
 

Alzheimer's: Newly identified protein
pathology impairs RNA splicing
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Move over, plaques and tangles.

Researchers at Emory University School of Medicine's Alzheimer's
Disease Research Center have identified a previously unrecognized type
of pathology in the brains of patients with Alzheimer's disease.

These tangle-like structures appear at early stages of Alzheimer's and are
not found in other neurodegenerative diseases such as Parkinson's
disease.

What makes these tangles distinct is that they sequester proteins involved
in RNA splicing, the process by which instructional messages from
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genes are cut and pasted together. The researchers show that the
appearance of these tangles is linked to widespread changes in RNA
splicing in Alzheimer's brains compared to healthy brains.

The finding could change scientists' understanding of how the disease
develops and progresses, by explaining how genes that have been linked
to Alzheimer's contribute their effects, and could lead to new
biomarkers, diagnostic approaches, and therapies.

The results are published in the Proceedings of the National Academy of
Sciences, Early Edition.

"We were very surprised to find alterations in proteins that are
responsible for RNA splicing in Alzheimer's, which could have major
implications for the disease mechanism," says Allan Levey, MD, PhD,
chair of neurology at Emory University School of Medicine and director
of the Emory ADRC.

"This is a brand new arena," says James Lah, MD, PhD, associate
professor of neurology at Emory University School of Medicine and
director of the Cognitive Neurology program. "Many Alzheimer's
investigators have looked at how the disease affects alternative splicing
of individual genes. Our results suggest a global distortion of RNA
processing is taking place."

This research was led by Drs. Levey, Lah, and Junmin Peng, PhD, who
was previously associate professor of genetics at Emory and is now a
faculty member at St Jude Children's Research Hospital. They were
aided by collaborators at University of Kentucky, Rush University, and
University of Washington as well as colleagues at Emory.

Accumulations of plaques and tangles in the brains of patients with
Alzheimer's disease were first observed more than a century ago.
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Investigating the proteins in these pathological structures has been
central to the study of the disease.

Most experimental treatments for Alzheimer's have aimed at curbing
beta-amyloid, an apparently toxic protein fragment that is the dominant
component of amyloid plaques. Other approaches target the abnormal
accumulation of the protein tau in neurofibrillary tangles. Yet the
development of Alzheimer's is not solely explained by amyloid and tau
pathologies, Lah says.

"Two individuals may harbor similar amounts of amyloid plaques and
tau tangles in their brains, but one may be completely healthy while the
other may have severe memory loss and dementia," he says.

These discrepancies led Emory investigators to take a "back to basics"
proteomics approach, cataloguing the proteins that make up insoluble
deposits in the brains of Alzheimer's patients.

"The Alzheimer's field has been very focused on amyloid and tau, and
we wanted to use today's proteomics technologies to take a
comprehensive, unbiased approach," Levey says.

The team identified 36 proteins that were much more abundant in the
detergent-resistant deposits in brain tissue from Alzheimer's patients.
This list included the usual suspects: tau and beta-amyloid. Also on the
list were several "U1 snRNP" proteins, which are involved in RNA
splicing.

These U1 proteins are normally seen in the nucleus of normal cells, but
in Alzheimer's brains they accumulated in tangle-like structures.
Accumulation of insoluble U1 protein was seen in samples from patients
with mild cognitive impairment (MCI), a precursor stage to Alzheimer's,
but the U1 pathology was not seen in any other brain diseases that were
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examined.

According to Chad Hales, MD, PhD, one of the study's lead authors, "U1
aggregation is occurring early in the disease, and U1 tangles can be seen
independently of tau pathology. In some cases, we see accumulation of
insoluble U1 proteins before the appearance of insoluble tau, suggesting
that it is a very early event."

For most genes, after RNA is read out from the DNA (transcription),
some of the RNA must be spliced out. When brain cells accumulate
clumps of U1 proteins, that could mean the process of splicing is
impaired. To test this, the Emory team examined RNA from the brains
of Alzheimer's patients. In comparison to RNA from healthy brains,
more of the RNA from Alzheimer's brain samples was unspliced.

The finding could explain how many genes that have been linked to
Alzheimer's are having their effects. In cells, U1 snRNP plays multiple
roles in processing RNA including the process of alternative splicing, by
which one gene can make instructions for two or more proteins.

"U1 dysfunction might produce changes in RNA processing affecting
many genes or specific changes affecting a few key genes that are
important in Alzheimer's," Lah says. "Understanding the disruption of
such a fundamental process will almost certainly identify new ways to
understand Alzheimer's and new approaches to treating patients."

  More information: B. Bai et al. U1 Small Nuclear Ribonucleoprotein
Complex and RNA Splicing Alterations in Alzheimer's Disease. PNAS
Early Edition (2013).
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