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A mass in the nasal planum of a 6-year-old female Pointer
dog underwent fine needle aspiration. Cytology smears
resulted in a generic diagnosis of a spindle cell tumor.
The owner refused any additional diagnostic procedures
or therapeutic treatment and, over a few months, the
tumor extended into the nasal cavities causing severe dys-
pnea. Euthanasia and subsequent necropsy were per-
formed with tissue samples collected and fixed in 10%
buffered formalin and routinely processed. Due to the size
and the polymorphous pattern of the mass, a tissue micro-
array was self-made by means of a biopsy punch of about
2 mm diameter with minor modification from a recently
published method (Choi et al. 2012) and 5-um sections
were stained for histochemical (Hematoxylin&Eosin,
Toluidine Blue, PAS) and immunohistochemical visual
examination. For immunohistochemistry, the labeled avi-
din—biotin (LAB) method was used. Specifically, slides
were steamed in 0.01 mol/L sodium citrate buffer, pH 6,
in a microwave oven. Endogenous peroxidase activity
was quenched by 0.3% hydrogen peroxide in methanol,
while non-specific binding of immunoglobulins (IgGs)
and tissue proteins were blocked by incubation with 2.5%
bovine serum albumin (BSA). Slides were then incubated
overnight at 4 °C with anti-Vimentin (mouse monoclonal,
clone VIM3B4, Santa Cruz Biotechnology, Dallas, TX,
USA), anti-glial fibrillary acidic protein (GFAP rabbit
polyclonal, clone R40, Gene Tex, Irvine, CA, USA), anti-
S-100 (mouse monoclonal, clone SB6, Santa Cruz Bio-
technology, Dallas, TX, USA), and anti-PECAM (goat
polyclonal, clone M20, Santa Cruz Biotechnology, Dallas,
TX, USA) primary antibodies (Abs) followed by incuba-
tion at room temperature with biotinylated IgGs (Biospa,
Milan, Italy; Vector Laboratories, Burlingame, CA, USA)
and by an avidin peroxidase complex (Biospa, Milan,
Italy). The reaction was developed with the DAB peroxi-
dase (HRP) substrate kit, 3,3’-diaminobenzidine (Vector
Laboratories, Burlingame, CA, USA) and counterstained
with hematoxylin. Negative controls were also performed
by omission of primary Abs, substitution of primary Abs
with normal IgGs and substitution of primary Abs with
non-reactive antibodies of the same species and immuno-
globulin class. The immunohistochemical stain was

interpreted by assessing the intensity of labeling. Cyto-
plasmic and/or membrane immunoreactivity was consid-
ered positive.

At necropsy, the external examination of the dog
showed tumor growth so extensive as to deform the
normal nasal profile, the left nasal cavity and part of
the oral cavity. A necrotic ulcerative area on the top of the
left nostril was also detectable. In the oral cavity, a pedun-
culated proliferation involving the oral mucosa, and origi-
nating close to the left maxillary premolar, was observed.
An extra nodular lesion originated from the gums and pro-
truded into the mouth. Moreover, a remarkable and exten-
sive deformation of the entire palatine area, swelling of
soft tissues and protuberance of the left lip were present.
After skin and soft tissue removal, the nasal structures
appeared to be completely and bilaterally invaded by the
tumor. The neoplastic tissue was lardaceous, pinkish-
white with shades of gray and hard-elastic in consistency.
At the cutting section, confluent nodular structures, with
irregular yet sharp boundaries were detectable. The nasal
cavities were severely compromised, showing a reduction
in size, particularly on the left side. In the intraoral region,
the tumor infiltrated gingival tissues and bone structures
in an irregular manner. Histologically, the neoplastic tis-
sue appeared mainly composed of thin and stretched spin-
dle cells, characterized by a poorly defined and weakly
eosinophilic cytoplasm, intermingled with shorter and
scant spindle cells. Cells were embedded in an abundant
fibromixoid matrix. In some areas, the proliferation was
arranged in interlacing bundles, streams, and whorls
around nerve trunks of different size in an ‘onion skin-
like’ appearance. Cuffings of inflammatory cells, mainly
macrophages and mast cells, were scattered throughout
the lesion (Figure 1). In other fields, parallel nuclear pali-
sades and streams of spindle wavy cells characterized the
cell proliferation. The main pattern was of a tumor with-
out impressive signs of malignancy, despite the aggressive
and infiltrative behavior. Only after a deeper examination
of the whole mass, focal areas of necrosis and cells bear-
ing large atypical nuclei were detectable. Immunohis-
tochemistry demonstrated the neoplastic cells positive for
GFAP (Figure 2), Vimentin (Figure 3), and S-100
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Figure 1. Mass in the nasal cavities from a 6-year-old female
Pointer dog. Histopathological examination showed a cell prolif-
eration arranged in interlacing bundles, streams and whorls
around nerve trunks of different size in an ‘onion skin-like’
appearance (asterisk). Cuffings of inflammatory cells, mainly
constituted by macrophages and mast cells, were scattered
throughout the lesion (arrow) (PAS, magnification 10x).

