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Abstract

The entity “pericytoma with t(7;12)” was described as a rare, distinct perivascular myoid neoplasm 

provisionally classified within the family of myopericytic tumors that demonstrates t(7;12)

(p22;q13) translocation with resultant ACTB-GLI1 fusion and biologically was felt to behave in 

an indolent fashion. However, a recent study showed that tumors with this and similar 

translocations may have variable morphology and immunohistochemical phenotype with 

inconsistent myopericytic characteristics and a propensity for metastasis, raising questions 

regarding the most appropriate classification of these neoplasms. Herein, we report 3 additional 

patients with tumors harboring t(7;12) and ACTB-GLI1 fusion. The tumors arose in adults and 

involved the proximal tibia and adjacent soft tissues, scapula and adjacent soft tissues, and ovary. 

All tumors were composed of round-to-ovoid cells with a richly vascularized stroma with many 

small, delicate, branching blood vessels, where the neoplastic cells were frequently arranged in a 

perivascular distribution. Both tumors involving bone showed histologic features of malignancy. 

By immunohistochemistry, all tested tumors were at least focally positive for SMA (3/3) and 

CD99 (patchy) (2/2), with variable staining for MSA (2/3), S100 protein (1/3), EMA (2/3), and 
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pan-keratin (1/3); all were negative for desmin and WT1 (0/3). The two patients with bone tumors 

developed metastases (27 and 84 months after diagnosis). Whether these tumors are best classified 

as malignant myopericytoma variants or an emerging translocation-associated sarcoma of 

uncertain differentiation remains to be fully clarified; however, our study further documents the 

potential for these tumors to behave in an aggressive fashion, sometimes over a prolonged clinical 

course.
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INTRODUCTION

The entity “pericytoma with t(7;12)” was described as a rare perivascular myoid neoplasm 

provisionally classified as a discrete subgroup within the family of myopericytic tumors. 

Initially described by Dahlén et al. in 2004 as a group of soft tissue neoplasms with 

distinctive pericytic features that shared the t(7;12)(p22;q13) translocation by cytogenetic 

analysis, the resultant unique ACTB-GLI1 fusion was considered the driving genetic 

abnormality. Based on the first 7 cases reported in the literature, the histological features 

were interpreted as benign and no aggressive biologic behavior was documented clinically 

with a mean follow up of 60 months (range 6–168).1–3 However, recently, 6 tumors with a 

round to epithelioid, nested morphology harboring GLI1 gene fusions, including 4 fused to 

ACTB, 1 to MALAT1 and 1 to PTCH1 gene have been reported.4 In this series, the 

morphologic and immunophenotypic evidence of myopericytic lineage of the tumors was 

not convincing, and the tumors demonstrated significant metastatic potential.4 The 

constellation of reported findings raises questions about how to best classify these 

neoplasms and whether tumors with ACTB-GLI1 fusion represent multiple distinct entities 

or different manifestations of a spectrum of tumors with variable pericytic nature and 

biologic potential. Herein, we describe 3 additional cases of neoplasms with ACTB-GLI1 
fusion and expand upon the morphologic, immunophenotypic, and clinical behavior of this 

evolving entity.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board (IRB). Cases with ACTB-GLI1 
gene fusion were identified both prospectively (cases #1 and 3) and retrospectively by 

searching the files of the senior author (A.E.R., case #2). All tumors were routinely 

processed and embedded in paraffin. Immunohistochemistry was performed on 4-μm-thick 

formalin-fixed, paraffin-embedded (FFPE) tissue according to standard techniques. 

Hematoxylin and eosin-stained slides and available immunohistochemical stains were 

reviewed. Clinical information was obtained by review of the electronic medical records and 

contacting the treating physicians.
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Molecular Studies

Nucleic acids were extracted and libraries were prepared from unstained FFPE slides of non-

decalcified, tumor-bearing tissue. Two cases (cases #1 and 3) underwent analysis by a next-

generation sequencing (NGS)-based assay that interrogates 406 genes by DNA sequencing, 

select introns of 31 genes involved in rearrangements, and 265 genes by RNA sequencing 

(FoundationOne®, Cambridge, MA). In one case (case #2), a clinically-validated, 

laboratory-developed Anchored Multiplex PCR (AMP)-based assay was utilized to 

interrogate for targeted fusion transcripts involving 51 genes by NGS.5 ArcherDx 

FusionPlex® Solid Tumor and Sarcoma kits (ArcherDx, Boulder, CO) were utilized to 

prepare a custom library which was sequenced on an Illumina NextSeq instrument 

(Illumina®, San Diego, CA) and analyzed by a laboratory-developed algorithm. Interphase 

fluorescence in situ hybridization (FISH) was performed on 4-μm-thick FFPE tissue 

sections. EWSR1 FISH was conducted in two cases (cases #1 and 2, Vysis LSI EWSR1 

Dual Color, Break Apart Probe, Abbott Laboratories, Abbott Park, IL). In one case (case 

#1), confirmatory FISH was performed with custom bacterial artificial chromosome (BAC) 

probes for GLI1 and ACTB as per a previously described protocol.4 For the ovarian case 

(case #3), FISH was performed with a break-apart probe for JAZF1 by a laboratory-

developed test at a reference center (Mayo Medical Laboratories, Rochester, MN).

