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研究成果の概要（和文）：ハンチンチン関連タンパク質1（HAP1）は、in vitroの実験系において神経変性に対
する保護因子であることが示唆されている。本研究では、野生型マウスとHAP1-TGマウスを用いて、脊髄、脳
幹、およびそれらに関連する筋肉におけるHAP1の時空間的発現を調べた。 その結果、HAP1は感覚ニューロンと
自律神経ニューロンには豊富に発現しているが、運動ニューロンとそれに関連する筋肉には全く発現が見られな
かった。このことから、運動ニューロンはHAP1の保護機能を欠いているために神経変性を起こしやすいことが示
唆された。本成果は、運動ニューロン疾患の新たな診断法や治療法の開発に繋がることが期待される。

研究成果の概要（英文）：Huntingtin-associated protein 1 (HAP1) is a neural huntingtin interactor and
 being considered as a protective factor against neurodegenerative apoptosis in vitro. Here, we  
examined the spatio-temporal expression of HAP1 in spinal cord, brain stem and their associated 
muscles, using wild-type mice and motor-neuron-specific HAP1-TG mice that we genetically engineered 
using Cre-LoxP technology in our laboratory.  HAP1 is abundantly expressed in the spinal sensory and
 autonomic neurons but completely lacking in motor neurons and their associated muscles, suggesting 
that the motor neurons due to lack of HAP1-protectivity, are more vulnerable to neurodegeneration. 
The outcome of our study may shed light on yet-to-be-uncovered new diagnostic or therapeutic 
applications for motor neuron diseases.

研究分野： Neuroanatomy
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研究成果の学術的意義や社会的意義
The outcome of our study may lead to create a motor neuron-degeneration-resistant-mice model in near
 future and will shed light on yet-to-be-uncovered new diagnostic or therapeutic applications for 
motor neuron diseases including ALS, Hirayama disease, spinal muscular atrophy and SBMA. 

※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、研究者個人に帰属されます。
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１．研究開始当初の背景 
 

Huntingtin-associated protein 1 (HAP1) is a neural huntingtin interactor and being 
considered as a protective factor against neurodegenerative apoptosis in vitro. In normal 
rodent brains, HAP1 is localized to the stigmoid body (STB) that was originally identified 
in our previous study as a neuronal inclusion (Shinoda et al.1992, J.Comp.Neurol 
322:360-376). We have showed that the STB/HAP1 can bind with the causal agents of 
several neurodegenerative diseases and suppresses apoptosis and cell death in vitro 
(Takeshita et al. 2006, Human Mol Genet 15:2298-2312). Taken together, HAP1 has been 
considered as a protective factor against neurodegeneration. Motor neuron disease 
(MND) represents a group of neurodegenerative diseases, including like amyotrophic 
lateral sclerosis (ALS) and spinal bulbar and muscular atrophy (SBMA), that primarily 
affect the motor neurons resulting progressive paralysis and death (Rezina and Roos, 2013 
Neurol Clin 31:219-239). To date, it is not clearly known why only motor neurons are the 
main target for neurodegeneration in MNDs. With a view to uncover a new diagnostic or 
therapeutic applications for motor neuron disorders, the key question to investigate in this 
study is, whether HAP1 can protect the motor neurons from neurodegeneration in vivo.  
 
２．研究の目的  
The purpose of this study is to clarify the in vivo protective effects of HAP1 against motor 
neuron degeneration. To achieve the goal, we set out to examine the spatio-temporal 
expression of HAP1 in the motor neurons of spinal cord, in brain stem as well as in motor 
neuron-associated muscles of facial expression and thigh region. Another purpose was to 
investigate the differences in motor function behavior test battery between wild-type mice 
and motor-neuron-specific HAP1- transgenic (TG) mice that we genetically engineered 
using Cre-LoxP technology in our laboratory.  
 
３．研究の方法  
 

We have examined wild-type and genetically-modified mice in our present study. We have 
employed Polymerase chain reaction, Western blotting, immunohistochemistry, rodent 
behavior technique and neuroanatomical analyses methods. We have also used light-, 
fluorescence- and electron microscopy.  
 
４．研究成果  
 

Since I used transgenic and HAP1-Knockout mice in the present study, I examined the 
HAP1 expression in mouse spinal cord and brain stem and their associated muscles. It 
was found that there were no species differences in the expression of HAP1 in rodents. 
To clarify the ontogeny of HAP1-immunoreaction in the motor neurons, I examined the 
complete profile of the HAP1-expression in the mouse spinal cord and brain stem of 
embryonic and neonatal stages. Our results confirmed that HAP1-expression is present in 
the sensory and autonomic neurons but absent in motor neurons and their associated 
muscles of rodent spinal cord, brain stem and their associated muscles, suggesting that 
the spinal/brain stem motoneurons and their associated muscles are, due to lack of 



putative HAP1 protectivity, more vulnerable to neurodegeneration. 
 

In addition to spinal cord and brain stem, we have also examined the HAP1 
expression in a cognitively important brain region, the retrosplenial-retrohippocampal 
area of brain in light of the relationship between neurodegenerative diseases. Here, 
HAP1-immunoreactive (ir) cells were classified into five groups: (1) a distinct 
retrosplenial cell cluster exclusive to the superficial layers of the granular cortex, (2) a 
thin line of cells in layers IV/V of the "subiculum-backing cortex," (3) cells associated 
with the medial entorhinal-subicular corner, (4) pericallosal cells, and (5) sporadic, 
widely-disseminated HAP1-immunoreactive cells. HAP1 may play an important role in 
protecting these cortical structures and functions for higher nervous activity by increasing 
the threshold to neurodegeneration and decreasing vulnerability to stress or aging. 

Finally, to examine the protective functions of HAP1 from against 
neurodegeneration in vivo, we have generated motor neuron specific HAP1-transgenic 
(TG) mice. A motor function-related behavioral test battery comparison between aged-
wild type and aged-HAP1-TG mice, which includes locomotor activity test, hang test, 
paw print analysis, rotarod and grip strength test, is under process. 
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