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Cardiac ganglioneuroma in a juvenile pig
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ABSTRACT. A cardiac mass (3 X 5 x 3 cm) was detected at the base between the right auricular wall and right vena cava of a slaugh-
tered 6-month-old female mixed-breed pig during a meat inspection. The tumor comprised infiltrative prominent interweaving fascicles
of Schwann cells with Verocay bodies. Moreover, the ganglion cells were scattered or aggregated throughout the neoplastic tissue. The
ganglion and Schwann cells had neither cellular atypism nor mitosis. On the basis of the bearing site as well as the morphological and
immunohistochemical features, this is the first case of a cardiac ganglioneuroma in a pig.
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Neuronal neoplasms are classified into neuroblastoma,
ganglioneuroblastoma and ganglioneuroma depending on
the degree of differentiation of neoplastic cells. Ganglioneu-
romas are composed of a mixture of well-differentiated neu-
rons and abundant stroma containing nerve processes and
Schwann cells [12]. In domestic animals, ganglioneuroma
occurs in various organs, including the intestines [1, 3-5, 8,
13-17], skin [9], adrenal glands [6] and urinary bladder [18].
In the present study, we have reported the histopathological
and immunohistochemical findings for a cardiac ganglioneu-
roma in a juvenile pig.

A mass was detected at the base of the heart of a slaugh-
tered 6-month-old female mixed-breed pig during a meat
inspection. The tumor was located between the base of the
right auricular wall and the right vena cava and protruded
to the area outside of the heart. In addition, it showed infil-
trative growth into the auricular wall and, therefore, would
have been difficult to remove (Fig. 1A). The tumor was 3 x 5
x 3 c¢m in diameter with an elastic, solid, glistening cut sur-
face, which was homogenously milky white (Fig. 1A). The
pig showed no significant abnormalities in the other organs
on clinical and postmortem examinations.

Together, the heart and tumor tissues were fixed in 10%
buffered neutral formalin, embedded in paraffin, processed
routinely, sectioned and stained with hematoxylin and
eosin (H&E) and Nissl stained using cresyl violet. The
heat-induced antigen retrieval pretreatment was performed
using Target Retrieval Solution (pH 6.0, 121°C for 15 min,
Dako, Glostrup, Denmark) prior to immunohistochemical
staining. The serial sections were immunohistochemically
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analyzed using the polymer immunocomplex method (Envi-
sion+, Dako). The sections were incubated overnight at 4°C
with the following primary antibodies: S-100a (polyclonal,
prediluted, Dako), glial fibrillary acidic protein (GFAP,
polyclonal, 1:400, Dako), neuron-specific enolase (NSE,
polyclonal, 1:10,000, Millipore, Billerica, MA, U.S.A.),
neurofilament (monoclonal, 2F11, 1:25, Dako) and class
III B-tubulin (5G8, 1:10,000, Promega, Madison, WI,
U.S.A.). For visualization, the sections were developed in
a 3, 3'-diaminobenzidine (DAB) solution (Liquid DAB+
substrate-chromogen system, Dako) and counterstained with
Mayer’s hematoxylin.

Histopathologically, the cardiac tumor was poorly demar-
cated with infiltrative growth encroaching into the auricular
wall (Fig. 1B). In addition, it was composed of prominent
interweaving fascicles of spindle-shaped mesenchymal cells
with elongated, thin and wavy nuclei, which were mor-
phologically identified as Schwann cells. Furthermore, the
cardiac tumor revealed an Antoni A pattern, which is charac-
teristic of a schwannoma. Verocay bodies, which are formed
by two compact rows of well-aligned nuclei separated by
fibrillary cell processes, were also observed in the Antoni
A pattern (Fig. 1C). Moreover, the ganglion cells, which
varied in size and had a stellate to polygonal shape, pale to
eosinophilic cytoplasm and a large vesicular round nucleus
with a prominent nucleolus, were scattered or aggregated in
the Schwann cell-proliferating area (Fig. 1D). The majority
of the scattered ganglion cells showed obvious Nissl sub-
stance in the cytoplasm following the cresyl violet staining
and were accompanied by satellite cells; therefore, they
were mature neurons (Fig. 1E). In contrast, the aggregated
ganglion cells, which were not fully mature, lacked satellite
cells and Nissl bodies, while the formation of neuropil was
not obvious. There was no cellular atypism in the ganglion
or Schwann cells, and no mitosis was detected.