RESULTS

Patient 1

A 57-year-old woman presented with a 3-month history of a mass in her right leg. The mass 

was not painful and physical exam revealed fullness to the right proximal tibia region and a 

few prominent, dilated veins in the overlying soft tissues.

Magnetic resonance imaging (MRI) revealed a 1.9 × 1.8 × 2.3 cm intraosseous tumor of the 

medial proximal tibia associated with a 9.8 × 3.8 × 4.5 cm posterior soft tissue mass 

involving the flexor compartment (Figure 1A). Positron emission tomography-computed 

tomography (PET-CT) scan showed avid FDG uptake in both components. An incisional 

biopsy was performed and was interpreted as an undifferentiated small round cell sarcoma, 

Ewing sarcoma-like in nature, with an unknown, non-EWSR1 translocation.

Staging studies revealed no evidence of metastatic disease. Chemotherapy was performed 

and consisted of 4 cycles of vincristine, actinomycin, and ifosfamide (VAI). After 

neoadjuvant therapy, a radiograph of the tibia showed a lytic lesion with non-sclerotic 

margin and focal high-grade endosteal scalloping (Figure 1B). While the overall tumor size 

was slightly increased on MRI, the intra-osseous component showed non-enhancing, 

hemorrhagic, cystic components indicative of treatment effect.

The patient underwent wide excision of the right proximal tibia and soft tissue mass with 

total knee reconstruction. Gross examination revealed a 5.5 × 4.0 × 3.0 cm soft, red-white, 

hemorrhagic, predominantly cystic intraosseous tumor with white fibrous septae centered 

within the tibial epiphysis and metaphysis. The tumor destroyed the posterior cortex and 

formed a 10.0 × 4.0 × 3.5 cm soft pink-tan fleshy soft tissue component (Figure 2A). It 

involved the medullary cavity, permeated the trabecular bone, transgressed the cortex 
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eliciting subperiosteal reactive woven bone formation, and infiltrated the neighboring soft 

tissue (Figure 2B). The tumor demonstrated multinodular and focally perivascular growth 

with a conspicuous “hemangiopericytoma”-like vasculature. The neoplastic cells were small 

and round to ovoid with oval to irregular nuclei, vesicular chromatin with small nucleoli, and 

scant clear to pale eosinophilic cytoplasm (Figure 2C). Vascular invasion was present with 

prominent subendothelial tumor proliferation. Mitoses numbered 5/10 high power fields 

(HPF). Approximately 40% of the tumor was necrotic and 60% was viable. Most of the 

necrotic area was represented by cystic change within the intra-osseous component, while 

the soft tissue component was predominantly viable. The surgical resection margins were 

negative for tumor.

Immunohistochemical stains showed that the tumor cells were positive for FLI-1 (strong, 

diffuse), SMA (focal; Figure 2D), MSA (rare cells), h-caldesmon (rare cells), synaptophysin 

(rare cells), EMA (weak, focal), and CD99 (weak, focal, cytoplasmic). Stains for CD31 and 

CD34 highlighted the prominent thin-walled vasculature within the tumor, and the neoplastic 

cells were negative. The tumor cells were additionally negative for S100 protein, pan-

keratin, desmin, collagen type IV, WT1 (c-terminus and n-terminus), TdT, HMB45, and 

CD10. The proliferative index as estimated by a Ki67 nuclear labeling index was 

approximately 35%.

Conventional cytogenetics failed to grow metaphase cells suitable for chromosomal analysis. 

FISH was negative for rearrangement of EWSR1. An NGS-based assay (FoundationOne®, 

Cambridge, MA) revealed 3 genetic abnormalities: ACTB-GLI1 rearrangement, JAK2 
G571S mutation, and NOTCH2 P6fs*27. Tumor mutational burden was low (5 mutations/

Mb). FISH studies confirmed gene rearrangements in both ACTB and GLI1 genes (Figure 

2E–F).

After surgery, Ewing-family salvage chemotherapy was discontinued. Subsequently, 27 

months after diagnosis the patient developed chest wall pain and radiographs revealed a 

destructive lesion of the 8th rib. Needle biopsy and wide resection of the rib confirmed 

metastatic sarcoma with features similar to those seen in the tibial tumor.

Patient 2

A 62-year-old man presented with a palpable mass of his right shoulder. MRI demonstrated 

a 6 × 8 × 10 cm solid mass arising from the body of the right scapula with associated bony 

destruction. A core needle biopsy of the mass was performed and was interpreted as 

representing an atypical small round cell neoplasm, favored to be malignant, and possibly 

representing Ewing sarcoma. Staging CT scans of the chest, abdomen, and pelvis revealed 

no evidence of metastatic disease.

