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Cairn and West Highland terriers have identical Krabbe Disease producing mutations.  They split as breeds in about 1900. These animals have been studied extensively by Drs Haskins, Wenger and Vite. The advantage to studying dog models for Krabbe Disease is that the work is translational from progress in the mouse model.  Therapies must be scaled up to larger size animals. In the dog model, the animals are treated as individuals and are able to have repeated sampling. The dogs have a heterogeneous genetic background.

The clinical signs of Krabbe Disease in the dog begin at about 9 weeks and are characterized by gait abnormalities of the hind limbs; spinal ataxia, paresis and bunny-hooping; hypermetria of the forelimbs and head tremor.  By 11 weeks the animals develop increased post-rotatory nystagmus.  At 12 weeks they are no longer able to stand on the hind limbs, they become more ataxic and hypermetric in the forelimbs and develop hypertonia and hyperreflexia in the hind limbs. At 14 weeks they have crossed extension in the hind limbs. By 15 weeks they demonstrate spastic paraplegia of the hind limbs and are severely paretic in the forelimbs.  By 17 weeks there is evidence of appendicular muscle atrophy.

Neuroimaging studies of the dogs reveal changes on magnetic resonance imaging at 15 weeks, when increased signal intensity on T2-weighted fast spin echo images is identified in the corpus callosum, centrum semiovale, internal capsule, corona radiate and cerebellar white matter. Decreased signal intensity is identified in the thalamus and caudate nucleus.

 A 20% decrease in white matter tracts can be identified on magnetization transfer ratio where the most significant changes are present in the centrum semiovale, the tract found to be most severely affected histopathologically. Of interest, similar changes in white matter are found in untreated affected animals, irradiated affected animals and irradiated unaffected animals, suggesting that radiation effects cannot be reliably distinguished from that caused by disease.  

On magnetic resonance spectroscopy, there is evidence of decreased NAA and increased choline.

 Nerve conduction velocities reveal evidence of demyelination as early as 4.7 weeks of age. Clinical signs, however typically precede the abnormality on nerve conduction studies.  There is evidence of increased psychosine in the white matter of the brain on lipid analysis.

There have been many different therapeutic interventions employed  in the dog model, including the anti-inflammatory approach, heterologous bone marrow transplantation, substrate reduction using  L-cycloserine, a combination of BMT and L-cycloserine and retroviral gene therapy. 

The anti-inflammatory approach (Indomethacin therapy) was used in 2 affected pups beginning at 3 weeks of life. The puppies were treated with 0.4 mg/kg indomethacin orally daily for 3 months. There was no effect on either the onset or progression of the disease.

Heterologous bone marrow transplantation was used to treat 3 affected pups at 5 weeks of age. The puppies were initially given lethal total body radiation.  Results were mixed, as 2 of the dogs developed progressive disease but a third lived for 2 years, 4 times as long as untreated affected dogs.  

L-cycloserine, a 3-ketodyhydrosphingosine synthase inhibitor (25 mg/kg subcutaneously),   was given to 4 affected pups at one month of age. The animals received the drug 3 times a week for month 1 and then after 2 months the drug was given once a week. There was no effect on onset or progression of clinical signs. The oldest dogs survived to 6 months of age.

Better results were found when BMT was combined with L-cycloserine. A trial of BMT and L-Cycloserine was given to 2 dogs.  The animals were transplanted at 3 weeks of age.  L-cycloserine was begun at 7 weeks of age. One dog received the drug for 4 months and was euthanized at 1.5 years for progressive clinical signs. A second dog received the drug for 11 months and was euthanized at 4 years of age for progressive clinical signs. The lifespan of this dog was extended 8 times as long as any untreated dog and the clinical progression progressed more slowly.

Intravenous retroviral gene therapy was given to 4 affected dogs at 3 days of age, The animals were treated with human galactosylceramidase cDNA, human alpha 1-antitrypsin promoter and the woodchuck hepatitis virus post-transcriptional regulatory element. At 2 weeks, 13% to 53% of normal GALC activity was identified in white blood cells with very low activity in serum. However by 3 months the white blood cell activity dropped to 7% of normal.  There was no clinical effect.

