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Abstract

Background: Extraskeletal myxoid chondrosarcoma (EMC) is a rare soft tissue sarcoma, characterized by t (9;
22) translocation, including EWSR1 and NR4A3 gene rearrangements, observed in most cases. On histopathologic
examination, an EMC has certain diagnostic mimics, such as myoepithelial tumors, epithelioid malignant peripheral
nerve sheath tumor and epithelioid sarcomas. All these tumors are included in the category of INI1/SMARCB1-
deficient tumors. Lately, few studies have shown loss of INI1 in certain EMCs. Considering there is preclinical data
regarding role of EZH2 inhibitor in “INI1 deficient” tumors, it is crucial to recognize such tumors.

Objectives: To evaluate immunohistochemical features, including INIT/SMARCB1 immunostaining results in 16
prospectively diagnosed cases of EMC.

Methods: Immunohistochemical staining was performed on formalin-fixed paraffin embedded tissue sections by
immunoperoxidase method using a MACH 2 Universal HRP-Polymer detection kit. Two cases were tested for
EWSR1 rearrangement by fluorescent in-situ hybridization (FISH) technique.

Results: Sixteen EMCs occurred in 13 males and 3 females, most commonly in lower extremities; followed by
chest wall, pelvis, including iliac fossa, shoulder and parasapinal region; in patients within age-range of 17-72 years
(median=47.5). On histopathologic examination, most tumors displayed round to polygonal cells arranged in cords,
trabeculae and pseudoglandular pattern in an abundant myxoid stroma. Three tumors revealed “rhabdoid” cells. By
immunohistochemistry, tumor cells were positive for NSE (13/13) (100%), S100 protein (10/15) (66.6%), EMA (2/12)
(16.6%), AE1/AE3 (0/9), P63 (0/2) and SMA (2/3), the latter in tumors containing rhabdoid-like cells. INI1/SMARCB1
was diffusely retained in all 16 tumors (100%). Two cases tested for EWSR1 rearrangement, were found to be
positive for the same.

Conclusion: An optimal immunohistochemical panel for differentiating an EMC from its diagnostic mimics may
include antibody markers, such as NSE, S100 protein, AE1/AE3, EMA and SMA. EMCs, including those containing
rhabdoid cells do not seem to be in the category of INI1-deficient tumors.

Keywords: Extraskeletal myxoid chondrosarcoma; IN7I/SMARCBI;
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ubiquitously expressed in various cells [6]. Deletions, mutations or
other somatic alterations in this gene have been classically
demonstrated in  malignant rhabdoid tumors [7,8]. By
immunohistochemistry (IHC), loss of INIl1 has been observed in
malignant rhabdoid tumors and various other soft tissue sarcomas

Introduction

Extraskeletal myxoid chondrosarcoma (EMC) is a relatively
uncommon, intermediate to high-grade soft tissue sarcoma of
uncertain histogenesis, characterized by certain histopathologic
features and specific t (9; 22) (q22; ql2) translocation, or less
commonly, t (9; 15) (q22; ql1.2) translocation, resulting in the
formation of EWSRI-TEC and EWSRI-CHN fusion genes,
respectively. Clearly, an EMC is one of the sarcomas characterized by
rearrangement of EWSRI gene, which is located at 22q12.2 and
NR4A3 that is located on 9q31.1 [1-4]. It is one of the chemoresistant
sarcomas [5]. In view of overlapping histopathologic features, various
other soft tissue tumors constitute as its differential diagnoses [1].

Integrase interactor 1 (INI1), also known as ASNF5/SMARCBI1/
BAF47 is a tumor suppressor gene located on chromosome 22q11.2 is

[9-12]. Lately, few studies have shown loss of SMARCBI/INII in
certain EMCs, while another study has shown contrasting results [9,
13-15]. Considering there is emerging preclinical data to show role of
EZH2 inhibitor in tumors lacking INII, it is important to correctly
identify such tumors [16,17].

Herein, we present clinicopathologic and immunohistochemical
features, including INII/SMARCBI immunostaining results in 16
cases of EMC.

Materials and Methods

This was a prospective study of 16 EMCs that included consultation
cases of two authors (BR and MR) and were included in the study after
critical review by BR, as per established histopathologic criteria [1].
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All, except one patient (referred from Bangladesh), were of Indian
origin, from various states across the country.

Conventional Haematoxylin and Eosin
microsections were available in all cases.