Resection of the scapula mass revealed a 7.5 cm tumor that diffusely infiltrated the bone; 

there was prominent vascular invasion and multiple satellite nodules separate from the main 

mass. The tumor was composed of small round cells with round to oval nuclei, fine 

chromatin, and clear to eosinophilic cytoplasm. In areas the neoplastic cells had distinct 

cytoplasmic borders and formed gland-like structures. The stroma showed focal myxoid 

change and prominent, delicate vasculature. Mitoses were rare (1/50 HPF) and no necrosis 
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was identified. Tumor was present at the lateral bone margin. Immunohistochemical studies 

showed that the tumor cells were positive for SMA, MSA, vimentin, and BCOR (weak). 

They showed only cytoplasmic staining for CD99 and were negative for FLI-1, desmin, 

calponin, myogenin, MyoD1, ETV4, WT1, CD45, pan-keratin, MNF116, EMA, S100 

protein, synaptophysin, and chromogranin. FISH was negative for rearrangement of 

EWSR1. Despite relatively bland cytologic features and low mitotic activity, the tumor was 

classified as a low to intermediate grade sarcoma due to the prominent vascular invasion and 

bony infiltration.

The patient received postoperative radiation therapy and was free of disease until 7 years 

after initial presentation when a left lung metastasis was detected on surveillance imaging. 

The sub-centimeter metastasis was resected and histologically showed morphologic features 

identical to those seen in the primary scapula tumor. Two years later (9 years after initial 

diagnosis), he developed a right-sided lung metastasis and had this surgically resected along 

with the right clavicle. Fifteen years after initial diagnosis, the patient developed a mass in 

the right thigh, and core biopsy demonstrated a histologically identical metastatic small 

round cell sarcoma. Upon resection, the tumor predominantly involved skeletal muscle of 

the thigh but focally involved the cortex of the femur (Figure 3A). As with prior specimens, 

the sarcoma maintained the same histologic features (Figure 3B–C) and overall 

immunophenotype, with diminution of the degree of SMA positivity (focal as compared to 

the more extensive staining seen previously). The clinically-validated, laboratory-developed 

AMP-based assay revealed an ACTB-GLI1 fusion.

Patient 3

A 41-year-old pre-menopausal woman was referred because of an incidentally discovered 

left ovarian cyst. She denied abnormal vaginal bleeding or discharge, pelvic or abdominal 

pain, bloating, change in urinary or bowel habits, and change in appetite or energy.

Initially the cyst measured 6.0 cm by imaging, and surveillance was recommended with 

yearly ultrasound. Subsequent imaging studies revealed a slight increase in size (6.5 cm and 

7.4 cm in 2 consecutive years). The last MRI scan showed a solid and cystic enhancing 

heterogeneous mass within the left adnexa with some internal restricted diffusion, measuring 

5.5 × 7.4 × 5.5 cm. At that time, the concern for malignancy prompted exploratory 

laparotomy with left salpingo-oophorectomy. Intraoperative frozen section reported 

granulosa cell tumor, so a completion total abdominal hysterectomy, right salpingo-

oophorectomy, and infracolic omentectomy were performed. Operative findings were 

notable for a small uterus with a relatively immobile pelvic mass posteriorly, without 

evidence of disease elsewhere. Extensive adhesions in the pelvis between the uterus, left 

pelvic mass, rectum, and left pelvic sidewall were present. There was partial rupture of the 

tumor intraoperatively.

Gross examination showed a partially disrupted 7.0 × 4.5 × 3.0 cm left ovarian mass with an 

uninvolved, smooth surface. On sectioning the mass was solid and cystic, white-brown with 

few areas of necrosis. No residual normal ovarian stroma could be identified. Histologic 

examination showed that the tumor was composed of uniform, ovoid cells with alternating 

areas of hypercellularity and edema (Figure 4A–B). The stroma was remarkable for a 
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prominent vascular tree consisting of small-diameter, interconnecting, and delicate blood 

vessels. Regional necrosis was present, but mitotic activity was low (1 mitosis per 50 HPF).

By immunohistochemistry, the lesional cells expressed pan-keratin, EMA, SMA (focal, 

Figure 4C), S100 protein (focal, Figure 4D) and CD10 but were negative for pan-

cytokeratin, WT1, PAX8, SF-1, inhibin, synaptophysin, SALL4, CD31, nuclear beta-

catenin, ALK, desmin, HMB45 and Melan A. The Ki67 labeling index was approximately 

1%.

Given the failure to establish a definitive line of differentiation immunohistochemically, 

molecular studies were pursued with NGS-based sequencing (FoundationOne®, Cambridge, 

MA). The tumor showed a low mutation burden (2 mutations/Mb), and the only definitive 

genomic alteration identified was t(7; 12) with GLI1-ACTB rearrangement.

