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Protein Clumps in ALS Neurons Provide
Potential Target for New Therapies

Left: Normal human neuroglioma cell line. Middle: Cells

exposed to the toxin arsenite, an example of cellular stress, get

clumps of the protein TDP-43 (colored red). Right: When

arsenite-exposed cells are treated with the chemical compound

mitoxantrone, TDP-43 no longer clumps.

Amyotrophic lateral sclerosis (ALS) is a neurological condition that affects motor neurons — the

nerve cells that control breathing and muscles. Under a microscope, researchers have noticed

that the motor neurons of patients with ALS contain excessive aggregation of a protein called

TDP-43. Since TDP-43 proteins stuck in these aggregates can’t perform their normal function,

the scientists believe this build-up contributes to motor neuron degeneration, the hallmark of

ALS.

In a study published July 1, 2019 in Neuron, UC San Diego School of Medicine researchers

discovered that prolonged cellular stress, such as exposure to toxins, triggers TDP-43 clumping

in the cytoplasm of human motor neurons grown in a laboratory dish. Even after the stress is

relieved, TDP-43 clumping persists in ALS motor neurons, but not in healthy neurons.

The team then screened and identified chemical compounds (potential precursors to

therapeutic drugs) that prevent this stress-induced, persistent TDP-43 accumulation. These

compounds also increased the survival time of neurons with TDP-43 proteins containing an

ALS-associated mutation.

“These compounds could provide a starting point

for new ALS therapeutics,” said senior author Gene

Yeo, PhD, professor at UC San Diego School of

Medicine and faculty member in the Sanford

Consortium for Regenerative Medicine.

Yeo and team, including first author Mark Fang,

PhD, who was a graduate student in Yeo’s lab at the

time, generated motor neurons from induced

pluripotent stem cells (iPSCs) that had been

converted from human skin cells. To mimic cellular aspects of ALS, they exposed these

laboratory motor neurons to toxins such as puromycin, which stressed the cells and led to TDP-

43 clumps.
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Normally, TDP-43 proteins help process molecules called messenger RNA, which serve as the

genetic blueprints for making proteins. But when they clump outside the nucleus, TDP-43

proteins can’t perform their normal duty, and that can have a profound effect on many cellular

functions.

The researchers tested thousands of chemical compounds for their effects on RNA-protein

aggregation. They were surprised to find compounds that not only reduced the overall amount

of clumping by up to 75 percent, but also varied clump size and number per cell.

Some of the compounds tested were molecules with extended planar aromatic moieties —

arms that allow them to insert themselves in nucleic acids, such as DNA and RNA. TDP-43 must

bind RNA in order to join ALS-associated clumps. Thus, according to Yeo, it makes sense that a

compound that interacts with RNA would prevent TDP-43 from clumping.

“While these findings still need to be tested in model organisms and there is more work to do

before a potential therapy could one day be tested in patients,” Fang said, “these compounds

already expand our toolbox for unraveling the relationship between RNA-protein aggregations

and neurological disease.”

ALS, also known as Lou Gehrig’s disease, affects more than 20,000 Americans. Currently, there

are no effective treatments for ALS, largely due to poor understanding of how the disease

initiates and progresses at the molecular level. The disease is invariably fatal.
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