Immunohistochemically, the scattered mature or aggre-
gated immature ganglion cells stained positivey for S-100a,
NSE and class III B-tubulin (Fig. 1F), while the Schwann
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Fig. 1. (A) Gross findings in a pig heart with a cardiac ganglioneuroma. A demarcated, solid, homogenous milky white cardiac
tumor is located between the right atrium and right vena cava. (Ao, aorta; La, left atrium; Ra, right atrium; S, septum; and
My, mitral valve; bar=3 cm.) (B) Low magnification of the cardiac ganglioneuroma. The tumor was composed of prominent
interweaving fascicles of Schwann cells with infiltrative growth in the auricular wall. Arrows indicate myocardium. (Section
stained with H&E, bar=200 um.) (C) Ganglioneuronal and Schwann cell components of the cardiac ganglioneuroma. Arrows
indicate solitary ganglion cells and their aggregations. Interweaving proliferation of Schwann cells can be observed in the center.
(H&E staining, bar=100 xm.) (D) Antoni A pattern proliferation of Schwann cells. Verocay bodies (arrows) can be observed in
the higher-cellularity area of Schwann cells. (H&E staining, bar=100 um.) (E) Mature ganglion cells with cytoplasmic Nissl
substance. (Cresyl violet staining, bar=20 um.) (F) Immunohistochemistry of class III B-tubulin. Ganglion cells are strongly
positive. (Bar=100 ym.) (G) Immunohistochemistry of GFAP. Schwann and ganglion cells (arrow) are positive and negative,
respectively. (Bar=50 um.)
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cells and satellite cells that adhered to the mature ganglion
cells stained positive for S-100a, NSE and GFAP (Fig. 1G).

To the best of our knowledge, there are only 2 previously
reported cases in which ganglioneuromas developed in the
small intestine of swine without any obvious clinical signs
and were discovered during a meat inspection [13, 21]. In
addition, cardiac ganglioneuromas are very rare, and only
three cases have been reported in humans [7, 10, 20]. In the
veterinary medical field, only one known case of a feline ma-
lignant ganglioneuroma of the heart has been published. In
this case, the tumor was considered to have originated from
the intramural parasympathetic ganglia in the right atrium
[11]. In the present case, the tumor was located between the
right atrium and right vena cava, including the right vena
cava-right atrial ganglionated plexus [2], where it may have
originated.

Ganglioneuroblastoma consists of an admixture of gan-
glioneuromatous components and a >50% composition of
neuroblastomatous components, while neuroblastoma is
primarily composed of neuroblastomatous components. In
contrast to these 2 tumors, ganglioneuromas are predomi-
nantly composed of ganglioneuromatous components and
are therefore the most differentiated in all neuronal tumors.
In the present case, the ganglion cells stained positive for
neurofilament, NSE and class III B-tubulin. Further, the gan-
glion cells had Nissl substance and satellite cells. Therefore,
they were morphologically mature, and neuroblasts were
not observed anywhere in the neoplastic tissue. However,
aggregations of immature ganglion cells, which lacked sat-
ellite cells and Nissl bodies, were scattered in the neoplastic
tissue. The existence of immature ganglion cells provides
some evidence to suggest that peripheral neuroblastic neo-
plasms originate from the progenitor cells of neural crest
[19]. Additionally, the Schwann cell component was rich
in scattered Verocay bodies, which are typically found in
the densely packed Antoni A regions of schwannoma [22].
It is necessary to distinguish the present case from another
cardiac schwannoma, which involved the intrinsic cardiac
ganglia and showed ganglion cells dispersed at varying den-
sities throughout the neoplastic tissue. On this basis, the
present case was diagnosed as a ganglioneuroma with a rich
Schwann cell component.

In conclusion, the present case is the first report of a car-
diac ganglioneuroma that probably originated from the right
vena cava-right atrial ganglionated plexus in a swine.
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