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Abstract

Biphenotypic sinonasal sarcoma (BSNS) is a recently recognized low-grade sarcoma that exhibits 

both neural and myogenic differentiation. This unique dual phenotype stems from recurrent 

rearrangements in PAX3, a transcription factor that promotes commitment along both lineages. 

While identification of PAX3 rearrangements by fluorescence in situ hybridization (FISH) can 

confirm a BSNS diagnosis, this assay is not widely available. This study evaluates whether an 

expanded immunohistochemical panel can facilitate recognition of BSNS without molecular 

analysis. Eleven cases of BSNS were identified from the surgical pathology archives of two 

academic medical centers. In 8 cases, the diagnosis was confirmed by FISH using custom probes 

for PAX3. In 3 cases FISH failed but histologic and immunophenotypic findings were diagnostic 

for BSNS. All 11 BSNS (100%) were at least focally positive for S100 as well as calponin and/or 

smooth muscle actin. In addition, 10 of 11 (91%) expressed nuclear β-catenin, 8 of 10 (80%) 

expressed factor XIIIa, 4 of 11 (36%) expressed desmin, and 3 of 10 (30%) expressed myogenin. 

All 11 tumors were negative for SOX10. While no single marker resolves immunohistochemical 

overlap between BSNS and its histologic mimickers such as nerve sheath tumors, an extended 

immunohistochemical panel that includes β-catenin and SOX10 helps to support the diagnosis of 

BSNS without the need for gene rearrangement studies.
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Background

Biphenotypic sinonasal sarcoma (BSNS) is a recently described low-grade sarcoma that 

exhibits both neural and myogenic differentiation[1]. BSNS is characterized by infiltrative, 

hypercellular fascicles of bland spindle cells on histologic sections and consistent 

immunohistochemical positivity for both S100 and smooth muscle actin (SMA). This unique 

dual phenotype stems from recurrent rearrangements in PAX3, a transcription factor that 

normally promotes neural crest and skeletal muscle differentiation[2,3], and is particularly 

important in the normal development of nasal structures[4]. The original and predominant 

translocation identified in BSNS is t(2;4)(q35;q31.1), which results in a PAX3-MAML3 
fusion protein and activation of PAX3 response elements[5]. Other molecular alterations 

have also been recently reported in a subset of BSNS, including PAX3-NCOA1 and PAX3-
FOXO1 fusions[6,7]. Still other cases of BSNS have PAX3 rearrangements with yet 

unidentified partners (PAX3-X).

BSNS can pose diagnostic difficulties for pathologists because of its overlap with a broad 

range of other cellular spindle cell lesions that express either S100 or SMA. Some of the 

most significant considerations in the differential diagnosis of BSNS include cellular 

schwannoma, low-grade malignant peripheral nerve sheath tumor (MPNST), 

leiomyosarcoma, fibrosarcoma, synovial sarcoma (SS), and glomangiopericytoma (GPC). 

While identification of PAX3 rearrangements by fluorescence in situ hybridization (FISH) 

can confirm a diagnosis of BSNS, this assay is not available in most diagnostic surgical 

pathology laboratories. Moreover, if either neural or myogenic differentiation is established 

immunohistochemically, a presumptive diagnosis may be made along one lineage before the 

full breadth of differentiation is ever established. In this study, we aim to expand the 

immunohistochemical profile of BSNS by evaluating additional key markers, including 

SOX-10, myogenin, β-catenin, and Factor XIIIa in an effort to facilitate the diagnosis of 

BSNS without the need for molecular analysis.

Materials and Methods

Case selection

This study was approved by The Johns Hopkins Institutional Review Board (IRB00096402). 

The surgical pathology archives at The Johns Hopkins Hospital were searched for all 

sinonasal tumors diagnosed as cellular schwannoma, synovial sarcoma, low-grade malignant 

peripheral nerve sheath tumor, low-grade fibrosarcoma, or low-grade sarcoma, not otherwise 

specified. All twelve tumors with available slides were reviewed and six cases (50%) were 

reclassified as BSNS. The original diagnoses were synovial sarcoma (n=2), cellular 

schwannoma (n=1), low-grade malignant peripheral nerve sheath tumor (n=1), low-grade 

fibrosarcoma (n=1), and low-grade sarcoma, not otherwise specified (n=1). Additionally, 

five cases with established diagnoses of BSNS were identified from the surgical pathology 

files of The Johns Hopkins Hospital and Memorial Sloan-Kettering Cancer Center. 

