
Abstract Three 4-month-old kittens from the same litter
were presented, two of which were exhibiting cerebellar
signs. Euthanasia was requested. No cerebellum atrophy
was disclosed on necropsy. General cerebellar anatomy
was normal, including the thickness of the cortical layers,
myelination, and neurons of the deep cerebellar nuclei. In
the ataxic cat vermis, Purkinje cells were lacking along
broad parasagittal bands symmetrically disposed relative
to the midline. Many Purkinje cells were also lacking in
the hemispheres. The nodulus and the flocculus were nor-
mal. Surviving Purkinje cells had frequent main dendrite
swellings visible with anti-calbindin and anti-microtubule
associated protein. In affected regions, calbindin and
phosphorylated neurofilaments immunesera stained nu-
merous axonal torpedoes located in the granular layer and
the folial white matter. They were also present in pro-
cesses of the deep cerebellar nuclei and lateral vestibular
nucleus. Loss of synaptic endings onto the neurons of these
nuclei was evident. Hypertrophied Purkinje cell recurrent
axons and enhanced retrograde synaptic endings were
present in the granular layer. Bergmann glia was strongly
labeled by anti-GFAP, but no abnormal supplementary
fibers were seen. None of these alterations were present in
the normal sister. However, abnormal vacuolation of the
Purkinje cell main dendrites was evident in all three cats,
but not in six unrelated control cats that were 3–6 months
old. The inferior olive and pontine nuclei were also nor-
mal. The two ataxic cats had a primary Purkinje cell de-
generation that shared many common features with the
abnormal Purkinje cells of the nervous mutant mouse.
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Introduction

Neonatal and infantile ataxia have long been described in
kittens [11], dogs [21], and mice [5, 12, 13,17]. These en-
tities share the common feature of becoming obvious
within the first weeks or months of life. These animal
models may help to better understand similar diseases in
humans ([14] for review).

Congenital ataxia in cats, characterized by early and
stable cerebellar symptoms, has been related to fetal or
neonatal infection by the feline panleukopenia virus [4, 7].
Recently, two early-onset cortical cerebellar degenera-
tions (CCD) have been described in cats; they were char-
acterized by prominent Purkinje cell degeneration, moder-
ate granule cell number decrease, moderate inferior olive
degeneration, and normal pontine nuclei. One of these en-
tities was autosomic recessive [1,6], and the other [22]
was of unknown origin. Prominent Purkinje cell decay was
reported in three kittens from the United Kingdom [24].
In the latter cases, changes in the medullary nuclei were
also noted. A neuroaxonal dystrophy that involved lateral
cuneate and olivary nuclei, as well as the dorsal tegmen-
tum beside the cerebellar cortex, has also been reported in
kittens [3,25].

This paper reports on pure cortical cerebellar degener-
ation involving the Purkinje cells only, occurring in two
of three kittens from the same litter. Ataxia was visible as
soon as they began to walk. The third cat of the litter, al-
beit clinically normal, displayed mild Purkinje cell modi-
fications as compared with controls. The pathological fea-
tures in these cats were original as they involved the Pur-
kinje cell only. They share many similarities with the
pathological features of the nervous mouse.
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Case report

Three 4-month-old kittens of the same litter, all female,
were presented because two of them exhibited a progres-
sively worsening gait disturbance. According to the own-
ers, the litter resulted from the mating of the queen by one
of her sons. General examination was unremarkable, and
blood tests for feline coronavirus antibodies and feline
leukemia virus antigen were negative. Cat 1 had a normal
gait, whereas cats 2 and 3 exhibited mild cerebellar signs
characterized by intention tremors and limb hypermetria.
Signs were more obvious in cat 3. Cat 3 underwent head
MRI imaging that was normal. Notably, the size of the
cerebellum was similar to that of a healthy, age-matched
control. At the owners’ request, the three kittens were eu-
thanized, and partial necropsy was allowed. Cat 1 was used
as a control, as well as six other kittens, 3–6 months of
age, which were euthanized for untreatable neurological
signs. These controls had meningomyeloencephalitis le-
sions but no cerebellar degeneration.

Materials and methods

Brains and cranial cervical cord were immediately removed after
death and fixed by immersion in 4% paraformaldehyde, in 0.1 M
phosphate buffer, pH 7.4. Fixation was made for 4 days at 4ºC, fol-
lowed by 24-h rinsing in 0.1 M phosphate buffer and embedding in
paraffin. Specimens were cut semi-serially at 5 µm. Every 20th
section was stained with Luxol fast blue and cresyl violet [9], and
some of them with hematoxylin and eosin.

