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Abstract
GLI1 fusions involving ACTB, MALAT1, PTCH1 and FOXO4 genes have been reported in a subset of malignant mesenchymal 
tumors with a characteristic nested epithelioid morphology and frequent S100 positivity. Typically, these multilobulated 
tumors consist of uniform epithelioid cells with bland nuclei and are organized into distinct nests and cords with conspicu-
ously rich vasculature. We herein expand earlier findings by reporting a case of a 34-year-old female with an epithelioid 
mesenchymal tumor of the palate. The neoplastic cells stained positive for S100 protein and D2-40, whereas multiple other 
markers were negative. Genetic alterations were investigated by targeted RNA sequencing, and a PTCH1-GLI1 fusion was 
detected. Epithelioid mesenchymal tumors harboring a PTCH1-GLI1 fusion are vanishingly rare with only three cases 
reported so far. Due to the unique location in the mucosa of the soft palate adjacent to minor salivary glands, multilobulated 
growth, nested epithelioid morphology, focal clearing of the cytoplasm, and immunopositivity for S100 protein and D2-40, 
the differential diagnoses include primary salivary gland epithelial tumors, in particular myoepithelioma and myoepithelial 
carcinoma. Another differential diagnostic possibility is the ectomesenchymal chondromyxoid tumor. Useful diagnostic 
clues for tumors with a GLI1 rearrangement include a rich vascular network between the nests of neoplastic cells, tumor 
tissue bulging into vascular spaces, and absence of SOX10, GFAP and cytokeratin immunopositivity. Identifying areas with 
features of GLI1-rearranged tumors should trigger subsequent molecular confirmation. This is important for appropriate 
treatment measures as PTCH1-GLI1 positive mesenchymal epithelioid neoplasms have a propensity for locoregional lymph 
node and distant lung metastases.

Keywords Epithelioid soft tissue neoplasm · Oral cavity · PTCH1-GLI1 gene fusion · Soft palate · S100 protein · Hedgehog 
signaling pathway

There are two senior authors of this manuscript (Ilmo Leivo and 
Alena Skálová).

 * Natálie Klubíčková 
 klubickova@biopticka.cz

1 Department of Pathology, Faculty of Medicine in Pilsen, 
Charles University, Pilsen, Czech Republic

2 Department of Pathology, Bioptical Laboratory, Ltd., Pilsen, 
Czech Republic

3 Molecular and Genetic Laboratory, Bioptical Laboratory, 
Ltd., Pilsen, Czech Republic

4 Department of Clinical and Molecular Pathology, 
Faculty of Medicine and Dentistry, Palacky University, 
and University Hospital Olomouc, Olomouc, Czech Republic

5 Department of Oral and Maxillofacial Surgery, University 
Hospital Olomouc, Olomouc, Czech Republic

6 Department of Plastic and Aesthetic Surgery, St. Anne’s 
University Hospital, and Faculty of Medicine, Masaryk 
University Brno, Brno, Czech Republic

7 Institute of Biomedicine, Pathology, University of Turku, 
and Turku University Hospital, Turku, Finland

8 Department of Pathology, Bioptical Laboratory, Ltd., 
Mikulášské náměstí 4, 326 00 Pilsen, Czech Republic

http://orcid.org/0000-0002-4407-5544
http://crossmark.crossref.org/dialog/?doi=10.1007/s12105-021-01388-4&domain=pdf