Diagnosis of BSNS and inclusion in this study was based on either identification of PAX3 
alterations by fluorescent in situ hybridization (FISH) or diagnostic histologic and 

immunohistochemical findings for BSNS. Four cases included in this study were also 
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included in a previous molecular characterization of BSNS[7]. One case was previously 

published as a report of synovial sarcoma prior to the description of BSNS[7]. For all cases, 

relevant demographic, clinical, and follow-up information was tabulated from the electronic 

medical record and a national mortality registry.

Immunohistochemistry

Immunohistochemistry was performed on all cases, either at the time of original diagnosis or 

for the purposes this study. Whole-slide sections of formalin-fixed, paraffin embedded tumor 

tissue were cut at five-micron thickness, deparaffinized, and subjected to antigen retrieval 

using 10 mM citrate buffer at 92°C for 30 minutes. Immunohistochemistry was performed 

on all cases using antibodies for S100 (Ventana Medical Systems, Tucson, AZ), either 

Smooth Muscle Actin (Ventana) or Calponin (Dako, Carpinteria, CA), SOX10 (BioCare 

Medical, Concord, CA), Desmin (Dako), and β-catenin (BD Biosciences, San Jose, CA). In 

addition, for a subset of cases (n=6), PAX3 (Bioss Inc., Wolburn, MA) 

immunohistochemistry was also performed. Depending on tissue availability, 

immunohistochemistry was also performed in most cases using antibodies for myogenin 

(Ventana) and Factor XIIIa (Cell Marque, Rocklin, CA). All immunohistochemical signals 

were visualized using the Ultra view polymer detection kit (Ventana Medical Systems, Inc. 

Tucson, AZ) on a Ventana BenchmarkXT autostainer (Ventana). Staining was performed 

according to manufacturer's instructions in the presence of appropriate controls. “Focal” 

immunoreactivity was regarded as immunostaining in <10% of tumor cells.

Fluorescence in situ hybridization

Custom FISH probes for PAX3, MAML3, and NCOA1 were constructed using bacterial 

artificial chromosomes (BACs) as previously described[7]. Four-micron whole-slide sections 

of formalin-fixed, paraffin-embedded tumor tissue were pretreated and hybridized with BAC 

probes. These slides were then incubated, washed, and mounted with 4',6-diamidino-2-

phenylindole (DAPI) in an antifade solution, also as previously described[7]. In each case, 

two-hundred consecutive nuclei were evaluated for breakapart signals using a Zeiss 

fluorescence microscope (Zeiss Axioplan, Oberkochen, Germany) with Isis 5 software 

(Metasystems, Newtom, MA). Only nuclei with a complete set of signals were included in 

scoring. FISH signals were interpreted as positive in cases where at least 20% of nuclei 

demonstrated break-apart signals. Cases with less than two-hundred nuclei satisfactory for 

evaluation were considered to be a FISH failure.

Results

Clinical information is summarized in Table 1. Eight of the 11 patients (73%) were females. 

Patients ranged in age from 33 to 87 years (median, 44 years) at the time of diagnosis. 

Tumors uniformly involved the upper sinonasal tract, including 4 lesions in the ethmoid 

sinus, 3 in the frontal sinus, 3 in the nasal cavity, and 1 involving both the nasal cavity and 

ethmoid sinus. Two patients underwent orbital exenteration due to direct infiltration of the 

tumor into orbital structures. Of the 7 patients with follow-up information available, five 

(71.4%) had no evidence of recurrent disease over intervals ranging from 1 month to 26 

years (median follow up 4 years). Two patients (28.6%) experienced local recurrences. One 
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of these patients had two recurrences, the second of which extended into the cranial vault. 