For immunohistochemistry, the peroxidase-anti-peroxidase
(PAP) technique was used as described earlier [15]. Nine primary
antiserum were used: polyclonal rabbit serum against calbindin
(courtesy of Dr. E. Lawson, 1:5000), calretinin (SWannt, 1:1000),
microtubule associated protein (MAP2) (courtesy of Dr. J. P. Brion,
1:1500), tau (courtesy of Dr. J. P. Brion, 1:1000), glial fibrillary
acidic protein (GFAP) (Dako, 1:10000), S100 (Dako, 1:5000),
monoclonal mouse antibodies against beta III tubulin subunit
(clone 5G8, Promega, 1:500), phosphorylated neurofilaments (clone
RT97, Boehringer, 1:200), and synaptophysin (Sigma, 1:200).

Results

Macroscopically, all parts of the brain and the spinal cord,
including the cerebellum, appeared normal in the three
cats. The immunesera that were used in this study had the
same cell specificity as already described in mice, rats,
and, in our previous report, in cats [15].

The whole neuron population of the cerebellar cortex was
examined with Klüver-Barrera staining [9] and MAP2 im-
munolabeling. No cell category was missing in the ataxic
cats, and thickness of the different layers was as in con-
trols. An external granular layer was no longer present.
All the neurons of the granular and molecular layers were
present and normal. Only the Purkinje cells were abnor-
mal, with a moderate loss of about 15%.

Purkinje cells were immunolabeled by four different
immunesera. As in normals, calbindin was present in the
whole cell up to the synaptic endings. MAP2 and beta III

tubulin were expressed in the cell bodies and main den-
drites only, while RT97 was expressed in the axons. Ab-
normal features were identical in cats 2 and 3.

In the vermis cortex, densely packed Purkinje cells al-
ternated with areas devoid of these cells. It was particu-
larly evident with calbindin immunostaining (Fig. 1a);
missing Purkinje cells appeared as areas of the molecular
layer lacking immunostaining, contrasting with areas that
contained dense calbindin-positive Purkinje cell dendrites.
Staining with MAP2 immunesera (Fig. 1b) showed nor-
mal basket and stellate cells in these regions of the molec-
ular layer. The calbindin-negative bands were arranged
symmetrically relative to the midline (Fig. 1c). The pat-
tern was identical in the two affected cats. Lobule X and
ventral lobule IX retained their Purkinje cells in both cats
(Fig. 1c).

The second zone of Purkinje cell loss was located in the
hemispheres, which were more depopulated than the ver-
mis. Many patches devoid of Purkinje cells alternated
with regions where their number was almost normal. The
flocculus was entirely spared.

The surviving Purkinje cells located in the affected part
of the cerebellum had mild modifications of their dendritic
tree, such as swellings of the main dendrites (Fig. 1d), ab-
normal shape and arborization of the secondary dendrites,
and small round empty vacuoles (Fig. 1e). The vacuoles
were also observed in the normal cat of the litter but never
in the six controls. Anti-calbindin and anti-MAP2 were
used to visualize them.

In all parts of the cerebellum but lobes IX and X and
the flocculus, many axonal torpedoes were present in the
granular layer and the folial white axes. They were heavily
contrasted by anti-calbindin (Fig. 2a), and some of them
were also labeled with anti-phosphorylated neurofilaments
(Fig. 2b). Many spheroids were also present in the deep
cerebellar nuclei and in the lateral vestibular nucleus.

A low number of Purkinje cell axons gave rise to en-
larged recurrent collaterals. Abnormally numerous, cal-
bindin-positive, recurrent synapses were observed in the
immediate vicinity of Purkinje cells (Fig. 2c) and in the
superficial quarter of the granular layer.

Basket cell axons were identified using immuneserum
RT97, raised against phosphorylated neurofilaments. Most
of them were normal (Fig. 2b). Shrunken empty baskets were
rarely encountered, while hypertrophied baskets were of-
ten seen in the same region as hypertrophied RT97-posi-
tive terminals (Fig. 2d).
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Fig. 1a–e Purkinje cell dendrites in cat 2 (a, b, d) and cat 3 (c, e).
Anti-calbindin (a, c, d) and anti-MAP2 (b, e). a, b Corresponding
area from two adjacent transversal sections showing gaps in cal-
bindin-positive dendrites in the molecular layer (a) with normal
numbers of stellate and basket cells (b). One Purkinje cell body is
visualized by both immunesera (arrows in a and b). A blood ves-
sel (v) is also visible in both sections. c Symmetrical parasagittal
gaps without calbindin immunoreactivity in the vermis. The nodu-
lus (bottom of the figure) is spared. The stars indicate the midline.
d Dendritic swellings (arrows) and abnormal branching. e Empty
vacuoles (arrows). Bar = a, b:160 µm; c:320 µm; d:40 µm; e:60 µm
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The deep cerebellar nuclei and the lateral vestibular nu-
clei had normal-shaped neurons and a highly abnormal Pur-
kinje terminal field. In normal cats, innumerable calbindin-
positive axons, coming from the Purkinje cells, run be-
tween these neurons and end as large synapses that cover
almost 30% of their linear pericaryal surface (Fig. 2e). In
the two mutants, the number of calbindin-positive fibers
running between the neurons in these nuclei was ex-
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Fig. 2a–f In the granular layer (a – d) of cats 2 (a) and 3 (b, c, d),
numerous spheroids are present on the Purkinje cell axons, stained
by anti-calbindin (arrows in a) and by clone RT97 (arrow in b).
Moderately increased calbindin-positive recurrent synapses are
visible in c. RT97-positive baskets are either normal (b) or hyper-
trophied (d). Neurons (n) in the normal deep cerebellar nuclei of
cat 1 (e) are covered by calbindin-positive synapses, which are al-
most absent in cat 3 (f). The arrows in f point out spheroids. Bar =
a:83 µm; b:30 µm; c, d:35 µm; e, f:22 µm



