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Glomangiopericytoma (sinonasal-type hemangiopericytoma) is a rare mesenchymal neoplasm with myoid
phenotype (smooth muscle actin-positive), which distinguishes this tumor from soft tissue hemangiopericytoma/solitary fibrous tumor. Molecular genetic changes underlying the pathogenesis of glomangiopericytoma
are not known. In this study, 13 well-characterized glomangiopericytomas were immunohistochemically
evaluated for b-catenin expression. All analyzed tumors showed strong expression and nuclear accumulation of
b-catenin. Following this observation, b-catenin glycogen serine kinase-3 beta phosphorylation region,
encoded by exon 3, was PCR amplified in all cases and evaluated for mutations using Sanger sequencing.
Heterozygous mutations were identified in 12 of 13 tumors. All mutations consisted of single-nucleotide
substitutions: three in codon 32 (c.94G4C (n ¼ 2) and c.95A4T), four in codon 33 (two each c.98C4G and
c.98C4T), two in codon 37 (c.109T4G), one in codon 41 (c.121A4G), and two in codon 45 (c.133T4C). At the
protein level, these substitutions would lead to p.D32H, p.D32V, p.S33C, p.S33F, p.S37A, p.T41A, and p.S45L
mutations, respectively. Previously, similar mutations have been reported in different types of cancers and
shown to trigger activation of b-catenin signaling. All analyzed glomangiopericytomas showed prominent
nuclear expression of cyclin D1, as previously shown for tumors with nuclear expression of b-catenin as a sign
of oncogenic activation. These results demonstrate that mutational activation of b-catenin and associated
cyclin D1 overexpression may be central events in the pathogenesis of glomangiopericytoma. In additon,
nuclear accumulation of b-catenin is a diagnostic marker for glomangiopericytoma.
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Glomangiopericytoma (sinonasal-type hemangiopericytoma) is a rare mesenchymal neoplasm of the
nasal cavity and sinuses of low biologic potential.1–4
It shows a myoid phenotype with consistent
expression of smooth muscle actin.3
b-Catenin, a cadherin-associated membrane protein,
participates in the regulation of cell-to-cell adhesion
and in some circumstances, also gene transcription as
a nuclear protein, a terminal component of the canonical Wnt-signaling pathway. Aberrant expression of
b-catenin encoded by CTNNB1 gene is a well-known
event in tumorigenesis and tumor progression.5,6
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Among soft tissue tumors, somatic mutations in
CTNNB1 are well known in the pathogenesis of
sporadic desmoid-type fibromatosis.7,8 These mutations
cluster in CTNNB1 glycogen serine kinase-3 beta
(GSK3b) phosphorylation region and constitutionally activate b-catenin signal by upholding
cellular b-catenin levels. This happens via interference of ubiquitin-mediated proteolytic degradation by elimination of the phosphorylation sites
necessary for ubiquitin action.7,8 Accumulation of
b-catenin in turn results in nuclear translocation,
which is a telltale sign of a mutation, typically seen
in sporadic desmoid-type fibromatosis and other
tumors driven by CTNNB1 mutations and useful in
immunohistochemical diagnosis.9 Similar nuclear
accumulation of b-catenin with CTNNB1 mutations
also occurs in nasopharyngeal angiofibroma.10
On the basis of an initial observation of b-catenin
expression in one case of glomangiopericytoma, we
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examined immunohistochemically b-catenin expression and searched for DNA mutations in CTNNB1 in
a series of glomangiopericytomas.

Materials and methods
Thirteen tumors diagnosed as glomangiopericytoma
(sinonasal-type hemangiopericytoma) were selected
for this study. A majority of these tumors were
previously characterized clinically and immunophenotypically.3
Immunohistochemistry

Immunohistochemistry for b-catenin, cyclin D1,
CD34, desmin, smooth muscle actin, S100 protein,
STAT6, and vimentin was performed using Leica
Bond-Max automatic immunostainer (Bannockburn,
IL). Appropriate positive and negative controls were
included for all immunohstochemical reactions.
Antibodies and conditions are listed in Table 1.
Immunohistochemical staining was scored as negative or positive, and percentage of positive cells was
estimated.
DNA Extraction

Formalin-fixed paraffin-embedded (FFPE) tumor
tissue was available for DNA extraction in all cases.
One to ten 5 mm thick sections (depending on the
sample size) were deparaffinized with xylene,
washed twice in ethanol, lyophilized, and incubated
with 10 mg/ml proteinase K (Roche Diagnostics,
Indianapolis, IN) in Hirt-Buffer at 55 1C for at least
24 h. DNA was recovered using the Maxwells16
robotic system and DNA IQt Casework Pro Kit for
Maxwells 16 following the manufacturer’s protocol
(Promega, Madison, WI).

