
 

Solving the puzzle of Mitchell disease

April 16 2020, by Ana María Rodríguez, Ph.D.

  
 

  

Mitchell disease leads to progressive myelin loss in nerves. Sural nerve, a sensory
nerve in the calf region (sura) of the leg, stained with toluidine blue shows
healthy axons have normal myelin folding (Control, left). In contrast, on Mitchell
disease there is a moderate loss of large and small myelinated axons and two
actively degenerating axons (red arrows) with associated cells containing lipid
and myelin debris in nerve (right). Credit: the Bellen lab/Neuron, March 2020.

When a patient with puzzling neurological symptoms enrolled in the
Undiagnosed Diseases Network, researchers led by Dr. Hugo J. Bellen
were set on solving the mystery. The patient presented with an
unidentified late-onset neurodegenerative disorder. The team named this
new syndrome "Mitchell disease" in reference to the first patient to be
diagnosed with this disorder and looked to identify its genetic basis.
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"On comparing the patient's and his parents' DNA, the team identified a
mutation in the patient that resulted in a single amino acid substitution
(N237S) in the ACOX1 protein. This change was seen only in the patient
and was not present in either of his parents' DNA, indicating that the
patient had a de novo, or new, mutation on this gene,' said Bellen,
professor at Baylor College of Medicine and investigator at the Jan and
Dan Duncan Neurological Research Institute at Texas Children's
Hospital and also a Howard Hughes Medical Institute investigator. "With
the help of the online gene-matching tool GeneMatcher, we found two
more patients who had the same new mutation in the ACOX1 gene."

All three patients, who ranged from 3 to 12 years old at the time of 
disease onset, had remarkably similar clinical features, including
degeneration of peripheral nerves that caused a progressive loss of
mobility and hearing. The three individuals had identical gene variants, a
clear indication that ACOX1 dysfunction likely was the cause of the
symptoms.

A medical mystery

The finding that an ACOX1 mutation was linked to Mitchell disease
initially baffled the researchers. The only known ACOX1-related
disorder described in the medical literature at that time presented earlier
in infancy with seizures, severe cognitive decline, neuro-inflammation
and accumulation of very-long-chain-fatty acids in plasma and, more
importantly, was caused by the lack of the ACOX1 protein—none of
which was true for these three patients.

"The brain has large amounts of lipids, which are critical for the proper
functioning of the nervous system. Abnormal breakdown of lipids in the
brain and peripheral nervous system is associated with several
neurodegenerative diseases," Bellen said.
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The gene ACOX1 is involved in lipid breakdown. It produces an enzyme
called Acyl-CoA oxidase 1 that initiates a series of reactions that break
down very-long-chain-fatty acids in small intracellular organelles called
peroxisomes.

Fruit flies help solve the medical mystery

To resolve this conundrum, the Bellen team turned to fruit flies. The
first surprising discovery made by the lead author, Hyunglok Chung, was
that the ACOX1 protein is abundant and critical for the maintenance of
glia, cells that support neurons. This uncovered a previously unknown
role of peroxisomes in glial cells and paved the way for further
experiments.

To understand how ACOX1 variants affect the function of glia, they
generated two mutant fly lines, the first one lacked both the copies of
ACOX1 gene and the second, carried the substitution mutation (N237S)
found in one of the ACOX1 genes in the Mitchell disease patients.

"Flies lacking ACOX1 mimicked the symptoms of ACOX1 deficiency
in humans, including elevated levels of very-long-chain-fatty acids along
with dramatic loss of glia and neurons and progressively impaired
neuronal function. When we reduced the synthesis of very-long-chain-
fatty acids in these flies by administering the drug bezafibrate, we
observed significant improvement in lifespan, vision, motor coordination
and neuronal function, implicating elevated levels of these lipids and
their excessive accumulation in glia as an important contributor," said
Chung, postdoctoral fellow in the Bellen lab.

"It is remarkable how well bezafibrate suppressed the symptoms of
ACOX1 deficiency, suggesting a new therapeutic avenue for patients
with this condition," Bellen said.
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In contrast to the loss of ACOX1, the introduction of the single amino
acid substitution (N237S) in ACOX1 gene resulted in a hyperactive
ACOX1 protein. Typically, breakdown of very-long-chain-fatty acids by
the enzymatic action of ACOX1 produces small amounts of highly
reactive oxygen species, but glial cells quickly neutralize them. However,
in Mitchell's disease, hyperactive ACOX1 produces copious amounts of
toxic reactive oxygen species, leading to the destruction of glia and their
neighboring neurons.

The harmful effects due to hyperactive ACOX1 were potently reversed
with the antioxidant N-acetyl cysteine amide (NACA). However, NACA
did not suppress the lethality or toxic effects in flies that lacked
ACOX1, a clear indication that the two diseases act via entirely different
pathways and would need to be treated with two distinct therapeutic
strategies.

"This study is a prime example of how combining UDN's unique team
science approach with power of fruit fly genetics is facilitating rapid and
phenomenal progress in rare diseases research. We take on cases of
patients with conditions never described before, uncover new diseases
and find definitive molecular diagnosis for them. We make significant
progress in unraveling the causes of these novel diseases and rapidly
identify and test promising new treatment options," Bellen said. "We
have successfully identified more than 25 disease-causing genes within
the past three years—a task that typically takes many years."

The study appears in the journal Neuron.

  More information: Hyung-lok Chung et al, Loss- or Gain-of-Function
Mutations in ACOX1 Cause Axonal Loss via Different Mechanisms, 
Neuron (2020). DOI: 10.1016/j.neuron.2020.02.021
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