tremely decreased, and many spheroids were visualized
by calbindin (Fig. 2f) and RT97 immunesera. Almost no
calbindin-positive synapses were visible on the neuron
surface (Fig. 2f). The drop in this synaptic covering was
much more dramatic than expected from the Purkinje cell
loss.

Glial cells appeared moderately increased in number, but
their processes were abnormally strongly stained. Anti-
GFAP stained an enhanced number of processes, both in
the granular layer and the white axes. In addition, the
processes of Bergmann glia were also vigorously stained,
but there was no additional positive fiber in the molecular
layer. Labeling with anti-S100 was unremarkable.

Other encephalic and spinal structures were normal, in-
cluding the basal ganglia, inferior olive, pontine nuclei,
red nucleus, substantia nigra, nucleus gracilis, cuneatus,
and cuneatus lateralis. The posterior column of the cervi-
cal spinal cord and the spinocerebellar tracts were normal.

Discussion

Cases reported here have similarities with the mouse mu-
tant group, characterized by a primary Purkinje cell
abiotrophy beginning after a normal differentiation [10] at
the end of weaning. Purkinje cells of these mutants ac-
quire normal synapses with afferent and efferent neurons
but fail to survive, leaving empty baskets as a track of
their previous presence [20]. Among these mice, the “ner-
vous” mutant [17] shares many features with our cats from
a neuropathological point of view. Indeed, in the young
nervous mice, preferential death of vermis Purkinje cells
occurs along longitudinal strips, symmetrical relative to
the midline [23]. Degeneration is more prominent in the
hemispheres [17], and affected Purkinje cells have axonal
torpedoes [16,20]. Regions of preferentially surviving
Purkinje cells include the nodulus and the flocculus [23].
Dendritic modifications are also mild, with swellings and
slight abnormalities at the branching points [2,16]. Recur-
rent collaterals are only occasionally encountered in ner-
vous mice [16], and increased density and staining of bas-
ket cells terminals are present [2]. In cats as in mice, sym-
metrical parasagittal stripes of Purkinje cells are charac-
terized by differential protein expressions [18]. A result-
ing difference of sensitivity to abiotrophic processes has
been proposed in mice [23] and could similarly exist in
cats.

In the present cases, the pathological changes of the
Purkinje axons were prominent in their terminal domain;
i.e., the deep cerebellar nucleus and the lateral vestibular
nucleus. Indeed, the loss of terminal arborizations and
synaptic endings was extremely high, contrasting with the
rather high number of surviving Purkinje cells. This is pa-
thognomonic of the so-called “dying-back” process de-
generations [19], as are also the axonal spheroids [8,19],
arciform collaterals [19], and increased recurrent plexuses
in the granular layer [19]. This process causes an early
subtotal elimination of Purkinje cell input in the deep
cerebellar and lateral vestibular nuclei and explains the

cerebellar signs observed in the two ataxic cats, in spite of
the relatively high number of surviving Purkinje cells.

The cats of this report have some features in common
with the ataxic cat of Taniyama et al. [22] but also many
differences. Prominent hemispheric degeneration and ax-
onal torpedoes are similar, but in the Japanese case, these
torpedoes were eosinophilic; the number of granule cells
and the cortical thickness were reduced while the floccu-
lus and nodulus were also degenerated. As this cat was 
3 months old, the length of evolution cannot be responsible
for the dissimilarities. Comparison was more difficult with
the cats described by Inada et al. [6] that were euthanized
at the age of 12 months. However, torpedoes were not ob-
served onto the residual Purkinje cell axons.

Many breed-related cerebellar degenerations (abiotro-
phies) have been described in the dog species, with vari-
able onset ages [21]. Most were purely cortical, but the
three cerebellar cortical layers were usually involved. Pur-
kinje cell axonal swellings were described in several re-
ports. In some entities, a gradient of increasing degenera-
tive changes has been reported, with either the vermis, the
hemispheres, or the paravermian area most affected. De-
generation organized in parasagittal strips was not observed
in these cases.
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