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Abstract

Amyotrophic lateral sclerosis (ALS) is a neurological disorder
that causes muscle weakness and atrophy due to motor neuronal
degeneration. In most ALS cases, TDP-43 is abnormally deposited
mainly in neurons, but it was unclear how TDP-43 functions in neu-
rons and how the deposition of TDP-43 causes ALS.

TDP-43 has been shown to bind to a large number of mRNAs
and act on their intracellular maturation and transport. We focused
on axons, which are the protruding structures of neurons, and
identified mRNAs encoding ribosomal protein (ribosome protein
mRNASs) as targets transported to axons by TDP-43. TDP-43 trans-
ports ribosomal protein mRNAs to axons to maintain the amount of
ribosomal proteins produced in axons, which in turn maintains the
number of ribosomes to translate various proteins in axons, which
leads to maintaining the morphology and function of neurons (Figs.
1and 2).

‘ Background & Results

We established a method for collecting only the axon portion
from cultured neurons, and used that method to search for mRNAs
that are reduced in the axons of neurons in which TDP-43 was re-
duced by the microarray method. As a result, multiple ribosomal
protein MRNAs were identified as a group of genes that were sig-
nificantly reduced.

Ribosome proteins are proteins that constitute ribosome, which
is an intracellular apparatus essential for translating proteins from
mRNAs, and has a great influence on the translation efficiency of
the entire protein by the ribosome. Analysis using cultured neurons
revealed that ribosomal protein mRNAs co-localize with TDP-43 in
a granular manner, ribosomal protein mRNAs and TDP-43 bind to
each other, and the transport of granules containing ribosomal pro-
tein MRNAs to the axons was reduced due to a decrease in TDP-
43. It was also found that ribosomal protein mRNAs transported to
axons are translated into ribosomal proteins in axons by stimulation
of neurons, and plays an important role in maintaining the transla-
tion function of ribosomes.

When TDP-43 is decreased in cultured neurons and neurons in
mouse brains, axon elongation gradually deteriorates, but when
each ribosomal protein mRNA is overexpressed at the same time,
axon elongation was confirmed to improve (Fig. 2). Furthermore,
when the motor neurons of the brain tissue of ALS patients with
abnormal TDP-43 deposition were examined, it was found that mul-
tiple ribosomal protein mRNAs were decreased.

From the above, TDP-43 has the function of transporting riboso-
mal protein mRNAs to the axon in neurons, thereby supplying the
ribosomal proteins in the axon to maintain the translation function
by the ribosome. It was also clarified that the synthesis of various
proteins in the axons was impaired and the elongation of the axons
was inhibited, which were presumed to be associated with the on-
set of ALS (Fig. 1).

‘ Significance of the research and Future perspective

In the future, it will be possible to develop a fundamental ther-
apeutic method for ALS based on a new mechanism of action by
transporting ribosomal protein MRNAs to axons, translating it there,
and identifying drugs that increase the function of ribosomes in ax-
ons.
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Fig. 1. Model of ALS pathogenesis by TDP-43 deposition
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Fig. 2. Protective effects of Rp on axon outgrowth deficit by TDP-43 KD
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