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Summary

Ganglioneuromatosis (GNM) is a rare condition characterized by the benign proliferation of ganglion cells,
nerve fibres and supporting cells of the enteric nervous system. Necropsy examination of a female piglet weigh-
ing 4 kg revealed a well-demarcated 20 cm segment of terminal ileum with thickening of the wall. Microscop-
ically, the lamina propria was infiltrated by enteric glial cells and large ganglion cells. Within the submucosal
and muscular layers, aggregates of neurons were interlaced by Schwann cells and enteric glial cells arranged in
concentric rings. Immunohistochemically, the neurons were weakly labelled for S-100 and neuron-specific
enolase, Schwann cells expressed S-100 and vimentin and enteric glial cells expressed glial fibrillary acidic pro-
tein and S-100. Pathological and immunohistochemical findings supported the diagnosis of ileal GNM.
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Neoplastic lesions are rare in farmed pigs, especially
tumours originating from nervous tissues (Diessler
et al., 2002; Head et al., 2002; Brown et al., 2007).
Tumours derived from autonomic ganglia include
neuroblastoma, ganglioneuroma (GN) and
ganglioneuroblastoma (Porter et al., 2007). GN is a
solitary, well-demarcated neoplasm that shows
limited local invasiveness and low metastatic poten-
tial (Head et al., 2002; Jass, 2007). In pigs, solitary
(Murakami et al., 2011) and multiple GNs (Une
et al., 1984) derived from the intramural plexus of
the small intestine have been reported. In contrast,
hyperplasic growth can arise from the enteric ner-
vous system and is classified as ganglioneuromatosis
(GNM) (D’Amore et al., 1991; Hazell et al., 2011).
GNM is a rare condition characterized by the
benign proliferation of ganglion cells, nerve fibres
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and spindle-shaped neural cells of probable Schwann
cell origin (Puig et al., 2009). This neural hyperplasia
can either involve all layers of the intestinal wall or
predominantly affect the myenteric plexus or the
mucosal plexus (D’Amore et al., 1991; Head et al.,
2002; Porter et al., 2007; Bemelmans et al., 2011).
Both conditions are composed of well-differentiated
ganglion cells, nerve fibres, Schwann cells and
enteric glial cells (Head et al., 2002; Porter et al.,
2007; Hazell et al., 2011). Single cases of GNM
have been reported in a dog (Hazell et al., 2011;
Paris et al., 2013), a steer (Cole et al., 1990) and a
horse (Porter et al., 2007). The purpose of this report
is to describe the first case of intestinal GNM in a
piglet.

A live 4-week-old female piglet of 4 kg body
weight was submitted from a group of 34 pigs of
different ages delivered from an intensive farm
with a presumptive diagnosis of low weight and
retarded growth. At necropsy examination, a
� 2014 Elsevier Ltd. All rights reserved.
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Fig. 2. Thickened ileal lamina propia infiltrated by sheets and
bundles of enteric glial cells and neurons (boxed areas
are magnified in Figs. 3 and 4). HE.
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well-demarcated 20 cm segment of terminal ileum
was seen to have a thickened wall with partial steno-
sis of the lumen (Fig. 1). The wall of the affected
segment was 0.7e0.9 cm thick, compared with
0.3 cm thick for the remainder of the intestine.
The thickened segment included the mucosa, sub-
mucosa and muscular layers. The mucosal surface
was markedly folded and congested. There were no
other gross findings. Samples of ileum, stomach,
liver, spleen, kidney and lung were fixed in buffered
10% neutral buffered formalin, processed routinely
and embedded in paraffin wax. Sections were
stained with haematoxylin and eosin (HE), Van
Giesson (VG) stain and Holmes’ silver stain (HS)
for nerve fibres.