The clinical team opted for surveillance without further therapeutic intervention. The patient 

is being followed and is currently free of disease 14 months after surgery.

DISCUSSION

We have presented 3 tumors composed of round-to-ovoid cells associated with a delicate 

vasculature that immunophenotypically show at least focal myogenic differentiation (SMA 

positivity seen in all cases, being focal in 2) and genetically harbor ACTB-GLI1 fusion 

(demographic, histologic, and immunophenotypic findings are summarized in Tables 1–2). 

Whether these tumors are best classified of variants of “pericytoma with t(7;12)” or a novel 

soft tissue neoplasm with metastatic potential is open to debate.

Myopericytomas are benign perivascular myoid tumors of a family that includes 

myofibroma, infantile myofibroma or myofibromatosis, angioleiomyoma, and 

glomangiopericytoma/glomus tumor. The line of differentiation is the myopericyte, a cell 

with combined features of pericytes and smooth muscle cells thought to represent a 

transitional form between the two cell lineages.6 In addition to participating in angiogenesis 

and blood pressure control, pericytes are thought to play important roles in tumor formation, 

growth, angioinvasion, and metastasis. Additionally, pericytes are hypothesized to be a type 

of perivascular stem cell that can differentiate along numerous mesenchymal lineages.7 

Immunophenotypically, myopericytomas are generally characterized by positivity for SMA, 

h-caldesmon, MSA, and collagen type IV and no staining for desmin or S100 protein. 

Proliferative activity in myopericytoma is usually low (<2/10 HPF).6,8

Postulated to be a distinct subset of myopericytoma is the entity provisionally named 

“pericytoma with t(7;12)” which harbors a translocation involving ACTB and GLI. In the 

initial series of 5 cases, the tumor was described as exhibiting distinctive histology, 

composed of multiple lobules of small ovoid and spindle cells often having a perivascular 

pattern with groups of tumor cells surrounded by thin-walled vessels and demonstrating an 

infiltrative growth pattern.1 The spindle cells had scant eosinophilic cytoplasm, ovoid-to-

tapered nuclei, vesicular chromatin, and small nucleoli with no significant cytologic atypia, 

necrosis, or mitotic activity. Immunohistochemically, they were positive for SMA and 

negative for S100 protein1 Subsequently, 3 additional cases2,3,9 were described with similar 
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morphologic and immunophenotypic features, although 1 case was reported to be negative 

for SMA.3 The cumulative limited published clinical follow-up did not indicate aggressive 

behavior, with a mean follow up of 60 months (range 6–168).1–3,9 Gathering additional 

clinical follow up by contacting the prior authors for our study did not change this number 

significantly (mean follow up of 65 months (range 6–204)), because while 2 historical case 

had 4 additional cumulative years of disease-free follow-up, another case previously too 

recent to include in follow-up now has limited disease-free follow-up of 2 years (see Table 3: 

patients 1, 5, and 12, respectively).

In contrast, Antonescu et al. recently described 6 tumors with round to epithelioid phenotype 

showing GLI1 fusions (4 with ACTB-GLI1, 1 with GLI1-MALAT1, and 1 with GLI1-
PTCH1) that exhibited significant metastatic potential.4 Immunophenotypically, most of the 

tumors were strongly positive for S100 protein (4/6) and all were negative for SMA and 

EMA. Given an immunophenotype not typical for pericytic lineage, the authors 

hypothesized that the tumors potentially either represent a novel soft tissue sarcoma or an 

unusual manifestation of the previously described GLI1 fusion-related neoplasms, and they 

proposed the provisional terminology: “malignant epithelioid neoplasm with GLI1 fusions.” 

The 3 patients for whom clinical follow up was available (mean of 50 months) all 

demonstrated metastatic disease within lymph nodes with one patient additionally 

developing lung metastasis.4

Our findings help to partially bridge information between these prior studies. All tumors in 

our cohort were at least focally positive for SMA and demonstrated perivascular growth that 

may indicate morphologic evidence of myopericytic differentiation. However, 2 of our 

tumors (both arising in bone) were classified as malignant based on local infiltration and 

vascular invasion and subsequently metastasized (patient #1 to bone at 27 months, patient #2 

to lung at 7 years and soft tissue/bone at 15 years), similar to the biologic potential 

demonstrated in the GLI1-rearranged cohort reported by Antonescu et al. Additionally, 1 of 

our cases (patient #3, with tumor involving the ovary) showed S100 protein reactivity, a 

finding that characterized the latter GLI1-rearranged tumors, and it is the only tumor in our 

cohort that so far has not metastasized; however, clinical follow-up is short. Although the 

earlier series of GLI1-ACTB tumors reported as pericytoma with t(7;12) were described as 

tumors composed of spindle-to-ovoid cells, the illustrations show that they are 

predominantly ovoid and are morphologically similar to the tumors in the series by 

