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Abstract

The mammalian Vestigial-like (VGLL) transcriptional cofactor family of proteins VGLL1-4 has 

recently emerged as an important player in the tumorigenesis of diverse neoplasms. The role of 

VGLL3 in soft tissue tumors is exemplified by its amplification in myxoinflammatory fibroblastic 

sarcoma and its rearrangement (fused to CHD7, CHD9 or MAMLD1) in hybrid schwannoma-

perineurioma. This study characterizes a distinctive low-grade myogenic neoplasm with a striking 

predilection for the head and neck, characterized by VGLL3 fusions. The study includes five 

males and one female patient, aged 30 to 71 years (median, 56). Three tumors originated in 

the tongue, with one case each in the nasopharynx, oral cavity, and oropharynx. The VGLL3 
fusion partners included TCF12 (n=3), EP300 (n=2) and PPARGC1A (n=1). The tumor size range 

was 0.8 – 1.6 cm (all, but one, was <1cm). Histologically, all tumors displayed bland spindle to 

ovoid cells arranged into vague fascicular and diffuse pattern. Mitotic activity ranged from 1 to 

7 per 10 HPFs. Five tumors were muscle-centered and infiltrative, and one was centered beneath 

nasopharyngeal mucosa. Immunohistochemistry revealed consistent expression of desmin (diffuse 

in four and patchy in two cases) associated with patchy smooth muscle actin expression (4/6), 

and focal reactivity for myogenin (5/6) and myoD1 (1/3). All patients were managed surgically; 

one patient each received adjuvant radio- or chemotherapy. Three patients with follow-up were 
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without disease at 8, 19, and 60 months and one was alive with unknown disease status at 24 

months. All VGLL3 fusions were in-frame and involved exon 2, fused with either TCF12 exon 16, 

EP300 exon 31 or PPARGC1A exon 5, respectively. This series characterizes a distinctive subset 

of spindle cell rhabdomyosarcoma with a predilection for the head and neck in adults, defined 

by VGLL3 fusions, likely indolent behavior and limited rhabdomyoblastic differentiation. Further 

delineation of this entity and differentiation from more aggressive molecular subtypes of spindle 

cell rhabdomyosarcoma is mandatory to define the most appropriate therapeutic strategy and avoid 

overtreatment.
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INTRODUCTION

The mammalian Vestigial-like (VGLL) proteins are a family of TEAD-interacting 

transcriptional cofactor proteins, deriving their name from their similarity to the Vestigial 

transcriptional cofactor of the Drosophila [1–4]. To date, four mammalian VGLL proteins 

(VGLL1-4) have been identified [1–4], sharing similar TEAD-interacting domain (TDU), 

but otherwise their sequences are dissimilar [1–4].

The VGLL proteins are emerging as important players in the tumorigenesis of diverse 

neoplasms in different organs [4]. VGLL1 was found to be highly expressed in basal-like 

breast cancer, where it likely promotes cellular proliferation [5]. Moreover, in the capacity 

of a putative genetic driver, VGLL2 has been recognized as fusion partner in subsets of 

head and neck spindle cell rhabdomyosarcomas (RMS), usually fused to NCOA2, TEAD1, 

CITED2 as well as several other partners [6].

The role of VGLL3 alterations in mesenchymal neoplasms has been limited to a few 

recently reported studies. Amplification of VGLL3 (mapped to chromosome 3p12) was 

detected in myxoinflammatory fibroblastic sarcoma (MIFS) and MIFS-like tumors [7–11]. 

Recent RNA sequencing studies have revealed a high frequency of VGLL3 fusions in hybrid 

schwannoma-perineurioma; the most common fusion partners include CHD7, CHD9 and 

MAMLD1 [12,13].

Finally, VGLL4 was shown recently to play an important role in prognosis and 

tumorigenesis in breast and lung cancer [14].

