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ABSTRACT

The purposes of this study were to describe the
neuropathology of ovine ceroid-lipofuscinosis, to compare
findings with those of the related entities in humans and other
domestic animals, and to provide morphological information that
might help elucidate the pathogenesis of these diseases. An
established flock of South Hampshire sheep carrying the ceroid-
lipofuscinosis gene have made it possible to perform a
longitudinal study on the central nervous system of affected

sheep of various ages including foetuses.

The most striking gross pathological change of affected
sheep was brain atropy. At terminal disease, the brain weights of
affected sheep were 55% of those of normal sheep. Atrophy

affected mainly the cerebrum.

Sudan black and luxol fast blue positive autofluorescent
neuronal pigment granules were detected by lightmicroscopy as
early as the mid stage of foetal development, the earliest stage
examined. Postnatally there were topographical differences in the
quantity of accumulated lipopigments in neurones of various
areas. Similarly, there were age related topographical
differences in secondary degenerative changes. Neuronal loss was
most severe in the parietal lobe cortex showing an initial
laminar distribution. This pattern was well demonstrated by a

concomitant astrocytosis.

In addition to the complex electron dense cytosomes similar
to those reported in the human syndromes, there were less complex
cytosomes of smaller size in affected foetal brains. The latter
were clearly bounded by a trilaminar membrane and contained
whorls or loose stacks of trilaminar membranes resembling those
of the limiting membranes. In some electronmicrographs there was

a suggestion of continuity between the surrounding membrane and
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the internal membranes, but this was not definitely demonstrated.
This is provisionally interpreted as being due to an
internalization of surrounding limiting membrane rather than a
recycling of membrane. Some of these small cytosomes also showed
complex multilamellar profiles similar to those of large complex
cytosomes. These latter appeared to be formed by coalescence of
smaller complex ones. There thus appeared to be a sequence of

changes in the development of storage cytosomes.

This study revealed that the ovine disease has not only many
neuropathological findings in common with analogous human
diseases, but also some pathological features which have not been
reported in affected humans or animals. Ovine ceroid-
lipofuscinosis is thus a useful animal model for the study of the

human ceroid-lipofuscinoses.
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Brain weights of sheep with ceroid-
lipofuscinosis and age matched normal
controls relative to each other and age. 24

Lateral view of brains from a 25 months old

affected sheep and from a 27 months o0ld normal

sheep. The greatest degree of atrophy involves

the cerebrum. Note marked thinning of the gyri

of the cerebrum of the affected animal. 24

Transverse sections of the cerebrum from a
25 months o0ld affected sheep and from a 27
months o0ld normal sheep. Note reduced size
of the cerebrum, marked thinning of the
cortex, severely attenuated corpus callosum
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ventricle in the affected sheep. Mild
atrophy of the diencephalon and moderate
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Transverse section of the cerebrum of a 25
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demonstrated. Note myelin loss in the
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Ventral horn cells of a full term foetus
affected with ovine ceroid-lipofuscinosis.
Numerous fine lipopigment granules
diffusely located in the cytoplasm.

Ventral horn cell of a 5 months old
affected lamb. Note clusters of lipopigment
granules of relatively larger size in the
neuronal perikarya with increased intensity
of the staining with luxol fast blue. They
have a perinuclear location.

Ventral horn cell of a 18 months old
affected lamb. The lipopigment granules are
larger and stain more intensely than those
in Figs. 3.3a & 3.3b and have a perinuclear
location.

Cerebellar cortex from an obligate
homozygous affected mid term foetus.
Discrete Sudan black staining inclusions
are already present in Purkinje cells.

Cerebral cortices of a full term affected
foetus (a), a 5 months old affected lamb
(b), a 18 months o0ld affected lamb (c) and
a 23 months old affected sheep (d). The
amount of Sudanophilic deposits in neurones
as well as in the cerebral cortex increases
with advancing age. Large clusters of
Sudanophilic deposits with variation in the
staining and a neuronal loss are noted by
terminal disease.