Antonescu and our cases. Based on review of the available literature, histologic 

classification of these tumors as benign or malignant has been inferred from available 

clinical follow-up. Taking together all previously and currently reported tumors with GLI1-

ACTB translocation, all have lacked significant nuclear atypia or pleomorphism and mitotic 

activity has been relatively low (1–5 mitoses/10 HPF). Most tumors have displayed 

infiltrative growth, and approximately half demonstrate focal myxoid stroma. Focal necrosis 

has occasionally been noted in primary tumors (20%, n=3/15). Tumors have shown a 2:1 

female predominance and have affected patients across a large age range (9–79 years, mean 

39) with an average size of 5.5 cm (range 0.8–15.0). The tumors have arisen more frequently 

in soft tissue than bone (4:1) and most commonly have involved the somatic soft tissue (n=4; 

specific sites: calf, thigh, foot, chest wall), tongue (n=3), and bone (n=3) with occasional 
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cases reported in the stomach (n=2), ovary (n=2), and retroperitoneum (n=1). Features of 

previously and currently reported cases are summarized in Table 3.

While the relatively small number of reported cases precludes definitively answering the 

question of whether GLI1-ACTB fusion in these round and ovoid cell tumors defines a 

specific entity or whether it is an alteration seen in several different types of neoplasms, it 

may be informative to attempt to understand how these cases were classified before the 

molecular information was known. In the initial series, it is largely unclear as the cases were 

selected based on cytogenetic findings.1 However, interestingly, 1 of these 5 initial cases had 

previously been reported as an “infantile hemangiopericytoma,” characterized as SMA 

negative with mitoses up to 9/10 HPF in the original case report.10 The subsequently 

reported case, by Bridge et al, was considered a low-grade malignant neoplasm of uncertain 

histogenesis by core biopsy, but later reclassified on resection, noting, “cytogenetic and 

molecular analyses were useful, if not essential, in classifying this rare diagnostic entity.”2 

Next, Castro and colleagues considered angiomatoid fibrous histiocytoma for the pediatric 

gastric tumor they reported, but EWSR1 FISH was negative, and the authors remarked, “the 

unusual location and nonspecific morphology made the differential diagnosis quite difficult, 

making genetic and molecular analyses imperative for the correct diagnosis.”3 Within the 

cohort of 6 GLI1 fusion related neoplasms reported by Antonescu et al, the most common 

initial diagnosis was myoepithelial carcinoma (n=3), with 1 case initially diagnosed as an 

epithelioid schwannoma until it metastasized. One case was considered an unusual pericytic 

tumor despite positivity for S100 protein and negativity for SMA because of its morphologic 

resemblance to cellular glomus tumor and the presence of ACTB-GLI1, so it is difficult to 

be sure how this case would have been characterized without the genetic information.4 Koh 

and colleagues considered a range of primary ovarian neoplasms for their case and also 

noted the importance of molecular findings for its classification, given the rarity of tumors 

with ACTB-GLI1 compared to others in the differential diagnosis as well as the 

morphologic, immunophenotypic, and clinical variability in the previously reported cases.9 

For our cases, both tumors involving bone were considered to be Ewing-like sarcomas; 

however the case with more prominent myogenic differentiation (case #2) was interpreted as 

a malignant glomus tumor prior to NGS. Given the above findings, a pattern seems to 

emerge: many - if not most - of these tumors do not seem diagnosable as (myo)pericytic 

based on morphology and immunohistochemistry alone, lending uncertainty to their 

histogenesis.

While the ACTB-GLI1 fusion has not yet been reported outside of the above context 

(pericytoma with t(7;12) and malignant epithelioid neoplasm with GLI1 fusions), the other 2 

fusions reported by Antonsecu have been identified in other neoplasms: GLI1-MALAT1 in 

gastroblastoma,11 a tumor with some morphologic and immunophenotypic overlap with 

current tumors, and plexiform fibromyxoma,12 a seemingly entirely distinct tumor. Based on 

all of the reported cases, ACTB-GLI1 fusions may be characteristic of one entity, but GLI1-

rearranged tumors with different fusion partners may represent related but distinct 

neoplasms.

The differential diagnosis for mesenchymal neoplasms with ACTB-GLI1 and related gene 

fusions differs based upon a variety of factors, including their morphologic, 
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immunohistochemical, and clinical manifestations. Our first two tumors were malignant 

small round cell tumors involving bone, with an associated differential diagnosis broadly 

including small round cell sarcomas, melanoma, small cell carcinoma, and 

rhabdomyosarcoma. The latter 3 possibilities were excluded by immunohistochemistry. 