(H&E) staining

Immunohistochemical staining was performed on formalin-fixed
paraffin embedded (FFPE) tissue sections by immunoperoxidase
method using a MACH 2 Universal HRP-Polymer detection kit
(Biocare, CA, USA), including 3'-3'-diaminobenzidine
tetrahydrochloride as the chromogen. Appropriate positive and
negative controls were included. Various antibody markers are enlisted
in Table 1.

Gross examination in one of the available cases showed a tumor
with a multilobulated and a conspicuously myxoid cut surface,
including focal necrosis.

Microscopically, most tumors displayed lobules of round to
polygonal cells, containing moderate to abundant, eosinophilic to
vacuolated cytoplasm, arranged in interconnecting cords, trabeculae
and clusters within an abundant myxoid matrix. Three tumors revealed
“rhabdoid” cells, including intracytoplasmic inclusions.

By IHC, tumor cells were positive for NSE(13/13)(100%), S100
protein(10/15)(66.6%), EMA(2/12)(16.6%),AE1/AE3(0/9), P63(0/2)
and SMA(2/3), the latter antibody marker positive in tumors
containing “rhabdoid” cells. INI1/SMARCBI was diffusely retained in

Antibody Company Clone Dilution | Retrieval all 16 tumors (100%).
) Dako ~ Cytomation ) By FISH, two tumors showed orange green ‘split signals more than
$100 Protein gﬂg::;ﬁ) Polyclonal | 1/1500 | Heat, Tris-EDTA | 5004 tumor nuclei, and were reported as EWSRI positive (Table 2)
(Figures 1-5).
Neuron specific Pepsin(Enzymati
enolase (NSE) Dako BsNcHI4 | 1/100 c) Sr Age Site Immunohistochemical Results
No. Gender
INI1/ Acris, GMBH, 3E10 Heat, Sodium
SMARCB1 Herford, Germany 1/600 citrate 1 Poplite
al
Epithelial . ) 47 M Fossa | NSE+AE1/AE3-, S100P-, CD34-, INI1+
Pepsin(Enzymati
membrane Dako o)
antigen (EMA) E29 1:1200 2 lliac
60 M Fossa | NSE+, S100P+,INI1+
Pan Dako Heat,  Sodium
cytokeratin(CK) AE1/AE3 | 1:200 citrate 3 40 M Knee | S100P+, AE1/AE3-, EMA-, CD34-, INI1+
Smooth muscle Heat 4 Should | NSE+, S100P-, EMA-, Desmin-, GFAP-,
actin (SMA) Dako SM1A4 1:400 17 M er INI1+
o , *5 NSE+, S100+, SMA+, EMA-Focal+,
Table 1: Antibodies used in the present study. 48 M Thigh | INI1+
Two cases revealing were tested for EWSRI rearrangement by |6 68 | M Foot | NSE+, S100P-, AE1/AES-, EMA-,INI1+
fluorescent in-situ hybridization (FISH) technique. 2 Chest
28 M wall S100P+, AE1/AE3-, INI1+
Fluorescent in-situ hybridization (FISH)
8 Parasp | NSE+, S100P+, SMA-Focal+, AE1/AE3-,
FISH was performed on 2 um thick paraffin sections with Vysis LSI no|F inal | EMA-, INI1+
EWSRl dual color bree.1k apart, probe (Abbott Molecular, Chicago, 9 NSE+, S100P-, AEV/AE3-. EMA-, P63-
Illinois, USA) and Zytolight SPEC SS18 Dual color break-apart probes 42 F Hand | INI1+
(Zytovision GmBH, Germany). The signals were viewed under an
Olympus BX53F upright fluorescence microscope equipped with filters | *10 s | A :"‘\ISIF" S100P+, EMA-, SMA-, P63-,
specific for 4-6 Diamidino-2 phenylindole (DAPI), TRITC/ Spectrum m *
Orange and FITC/ Spectrum Green, QI cam Olympus camera and Q | ¢4 Chest
Capture pro 7.0 image analyzer software. At least 100 non-overlapping 20 | M wall | NSE+, S100P+, INI1+
tumour cell nuclei were counted.
12 60 F Thigh | NSE+, S100P-, EMA-, AE1/AE3-N
A probe result was considered to be rearranged/ break-apart when a
pair of orange and green signals was separated by a distance greater | 13 | NSE+, AETAES, ~ EMA-MIC2+,
) . A 45 F Pelvis | Calretinin-, Inhibin-, INI1+
than the size of one signal. More than 20% tumor cells demonstrating
split (break-apart) signals were classified as positive for EWSRI1 gene | 14 Chest
rearrangement, while those with ‘split’ in less than 20% of cells were 2 M wall | S100P+, EMAAE1/AES-
classified as negative. 15 Gluteal
57 M region | S100P+, NSE+,EMA-,CD34-
Results
16 Scapul
Sixteen EMCs occurred in 13 males and 3 females (M: F ratio = 4.3: 61 M a S100P+, NSE+EMA-