To our knowledge, only a single case of myogenic sarcoma has been recently reported 

to harbor a VGLL3 fusion (reported as spindle cell RMS) [15]. We herein characterize 

a distinct spindle cell rhabdomyosarcoma occurring in adults with predilection for the 

head and neck, defined by recurrent novel VGLL3 fusions and characterized by bland 

morphology, limited rhabdomyogenic differentiation, and indolent clinical behavior.
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MATERIAL AND METHODS

The cases were identified from the consultation files of the authors. The tissue specimens 

were fixed in formalin and processed routinely for histopathology. Due to the consultation 

nature of the cases, immunohistochemistry (IHC) was performed in different laboratories 

and the stains applied varied from case to case, based on tissue availability and initial 

differential diagnostic considerations (details of the staining protocols and antibody sources 

are available upon request).

Next generation sequencing

For Cases 1 and 2, (Table 1), RNA was isolated from formalin-fixed paraffin embedded 

(FFPE) tissue sections using RNeasy FFPE Kit of Qiagen (Hilden, Germany) and quantified 

spectrophotometrically using NanoDrop-1000 (Waltham, United States). Molecular analysis 

was performed using the TruSight RNA Fusion panel (Illumina, Inc., San Diego, CA, 

USA) with 500 ng RNA as input according to the manufacturer`s protocol. Libraries were 

sequenced on a MiSeq (Illumina, Inc., San Diego, CA, USA) with > 3 million reads per 

case, and sequences were analyzed using the RNA-Seq Alignment workflow, version 2.0.1 

(Illumina, Inc., San Diego, CA, USA). The Integrative Genomics Viewer (IGV), version 

2.2.13 (Broad Institute, REF) was used for data visualization [16]. Cases 3, 4, and 6 were 

subjected to targeted RNA sequencing using Illumina RNA Fusion assay as described 

previously [17]. The fusion in Case 4 was additionally independently confirmed by the 

Archer panel [18]. Case 5 was identified using the Illumina TruSight RNA PanCancer panel.

RESULTS

Clinical and demographic features

The cohort included five males and one female patient, aged 30 to 71 years (median, 

56) (Table 1). The tumors originated in the tongue (n=3), nasopharynx (n=1), oral cavity/ 

alveolar ridge (n=1), and oropharynx (n=1). Different surgical modalities were the primary 

treatment in all cases; initially R1-resected cases received re-excision to achieve complete 

tumor removal, except in Case 3, and 6, which received either nonradical resection or 

incisional biopsy only. One patient received adjuvant irradiation up to 60 Gy, and another 

(Case 4) postoperative VAC chemotherapy. At last available follow-up, three patients were 

alive with no evidence of local recurrence or metastases at 8, 19, and 60 months after 

treatment. One patient was alive with unknown disease status at 24 months.

Pathological findings

The major findings are summarized in Table 2. The submitting pathologists considered 

spindle cell RMS (n=2), cellular fibrous histiocytoma (1), rhabdomyoma (1), unclassified 

spindle cell neoplasm (n=1) and low-grade myofibroblastic sarcoma vs. spindle cell 

rhabdomyosarcoma (n=1). Second opinion diagnosis was spindle cell RMS (n=3), and 

unclassified low-grade myogenic sarcoma/neoplasm (n=3). The tumor size ranged from 0.8 

to 1.6 cm; all tumors, but one, were <1 cm. The size of Case 1 and 3 was not reliably 

assessable due to the fragmented nature of the submitted specimens (they measured 2.5 

and 4.9 cm in aggregate, respectively). Histologically, five tumors were centered within 
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skeletal muscle with diffuse infiltration and entrapment of muscle fibers with variable 

degrees of cellularity (Fig. 1A–D). All tumors displayed bland short spindled and ovoid 

cells arranged into vague fascicular, diffuse or storiform pattern (Table 2) (Fig. 2A–C). 