Among small round cell sarcomas, Ewing sarcoma was a principal diagnostic consideration 

in each instance. Morphologically, however, both tumors possessed a perivascular growth 

pattern and lacked a “two-cell” population that is common in Ewing sarcoma (comprised of 

cells that are viable and others that are necrotic or apoptotic). Immunohistochemically, while 

both tumors were strongly positive for FLI-1 on initial biopsy, they showed variable 

reactivity for CD99 (predominantly cytoplasmic) and, importantly, both were negative for 

EWSR1 rearrangement by FISH. An increasing number of Ewing-like round cell sarcomas 

or undifferentiated sarcomas with round cell phenotype have been recognized, including 

sarcomas associated with translocations of BCOR-CCNB3 and CIC-DUX4 or CIC-

FOXO4.13,14 The morphology of these sarcomas varies, and may include a spindle cell 

component, epithelioid or rhabdoid cells, myxoid stroma, and a staghorn-like vascular tree. 

Immunohistochemically, these sarcomas may demonstrate variable patterns of CD99 

positivity, unlike the diffuse, strong, membranous pattern characteristic of Ewing sarcoma. 

However, many are positive for WT1, while both of our cases were negative for WT1, and 

the case that was tested for BCOR immunohistochemistry (case #2) was only weakly 

reactive. Additional clues to the diagnosis in our cases include the delicate branching 

vasculature with perivascular arrangement of tumor cells and the variable positivity for 

myogenic markers (SMA, MSA, and h-caldesmon); however, genetic analysis has proven to 

be a critical tool in the classification of these malignant small round cell neoplasms.

For our third tumor involving the ovary, the differential diagnosis included tumors that more 

frequently involve the adnexa, such as sex-cord stromal tumors, low-grade endometrioid 

stromal sarcoma, and less likely, other tumors of mesenchymal origin (such as epithelioid 

smooth muscle neoplasms). A single prior case of pericytoma with t(7;12) arising in the 

ovary has been recently described.9 This index case consisted of an 11-year old child 

presenting with a 16.5 cm adnexal mass. Similar to our two tumors arising in bone, the lack 

of pertinent immunohistochemical staining that would support any definitive line of 

differentiation argued against most of these diagnoses for the ovarian tumor. Interestingly, 

the tumor was diffusely positive for CD10, which raised the possibility of a low-grade 

endometrioid stromal tumor, however FISH studies for translocation involving the JAZF1 
gene (which is seen in such neoplasms), were negative.

Molecularly, the t(7;12)(p22;q13) translocation leads to fusion of the GLI1 oncogene and 

ACTB, whereby the universally expressed ACTB gene promoter drives increased GLI1 
expression; this leads to transcriptional activation and reregulation of downstream target 

genes thereby affecting cell-cycle regulation, cell adhesion, apoptosis, signal transduction, 

and cell proliferation.1,2,15 Activation of GLI1 oncogene is important in the sonic hedgehog 
(SHH) signaling pathway, and GLI1 is amplified in many human malignancies, including 

glioblastoma and rhabdomyosarcoma.1,15,16 Targeting the SHH-GLI pathway is considered 

a desirable and potentially feasible therapeutic approach for a variety of different 

malignancies.16
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While in two of our tumors GLI1-ACTB rearrangement was the only abnormal genetic 

abnormality detected by NGS, the tibial tumor (patient #1) also demonstrated mutations in 

Notch2 and JAK2. Notch2 is a member of the Notch family of receptors that play a role in 

developmental processes, homeostasis, and cell-fate determination, and it can act as either an 

oncogene or, less commonly, a tumor suppressor gene.17–20 The NOTCH2 p6fs*27 deletion 

is a frameshift mutation that alters or disrupts the ankyrin repeat region (amino acids 1876–

2041), predicted to be an inactivating mutation.21–23 Notch2 protein inactivating mutations 

are seen in squamous cell carcinomas of various anatomical sites and bladder carcinomas.
18,20,24 Lack of Notch signaling has been implicated in epithelial-to-mesenchymal transition,
17,18 and thus this NOTCH2 mutation may have contributed to the malignant phenotype in 

this myopericytoma. JAK2 encodes Janus kinase 2, a tyrosine kinase that regulates signaling 

initiated by cytokines and growth factors and is often mutated in hematopoietic and 

lymphoid malignancies.25 Most mutations occur at V617, but G571S has been observed in 

patients with myeloproliferative neoplasms26 and erythrocytosis.27 However, available 

evidence suggests that the G571S mutation is not a JAK2-activating mutation,26 and thus 

this finding may not be a significant contributor to the malignant phenotype of this case.

In summary, we describe 3 new cases of mesenchymal neoplasms with translocations 

involving ACTB and GLI1 genes, and results support emerging evidence that tumors with 

this genetic abnormality have the potential to behave in a biologically aggressive fashion. 

Whether these tumors are most appropriately classified as (malignant) pericytoma variants 

or novel sarcomas of uncertain histogenesis still remains unclear. However, it is our opinion 

that it is feasible that all of these tumors represent a morphologic spectrum with variable 

degrees of pericytic differentiation, immunohistochemical findings, and metastatic potential. 

