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ABSTRACT. A two-months-old, male, mixed breed cat presented with epileptic seizures. The cat
was diagnosed with drug-resistant epilepsy, and died at 3-years of age. No gross lesion was found
J. Vet. Med. Sci. at necropsy. Histopathologically, the dentate gyrus granule cell layer of the hippocampus was
84(5): 634637, 2022 ?rregularly arranged. Granule cells were dispersed and ectopic cells were sporadically observed

) ] in the molecular layer. The granule cells had an enlarged cytoplasm and swollen nucleus.

doi: 10.1292/jvms.22-0006 Immunohistochemistry for NeuN and GFAP confirmed severe neuronal loss and mild gliosis in
CA1. Binucleation and ischemic change were observed in the remaining pyramidal cells. This
report describes a case of feline temporal lobe epilepsy and hippocampal sclerosis associated with
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A two-months-old, male, mixed breed cat presented with recurrent epileptic seizures. Despite the administration of antiseizure
drugs including phenobarbital, diazepam, levetiracetam, gabapentin, pregabalin, flunitrazepam, imepitoin and zonisamide, epileptic
seizures persisted (Supplementary Table 1). Epileptic episodes started with focal seizures with facial automatism, including licking,
swallowing, facial twitching, head-nodding and head-turning, and evolved into generalized tonic-clonic seizures (Supplementary
Movie 1). At 6-months of age, magnetic resonance imaging revealed no significant finding in the brain (Supplementary Fig. 1A).
The cat was diagnosed with drug-resistant epilepsy of unknown cause and died at 3-years and 3-months of age. Postmortem
magnetic resonance imaging (Supplementary Fig. 1B) showed slight atrophy of the cerebral cortex and hippocampi compared to
the previous image taken at 6-months of age (Supplementary Fig. 1A).

At necropsy, no significant changes were found in the visceral organs and the brain. The brain was fixed in 10% neutral buffered
formalin and routinely embedded in paraffin for histopathological examination. Tissue sections were stained with hematoxylin
and eosin (HE), and luxol fast blue and HE. Immunohistochemistry was performed using mouse monoclonal anti-NeuN antibody
(clone A60, 1:100, Millipore, Temeculla, CA, USA) and rabbit polyclonal anti-glial fibrillary acidic protein (GFAP) antibody
(1:400, Dako, Carpenteria, CA, USA) as previously described [4]. Immunolabeled antigens were visualized using the Dako
Envision+ System (Dako). An age-matched feline brain tissue without any lesion was used for normal positive control.

Histopathological examination of the brain revealed bilateral lesions in the hippocampus (Fig. 1). No other morphological
changes were observed in the brain, besides slight expansion of the cerebral sulci suggesting mild cerebral atrophy. In the
hippocampus, the dentate gyrus granule cell layer was irregularly arranged in a winding line and the pyramidal cells of cornu
ammonis (CA) were lost (Fig. 2). The dentate gyrus granule cells were dispersed and ectopic cells were sporadically observed
in the molecular layer, occasionally showing a bi-laminated structure (Fig. 3). The granule cells had an enlarged cytoplasm and
swollen nucleus. Normal hippocampus and granular layer of the same area in an age-matched cat is shown in Supplementary Fig.
2. Pyramidal cells were almost completely lost in CA1 and CA3, while pyramidal cells of CA2 and CA4 were also lost to a lesser
degree (Fig. 2). Binucleation and ischemic change were observed in the remaining pyramidal cells (Fig. 4). Luxol fast blue-HE
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Fig. 1. Coronal section of the brain at the level of pineal body. Fig. 2. Hippocampus. The dentate gyrus granule cell layer is

The shape of both dorsal and ventral hippocampal dentate gy-
rus is bilaterally irregular. Cerebral sulci are mildly expanded.
No significant changes are found in other areas of the brain.

irregularly arranged in a winding line. The pyramidal cells of
cornu ammonis (CA) 1 and CA3 are lost. Hematoxylin and
eosin stain; x20.

Hematoxylin and eosin stain; scanned image.
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Fig. 3. Dentate gyrus. Granule cells are dispersed and have an
enlarged cytoplasm with swollen nucleus. Ectopic granule
cells are located in the molecular layer (arrows). Hematoxylin
and eosin stain; x100.

Fig. 4. Cornu ammonis (CA) 2-3. Remaining pyramidal cells
show binucleation and ischemic change with cellular atrophy
and pyknosis. Hematoxylin and eosin stain; x400.

staining revealed no significant change in the cerebral white matter.

A neuronal nuclear antigen NeuN has been used for evaluating aberrant distribution and loss of neuronal cells in human patients
and experimental rodent models of epilepsy [2]. In the present case of feline temporal lobe epilepsy, immunohistochemistry for
NeuN confirmed significant loss of pyramidal cells especially in CA1 (Fig. 5A). Pyramidal cells of CA2-4 were lost to a lesser
degree. Dentate gyrus granule cell dispersion and ectopic granule cells were also depicted by immunohistochemistry for NeuN.
Immunohistochemistry for GFAP revealed mild gliosis in CA1 and hilus of dentate gyrus (Fig. 5B). In CA1, where most pyramidal
cells were lost, GFAP-positive astrocytes with enlarged cytoplasm were observed together with GFAP-positive astrocytic processes
(Fig. 5C).

