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Abstract

Cerebellar cortical abiotrophy in veterinary medicine is defined as hereditary,
early-onset, progressive cerebellar disease occurring postnatally and covers
degenerative diseases of the cerebellar cortex, although fetal development is normal.
Cerebellar cortical abiotrophy and other degenerative cortical diseases have been
reported to occur most frequently in dogs, with additional reports in cats and some other
domestic animals.

In this study, a specific pair of rabbits (Wbl:JW, SPF) gave birth to a set of littermates
(F1) with symptoms of early-onset ataxia. The affected F1 rabbits showed dysstasia at
postnatal day 10, and ataxia and opisthotonus from postnatal day 25. The maximum
survival was postnatal day 42 due to an inability to suckle or eat.

In chapter 1, to confirm the hereditary form and reproducibility, the same parents of
the offspring were mated a few times, and a subclinical F1 female was backcrossed with
the male parent. These results suggest that this disease was an autosomal recessive
inheritance. Furthermore, progressive changes of the affected and control rabbits were
examined at postnatal day 15, 30-31 and day 42 by light microscopic and
immunohistochemical examination. In the affected rabbit at postnatal day 15, apoptotic
granular cells before and after migration completion were observed in the molecular
layer and internal granular layer. The dendritic arbors of Purkinje cells in the affected
rabbit were slightly thinner than those of the normal rabbit. At postnatal day 30-31, the
affected rabbits showed apoptotic cells in the internal granular layer and a slight
reduction in the number of Purkinje cell dendrites as well was granular cells with

spheroid and vacuolation in the medulla. In the affected rabbits at postnatal day 42,
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apoptotic cells in the internal granular layer almost disappeared; however, other lesions
were equivalent at postnatal day 30-31. These lesions were relatively mild despite the
clinical signs being severe. As cerebellar cortical abiotrophy is defined as a hereditary
progressive disease causing abnormalities in cerebellar cortical nerve cells soon after
birth, the present cases appears to represent a form of cerebellar cortical abiotrophy in
rabbits.

In chapter 2, the cerebellum cortex of the affected and control rabbits were analyzed
by electron microscopic examination at postnatal day 15 and 25 to determine the
pathogenesis of this disease. At postnatal day 15 as the early stage of this disease, the
reduced number of synaptic junction between parallel fibers and Purkinje cell spins
were detected. Additionally, degeneration (swelling) of parallel fiber terminals,
abnormal junction (invaginated junction) of the parallel fiber-Purkinje cell synapses and
irregular orientation of the Purkinje dendritic arbor in the molecular layer were observed
at postnatal day 15. The parallel fiber-Purkinje cell synapses were still reduced at
postnatal day 25, and parallel fibers were also reduced. At postnatal day 25, secondary
changes, such as central chromatolysis of Purkinje cells, and swollen axons, were
observed. The electron microscopic findings at the early stage suggest that the
pathogenesis of the present cerebellar lesion was caused by failed synaptogenesis during
postnatal cerebellar development.

In chapter3, longitudinal changes in the development and atrophy of the cerebellum
of rabbits with hereditary abiotrophy after birth were morphometrically analyzed at
postnatal day 15 and 42 using image analysis. Sagittal section size of the cerebellum
including each layer, number of granular and apoptotic cells, and number of parallel

fiber-Purkinje cell junctions were compared between the affected and control rabbits. A
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comparison of the size and each layer of the cerebellum revealed that the development
in terms of size was normal during postnatal day 15, and the cerebellum developed in
medulla without histopathological abnormality from postnatal day 15 to 42, even in the
affected rabbits. The growth rate of the molecular and granular layers was repressed
from postnatal day 15 to 42 in the affected rabbits. At postnatal day 15, the number of
granular cells was almost equivalent between the affected and control rabbits; however,
it was increased in the control rabbits (160%) and decreased in the affected rabbits
(87%). The number of apoptotic cells was very low at postnatal day 15 and 42 in the
control rabbits; however, it was remarkably high at postnatal day 15 (62-fold) and then
decreased sharply at day 42 (8-fold) in the affected rabbits as compared to the control
rabbits. The number of apoptotic cells in the affected rabbits was reduced remarkably
from the peak of synaptogenesis at postnatal day 15 to the terminal synaptogenesis at
postnatal day 42. In the affected rabbits, the number of junctions was 64% lower at
postnatal day 15 and 71% lower at postnatal day 42 than those in the control rabbits. A
decreased number of parallel fiber and Purkinje cell dendrites were supported by low
growth rate of molecular layer in the morphometric analysis. The change in the number
of apoptotic cells from postnatal day 15 to 42 supported that apoptosis of the granular
cells was not due to the granular cell themselves, but to the failure of synaptogenesis
between parallel fiber-Purkinje cell spines. Morphometric analysis revealed detailed
changes in development and atrophy, and proved the validity of histological findings
and their interpretation on postnatal nervous disease occurring soon after birth.

The pathogenesis of this disease was found to be failed synaptogenesis. This suggests
that the pathogenesis of cases with mild changes in morphologically but with sever

ataxia as those seen in the affected rabbit described here may also be associated with
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failed synaptogenesis.
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