622 Head and Neck Pathology (2022) 16:621–630

1 3

Introduction

Fusions or amplifications of the GLI1 gene have been dis-
covered in soft tissue tumors of variable morphology, immu-
noprofile and clinical behavior. GLI1-fusion positive tumors 
were initially reported by Dahlen et al. in 2004 as a group 
of distinctive smooth muscle actin positive mesenchymal 
neoplasms harboring an ACTB-GLI1 gene fusion, and they 
were designated as “pericytoma with t(7;12) translocation” 
[1]. Three of their five cases were located in the tongue 
and one each in the stomach and the calf [1]. Subsequently, 
other GLI1-rearranged tumors have been reported to arise in 
diverse tissues [2, 3], including the ovary [4, 10], the bones 
[5], the gastrointestinal tract [6–9], the soft tissue of the 
extremities [10], the retroperitoneum [2], the lung [3] or the 
kidney [15]. A broad spectrum of malignant mesenchymal 
neoplasms with relatively monomorphic round cell or epi-
thelioid morphology, with a frequent S100 protein expres-
sion, and with recurrent GLI1 gene fusions with ACTB, 
MALAT1, PTCH1 or FOXO4 have been characterized [2, 3, 
15]. Although sharing some histologic features with pericy-
toma, including monomorphic and occasionally round cell 
phenotype, nested growth pattern and an intricate capillary 
network, these lesions display morphologic variability, lack 
of actin immunoreactivity, and propensity for locoregional 
lymph node and distant lung metastases [2].

Even though in the first published series of tumors har-
boring ACTB-GLI1 fusions there was a marked predilec-
tion for occurrence in the tongue [1], other GLI1-rearranged 
tumors have been later reported to arise in other locations of 
the head and neck, including the submandibular gland and 
soft tissues of the neck [11]. However, a mucosal location 
in the palate has never been reported. Herein, we present a 
case of a 34-year-old female patient with an epithelioid mes-
enchymal tumor of the soft palate harboring a PTCH1-GLI1 
fusion. Several cases with GLI1 rearrangements in the head 
and neck have been described [11] but to date, only two of 
them harbored the PTCH1-GLI1 fusion. They arose in soft 
tissues of the submandibular region and the neck [2, 11] and 
the tongue [11]. One additional case with this fusion arose in 
soft tissues of the thorax [12]. To the best of our knowledge, 
ours is only the fourth case with the PTCH1-GLI1 fusion 
reported so far.

All reported tumors with the PTCH1-GLI1 rearrange-
ment (including our case) showed prominent epithelioid 
features with a multinodular or plexiform growth pattern 
at low magnification and a distinctive nested architecture 
with a rich, delicate arborizing vascular network. The tumor 
cells displayed a monomorphic cytomorphology with uni-
form round to ovoid nuclei, multiple clear-cell areas, a focal 
spindled morphology, and S100 protein immunopositiv-
ity. Conversely, smooth muscle actin and wide-spectrum 

cytokeratin (AE1/AE3) expressions were negative on immu-
nohistochemical examination. The unusual intraoral mucosal 
localization of the tumor in the palate and overlapping multi-
lobulated growth, nested epithelioid morphology, clear cyto-
plasm and S100 protein immunopositivity represent possible 
differential diagnostic features shared with some primary 
salivary gland neoplasms, such as myoepithelioma, cellu-
lar pleomorphic adenoma, and myoepithelial carcinoma. 
Useful diagnostic clues for tumors with a GLI1 rearrange-
ment include a rich vascular network, nested architecture, 
tumor tissue bulging into vascular spaces, and the absence of 
cytokeratin, SOX10, GFAP and calponin immunopositivity. 
Identification of areas with classic histopathologic features 
of GLI1-rearranged tumors should trigger efforts for molecu-
lar confirmation of a GLI1 rearrangement. This aberration 
has not been reported in the myoepithelial carcinoma of sali-
vary glands [13, 14].

Materials and Methods

The study was approved by the institutional review board of 
the Faculty of Medicine in Pilsen, Charles University. The 
case described in this study was retrieved from the consul-
tation files of AS. The clinical follow-up information was 
obtained from the treating clinicians (RP, ZD) and the refer-
ring pathologist (JM).

For conventional microscopy, excised tissues were fixed 
in formalin, processed routinely, embedded in paraffin 
(FFPE), cut, and stained with hematoxylin and eosin. For 
immunohistochemical analysis, 4-μm-thick sections were 
cut from paraffin blocks and mounted on positively charged 
slides (TOMO; Matsunami Glass IND, Japan). Sections 
were processed on a BenchMark ULTRA (Ventana Medical 
System, Tucson, AZ), deparaffinized, and then subjected to 
heat-induced epitope retrieval by immersion in CC1 solu-
tion at 95 °C and pH 8.6. All primary antibodies used are 
summarized in Table 1. Bound antibodies were visualized 
using the UltraView Universal DAB Detection Kit (Roche, 
Basel, Switzerland) and the UltraView Universal Alkaline 
Phosphatase Red Detection Kit (Roche). The slides were 
counterstained with Mayer’s hematoxylin. Appropriate posi-
tive and negative controls were employed.