This patient died eight months after the second recurrence due to persistent intracranial 

tumor.

Hematoxylin and eosin (H&E) sections demonstrated poorly-circumscribed tumors with 

extensive infiltration into surrounding soft tissue and frequent involvement of sinonasal 

bones. Seven cases had prominent entrapped benign glands lined by proliferations of 

respiratory epithelium with mucinous metaplasia (Figure 1A). Hemangiopericytoma-like 

staghorn vessels, often prominent, were seen in nine cases (Figure 1B). The tumors 

consisted of hypercellular proliferations of monotonous spindle cells arranged in medium to 

long fascicles with focally prominent herringbone patterns (Figure 1C). Tumor cells had a 

small amount of eosinophilic cytoplasm with indistinct cytoplasmic borders and scant 

intracellular collagen depositions. Although it has been described elsewhere in a subset of 

BSNS[7], overt rhabdomyoblastic differentiation was not a prominent cytologic feature of 

the tumors in this series. Tumor nuclei were uniform, elongated, and focally wavy with 

nuclear hypochromasia and finely-granular chromatin (Figure 1D). There was noticeable 

overlap between adjacent tumor nuclei. Necrosis was absent, and only occasional mitotic 

figures were identified.

Results of immunohistochemical staining are detailed in Table 2. All 11 cases (100%) 

demonstrated some degree of both nuclear and cytoplasmic positivity for S100 (Figure 2A). 

In addition, all 11 cases (100%) also showed variable positivity for at least one smooth 

muscle marker (SMA or calponin), with only focal staining in 6 cases (Figure 2B). Nuclear 

β-catenin staining was seen in 10 of 11 (91%) tumors (Figure 3) The β-catenin 

immunoreactivity was focal in 3 of the positive cases, and in the “non-focal” positives, 

nuclear staining was seen in 20–70% of tumor cells (mean, 46%) and tended to be weak or 

moderate in intensity. Additionally, 8 of 10 (80%) tumors tested had focal cytoplasmic 

positivity for Factor XIIIa, 4 of 11 (36%) showed focal cytoplasmic expression of desmin 

(Figure 2C), and 3 of 10 (30%) demonstrated focal nuclear staining for myogenin (Figure 

2D). None of the 11 tumors showed any expression of SOX10. Immunohistochemistry for 

PAX3 was noncontributory; in all cases tested, both tumor and normal cells were diffusely 

positive.

FISH results are also summarized in Table 2. PAX3 alterations were identified in all eight 

cases for which FISH testing could be successfully completed. Five of these cases 

demonstrated PAX3-MAML3 fusions. One case was positive for a PAX3-NCOA1 fusion. 

Two other cases demonstrated evidence of PAX3 translocation with an unknown fusion 

partner (PAX3-X). No FISH results could be obtained in three cases, of which two had 

insufficient nuclear signals present for scoring and one had insufficient tissue available to 

attempt testing. As noted above, all three of the cases without FISH showed characteristic 

histological features of BSNS and immunohistochemical evidence of both neural and 

myogenic differentiation.
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Discussion

BSNS is a recently-described low grade sarcoma that occurs exclusively in the sinonasal 

tract (both nasal cavity and/or paranasal sinuses, especially ethmoid). It is characterized 

histologically by a hypercellular proliferation of uniform spindled cells, 

immunohistochemically by positivity for both S100 and SMA, and molecular genetically by 

translocations involving the PAX3 gene. BSNS predominantly affects middle-aged (mean, 

52 years) women (2:1 ratio). It presents non-specifically as nasal obstruction and facial 

pressure or pain. BSNS demonstrates slowly progressive growth, with invasion of local 

structures and frequent recurrences, but no documented metastases. In this series, we present 

the first documented tumor-related death further supporting the notion that BSNS is best 

regarded as a low-grade malignant neoplasm (although it is worth noting that this case could 

not be molecularly confirmed; the FISH for PAX3 failed, possibly due to tissue degradation 

as the case was over 20 years old).