(Figure 4). PECAM-1 (except for endothelial cells; not
shown) was negative, therefore excluding the diagnosis of
perivascular tumors. Histopathological and immunohisto-
chemical results were strongly suggestive of a diagnosis
of a peripheral nerve sheath tumor (PNST).

Occurrence of tumors in the nasal structures (nasal
planum, nasal cavities, and paranasal sinuses) is usually
sporadic in animal species, although in canine breeds it is
of growing importance, being a common cause of chronic
nasal disease (Tasker et al. 1999; Meler et al. 2008;
Lobetti 2009; Sapierzynski & Zmudzka 2009; Pietra et al.
2010). The dolichocephalic breeds or dogs living in urban
environments are predisposed to the development of nasal
tumors. Most of them arise from nasal epithelium and are
malignant, with the highest incidence rate for

Figure 3. Mass in the nasal cavities from a 6-year-old female
Pointer dog. Immunohistochemical examination showed diffuse
cytoplasmic positivity for Vimentin inside nerve trunks (arrow),
vessels (arrow head) and neoplastic cells (double arrow head)
(IHC for Vimentin, DAB stain, magnification 20x).

adenocarcinoma, followed by transitional cell carcinoma
and squamous cell carcinoma. Among the mesenchymal
tumors, chondrosarcoma is the most reported (Ogilvie &
LaRue 1992; Wilson & Dungworth 2002). Rarely
reported tumors are melanoma (Hicks & Fidel 2006),
olfactory neuroblastoma (Brosinski et al. 2012), neuroen-
docrine carcinoma (Sako et al. 2005; Ninomiya et al.
2008; Koehler et al. 2012), and lymphosarcoma (Robert-
son 1998). Nasal tumors are locally aggressive with a ten-
dency to infiltrate the underlying tissues, to extend into
the forebrain or to destroy the septum causing a bilateral
involvement. The clinical course is usually slow and
insidious, with long-term symptoms (2—7 months), except
for adenocarcinomas that have a very rapid onset. In
humans nasal PNSTs are well described yet rare patholo-
gies, in veterinary medicine no cases have been described
so far, even if their occurrence is hypothesized (Wilson &

Figure 2. Mass in the nasal cavities from a 6-year-old female
Pointer dog. Immunohistochemical examination showed a cyto-
plasmic positivity for GFAP inside nerve trunks (double arrow
head) and in cells grouped around vessels and nerve trunks
(arrow). Some positive spindle cells are clearly visible scattered
in the tissue (arrow head) (IHC for GFAP, DAB stain, magnifica-
tion 20x).

Figure 4. Mass in the nasal cavities from a 6-year-old female
Pointer dog. Immunohistochemical examination showed intense
cytoplasmic positivity for S-100 inside nerve trunks (arrow).
Cuffings of cells around nerves (arrow head) and cells scattered
in the mass (double arrow head) were from moderately to
intensely stained (IHC for S-100, DAB stain, magnification
20x%).
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Dungworth 2002). The aim of this paper was to expand the
knowledge about nasal tumors by describing the pathologi-
cal findings observed in a dog affected by a PNST with
prominent features of neurofibroma.

