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Pathology and immunohistochemistry of a
malignant nerve sheath tumor in a pig: case
report and brief review of the literature

Justin M. Stilwell, Daniel R. Rissi'

Abstract. A 7-y-old sow with a large mass in the right upper thoracic limb was submitted for autopsy. Grossly, the
mass encompassed the right humerus, elbow, and proximal radius and ulna. On cut surface, the mass was solid, lobulated,
pale tan, and firm, with multifocal areas of necrosis and mineralization; it replaced the brachial musculature, invading and
causing extensive humeral and ulnar osteolysis. The periosteum was roughened and irregular, and there was minor invasion
into the elbow joint. Histologically, the mass was composed of densely cellular interweaving streams and bundles of
pleomorphic spindle cells embedded in a scant fibrovascular stroma. There was moderate-to-strong, diffuse cytoplasmic or
membranous immunoreactivity to claudin-1, laminin, and vimentin; weak-to-moderate, multifocal cytoplasmic and nuclear
immunoreactivity to S100 and Sox-10, respectively, and weak cytoplasmic immunoreactivity for neuron-specific enolase. No
neoplastic immunolabeling was detected with CD204, CD18, desmin, glial fibrillary acidic protein, ionized calcium-binding
adapter molecule 1, melan A, neurofilament, nerve growth factor receptor, smooth muscle actin, or muscle pan-actin. A
specific immunomarker for definitive diagnosis of a malignant nerve sheath tumor (MNST) and its differentiation from other
nerve tumors or other spindle cell tumors is still lacking in veterinary medicine, and case-by-case or interspecies differences
in immunohistochemistry (IHC) expression can occur even when applying a broad diagnostic IHC panel. However, the gross,

histologic, and IHC features in our case were consistent with a MNST, an exceedingly rare neoplasm of pigs.
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A 7-y-old mixed-breed sow was submitted for autopsy after
a brief period of sternal recumbency. Physical examination
revealed tachycardia, tachypnea, and a large, firm, well-
vascularized mass involving the right upper thoracic limb.
Radiographs revealed severe osteolysis and periosteal reac-
tion in the distal humerus, humeral condyle, and proximal
radius and ulna. On ultrasound, the mass was well vascular-
ized and composed of heterogeneous soft tissue with multi-
ple hyperechoic foci. The sow had been rescued ~2 wk prior
from an unreported situation, and no additional history was
known. Given declining quality of life and poor prognosis,
euthanasia via pentobarbital overdose was elected.

Gross anatomic changes (Fig. 1A) were restricted to the
affected limb. A firm, 33-cm diameter mass encompassed
the entire right humerus, elbow, and proximal radius and
ulna. At its widest point, the mass circumference was
~105cm. On cut surface (Fig. 1B), the mass was solid,
lobulated, pale tan, and firm with friable or chalky debris
in foci of necrosis and mineralization, respectively. Distal
to the mass, the lower limb was severely edematous. The
mass replaced the brachial musculature entirely, invading
and causing extensive humeral and ulnar osteolysis. The
periosteum was roughened and irregular with large defects
in the cortical bone that exposed the bone marrow. There

was minor invasion into the elbow joint. Severely
engorged, varicose veins surrounded the mass and extended
caudally along the right ventral thoracic body wall. No
other significant changes were observed.

Multiple tissue sections from the mass and other organs
were immersed in 10% buffered formalin, routinely pro-
cessed for histology, and stained with hematoxylin and
eosin. Histologically (Fig. 1C), the mass was densely cel-
lular and highly infiltrative, consisting of closely packed
interweaving streams and bundles of spindle cells in a scant
fibrovascular stroma (Fig. 1D). Neoplastic cells had moder-
ate pleomorphism and indistinct cell borders, with scant,
fibrillar, eosinophilic cytoplasm. Nuclei were round-to-
elongate and had finely stippled chromatin and one evident
nucleolus. There was moderate anisokaryosis and scattered
multinucleate neoplastic cells. Mitotic count
was 7 in ten 400x fields. There were foci of necrosis and
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Figure 1. Pathologic findings of a malignant nerve sheath tumor in a pig. A. A firm mass expands the right humerus, elbow joint,
and proximal radius and ulna. B. On cut surface, the mass is lobulated, pale tan, and firm with friable or chalky debris in foci of necrosis
and mineralization. C. The neoplasm is composed of closely packed, interweaving short streams and bundles of spindle cells in a fine
fibrovascular stroma. H&E. D. Closer view of the neoplasm with interweaving streams and bundles of pleomorphic spindle cells. H&E.