Targeted Next‑Generation Sequencing

For next-generation sequencing (NGS) RNA was extracted 
using Total NA Maxwell RSC DNA FFPE kit (automated on 
Maxwell RSC 48 Instrument, Promega, Madison, WI). Puri-
fied RNA was quantified using the Qubit Broad Range RNA 
Assay (Thermo Fisher Scientific, Waltham, MA). Fusion 
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transcript detection and mutational analysis were performed 
using the customized FusionPlex Sarcoma kit No.6 (Archer 
DX, Boulder, CO). The process of library preparation and 
sequencing was done as described previously [14] and data 
analysis was performed using the Archer Analysis software 
version 6.2.1. The complete list of genes is available in 
Online Resource.

Case Presentation

The patient was a 34-year-old female who had observed a 
stiff lesion in her soft palate 2 months prior to first contact 
with a maxillofacial surgeon. The lesion was initially con-
sidered to be an abscess with partial regression of its size 
after dental work and an antibiotic treatment. However, a CT 
angiography revealed a persistent non-homogenous tumor-
ous lesion in the soft palate and lateral nasopharyngeal wall. 
A preliminary biopsy was inconclusive, but suggestive of a 
low-grade round-cell sarcoma with immunohistochemical 
positivity for D2-40 and neuroendocrine markers (a diffuse 
positivity for synaptophysin and NSE, and a focal positiv-
ity for S-100 protein). At the time of excision, the tumor 

measured 34 × 21 × 13 mm. Oral surface above the tumor 
was ulcerated in an area of 18 × 13 mm and to a depth of 
4 mm (Fig. 1A). The tumor consisted of soft tan-brown tis-
sue on cut surface, and there was no discernible capsule.

Microscopically, the excision was covered by a super-
ficially ulcerated stratified squamous epithelium with 
reactive changes and an extensive pseudoepitheliomatous 
hyperplasia. Underneath, there was inflamed granulation 
tissue with occasional giant cells attached to the multilobu-
lar tumor (Fig. 2A). Invasive tumor front extended into the 
surrounding small salivary gland (Fig. 2B) and the striated 
muscle tissue (Fig. 2C), and perineural invasion was noted 
(Fig. 2D). Tumor cell nests were separated by thick or deli-
cate fibrous septae (Fig. 3A) and occasionally they protruded 
into vascular spaces (not shown). An abundant arborizing 
capillary network was seen throughout the neoplastic tissue. 
The network was well pronounced especially in solid areas 
of the tumor (Fig. 3A, B). The tumor cells were organized 
either in a solid-trabecular fashion (Fig. 3B), a fascicular 
(myoepithelial carcinoma-like) pattern (Fig. 3C, D), or a 
reticular pattern with a myxoid stroma (Fig. 3E). A minor 
part of the tumor displayed a pseudoglandular architecture 
(Fig. 3F). Tumor cells appeared relatively uniform, round 

Table 1  Antibodies used for the 
immunohistochemical study

CC1 EDTA buffer, pH 8.6, 95 °C; EnVision high pH EnVision high pH solution, pH 9.0, 97 °C; min min-
utes; RTU  ready to use

