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メーカーとの共同研究・寄附講座を設置
• 最低年間3,000万の3年間-計9,000万で設置（13講座の設置）
• 神経学講座では、武⽥薬品、⼩野薬品、協和キリン、エーザイ、⼤塚、住友ファーマ、藤本製薬、ゼブラ

ホールディングス、坪⽥ラボ、ボストンサイエンティフィック、メデトロニック、UFJ, IBM etcと共同研究講
座設置した

• 成果は上がっているが、社会実装化まで到達できた講座は皆無
• メーカーとの話合いで共同研究するのに時間がかかる⇒スピード感がない
• ⽇本メーカーは⽯橋を叩いて渡る精神がメインである
• ドライラボとして坪⽥ラボとバイオレットライトを使った治療、ゼブラホールディングと書字障害のモニタリング

システムの構築
• ⇒バイオレットライトを使った幻覚治療、デジタルペンによる神経変性疾患の鑑別、

ニューロフィードバック治療の開発
• Parkinson LaboとAIの開発⇒診断の均霑化（脳梗塞), 診断時間の縮⼩化, 神経変性疾患のAI

診断
• 三菱UFJ信託銀⾏、グローリーと認知症診断の構築
• 診断技術や治療薬の開発はハードルが⾼く社会実装化に時間がかかる
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これまで共同研究講座等設置に関して平均6ヶ⽉を要した



超⾼齢社会ではパーキンソン病・認知症は増加の⼀途をたどる︕

パーキンソン病患者の予測⼈数

年

患
者
数
単
位
10
0万
⼈

2015年
690万⼈

2040年
1400万⼈

JAMA Neurol 2018

パーキンソン病は

世界的にパンデミックになると予測

超⾼齢社会ではパーキンソン病や認知症を早期に発⾒することが⼤事
新規治療⽅法、簡易診断システムの開発を⽬指す

85歳

80歳

75歳 90歳

⾼齢者の
4⼈に1⼈は認知症もしくはMCI

厚⽣労働省

パーキンソン病患者は難病受給者の中で最多
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パーキンソン病はドパミン神経細胞が少なくなることが原因

動作がゆっくり（動作緩慢）

筋⾁が固くなる
振え

発 症 15〜20年

疑い〜発症〜進
⾏

発症10〜20年前

運動症状・異常タンパク質蓄積ドパミン神経細胞の数が減る
異常

正常

神経変性開始 運動症状 診断

前駆期（未病） 疑い 発症

歩くことが難しくなる

発病する前に認められる症状
（前駆症状）

レム睡眠時⾏動異常症
便秘
嗅覚低下

パーキンソン病正常

⿊いところがドパミン神経

特徴としてレビー⼩体がある

Poewe. et al. Nat Rev Dis Prim 2018.
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サブタイプ分け
•Many different mechanisms
•多くの遺伝性PDが存在する
•臨床経験からも遺伝学的にもPDは⼀つではない
• PDの診かたを変える必要がある

•将来 – ⽬の前にいるPDはどんなタイプ? ⇒ Precision Medicineへ

神経炎症 ミトコンドリア機能 リソソーム系 プリオン蛋⽩

Targeted Treatments?
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FPD with SNCA missense mutations 
and multiplication
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Singleton et al. 2003, Science

2003

Endogenous control
Target gene

Triplication

Duplication

Normal

Deletion

Value
4/2=2.0

3/2=1.5

2/2=1.0

1/2=0.5

The value always is calculated 
by target gene / endogeneous gene.

