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1 | INTRODUCTION

Abstract

Granuloprival degeneration is an uncommon form of cerebellar cortical degeneration
(CCD). A 3-month-old Yorkshire Terrier and a 7-month-old Lagotto Romagnolo dog
were presented with a history of progressive cerebellar dysfunction including wide-
based stance, cerebellar ataxia, intention tremors, and loss of menace response
despite normal vision. Magnetic resonance imaging of the brain identified marked dif-
fuse decrease of the cerebellum size. Euthanasia was performed in both cases
because of progression of clinical signs. Histopathological examination identified
marked diffuse thinning of the granular cell layer with almost complete loss of the
granular cell neurons, providing a definitive diagnosis of granuloprival CCD. Granulo-
prival CCD should be considered as a differential diagnosis in Yorkshire Terrier and
Lagotto Romagnolo dogs with post-natal progressive clinical signs of cerebellar

dysfunction.
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Mountain dog, and Coton de Tuléar breed, as well as single reported
cases in the Australian Kelpie, Italian hound, and Lagotto Romagnolo

breed.2 1!

Cerebellar cortical degeneration (CCD) describes a group of diseases
characterized by postnatal degeneration predominantly affecting the
cerebellar cortex.! Cerebellar cortical degeneration is classified
according to the primary cell target, whether Purkinje neurons or the
granule cell neurons of the cerebellar cortex.! In the majority of dogs
with CCD, the Purkinje neuron is the primary target with secondary
retrograde degeneration of the granule cell neurons.? Sporadic cases
of selective loss of granule cell neurons with relative sparing of the
Purkinje neurons, called granuloprival degeneration, are also
reported.> ** These include reports of several puppies in a single litter
being affected in the Border Collie, Labrador Retriever, Bavarian

Abbreviations: CCD, cerebellar cortical degeneration.

Herein, we respectively report the first and second histopatholog-
ically confirmed cases of granuloprival CCD in the Yorkshire Terrier

and Lagotto Romagnolo breeds.

2 | CASEPRESENTATION

21 | Casel
A 3-month-old intact male Yorkshire Terrier was presented with a his-
tory of progressive cerebellar ataxia involving all limbs and intention

tremors noticed since 8 weeks of age. Eye movements were reported
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to be normal. All 4 littermates of the puppy were reported to be nor-
mal. General examination did not disclose any abnormality. Neurologi-
cal examination identified a wide-based stance, as well as cerebellar
ataxia characterized by hypermetria involving all limbs, intention
tremors of the head and neck, and bilaterally absent menace response
despite normal vision. The remainder of the neurological examination
was normal. Neuroanatomical localization was to the cerebellum. Dif-
ferential diagnoses included a congenital malformation of the cerebel-
lum such as Dandy Walker malformation, cerebellar hypoplasia,
neosporosis, CCD, as well as a hypomyelination disorder or neuroaxo-
nal dystrophy. Serum biochemistry and CBC were normal. Serology
for Toxoplasma gondii and Neospora caninum was negative. Magnetic
resonance imaging (Signa Excite 1.5 Tesla, General Electric Company,
Wisconsin, United States of America) of the head was performed
using a knee coil (QuadKnee Coil, General Electric Company,
Wisconsin, United States of America), under general anesthesia.
Magnetic resonance imaging disclosed marked diffuse decreased size
of all lobes and lobules of the cerebellar vermis and hemispheres with
marked widening of all cerebellar fissures, most obvious at the primary
fissure, containing fluid isointense to cerebrospinal fluid on
T1-weighted, T2-weighted, and fluid attenuation inversion recovery
sequences (Figure 1). No transforaminal herniation was observed. The
brainstem-to-cerebellum area ratio was 101% (normal, <96%) indica-

).12 No contrast enhance-

tive of decreased cerebellum size (Figure 1
ment was observed. Cerebrospinal fluid was collected from the
cerebellomedullary cistern under general anesthesia, and analysis,
including total nucleated cell count and protein concentration, was
normal. Polymerase chain reaction testing on cerebrospinal fluid for
Neospora caninum and Toxoplasma gondii was negative. Owing to
graded progressive deterioration of clinical signs 2 weeks after initial
presentation leading to inability to ambulate and eat without assis-
tance, the owner elected for euthanasia and consented for necropsy
examination. On necropsy, all lobes and lobules of the cerebellar ver-
mis and hemispheres were markedly decreased in size with marked
thinning of the cortex upon sectioning. Microscopically, the cerebellar
folia were markedly flattened. Marked diffuse thinning and hypocellu-
larity of the granular cell layer with marked loss of granular cell

FIGURE 1
image of the brain for Case 1.