Antibody Clone Dilution Antigen retrieval, time Source

AE1/AE3 AE1/AE3 RTU EnVision High pH, 30 min Dako
CAM5.2 CAM5.2 RTU CC1, 36 min Ventana
CD31 JC70A 1:40 CC1, 36 min Dako
CD34 QBEnd/10 1:100 EnVision High pH, 30 min Dako
CD56 123C3 RTU CC1, 52 min Ventana
CD99 O13 RTU CC1, 52 min Ventana
CDK4 DCS-31 1:800 CC1, 52 min Invitrogen
Chromogranin DAK-A3 1:200 EnVision High pH, 30 min Dako
CK5/6 D5/16B4 1:50 EnVision High pH, 30 min Dako
CK7 OV-TL 12/30 RTU EnVision High pH, 30 min Dako
CK14 SP53 RTU CC1, 36 min Ventana
DDIT3 9C8 1:200 EnVision High pH, 30 min AbCam
Desmin D33 RTU EnVision High pH, 30 min Dako
D2-40 D2-40 RTU EnVision High pH, 30 min Dako
HHV-8 13B10 RTU CC1, 52 min Ventana
Ki-67 MIB-1 RTU EnVision High pH, 30 min Dako
MyoD1 EP212 RTU CC1, 52 min Ventana
NSE BBS/NC/VI-H14 1:400 CC1, 36 min Dako
OSCAR IsoType:IgG2a 1:100 EnVision High pH, 30 min Covance
p63 4A4 RTU EnVision High pH, 30 min Dako
SOX10 SP267 RTU CC1, 52 min Ventana
STAT6 YE361 1:1000 CC1, 52 min Abcam
Synaptophysin DAK-SYNAP RTU EnVision High pH, 30 min Dako
S-100 Polyclonal RTU EnVision High pH, 30 min Dako
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Fig. 1  Macroscopic features of the tumor. A The tumor grew on the left side of the soft palate with a superficial ulceration. B Residual tumor tis-
sue was resected during second surgery, together with the left palatine tonsil

Fig. 2  Low-power microscopic view of the tumor (H&E*). A The 
multilobular tumor grew underneath an ulcerated stratified squamous 
epithelium of the oropharyngeal mucosa. B Tumor cells extended into 

adjacent minor salivary gland. C Tumor cells infiltrated adjacent stri-
ated muscle tissue. D Perineural infiltration was noted. *Hematoxylin 
and eosin
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to oval, with bland centrally located basophilic-staining 
nuclei, inconspicuous nucleoli and a moderate amount of 
delicate granular eosinophilic cytoplasm. A spindled cell 
morphology was present in the fascicular areas. Occasional 
cells displayed clearing of the cytoplasm, sometimes with 
a perinuclear halo (Fig. 3G), escalating in some areas into 
a pseudolipoblast appearance with prominent cytoplasmic 
vacuolization (Fig. 3H). Tumor-infiltrating lymphocytes 
were abundant, especially in the solid-trabecular areas of 

the tumor (Fig. 3H). Cell proliferation was low, reaching 
2 mitotic figures per 10 HPF. No tumor necrosis nor any 
atypical mitoses were seen. The tumor was not completely 
resected.

Immunohistochemically, a focal and patchy S-100 
protein (Fig. 4A) and CD56 (Fig. 4B) positivity, as well 
as a diffuse and strong D2-40 (Fig. 4C) expression were 
demonstrated in the tumor cells. A wide spectrum of vari-
ous markers was negative, including markers of epithelial 

Fig. 3  Histomorphologic features of the tumor (H&E*). Nests of 
tumor cells were surrounded by thick or delicate fibrous septae (A). 
Arborizing capillary network was interspersed among tumor cells 
throughout the lesion (A, B). Tumor cells were relatively uniform, 
round to oval, occasionally spindled, and with bland basophilic oval 
nuclei and inconspicuous nucleoli (B, C). Several architectural pat-
terns were seen. Tumor cells grew predominantly in a solid-trabecular 
(B) and a fascicular, myoepithelial carcinoma-like fashion (C, D). 

Less commonly, a reticular pattern with abundant myxoid stroma (E) 
and a pseudoglandular microcystic pattern (F) were seen. Focally, 
tumor cells displayed clearing of the cytoplasm with an infrequent 
perinuclear halo (G). The clear cell change escalated in some areas 
into a pseudolipoblast-like appearance with marked vacuolization of 
the cytoplasm (H). A focal lymphocytic infiltrate was seen through-
out the tumor (H). *Hematoxylin and eosin
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(AE1/AE3, OSCAR, CAM5.2, CK5/6, CK7, CK14), 
myogenic (myoD1, desmin), melanocytic (SOX10), and 
endothelial (CD31, CD34) differentiation, as well as vari-
ous other markers such as CD99, p63, HHV-8, DDIT3, 
STAT6 and CDK4. Proliferative index was low to inter-
mediate, in lymphocyte-poor areas Ki-67 stained up to 
7% of nuclei, while in lymphocyte-rich areas Ki-67 
was positive in 20–25% of tumor cells (Fig.  4D). As 

