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Abstract

Sinonasal glomangiopericytoma (SN-GPC) is an uncommon mesenchymal tumor with myoid differentiation. Recently,

mutations in exon 3 of the gene coding for p-catenin (CTNNB1) and its nuclear expression were discovered in SN-GPC.

f-catenin protein is a key regulatory molecule of the canonical Wnt signaling pathway. The expression of B-catenin target

proteins is not well characterized in SN-GPC. We examined 3 SN-GPCs by immunohistochemistry and CTNNB1

mutation analysis. All cases expressed nuclear B-catenin. We identified CTNNB1 exon 3 mutations in 2 analyzable cases.

Lymphoid enhancer binding factor 1 (LEF1), a protein downstream from p-catenin, was also expressed in all cases. Our

results further characterized the activation of the Wnt signaling pathway caused by CTNNB1 exon 3 mutation and suggest

the utility of LEF1 immunohistochemistry in the differential diagnosis of SN-GPC.
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Introduction

Sinonasal glomangiopericytoma (SN-GPC) is a rare sinonasal mesenchymal neoplasm. Originally, this tumor was reported

as a “hemangiopericytoma-like intranasal tumor” [1], and thereafter its distinctive nature and its cellular origin have been

discussed extensively [2, 3]. SN-GPC is characterized by diffuse growth of bland-looking ovoid or spindle monotonous

tumor cells. In contrast to solitary fibrous tumors (SFT, formerly designated hemangiopericytoma), SN-GPC shows a

myoid phenotype demonstrated by expression of a-smooth muscle actin (a-SMA) and a lack of CD34 or STAT6 expression

[2, 4].

B-catenin (encoded by the CTNNB1 gene) is a key regulatory molecule of the canonical Wnt signaling pathway.

An activating mutation in exon 3 of CTNNB1 causes accumulation of 3-catenin in the nucleus and activates the transcription

of downstream target genes such as c-Myc (MYC), cyclin D1 (CCND1) and Lymphoid enhancer binding factor 1 (LEF1)

[5]. Recently, nuclear B-catenin expression and CTNNB1 exon 3 mutation were reported in SN-GPC [6, 7]. LEF1 protein

is a transcription factor that has been implicated in the pathogenesis of multiple tumors. The utility of LEF1

immunohistochemistry has been demonstrated in salivary gland tumors or desmoid fibromatosis [8, 9]. The expression of

LEF1 in SN-GPC has not been previously investigated. In this study, we describe 3 cases of SN-GPC in which we subjected

tumors to immunohistochemical analysis of the Wnt signaling pathway and CTNNB1 gene mutation analysis.
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Material and Methods

Tissue samples

Three cases of SN-GPC were retrieved from our collection of institutional cases. Five cases of glomus tumors in fingers

and five cases of SFT in soft tissue were also selected from institutional cases for comparison. Paraffin sections of tumor

tissue samples were stained with hematoxylin and eosin.

Immunohistochemistry

Slides from each tumor were stained with a panel of commercially available primary antibodies, including antibodies

against a-SMA (1A4; 1:1000 dilution; DakoCytomation), 3-catenin (17C2; 1:400; Leica), LEF1 (EPR2029Y; 1:100;

Abcam), CD34 (QBEnNd-10; 1:600; Dako), STAT6 (YE361; 1:1000; Abcam), cyclinD1 (SP4; 1:100; Abcam), c-Myc

(Y69; 1:50; Abcam) and Ki-67 (MIB-1; 1:500; Dako). For -catenin, LEF1 and STAT6, only nuclear staining was accepted

as an indication of positive expression. Positive f-catenin was defined as the staining of >90% of the tumor cells.

Mutation analysis

To detect CTNNB1 exon 3 mutations, we performed polymerase chain reaction (PCR) assays followed by Sanger

sequencing. DNA from formalin-fixed paraffin-embedded tissue was extracted with the QlAamp DNA FFPE Tissue Kit

(QIAGEN). Exon 3 of CTNNB1 was amplified using the following primer pair; forward, 5’-

TTTGATGGAGTTGGACATGG -3’ and reverse, 5’- AAAATCCCTGTTCCCACTCA -3’. The PCR reaction was

performed with KOD FX enzyme (Toyobo). PCR products were electrophoresed and DNAs were extracted with

NucleoSpin Gel and PCR Clean-up (Macherey-Nagel). Each purified product was directly sequenced using a CTNNB1-F

primer with BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) and 3730xI DNA Analyzer (Thermo



Fisher Scientific).
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Results

Clinical features

The characteristics of the 3 SN-GPC patients are summarized in Table 1. Patients were 62- to 81-years-old (mean, 74.7)

and included 1 male and 2 females. One patient had involvement in the right nasal cavity, whereas two were on the left

side. All of the patients presented with nasal bleeding and were clinically diagnosed with hemangiomas or nasal polyps.