シヌクレイン遺伝子が多いとPDを発症する

Nishioka K, et al. Ann Neurol (2008)
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α-シヌクレイン遺伝⼦とコピー数

• Duplication

• Triplication

mild 
PDD/DLB

severe
PDD/DLB

• Missense
mutations
(A53T etc)

• Normal copy
number

PD/PDD
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臨床症状はシヌクレイン遺伝⼦のコピー
数に依存する



α-シヌクレインタンパクの発現量が多いと疾患を発症する

Gene (DNA) mRNA Protein

Disease

核酸治療で発現を抑える治療が有効

mutation, etc. disease-causing
 protein

Traditional drug 
or antibody

（シード特異的抗体）

Antisense drug
（核酸治療の開発）
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産学官のコンソーシアムの構築ができない︖
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⽣物学的バイオマーカーPD
S（シヌクレイン） and G（遺伝⼦） anchors

アルツハイマー病 (AD) の疾患修飾療法である抗体療法（レカネマブ）は
早期ADやMCIに有効

⇩
早期診断の必要性



Potential biomarkers of Parkinson’s disease
Can we detect  abnormal α-Synuclein seeds in blood sample?

Kalia and Lang Lancet Lancet 2015;386:896-912

11



レム睡眠行動異常症は、Parkinson‘s disease, PDD, and DLB 
発症のリスクである
Hershey L, et al. Neurology (2013)

• Evidence is strong (12 centers study)
• Long term - conversion rate is high!

• 早期診断と早期治療介⼊で発症を抑えることが可能

example, if smoking was truly neuroprotective, but
worked selectively upon nigral dopaminergic neurons,
smokers would not be protected from a nondopami-
nergic prodromal state (eg, idiopathic RBD10). Once
in this prodromal state, however, they may have a
higher proportion of dementia-first conversion.

2. Risk factors for PD/DLB may not always increase
progression rates. Depending on their mechanism,
factors that increase risk of disease may be completely
independent of progression rate through a disease’s
prodromal/clinical stages (or may even associate with
slower progression). For example, if risk factors work
by producing only an early reserve-reducing single
hit, without accelerating progression, they might be
associated with RBD, but not with faster progression
from RBD to defined disease.

3. Risk factors may also be early disease manifestations.
If some supposed risk factors are actually symptoms
or signs of PD or DLB, they should increase likeli-
hood of progression from prodromal stages to full
clinical disease.

4. Finally, differences between disease convertors and
nonconvertors can also be due to nonsynucleinopathy
RBD causes (unrecognized brainstem stroke, purely
pharmacologically caused RBD, etc). However, long-
term cohort studies suggest that the large majority
aged >50 years do have underlying synucleinopathy,
arguing that our findings relate more to progression
rate rather than presence or absence of
synucleinopathy.2,3,6

Overall, most environmental risk factors were simi-
lar between progressors and nonprogressors. This suggests

that idiopathic RBD is predominantly a single entity (ie,
prodromal synucleinopathy), rather than a heterogeneous
syndrome (with many nonsynucleinopathy cases). The
positive association with age may suggest that older
patients have fewer compensatory mechanisms to prevent
clinical expression of disease. Also, note that although
idiopathic RBD is diagnosed much more commonly in
men, women had similar risk of neurodegeneration.

The absence of clear protection of caffeine and
smoking against both idiopathic RBD10 and its progres-
sion to PD/DLB is intriguing. The inverse relationship
between caffeine/smoking and PD is among the most
robust findings in epidemiology. Nonuse of caffeine may
also increase DLB.19 Numerous studies suggest that
RBD in PD marks a disease subtype, characterized par-
ticularly by prominent gait impairment, autonomic dys-
function, and increased dementia risk.20–22 This may
suggest that PD is broadly heterogenous, not only in its
clinical symptoms, but also in its risk factors, with the
RBD-PD/DLB subtype exhibiting a unique risk factor
profile. It should be noted, however, that confidence
intervals of caffeine and smoking effects in our study
include an OR as low as 0.4; therefore, a larger study
might have demonstrated a protective effect.

Also puzzling is the connection between pesticide
exposure and slower progression, given that pesticides are
a well-established risk factor for PD, and that exposure is
more common among idiopathic RBD patients than
controls.10 Given the age of the cohort, most pesticide
exposure (especially occupational exposure) would have
been in the past. This could suggest that pesticides
increase PD by producing a single hit reserve-reducing
lesion, with subsequent slower progression through pro-
dromal stages. It would be of considerable interest to see
if PD patients with occupational pesticide exposure also
have slower progression once clinical disease has started.