(Applied Biosystems, Roche, Branchburg, NJ) and
two primers, CTNNB1.3 forward 50 -GACAGAAAA
GCGGCTGTTAG-30 and CTNNB1.3 reverse 50 -ACA
following standard
TCCTCTTCCTCAGGATT-30
three-temperature PCR protocol with denaturing at
95 1C for 30 s, annealing at 48 1C for 45 s, and
extension at 72 1C for 45 s. In all, 50 ml PCRs were
evaluated on 2% agarose gels. PCR products were
extracted and purified using the QIAquick Gel
Extraction Kit (www.qiagen.com). Sanger sequencing of these products was performed with forward
and reverse primers by MacrogenUSA (www.
macrogenusa.com) Obtained sequences were
analyzed and aligned with CTNNB1 reference
sequence, NG_013302.1 (www.ncbi.nlm.nih.gov).
All PCR and sequencing experiments were repeated
at least two times.

Results
Demographic and Clinicopathologic Data

Tumors from 8 male and 5 female patients were
included in this study. Both the mean and median
age of the patients was 74 years. All tumors were
polypoid masses involving the nasal cavities (7 in
the right cavity, 3 in the left cavity, and 3 in unspecified nasal location). One tumor also involved the
ethmoid sinus.
Histologically, these tumors consisted of epithelioid-to-spindled cells with a lightly eosinophilic
cytoplasm and occasional peripheral clearing.
Prominent blood vessels with gaping lumens
were typically present, showing peritheliomatous
hyalinization and sometimes pericellular clearing
(Figure 1a–c). One tumor contained multinucleated
giant cells (Figure 1d).
Immunohistochemistry Results

PCR Amplification for Sanger Sequencing

Mutational ‘hot spot’ in CTNNB1, a GSK3b phosphorylation region encoded by exon 3 was PCR
amplified using AmpliTaq Golds DNA polymerase

Strong nuclear b-catenin expression in virtually
100% of tumor cells was noted in all cases and this
was typically accompanied by cytoplasmic staining
(Figure 2). Similarly, cyclin D1 expression was seen
in a great majority of tumor cells (70–100%) in all

Table 1 Antibodies and conditions of immunohistochemical reactions
Antigen

Antibody/Clone/Code

Vendor

Dilution

Condition

b-Catenin

Mouse monoclonal/17c2

1:150

High pH Bond AR2

CD34
Cyclin D1
Desmin
S100 protein
SMA
STAT6
Vimentin

Mouse monoclonal/QBEnd 10/M7165
Rabbit monoclonal/SP4
Mouse monoclonal/D33/N1526
Rabbit polyclonal/Anti-S100/N1573
Mouse monoclonal /1A4/M0851
Rabbit polyclonal/SC-621 (s-20)
Mouse monoclonal/V9/N1521

Novocastra Reagents-Leica Biosystems
(Buffalo Grove, IL)
DAKO (Carpinteria, CA)
Thermo Fisher Scientific Inc. (Rockford, IL)
DAKO
DAKO
DAKO
Santa Cruz Biotech. Inc. (Dallas, TX)
DAKO

1:150
1:100
1:300
1:1200
1:1100
1:500
1:200

High pH Bond AR2
High pH Bond AR2
High pH Bond AR2
Proteinase K digestion
No AR
High pH Bond AR2
High pH Bond AR2
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Figure 1 Histological features of glomangiopericytoma. (a–c) The tumor is composed of epithelioid cells set in a perivascular pattern
around prominent blood vessels with prominent perivascular hyalinization. (d) One example contained multinucleated giant cells.

cases. Immunohistochemically, all cases were
uniformly positive for vimentin. Smooth muscle
actin was variably expressed in all but one case
(30–100%). CD34 was variably expressed in all cases
(5–100%, median 30%). All tumors were negative
for desmin, S100 protein, and STAT6.

Molecular Genetics Findings

Mutations in the CTNNB1 gene encoding b-catenin
were identified in 12 of the 13 analyzed tumors.
Representative examples of Sanger sequencing are
shown in Figure 3. All mutations consisted of
single-nucleotide substitutions: three in codon 32
(c.94G4C (n ¼ 2) and c.95A4T), four in codon
33 (two each c.98C4G and c.98C4T), two in codon
37 (c.109T4G), one in codon 41 (c.121A4G), and
two in codon 45 (c.133T4C). At the protein level,
these substitutions would lead to p.D32H, p.D32V,
p.S33C, p.S33F, p.S37A, p.T41A, and p.S45L mutations, respectively. Only wild-type (WT) CTNNB1

sequences were identified in one tumor. The
results were reproducible in independent PCR
experiments.