Ventral horn cells of a 18 months old
affected lamb. Lipopigment granules
accumulate in the neuronal perikarya,
extending into axon hillock and even into
the proximal part of the axon.

Cerebral cortex of a 23 months old affected
sheep, showing neuronal loss and pronounced
gliosis. Deposit material is mainly in
macrophages.
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A transverse sections of the cerebral
cortex of a normal 5 months old lamb (a) is
compared with those of a 5 months old (b)
and a 18 months old (c) affected lambs. At
5 months there is already a evidence of
atrophy with particular loss of neurones in
the middle area of the isocortex. This is
exacerbated in the 18 months old animal
with a general loss of neurones in other
areas as well. Note the focal arrangements
of remaining neurones in the superficial
area of the isocortex of the 18 months old
animal.

Cerebral cortex of a 23 months old affected
sheep, showing marked neuronal loss and
prominent gliosis. Note the focal
arrangement of remaining neurones in the
superficial area of the isocortex and a
cluster of lipid laden cells interpreted as
macrophages.

A small glial nodule associated with a
small focal arrangement of remaining
neurones in the superficial area of the
cerebral cortex from a 23 months old
affected sheep.

A coronal section of the parietal lobe of
the cerebrum in a 5 months o0ld normal lamb
(a) is compared with similar sections of a
5 months (b) and a 18 months o0ld (c)
affected lambs. The immunocytochemical
stain for glial fibrillary acidic protein
demonstrates astrocytosis in the middle
area of the isocortex with a clear-cut dark
band. This occurs first in the dorsal gyri
(b) extending into the lateral gyri with
increased age (c). Concomitant with this is
atrophy of the same areas. Astrocytosis of
the white matter is also prominent.

Medium power magnification of the cerebral
cortex from the same section of 5 months
old affected lamb as shown in Fig. 3.11. It
confirms that the dark band interpreted as
an astrocytosis does consist of cellular
and fibrous components.

High power magnification of the dark band
as shown in Figs. 3.11 & 3.12. Note
hyperplastic and hypertrophic astrocytes
with prominent fibrillary processes.
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3.14 Cerebral cortex of a 23 months old affected
sheep. Hypertrophic astrocytes with bizarre
nuclei contain lipopigment granules in the 31
cytoplasm.

3.15 Higher power magnification of a
perivascular cuff of lipid laden
macrophages in the cerebral cortex of a 23
months o0ld affected sheep. Note
considerable heterogeneity in the staining
of the grunular deposits in the cytoplasm. 31

3.16 Internal capsule of a 23 months old
affected sheep. Many vacuolar spaces are
diffusely seen in the white matter. 32

3.17 Higher power magnification of one part of
Fig. 3.16. A phagocyte with cell debris in
its cytoplasm is present in a vacuolar 32
space. Note many myelin ovoids.

3.18 Subcortical white matters of a 5 months old
affected lamb and of an age-matched normal
lamb. Note the increased fibrillary
astrocytic processes in the affected 32
animal.

8,19 Subcortical white matters of a 23 months
old affected sheep and of an age matched
normal sheep. Note a marked loss of myelin
in the affected animal. 32

4.1 Cerebral cortical neurone from a mid term
ovine foetus affected with ceroid-
lipofuscinosis. Note presence of electron
dense residual bodies up to 0.7 pm in

diameter in the cytoplasm. 42

4.2 Part of a cerebral cortical neurone of a 7
months o0ld affected lamb. This cytosome
appears to be formed by coalescence of the

smaller dense bodies. 42

4.3 Myelinated axon in the cerebral cortex of a
22 months o0ld affected sheep contains a

storage cytosome and a mitochondria. 42

4.4 Astrocyte in the cerebral cortex of a 7
months o0ld affected lamb contains storage
cytosomes and thick bundles of fibrils in a
hypertrophic process. It is adjacent to the
neurone that is interpreted as showing

signs of degeneration. 42
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Discrete residual bodies within a membrane

bounded cytosome in a macrophage in the

cerebral cortex of a 7 months old affected

lamb. 4
Blood vessel in the cerebral cortex of a 22
months old affected sheep. Note electron
dense bodies in the endothelial cells. 42