T2-Weighted midline sagittal magnetic resonance
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neurons was observed, leading to almost complete absence of this
layer with moderate gliosis (Figure 2). The Purkinje neuronal cell bod-
ies were increased in size with accumulation of pale, granular material,
causing displacement and accumulation of Nissl granules around the
nuclei. This same material had accumulated in the molecular layer, and
was associated with moderate gliosis composed mainly of astrocytes
with some Bergmann glial cells. Multiple foci of spongiosis were
observed in the molecular layer neuropil. Purkinje neurons with accu-
mulation of intraneuronal empty vacuoles of different size were also
apparent. Some neurons in the cerebellar, general somatic efferent
oculomotor, and red nuclei were pale and were affected by diffuse
gliosis. The remainder of the brain was histologically normal. Based on
these findings, a definitive diagnosis of granuloprival CCD was made.

22 | Case2

A 7-month-old intact male Lagotto Romagnolo dog was presented
with a 4-month history of progressive cerebellar ataxia involving all
limbs as well as intention tremors of the head and neck. Eye move-
ments were reported to be normal. All 5 littermates of the puppy were
reported to be normal. General examination did not identify any
abnormality. Neurological examination disclosed a wide-based stance
as well as cerebellar ataxia characterized by hypermetria involving all
limbs, intention tremors of the head and neck, and bilaterally absent
menace response despite normal vision. The remainder of the neuro-
logical examination was normal. Neuroanatomical localization was to
the cerebellum. Differential diagnoses included CCD, intracellular

vacuolar storage disease, cerebellar hypoplasia, neosporosis, or a

FIGURE 2 Microscopic image of the cerebellar cortex of Case

1 stained with Hematoxylin and Eosin. The granular cell layer (G) is
displaying marked pallor because of hypocellularity of the granule cell
neurons (green circle). There are Bergmann glial cells (yellow circles)
located adjacent to the Purkinje cell layer (P). The molecular layer (M),
is displaying mild astrogliosis (red arrows) including the presence of
microglia (black arrows) and spongiosis (red circles). White

matter (WM).
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congenital malformation of the cerebellum such as Dandy Walker mal-
formation, as well as a hypomyelination disorder or neuroaxonal dys-
trophy. Serum biochemistry and CBC were normal. Genetic testing for
the autophagy-related ATG4D gene mutation associated with intra-
cellular vacuolar storage disease in Lagotto Romagnolo dogs identified
homozygous copies of the normal allele, ruling out the disease. Serol-
ogy for Toxoplasma gondii and Neospora caninum was negative. Mag-
netic resonance imaging (Vet-MR Grande 0.25 Tesla, Esaote, Genova,
Italy) of the head was performed using a head coil (DPA Head Caoil,
Esaote, Genova, Italy), under general anesthesia. Magnetic resonance
imaging disclosed marked diffuse decreased size of all lobes and lob-
ules of the cerebellar vermis and hemispheres with marked widening
of all cerebellar fissures, most obvious at the primary fissure, contain-
ing fluid isointense to cerebrospinal fluid on T1-Weighted,
T2-Weighted, and fluid attenuation inversion recovery sequences
(Figure 3). No contrast enhancement or transforaminal herniation was
observed. The brainstem-to-cerebellum area ratio was 132% (normal,
<96%) indicative of decreased cerebellum size (Figure 3).}2 Cerebro-
spinal fluid was collected from the cerebellomedullary cistern under
general anesthesia and analysis, including total nucleated cell count
and protein concentration, was normal. Polymerase chain reaction
testing on cerebrospinal fluid for canine distemper virus, Bartonella
species, Cryptococcuss species, Borrelia burgdorferi, Neospora caninum,
and Toxoplasma gondii was negative. Based on the history of progres-
sive clinical signs, decreased cerebellar size on magnetic resonance
imaging, negative infectious disease and negative genetic testing for
the autophagy-related ATG4D gene mutation, the suspected diagno-
sis was therefore that of CCD although the possibility of cerebellar
hypoplasia could not be fully ruled out. The dog's clinical signs
remained stable over the next 9 months until rapid deterioration of
clinical signs was noticed, rendering the dog unable to walk. At this
time, the owners elected for euthanasia given the compromised qual-
ity of life and consent for necropsy was given. On necropsy, all lobes
and lobules of the cerebellar vermis and hemispheres were markedly

and diffusely decreased in size with marked thinning of the cortex

FIGURE 3 T2-Weighted midline sagittal magnetic resonance
image of the brain for Case 2.