Interestingly, the clinical course of patients with metastatic disease is prolonged with 

metastases not developing for many years in some patients. This study expands the 

clinicopathologic and molecular data for this exceedingly rare group of tumors and will 

contribute to further understanding of tumors harboring ACTB-GLI translocations.
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Figure 1. 
Case 1, radiologic findings, preoperative and post neoadjuvant therapy. A) Preoperative 

coronal fat-saturated T2-weighted MRI image demonstrates heterogeneous hyperintensity in 

both intra- and extra-osseous components with a small perforating vessel at the posterior 

medial margin of the tibia (arrowhead) that may have allowed spread of the tumor between 

intraosseous and extraosseous components. The tumor vasculature in the soft tissue 

component is arborizing and hypointense. B) Radiograph of the tumor after neoadjuvant 

therapy shows a lytic lesion in the subarticular region of the proximal tibia, with sharp but 

non-sclerotic margins laterally, and a more poorly defined inferior margin. High-grade 

endosteal scalloping of the proximal tibia is present medially.
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Figure 2. 
Case 1, pathologic findings. A) Gross examination of the resected distal tibia shows a red-

white, hemorrhagic tumor with a predominant cystic component within the medullary cavity 

and a pink-tan fleshy component within the adjacent soft tissue. B) A low-power histologic 

section demonstrates that tumor is present within the medullary cavity as well as infiltrating 

the cortex, and it extends into adjacent periosteum with prominent associated periosteal 

woven bone deposition (40x, H&E). C) On high power, the tumor is composed of packets of 

small blue cells arranged in trabeculae. The neoplastic cells demonstrate ovoid nuclei, 
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vesicular chromatin, and scant lightly eosinophilic cytoplasm. Mitotic figures are present 

(400x, H&E). D) A subset of tumor cells is positive for smooth muscle actin (SMA) by 

immunohistochemistry (200x, immunohistochemical stain). E) Fluorescence in-situ 

hybridization (FISH) confirms rearrangement of the ACTB locus by break-apart probe (red, 

centromeric; green, telomeric). F) FISH confirms GLI1 break apart (red, centromeric; green, 

telomeric).
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Figure 3. 
Case 2, pathologic findings. A) Gross examination of the resected thigh metastasis shows a 

well-demarcated, soft, red-white ovoid mass within skeletal muscle that focally erodes the 

adjacent cortex of the femur. B) On low power, the neoplastic cells are arranged in small 

groups with a delicate background vasculature and foci of myxoid stroma (100x, H&E). A 

high-power image shows a proliferation of cytologically uniform small cells with round-to-

ovoid nuclei, dispersed chromatin, and small nucleoli with variably distinct cell borders 

(400x, H&E).

Kerr et al. Page 16

Am J Surg Pathol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Case 3, pathologic findings. A) Low-power view of the ovarian tumor shows neoplastic cells 

arranged predominantly in sheets with areas of alternating cellularity (100x, H&E). B) 

Cytologic features demonstrate bland-appearing ovoid tumor cells with scant cytoplasm and 

a vascular-rich stroma (400x, H&E). C,D) The tumor cells express SMA (focal) and S100 

protein by immunohistochemistry (200x, immunohistochemical stains).
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Table 1:

Patient demographics and tumor pathologic features

Sex Age Tumor site Tumor size Mitotic index Vascular invasion Necrosis (pretreatment)

# 1 F 57 Right tibia 9.8 cm 5/10 HPF Y N

# 2 M 62 Right scapula 7.5 cm 1/50 HPF Y N

# 3 F 41 Left ovary 7.0 cm 1/50 HPF N Y (focal)

Abbreviations: F: female; Y: yes; N: no; HPF: high power fields.
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Table 2:

Imunohistochemical profiles of each tumor

SMA MSA Desmin S100 EMA Pan- Keratin CD99 WT-1 CD10 Ki-67

# 1 + (f) + (r) − − + (w, f) − + (w, f) − − 35%

# 2 +/+ (f) + (f) − − − − +/− − NP NP

# 3 + (f) − − + (f) + + − − + 1%

Abbreviations: (f), focal; (r), rare cells; (w), weak; NP: not performed; x/x, different results between initial and subsequent specimens. Refer to the 
main text for a complete description of all immunohistochemistry performed.

Am J Surg Pathol. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kerr et al. Page 20

Table 3:

Clinicopathologic features of tumors with ACTB-GLI1 gene fusions, including previously and currently 

reported cases

Case 
# 

(year)

Author Sex Age Tumor 
Site

Size 
(cm)

Clinical 
Presentation

Histology and 
Assessment of 

Biologic 
Potential

IHC 
features

Treatment Follow-
up 

(months)

1–5 
(2004)

Dahlen et 
al1

M 61 Calf 2.0 N/A Spindle-to-ovoid; 
homogenous, 

arranged around 
thin-walled blood 

vessels; 
infiltrative/

lobular growth; 
3/5 focal myxoid 

stroma; 2/5 
subendothelial 
protrusion into 

vascular lumina. 
Benign.