In humans, PNSTs include, among others, schwanno-
mas and neurofibromas that are further subclassified
according to their growth patterns (schwannoma: local-
ized or plexiform; neurofibroma: localized, plexiform, or
diffuse) and histopathologic features (e.g., classic, collag-
enous, cellular, and pigmented). A localized schwannoma
or neurofibroma is a single, well-demarcated, expansile
tumor, whereas a plexiform variant is composed of multi-
ple nodular masses. Schwannomas include the concurrent
presence of highly and poorly cellular areas of fusiform
neoplastic Schwann cells in a stroma that is either collage-
nous or scant, or myxoid and abundant (designated Antoni
A areas and Antoni B areas, respectively). Other features
are nuclear palisading, the formation of Verocay bodies,
and hyalinized microvessels. Nerve fibers are absent
within the tumor, but are often present at the tumor mar-
gin. Neurofibroma displays a mixture of cell types, includ-
ing Schwann cells, axonal processes, perineurial cells,
endoneurial fibroblasts, and mast cells that are embedded
in abundant collagenous extracellular myxoid matrix and
wavy collagen fibers. Within the mass, nerve fibers can be
identified. The spindle-shaped cells may exhibit nuclear
palisading (Gottfried et al. 2006). Diffuse neurofibroma
has infiltrative growth, but other features of malignancy
are absent (Fletcher 2000). Because of its infiltrative
nature, diffuse neurofibroma may recur, but metastases
have not been reported. However, diffuse neurofibroma
must be distinguished from malignant PNST. In animals,
PNSTs are most often reported in dogs and cattle (Bundza
et al. 1986; Johnson et al. 1988; Summers et al. 1995;
Zachary 2007), infrequently in cats and horses (Gold-
schmidt & Hendrick 2002; Quinn et al. 2005; Sturgeon
et al. 2008), and rarely in other species, such as goats
(Veazey et al. 1993; Ramirez et al. 2007), pigs (Tanimoto
& Ohtsuki 1993), birds (Bossart 1983; Ono et al. 2004),
and fish (Marino et al. 2008, Marino et al. 2010). In veteri-
nary medicine, many authors have so far considered
schwannoma and neurofibroma as a unique entity, sug-
gesting they be named together with the general term of
peripheral nerve sheath tumor (PNST), both benign and
malignant (MPNST), because of the presence of a mixed
cell population and/or lack of cellular differentiation on
histopathology. However, Schoniger and Summers (2009)
debated on whether this classification is mainly due to a
lack of diagnostic criteria for their subclassification, and
demonstrated the existence of neurofibroma and several
subtypes in dogs, horses, and chicken, like those tumors
that occur in humans. Furthermore, these studies showed
that similarities between neurofibroma in animals and
humans are not restricted to microscopic features, but that
they also exist in regard to tumor location and patient’s
age (Schoniger & Summers 2009). After publication of
the report by Schoniger and Summers (2009), a real neu-
rofibroma in the neck of a dog was described (Fattahian et
al. 2012). In humans, PNST are usually benign neoplasm.
Malignancy is based on histologic findings of anaplasia,

abundant mitoses, necrosis, and/or biologic behavior of
invasion of adjacent tissues or rare metastasis (Skovron-
sky & Oberholtzer 2004). The biological behavior of
canine PNSTs is more aggressive than that of the human
counterpart, so canine PNSTs are generally considered as
MPNSTs (Summers et al. 1995; Dennis et al. 2011).
Immunohistochemical staining is often helpful in the diag-
nosis of PNST as it allows identification of the neoplastic
cell type through intermediate filament identification
(Moore et al. 1989). No one specific immunohistochemical
marker is able to define a PNST and a panel of markers
has to be employed. PNSTs, as mesenchymal tumors, are
positive for Vimentin; S-100 immunoreactivity is restricted
to a subpopulation of the tumor cells, because this marker
only labels the neoplastic Schwann cells but not the
remaining tumor cells; there may be a variable expression
of GFAP, NGFR (nerve growth factor receptor), and NSE
(neuron-specific enolase) (Chijiwa et al. 2004). Calretinin
has proved to be a cross-reactive and useful marker in the
differential diagnosis of PNSTs, being positive in schwan-
nomas but not in neurofibromas (Fine et al. 2004). Con-
cerning the localization, PNSTs are rare in the dog and
have been mainly reported in subcutaneous tissues and bra-
chial plexuses (Koestner & Higgins 2002). Other localiza-
tions in the dog include spleen (Bergmann et al. 2009),
vagina (Sontas et al. 2010), spinal cord (Tavasoly & Mal-
masy 2009), diaphragm (Anderson et al. 1999), and eye
(Sato et al. 2005). To the best of our knowledge, primary
PNSTs have not been described previously in the canine
nasal cavities. Although rare, PNSTs arising in the nasal
cavity are a well-known entity in man. Neurofibroma, in
particular, may occur singly or as a part of the syndrome
of neurofibromatosis (both type I and type II neurofibroma-
tosis) (Chua et al. 2006). This case report showed the histo-
logical features of a PNST, with prominent features of the
diffuse neurofibroma. The tumor was well differentiated,
histologically similar to the PNSTs described in other
localizations and had highly infiltrative and destructive
behavior despite lacking of common features of malig-
nancy, except for scant areas of necrosis and hemorrhage.
The case seemed worth describing for the unusual site of
development, not reported so far, and to bring valuable
information to the state of knowledge in the field of PNSTs
and respiratory tract diseases in dogs.
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