Based on the neurological signs and histopathological findings, the cat was diagnosed with feline temporal lobe epilepsy with
hippocampal sclerosis and dentate gyrus malformation. Temporal lobe epilepsy in the cat has been studied mostly in experimental
models for human mesial temporal lobe epilepsy, which is the most common form of focal epilepsy in humans [9, 13].
Histopathologic findings in the brains of human mesial temporal lobe epilepsy include hippocampal sclerosis and malformations,
as well as neoplastic, ischemic, and inflammatory lesions. However, malformation of the hippocampus in cats with spontaneous
epilepsy is rarely reported. Bilateral dentate gyrus malformation in association with hippocampal sclerosis and intraventricular
meningioma was reported in a 13-year-old cat that had a history of seizures for 3 years [10]. In the present case, the cat developed
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Fig. 5. Hippocampus. A: NeuN-positive neuronal cells are
almost completely lost in cornu ammonis (CA) 1, and to
a lesser degree in CA2-4. B: CA1 and the hilus of dentate
gyrus are stained for glial fibrillary acidic protein (GFAP).
C: Higher magnification of CA 1 shows GFAP-positive
astrocytes with enlarged cytoplasm in areas pyramidal cells
are lost. Immunohistochemistry for NeuN (A) and GFAP (B
and C); x20 (A and B); x400 (C).

refractory epileptic seizures at 2 months of age and had no other
complications besides hippocampal sclerosis and dentate gyrus
malformation.

Hippocampal sclerosis is characterized pathologically by
neuronal loss and gliosis, and further classified according to the
predominantly affected area of the hippocampus [3]. In human,
typical lesions show severe neuronal loss in CA1 and moderate
loss in other areas excluding CA2 (type 1, classical type). In
atypical cases, neuronal loss is restricted to CA1 (type 2) or
CAA4 (type 3). According to the International League Against
Epilepsy (ILAE), immunohistochemistry for NeuN and GFAP are
recommended for classifying hippocampal pathology of human
mesial temporal lobe epilepsy [3]. The International Veterinary
Epilepsy Task Force (IVETF) has also recommended the use
of NeuN and GFAP for pathological evaluation in animals,
although information on NeuN immunohistochemistry in actual
animal cases of epilepsy is limited [11]. In the present case,
immunohistochemistry for NeuN and GFAP confirmed severe
neuronal loss and mild gliosis in CA1, which was comparable
to type 1 hippocampal sclerosis in human. Pyramidal cell loss
was moderate in CA3; mild in CA2 and CA4. In a retrospective
study of cats with documented history of recurrent seizures and/
or status epilepticus, postmortem examination revealed that CA3
was most frequently affected followed by CA4, while CA1 was
speared from neuronal loss and gliosis, and thus it is considered
that type 1 hippocampal sclerosis is rarely seen in cats [16]. In
addition, binucleated pyramidal cells were observed in the present
case, which had not been reported in previous cases of temporal
lobe epilepsy with hippocampal sclerosis. Recent studies have
suggested that multinucleated neurons can be formed by cell-cell
fusion during development, injury and repair [7].

Granule cell pathology (GCP) in human mesial temporal lobe
epilepsy has been classified in to 2 types [1]: Typel, substantial
granule cell loss; Type 2, architectural abnormalities including
granule cell dispersion, ectopic neurons or clusters of neurons in
the molecular layer, or bi-lamination. Granule cell pathology of
the present feline case was comparable to type 2 GCP. In humans,
granule cell dispersion in infants with sudden unexplained death
has been associated with developmental vulnerability that leads
to autonomic/respiratory instability or autonomic seizures, and
sleep-related death [8]. Also, mossy fiber sprouting has been
associated with reparative and/or mal-adaptive event in the
pathogenesis of hippocampal sclerosis. However, evaluation
of mossy fiber sprouting is difficult to reproduce between
laboratories, and thus the current classification of hippocampal
sclerosis relies on the patterns of neuronal loss and gliosis assessed
by immunohistochemistry for NeuN and GFAP, respectively
[15]. In the present case, the dentate gyrus granule cells were
enlarged and dispersed. Enlarged neurons are commonly seen
in cortical dysplasia, the most common pathology in pediatric
epilepsy patients, and are considered to be deranged radial glia,
which have failed to degenerate following cortical maturation [2].
Also, enlarged granule cells with dispersion have been reported
in a subset of human mesial temporal lobe epilepsy patients

with hippocampal sclerosis [14]. Studies on seizure models of rats and human patients with epilepsy have shown increased cell
proliferation of dentate granule cells [12, 15]. Granule cell enlargement and dispersion in the present case may be related to
dysplasia and increased proliferation of neurons in the dentate gyrus.

No significant finding was noted on MRI at 6 months of age in the present case. A study on MRI of the hippocampus in
epileptic cats revealed that cats presenting with epileptic seizures with orofacial involvement are more likely to show changes
on MRI compared to epileptic cats without orofacial involvement, however mild abnormalities were difficult to detect on MRI
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[5]. Although the etiology in spontaneous cases of feline hippocampal sclerosis is yet to be elucidated, autoimmunity, ischemia,
and toxins have been suggested as the primary cause. Experimental studies have shown that excessive glutamate release induces
hippocampal sclerosis in cats [9]. However, it remains unclear whether the neuronal degeneration and necrosis are the cause or
result of the seizure activity, or possibly both, in spontaneous cases [6]. The present case suggests that malformation of the dentate
gyrus may be associated in the development of feline hippocampal sclerosis, similar to human mesial temporal lobe epilepsy.
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