1), most commonly in the lower extremities; followed by chest wall,
pelvis, including iliac fossa, shoulder and parasapinal region; in
patients  within age-range of 17-72 years (median=47.5)
(average=48.5).

Table 2: Clinicopathologic features and immunohistochemical results
of 16 Extraskeletal Myxoid Chondrosarcomas.*: Tumors tested for
EWSRI rearrangement and found to be positive, M: Male, F: Female,
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+: Positive, -: Negative; NSE: Neuron specific enolase; S100P: S100
Protein; AEI/AE3: Pan Cytokeratin; EMA: Epithelial membrane
antigen; SMA: Smooth muscle actin.
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Figure 1: A. Cords and trabecular arrangement of tumor cells
embedded in a rich myxoid matrix. B. Higher magnification
showing round to polygonal shaped tumor cells arranged in cords,
trabeculae and clusters, with interspersed mitotic figures, in a
myxoid-rich stroma. H and E X400. C-D. Immunohistochemical
staining  results. C. Neuron specific enolase (NSE).
Diaminobenzidine trihydrochloride (DAB) X400. D. Diffusely
retained /N71/SMARCBI immunostaining. DAB X400.

Figure 2: Gross examination showing a greyish-white tumor with a
conspicuous myxoid cut surface, along with areas of haemorrhage
and necrosis.

R—
S

Figure 3: Microscopic features. A, Tumor cells arranged in cords,
and pseudoglandular pattern in a mucoid to myxoid-rich stroma. H
and E x 200. B. Tumor cells exhibiting “rhabdoid” morphology H
and E X400. C-E. Immunohistochemical staining results. C. Tumor
cells displaying S100 protein positivity. DAB x 400. D. Tumor cells
displaying SMA positivity, especially within intracytoplasmic
“rhabdoid” inclusions. DAB X400. E. Diffusely retained INI1/
SMARCBI immunostaining. DAB X400.

Figure 4: Tumor cells exhibiting EWSRI rearrangement. DAPI
X1000.

Figure 5: Tumor composed of epithelioid to “rhabdoid” cells. H and
E X200. B-D. Immunohistochemical staining results. B. Tumor cells
displaying NSE positivity. DAB X400. C. Tumor cells displaying
SMA positivity. DAB X400. D. Diftusely retained INII/SMARCBI
immunostaining. DAB X400.

Discussion

The  present study  describes  clinicopathologic  and
immunohistochemical features of 16 EMCs that most commonly
occurred in the lower extremities of male patients, over a wide age-
range [15]. Characteristic histopathologic features, such cords,
trabeculae and clusters of polygonal-shaped tumor cells, embedded in
a myxoid-rich matrix, noted in the present series, have been previously
documented [1,18,19]. Unusual features included cellular variants and
“rhabdoid” cells, noted in 3 tumors of the present study [1].

Diagnosis of an EMC can be challenging as a result of its various
differential diagnoses, such as myoepithelial tumors, epithelioid
sarcoma, epithelioid MPNST and myxoid/round cell liposarcoma. To
some extent, immunohistochemical antibody markers are useful in
differentiating an EMC from its diagnostic mimics [1,18,19].