Discussion
Glomangiopericytoma (sinonasal hemangiopericytoma)
is a rare mesenchymal tumor specific to sinonasal
passages. It is diagnosed by characteristic histology
showing epithelioid cells in a perivascular pattern
with frequent perivascular hyalinization, and in
most cases also by immunoreactivity for smooth
muscle actin with variable positivity for CD34.1,3
In this study we detected consistent, strong
nuclear b-catenin expression in glomangiopericytoma and gain-of-function CTNNB1 mutations in
nearly all cases studied. CTNNB1 mutations consisted of single-nucleotide substitutions affecting
phosphorylation sites for GSK-3b, serine at codons
33, 37, and 45 and threonine at codon 41. However,
in three cases neighboring aspartic acid at codon 32
Modern Pathology (2015) 28, 715–720
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Figure 2 All glomangiopericytomas were strongly positive for b-catenin with both nuclear and cytoplasmic staining. There is a purely
nuclear labeling for cyclin D1. The tumors typically express SMA. CD34 expression, typically focal, is also a common feature for these
tumors.

was found to be affected. It has been proposed that
mutations at the codons flanking GSK-3b phosphorylation sites may change the protein structure and,
thereby affect the recognition by the ubiquitindependent proteolysis system responsible for degradation of b-catenin.11
In one glomangiopericytoma with strong nuclear
b-catenin accumulation only WT CTNNB1 exon 3
sequence was identified. In this case, other genetic
or epigenetic mechanisms leading to nuclear accumulation of b-catenin might be responsible. However, false negative results generated by PCR assay
used in this study cannot be excluded. Various size
deletions extending 50 and 30 from mutational ‘hot
spot’ CTNNB1 GSK-3b region into intron 2 or intron
3 and exon 4, respectively, have been reported in
other tumors.12,13 Identification of such deletions
would require well-preserved DNA and PCR
assay designed to amplify B800 base pair (bp)
DNA target. PCR assay used in this study was
designed to amplify short targets (o125 bp) from
severely degraded DNA from archival FFPE tissues.
Modern Pathology (2015) 28, 715–720

Thus, in a case of several hundred bp deletion priming sequences of this assay would be eliminated
from mutant allele and only the WT allele would be
amplified (pseudo wild type).
CTNNB1 mutations identical to those reported in
this study have been previously identified in
spectrum of epithelial, mesenchymal, and neuroectodermal tumors including, among others, hepatocellular carcinoma, desmoid-type fibromatosis and
primitive neuroectodermal tumor (PNET). A complete list of references is available online from
COSMIC, the catalogue of somatic mutations in
cancer (http://cancer.sanger.ac.uk).
Several studies, including in vitro mouse
models of hepatic carcinogenesis, have shown
that abnormal nuclear expression of CTNNB1 can
lead to cyclin D1 (CCND1) overexpression and
thereby disregulate the cell cycle contributing to
neoplastic transformation.14–18 In this study, all
glomangiopericytomas showed nuclear expression of cyclin D1 indicating that CTNNB1
mutations and b-catenin overexpression in this
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Figure 3 Examples of Sanger sequencing of CTNNB1 exon 3 from glomangiopericytomas analyzed in this study. Arrows indicate singlenucleotide substitutions: c.98C4G in codon 33 (a), c.109T4G in codon 37 (b), c.121A4G in codon 41 (c), and c.133T4C in codon 45 (d).

tumor are also coupled with cell-cycle disregulation
in this tumor.
The differential diagnosis for glomangiopericytoma especially includes solitary fibrous tumor and
glomus tumor. In addition to histology1–3 and
previously known immunohistochemical profile, bcatenin expression and mutation status can be a
useful discriminator.
Solitary fibrous tumor is typically strongly and
uniformly CD34 positive and SMA negative. Nuclear b-catenin expression has been reported in a subset
of solitary fibrous tumors (SFT) from different
locations, although mutation status has not been
established.19–23 Additionally, SFT is characterized
by NAB2-STAT6 gene fusion and overexpression of
the fusion protein.24,25 In this study, all glomangiopericytomas were immunohistochemically negative for STAT6 similar to the results recently
reported in another study cohort, where all glomangiopericytomas were also negative for NAB2-STAT6
fusion gene transcripts.26 Therefore, STAT6 expression is also discriminatory between these entities.
Glomus tumor shares with glomangiopericytoma
many histologic and immunohistochemical similarities, including the perivascular histologic pattern
and SMA expression.3 However, MIR143-NOTCH
gene fusion often seen in glomus tumor has not been
found in glomangiopericytoma.27 In this study,
further differences between glomangiopericytoma

and glomus tumor included nuclear b-catenin expression and gain-of-function CTNNB1 mutations in
glomangiopericytoma. Previous studies on glomus
tumor, by contrast, showed a lack of b-catenin nuclear
expression and CTNNB1 activating mutations.19,28
Therefore, nuclear b-catenin expression and the presence of CTNNB1 mutations can be useful in distinguishing glomangiopericytoma and glomus tumor.
Fibroblastic neoplasms with nuclear b-catenin
expression and CTNNB1 mutations include desmoid-type fibromatosis and nasopharyngeal angiofibroma. However, these tumors are histologically
distinctly different in their spindle cell morphology
and associated prominent collagenous matrix not
present in glomangiopericytoma.9,10
In summary, this study identifies oncogenic
CTNNB1 mutations activating b-catenin signaling
in glomangiopericytoma demonstrating that activation of Wnt-signaling pathway and subsequent
overexpression of cyclin D1 have a central role in
the molecular pathogenesis of this tumor. In addition, b-catenin nuclear expression and the presence
of CTNNB1 mutations can be differential diagnostic
markers for glomangiopericytoma.
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