Each of the cases lacked significant nuclear atypia, but rare enlarged hyperchromatic nuclei 

were observed in one tumor (Fig. 3); mitoses ranged from 1 to 7 per 10 HPFs with >2 

mitoses seen in only two tumors. Less cellular tumors showed prominently collagenized 

stroma (Fig. 2D). The background stroma showed a variable mononuclear and histiocytic 

inflammatory reaction (Fig. 2, 3). The nasopharyngeal tumor showed a similar growth 

pattern as seen in most of mesenchymal neoplasms of the sinonasal tract with predominantly 

polypoid growth beneath intact and focally ulcerated metaplastic respiratory mucosa (Fig. 

3A). This case displayed remarkably variable cellularity with cellular areas of ovoid 

and plump cells similar to other cases, alternating with paucicellular areas composed of 

slender spindled cells in a manner reminiscent of biphenotypic sinonasal sarcoma (Fig. 3B). 

However, no entrapped hamartoma-like hyperplastic mucosal glands were noted. Rare tumor 

cells showed xanthomatous cytoplasmic changes mimicking reactive histiocytes (Fig. 3D). 

Immunohistochemistry revealed consistent expression of desmin (diffuse in 4 and patchy in 

two cases; (Fig. 4A–C)) associated with patchy smooth muscle actin expression (4/6; Fig. 

4D)), and focal, mostly single cell reactivity for myogenin (5/6; Fig. 4E)) and myoD1 (1/3). 

Several lineage-specific markers (see Table 2) tested negative including S100 and EMA.

Molecular results

Targeted RNA sequencing revealed in-frame VGLL3 (exon 2) fusions in all cases. The 

fusion partner was TCF12 (exon 16) in three tumors, EP300 (exon 31) in two and 

PPARGC1A (exon 3) in one tumor (Table 3; Fig 5). VGLL3 is present at the 5’ position of 

the fusion product.

DISCUSSION

Rhabdomyosarcoma (RMS) is a malignant neoplasm defined by evidence of 

rhabdomyogenic differentiation, either morphologically (presence of striated muscle 

differentiation) or immunophenotypically (expression of myogenin and MyoD1 in variable 

proportions of neoplastic cells) [19]. Besides the classical embryonal and alveolar subtypes, 

and the controversial pleomorphic adult subtype, spindle cell/sclerosing RMS has recently 

emerged as a distinct fourth category of RMS; these tumors are notable for their significant 

clinical, morphologic, immunophenotypic, and molecular-genetic heterogeneity [20–27].

The extent of myogenin and MyoD1 expression is known to vary amongst tumor 

subtypes, with alveolar RMS showing more diffuse myogenin but less MyoD1, while 

the embryonal subtype usually expresses more MyoD1 [19]. Likewise, MyoD1-mutated 

spindle cell RMS displays more extensive MyoD1 expression and limited immunoreactivity 

for myogenin [19,25]. Next-generation sequencing has facilitated characterization of the 

genetic landscape of diverse mesenchymal neoplasms, including RMS, and it became 

evident that variable, often limited, rhabdomyogenic differentiation may be encountered in 

several non-RMS entities, including biphenotypic sinonasal sarcoma, and ectomesenchymal 

chondromyxoid tumor amongst others [28–30]. These observations challenge the dogma 
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that immunohistochemical evidence of rhabdomyogenic differentiation equates with RMS; 

it is conceivable, in the context of some fusion-associated neoplasms, that this may reflect 

polyphenotypic differentiation induced by the complex downstream molecular pathways 

initiated by the fusion transcripts.