the immunohistochemical examination of the probatory 
biopsy at the referring institution showed diffuse positiv-
ity for synaptophysin and NSE, we conducted an addi-
tional analysis of the expression of neuroendocrine mark-
ers. While NSE was strongly diffusely positive, patchy 
synaptophysin expression was detected in up to 5% cells 
and chromogranin was positive in one focus. However, 

Fig. 4  Immunohistochemical features of the tumor. A Immunohis-
tochemical examination revealed focal and patchy S-100 protein 
expression (positive internal control in a nerve is seen in the upper 
right corner). B Similar pattern was seen with CD56 immunostain. 

C Diffuse and strong D2-40 positivity was present throughout the 
tumor. D Ki-67 stained up to 7% of cells in areas with sparse lympho-
cytes, while 20–25% of tumor cells were positive in lymphocyte-rich 
foci

Fig. 5  PTCH1-GLI1 fusion transcript. Exon 1a of PTCH1 gene 
containing a Gli1 binding site (black arrow) is fused (red arrow) to 
exon 6 of GLI1 gene. Gli1 part of the fusion protein retains its FOXP 

coiled-coil domain (FOXP-CC) and three zinc fingers of C2H2 type 
(C2H2 Zn fingers), which may enable dimerization and binding to 
Gli1 target genes
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multiple blocks had to be examined to demonstrate the 
positivity of synaptophysin and chromogranin.

Using the Archer FusionPlex custom panel, a PTCH1-
GLI1 fusion involving exon 1 of the PTCH1 gene and exon 
6 of the GLI1 gene was detected. The reference transcript 
sequences used for describing PTCH1 and GLI1 have 
accession numbers NM_001083602.1 and NM_005269, 
respectively. The chromosomal position is described using 
the reference genome GRCh37 (hg19), and breakpoints at 
chr9:98278751, and chr12:5785939 (Fig. 5).

Re-resection and lateral block neck dissection were per-
formed 2 months after the primary excision (Fig. 1B). Small 
amounts of residual tumor were identified in the resection 
sample from the oropharynx, but the margins were clear. 
Twenty-two neck lymph nodes were identified, and they 
were free of tumor infiltration. A PET-CT scan was per-
formed before the first surgery, and it did not reveal any sus-
pected metastatic lesions. Subsequent adjuvant therapy was 
not recommended by an oncologist. The patient is currently 
in the second trimester of pregnancy. The case is recent and 
only a limited follow-up of 4 months is available with no 
evidence of disease.

Discussion

Genetic abnormalities of GLI1, including gene fusions 
and amplification, have been reported recently in a subset 
of soft tissue tumors with a distinctive epithelioid nested 
histomorphology and a propensity for locoregional and dis-
tant metastasis [2]. To the best of our knowledge, 45 cases 
of GLI1-altered tumors, including 14 cases (31% of all 
cases) in the head and neck region, have been reported to 
date. Rearrangements of GLI1 have been detected in tumors 
arising from various parts of the body, including soft tis-
sues of extremities or trunk (11/31 cases) [2, 3, 10], gas-
trointestinal tract (10/31 cases) [6–9], bones (4/31 cases) 
[2, 5, 10], ovary (2/31 cases) [4, 10], and one case each in 
intrathoracic soft tissues [12], kidney [15], lung [3], and 

