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Abstract: Gene therapy is a promising treatment approach for rare/orphan neurological diseases
that have limited treatment options and no cure. This article provides a brief overview of different
types of rare hereditary neurological diseases and discusses existing gene therapy drugs approved
for their treatment. Despite challenges associated with the development and implementation of
gene therapy, including cost, delivery, and long-term safety and efficacy, the potential benefits of
gene therapy make it a compelling area of research for the treatment of rare hereditary neurological
diseases.
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Introduction

Rare hereditary neurological diseases, also known as orphan diseases, encompass a

wide range of genetic disorders that primarily affect the nervous system and are often
caused by mutations in a single gene. These diseases are considered rare, affecting less
than 1 in 2000 people, and can have a profound impact on quality of life. There are over
7000 identified rare hereditary diseases, many of which affect the nervous system, and
new ones are discovered each year [1]. However, only a few have effective treatments
available. Some common examples of rare hereditary neurological diseases include Hun-
tington's disease, Amyotrophic Lateral Sclerosis (ALS), Spinal Muscular Atrophy (SMA),
Metachromatic Leukodystrophy (MLD), and Tay-Sachs disease (TSD) [2-4]. These diseases
are often progressive and can have a significant impact on the affected individual and their
families, leading to reduced lifespan and substantial morbidity. Symptoms can vary
greatly, ranging from motor deficits and cognitive decline to sensory abnormalities and
seizures.

Rare hereditary neurological diseases are inherited in an autosomal dominant, auto-
somal recessive, or X-linked manner, depending on the gene affected and the specific mu-
tation involved. Autosomal dominant disorders are caused by a mutation in one copy of
the gene and the affected individual has a 50% chance of passing the mutation on to their
offspring. Examples of autosomal dominant disorders include Huntington's disease and
Spinocerebellar ataxia (SCA) [5, 6]. Autosomal recessive disorders are caused by mutations
in both copies of the gene, and the affected individual must inherit two copies of the mu-
tated gene, one from each parent. Examples of autosomal recessive disorders include SMA
and MLD [2, 3]. X-linked disorders are caused by mutations in genes located on the X
chromosome and often affect males more severely than females because they have only
one copy of the X chromosome. An example of an X-linked neurological disorder is X-
linked adrenoleukodystrophy (ALD), which affects the nervous system, specifically the
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myelin that surrounds and protects nerve cells in the brain [7]. Some hereditary neurolog-
ical diseases are multifactorial with poorly understood etiology.

Currently, there is no cure for the majority of rare hereditary neurological diseases,
and treatment options are limited. Symptomatic treatment can help manage the symptoms
of the disease and improve the patient's quality of life. This may include physical therapy,
speech therapy, and medication to manage pain and other symptoms. However, these
treatments do not address the underlying genetic cause of the disease and are often not
effective in stopping or reversing the disease progression. Therefore, there is a critical need
for new and innovative therapies, such as gene therapy, to treat these devastating diseases.

Gene therapy is a promising treatment approach for rare hereditary neurological dis-
eases. It involves the delivery of a functional copy of the mutated gene with the aim of
restoring normal gene function or compensating for the loss of gene function due to mu-
tation, or suppressing defective gene to prevent it from causing disease. In addition, gene
therapy can directly affect the human genome through the insertion, deletion, or modifi-
cation (gene editing) of specific genes in a person's genome.

Several preclinical and clinical studies have been conducted for various rare heredi-
tary neurological diseases to evaluate the safety and efficacy of gene therapy. However,
there are just few gene therapy drugs approved worldwide to treat hereditary neurological
diseases.

Discussion

Spinraza is an FDA-approved medication that was first approved in 2016 for the
treatment of spinal muscular atrophy (SMA), a rare genetic disorder caused by a defi-
ciency of the survival motor neuron (SMN) protein. Spinraza is an antisense oligonucleo-
tide that works by increasing the production of functional SMN protein, which is critical
for the survival of motor neurons that control muscle movement. It is administered
through intrathecal injection directly into the spinal canal, and multiple doses are required
over the course of the patient's lifetime. Spinraza has been shown to be effective in im-
proving motor function and extending survival in patients with SMA.

Zolgensma is another gene therapy drug that was approved by FDA in 2019 for the
treatment of SMA. Zolgensma is a one-time infusion of a functional copy of the SMN1
gene, delivered using an adeno-associated virus (AAV) vector, which is designed to re-
place the defective gene and restore normal gene function. It is considered a promising
therapy for SMA, with clinical trials demonstrating significant improvements in motor
function and survival in infants treated with Zolgensma.

Libmeldy (cryopreserved autologous CD34+ cells transduced with lentiviral vector
containing human ARSA gene) - Approved by the European Medicines Agency in 2021
for the treatment of metachromatic leukodystrophy caused by mutations in the ARSA
gene. Libmeldy is administered as a one-time infusion directly into the cerebral spinal
fluid via a catheter placed in the brain.

Other gene therapy drugs for inherited diseases exist, such as Luxturna for the treat-
ment of inherited retinal disease caused by mutations in the RPE65 gene, or Glybera for
the treatment of lipoprotein lipase deficiency caused by mutations in the LPL gene. These
conditions are not primarily neurological disorders, but they do affect some functions of
the nervous system.

Despite the promising results of these studies, there are still many challenges to over-
come in the development and implementation of gene therapy for rare hereditary neuro-
logical diseases. These challenges include the delivery of the therapy to the appropriate
cells and tissues, the potential for immune responses to the viral vectors used for gene
delivery, and the long-term safety and efficacy of the therapy.

Cost is a major consideration when it comes to gene therapy drugs for hereditary
neurological diseases. These treatments are often very expensive, with prices ranging
from hundreds of thousands to millions of dollars per patient. For example, Zolgensma,
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one of the most expensive drugs in the world, costs around $2.1 million per treatment.
The high cost of gene therapy drugs for hereditary neurological diseases has raised con-
cerns about access to these treatments, as they may not be covered by insurance or gov-
ernment healthcare programs. This has led to debates about how to make these treatments
more affordable and accessible to those who need them. In the Russian Federation, certain
gene therapy drugs for hereditary neurological diseases may be provided to eligible pa-
tients free of charge through the Fund for the Support of Children with Severe Life-threat-
ening and Chronic Diseases, including Rare (orphan) diseases, "Circle of Good", which
was established by the Order of the President of the Russian Federation No. 16 of
05.01.2021.

At Kazan Federal University, we are actively engaged in developing gene and gene-
cell therapy drugs for the treatment of rare (orphan) hereditary diseases, including ALS,
MLD, TSD, and others [3, 4, 8]. Additionally, we are researching the use of gene therapy
drugs to stimulate neuroregeneration and provide neuroprotection through expression of
various growth factors, which can potentially help patients with neurological diseases and
trauma by slowing down disease progression and aiding in recovery after other treat-
ments [9, 10].

Conclusions

In conclusion, rare hereditary neurological diseases are a diverse group of genetic
disorders that have a significant impact on the affected individuals and their families.
Currently, treatment options are limited, and there is no cure for these devastating dis-
eases. Gene therapy is a promising approach for the treatment of rare hereditary neuro-
logical diseases, and there have been promising results in preclinical and clinical studies.
However, further research is needed to overcome the challenges and ensure the safety
and efficacy of gene therapy for these disorders.
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