Most spindle cell RMS originates in the head and neck and the paratesticular region with 

a striking predilection for neonates, children, and young adults [20–27]. A significant 

proportion of them are congenital or infantile and are mostly associated with a favorable 

outcome and lack or have a limited metastatic potential [20–27]. Recently, several gene 

fusions have been identified in spindle cell RMS, mostly in infantile age group, including 

VGLL2::NCOA2, VGLL2::CITED2, TEAD1::NCOA2, HMGA2::NEGR1, CAV1::MET 
and SRF::NCOA2, or less commonly intra-osseously, such as EWSR1/FUS::TFCP2 and 

NCOA2::MEIS1 fusions [20–27,31]. In contrast, spindle and sclerosing RMS with MyoD1 
mutations, often occurring in the head and neck, are associated with a highly aggressive 

clinical course and insensitivity to available RMS chemotherapies [25]. Additionally, a 

subset of clinically indolent well-differentiated RMS occurring in the deep paraspinal 

region of newborns and young children were found to harbor recurrent SRF::FOXO1 and 

SRF::NCOA1 fusions [32]. The tumors showed unequivocal histological features of skeletal 

muscle differentiation and more prominent, albeit heterogeneous, expression of MyoD1 and 

myogenin [32]. Expression profiling studies showed these tumors to cluster separately from 

all other rhabdomyogenic entities [32]. Combined, these observations reinforce the value of 

molecular-based subtyping and risk stratification to guide management decisions in RMS 

[33].

In this study, we describe six unique head and neck neoplasms characterized by limited 

rhabdomyogenic immunophenotype associated with recurrent VGLL3 fusions. All tumors 

occurred in adults, with a mean age of 56 and strong predilection for males (5: 1) and 

lingual (50%) location. They predominantly arose at an intramuscular location in the muscle 

of the oral/ oropharyngeal region with diffusely dissecting growth between muscle fibers. 

These tumors are uniformly desmin-positive and h-caldesmon-negative. A subset contained 

rare myogenin-positive cells. Despite their limited rhabdomyoblastic differentiation (lack 

of histological skeletal muscle features and limited myogenin and MyoD1 expression), it 

is conceivable, that these tumors represent a distinctive molecular subset in the spectrum 

of spindle cell RMS. Regrettably, the MyoD1 expression status was not available for three 

of our cases including the two EP300::VGLL3 fusion tumors. Notably, the VGLL3 fusion 

products identified in four of these tumors are novel and have not been reported previously 

in any entity. A single tumor with similar histology, but more prominent myogenin and 

MyoD1 expression was included in a recent series of spindle cell RMS published by 

Montoya-Cerrillo et al [15]. This tumor (which is similar to our Cases 2 – 6) presented as 

a submucosal muscle-centered mass in the ventral left mid-tongue of a 36-year-old male, 

who remained disease-free one year after surgical treatment. RNA sequencing revealed an 

EP300::VGLL3 fusion similar to the fusion product detected in two of our cases. The one 

nasopharyngeal/ sinonasal case in our study was more cellular and based on subtle myogenic 

features might be considered in the spectrum of biphenotypic sinonasal sarcoma, a recently 

recognized sinonasal entity known to display variable rhabdomyogenic elements, especially 
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those cases harboring the PAX3::NCOA1 fusion [28,29]. However, this tumor lacked the 

classical MAML3 fusion characteristic of that entity [28,29].

Taken together, five of our cases and the one reported recently by Montoya-Cerrillo et 

al [15] shared intramuscular location in head and neck, bland histomorphology, minimal 

to variable rhabdomyogenic differentiation, VGLL3 rearrangement, and indolent clinical 

behavior. Moreover, four of the seven cases were located in the tongue. Based on 

the limited evidence available to date, these features would appear to support “VGLL3-

rearranged myogenic neoplasm” as a distinctive tumor in the spectrum of spindle cell RMS. 

Notably, the known roles of VGLL3 in the regulation of embryonic skeletal myogenesis 

might explain the rhabdomyogenic trait seen in these tumors, suggesting relatedness to 

rhabdomyogenic entities [34,35], Further studies (including comparisons of expression 

analysis and methylation profiling) are necessary to establish whether these tumors warrant 

classification as a distinct entity, or represent a molecular subtype of spindle cell RMS. 