While identification of PAX3 rearrangements using FISH can confirm the diagnosis of 

BSNS, this test is not available for most diagnostic pathology laboratories. Moreover, 

immunohistochemical and morphological overlap between BSNS and other cellular spindle 

cell neoplasms may lead to an alternate diagnosis being rendered before the possibility of 

BSNS is even considered. This study evaluated eleven cases of BSNS with an extended 

immunohistochemical panel including β-catenin, SOX10, myogenin, and Factor XIIIa to 

facilitate better recognition of BSNS and differentiation from its mimickers without the need 

for molecular testing.

Nuclear staining for β-catenin has previously been observed in two separate case reports of 

BSNS[8,9], and positivity in an additional 91% of the cases in this series suggests that it is a 

consistent finding for BSNS. β-catenin is a terminal component of the Wnt pathway that 

accumulates in the nucleus upon activation of Wnt signaling. Nuclear expression of β-

catenin can be seen on IHC in a specific group of neoplasms that have derangements at 

various points in the Wnt pathway. Although the exact mechanism for nuclear β-catenin 

expression in BSNS is not entirely clear, PAX3 is well-established to participate in Wnt 

signaling in neural crest and myogenic development[10–15]. Indeed, upregulation of Wnt5a, 

Wnt7b, and Wnt9b family genes has been previously reported in in BSNS[5]. Conceivably, 

β-catenin nuclear expression in BSNSs could reflect activation of these Wnt family members 

by PAX3 overexpression. Nuclear accumulation of β-catenin could also reflect targeting of 

other genetic pathways. One reported case of a BSNS detected an inactivating mutation in 

CDC73 – a tumor suppressor gene and an important transcriptional regulator of WNT/β-

catenin signaling[6]. Whatever the precise mechanism of nuclear accumulation of β-catenin, 

its presence as a consistent immunohistochemical finding could be a helpful tool in 

diagnosing BSNS as β-catenin is not typically expressed in peripheral nerve sheath tumors, 

smooth muscle tumors, fibrosarcomas, and other spindle cell neoplasms that occur in the 

differential diagnosis of BSNS.

This study also confirms a previous report of uniform negativity for SOX10 in BSNS[16]. 

SOX10 is a transcription factor that is normally expressed in melanocytes, Schwann cells, 

oligodendrocytes, myoepithelial cells, and salivary acinar cells as well as neoplasms 
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deriving from these lineages. It has emerged as one of the most sensitive and specific 

immunohistochemical markers of neural crest differentiation[17]. Despite a seemingly 

neural phenotype in BSNS, as evidenced by upregulation of several neural development 

pathways and consistent positivity for S100[5], all BSNS thus far evaluated have been 

negative for SOX10[7]. This is a relevant finding because most cases of peripheral nerve 

sheath tumors (essentially 100% of schwannomas and 47–67% of MPNSTs), the tumors 

most likely to be confused with BSNS, are reported to be SOX-10 positive[17–20].

Immunohistochemistry for PAX3 was also attempted, in an attempt to determine whether the 

PAX3 rearrangements of BSNS resulted in a detectable alteration of protein expression. In 

all cases tested, however, both the tumor and normal cells were positive in similar intensity. 

It is unclear whether these results represent a technical failure or a true lack of diagnostic 

utility. Notably, published experiences with PAX3 immunohistochemistry are relatively 

sparse and primarily limited to skin, where the antibody is reported to stain both normal 

melanocytes and melanoma cells[21,22].

When this and previous studies are taken together, a unique immunoprofile for BSNS 

emerges (Table 3): it is consistently positive for S100, actin, calponin, β-catenin and factor 

XIIIa; occasionally positive for desmin, myogenin, cytokeratins and EMA; and never 

positive for SOX10. While none of these immunohistochemical markers are specific for 

BSNS by themselves, when used as a panel, BSNS can be separated from its mimickers 

without the need for molecular diagnostic tools in many cases. For example, while nerve 

sheath tumors (MPNST and cellular schwannoma) are positive for S100 and can even 

express muscle markers in the case of malignant Triton tumor, they also express SOX10 in 

most cases and consistently lack nuclear β-catenin[17–20]. It is notable that previous reports 

of so-called “low grade” MPNST or “low grade” malignant Triton tumor in the sinonasal 

tract, in retrospect, almost certainly represent examples of BSNS[23]. Other potential 

mimickers like fibrosarcoma and leiomyosarcoma are also consistently negative for nuclear 

