMARCBL deletions occur only a minority of proximal ES (Kohashi et al.,
2009; Papp et al., 2013). Similarly, SMARCBL1 alterations were occasionally reported in
distal ES (Gasparini et al., 2011). In contrast, Sullivan et al. studying a group of 12 ES by
FISH and multiplex ligation-dependent probe amplification showed deletions in all cases,
equally represented in either proximal or distal types. Most cases showed homozygous
deletions, in 10/12 (83%) cases, while the remaining two cases showing heterozygous
deletions (Sullivan et al., 2013). In concordance with these results, the findings of our larger
series using FISH, validated by aCGH, demonstrate that SMARCB1-inactivation occurs
through homozygous deletions of SMARCBL1 in the overwhelming majority of cases (36/40,
90% of cases). The combined results from these two series reconcile the previous conflicting
data and demonstrate through different methodologies that proximal and distal types of ES
show a similar mechanism of SMARCBL1 inactivation, mainly through SMARCB1
homozygous deletions, which can readily be identified by FISH in clinical practice, in
difficult to diagnose cases.

An additional novel finding is the identification of the first case of ES occurring in the
setting of SMARCBL constitutional deletion. So far, ES had never been reported in the
setting of a rhabdoid predisposition syndrome or familial schwannomatosis. This particular
case occurred in a 25 year-old woman without prior familial or personal history of cancer
who developed a distal-type ES of the hand, treated with surgery and radiotherapy. The
patient remains alive without recurrence at 5 years follow-up. aCGH highlighted a deletion
of 3Mb on 22qg11 encompassing SMARCBL (Figs. 2C, D) present in both tumor and normal
tissues. Additionally SMARCB1 heterozygous deletion was present in all normal cells
examined by FISH (i.e. fibroblasts, lymphocytes, keratinocytes and endothelial cells).
Histologically, the tumor showed classic clinical presentation and morphologic features,
with mixed spindle and epithelioid appearance, distinct from a rhabdoid tumor of the soft
tissue (Bourdeaut et al., 2007). In contrast, rhabdoid tumors typically occur in infancy and
display at least focal rhabdoid features (Jackson et al., 2007; Bourdeaut et al., 2011). Most
carriers of SMARCBL1 constitutional alterations are prone to develop synchronous or
metachronous rhabdoid tumors as well as multiple schwannomas and meningiomas
(Hulsebos et al., 2007; Bacci et al., 2010). This finding expands the spectrum of tumors
occurring in the setting of SMARCB1 germline alterations and strongly reaffirms the key
role of SMARCBL inactivation in ES pathogenesis. Smarch1-deficient tumorigenesis has
been extensively studied in mice models (Roberts et al., 2000; Roberts et al., 2002), which
develop tumors recapitulating the features of rhabdoid tumors.
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In rhabdoid tumors SMARCBL inactivation drives tumorigenesis through deregulation of
cell cycle G1-S transition (Imbalzano and Jones, 2005), subsequently inducing
overactivation of Aurora kinase A (AURKA) and CyclinD1 (Tsikitis et al., 2005; Lee et al.,
2011; Smith et al., 2011). By analogy, ES sharing SMARCB1 abnormalities could also show
overexpression of CyclinD1 and AURKA. However, CyclinD1 and AURKA were not found
to be consistently overexpressed in 50 additional ES cases tested, suggesting that their
pathogenesis might rely on a different proliferation regulatory axis. Genomically, rhabdoid
tumors display remarkably simple alterations, limited to SMARCB1 deletions, commonly
without additional hits or other recurrent alteration (Lee et al., 2012; Hasselblatt et al.,
2013). Likewise, except for consistent 22q11 deletions, no other recurrent alterations were
detected in the 9 ES studied by aCGH.

Our results corroborate two previous studies (Gasparini et al., 2011; Sullivan et al., 2013)
suggesting that the leading mechanism of SMARCBL1 inactivation in both proximal and
distal ES is bi-allelic deletions in 22q11 encompassing the SMARCB1 tumor suppressor
gene locus, which in 90% of cases is within the resolution of FISH and can be reliably
applied clinically in difficult diagnoses. Although our study design did not include
sequencing analysis due to insufficient material, other studies have previously demonstrated
either lack or very low incidence of SMARCB1 mutations/ intragenic deletions as detected
through sequencing or MLPA (Kohashi et al., 2009; Papp et al., 2013; Sullivan et al., 2013),
thus suggesting an infrequent event in ES pathogenesis. In a recent study Papp et al (Papp et
al., 2013) investigated the possibility of SMARCB1-inactivation through epigenetic
changes, such as promoter or histone methylation. However, neither SMARCB1 promoter
methylation nor EZH2 overexpression (involved in gene silencing by histone methylation at
H3K27me3) were identified in their study, suggesting that hyper-methylation is not a
leading mechanism in ES. Furthermore, SMARCB1 mRNA loss was identified in all ES
cases by Q-PCR regardless of the gene copy number status excluding the possibility of
SMARCB!1-inactivation through post-translational modifications. However, only 13% of
their cases showed bi-allelic loss of SMARCBL by FISH, a figure significantly lower than
most other large studies using similar FISH methodology. The potential caveat was the use
of a BCR-specific FISH probe, which could explain the significant difference in the
incidence of SMARCB1 deletions.

