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Lissencephaly and cerebellar hypoplasia in a goat
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ABSTRACT 

A case of lissencephaly and cerebellar hypoplasia 
was observed in a 30-day-old goat. The goat presented with sternal 
recumbence, absence of a menace response, intention tremors, 
ataxia, and nystagmus. The goat was euthanized and necropsied 
after having been hospitalised for eleven days. At necropsy, the 
surface of the brain was found to be smooth, the cerebral sulci 
and gyri were absent, and the cerebellum was reduced in size. 
Histologically, the grey matter and white matter were thicker and 
thinner than normal in cortices, respectively. The neurons were 
randomly arranged in the grey matter. In the cerebellum, the layers 
were disorganised, and cells were heterotopics. The histologic 
and gross lesions observed in this animal are characteristic of 
lissencephaly associated with cerebellar hypoplasia. The presence 
of a single goat affected suggests that the malformation was not of 
infectious origin and because lissencephaly is a malformation not 
previously described in goats, it is unlikely this case was inherited.
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RESUMO 

Um caso de lisencefalia e hipoplasia cerebelar é 
descrito em um caprino com 30 dias de idade. No exame físico, 
apresentava decúbito esternal permanente, ataxia, ausência do 
refl exo de ameaça, tremores de intenção e nistagmo. Após 11 dias 
de internamento, o caprino foi eutanasiado e necropsiado. Na 
necropsia, o cérebro não apresentava giros nem sulcos e o cerebelo 
estava reduzido de tamanho. Histologicamente, em todo o córtex 
cerebral, a substância cinzenta estava mais espessa e a substância 
branca mais fi na que o normal. Os neurônios estavam distribuídos 
de forma aleatória na substância cinzenta. No cerebelo, as 
camadas estavam desorganizadas, com localização heterotópica 
das células. Os achados macroscópicos e histológicos são 
característicos de lisencefalia e hipoplasia cerebelar. A presença 
de um só animal afetado sugere que a malformação não é de 
origem infecciosa e o fato da lisencefalia nunca ter sido descrita 
antes em caprinos sugere que não é uma doença hereditária. 

Palavras-chave: agiria, hipolplasia cerebelar, caprinos, 
malformações.

Lissencephaly is a developmental defect 
characterised by a smooth cerebral surface lacking 
gyri and sulci (agyria) and a thickened cortex 
(pachygyria) due to the abnormal distribution of 
neuronal cell bodies (De LAHUNTA & GLASS, 
2009). This brain malformation is caused by disordered 
neuroblast migration during embryonic development; 
neurons are not able to migrate from their origin in 
the ventricular and subventricular zones to their 
destined location in the cerebral cortex (AYALA 
et al., 2007). Lissencephaly is a malformation that 
occurs relatively often in humans, and mutations in 
the LIS1, doublecortin (DCX), fi lamin-1, tubulin 
A1A (TUBA1A), and reelin (RELN) genes have 
been linked to the occurrence of this condition. These 
genes are involved in the migration of neurons that 
control the spatial location and temporal organisation 
of interneuronal connections in the cerebral cortex 
(GUERRINI & PARRINI, 2010). Lissencephaly 
is a rare disease in veterinary medicine; it has been 
reported in Lhasa Apso dogs, a breed predisposed 
to this condition, and in cats (ZAKI, 1976; SAITO 
et al., 2002; HERMANN et al., 2011). Other brain 
malformations may occur simultaneously with 
lissencephaly. In Irish Setters and Wire Fox Terriers 
dogs, lissencephaly has been reported to occur with 
cerebellar hypoplasia (GREENE et al., 1976); in cats, 
this condition has been reported to be accompanied 
by microencephaly and hypoplasia of the corpus 
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callosum and cerebellum (HERRMANN et al., 2011). 
Studies reporting congenital nervous system defects 
in goats are rare (WASHBURN & STREETER, 
2004). In this case report, the pathological and clinical 
fi ndings of lissencephaly accompanied by cerebellar 
hypoplasia are reported in a kid goat.

A 30-day-old crossbred male goat 
weighing 8kg was admitted for clinical examination 
in May 2011 to the Veterinary Hospital of Campina 
Grande Federal University in the Patos district of 
Paraiba state in the semiarid region of North-eastern 
Brazil. According to the owner, the kid had been 
recumbent since birth. The animal was from a herd of 
80 goats and sheep of different ages bred extensively 
on native pastures; these pastures contained 
Aspidosperma pyrifolium and Mimosa tenuifl ora, 
which can cause abortions (MEDEIROS et al., 2004) 
and malformations (PIMENTEL et al., 2007) in sheep 
and goats. No animals had been recently introduced 
on the farm. Physical examination revealed a lack of 
motor coordination, an inability to stand, permanent 
sternal recumbence, ataxia, absence of a menace 
response, intention tremors, and nystagmus. 

After being hospitalised for 11 days, 
the goat was euthanised due to unfavourable 
prognosis and the inability to be handled. At 
necropsy, the absence of cortical gyri and sulci in 
the telencephalonic surface was noted (Figure 1A). 
The cerebellum showed marked hypoplasia, and the 
vermis and cerebellar hemispheres were vestigial 
(Figure 1A). The cerebellar folia were rudimentary 
and reduced in number. 

In serial transverse brain sections, the grey 
matter was thickened (pachygyria) in the cortex of 
the frontal, temporal, parietal and occipital lobes, 
and the white matter was thinner than normal (Figure 
1B). The white matter was not expanded inside the 
grey matter. The nodulus was absent in the cerebellar 
vermis and the fourth ventricle was enlarged. 