upon sectioning. Microscopically, the cerebellar folia were markedly
flattened. Marked diffuse thinning and hypocellularity of the granular
cell layer with marked loss of granular cells was observed, leading to
almost complete absence of this layer with the presence of marked
vacuolation of the neuropil (Figure 4). A few remaining granular cells
were swollen and vacuolated or shrunken with pyknotic nuclei. Glial
cells mainly in the form of astrocytes were diffusely present in this
layer. The molecular layer was also mildly decreased in thickness, but
otherwise unremarkable. The Purkinje cell layer appeared unaffected
other than for rare loss of Purkinje cells. Multifocally, a few scattered
Purkinje cells exhibited either shrunken and angular, hypereosinophilic
cytoplasm and pyknotic nuclei or rarely swollen nuclei with central
chromatolysis. A moderate increase in glial cells was diffusely
observed in the white matter of the mesencephalon. The remainder of
the brain was histologically normal. Based on these findings, a defini-

tive diagnosis of granuloprival CCD was made.

3 | DISCUSSION

Granuloprival CCD is a relatively uncommon form of CCD and the
exact etiology remains to be elucidated and might be multifacto-
rial.»>?"1 Canine herpesvirus has been reported to cause granular cell
depletion with associated Purkinje neuron loss along with foci of infil-
trating mononuclear cells and malacia.® Intrauterine or perinatal
infection with feline parvovirus can cause hypoplasia of the granular
cell layer in cats, and canine parvovirus has been detected in dogs
with cerebellar hypoplasia, but not in CCD cases.***® Alternatively, an

immune-mediated etiology for granuloprival CCD is suspected in the

FIGURE 4 Microscopic image of the cerebellar cortex of Case

2 stained with Hematoxylin and Eosin. The granular cell layer (G) is
displaying marked hypocellularity of the granule cell neurons with
marked vacuolation of the neuropil (red circle), as well as shrunken
pyknotic granular cell neurons (black arrow). There is rare loss of
Purkinje neurons (blue circle) as well as rare shrunken angular
hypereosinophilic Purkinje neurons (blue arrow) in the Purkinje cell
layer (P). The molecular layer (M) size is reduced. White matter (WM).
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Coton de Tuléar breed given the presence of marked diffuse T cell
infiltration of the granular cell layer.® In our 2 cases, histopathological
findings were not consistent with an infectious or immune-mediated
etiology given the lack of inflammatory cell infiltration or perivascular
cuffing, making an infectious or immune-mediated etiology unlikely.
Furthermore, infectious disease testing was negative. Given the lack
of immune-mediated or infectious histopathologic changes in the
majority of granuloprival CCD cases, a genetic basis is suspected even
when individual puppies are affected.2*¢*? Similarly, a degenerative
etiology most likely of genetic origin is suspected in our 2 cases
because of exclusion of infectious and inflammatory causes as well as
the onset of clinical signs in the first few weeks of life and progressive
worsening making anomalous, neoplastic, traumatic, and vascular
causes unlikely. However, a metabolic or toxic etiology cannot by fully
ruled out. An autosomal recessive mode of inheritance could explain
the occurrence of single affected puppies in our 2 cases, should a
genetic basis for the granuloprival degeneration be identified.®

Similar to domestic species, most forms of CCD in humans pri-
marily affect the Purkinje neurons with secondary retrograde degen-
eration of the granule cell neuron layer.X® However, a rare subtype of
CCD in humans termed Norman type shares similarities with the gran-
uloprival degeneration observed in our 2 cases in dogs.r” Norman
type CCD is also characterized by primary degeneration of the granule
cell neuron layer of the cerebellum with sparing of the Purkinje
neuron layer, and also has a juvenile onset.'”1® A genetic basis for
Norman type CCD is suspected given its familial occurrence.®

