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Scientists discover a rare neurological disease
involving cellular recycling

February 10 2023, by Anna Rogers
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Bi-allelic variants in ATG4D segregate with a neurodevelopmental disorder in
three individuals from two unrelated families. a Neuroimaging of Individual 1
showing mild cerebellar atrophy disproportionately involving the superior
cerebellar hemispheres and vermis at 5 years 3 months (arrowhead in
T2-weighted sagittal view image, left panel). There were no remarkable
neuroimaging findings for Individual 2 at 1 year 3 months (arrow in T1-weighted
sagittal view image, right panel). b Photographs of the affected individuals
showing a common facial gestalt characterized by almond-shaped eyes, a
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depressed nasal bridge, and a prominent Cupid’s bow. Age at the time of the
photos is 5 years 3 months for Individual 1, 4 years 8 months for Individual 2,
and 3 years 5 months for Individual 3. Written consent was obtained for the
publication of photographs. ¢ The pedigrees of two unrelated families with at
least one affected individual exhibiting a neurodevelopmental disorder show
segregation of compound heterozygous ATG4D variants with disease. d
Schematic of the ATG4D gene showing the relative location of each variant
(asterisks). The schematic is to scale, while the variant position is approximate. e
Schematic of the ATG4D cysteine protease and its functional domains including
the peptidase family C54 domain (dark gray), a cryptic mitochondrial signal
peptide (light green), a BH3 domain (green), and a caspase 3 cleavage site
(arrowhead). The location of the predicted amino acid changes is indicated
(asterisks). The schematic and variant position are to scale. f Alignment of
missense variants in ATG4D across multiple species including human (Homo
sapiens), chimpanzee (Pan troglodytes), mouse (Mus musculus), dog (Canine
familiaris), African clawed frog (Xenopus laevis), zebrafish (Danio rerio), fruit
fly (Drosophila melanogaster), nematode (Caenhabdoritis elegans), and budding
yeast (Saccharomyces cerevisiae). The amino acid residue of interest is indicated
by the arrowhead and the level of conservation is indicated by the intensity of the
color. Credit: npj Genomic Medicine (2023). DOI: 10.1038/s41525-022-00343-8

Researchers at the National Institutes of Health have discovered a new
neurological condition characterized by issues with motor coordination
and speech. They report their findings in npj Genomic Medicine.

Scientists from NIH's National Human Genome Research Institute
(NHGRI) and Undiagnosed Diseases Program (UDP) identified three
children with the condition, two siblings and an unrelated child. The
three children all had issues with motor coordination and speech, and
one child had abnormalities in the cerebellum, the part of the brain
involved in complex movement among other functions. Additionally, the
children all had mutations in both copies of the ATG4D gene.
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ATGA4D aids in the cellular housekeeping process called autophagy,
which cells use to break down and recycle damaged proteins and other
defective pieces of the cell to stay healthy. Autophagy is a fundamental
process used by cells throughout the body, but neurons are particularly
dependent on autophagy for survival. However, little is known about how
ATGA4D contributes to healthy neurons.

The first evidence of ATG4D's effects on brain health came from a
2015 study in which researchers identified a genetic neurological disease
among Lagotto Romagnolo dogs, an Italian breed known for their fluffy
coats and truffle-hunting abilities. The affected dogs had abnormal
behavior, atrophy of the cerebellum, issues with motor coordination and
eye movement and ATG4D mutations.

While this 2015 study invigorated research interest in ATG4D's role in
the brain, scientists had yet to connect ATG4D to any neurological
disease in humans.

"Among genetic diseases, we've solved many of the lower hanging
fruits," said May Christine Malicdan, M.D., Ph.D., NHGRI staff
scientist and senior author of the study. "Now, we're reaching for the
higher fruits—genes like ATG4D that are more difficult to
analyze—and we have the genomic and cellular tools to do so."

Computational analyses predicted that the three children's ATG4D
mutations would produce dysfunctional proteins. However, three other
genes in the human genome serve very similar roles to ATG4D, and in
some cells, these other genes may compensate for a loss of ATG4D.

While all cells in the body share the same genome, some genes are more
important for certain cells. When the researchers studied the children's
ATG4D mutations in skin cells, the variants did not affect the cells'
recycling process, but this may not be true in the brain.
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"The brain is so complex, and neurons have very specialized functions.
To fit those functions, different neurons use different genes, so changes
in redundant genes can have major impacts in the brain," said Malicdan.

To simulate cells that rely more heavily on ATG4D, the researchers
deleted the similar genes in cells grown in the laboratory and then
inserted the children's ATG4D mutations. The researchers determined
the cells with the children's ATG4D mutations could not carry out the
necessary steps for autophagy, indicating that the children's symptoms
are likely caused by insufficient cellular recycling.

Still, much about ATG4D remains unknown. "We have only a bird's eye
view of many important cellular processes like autophagy," said
Malicdan. A rare disease that involves changes in one gene can help
tease apart how that gene acts in a broadly important cellular process.

Other components of autophagy are involved in common neurological
disorders, such as Alzheimer's disease. Knowledge of this rare
neurological disorder could lead to new avenues of research about
ATG4D's involvement in more common conditions.

"That's the million-dollar question in rare disease research," said
Malicdan. "Rare diseases can help us understand biological pathways, so
we can better understand how those pathways contribute to other rare
and common conditions."

NIH researchers and clinicians continue to work with the children in this
study, and the researchers are aiming to identify more patients.
Treatments are many steps away, but by learning more about ATG4D
and autophagy, researchers may be able to develop new treatments for
this condition and others involving autophagy pathways.

More information: Marie Morimoto et al, Bi-allelic ATG4D variants
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are associated with a neurodevelopmental disorder characterized by
speech and motor impairment, npj Genomic Medicine (2023). DOL:
10.1038/541525-022-00343-8
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