All the cases were treated with simple tumorectomy. The follow-up periods were 4 and 14 months in 2 of the cases. For

the remaining case (case 2), we could not obtain detailed clinical information. No local recurrences or metastases were

reported.

Histological features

The 3 tumors showed similar histological features. The tumors were localized beneath the normal ciliated mucosa and

demonstrated pushing borders without fibrous capsule formation (Fig. 1a). The tumors were rich in vasculature and

intratumoral hemorrhage was sometimes observed. The blood vessel walls were thin and partially hyalinized (Fig. 1b).

Most of the tumor cells had oval and, in limited areas, spindle-shaped nuclei with coarse chromatin and inconspicuous

nucleoli (Fig. 1c). The nuclei were small-sized and nuclear atypia was minimal. No mitosis was observed. The cytoplasm

was eosinophilic or partially clear with indistinct cell borders (Fig. 1d). Tumor cells grew with a fascicular, sheet-like or

solid pattern. Bone destruction was observed in one case (case 3, Fig. 1e).

Immunohistochemical features

All cases were positive for a-SMA (Fig. 2a) and strongly expressed nuclear p-catenin in diffuse patterns (Fig. 2b). All 3

patients also expressed LEF1 in the nucleus (Fig. 2c). B-catenin and LEF1 expression was observed specifically in tumor



©CO~NOOOTA~AWNPE

cells. All cases were negative for CD34 and STAT6 expression, both of which are diagnostic markers of SFT (Fig. 2d). The

Ki-67 labeling index was no more than 2%. c-Myc and cyclinD1 were limited to partial and weak expression (data not

shown). Two of 5 SFT cases were partially positive for LEF1 and all 5 cases were diffusely and strongly positive for STAT6

(Fig. 2e, f, Table 2). Five glomus tumors were negative for LEF1 and STAT6 (Table 2).

Mutation analysis

CTNNB1 exon 3 mutation analysis was successfully performed for 2 cases. Single bp missense mutations were detected in

codon 35 (p.I135T, ¢.104T>C) in 1 cases and codon 41 (p.T41A, ¢.121A>G) in another case (Fig. 2g). Both kinds of

mutation were included in previous reports [6, 7]. The more common types of mutation, mutations in codons 32, 33, 37 or

45, were not detected in our cases. In 1 case (case 2), PCR amplification was not successful due to DNA degradation caused

by non-buffered formalin fixation.
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Discussion

In 1976, Compagno et al. reported 23 cases of SN-GPC as “hemangiopericytoma-like intranasal tumors” and since then

various terms have been given to this tumor [1]. In the newest WHO classification of head and neck tumors, the term SN-

GPC was adopted [10]. SN-GPC is a clinically indolent tumor with SFT-like (formerly termed “hemangiopericytoma”)

morphology and myoid phenotype. The myoid phenotype has been demonstrated by immunohistochemistry (positivity for

a-SMA) or ultrastructure. Since SFT tumors do not show a myoid phenotype, a kinship of SN-GPC with glomus tumors

rather than SFTs has been suggested [2].

In addition to its histological and immunohistochemical features, recent data showed additional characteristics

of SN-GPC, including nuclear B-catenin expression and CTNNB1 exon 3 mutations [6, 7]. In the canonical Wnt signaling

pathway, B-catenin activates nuclear transcription factors such as cyclin D1 or LEF1. CTNNB1 exon 3 mutations

dysregulate the phosphorylation and degradation pathway of B-catenin and cause nuclear accumulation of B-catenin. Most

of the reported cases are positive for nuclear -catenin and harbor CTNNB1 exon 3 mutations. In our study, 2 out of 3 cases

were diffusely and strongly positive for nuclear B-catenin and harbored a CTNNB1 exon 3 mutation. As the staining

intensity of B-catenin varies between cases and tumor areas [11], immunohistochemical staining of 3-catenin is sometimes

difficult to evaluate. In desmoid fibromatosis, another CTNNB1 mutation-related tumor, some cases lack (-catenin

expression despite the presence of a CTNNB1 mutation [11]. There is at least 1 report of SN-GPCs that were negative for

j-catenin expression [12].

