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Barriers and Potential for Treating 
Inherited Neurological Disease

Inherited neurological diseases can 
present with a wide range of symptoms 
including hearing loss, incoordination 
and seizures. Despite the severity and 
impact of these diseases on affected 
individuals, effective treatment options 
remain lacking. This is because 
significant barriers have prevented the 
development of therapies and limited 
the efficacy of the therapies that have 
been developed. 

Novel therapies are hard to come by. 
Their development requires a good 
understanding of the disease, and 
have to be shown to be safe as well 
as effective. These factors are largely 
dependent on establishing good 
models of the disease, which allow 
characterisation of the disease and 
experimental treatments. It is also 
important to be able to effectively 
evaluate the efficacy of new treatments.

Dr Charles Vite and his team in the 
School of Veterinary Medicine based 
at the University of Pennsylvania, have 
performed groundbreaking research 
to discover new therapies for inherited 
neurological diseases. The team uses 
models of human disease in animals 
to look for unique markers of disease 
to test whether new treatments are 
effective. These novel therapies include 
gene and cell therapy which involve the 
addition of normally functioning genes 
and cells to compensate for ‘faulty’ 
genes or cells, respectively, as well as 
pharmaceutical drugs to treat diseases. 

So far, Dr Vite’s research has focussed 
on a class of inherited neurological 
diseases known as lysosomal storage 
diseases. Highlights of their research 
include the development of prospective 
therapies for Niemann-Pick disease type 
C and Krabbe disease, both of which 
can result in death during childhood. 

NATURALLY OCCURRING 
DISEASES IN DOGS AND 
CATS HELP TO DEVELOP 
TREATMENTS FOR 
INHERITED NEUROLOGICAL 
DISORDERS

Many inherited neurological diseases are rare but can have severe 
outcomes, frequently resulting in disability and even death for 
children. New treatment options are essential to prevent suffering 
and decrease mortality, but to find such treatments, these diseases 
need to be more closely studied. Dr Charles Vite and his team at 
the School of Veterinary Medicine, University of Pennsylvania, are 
committed to achieving these goals. By utilising animal models and 
unique markers for inherited neurological disease, they have already 
delivered promising results supporting the development of new 
treatment options. 

This emphasises the importance of their 
translational research.

Cats and Dogs: Important Models of 
Neurological Disease

Regrettably, inherited neurological 
diseases such as Niemann-Pick disease 
type C and Krabbe disease are still 
poorly understood and there are few 
treatments available. A huge barrier to 
the development of treatments is that 
the disease must be successfully treated 
in an animal to show that is safe and 
effective before it is tested in humans. 
Yet, for inherited neurological diseases 
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this is difficult because the animal 
models must be able to develop the 
disease in a similar way to humans. 
In an ideal world, we would most 
probably use our closest relatives, non-
human primates. Common non-primate 
animal models include sheep and pigs. 
However, it is difficult to model inherited 
neurological diseases in these animals 
because they rarely are affected with 
the same diseases that affect human 
patients.

The team directed by Dr Vite at the 
Referral Center for Animal Models of 
Human Genetic Disease has highlighted 
the advantages of using canine and 
feline models for inherited neurological 
diseases. This is because diseases 
including Niemann-Pick disease type C 
and Krabbe disease naturally occur in 
cats and dogs. This has revolutionised 
the characterisation of these diseases 
and helped researchers on their quest 
to find potential treatments. It is Dr 
Vite’s belief that these new therapies 
will be used to treat both human and 
veterinary patients. 

In a 2017 paper, Dr Vite and colleagues 
summarised that studying diseases 
in dogs and cats ‘has allowed for the 

discovery of disease mechanisms, 
generation of non-invasive biomarkers 
for clinical evaluation during 
therapeutic trials, development of drug 
delivery and intervention protocols, 
safety, efficacy, and dosing studies of 
novel and off-label therapies, and the 
eventual approval of clinical therapies 
for many rare and devastating diseases.’

Methods for Evaluating Treatment 
Outcomes

A key focus for Dr Vite and his colleagues 
is the identification of biochemical 
and magnetic resonance markers that 
can provide information about disease 
severity. Biochemical markers may 
include enzymes or other molecules 
such as lipids. In contrast, magnetic 
resonance markers are obtained 
through magnetic resonance imaging 
(MRI) scans that provide detailed 
images of the brain. Magnetic resonance 
markers may include changes to specific 
structures in the brain that may occur 
due to the disease. 

Both biochemical and magnetic 
resonance markers are useful for 
evaluating gene therapy, cell therapy 
and pharmaceutical drugs as treatment 

interventions. Dr Vite’s team have used 
these markers to conduct translational 
research that improves the outcome 
for inherited neurological diseases, 
including Niemann-Pick disease type C 
and Krabbe disease. 