An additional goal of this study was to investigate alternative alterations involved in
SMARCB1-retained ES and SMARCB1-lost ES without homozygous SMARCBL1 deletions.
SMARCBL1 is a subunit of the SWI/SNF complex, an ATP-dependent chromatin remodeling
complex which regulates gene expression through modulation of chromatin structure
(Roberts and Orkin, 2004). Chromatin remodeling has been the focus of intense
investigations recently and many SWI/SNF-encoding genes have been linked to cancer,
including BRG1, PBRM1 and ARID1A (Medina and Sanchez-Cespedes, 2008; Jones et al.,
2012; Pena-Llopis et al., 2012). Of note, BRG1 has been shown to be inactivated both at
somatic and germline levels in patients affected by SMARCB1-retained rhabdoid tumors
(Schneppenheim et al., 2010). We speculated that deletions of SWI/SNF-encoding genes
may be involved in the SMARCB1-retained ES or may represent an alternative mechanism
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for SMARCBL loss by disruption of SWI/SNF complex. However, there was no evidence of
recurrent deletions either by FISH or aCGH in genes encoding other SWI/SNF subunits.

Although SMARCBL protein loss correlates with SMARCBL1 gene alterations in most ES,
SMARCB1 immunonegativity is not specific for ES diagnosis and has been reported in
other sarcoma subtypes, displaying either epithelioid or rhabdoid morphology (Hollmann
and Hornick, 2011). As no prior studies had investigated the mechanisms of SMARCB1
inactivation outside the ES spectrum of lesions, we sought to analyze a large number of
sarcomas with either similar morphology or previously reported to show loss of SMARCB1
expression by immunohistochemistry. Except for a subset of myoepithelial carcinomas, the
remaining tumors did not reveal SMARCB1 gene abnormalities by FISH regardless of
SMARCB1 protein expression. These results confirm that loss of SMARCB1 expression is a
non-specific finding and can be seen in other sarcomas with epithelioid morphology.
Furthermore, SMARCB1 inactivation does not correlate with SMARCB1 gene abnormalities
beyond ES diagnosis. The only notable exception was the presence of homozygous
SMARCBLI deletions in a subset of EWSR1-fusion negative myoepithelial carcinomas with
loss of SMARCBL expression. This finding suggests that SMARCB1 abnormalities might be
an important mechanism of tumorigenesis in myoepithelial carcinomas, alternative to
EWSR1-associated fusions, and possibly related to ES pathogenesis. Intriguingly, the three
SMARCB1-negative myoepithelial carcinomas with SMARCBL1 biallelic deletions showed at
least focally distinctive rhabdoid morphology. Furthermore, no abnormalities were identified
in other SWI/SNF subunit members in any of these histologic mimics.

In summary, our results reveal that the dominant mechanism of SMARCBL1 loss of
expression in both distal and proximal ES is through homozygous deletions at the 22q11
locus, encompassing SMARCBL1 in the overwhelming majority of cases (36/40, 90%). This
shared genetic abnormality argues in favor of a single pathologic entity, for which the
terminology of epithelioid sarcoma is preferred, regardless of its peripheral or proximal
clinical presentation. As loss of SMARCBL. expression by immunohistochemistry is not
specific and occurs in other look-alike tumors with epithelioid/rhabdoid phenotype, FISH
for SMARCBL1 gene abnormalities can be used in the clinical setting as a useful ancillary
technique to document a homozygous deletion genomic pattern in challenging cases. In the
small minority of ES with normal SMARCB1 copy number, we did not identify alternative
recurrent alterations involving other genes in the SWI/SNF complex. Furthermore, our study
reports the first patient with an ES occurring in the setting of SMARCB1 constitutional
deletion. This finding further expands the spectrum of tumors occurring in the setting of
SMARCBL germline alterations. Lastly, similar homozygous SMARCB1 deletions were
identified in EWSR1-fusion negative myoepithelial carcinomas with SMARCB1 loss of
expression, suggesting a potential pathogenetic link with ES. No SMARCB1 or SWI/SNF
complex gene abnormalities were identified in any other tumors with epithelioid histology
studied, regardless of their SMARCBL1 protein status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proximal-type ESwith loss of SMARCB1 expression
(A,B) Common homozygous deletions of SMARCB1 (no red signals) while preserving two