With regard to medications as risk factors, there
were 2 notable negative findings. First, there was no rela-
tionship between antidepressant use and a lower risk of
progression, as was previously reported.23 This may
reflect patient selection differences. If a center systemati-
cally excludes patients taking antidepressants at diagnosis,
then any patients with newly prescribed antidepressants
at the time of questionnaire are likely to have developed
new depression, a prodromal sign of neurodegeneration.
This might cancel out lower conversion risk among cen-
ters that include antidepressant-triggered RBD. The sec-
ond negative finding is the absence of protection by
calcium channel blockers, either from progression or
from idiopathic RBD.7 There have been suggestions that
dihydropyridine calcium channel blockers prevent nigral
degeneration by reducing excitoxicity,24 but

FIGURE 1: Kaplan–Meier analysis plotting disease-free sur-
vival (ie, Parkinson disease, dementia with Lewy bodies, and
multiple system atrophy) in patients with idiopathic rapid
eye movement sleep behavior disorder. [Color figure can be
viewed in the online issue, which is available at wileyonline-
library.com.]

Postuma et al: Risk Factors in RBD

May 2015 837

279 subjects with RBD

25% が神経変性疾患に移⾏

3

41%が神経変性疾患に移⾏

5

Postuma et al Ann Neurol 2015

Articles

446 www.thelancet.com/neurology Vol 12 May 2013

defined the duration of any emerging defined 
neurodegenerative syndrome as the interval between the 
time of its diagnosis and the time of the last follow-up 
assessment or death.

We estimated rates of neurological-disease-free survival 
by means of the Kaplan-Meier method.43 We assessed 
disease-free survival rates from both the date of IRBD 
diagnosis in our sleep unit and the date of the onset of 
RBD symptoms (according to patients’ and bed partners’ 
reports) to the date of the diagnosis of the defined 
neurodegenerative syndrome or to the last follow-up visit 
for censored observations. All analyses were done with 
SPSS version 18.0. 

Role of the funding source
There was no funding source for this study. The 
corresponding author had full access to all the data in the 
study and had final responsibility for the decision to 
submit for publication.

Results
We previously reported that by the 2005 assessment, 
20 (45%) of 44 patients developed a defined 
neurodegenerative syndrome after a median interval of 
11 years (range 5–23) from the estimated onset of RBD 
symptoms, and after a median follow-up of 4·5 years 
(range 2–15).19 Nine patients were diagnosed with PD, six 
with DLB, one with multiple system atrophy, and four with 
mild cognitive impairment (figure 1). During the additional 
7-year follow-up period, seven of the individuals who were 
disease-free in 2005 developed PD by 2012, five developed 

DLB, and four developed mild cognitive impairment. 
Three of the four patients diagnosed with mild cognitive 
impairment in 2005 progressed to DLB during the 
additional 7-year period (fi gure 1).

Overall, of the 44 patients with IRBD from our original 
cohort, two disease-free patients were already deceased in 
2005 and two disease-free patients were lost to follow-up in 
2007; by 2012, four patients remained disease-free and 
36 (82%) were diagnosed with a defined neurodegenerative 
syndrome: 16 with PD (five of whom later developed 
dementia), 14 with DLB, one with multiple system atrophy, 
and five with mild cognitive impairment (fi gure 1). In 
these 36 patients, the median interval between estimated 
RBD onset and diagnosis of a defined neurodegenerative 
syndrome was 12 years (range 3 to 23), and the median 
interval between IRBD diagnosis and diagnosis of a 
defined neurodegenerative syndrome was 6 years 
(range 1 to 14). In our cohort of 44 participants, the median 
follow-up from IRBD diagnosis to the last visit or to death 
was 10·5 years (range 2–16). In 2012, the median age (age 
at last visit and at death) was 80·0 years (range 67–86). The 
rates of neurological-disease-free survival from time of 
IRBD diagnosis were 65·2% (95% CI 50·9 to 79·5) at 
5 years, 26·6% (12·7 to 40·5) at 10 years, and 7·5% 
(−1·9 to 16·9) at 14 years. The rates of neurological-disease-
free survival from estimated time of RBD onset were 
88·6% (79·2 to 98·0) at 5 years, 74·9% (62·0 to 87·8) at 
10 years, 41·3% (25·8 to 56·8) at 15 years, 16·1% (4·2 to 28) 
at 20 years, and 4% (−3·4 to 11·4) at 25 years (fi gure 2).

