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ABOUT THE STUDY
Infantile Neuroaxonal Dystrophy (INAD) is a rare, progressive 
neurodegenerative disorder that typically manifests in early 
childhood. Characterized by motor and cognitive regression, 
hypotonia and eventual spasticity, INAD presents significant 
challenges for affected individuals and their families. The disease 
is primarily caused by genetic mutations, and understanding 
these underlying causes is important for developing effective 
treatments.

Genetic causes of INAD

The primary genetic cause of INAD is mutations in the PLA2G6 
gene, located on chromosome 22. This gene encodes for 
phospholipase A2 group VI (PLA2G6), an enzyme involved in 
phospholipid metabolism. PLA2G6 plays an important role in 
maintaining membrane homeostasis by hydrolyzing 
phospholipids into free fatty acids and lysophospholipids. 
Mutations in this gene disrupt normal enzymatic activity, leading 
to the accumulation of abnormal lipids and subsequent 
neuronal dysfunction.

PLA2G6 mutations

The PLA2G6 mutations observed in INAD patients are diverse, 
including missense, nonsense, and splice-site mutations, as well 
as small insertions and deletions. These mutations result in 
either complete loss of enzyme activity or a reduction in its 
functionality. The degree of functional impairment correlates 
with disease severity and onset. Homozygous or compound 
heterozygous mutations are typically observed in affected 
individuals, highlighting the autosomal recessive inheritance 
pattern of INAD.

Role in neurodegeneration

The lack of functional PLA2G6 disrupts the delicate balance of 
lipid metabolism within neurons. This leads to axonal swelling, 
the prominent feature of INAD, where accumulations of

spheroids containing abnormal organelles and lipids are 
observed. These spheroids disrupt axonal transport and 
neuronal communication, contributing to progressive 
neurodegeneration. Additionally, mutations in PLA2G6 impair 
mitochondrial function, exacerbating oxidative stress and 
cellular damage.

Potential treatment approaches

Currently, there is no cure for INAD, and treatment options are 
largely supportive, focusing on managing symptoms and 
improving quality of life. However, advances in genetics, 
molecular biology, and neurodegenerative research have the way 
for potential therapeutic interventions.

Gene therapy: Gene therapy offers a potential avenue for 
treating INAD by directly discussing the genetic cause of the 
disease. Strategies such as Adeno-Associated Virus (AAV)-
mediated gene delivery can introduce a functional copy of the 
PLA2G6 gene into affected cells. Preclinical studies in animal 
models have demonstrated the feasibility of this approach, 
showing improved motor function and reduced 
neurodegeneration.

Enzyme Replacement Therapy (ERT): It involves administering 
recombinant PLA2G6 protein to restore enzymatic activity. 
While this approach has been successful in other lysosomal 
storage disorders, its application to INAD is limited by the 
difficulty of delivering the enzyme across the blood-brain barrier. 
Advances in nanoparticle-based delivery systems and intrathecal 
administration methods may overcome these barriers, making 
ERT a viable option.

Pharmacological interventions: Small molecules that target 
downstream effects of PLA2G6 dysfunction are being explored 
as potential treatments for INAD. For instance, antioxidants and 
mitochondrial stabilizers may help reduce oxidative stress and 
protect neurons from damage. Additionally, compounds that 
modulate lipid metabolism could potentially restore cellular 
homeostasis and slow disease progression.
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Challenges and future directions

Despite significant progress in understanding the genetic and 
molecular basis of INAD, several challenges remain in 
translating these insights into effective treatments. The rarity of 
the disease poses logistical and financial hurdles for conducting 
large-scale clinical trials. Additionally, the complexity of 
neuronal networks and the blood-brain barrier present 
significant obstacles to therapeutic delivery.

INAD is a devastating disorder with impacts on affected 
individuals and their families. The discovery of PLA2G6 
mutations as the primary genetic cause of INAD has provided 
valuable insights into its pathophysiology, for the development 
of targeted therapies.
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Stem cell therapy: Stem cell-based therapies offer another 
potential approach for treating INAD. By transplanting neural 
stem cells or induced Pluripotent Stem Cells (iPSCs) derived 
from the patient, it may be possible to replace damaged neurons 
and restore lost functions. While still in the experimental stage, 
stem cell therapy holds potential for discussing the widespread 
neuronal damage seen in INAD.

Personalized medicine: Advances in genetic sequencing and 
molecular profiling have enabled the development of 
personalized treatment strategies for rare diseases like INAD. 
Identifying specific mutations in PLA2G6 and understanding 
their impact on protein function can guide the design of 
targeted therapies. For example, small molecules or Antisense 
Oligonucleotides (ASOs) could be developed to correct splicing 
defects or stabilize mutant proteins.
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