retroperitoneum [2]. In the head and neck region, the most 
common site of origin was tongue (11/14 cases), followed 
by submandibular and neck soft tissue (3/14 cases) [1–3, 
11]. There are no previous reports of a tumor of the soft 
palate. The tumors were diagnosed either as “pericytoma 
with t(7,12) translocation” or mesenchymal neoplasm with 
GLI1 gene alterations (the name malignant epithelioid neo-
plasm with GLI1 gene rearrangements was also used for 
this entity in the past [2]). Additionally, two cases of gas-
troblastoma with a MALAT1-GLI1 fusion [7] and five cases 
of gastric plexiform fibromyxoma with the same fusion or 
GLI1 amplification were reported recently [8]. Strikingly, 
with the exception of the plexiform fibromyxoma cases, 
most tumors demonstrated similar histopathologic features 
and were described as vaguely lobular proliferations of bland 
spindled to ovoid epithelioid cells with pale eosinophilic or 
clear cytoplasm, often with some myxoid areas and delicate 
arborizing vasculature. Even though the first reported cases 
of GLI1-altered tumors stained positive for smooth muscle 
actin, leading to their diagnosis as pericytoma, much higher 
variability in the immunoprofile of these tumors was later 
noted. In addition to the actin, the tumors are frequently 
positive for CD56 (16/19 cases tested, 84%), S100 protein 
(17/43 cases tested, 39.5%) and, less commonly, wide spec-
trum cytokeratins (AE1/AE3) (8/39 cases tested, 20.5%). 
Although a wide age range has been observed in patients 
with GLI1-rearranged tumors (ranging from 1 to 79 years), 
patients in their 4th decade seem to be most commonly 
affected (median 32 years). The situation is very similar with 
regards specifically to the head and neck tumors, where the 
age of the patients has ranged from 1 to 65 years, with a 
median of 34.5 years. According to the obtainable data, local 
recurrence and/or distant metastasis occurred in 36% cases 
with follow-up information available, including two cases in 
the head and neck area. The tumor in the first case occurred 
in the submandibular soft tissue and harbored a PTCH1-
GLI1 fusion (discussed further in the next paragraph), in 
the second case the tumor with a GLI1 amplification arose 

Table 2  PTCH1-GLI1 
positive mesenchymal 
tumors: clinicopathologic 
and immunophenotypic 
characteristics

AWD alive with disease; NED alive with no evidence of disease; F female; F + focally positive; LN lymph 
nodes; LR local recurrence; M male; met metastasis; mo months; + positive; ST soft tissue

Case # Age/Sex Site IHC Follow-up References

1 32/F Submandibular 
ST/neck

S100 (+) LR, mets to LN and lung, 
AWD 123 mo

[2, 11]

2 38/M Tongue S100 (+)
CD56 (+)

NED 2 mo [11]

3 13/M Thorax S100 (+)
CD56 (+)

NED 84 mo [12]

4 34/F Soft palate S100 (F+)
CD56 (F+)
D2-40 (+)

NED 4 mo Recent case
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from the neck soft tissue. Both patients developed both local 
recurrence and distant metastasis.

Presumably, this is only the fourth neoplasm with a 
PTCH1-GLI1 fusion reported to date (Table 2). One of the 
previously described tumors with this fusion grew as an 
intrathoracic mass in a 13-year-old male [12]. Two tumors 
with the fusion described by Antonescu and Xu [2, 11] 
occurred in the head and neck, one appearing in the subman-
dibular soft tissues of a 32-year-old female patient, and the 
other in the tongue of a 38-year-old male patient. Similarly, 
the 34-year-old female patient in our case presented with an 
ulcerated tumor of the soft palate. A stronger predilection for 
the head and neck can be noted in the PTCH1-GLI1 fused 
tumors than in other GLI1-rearranged neoplasms, although 
the number of cases known at present is limited. One of the 
three previously reported cases with a PTCH1-GLI1 fusion 
developed local recurrence and lung metastasis. The mitotic 
index in this case was high (6 mitoses per 10 HPF), and the 
tumor also contained areas of necrosis. Conversely, both of 
these features were lacking in the other cases that did not 
metastasize, including the case reported here. Even though 
mitotic activity in our case was rather low and the tumor 
was ultimately resected with tumor-free margins, a careful 
follow-up is mandatory.