Moreover, the full spectrum of biological, morphologic, and molecular characteristics of 

these tumors remains to be better delineated. Although limited by the low number of cases, 

our study suggests an indolent behavior of VGLL3-rearranged spindle cell RMS, possibly 

akin to that of VGLL2-rearranged head and neck spindle cell RMS in infants and, hence, are 

associated with a better outcome and lack of metastatic potential in most cases.

Although most of VGLL2-associated infantile spindle cell RMS have been indolent, it is 

worth noting that a recent study reported aggressive clinical course in four patients, whose 

tumors showed clear-cut cytological atypia and rhabdoid cell features [36].

In summary, we identified and characterized a distinctive mesenchymal neoplasm with 

myogenic differentiation and a striking predilection for the head and neck. These 

tumors occurred in adults and possessed a bland histology, minimal rhabdomyoblastic 

differentiation, indolent clinical behavior, predilection for males and tongue location, and 

recurrent VGLL3 fusions. The full biological spectrum and, hence, the most appropriate 

therapeutic strategy for this rare, but possible underdiagnosed, neoplasm, remains to be 

defined. Likewise, the relationship of this entity to other molecular subtypes of spindle cell 

RMS remains to be fully characterized.
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Figure 1. 
Representative low-power views of VGLL3-rearranged spindle cell RMS showing invasive 

intramuscular growth with vague lobulation and moderate cellularity (A; Case 2), note 

entrapped skeletal muscle fibers in B (Case 2). C: This low cellularity tumor was 

centered within the tongue musculature and showed diffuse infiltration mimicking a reactive 

fibroblastic lesion (D).
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Figure 2. 
A: Monomorphic bland ovoid cells with dispersed mononuclear inflammatory cells in the 

background (Case 3). B: Higher magnification of same tumor. C: Prominent fibroma-like 

storiform pattern (Case 5). D: Densely collagenized stroma (Case 4).
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Figure 3. 
A: This fragmented nasopharyngeal specimen of Case 1 showed metaplastic squamous 

epithelium (right) covering variably cellular lesion, note prominent dark-stained lymphoid 

aggregates on left. B: Same tumor showing paucicellular foci of slender spindled cells 

reminiscent of biphenotypic sinonasal sarcoma. C: A few scattered enlarged degenerative-

type nuclei were seen in Case 6. D: Same tumor showing foci of foamy cell change, 

reminiscent of histiocyte-rich rhabdomyoblastic tumor.
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Figure 4. 
Immunohistochemistry revealed strong desmin expression in all cases (A: ovoid cell areas 

in Case 6; B: spindle cell storiform area in Case 5). C: Less diffuse desmin reactivity in 

Case 3 (note desmin-negative inflammatory cells in the background). D: Patchy expression 

of smooth muscle actin in Case 1. E: Very rare cells expressed myogenin (Case 1).
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Figure 5. 
A: Circos plot depicting VGLL3 fusions represented by links between cytobands (hg19 

genome). Plot generated using R package “circlize” version 0.4.13 (ref. 37). B: Schematic 

of VGLL3 fusion transcripts annotated by NCBI RefSeq accession numbers. Numbers and 

black arrows represent exons and directions of transcript, respectively.
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Table 3:

Genes and exons involved in VGLL3-rearranged low-grade myogenic neoplasms

No Breakpoints gene 1 Breakpoints gene 2

1 TCF12 (NM_207036.2; exon 16 of 21) VGLL3 (NM_016206.4; exon 2 of 4)

2 TCF12 (NM_207036.2; exon 16 of 21) VGLL3 (NM_016206.4; exon 2 of 4)

3 TCF12 (NM_207036.2; exon 16 of 21 VGLL3 (NM_016206.4; exon 2 of 4)

4 PPARGC1A (NM_001330751.2; exon 5 of 15) VGLL3 (NM_016206.4; exon 2 of 4)

5 EP300 (NM_001429.4; exon 31 of 31) VGLL3 (NM_016206.4; exon 2 of 4)

6 EP300 (NM_001429.4; partial exon 31 of 31) VGLL3 (NM_016206.4; partial exon 2 of 4)
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