Eight patients from our cohort were free from a 
defined neurodegenerative syndrome at the time of the 

Figure 2: Rates of neurological-disease-free survival according to the time of (A) IRBD diagnosis and (B) estimated RBD onset 
IRBD=idiopathic rapid-eye-movement (REM) sleep behaviour disorder. RBD=REM sleep behaviour disorder.
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パーキンソン病の経過

• 疾患修飾療法は早期PDをリクルートして全て失敗している︖
• 発症時には60％の細胞脱落を認める
• 早期診断可能なバイオマーカーが必要である

Seminar

898 www.thelancet.com Vol 386 August 29, 2015

levodopa-resistant symptoms of late-stage Parkinson’s 
disease contribute substantially to disability and are 
strong predictors of a need for admission to an 
institution and mortality.18

Risk factors
Parkinson’s disease is recognised as the most common 
neurodegenerative disorder after Alzheimer’s disease.19,20

Prevalence of Parkinson’s disease seems higher in Europe, 
North America, and South America (estimated crude 
prevalence for all ages: 66–1500 per 100 000,21 111–329 per 
100 000,22 and 31–470 per 100000,23 respectively) compared 
with African, Asian, and Arabic countries (estimated 
crude prevalence for all ages: 10–43 per 100 000,24

15–119 per 100 000,25 and 27–43 per 100000,26 respectively). 
The incidence of Parkinson’s disease ranges from 
10–18 per 100 000 person-years.27 Gender is an established 
risk factor, with the male-to-female ratio being approx-
imately 3:2.28 Ethnicity is also a risk factor for the disease. 
In the USA, incidence is highest in people of Hispanic 
ethnic origin, followed by non-Hispanic Whites, Asians, 
and Blacks.27 Age is the greatest risk factor for the 
development of Parkinson’s disease. The prevalence and 
incidence increase nearly exponentially with age and peak 
after 80 years of age.29,30 This trend has important public 
health implications; with an aging population and rising 
life expectancy worldwide, the number of people with 
Parkinson’s disease is expected to increase by more than 
50% by 2030.19

Other risk factors for Parkinson’s disease include 
environmental exposures (figure 2). Results of a meta-
analysis14 examining 30 different potential risk factors 
identifi ed 11 environmental factors that significantly 
altered the risk of Parkinson’s disease. The factors that 

Figure 1: Clinical symptoms and time course of Parkinson’s disease progression
Diagnosis of Parkinson’s disease occurs with the onset of motor symptoms (time 0 years) but can be preceded by a premotor or prodromal phase of 20 years or more.
This prodromal phase is characterised by specific non-motor symptoms. Additional non-motor features develop following diagnosis and with disease progression, 
causing clinically significant disability. Axial motor symptoms, such as postural instability with frequent falls and freezing of gait, tend to occur in advanced disease. 
Long-term complications of dopaminergic therapy, including fluctuations, dyskinesia, and psychosis, also contribute to disability. EDS=excessive daytime sleepiness. 
MCI=mild cognitive impairment. RBD=REM sleep behaviour disorder.
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Panel 2: Rapid eye movement sleep behaviour disorder
and Parkinson’s disease