Serial sections were subjected to immunohisto-
chemistry (IHC) using a streptavidinebiotine
immunoperoxidase method (LSAB�+ System-HRP
K0679; Dako, Carpinteria, California, USA). Pri-
mary antibodies were specific for S-100 protein (rab-
bit polyclonal anti-S100, ready to use [RTU];
Novocastra Laboratories, Newcastle, UK), glial fi-
brillary acidic protein (GFAP; rabbit polyclonal
anti-bovine GFAP, RTU, Dako), vimentin (VIM;
mouse monoclonal anti-human vimentin, clone V-9,
1 in 100 dilution, BioGenex Laboratories, San Ra-
mon, California, USA), neuron-specific enolase
(NSE; monoclonal mouse anti-human NSE, Clone
BBS/NC/VI-H14, Dako) and Lawsonia intracellularis

(pig polyclonal antibody, dilution 1 in 3,000; Roberto
Guedes, Universidade Federal de Minas Gerais, Belo
Horizonte, Brazil). A normal intestinal sample was
used as positive control and normal rabbit serum
was substituted for the primary antibodies for a
negative control.
Fig. 1. Ileum showing a thickened segment with congested and
folded mucosa (right) clearly demarcated from the adja-
cent normal segment (left).
Microscopically, the lamina propria of the ileum
was infiltrated by sheets and bundles of enteric glial
cells and ganglion cells (Fig. 2). In the submucosal
layer, several aggregates of neurons were interlaced
with nerve fibres. Neurons were pyramidal or elon-
gated, with large round nuclei and only a few of
them showed Nissl substance. Neither atypia nor
mitotic figures were seen. The muscle layers were in-
filtrated by single or aggregated ganglion cells, sur-
rounded by Schwann cells and enteric glial cells
arranged in whorls and tracts that ran parallel
to, and at different angles from, the direction of mus-
cle fibres. Neural proliferation was more abundant at
the junction of the internal and external muscle
fibres.

Immunohistochemically, the nucleus and cyto-
plasm of neurons expressed NSE and weakly
expressed S-100 (Fig. 3). Schwann cells were S-100
Fig. 3. NSE-positive neuronal bodies in the thickened lamina
propria of ileum. IHC.



Fig. 4. Ileal lamina propria with whorls of infiltrating cells high-
lighting GFAP-positive enteric glial cells. IHC.
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andVIMpositive, while enteric glial cells were GFAP
and S-100 positive (Fig. 4). IHC against L. intracellu-
laris was negative.

Differences between GN and GNM are limited to
the gross aspect. GN is a well-defined single or mul-
tiple mass-like tumour, while GNM is a diffuse and
poorly demarcated lesion (Cole et al., 1990; Porter
et al., 2007; Murakami et al., 2011). In the present
case, microscopical and immunohistochemical
studies revealed hyperplasia of all cells of the
enteric ganglia, in agreement with previous reports
(Cole et al., 1990; Head et al., 2002; Hazell et al.,
2011; Paris et al., 2013). In man, GNM is classified
further as either mucosal or transmural. Mucosal
GNM involves neural hyperplasia of the mucosa,
while transmural GNM comprises neuronal
hyperplasia of the myenteric plexus (Auberbach’s
plexus) (D’Amore et al., 1991; Porter et al., 2007;
Hazell et al., 2011). This differentiation may reflect
differences in prognosis, because transmural GNM
is associated with the development of multiple
endocrine neoplasia type 2b (MEN 2b), a
hereditable disorder that occurs in infancy and
precedes the development of endocrine tumours
(D’Amore et al., 1991; Puig et al., 2009; Bemelmans
et al., 2011; Hazell et al., 2011). In the present
case, since gross or microscopical changes were not
observed elsewhere, the changes were assumed to
be confined to the intestine. The pathogenesis of
the formation of GNM is unknown, but is believed
to result either from a mutation in the Ret proto-
oncogene that influences the hyperplasia of several
neuroendocrine lineages (Cole et al., 1990;
D’Amore et al., 1991; Bemelmans et al., 2011;
Hazell et al., 2011) or from deletion of PTEN

(phosphatase and tensin homolog deleted on
chromosome 10), a suppressor gene that regulates
cell size and cell proliferation (Puig et al., 2009;
Paris et al., 2013).

This particular case of GNM differs from those re-
ported in other animal species with respect to the
segment of intestine affected, the age of the animal
and the type of GNM (Cole et al., 1990; Porter et al.,
2007; Hazell et al., 2011; Paris et al., 2013). Taking
the above into consideration, it appears that GNM
in the piglet resembles that reported in a dog by
Hazell et al. (2011). In conclusion, this is the first
report of ileal GNM in the pig.
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