mineralization throughout the tumor. Gomori reticulin stain
revealed a fine network of basal lamina separating the neo-
plastic cells. No cross-striations within the cytoplasm of
neoplastic cells were detected using phosphotungstic acid—
hematoxylin stain. There was no gross or histologic evi-
dence of metastasis in other examined tissues.

Sections of the neoplasm were subjected to immunohisto-
chemistry (IHC) for diagnostic confirmation (Table 1, Fig.
2). There was moderate-to-strong, diffuse cytoplasmic or
membranous immunoreactivity to claudin-1, laminin, and
vimentin; weak-to-moderate, patchy cytoplasmic and nuclear
immunoreactivity to S100 and Sox-10, respectively; and
weak cytoplasmic immunoreactivity for neuron-specific
enolase (NSE). Immunolabeling for CD204, CD18, and ion-
ized calcium-binding adapter molecule 1 (Ibal) was observed
in reactive macrophages throughout the neoplasm.

The tumor location, cellular morphology, high mitotic
count, and degree of invasiveness in our case are consistent
with a malignant nerve sheath tumor (MNST), and the diag-
nosis was supported by IHC. Nerve sheath tumors are widely
referenced in the veterinary medical literature as peripheral
nerve sheath tumors but the term “peripheral” is redundant,
given that there are no such structures as central nerves.® We
will thus refer to these neoplasms as nerve sheath tumors
(NSTs) or MNSTs in this article.

NSTs arise from Schwann cells (schwannomas), peri-
neurial cells (perineuriomas), or a mixture of endoneurial
and epineurial cells and stromal fibroblasts (neurofibro-
mas and MNSTs).'* NSTs can occur nearly anywhere in
the body, but have been most frequently reported involving
the cranial nerves, spinal nerve roots, and subcutaneous
tissue, typically on the head and limbs.>'? In the veterinary
medical literature, NSTs have been described most fre-
quently in dogs, cats, cattle, and horses, with few reports in
goats, sheep, camels, pigs, non-human primates, ferrets,
rodents, birds, reptiles, and figh,23:13:18.23.26.29.34.36-38 Qg
are exceedingly rare in pigs, with only 2 reports of a cuta-
neous plexiform schwannoma and a pulmonary MNST
described to date.’’”” Grossly, NSTs are well-circum-
scribed and pale yellow or white, whereas MNSTs are
locally invasive and typically have areas of necrosis or
hemorrhage, as observed in our case.*'***

Histologically, schwannomas are well circumscribed and
composed of densely cellular interwoven bundles, streams,
and concentric whorls of neoplastic cells (Antoni type A pat-
tern) or less densely cellular areas with small nuclei in a
loosely arranged fibrous stroma (Antoni type B pattern).
Nuclear palisades, referred to as Verocay bodies, may be
observed, but are not common in veterinary species.'* Peri-
neuriomas consist of concentric whorls of neoplastic cells
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Table 1. Immunohistochemistry and characterization of a malignant nerve sheath tumor in a pig.