Among various immunohistochemical antibody markers performed
in the present study, NSE was consistently positive in all 13
tumors(100%), where it was tested, followed by S100 protein in 10 of
15 tumors (66.6%); focal EMA in mere 2 of 12 cases and SMA in 2 out
of 3 tumors, containing “rhabdoid” cells, where it was tested.
Previously, S100 protein positivity was observed in 20% cases [1]. Few
cases of EMC with neuroendocrine differentiation have also been
reported [20]. Subsequently, in a larger study of 23 cases, Oliveira et al.
[21] observed synaptophysin positivity in 72% cases of EMC and S100
protein positivity in only 17% cases. In another study comprising 18
cases of EMC, Okamoto et al. [22] observed S100 protein positivity in
50% cases and NSE positivity in 89% cases, similar to our results.
Infrequent expression of epithelial THC markers and positive
expression of neuroendocrine markers is useful in differentiating an
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EMC from myoepithelial tumors that invariably display epithelial
antibody IHC markers, apart from S100 protein positivity, in most
cases [23]. At times, on a limited biopsy, it might be difficult to
differentiate an EMC from a myxoid/round cell liposarcoma. In such
cases, it is ideal to confirm the diagnosis with molecular techniques,
wherein CHOP gene rearrangement would confirm a diagnosis of a
myxoid/round cell liposarcoma and NRA43 gene rearrangement or
EWSRI rearrangement, as demonstrated in two cases of the present
study, would be useful in confirming a diagnosis of EMC. It is
noteworthy that EWSRI gene rearrangement is observed in certain
myoepithelial tumors that constitute as diagnostic mimics of an EMC
[23,24]. However, the underlying fusion genes in myoepithelial tumors
are different from EMCs [2-4,23].

Besides various aforementioned immunohistochemical antibody
markers, INII/SMARCB1 was diffusely retained in all 16 tumors
(100%), including 3 tumors containing rhabdoid cells, in the present
study. Immunohistochemically, INI1 is ubiquitously expressed in
various cells. Complete loss of INI1 is consistently observed in 100%
malignant rhabdoid tumors and in significant percentage within
various soft tissue sarcomas, for example in 80%-100% cases of
epithelioid sarcomas, 20-40% myoepithelial tumors and in up to 67%
cases of epithelioid MPNSTs, all which constitute as differential
diagnoses of an EMC [9-12,25,26]. Similar to the present study,
recently, in two different studies, Agaram et al. [14] and Huang et al.
[15], respectively, did not observe loss of INI1 in any of their cases of
EMC, including 4 out of 5 tumors containing “rhabdoid cells’, in the
former published study [14]. Earlier, Siguake et al. [9] noted retained
INT1 immunoexpression in both cases of EMC, where this was tested.
Contrastingly, Kohashi et al. [13] observed retained INI1
immunoexpression in 20 out of 24 cases of EMC, including three
tumors with rhabdoid cells, where its expression was lost.
Furthermore, they observed homozygous deletion and frameshift
mutation of the SMARCBI/INII gene in 2 of the 4 tumors revealing
loss of immunohistochemical expression of IN11. Although their cases
resembled EMC, as per the diagnostic criteria, none of those cases
revealed underlying, common specific fusion transcripts of an EMC.
Agaram, et al. [4] observed that EMCs with rhabdoid
phenotype and high-grade morphology were more commonly
associated with non- EWSRI-R4A3 variant fusions. One of the 2 cases
in the present study, showing EWSRI rearrangement displayed
“rhabdoid” cells.

An EMC is invariably not a chemosensitive soft tissue sarcoma [5].
Considering there is emerging evidence regarding role of EZH2
inhibitor in “INI1 deficient” tumors, such as epithelioid sarcomas,
atypical teratoid rhabdoid tumors, synovial sarcoma and others, it is
crucial to correctly recognize such tumors. EZH2 is an epigenetic gene
silencing protein. Loss of INI1 causes dysfunction of chromatin-
remodelling complexes which normally oppose EZH2. Overexpression
of EZH2 is known to cause ATRT oncogenesis. Using novel patient-
derived orthotopic xenograft (PDOX) models, Lindsay et al. [17]
investigated the pre-clinical utility of therapeutic EZH2 inhibition in
ATRT. They observed that EZH2 inhibitor DZNep was effective in
killing ATRT tumor cells in vitro. Further opportunities for therapeutic
intervention with catalytic inhibitors of EZH2 are being considered in
other solid tumors showing loss or reduced INI1 expression, such as
synovial sarcomas [27].

To conclude, an EMC does not seem to be a tumor that can
included in the category of “INII deficient” tumors, in contrast to its
other diagnostic mimics. Optimal IHC panel for differentiating an

EMC from its diagnostic mimics may be composed of NSE, S100
protein, AE1/AE3, EMA and SMA. This study reinforces that EMCs
are associated with EWSRI rearrangement, including those showing
“rhabdoid” cells. Surgical resection remains the treatment mainstay. In
view of a specific underlying molecular ‘signature, future options of
targeted therapy might be explored in this tumor.
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