Considering the histomorphology, tumors with the 
PTCH1-FLI1 fusion do not differ greatly from other tumors 
in the group. As in the other cases of GLI1-rearranged 
tumors reported in the head and neck, the present tumor 
consisted of monomorphic round cells with epithelioid fea-
tures and a focal clear-cell change that were organized into 
nests interspersed with delicate capillary networks. Only 
limited information is available in the literature on histomor-
phology of the pediatric tumor occurring in the 13-year-old 
male. The authors describe a tumor consisting of uniform 
small round cells organized into cord-like structures [12]. In 
rough agreement with the immunoprofile of all GLI1 rear-
ranged tumors, the PTCH1-GLI1 fused tumors reported to 
date were at least focally positive for CD56 and negative for 
AE1/3, while S100 protein, which is only positive in approx-
imately 40% of all GLI1-rearranged tumors, was expressed 
at least in some cells in each tumor with the PTCH1-GLI1 
fusion. At least focal expression of CD56 and S100 protein 
(observed in 3/3 and 4/4 analyzed cases, respectively) with 
consistently negative cytokeratins and smooth muscle actin, 
together with the typical histomorphology, seems to be a 
common denominator for PTCH1-GLI1 fused tumors [11].

The transcription factor Gli1 is a nuclear effector of 
the Hedgehog signaling pathway, which under normal 
conditions plays important roles in organogenesis during 
embryonic development. The pathway is deregulated in 
various cancers, for instance a GLI2 amplification has been 
demonstrated in some medulloblastomas, while a propor-
tion of rhabdomyosarcomas reportedly harbor inactivating 

mutations in genes of tumor suppressor proteins Patched 
and Sufu [16]. The significance of the Hedgehog signaling 
pathway during embryonic development and in carcino-
genesis is evident in patients with the nevoid basal cell 
carcinoma syndrome, who suffer from multiple basal cell 
carcinomas and various congenital abnormalities caused 
by an inactivating germline mutation in the PTCH1 gene. 
This gene encodes the Patched protein, a tumor suppressor 
localized in the cell membrane, where it binds and inhibits 
the Smoothened receptor. When any of the Hedgehog sign-
aling proteins binds Patched, it is inactivated and Smooth-
ened is released. Consequently, a signaling cascade leads 
to the activation of Gli1. In deregulated signaling during 
tumorigenesis, various proteins involved in cell prolifera-
tion, loss of cell adhesion, increased motility or cancer 
cell stemness belong to Gli1 targets [16, 17]. Importantly, 
the Patched-encoding gene PTCH1 contains a Gli1 bind-
ing site in its exon 1. The proposed gene product of the 
PTCH1-GLI1 fusion retains the Gli1 binding site in the 
PTCH1 part, while the proposed fusion protein contains 
zinc fingers in the Gli1 part that provide binding to specific 
regulatory sequences of genes downstream of the Hedge-
hog pathway, including PTCH1 (Fig. 5). In neoplastic 
cells, this might in turn create a positive feedback loop, 
in contrast to the opposing relationship between Gli1 and 
Patched in normal tissues. This would increase the expres-
sion of the fusion protein which remains an active tran-
scription factor for other targets in the Hedgehog pathway.

The differential diagnosis of a GLI1-rearranged mes-
enchymal epithelioid neoplasm is challenging. Due to an 
overall bland morphology with monomorphic round to 
epithelioid cells, multilobulated growth, nested architec-
ture, clear cytoplasm and S100 protein immunopositivity, 
these tumors are strongly reminiscent of primary epithe-
lial and/or myoepithelial neoplasms of the salivary glands. 
In the present case, due to the corded, microglandular or 
reticular growth patterns within a myxoid stroma, the 
epithelioid and spindle-shaped uniform neoplastic cells, 
and the unique mucosal location in the palate in close 
proximity to minor salivary glands, the resemblance to 
myoepithelial neoplasms including myoepithelioma, cel-
lular pleomorphic adenoma, and myoepithelial carcinoma, 
was particularly intriguing. Importantly, in contrast to the 
multinodular and infiltrative growth pattern of the GLI1-
rearranged mesenchymal neoplasm, a benign myoepi-
thelioma is well-circumscribed. Moreover, pleomorphic 
adenoma shows a biphasic phenotype with both ductal and 
myoepithelial differentiation, whereas all GLI1-rearranged 
tumors were composed of a single cell type. Myoepithelial 
carcinoma shows at least focally invasive features and is 
characterized by a multinodular architecture divided by 
fibrous bands in a zonal arrangement and a hypercellular 
peripheral rim surrounding a hypocellular, usually myxoid 
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and/or necrotic center. Useful diagnostic clues for tumors 
with a GLI1 rearrangement include a rich vascular network 
among nests of tumor cells, tumor tissue bulging into vas-
cular spaces, and absence of cytokeratin, SOX10, GFAP 
and calponin immunopositivity. Identification of areas 
with these classic features of GLI1-rearranged tumors 
should trigger efforts for molecular confirmation of a GLI1 
rearrangement, which in contrast has not been reported 
in myoepithelial carcinomas of salivary glands [13, 14].