Definition
Rapid eye movement sleep behaviour disorder (RBD) is a 
parasomnia characterised by abnormal or disruptive 
behaviours (eg, talking, laughing, shouting, gesturing, 
grabbing, punching, kicking, sitting up in bed), which occur 
during rapid eye movement sleep and are often related to 
dream enactment

Diagnosis
The International Classifi cation of Sleep Disorders (ICSD-2)
diagnostic criteria for RBD9 requires overnight 
polysomnogram to document the presence of rapid eye 
movement sleep without atonia (ie, sustained or 
intermittent muscle activity measured by electromyogram) 
and to rule out mimics (eg, obstructive sleep apnoea, 
non-rapid eye movement parasomnia, seizure)

Treatment
RBD is primarily treated with clonazepam or melatonin at 
bedtime10

Significance
RBD can be associated with sleep disruption or injuries to 
the affected individual or bed partner. Individuals with 
isolated RBD have an increased risk of developing a 
neurodegenerative disease (including Parkinson’s disease, 
Lewy body disease, multiple system atrophy): 18–35% risk 
at 5 years and 40–75% risk at 10 years;11–13 patients with 
Parkinson’s disease and RBD tend to have a disease subtype 
characterised by more severe autonomic dysfunction, gait 
impairment, and dementia

www.thelancet.com/neurology Vol 8 December 2009 1153
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DLB (with and without parkinsonism) from PDD. In 
the meantime, from a purely pathological perspective, 
the two disorders cannot be differentiated, and the 
probability statement indicates only the likelihood that 
the pathology would contribute significantly to the 
Lewy-related cognitive disorder (DLB or PDD; table 3). 
The implicit assumption is that Alzheimer’s 
disease-associated pathology in PDD is similar to that 
often noted in prospectively studied DLB and associated 
with plaque-predominant pathology,54 although this 
awaits confirmation. 

Lewy pathology in the absence of neuronal loss in 
the SNpc
Not all cases with Lewy pathology have moderate to 
severe neuronal loss and gliosis in the SNpc. Evidence 
suggests that such cases might be preclinical or 
prodromal PD, but this remains to be proven.36,57–61 Lewy 
pathology in such cases can be detected in neurons and 
their processes beyond the CNS, including neurons in 
the peripheral autonomic nervous system. Additionally, 
this pathology is found in the olfactory bulb and the 
spinal cord. According to the PD staging scheme 
proposed by Braak and colleagues,62 patients with Lewy 
pathology confined to these regions could be at the 
earliest stages of PD. In the setting of Alzheimer’s 
disease, Lewy pathology can be found mainly or 
sometimes only in the amygdala.43,63,64 The clinical 
correlates of these lesions in Alzheimer’s disease need to 
be determined, including the unlikely possibility that 
they represent prodromal PD.

Future directions 
The recommended criteria are provisional and need to be 
validated. Ideally, validation studies would be based on 
the determination of the reliability, sensitivity, and 
specificity of the neuropathological diagnostic criteria by 
a group of neuropathologists65,66 or by prospective 
evaluation of patients at postmortem examination, with 
clinical observations close to the time of death. Such 
examinations of the neuropathological and genetic basis 
of PD are likely to provide greater understanding of the 
basic pathophysiology of PD that will lead to the 
generation of better cellular and animal models, and the 
development of novel therapeutic interventions. We 
suggest that these further investigations should address 
the following questions discussed below (panel 2).

