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ABSTRACT. A 1-year- and 11-month-old spayed female toy poodle had showed progressive

J. Vet. Med. Sci. ataxia and paresis in the hindlimbs since 11 months old. Magnetic resonance imaging revealed
82(11): 1704-1707, 2020 high signal intensity on T2-weighted and fluid-attenuated inversion recovery images at the
thoracic and lumbar spinal cord. The dog’s neurological condition slowly deteriorated and flaccid
tetraparesis was exhibited. At 4 years and 11 months old, the dog died of respiratory failure.

On postmortem examination, eosinophilic corkscrew bundles (Rosenthal fibers) were observed
mainly in the thoracic and lumbar spinal cord. Histological features were comparable to previously
reported cases with Alexander disease. This is a first case report to describe the clinical course and
long-term prognosis of a dog with Alexander disease.
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Alexander Disease (AxD) is a progressive, fatal neurodegenerative disorder that has been recognized in several species, such as
humans, sheep and dogs [7, 10, 12, 14, 15]. The characteristic pathological feature of AxD is the presence of abnormal astrocytes
that contain glial fibrillary acidic protein (GFAP) aggregates, termed Rosenthal fibers, distributed around the vessels in the white
matter as well as subpial and subependymal areas [10, 20]. In total, 13 dogs have been clinically and histopathologically diagnosed
with AxD [1, 5, 8, 9, 14, 18, 21-23]. Because of the poor prognosis, the owners of dogs with AxD tend to elect euthanasia.
Accordingly, there are no case reports of long-term survival in dogs with AxD. We present the clinical course and long-term
prognosis of a dog with AxD.

A 1-year- and 11-month-old spayed female toy poodle weighing 2.6 kg was referred with a history of progressive ataxia and
paresis in the hindlimbs, which had been present since the animal was 11 months old. Although the dog was given a vitamin B group
supplement for 1 week, no obvious therapeutic effect was observed. On neurological examination, the dog was alert and responsive;
however, postural reactions and spinal reflexes were reduced in the hindlimbs. Cranial nerve examinations were unremarkable.
Based on these findings, a focal lesion of the L4-S1 spinal cord segment or a multifocal lesion of the peripheral nervous system
(PNS) and spinal cord was suspected. Complete blood count and serum chemistry profile findings were within normal limits.

We performed magnetic resonance imaging (MRI) (0.4-Tesla APERTO Eterna; Hitachi, Tokyo, Japan) in order to evaluate
the central nervous system. Anesthesia was induced using propofol (propofol for animals; Mylan Inc., Canonsburg, PA, USA)
and maintained with isoflurane (isoflurane for animals; Mylan Inc.). Pre- and post-contrast (following an intravenous injection
of 0.1 mmol/kg of Gadodiamide hydrate) (Omniscan; Daiichisankyo, Tokyo, Japan) T1-weighted images (TR=400 msec and
TE=13 msec), T2-weighted images (TR=2,500 msec and TE=120 msec), and fluid-attenuated inversion recovery (FLAIR) images
(TR=9,000 msec and TE=100 msec) of the thoracic and lumbar spinal cord were obtained. MRI of the T9-T10 and L4 spinal cord
segment showed high signal intensity on T2-weighted and FLAIR images and iso signal intensity on pre/post-contrast T1-weighted
images (Fig. 1). In anticipation of a possible inflammatory disease of the nervous system, we treated the dog with prednisolone
(0.5 mg/kg/day) for 1 week but no improvement in symptoms was observed. Given the ineffectiveness of prednisolone and other
factors, such as the juvenile-onset and chronic progression of the disease, a tentative diagnosis of neurodegenerative disease
was made. Differential diagnosis included lysosomal storage disease, cerebellar cortical abiotrophy, neuroaxonal dystrophy, and
leukodystrophy myelopathy.