To examine possible alternative immunohistochemical markers for p-catenin, we performed

immunohistochemical analyses for c-Myc, cyclin D1 and LEF1, all of which are downstream from p-catenin. Although a
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previous report suggested the utility of cyclin D1 as a histochemical marker [6], cyclinD1 and c-Myc expression were

partial and weak in our series. Diffuse LEF1 expression was observed specifically in tumor cells. A discrepancy in the

expression of B-catenin and LEF-1 has been observed previously and the superior expression of LEF1 has led to the reported

utility of LEF1 immunohistochemistry in desmoid fibromatosis or basaloid salivary gland tumors [8, 9].

We compared LEF1 expression by SN-GPCs to other sinonasal mesenchymal tumors. Glomus tumors can mimic

SN-GPCs because of their similar cytological features and myoid marker expression [2, 13]. Unlike SN-GPCs, glomus

tumors were completely negative for LEF1. Thus, LEF1 is a useful marker for the differentiation of SN-GPCs from glomus

tumors. Although SFT tumors are composed of cells with more elongated or spindle-shaped nuclei, they show a

proliferation pattern similar to SN-GPCs. Two out of 5 SFTs were positive for LEF1. As nuclear -catenin expression is

also observed in some SFTs despite the absence of a CTNNB1 mutation [12], B-catenin and LEF1 immunohistochemistry

are not useful in the exclusion of SFTs. Fortunately, SFTs are characterized by strong STAT6 positivity with much higher

sensitivity and specificity [14]. In our series, as previously reported, all SN-GPCs were negative for STAT6

immunohistochemistry (Fig. 2e) [4]. Juvenile nasopharyngeal angiofibroma (JNA) also harbors CTNNB1 mutations. JNA

is less cellular and negative for lineage-specific myofibroblastic and smooth muscle markers [15]. Furthermore, JNA arises

exclusively in adolescent male.

In conclusion, we have characterized 3 additional cases of SN-GPC and included CTNNB1 exon 3 mutation

analysis. All analyzable cases harbored a CTNNB1 exon 3 mutation and expressed LEF1 specifically in tumor cells.
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Figure Legends

Fig. 1 Histological features of SN-GPC. (a) Tumor cells proliferate in the lamina propria to the submucosa with fascicular

or sheet-like patterns. The surface ciliated mucosa is normal. (case 1, x200). (b) The tumor has a rich vasculature. In some

areas, the blood vessel walls are hyalinized (case 3, x200). (c) The tumor cells have oval nuclei and the cytoplasms are

eosinophilic (case 1, x400). (d) Clear cytoplasm is observed in a limited area (case 2, x400). () Bone destruction is

observed in case 3 (x400).

Fig. 2 Immunohistochemical staining and CTNNB1 exon 3 mutation analysis. (a-d) Immunohistochemical features of SN-

GPC (case 3). Tumor cells express a-SMA (a), B-catenin (b) and LEF1 (c). B-catenin and LEF1 are expressed in tumor cell

nuclei. (e,f) Immunohistochemical features of SFT. Three out of 5 SFTs were negative for LEF1 and 2 were positive (e,

inset). All SFT cases expressed STAT6 in a diffuse and strong fashion (f). (g) Single bp missense mutations were detected

in codon 41 (case 1) and codon 35 (cases 3).
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Immunohistochemistry

CTNNB1 exon 3

case | age | sex | follow recurrence | o- B- LEF1 | CD34 | STAT6 | Ki- mutation
up (mo.) SMA | catenin 67

1 81 |M |14 - + + + - - <1% | p.T41A | c.121A>G

2 62 | F unknown | unknown + + + - - 1% | notanalyzable

3 81 |F 4 - + + + - - 2% | p.I35T | c.104T>C
Table 1. Clinical, immunohistochemical and molecular features of the 3 SN-GPCs

LEF1 STAT6

GPC 3/3 (100%) | 0/3 (0%)

SFT 2/5 (40%) | 5/5 (100%)

GT 0/5 (0%) 0/5 (0%)
Table 2. Results of immunohistochemical analysis of LEF1 and STAT6 in SN-GPCs, SFTs and glomus tumors.
GPC = sinonasal glomangiopericytoma, HPC = solitary fibrous tumor, GT = glomus tumor
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