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博士論文の要旨  

 

氏 名  堀尾 朋世 

 

論文題目   

神経変性疾患因子FUS及びTDP-43の神経RNA顆粒への集積は、RNG105/caprin1の

動態を上昇させてシナプス損失を引き起こす 

(Regulation of RNG105/caprin1 dynamics by pathogenic cytoplasmic FUS and TDP -43 

in neuronal RNA granules modulates synaptic loss) 

 

Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are 

incurable neurodegenerative diseases. A contributing feature of these diseases is 

decreased synaptic density and loss of mature dendritic spines before the neuronal loss. 

A common histopathological hallmark of ALS and FTD neurons is the cytoplasmic 

aggregation of fused-in-sarcoma (FUS) and TAR DNA binding protein 43 (TDP-43), 

RNA-binding proteins (RBPs) normally located in the nucleus and play multiple 

functions in RNA metabolism. In ALS and FTD neurons, FUS and TDP-43 translocate 

excessively from the nucleus to the cytoplasm and accumulate within cytoplasmic RNA 

granules. RNA granules, formed by liquid-liquid phase separation (LLPS), play roles 

under physiological conditions in transporting mRNAs encoding proteins required for 

synapse formation/potentiation from the cell body to dendrites, and locally translating 

those mRNAs in response to synaptic stimulation. The accumulation and eventual 

aggregation of FUS and TDP-43 within RNA granules are thought to influence LLPS 

status and RNA granule function. However, it is unclear whether FUS and TDP -43 

accumulation in RNA granules affects the dynamics of other RNA granule components 

that normally regulate RNA granule function, and whether such changes in the dynamics 

of RNA granule components are related to the FUS- and TDP-43-induced impairment 



of synapse formation/potentiation. 

To address this issue, I used primary cultured neurons from the mouse cerebral 

cortex to investigate the effects of  FUS and TDP-43 overexpression on the dynamics of 

RNA granule scaffold RBPs such as FMRP, Staufen1 (Stau1), Stau2, Pumilio2 (Pum2), 

and RNG105 (a.k.a. caprin1). First, using fluorescence recovery after photobleaching 

(FRAP) and cell permeabilization assays, I found that FUS and TDP-43 accumulation 

in dendritic RNA granules increased RNG105 dynamics and facilitated its dissociation 

from the granules. This dissociation was specific for RNG105 and was not observed for 

FMRP, Stau1/2, or Pum2. 

Since RNG105 is reportedly responsible for the transport of mRNAs in dendrites 

and essential for synaptic plasticity and long-term memory formation, alterations in the 

dynamics of RNG105 within RNA granules was thought to affect mRNA localization 

and local translation in/near the granules. I therefore investigated the effects of FUS 

and TDP-43 on mRNA localization and translation in RNG105-localizing RNA granules 

in dendrites. Fluorescence in situ hybridization (FISH) with a poly(dT) probe and 

analysis of translation activity using the SunTag system revealed that the accumulation 

of FUS and TDP-43 in RNA granules reduced the levels of mRNA and translation 

in/near the granules. 

To validate whether these reductions were mediated by the dissociation of 

RNG105 from the granules, I generated RNG105 mutants that are not dissociated from 

RNA granules by FUS or TDP-43. To this end, I first identified the FUS- and TDP-43-

sensitive domain of RNG105 as the RNA-binding domain (RBD) RBD1. I then replaced 

RNG105 RBD1 with the RBDs of Pum2 and Stau1 to generate RNG105 mutants that 

stably localize to RNA granules. Indeed, these RBD1-substituted mutants abrogated the 

FUS- and TDP-43-induced increased dynamics and dissociation from dendritic RNA 

granules. These non-dissociable RNG105 mutants suppressed the reduction of mRNA 

and translation levels in RNA granules. Furthermore, they suppressed the loss of 



dendritic spines caused by FUS and TDP-43. These results suggested that the defects 

caused by FUS and TDP-43 were mediated by dissociation of RNG105 from RNA 

granules. 

In conclusion, this study showed that the accumulation of FUS and TDP -43 in 

RNA granules increases the dynamics of RNG105 and dissociates it from the granules, 

which mediates the FUS- and TDP-43-caused defects including loss of mRNA and 

translation in/near the granules and synapse formation impairment. FUS and TDP -43 

have been thought to co-aggregate with RNA granule components and exert toxic effects 

through suppression or sequestration of components essential for neural function. 

Contrary to this co-aggregation model, I found that FUS and TDP-43 increased the 

dynamics of RNG105 and caused it to dissociate from RNA granules. The newly 

discovered mode of regulation that excludes the required factors, RNG105 and its 

associated mRNAs, from RNA granules provides a novel model for FUS- and TDP-43-

induced RNA granule dysfunction. 






