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In ALS, nuclear TDP-43 is mislocalized to cytoplasm and forms aggregates in

neurons and oligodendrocytes. Previous studies suggest that loss of TDP-43 function in motor neurons

induces and facilitates neurodegeneration in ALS pathogenesis. However, mechanisms of
neuron-oligodendrocyte interaction in ALS are still poorly understood. In this study, we generated
neuron-specific TDP-43 knockout mice and analyzed the neuron-OLG relationship in the TDP-43
loss-of-function conditions. In the pathological analysis, there was no obvious neuronal loss, but a
decrease in myelin formations was observed, especially in the hippocampal region of TDPcKO mice.
RNAseq analysis using neuron-specific mRNA identified several molecules expressed in neurons that
promote OLG differentiation and myelin formation. Factor A among the identified factors was
introduced into the hippocampus of TDPcKO mice in a neuron-specific manner, and restoration of
myelin was confirmed.
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease characterized by the
degeneration of upper and lower motor neuron. The progressive paralysis usually endanger life within 3-5
years, and more than 90% of ALS are sporadic with no known cause. TDP-43 is an RNA binding protein
that plays important role in regulating pre-mRNA splicing, RNA processing, RNA stability. Physiologically,
TDP-43 shuttles between nucleus and cytoplasm, however, in ALS nuclear TDP-43 is mislocalized to
cytoplasm and forms aggregates in neuron and oligodendrocyte. Loss of TDP-43 function in motor neurons
induces and facilitates neurodegeneration in ALS pathogenesis (Iguchi et al, 2013). Although the impact of
oligodendrocyte dysfunction and myelin damage has progressively received more attention and is now
considered to be one of the major contributing factors to ALS (Traiffort et al., 2020), mechanisms of neuron-
oligodendrocyte interaction in ALS are still poorly understood. In the preliminary study, we found that
degenerations of oligodendrocyte and loss of myelination in neuron-specific TDP-43 knockout mouse
(TDPcKO; TDP¥ox;: CamKII™®"). This finding suggests that TDP-43 in neurons is indispensable for

myelin formation.
2. BFEEOHEI
Although ALS research has been focused on the pathophysiology of ALS using neurons, microglia,

and astrocytes, the relationship between OLG and neurons remains largely unexplored. In this study,

we focus on the interconnection between TDP-43-associated neurons and OLG, and aim to identify

new therapeutic targets for ALS by elucidating the pathophysiology of the disease.

3. WHEDTIL

(1) Neuron specific TDP-43 knockout (TDPcKO) mouse was generated and used in this study.

(2) OLG and neuronal changes were analyzed by immunohistochemistry, Western Blot, and real time PCR.

(3) AAV-flex system was applied to express a specific molecule with the presence of Cre expression.

(4) Factors regulated by cytoplasmic TDP-43 were identified by FACS and RNAseq.

(5) RNA stability assay, RNA-IP and RNA pull-down assay were used to clarify the mechanism that
neuronal cytoplasmic TDP-43 regulating myelination.

(6) Behavioral tests including open field test, novel object recognition test and elevated plus-maze
test were performed in TDPcKO and control mice.
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neurons. Factors that match the following conditions were selected: (1) significantly down- or up-regulated
in the neurons of TDPcKO mouse compared to CamKII-Cre mouse; (2) compensated the expression change
in (1) by the cytoplasmic expression of TDP-43 in the neurons of TDPcKO mouse compared to TDPcKO
mouse; (3) known to regulate myelin formation (Figure 1). One of the identified factors is Factor A, a
presynaptic cell-adhesion protein. Factor A also regulates myelination and oligodendrocyte differentiation.
The validation was done by qPCR and immunohistochemistry, and it was confirmed that cytoplasmic TDP-
43 regulates Factor A mRNA expression.

Next, mRNA stability assay was done with primary neurons from TDPcKO mouse. As a result, the
depletion of TDP-43 facilitated Factor A mRNA degradation, suggesting that cytoplasmic TDP-43
stabilizes Factor A mRNA. Then, RNA-IP with TDP-43 antibody or IgG was performed. Real time RT-
PCR show that Factor A mRNA could bind to TDP-43. Finally, we proved that TDP-43 could bind 3’UTR
of Factor A mRNA with RNA pull-down assay.
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