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Domestic Animals–Case Report

Dysplastic gangliocytoma of the cerebellum, commonly known 
as Lhermitte-Duclos disease, is an infrequent benign tumor in 
humans with only about 220 confirmed cases to date.8 In vet-
erinary medicine, dysplastic gangliocytoma of the cerebellum 
has only been described in a horse.14 In humans, dysplastic 
gangliocytoma of the cerebellum usually presents as a single 
unilateral discrete lesion in the cerebellum, and bilateral 
involvement is rare, with only 4 cases reported to date.2,3,9,18 
Similarly, the reported case in a horse was a single unilateral 
lesion. There are contradictory opinions whether dysplastic 
gangliocytoma of the cerebellum should be classified as a ham-
artoma rather than a true neoplasm.12 Hamartomas are disorga-
nized masses of normal to dysplastic cells which arise at sites 
where these cells are normally present.17 The fact that they very 
often originate from clonal chromosomal aberrations17 makes 
their differentiation from benign tumors difficult and maybe 
even arbitrary. The latest World Health Organization (WHO) 
central nervous system (CNS) conference graded dysplastic 
gangliocytoma of the cerebellum as a grade 1 neoplasia of neu-
ronal tumors.11 The typical onset of dysplastic gangliocytoma 
of the cerebellum in humans occurs in the third and fourth 
decade of life, although reports of affected infants18 and senior 
patients also exist.13 The classic macroscopic lesion is a unilat-
eral enlargement of the cerebellum with maintenance of the 
folia.2,9,18 Microscopic findings are variable and include 
replacement of the cerebellar granular layer by large, well- 
differentiated, dysplastic ganglion cells.3 Dysplastic gangliocy-
toma of the cerebellum can occur as a sporadic condition, but it 
has also been associated with Cowden syndrome, an autosomal 

dominant genetic disorder that is characterized by multiple 
hamartomas and that leads to an increased risk of developing 
benign and malignant tumors. Cowden syndrome is associated 
with germline mutations of the phosphatase and tensin homo-
log (PTEN) gene,3 a tumor suppressor gene that consequently 
leads to activation of the PI3K/AKT signaling pathway and 
uncontrolled cell proliferation.17

A 2.5-year-old male neutered domestic shorthair cat was 
presented to the University Veterinary Hospital Dublin with a 
5-month history of progressive ataxia and a 5-day history of 
lethargy. The cat had no significant medical history, and no 
abnormalities were detected on general physical examination. 
Neurological abnormalities included obtundation and profound 
cerebellovestibular ataxia of all limbs. Proprioceptive position-
ing was diffusely delayed, hopping was markedly reduced to 
absent, and extensor postural thrust was absent. There was also 
positional vertical nystagmus. Clinical signs were consistent 
with a diffuse encephalopathy, particularly affecting the cere-
bellovestibular system. Complete blood count and serum 

1075594 VETXXX10.1177/03009858221075594Veterinary PathologyImlau et al
research-article2022

1University College Dublin, Dublin, Ireland
2Beaumont Hospital, Dublin, Ireland

*Denotes equal contribution

Supplemental material for this article is available online.

Corresponding Author:
Michelle Imlau, Pathobiology Section, UCD School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland. 
Email: michelle.imlau@ucdconnect.ie

Dysplastic gangliocytoma of the cerebellum  
in a cat

Michelle Imlau1 , Mamoun Saeed2, Jane Cryan2, Seamus Hoey1,  
Myles McKenna1 , Hanne Jahns1* , and Pamela Kelly1*

Abstract
A 2.5-year-old cat presented with progressive ataxia and lethargy. Magnetic resonance imaging (MRI) showed enlargement of 
the cerebellum and herniation of cerebellar vermis. Postmortem examination confirmed the MRI findings, and histopathology 
showed numerous large dysplastic neurons populating and displacing the Purkinje cell layer and extending into the molecular 
and granular layers of the cerebellum. The lesion was diagnosed as dysplastic gangliocytoma of the cerebellum. In humans, this 
tumor is often associated with Cowden syndrome, a genetic disorder characterized by multiple hamartomas and an increased 
risk of developing certain neoplasms, known to be linked to a germline mutation of the phosphatase and tensin homolog (PTEN) 
gene. Reduction in PTEN nuclear and cytoplasmic immunohistochemical labeling of dysplastic neurons in this case suggested a 
possible PTEN mutation involved in the tumorigenesis. This report provides a detailed pathology description of the tumor and 
the use of neuronal and PTEN markers which will help guide pathologists presented with this rare condition in the future.
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biochemistry values were within reference intervals. Serologic 
testing for feline leukemia virus, feline immunodeficiency 
virus, and Toxoplasma gondii was negative.