β-catenin[24–26]. GPC, also known as sinonasal-type hemangiopericytoma, is a benign 

neoplasm that demonstrates a perivascular myoid cell phenotype. Like BSNS, GPC is almost 

always SMA-positive and expresses β-catenin in a nuclear pattern[27,28]. Moreover, GPC is 

well-established to express Factor XIIIa[27]. The frequent co-positivity for both β-catenin 

and Factor XIIIa observed in BSNS could therefore support an erroneous diagnosis of GPC. 

However, GPC almost always lacks S100 expression and is consistently negative for desmin 

and myogenin[27–29]. Even the patterns of nuclear β-catenin immunoreactivity appear to be 

different: GPC tends to have very diffuse, strong staining while the staining BSNS is less 

intense and more focal. The most difficult differential diagnosis from an IHC standpoint is 

between BSNS and SS, a soft tissue neoplasm defined by a X;18 translocation. Subsets of 

SS have been reported to express S100 (15–38% of cases)[19,30], SMA (21% of cases)[30], 

nuclear β-catenin (50–59% of cases)[24,31] and even myogenin (10% of cases)[32]. 

Conversely, like SS, BSNS is sometimes positive for cytokeratin and EMA[1]. Even TLE1, a 

relatively sensitive and specific nuclear marker for SS[33], has been reported to have been 

diffusely positive in a single case of BSNS[6]. Factor XIIIa is only marker that is positive in 

BSNS in this study that has not been reported as positive in SS- with only a few cases 

studied[34]. While each of the markers can occasionally be seen in SS, the combined co-

expression of S100, actin, β-catenin, and in some cases, desmin and myogenin strongly 
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favor BSNS over SS. It is also important to note that SS is extremely rare in the sinonasal 

tract, with only ten reported cases overall[35–37], just two of which have molecular 

confirmation. Moreover, as noted above, at least one case of sinonasal synovial sarcoma 

(from our institution) [38] was subsequently revealed to be BSNS. Regardless, molecular 

testing for SS is still available if SS remains a significant diagnostic concern.

In conclusion, BSNS is a novel low-grade sarcoma unique to the sinonasal tract that can 

pose a difficult differential diagnosis with a wide range of cellular spindle cell neoplasms 

that express either actin or S100. This study describes an extended immunohistochemical 

panel that can help facilitate recognition of BSNS and differentiation it from its mimics. The 

consistent positivity for β-catenin and negativity for SOX10 described here can prove very 

useful at distinguishing BSNS from low-grade nerve sheath tumors. While none of these 

stains independently distinguish BSNS from SS, they provide additional points of 

comparison that, in sum, can help to favor a diagnosis of BSNS. Overall, an expanded panel 

of immunohistochemical stains that includes β-catenin can help clarify the diagnosis of 

BSNS without the need for molecular analysis.
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Figure 1. 
BSNS frequently demonstrates entrapped benign glands with florid epithelial proliferation 

(A, X200) as well as prominent staghorn, hemangiopericytoma-like vessels (B, X100). The 

tumors were composed of dense fascicles of spindle cells with frequent herringbone 

architecture (C, X200). Tumor cells had a moderate amount of eosinophilic cytoplasm, 

indistinct cytoplasmic borders, and bland, hypochromatic nuclei with prominent nuclear 

overlap (D, X400).
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Figure 2. 
All eleven BSNS (100%) demonstrated some degree of S100 positivity (A, X400). Although 

reactivity was focal in most cases, all BSNS tested were also positive for smooth muscle 

actin (B, X400). A subset of BSNS demonstrated focal positivity for desmin (C, X400) and 

myogenin (D, X400).
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Figure 3. 
Ten of eleven BSNS demonstrated variable degrees of nuclear immunoreactivity for β-

catenin.(X400)
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