
 

Proteins with mutations in 'prion-like'
segments considered candidates for inherited
forms of ALS
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This shows the wing posture in a normal fly and a fly with hnRNPA2 mutation.
The mutant fly is weak and unable to maintain normal wing posture. Muscle
histology shows that hnRNPA2 is nuclear in normal flies, but accumulates in
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innumerable cytoplasmic aggregates in flies with the hnRNPA2 mutation.
Credit: Nam Chul Kim, St. Jude Children�s Research Hospital; Nature

A multi-institution group of researchers has found new candidate disease
proteins for neurodegenerative disorders. James Shorter, Ph.D., assistant
professor of Biochemistry and Biophysics at the Perelman School of
Medicine, University of Pennsylvania, Paul Taylor, M.D., PhD, St. Jude
Children's Research Hospital, and colleagues describe in an advanced
online publication of Nature that mutations in prion-like segments of two
RNA-binding proteins are associated with a rare inherited degeneration
disorder affecting muscle, brain, motor neurons and bone (called
multisystem proteinopathy) and one case of the familial form of
amyotrophic lateral sclerosis (ALS).

"This study uses a variety of scientific approaches to provide powerful
evidence that unregulated polymerization of proteins involved in RNA
metabolism may contribute to ALS and related diseases," said Amelie
Gubitz, Ph.D., a program director at the National Institute of
Neurological Disorders and Stroke (NINDS).

ALS, or Lou Gehrig's disease, is a universally fatal neurodegenerative
disease. Previous studies found that mutations in two related RNA-
binding proteins, TDP-43 and FUS, cause some forms of ALS, but more
proteins were suspected of causing other forms of the disease. TDP-43
and FUS regulate how the genetic code is translated for the assembly of
proteins.

There are over 200 human RNA-binding proteins, including FUS and
TDP-43, raising the possibility that additional RNA-binding proteins
might contribute to ALS pathology. Computer algorithms, based on 
protein sequences, designed to identify yeast prions predict that around
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250 human proteins, including several RNA-binding proteins associated
with neurodegenerative disease, harbor a distinctive prion-like segment.
These segments are essential for the assembly of certain protein
complexes. But, the interplay between human prion-like segments and
disease is not well understood.

Using yeast as a model organism, co-author Aaron Gitler, while at Penn
in 2011, surveyed 133 of 200-plus candidate human RNA-binding
proteins to predict new ALS disease genes, other than TDP-43 and FUS.
They further winnowed the candidates to about 10 proteins with prion-
like segments, and selected two candidates, TAF15 and EWSR1, for
further study. Both TAF15 and EWSR1 aggregated in the test tube and
were toxic in yeast.

Remarkably, they also uncovered TAF15 and EWSR1 mutations in ALS
patients that were not found in healthy individuals. Based on these
findings, they proposed that RNA-binding proteins with prion-like
segments might contribute very broadly to the pathology of ALS and
related brain disorders.

Characterizing the Top-Ten

Taylor, Gitler, Shorter, and others continued to characterize the top-ten
human RNA-binding proteins with prion-like segments. The Nature
study describes that two more of the top-ten candidates, called
hnRNPA1 and hnRNPA2B1, are mutated and cause familial cases of
brain disease. The mutations in hnRNPA1 and hnRNPA2B1 were
present in two families with an extremely rare inherited degeneration
affecting muscle, brain, motor neuron, and bone and another from a
person with familial ALS.

Mutations in these two proteins fell in the prion-like segments and
coincided with "sticky" regions in the proteins, making these regions
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more prone to assemble into self-organizing fibrils. The normal form of
the proteins shows a natural tendency to assemble into fibrils, which is
exacerbated by the disease mutations.

"The mutations accelerate the formation of the fibrils that recruit normal
protein to form more fibrils," noted co-first author Emily Scarborough,
from Penn. This dysregulated assembly likely contributes to disease.
Indeed, the disease mutations also promote excess incorporation of the
proteins into stress granules within a cell and the formation of clumps in
the cells of animal models of human neurodegenerative disease.

"Neurodegenerative disease could ensue from unregulated fibril
formation initiated spontaneously by environmental stress or another
factor that regulates a protein's assembly," says Scarborough.

"This paper reflects an amazing collaborative effort and provides a great
example of how understanding the underlying pure protein biochemistry
can help explain how genetic mutations might cause pathology and
disease," says Shorter.

"The findings confirm a strong prediction that the disease-causing
mutations make the prion-like segment 'stickier' and more prone to
clump," added co-first author Zamia Diaz, also from Penn.

Diseases associated with fibrils forming from prion-like domains in
proteins frequently show "spreading" pathology, in which cellular
degeneration via inclusions starts in one center of the brain and "spreads"
to neighboring tissue. Although not directly addressed in the Nature
study, the findings suggest that cell-to-cell transmission of a self-
templating protein could contribute to the spreading pathology that is
characteristic of these diseases.

"Related proteins with prion-like domains must be considered candidates
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for initiating and perhaps propagating similar pathologies in muscle,
brain, motor neurons, and bone," concluded Shorter.

  More information: dx.doi.org/10.1038/nature11922
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