copies of the control gene EWSR1 (green signals), except for the 2 normal cells in the center
with 1:1 Ratio (ES21). (C,D) Three-color FISH showing loss of one SMARCBL1 allele (red
signal) as well as one EWSR1 copy (green signal) and retained the additional reference
probe on 22q11 (yellow signal) in keeping with a heterozygous loss of SMARCB1 in ES37.
(E,F) Rare cases of proximal ES showed no SMARCB1 gene abnormalities (ES40). (G)
aCGH pan-genomic profile of tumor ES21 highlighting gains of chromosomes 7 and 8, on
16p and 16q and deletion on 22q. (H) Scatter Plot of the logs ratio signals captured with the
probes targeting chromosome 22. Probes targeting 22q11 locus encompassing SMARCB1
are highlighted in grey.
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Figure 2. SMARCB1 homozygous deletion in a distal-type epithelioid sarcoma arisingin a
patient with constitutional SMARCB1 deletion (ES6)

(A,B). Loss of both SMARCBL alleles (red signals), while retaining 2 copies of the control
gene EWSR1 (green) in the tumor cells. (C) The adjacent normal tissue (keratinocytes, skin)
shows loss of one SMARCBL1 copy and retention of the two green control copies. (D) Scatter
Plot of the log, ratio signals captured with the probes targeting chromosome 22 (aCGH,
Agilent) of tumor ES6. aCGH confirms the presence of deletions on 22¢, one of which
encompasses SMARCB1 (marked with a line) on 22q11. (E) Scatter Plot of the log, ratio
signals captured with the probes targeting 22911 locus. Copy number altered regions are
highlighted in brown; SMARCB1 location is indicated with *. (F) aCGH whole genome
profile in normal fat of ES6 is unremarkable, except for a 3Mb somatic deletion in long arm
of chromosome 22. (G) Scatter Plot of the log, ratio signals captured with the probes
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targeting chromosome 22 in normal fat of ES6. Deletion is indicated in blue and SMARCB1
position with *. Data were achieved with a custom-designed180k Agilent array with high
density coverage of 22q11 locus. (H) Scatter Plot of the log, ratio signals captured with the
probes targeting 22911 locus (aCGH, Agilent) in normal muscle of ES6 patient. SMARCB1
position, indicated on the bottom part, is encompassed within the deleted area.
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Figure 3. SMARCB1 homozygous deletionsin a subset of EWSR1 non-rearranged myoepithelial
carcinomas (CG#1)
(A) Morphologic appearance of a foot myoepithelial carcinoma composed of a heterogenous

patterns, including a predominant rhabdoid, nested, reticular, and focally spindle cell
morphology. (B) The immunohistochemical profile was supportive of myoepithelial lineage
with S100 protein staining. (C) The tumor showed complete loss of SMARCB1-expression
(retained within the entrapped vessels). (D) FISH analysis showed loss of both SMARCB1
copies (red signals), while retaining the green EWSRL1 control alleles.
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Clinicopathological data of the 40 distal and proximal epithelioid sarcoma patients.

Table 1

ES# | Age/Sex | Subtype | Site SMARCBL1 CN by FISH
1 55/F distal forearm 0
2 21/M distal hand

3 49/M distal forearm 0
4 27IF distal hand 0
5 22/M distal hand 0
6 25/F distal hand 0
7 60/M distal thumb 0
8 26/F distal hand 0
9 44/M distal thumb 0
10 36/F distal elbow 0
11 24/M distal hand 0
12 52/F distal wrist 0
13 35/M distal finger 0
14 38/F distal lower leg 0
15 32/F distal lower leg 0
16 23/IM proximal | groin 0
17 37/M proximal | perineum 0
18 33/M proximal | flank 0
19 64/M proximal | buttock 0
20 49/F proximal | suprapubic 0
21 50/M proximal | perineal 0
22 52/M proximal | axilla 0
23 27/M proximal | thigh 0
24 30/M proximal | inguinal 0
25 17/M proximal | arm 0
26 38/M proximal | perineum 0
27 49/F proximal | vulva 0
28 3UM proximal | perineum 0
29 26/M proximal | Perineum 0
30 36/M proximal | Perineum 0
31 71/M proximal | pubic area 0
32 47/M proximal | buttock 0
33 17/M proximal | cervical spine 0
34 17/M proximal | Pelvis 0
35 9/M proximal | arm/shoulder 0
36 33/M proximal | Buttock 0
37 33/M proximal | Groin 1
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ES# | Age/Sex | Subtype | Site SMARCBL1 CN by FISH
38 40/M proximal | Perineum 2
39 38/M proximal | cervical area 2
40 14/M proximal | axilla 2

M, male; F, female; CN, copy number
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