The mechanisms underlying a genetically-mediated selective loss
of granule cell neurons also remain unclear.®’** A channelopathy
resulting in excitotoxicity and apoptosis of granule cell neurons as
occurs in homozygous weaver mice has been postulated in dogs.®%2°
In the former, however, granular cell neurons undergo premature
degeneration in the external granular layer before migration whereas in
our 2 cases the few remaining granule cell neurons were located in the
granule cell neuronal layer indicating appropriate migration.?’ Genetic
targets capable of causing degeneration of granular cell neurons with-
out affecting their prior migration are therefore considered more plausi-
ble. These include (a) the sonic hedgehog mitogen that interacts with a
set of receptor molecules on granule cell neuron precursors delivering
essential proliferative signals from Purkinje cells; (b) the bone morpho-
genetic protein signaling cascade that intermittently triggers all stages
of proliferation as well as the postmitotic life of granule cell neurons;
and (c) the functional a-amino-3-hydroxy-5-methyl-4-isoxazolepropio-
nic acid receptors in cerebellar granule cell neurons as is seen in wag-
gler, stargazer and stargazer 3 Jackson mice.224

Antemortem presumptive diagnosis of CCD involves ruling out
anomalous, neoplastic, inflammatory (immune-mediated and infec-
tious), and metabolic causes as well as other degenerative causes.
Magnetic resonance imaging can be normal, usually early in the dis-
ease process, or can disclose a decreased cerebellar size with
decreased thickness of the cerebellar folia, resulting in widening of
the associated cerebellar fissures with cerebrospinal fluid.%®1* Clini-
cally, antemortem differentiation of CCD from cerebellar hypoplasia

relies on criteria such as onset and progression of clinical signs.2” In
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cerebellar hypoplasia, onset of clinical signs is typically from birth with
stabilization of clinical signs thereafter or possible slight improvement
because of learned compensatory mechanisms. Whereas in CCD
onset is often from a few weeks, months, or rarely years after birth,
with progressive worsening of clinical signs over time.?> However,
neonatal forms of CCD are reported such as in the Beagle, and a tran-
sient plateau of clinical signs can be seen with CCD as reported in
Case 2, complicating antemortem clinical differentiation of CCD and
cerebellar hypoplasia.?® Hence definitive diagnosis of CCD requires
histopathology.*

The histological changes observed in both cases correlate well
with the functional relationship of the granule cell neuronal layer.
Atrophy of the molecular layer observed in both cases is explained by
the loss of the parallel fibers.2> Conversely, loss of granule cell neu-
rons did not cause substantial anterograde degeneration of Purkinje
neurons because of sufficient collateral stimulatory input from the oli-
vary nucleus, which did not have any pathological changes.?® The
intraneuronal accumulation of eosinophilic granular material observed
in Purkinje cells could reflect their abnormal metabolism because of
loss of synaptic contact with granular cell neurons. Although patho-
logical changes were found in the neurons of the cerebellar, general
somatic efferent oculomotor, and red nuclei, no associated clinical
signs were observed.

Case 1 had a juvenile onset of clinical signs with slow progression.
Case 2 had a juvenile onset of clinical signs with an initial slow progres-
sion, followed by a plateau for 9 months, and then rapid deterioration.
Age of onset of clinical signs in Case 2 is similar to the only other granu-
loprival CCD case reported in the Lagotto Romagnolo breed, but pro-
gression differed in that clinical signs progressed rapidly in the previously
reported case.® Cerebellar cortical degeneration with primary involve-
ment of the Purkinje neurons, as well as neuronal heterotopia involving
the cerebrum, pons, and cerebellum, also have been reported as single
cases in the Lagotto Romagnolo breed, and it remains uncertain whether
these represent the spectrum of a single disease involving neuronal
migration or neuronal development and survival, or both.®%”

Because CCD is a degenerative condition with no known treat-
ment, clinical signs progress until quality of life becomes compromised
at which time euthanasia usually is performed. All dogs with granulo-
prival CCD are reported to have been euthanized between 4 weeks
and 6 months after the onset of clinical sighs owing to compromised
quality of life.>** In Case 1, euthanasia was performed 6 weeks after
the onset of clinical signs, but in Case 2, euthanasia was performed
13 months after the onset of clinical signs, representing the longest

reported survival time.

4 | CONCLUSION

In conclusion, we respectively report the first and second histopatho-
logically confirmed cases of granuloprival CCD in the Yorkshire Terrier
and Lagotto Romagnolo breeds. Granuloprival CCD therefore should
be considered as a differential diagnosis in Yorkshire Terrier and

Lagotto Romagnolo dogs with post-natal progressive clinical signs of
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cerebellar dysfunction. Additional studies are required to determine
the etiology of granuloprival CCD in these breeds.
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