Incubation Neoplastic

Antibody Clonality Concentration (min) Manufacturer cells
Claudin-1 Rabbit polyclonal ~ 1:50 60 Abcam, Cambridge, UK + (100%)
Laminin Rabbit polyclonal ~ 1:200 60 Dako, Santa Clara, CA + (100%)
Vimentin Mouse monoclonal 1:3,000 60 BioGenex, Fremont, CA + (100%)
S100 Mouse monoclonal RTU 30 Cell Marque, Rocklin, CA + (15%)
Sox-10 Goat polyclonal 1:100 60 Santa Cruz, Dallas, TX +(<5%)
Neuron-specific enolase Mouse monoclonal  1:2,000 60 Invitrogen, Carlsbad, CA + (<5%)
Ki67 Rabbit monoclonal RTU 60 Cell Marque, Rocklin, CA +(15-20%)
Pan-cytokeratin (AE1/AE3)  Mouse monoclonal RTU 30 Cell Marque, Rocklin, CA -
CD204 Mouse monoclonal  1:500 60 Cosmo Bio, Tokyo, Japan -
CD18 Mouse monoclonal 1:10 60 University of California, Davis, CA -
Desmin Mouse monoclonal 1:10 90 Biocare, Pacheco, CA —
Factor VIII related antigen Rabbit polyclonal ~RTU 60 Cell Marque, Rocklin, CA -
Glial fibrillary acidic protein  Mouse monoclonal 1:4,000 60 BioGenex, Fremont, CA -
Ionized calcium-binding Rabbit polyclonal  1:8,000 60 Wako, Richmond, VA -

adapter molecule 1
Melan A Mouse monoclonal 1:30 90 Dako, Santa Clara, CA -
Neurofilament Mouse monoclonal 1:10,000 60 BioGenex, Fremont, CA -
Nerve growth factor receptor Mouse monoclonal  1:40 60 Thermo Fisher Scientific, Waltham, MA -
Smooth muscle actin Mouse monoclonal 1:1,500 60 Dako, Santa Clara, CA -
Muscle pan-actin Mouse monoclonal 1:100 30 Dako, Santa Clara, CA -

RTU =ready to use.

around myelinated axons, whereas neurofibromas consist of
interwoven bundles, streams, and concentric whorls of neo-
plastic cells in a basophilic myxomatous matrix. Perineurio-
mas and neurofibromas have lower cellularity than
schwannomas. Mitotic activity is rare in schwannomas, peri-
neuriomas, and neurofibromas. Malignant NSTs are highly
invasive and densely cellular tumors and consist of pleomor-
phic spindle cells arranged in interweaving streams and bun-
dles. Mitotic activity is higher than other NSTs and areas of
necrosis and hemorrhage are typically present.*'*** The
morphologic features of the neoplasm in our report, particu-
larly the local invasion into the adjacent soft tissues and
bone, as well as its high cellularity, increased cell pleomor-
phism, and increased mitotic activity were consistent with a
diagnosis of MNST.*!2#

IHC is often required for diagnostic confirmation of NSTs
and differentiation from other spindle cell tumors. Claudin-1,
laminin, vimentin, S100, Sox-10, NSE, glial fibrillary acidic
protein (GFAP), neurofilament (NF), nerve growth factor
receptor, Leu-7, CNPase, collagen IV, and NF200 or periaxin
have been listed as useful antibodies for diagnostic confir-
mation of NSTs.' In our case, neoplastic cells had different
degrees of immunoreactivity for claudin-1, laminin, vimen-
tin, S100, Sox-10, and NSE.'* Claudin proteins have struc-
tural and functional involvement in tight junctions in
non-transformed epithelial, endothelial, and perineurial
cells.”!" Claudin-1 THC is useful in the diagnosis of canine
and feline meningioma and may represent a potential immu-
nomarker to distinguish schwannomas and other NSTs in

dogs, which should be immunonegative and immunoposi-
tive, respectively, for this antibody.'*'**°

Laminin IHC is frequently utilized in the diagnosis of
NSTs."*!'7*" Schwann and perineurial cells produce abun-
dant basal lamina proteins that are reactive for laminin and
type IV collagen IHCs. However, given its low specificity,
laminin THC should be interpreted in conjunction with
other IHC markers or special stains. Gomori reticulin stain,
which can be utilized as a less specific histochemical stain
for type IV collagen, revealed an extensive network of
reticular fibers in our case."