Electron dense body within a cerebral

cortical neurone from a full term ovine

foetus with ceroid-lipofuscinosis. Note a

surrounding trilaminar membrane. 43

Part of a storage cytosome within a

cerebral cortical neurone from an affected

full term ovine foetus, showing fingerprint

and curvilinear profiles. 43

Storage cytosome within a cerebral cortical

neurone from a 22 months old affected

sheep, showing a "tubular" structures and

an electron-lucent vacuole. 43

Part of a storage cytosome within an

astrocyte in the cerebral cortex of a 22

months o0ld affected sheep, showing a

crystalloid pattern. Note glial fibrils on

the left. 43

Part of a cerebral cortical neurone from a

full term ovine foetus with ceroid-

lipofuscinosis. Note electron dense body,

showing three-layered lamellae with

approximately 6.5 nm in thickness and

stacks of multilamellar arrays. On the

bottom is a mitochondria. 43

Part of a multilamellar cytosome within a
cerebral cortical neurone from a full term
ovine foetus with ceroid-lipofuscinosis. It
shows five-layered lamellar structures with
a periodicity of approximately 12 nm and
stacks of multilamellar arrays. 43
Part of a cerebral cortical neurone from a

full term ovine foetus with ceroid-

lipofuscinosis, showing a variety of

abnormal pigment cytosomes less than 1.2 um

in diameter in the cytoplasm. These

contrast with and are generally smaller

than mitochondria. 43
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Pigment cytosomes up to 0.8 pm in diameter
within a cerebral cortical neurone from a
full term ovine foetus with ceroid-
lipofuscinosis, showing a discrete
surrounding membrane. Note a granular
matrix and multilamellar components within
these cytosomes.

Part of a neurite in the cerebral cortex of
a full term ovine foetus with ceroid-
lipofuscinosis, showing a multilamellar
cytosome. in a neurite on the center.

Part of a cerebral cortical neurone from a
full term ovine foetus with ceroid-
lipofuscinosis, showing lamellar cytosomes
less than 0.8 pm in diameter. Note whorls
and loose stacks of trilaminar membranes.

Higher power magnification of one part of
the lamellar cytosome with whorls in Fig.
4.16. Arrow points to the site at which
continuity between the surrounding membrane
and the internal membrane is suggested.

Part of a cerebral cortical neurone from a
full term ovine foetus with ceroid-
lipofuscinosis, showing a variety of
inclusion bodies. Multi-layered and five-
layered lamellae are seen in the cytosomes.
The long arrow indicates the site at which
a five-layered lamellae appears to be
formed by the fusion of two three-layered
lamellae.

Part of a cerebral cortical neurone from a
full term ovine foetus with ceroid-
lipofuscinosis, showing a cytosome on the
lower right, in which lamellar arrays
appear to change to a fine granular
profile. Note multivesicular body, swollen
rough endoplasmic reticulum and part of a
mitochondria.

Macrophage in the cerebral cortex from a 9
months o0ld affected lamb, containing
storage cytosomes of similar structure to
those in neurones, amorphous electron dense
material, membranous bodies and degenerated
myelin in the cytoplasm.
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Astrocyte in the cerebral cortex from a 22
months old affected sheep, showing nucleus
of bizarre shape and a hypertrophic process
with increased number of fibrils and
storage cytosomes. Note dense network of
astrocytic fibrous processes in the
adjacent neuropile.

Part of a cerebral cortical neurone from a
normal full term ovine foetus, showing
residual bodies composed of a fine granular
matrix and an electron-lucent vacuole.
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