At 2 years and 4 months old, the dog presented with paresis not only in the hindlimbs but also in the forelimbs (Fig. 2). Follow-
up MRI of the cervical and thoracolumbar regions showed no change from the previous examination. At 2 years and 7 months old,
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Fig. 1. Sagittal magnetic resonance images of the thoracic spinal cord. T2-weighted images (A), T1-weighted pre-contrast images (B),
Fluid-attenuated inversion recovery images (C), T1-weighted post-contrast images (D). The T9-10 spinal cord segment showed slightly
high signal intensity on T2WI and Fluid-attenuated inversion recovery images (black arrowheads).
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Fig. 2. The time course of clinical signs.

the dog exhibited flaccid tetraparesis. The dog also had difficulty swallowing hard food, and showed vocalization abnormalities.
On neurological examination, postural reactions and spinal reflexes were absent in the hindlimbs, and reduced in the forelimbs.
As a result, the dog showed exaggerated hopping on the bilateral forelimbs. On cranial nerve examination, the dog presented with
reductions in bilateral palpebral reflex, corneal reflex and menace reaction. Based on neurological examination, a multifocal lesion
of the spinal cord and PNS, including the facial and trigeminal nerve, was suspected. At 3 years and 1 month old, we initiated

a supplement therapy containing the neuroprotective drug curcumin (Neuroact; Zenoaq, Fukushima, Japan), used for treating
neurodegenerative disease [4], at a dosage of 1.0 m//head/day until her death. However, there were no improvements in clinical
manifestation. At 3 years and 6 months old, the dog developed urinary incontinence, which resulted in bacterial cystitis. At 3 years
and 10 months old, postural reactions and spinal reflexes were absent and the dog was non-ambulatory. At 4 years and 10 months
old, the dog showed deterioration of its general condition, which was diagnosed as pericardial effusion by a general practitioner.
Diuretic drug therapy was effective. At 4 years and 11 months old, the dog died of respiratory failure, after which necropsy was
performed with the owner’s consent.

Postmortem macroscopic examination revealed diffuse atrophy of the spinal cord and brain. For light microscopy, tissue
samples were fixed in 10% formalin, and paraffin-embedded sections were stained with hematoxylin, eosin, and Luxol fast blue.
Immunostaining was performed with antibodies against GFAP (Rabbit polyclonal anti-GFAP antibody, Dako, Glostrup, Denmark).
On microscopic examination, eosinophilic corkscrew bundles (Rosenthal fibers) were observed in the subpial parenchyma,
perivascular parenchyma and periependymal cells in the white matter of the thoracic and lumbar spinal cord (Fig. 3A).
Furthermore, many hypertrophic astrocytes and axonal spheroids were presented in the white matter of the spinal cord (Fig. 3B).
Rosenthal fibers were stained dark brown in immunostaining, which indicated GFAP-positive (Fig. 3C). Similar changes were
seen in the white matter of the cerebrum, cerebellum, molecular layer of the cerebellar cortex, and brainstem-which showed milder
changes compared with the spinal cord (Fig. 3D). Rosenthal fibers have been described in reactive tissues (for example, in gliosis),
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Fig. 3. Histopathological findings of the white matter of L4 spinal cord segment and cerebrum. A—C show the L4 spinal cord segment, and
D shows the cerebrum. A, B and D were stained by hematoxylin and eosin, C was immunostained by anti- glial fibrillary acidic protein
antibody. (A) The eosinophilic corkscrew bundles (Rosenthal fibers; black arrowheads, applied to A—D) were observed around blood ves-
sels (asterisks, applied to A, C and D), (B) Many hypertrophic astrocytes (black arrows) were also observed, (C) Rosenthal fibers were
immunostained dark brown by anti- glial fibrillary acidic protein antibody, (D) Although eosinophilic corkscrew bundles were observed in
the cerebrum, severity was milder compared with the spinal cord. Scale bar=100 xm.

neoplasms (such as pilocytic astrocytoma), and the genetic disorder AxD. The fiber distribution in AxD is unique because fibers
occur not only around blood vessels in the white matter, but also in subpial and subependymal areas [10]. The histopathology
results we obtained, therefore, enabled us to make a postmortem diagnosis of AxD for the dog.