Ectomesenchymal chondromyxoid tumor is another tumor 
included in the differential diagnosis of GLI1-rearranged 
tumors. It is a rare mesenchymal neoplasm characterized by 
a striking predilection for the anterior dorsal tongue. It has 
a multilobulated growth pattern and is immunohistochemi-
cally positive for S100 protein, CD56, cytokeratin, and SMA 
[18, 19]. However, ectomesenchymal chondromyxoid tumor 
typically shows a more spindled cytomorphology and an 
abundant myxoid stroma, it lacks an arborizing capillary 
network and may express other myoepithelial markers such 
as calponin and GFAP [18]. At the molecular level, these 
tumors harbor a characteristic RREB1-MKL2 fusion. Thus, 
molecular testing can be used in differential diagnosis in 
challenging cases [19].

In a tumor with positive neuroendocrine markers and a 
prominent vascular network in between round to oval cells 
with moderate amounts of pale eosinophilic cytoplasm 
organized in a solid-trabecular pattern, the differential diag-
nosis of paraganglioma could be considered. Nonetheless, 
a more solidly nested growth pattern is usually present in 
paraganglioma. Furthermore, S100 protein immunohisto-
chemistry displays a distinct pattern in paragangliomas, with 
only the sustentacular cells staining positive. Whereas CD56 
immunopositivity is very frequent in epithelioid soft tissue 
tumors with GLI1 rearrangements, other neuroendocrine 
markers are typically negative. In fact, there have only been 
four other cases thus far with a reported positivity for any 
neuroendocrine markers. These include a case of a 57-year-
old female with a tibial tumor with rare cells staining with 
an antibody against synaptophysin [10], two cases diffusely 
positive for NSE, including a 67-year-old male with a bone 
(talus) tumor [5] and a 48-year-old male with a jejunal tumor 
[6], and an additional case of a 28-year-old male with a gas-
troblastoma positive for NSE in the epithelial component 
of the tumor [6]. All but one of these patients later suffered 
distant metastases [6, 7, 10], possibly linking such neuroen-
docrine features to a more aggressive clinical behavior. This 
further highlights the importance of careful follow-up of the 
patient in the case presented here.

A correct diagnosis supported by the detection of a GLI1 
gene rearrangement may have therapeutic implications, as 
tumors with GLI1 oncogenic activation and subsequent 
PTCH1 overexpression may be sensitive to SHH path-
way inhibitors [20]. Identification of GLI1 alterations and 

oncogenic activation in this unique tumor entity may, there-
fore, allow patients, especially those with advanced disease, 
to gain access to Hedgehog or GLI1-targeted therapies.

In summary, the presented case improves our understand-
ing of the emerging group of GLI1-rearranged tumors. The 
tumor consisted of nests of relatively uniform round to 
spindled cells with bland basophilic nuclei, an occasional 
clearing of tumor cell cytoplasm and focal immunohisto-
chemical positivity for S-100 protein and CD56. A reticular, 
trabecular, pseudoglandular or fascicular architecture was 
present in different parts of the tumor. A delicate branching 
vasculature permeated the lesion. Molecular genetic testing 
revealed a PTCH1-GLI1 fusion. GLI1-rearranged tumors 
usually have an indolent behavior; however, propensity for 
locoregional recurrence and distant metastatic spread should 
not be underscored. Information about molecular genetic 
background of the tumor is of great clinical importance, 
especially for patients with advanced disease who could 
benefit from treatment with selective Hedgehog pathway 
inhibitors.
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