The cat underwent magnetic resonance imaging (MRI) 
using a 1.5T system (GE SIGNA Artist, Milwaukee, WI). The 
findings included moderate enlargement of the cerebellum and 
diffuse marked T2-weighted (T2W) and T2W fluid-attenuated 
inversion recovery (FLAIR) hyperintensity within the widened 
white matter tracts of the rostral two-thirds of the cerebellum 
(Fig. 1). The area was T1-weighted (T1W)-isointense with het-
erogeneous contrast enhancement and concurrent meningeal 
enhancement of the rostrodorsal cerebellum. Severe herniation 
of the cerebellar vermis through the foramen magnum was 
associated with compression of medulla oblongata and cranial 
cervical spinal cord. Furthermore, mild bilateral hydrocephalus 
was present. An additional finding included cervical subcuta-
neous nodule most consistent with a lipoma.

A poor prognosis was given and the owners elected for eutha-
nasia. In postmortem examination, the cerebellum was notably 
enlarged with tonsillar herniation through the foramen magnum 
(Fig. 2, 3). The cerebellar white matter was markedly expanded 
(Fig. 2), the cerebrum flattened, and the gyri widened (Fig. 3). 
Thoracic, abdominal, and pelvic organs were unremarkable.

Histologic examination of the cerebellum showed numerous 
large dysplastic neurons of up to 58 µm in diameter populating 
the Purkinje cell layer and extending into the molecular and 
granular layer (Fig. 4, 5). These pleomorphic cells were charac-
terized by scant to abundant pale to brightly eosinophilic cyto-
plasm. The nuclei were occasionally eccentrically located up to 
28 µm in size and varied from large round to oval or reniform, 
with vesicular chromatin and a prominent nucleolus or with 
coarsely stippled chromatin (Fig. 5). In the affected areas, the 
Purkinje cells were shrunken or lost and there was variable to 
severe depletion of neurons in the granular layer. The neuropil 

was often rarefied or finely vacuolated (edema) and contained 
numerous variably sized swollen axons (spheroids). These 
severe changes alternated frequently with sharply defined areas 
where normal cerebellar architecture and cell population were 
maintained (Fig. 4). The white matter was extensively rarefied 
and contained large numbers of gemistocytes (Supplemental Fig. 
S1). Examination with luxol fast blue confirmed marked loss of 
myelin in these affected areas (Supplemental Fig. S2), while no 
change of myelination was found in the molecular layer. The 
meninges and perivascular spaces were multifocally infiltrated 
by low numbers of lymphocytes. There were no abnormal find-
ings at any other level of the brain. The histopathological diagno-
sis was dysplastic cerebellar gangliocytoma.

For further investigation, sections of affected cerebellum 
were immunohistochemically labeled for GFAP (astrocytes), 
NeuN (neuronal nuclei), NF clone 52 (axonal neurofilament H; 
heavy), and NF clone 312 (axonal pan-neurofilament). 
Immunohistochemical labeling of PTEN was also carried out 
to investigate the possibility of loss of PTEN protein expres-
sion as a result of PTEN gene mutation (Supplemental Table 
S1). Brain tissue from unaffected areas was used as positive 
control, with the exception of PTEN in which sections of cere-
brum from an age-matched control cat were used. There was 
consistent cell-specific labeling with each of the 5 antibodies 
(Supplemental Figs. S1, S3-S6). Primary antibodies were 
replaced by mouse or rabbit IgG as negative controls.

Dysplastic cells were not immunolabeled for GFAP 
(Supplemental. Fig. S1) or NeuN (Supplemental Fig. S3). 
Axonal immunolabeling of NF52 and NF312 was maintained 
in the axons of dysplastic cells (Supplemental Fig. S4, S5). 
Dysplastic neurons presented a heterogenous labeling pattern 
for PTEN,7 with the vast majority showing the absence of 
nuclear immunolabeling and reduced cytoplasmic immunola-
beling (Fig. 6).