AxD in humans is a rare neurodegenerative disorder. It is commonly classified into infantile, juvenile and adult forms, depending
on the age of onset [10]. More recently, a different classification system has been proposed, with only two categories, type I and
type II, which are based on the distribution of lesions and clinical signs [17]. Type I is characterized by early onset, seizures,
macrocephaly, motor delay, encephalopathy, failure to thrive and paroxysmal deterioration. Type II is characterized by later onset,
autonomic dysfunction, ocular movement abnormalities and bulbar symptoms. Median survival time of type I patients was 14
years, and median survival time of type II patients was 25 years [17], indicating that the clinical symptoms of type II AxD progress
more slowly than type I.

The present dog developed AxD at 11 months old, equivalent to the juvenile form in humans. Furthermore, its clinical signs
(dysfunction of spinal cord and brain stem) were comparable to the juvenile and type II forms of AXxD in humans. To date,
neurodegenerative diseases resembling AxD have been reported in 13 dogs: 5 Bernese mountain dogs, 3 Labrador retrievers, 1
Bernese mountain crossbred dog, 1 Chihuahua, 1 French bulldog, 1 Miniature poodle and 1 Scottish terrier [1, 5, 8, 9, 14, 18,
21-23]. Similar to our case, most of these dogs showed symptoms similar to the juvenile forms of AxD. However, there are no
reports of the long-term clinical course because the majority of owners elected euthanasia. This is the first report of long-term
survival in a dog with AxD resembling the juvenile/type II form. As the disease progressed, the dog exhibited bulbar symptoms,
such as dysphonia, dysphagia, facial and trigeminal nerve paralysis, similar to humans with type II AxD [17]. The results suggested
that the prognosis of dogs with AxD was similar to that of humans with AxD and could offer a promising animal clinical model for
AxD. The exaggerated hopping reaction of the dog seen in our case was unusual and unexpected for AxD, given the reduction of
the spinal reflex. One explanation could be an additional cerebellar disorder. However, no other signs of cerebellar disorder were
detected that supported such a diagnosis.

A previous study using an in vitro model of AxD suggested that curcumin reduces the expression of endogenous GFAP
resulting in beneficial effects [2]. In our case, no obvious therapeutic effect of a one-year course of curcumin treatment was
observed, with ataxia and paresis in the forelimbs gradually progressing over the year until death. On the day of her death, the dog
displayed shortness of breath, which we attributed to aspiration pneumonia, although further clinical examination had not been
performed. Aspiration pneumonia would be an expected consequence of the progressive swallowing disorder the dog exhibited
for the previous 1 year and 8 months. In humans with type IT AxD, death is often due to bulbar disorder (including respiratory
insufficiency and dysphagia leading to aspiration pneumonia) [17]. Although the direct cause of death was not determined here, this
case demonstrates the importance of care for respiratory insufficiency and long-term survival.

Our MRI of the T9-T10 and L4 spinal cord segments of the dog displayed a high signal intensity on T2-weighted images. In
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humans with type II AxD, a failure of normal myelination is most likely to be responsible for at least part of the abnormal white
matter signal on MR images [15]. However, histopathological examination of our case was performed only on T9-12 and L4-L7,
and it was, therefore, not possible to use the pathological findings to characterize and distinguish the T2-weighted image of a
hyperintense lesion from that of other isointense lesions.

The case exhibited lower motor neuron symptoms on four limbs, despite no abnormality of the cell body of the peripheral motor
neurons in the ventral horn of the spinal cord. Unfortunately, we did not perform histopathological examination of the axonal fiber
of the peripheral nervous system, of which possible myelin sheath dysfunction was indicated in a previous case report of a dog with
AxD [23]. We cannot exclude the possibility that our dog had been suffering from such dysfunction. The lesions of the cerebrum and
brainstem were milder compared with the spinal cord, which most likely resulted in survival for a longer period of time.

Both the infantile and juvenile forms of human AxD generally appear to be sporadic [11], but the rarity of cases in siblings
suggests the possibility of autosomal inheritance [6, 16]. In contrast, the adult form is often familial [3, 13]. It is of interest that
a male littermate of the present dog showed neurological symptoms, such as ataxia and megaesophagus, which had been present
since the animal was 11 months old. The littermate died by aspiration pneumonia at 2 years and 11 months old. Unfortunately, the
littermate was not pathologically examined. Although the pathogenesis of canine AxD is not currently established, observations
suggest that the process could be genetic or congenital [19, 21].
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