Drug Improves the Outcome of 
Niemann-Pick Disease Type C

Niemann-Pick disease type C is a 
rare lysosomal storage disease that 
primarily affects the liver and brain 
and is estimated to affect as many 
as 1 per every 150,000 individuals. It 
is caused by inheriting a mutation in 
the NPC1 or NPC2 genes. These genes 
are responsible for encoding proteins 
that help to transport lipids, including 
cholesterol and sphingolipids. Lipids are 
found in the membranes of every cell in 
the body. This is the outer layer of the 
cell that borders the cell, protecting it 
from the outside environment. 

Niemann-Pick disease arises when there 
is a build-up of these lipids, resulting in 
cell death. Ultimately, this can lead to 
organ damage. Niemann-Pick disease 
type C causes learning disabilities 
and difficulty with coordination, 
balance and speech. Symptoms 
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get progressively worse with age and lead to death during 
adolescence. Unfortunately, there are currently no therapies 
that are approved by the USA Food and Drug Administration for 
Niemann-Pick disease type C. Consequently, more research is 
required to further understand the disease and how to treat it. 

In 2015, Dr Vite and colleagues discovered potential treatment 
options. The team treated cats that share the NPC1 mutation 
with a drug known as 2-hydroxypropyl-beta-cyclodextrin. 
They injected the cats either beneath the skin or directly into a 
specific region of the brain known as the cisterna magna. They 
showed that injection under the skin could prevent symptoms 
from developing in the liver. However, high doses of the drugs 
were required and this led to dangerous side effects within the 
lungs. In contrast, direct administration of the drug into the 
brain had promising results. 

Furthermore, the researchers investigated biochemical markers 
of the disease and showed that the concentrations of harmful 
lipids and the death of specialised nerve cells were reduced. 
Additionally, the team utilised MRI scanning to show that 
there was less damage to the brain when cats were treated 
with the drug. Overall, this led to slower disease progression 
and prolonged survival time. This has provided hope for new 
treatment options for Niemann-Pick disease type C. 

Gene Therapy: A Potential Treatment for Krabbe Disease

Krabbe disease (globoid cell leukodystrophy) is a lysosomal 
storage disease that can also result in neurological defects. 
This disease is caused by inheriting a mutation in the GALC 
gene which encodes a specific enzyme, a type of protein that is 
responsible for breaking down lipids. 

In nerve cells, lipids are important components of the myelin 
sheath. This is a protective layer that surrounds the axons of the 
nerve cells that help to conduct signals in the nerves.  

When lipids build up, the myelin sheath has defected growth 
and it becomes damaged. This impairs the ability of nerve cells 
to conduct signals that control motor skills. When this occurs 
in developing infants, it can cause blindness, deafness and 
paralysis, culminating in death often by the age of two. This is 
known as infantile Krabbe disease. 

The only treatment for infantile Krabbe disease is to transplant 
stem cells from a healthy donor into the patient. Stem cells are 
cells that can transform into other cells and can produce the 
missing enzyme. Therefore, the stem cells prevent the onset of 
disease. However, stem cell transplants carry a large amount of 
risk and the treatment is often not effective in the long-term. 

More recently, Dr Vite and his team have shown that Krabbe 
disease that naturally occurs in dogs can be treated using 
gene therapy. A ‘healthy’ GALC gene can be delivered by a 
virus that can directly infect the cisterna magna in the brain. 
The idea behind this is that the gene will be delivered by the 
virus and will encode the ‘missing’ enzyme. The team looked 
for biochemical markers such as enzyme activity and the 
concentration of lipids to show that the therapy had worked. 
Additionally, they used an MRI scan to show that loss of myelin 
of the nervous system had reduced. Importantly, the therapy 
prevented neurological defects in dogs and allowed them to 
live 7 times longer than dogs that had not received the therapy. 
This is an especially promising treatment as hopefully, it will 
provide a suitable treatment option for those who cannot have 
stem cell transplants. 

Future Prospects and Research

Dr Vite and his colleagues have helped to characterise inherited 
neurological diseases and have presented new therapeutic 
options. They will continue their important work to improve 
our understanding of the detrimental diseases and provide new 
methods to evaluate new treatments and their outcomes. 
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Dr Charles Vite is a veterinary neurologist. For his PhD at 
the University of Pennsylvania, Dr Vite used gene therapy 
of the central nervous system to treat alpha-mannosidosis 
in a feline model. After completing his PhD in 2003, Dr Vite 
remained at the University of Pennsylvania and has served as 
a Professor of Neurology and Neurosurgery at the School of 
Veterinary Medicine since 2018. At present, Dr Vite also serves 
as Director of the National Referral Center for Animal Models 
of Human Genetic Disease (RCAM), a Center funded by the 
Office of the Director of the National Institutes of Health. The 
RCAM houses breeding colonies for over 40 canine and feline 
models of human genetic diseases. Ultimately, the goal of his 
laboratory is to improve the understanding and treatment of 
neurodegenerative diseases by studying naturally occurring 
animal models of human diseases. Dr Vite participates in 
multiple societies and serves as member and chair for multiple 
national committees. Additionally, he is an editor and member 
of editorial review boards for multiple journals. 
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