Figures 1–3.  Dysplastic gangliocytoma, brain, cat. Figure 1. There is diffuse marked T2-weighted hyperintensity within the widened white 
matter tracts of the rostral two-thirds of the cerebellum. Magnetic resonance imaging. Figure 2. Normal (upper specimen) and dysplastic 
gangliocytoma (lower specimen). The architecture of the folia is maintained. White matter of the cerebellum is markedly expanded and the 
vermis is herniated. Figure 3. Normal (upper specimen) and dysplastic gangliocytoma (lower specimen). Markedly enlarged cerebellum with 
the vermis protruding and extending caudally. The gyri of the cerebrum are flattened and widened.
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This is the first report of dysplastic gangliocytoma of the 
cerebellum in a cat. Clinically, the cat presented with signs 
indicating a cerebellovestibular system disease. Differential 
diagnoses at that time included coronaviral encephalitis (feline 
infectious peritonitis virus), cerebral toxoplasmosis, meningo-
encephalitis of unknown origin, Chiari-like malformation, gli-
omatosis cerebri, and other neoplasms. Serological testing was 
not suggestive of toxoplasma infection. Following the MRI 
investigation, Chiari-like malformation and solid neoplasia 
were ruled out. However, meningoencephalitis, gliomatosis 
cerebri, and less likely a metabolic encephalopathy such as 
hepatic encephalopathy or a diffuse infiltrative neoplasia such 
as lymphoma were considered as possible diagnoses. Nearly 
pathognomonic MRI findings (both in T1W and in T2W) in 
humans with dysplastic gangliocytoma of the cerebellum are 
parallel linear striations on the surface of the mass (so-called 
tiger stripes) which mirror the expanded cerebellar folia.3 
These findings were absent in the present case, which is most 
likely due to the bilateral and diffuse presentation and the his-
tological findings of frequent alternations of unaffected and 
affected areas throughout the entire cerebellum.

The histopathological presentation of dysplastic gangliocy-
toma of the cerebellum in humans is defined by the following 
components: (1) variable replacement of the cerebellar internal 
granular layer by dysplastic ganglion cells, (2) abnormal 
myelinization of the molecular layer, (3) reduced number of 
Purkinje cells, (4) large, bizarre neurons, and (5) vacuolization 
of the cerebellar white matter.3 All were identified in the cur-
rent case except for abnormal myelinization of the molecular 
layer. Interestingly, the current case posed a bilateral presenta-
tion, which is rarely described in humans.2,9,18 The mild inflam-
mation, which was not considered to be of clinical significance, 
most likely occurred secondary to decreased cerebrospinal 
flow as a result of cerebellar enlargement and herniation.4

Immunohistochemical results confirmed that the dysplastic 
cells were of neuronal origin; axonal neurofilament immunola-
belling was present, although NeuN immunolabelling was not. 
Similar results have been reported in gangliocytomas in humans.15

Cowden syndrome is a multiple hamartoma syndrome asso-
ciated with PTEN mutation in 80% of human cases3 of dysplas-
tic gangliocytoma of the cerebellum, and clinical diagnosis is 
made by the presence of a combination of characteristic criteria 
including mucocutaneous lesions and a wide variety of benign 
and malignant tumors.3 Major and minor diagnostic criteria for 
Cowden syndrome in humans include adult onset of dysplastic 
gangliocytoma of the cerebellum and benign lipomas.5,9 The 
additional finding of a lipoma in the current case is similar to 
what has been reported for Cowden syndrome in humans. A 
single case of Cowden-like syndrome has been described in the 
veterinary literature involving a Great Dane puppy that had 
colorectal hamartomatous polyposis, ganglioneuromatosis, and 
an associated PTEN mutation.1 PTEN mutation (ie, downregu-
lation/ dysfunction) is also described in several veterinary pub-
lications and is suspected to be part of tumorigenesis in cats 
and dogs.10,16 Immunohistochemical investigations for PTEN 
mutation were performed in this case. The majority of the dys-
plastic neurons showed loss of nuclear PTEN immunolabeling 
and reduced cytoplasmic immunolabeling. This may suggest 
that PTEN mutation contributed to the tumorigenesis of the 
dysplastic gangliocytoma of the cerebellum similar to what has 
been reported for Cowden syndrome in humans. The gold stan-
dard for germline mutations like PTEN would be Sanger 
sequencing. However, several studies evaluated IHC detection 
of PTEN mutations as partially equal or even superior to 
sequencing as it also addresses the epigenetic aspects that con-
tribute to the loss of PTEN function.6

This is the first reported case of dysplastic gangliocytoma  
of the cerebellum in a cat and highlights the rare bilateral  
hemispheric growth with an uncommon MRI presentation  
and suggests impaired PTEN function as a pathway of 
tumorigenesis.
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Figures 4–6.  Dysplastic gangliocytoma, cerebellum, cat. Figure 4. Unaffected cerebellum at right. At left, there are numerous large dysplastic 
neurons (arrows) populating the Purkinje cell layer and extending into the molecular and granular layer. Hematoxylin and eosin (HE). Figure 
5. Dysplastic cells are large, pleomorphic, with pale to brightly eosinophilic cytoplasm, and occasionally eccentric nuclei (arrow) within the 
Purkinje cell layer and granular layer. Hematoxylin and eosin (HE). Figure 6. Dysplastic cells (arrows) present heterogenous labeling with the 
vast majority showing the absence of nuclear and reduced cytoplasmic immunolabeling for phosphatase and tensin homolog.
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