+SMA, 
EMA (f)
−Desmin, 
S100, CK

Resection Died of 
unrelated 
causes, 
NED 

(60)*

Dahlen et 
al1

F 27 Tongue 0.8 N/A +SMA
−Desmin, 
S100, CK, 

EMA

Neoadjuvant 
chemo + 
resection

NED (60)

Dahlen et 
al1

M 11 Tongue 5.0 N/A +SMA (f)
−Desmin, 
S100, CK, 

EMA

Neoadjuvant 
chemo + 
resection

NED (22)

Dahlen et 
al1

F 65 Stomach 5.5 N/A +SMA (f)
−Desmin, 
S100, CK, 

EMA

Resection NED (24)

Dahlen et 
al1 

(previously 
reported)10

F 12 Tongue 2.4 Growing 
tongue mass

+SMA (f)
−Desmin, 
S100, CK

Resection NED 
(120)

6 
(2012)

Bridge et 
al2

M 67 Bone 
(talus)

2.7 Pain in right 
foot and 

ankle

Spindle-to-ovoid; 
cellular, 

prominent 
lesional 

vasculature; focal 
myxoid stroma; 
invasive growth. 

Low-grade 
malignant on 

biopsy, benign on 
excision.

+SMA (f), 
EMA (f)
−Desmin, 
S100, CK

Amputation NED 

(204)*

7 
(2016)

Castro et 
al3

F 9 Stomach 6.9 Abdominal 
pain and 
vomiting

Ovoid-to-spindle; 
plexiform 

vasculature, 
cystic, 

circumscribed 
with lymphoid 

capsule, ischemic 
necrosis. Biologic 

potential not 
specified.

+EMA (f)
−Desmsin, 
SMA, CK, 

S100

Partial 
gastrectomy

NED (6)

8–11 
(2018)

Antonescu 
et al4

M 20 Thigh N/A N/A Round to 
epithelioid; 

arranged in nests, 
cords, and 

reticular patterns; 
mostly solid, 
occasional 

myxoid stroma. 
Biologic potential 
malignant based 

on clinical.

+S100
−SMA, 

CK, EMA

N/A N/A

Antonescu 
et al4

F 30 Foot 1.5 N/A +S100
−SMA, 

CK, EMA

N/A AWD, 
LN met 

(21)

Antonescu 
et al4

F 79 Retrope-
ritoneum

N/A N/A −S100, 
SMA, CK, 

EMA

N/A AWD, 
LN met 
(interval 

N/A)

Antonescu 
et al4

F 38 Chest 
wall 

(muscle)

N/A N/A +CK (f) N/A N/A
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Case 
# 

(year)

Author Sex Age Tumor 
Site

Size 
(cm)

Clinical 
Presentation

Histology and 
Assessment of 

Biologic 
Potential

IHC 
features

Treatment Follow-
up 

(months)

−S100, 
SMA, 
EMA

12 
(2018)

Koh et al9 F 11 Ovary 15.0 Abdominal 
pain and 

distension

“Round to 
spindle;” 

alternating hypo- 
and hypercellular, 

cystic, pushing 
border; necrosis; 
“rare” mitoses; 
+subendothelial 

tumor 
proliferation. 

Biologic potential 
not specified.

+S100
−Desmin, 
SMA, CK, 

EMA

Left 
salpingooph-

orectomy

NED 

(24)*

13–15 Current 
cases

F 57 Bone 
(tibia)

9.8 Painless 
mass

Round-to-ovoid; 
richly 

vascularized 
stroma; myxoid 
stroma in 1 case. 

Low-to-
intermediate 

grade malignant.

+SMA (f), 
EMA (f)
−S100, 

CK, 
desmin

Neoadjuvant 
chemo+ 
resection

AWD, 
bone met 

(27)

M 62 Bone 
(scapula)

7.5 Palpable 
mass

+SMA 
(+/f)

−S100, 
EMA, CK, 

desmin

Resection + 
adjuvant 

radiotherapy

AWD, 
lung met 
(84) and 

soft 
tissue/

bone met 
(180)

F 41 Ovary 7.0 Incidental 
ovarian cyst

Ovoid; 
alternating hypo- 
and hypercellular, 

solid/
cystic;necrosis. 

Biologic potential 
not clear.

+SMA (f), 
S100 (f), 

EMA, CK-
Desmin

Total 
abdominal 

hysterectomy 
with bilateral 
salpingooph-

orectomy

NED (14)

Abbreviations: IHC, immunohistochemistry; N/A: not available; S100, S100 protein; chemo, chemotherapy; NED, no evidence of disease; AWD, 
alive with disease; met, metastasis; LN, lymph node.

*
per personal communication with prior author(s).
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