Sox-10 and S100 IHCs are supportive of a diagnosis of
neural crest tumors, including melanomas, gliomas, and
NSTs.* In dogs, Sox-10 THC has been utilized to differentiate
NSTs from perivascular wall tumors.'* Only a subset of neo-
plastic cells exhibited immunolabeling with Sox-10 and S100
in our case, and that may reflect downregulation of Schwann
cell markers with progression toward malignancy, which is
consistent with reports in the human medical literature.”***
These immunomarkers are more strongly and diffusely
expressed in human schwannoma and are considered specific,
but not sensitive, immunomarkers in the diagnosis of
MNSTs.?** Although the characteristic perineurioma mor-
phology was lacking in our case, its IHC profile could reflect
perineurial cell differentiation in a MNST.*'** Previous
reports of intraneurial perineuriomas in dogs found that peri-
neural cells were negative for S100 and positive for laminin
and claudin-1, similar to our case.>" In MNSTs with perineu-
rial differentiation in humans, tumors were immunoreactive
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Figure 2. Immunohistochemistry of a malignant nerve sheath tumor in a pig. A. Neoplastic cells express strong cytoplasmic
immunostaining for claudin-1. B. Neoplastic cells express moderate cytoplasmic immunostaining for laminin. C. Neoplastic cells express
strong cytoplasmic immunostaining for vimentin. D. Subsets of neoplastic cells express strong cytoplasmic immunostaining for S100.
E. Scattered neoplastic cells express strong nuclear immunostaining for Sox-10. F. Subsets of neoplastic cells express strong nuclear

immunostaining for Ki67.

for vimentin, epithelial membrane antigen (EMA), type 4 col-
lagen, claudin-1, and laminin, but not for S100, CD34, CD68,
cytokeratin, desmin, smooth muscle actin (SMA), lysozyme,
and factor XIITa.”"** Along with claudin-1, EMA IHC is rou-
tinely used in the diagnosis of perineuriomas and MNSTs
with perineurial differentiation in humans, but this antibody is
not available, to date, in veterinary medicine.'%%!3%32

NSE immunoreactivity has been reported in NSTs occurring
in multiple species.'>** Similar to our case, NSE expression
was focal and weak in the cutaneous plexiform schwannoma
and not assessed in the pulmonary MNST reported in pigs.*"~’
Although GFAP immunoreactivity can occur in schwannomas,
its expression is variable and often negative, making its useful-
ness in the diagnosis of NSTs limited.*'****3

Differentiation of NSTs and other soft tissue sarcomas, such
as skeletal or smooth muscle neoplasms and melanocytic neo-
plasms, can be achieved via IHC for desmin, SMA, and melan
A, respectively.' These IHCs were consistently negative in our
case. The lack of immunolabeling for muscle pan-actin was
used to differentiate our NST from a perivascular wall tumor,
given that these typically express variable immunolabeling for
claudin-1, vimentin, laminin, SMA, and pan-atctin.l’19

The location of the neoplasm in our report also warrants its
differentiation from histiocytic sarcomas and synovial cell
sarcomas. Periarticular histiocytic sarcoma occurs mainly in
dogs and less commonly in cats.® Tumors are morphologi-
cally similar to histiocytic sarcomas occurring elsewhere and
express leukocyte surface markers via IHC.® We observed no
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immunolabeling for histiocytic markers (CD18, CD204, and
Ibal) in our case, undermining a diagnosis of histiocytic sar-
coma. Human synovial cell sarcoma arises from pluripotent
mesenchymal stem cells throughout the body and not from
synoviocytes, as previously thought.” In veterinary medicine,
the existence of synovial cell sarcoma has been questioned,
and diagnostic confirmation based on cell morphology and
IHC rather than tumor location has been advocated.”'* How-
ever, the lack of immunomarkers for synoviocytes has made
the characterization of possible primary synovial tumors dif-
ficult.” Although CD18 has been utilized to label type A syn-
oviocytes,” the negative immunolabeling in our case must be
interpreted with caution, because CD18 antibodies have not
been standardized to be used on porcine tissues.

A specific IHC marker for the definitive diagnosis of
NSTs has yet to be discovered.'**' Given multiple sub-
types and variable expression of many IHC markers, NSTs
can be difficult to differentiate from other soft tissue sar-
comas, requiring extensive investigation with IHC, which
may be cost prohibitive in a diagnostic setting.***> When
taken as a whole, our IHC results are more consistent with
a NST than with other spindle cell sarcomas. Histologic
features in our case would be consistent with a grade 1
tumor category according to the canine soft tissue sar-
coma grading system.”’
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