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研究成果の概要（和文）：本研究では、ALS/FTLD病態におけるTDP-43の機能とシナプス病態に着目した。ニュー
ロン特異的TDP-43ノックアウトマウス(TDP-43CKO)を作成し、Novel object recognition testを行い、
TDP-43CKOマウスは記憶障害を認めることが判明した。病理学的検証を行い、TDP-43CKO マウスではTDP-43ノッ
クアウトニューロンに変性は生じず、形態も保たれていたが、シナプス数が減少していることが観察された。 
次にニューロン特異的トランスクリプトーム解析を実施して、遺伝子発現を解析した。この解析により、シナプ
ス機能関連遺伝子の変化が認められた。

研究成果の概要（英文）：Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative 
disease, which affects both upper and lower motor neuron. Synaptic damage is observed in the early 
events, followed by neurodegeneration in ALS/FTLD. This study investigates the role of TDP-43 in 
synapse dysfunction during ALS progression. We created mice with conditional knockout of TDP-43 in 
neurons (TDP-43cKO). These mice exhibited reduced synapse numbers without obvious neuronal death and
 axonal damage. We isolated control and TDP-43 knockout neurons and analyzed their gene expression 
(RNAseq). This analysis revealed changes in genes associated with synapse function. Additionally, 
TDP-43cKO mice displayed memory deficits in novel object recognition test. 

研究分野：内科学
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研究成果の学術的意義や社会的意義
ALS/FTLDでは、シナプス損傷が特徴的な病理学的変化である一方、神経細胞におけるTDP-43タンパク質とシナプ
ス可塑性との関係は依然として不明である。我々の研究では、TDP-43タンパク質の喪失がマウスにおいてシナプ
ス喪失と機能障害を引き起こすことを明らかにした。この発見は、ALS治療への新たな可能性を示唆している。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Synapse formation and elimination are crucial for both the development of the central 

nervous system (CNS) and the pathogenesis of neurodegenerative diseases like 

amyotrophic lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD) 

(Cardozo et al., 2019). TDP-43, a major contributor to neurodegeneration in 

ALS/FTLD, binds to RNA targets involved in synaptic function (Alami., et al., Neuron 

2014). This suggests a role for TDP-43 in regulating synaptic plasticity through RNA 

transport and local translation. Recent evidence suggests that synaptic damage precedes 

neurodegeneration in ALS/FTLD (Darch et al., 2015; Qiu et al., 2014). Despite these 

insights, the exact role of neuronal TDP-43 in synaptic plasticity remains to be fully 

elucidated. 

２．研究の目的 

This study aims to investigate the specific roles of neuronal TDP-43 in regulating 

synaptic function within the context of ALS/FTLD pathogenesis. Unraveling this critical 

link between TDP-43 and synaptic plasticity holds immense promise for the development 

of targeted therapeutic strategies. By gaining a deeper understanding of how TDP-43 

disrupts the finely tuned balance of synapse formation and elimination, we may be able 

to develop interventions that slow or even prevent the progression of ALS and FTLD. 

 

３．研究の方法 

(1) Generation of neuron-specific TDP-43 knockout mouse:  

This study employed a genetically modified mouse model with a conditional knockout of 

TDP-43 specifically in neurons (TDP-43cKO). 

(2) Analysis of synaptic function in TDP-43cKO Mouse: 

Compared to control mice, a comprehensive analysis of synaptic function was conducted 

in the brains of TDP-43cKO mice. This involves a combination of techniques including 

immunohistochemistry, Western Blot, real-time PCR, and Golgi's staining. 

(3) Identifying TDP-43-regulated synaptic factors:  

This stage aims to identify the specific factors regulated by neuronal TDP-43 that 

control synaptic function. This was achieved by using fluorescence-activated cell 

sorting (FACS) and RNA sequencing (RNAseq). 

(4) Behavioral assessment of TDP-43cKO mouse: 

The functional consequences of TDP-43 loss on behavior were evaluated using the novel 

object recognition test.  

 

４．研究成果 

 

This study explores the impact of neuronal TDP-43 on synaptic function in the context 

of ALS/FTLD. To investigate this connection, we generated a neuron-specific TDP-43 

Figure 1. Synaptophysin+ signal was less 
detected in TDP-43cKO mouse compared 
with control mouse at the age of 3 months.
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knockout mouse model (TDP-43cKO) by crossing TDP-

43flox/flox mouse with CamKIICre/- mouse. This approach 

selectively removes TDP-43 in neurons, enabling us to 

isolate its effects on synaptic function. At 3 months 

of age, we observed a significant decrease in 

synaptophysin-positive synapses in the brains of TDP-

43cKO mice compared to controls (TDP-43flox/flox) (Figure 

1). This finding was corroborated by Golgi 

staining, which revealed altered synaptic 

morphology. Notably, NeuN and neurofilament 

expressions remained unchanged, suggesting that the observed synapse loss was not due 

to neuronal or axonal death. To assess the functional consequences of these synaptic 

alterations, we employed the novel 

object recognition test. TDP-43cKO 

mice displayed impaired memory 

compared to controls, strongly 

suggesting that the observed 

synaptic damage contributes to 

cognitive decline (Figure 2).  

To identify factors potentially regulated by neuronal TDP-43 and critical for synaptic 

function, we utilized green fluorescent protein (GFP)-tagged adeno-associated virus 

(GFP-flex-AAV) injected into the dentate 

gyrus of both control and TDP-43cKO mice. One 

month later, GFP-positive neurons were 

isolated from brain lysates, allowing for the 

purification of both normal and TDP-43 

knockout neurons. RNAseq performed on RNA 

isolated from these purified neurons revealed 

several genes potentially involved in 

synaptic regulation (Figure 3). Future 

studies will be crucial to elucidate the 

specific roles of these genes in the context 

of TDP-43 and synaptic function. 
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Figure 3. Flow-chart of analysis identifying the factors 
regulating synapse formation and elimination down-
stream of neuronal TDP-43.
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Figure 2. Novel object recognition test in TDP-43cKO mouse 
and control mouse.
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