The central nervous system and the other 
organs were fi xed in 10% formalin. After fi xation, 
the fragments were embedded in paraffi n and cut 
into 5-μm-thick sections. The sections were stained 
with hematoxylin-eosin and cresyl violet with luxol 
fast blue and subjected to routine neuropathological 
examination. The grey and white matter were found 

Figure 1 - Goat brain with lissencephaly and cerebellar hypoplasia. (A) Dorsal view showing 
absence of cortical gyri and sulci on the telencephalic surface and cerebellar hypoplasia. 
(B) Cross-section. The grey matter is thicker than normal (pachygyria), and the white 
matter is thinner. The white matter is not expanded inside the grey matter. (C) Frontal 
cortex from a control kid with normal laminar organisation. (D) Frontal cortex from 
the affected kid. Note the derangement of cortical neurons observed in the grey matter. 
The neurons are randomly arranged from the superfi cial molecular layer to the deeper 
cortical layer, without laminar organisation. HE. Bar, 100μm. (E) Cerebellum showing 
cortical dysgenesis with decrease number of granular neurons with rare Purkinje cells 
over the white matter. HE. Bar, 100μm.
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to be thicker and thinner than normal, respectively. A 
derangement of cortical neurons was seen in the grey 
matter. The neurons were randomly arranged without 
laminar organisation from the superfi cial molecular 
layer to the deeper cortical layer (Figure 1D). In 
the molecular layer, the neurons were irregularly 
dispersed; some sections had neuronal hypercellularity, 
while others displayed hypocellularity. The neocortex 
contained nests of heterotopic granular neurons 
and scattered heterotopic white matter bundles. 
Microscopic examination of the cerebellum revealed 
the presence of cortical dysgenesis. Folia were reduced 
in size and number and displayed evidence of abnormal 
development. The cerebellar heterotopia consisted of 
disorganised Pukinje and granular cells. Purkinje cells 
were irregularly dispersed within the granular and 
molecular layers. The molecular layer was reduced in 
size. The cerebellar white matter contained randomly 
arranged heterotopic neurons, suggesting arrested 
migration. Occasionally, granular neurons nests with 
rare Purkinje cells were observed within the white 
matter (Figure 1E). Hypomyelination was not observed 
by the cresyl violet with luxol fast blue stain.

The diagnosis of lissencephaly was made 
based on macroscopic and histologic features. To 
the best of our knowledge, this is the fi rst report 
of lissencephaly in goats. Agyria and thickening 
of the grey matter of the telencephalon arise from 
disturbance of neuronal migration, resulting in 
structural disorganisation of the neurons that normally 
form the six cell layers of the brain cortex (AYALA 
et al., 2007). Lissencephaly is characteristically 
observed in the normal brains of rodents, rabbits, 
birds and bats and has no known functional 
signifi cance (GREENE et al., 1976). In other species, 
this congenital anomaly is considered rare and is 
associated with functional disturbances. Proper 
brain function depends on the correct positioning of 
neurons. Changes in the position of cells results in 
failure of the establishment of neural connections and 
therefore of normal neuronal interactions, resulting in 
abnormal functions and clinical signs (AYALA et al., 
2007). The lissenecephalic brain cortex is responsible 
for nonspecifi c clinical signs. In this case, the clinical 
signs observed were characteristic of cerebellar 
lesions (WASHBURN & STREETER, 2004). 
Cortical signs described in dogs, cats and humans 
with lissencephaly such as blindness, depression, 
and seizures were not observed in this case. Because 
motor functions are coordinated by the cerebellum, it 
is likely that the high degree of cerebellar dysfunction 
may have masked any clinical signs associated with 
cortical dysfunction. 

In the case reported herein, the cerebellar 
and brain lesions were similar, suggesting a neuronal 
migration disorder as the cause of both lesions, as 
proposed by DE LAHUNTA & GLASS (2009). The 
presence of a single goat with this malformation 
suggests that the malformation was not of infectious 
origin. In addition, because only a single case was 
observed, and because lissencephaly is a malformation 
not previously described in goats, it is unlikely that 
this disease was inherited. However, the lesions 
observed in this case are similar to those caused 
by genetic mutations in other species. In humans, 
the genes associated with lissencephaly are LIS1 
and DCX; other genes that may be responsible for 
malformations associated with lissencephaly are not 
known (ROSS et al., 2001; KEAYS et al., 2007). The 
combination of microencephaly, cerebellar hypoplasia 
and hypoplasia of the corpus callosum in humans 
has been linked to autosomal recessive mutations 
in genes such as TUBA1A and RELN (ROSS et al., 
2001). The developmental process of the cerebral 
cortex is unique to mammals (AYALA et al., 2007), 
suggesting that the mechanism of malformation 
is the same in different species. However, it is 
possible that the same malformation may be due to 
different causes (RADOSTITS et al., 2007). In this 
case, it is likely that a spontaneous genetic mutation 
or developmental error was responsible for this 
malformation. In humans, intrauterine hypoxia or 
perfusion failure have been proposed as causes of 
lissencephaly (DE LAHUNTA & GLASS, 2009). 
Anoxic insult during neuronal migration results in 
disorganisation and hypocellularity of the layers 
of the telencephalon, causing lissencephaly and 
microcephaly (ROESSMAN & HORI, 1985). The 
presence of the teratogenic plant M. tenuifl ora on 
the farm also suggests that this case of lissencephaly 
might have been caused by the ingestion.   

Although diseases associated with 
neuronal migration disorders such as lissencephaly 
are rare in domestic animals, they should nevertheless 
be included in the differential diagnosis of diseases 
of the nervous system in goats. If new cases should 
arise, a possible genetic origin of the malformation 
should be investigated.
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