What is the clinical significance, frequency, and 
distribution of Lewy pathology without clinical 
parkinsonism? 
Lewy pathology occurs as an incidental finding in about 
5–20% of non-symptomatic individuals older than
60 years,67 and is occasionally interpreted as a byproduct 
of neuronal ageing or an epiphenomena of other
neurobiological processes. Lewy pathology can also be
viewed as an alteration in early presymptomatic phases

of the disorder.68,69 Cases with incidental Lewy pathology 
and individuals with clinically overt PD can be assigned 
to neuropathological subgroups on the basis of widely 
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Figure: Semi-quantitative assessment of the density of pigmented neurons in the SNpc 
Left images show templates of the distribution of pigmented neurons in healthy controls (A) and in patients with 
PD with mild (B), moderate (C), or severe (D) loss of pigmented neurons. The severity of the pigmented cell loss in 
PD is not homogeneous and should be primarily assessed in the ventral and lateral regions of the SNpc (boxed area 
in A), to correlate with the severity of motor symptoms. Right images show examples of the density of pigmented 
neurons in this region from actual cases (×40 magnification) in transverse haematoxylin and eosin-stained 
sections. 3n=exiting 3rd nerve fibres. cp=cerebral peduncle. PD=Parkinson’s disease. R=red nucleus. 
SNpc=substantia nigra pars compacta. 
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DLB (with and without parkinsonism) from PDD. In
the meantime, from a purely pathological perspective,
the two disorders cannot be differentiated, and the 
probability statement indicates only the likelihood that
the pathology would contribute significantly to the 
Lewy-related cognitive disorder (DLB or PDD; table 3).
The implicit assumption is that Alzheimer’s 
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their processes beyond the CNS, including neurons in 
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pathology confined to these regions could be at the 
earliest stages of PD. In the setting of Alzheimer’s 
disease, Lewy pathology can be found mainly or 
sometimes only in the amygdala.43,63,64 The clinical 
correlates of these lesions in Alzheimer’s disease need to 
be determined, including the unlikely possibility that 
they represent prodromal PD.

Future directions 
The recommended criteria are provisional and need to be 
validated. Ideally, validation studies would be based on 
the determination of the reliability, sensitivity, and 
specificity of the neuropathological diagnostic criteria by 
a group of neuropathologists65,66 or by prospective 
evaluation of patients at postmortem examination, with 
clinical observations close to the time of death. Such 
examinations of the neuropathological and genetic basis 
of PD are likely to provide greater understanding of the 
basic pathophysiology of PD that will lead to the 
generation of better cellular and animal models, and the 
development of novel therapeutic interventions. We 
suggest that these further investigations should address 
the following questions discussed below (panel 2).

What is the clinical significance, frequency, and 
distribution of Lewy pathology without clinical 
parkinsonism? 
Lewy pathology occurs as an incidental finding in about 
5–20% of non-symptomatic individuals older than
60 years,67 and is occasionally interpreted as a byproduct 
of neuronal ageing or an epiphenomena of other
neurobiological processes. Lewy pathology can also be
viewed as an alteration in early presymptomatic phases
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and individuals with clinically overt PD can be assigned 
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DLB (with and without parkinsonism) from PDD. In
the meantime, from a purely pathological perspective,
the two disorders cannot be differentiated, and the 
probability statement indicates only the likelihood that
the pathology would contribute significantly to the 
Lewy-related cognitive disorder (DLB or PDD; table 3).
The implicit assumption is that Alzheimer’s 
disease-associated pathology in PDD is similar to that
often noted in prospectively studied DLB and associated
with plaque-predominant pathology,54 although this 
awaits confirmation. 

Lewy pathology in the absence of neuronal loss in 
the SNpc
Not all cases with Lewy pathology have moderate to 
severe neuronal loss and gliosis in the SNpc. Evidence 
suggests that such cases might be preclinical or 
prodromal PD, but this remains to be proven.36,57–61 Lewy 
pathology in such cases can be detected in neurons and 
their processes beyond the CNS, including neurons in 
the peripheral autonomic nervous system. Additionally, 
this pathology is found in the olfactory bulb and the 
spinal cord. According to the PD staging scheme 
proposed by Braak and colleagues,62 patients with Lewy 
pathology confined to these regions could be at the 
earliest stages of PD. In the setting of Alzheimer’s 
disease, Lewy pathology can be found mainly or 
sometimes only in the amygdala.43,63,64 The clinical 
correlates of these lesions in Alzheimer’s disease need to 
be determined, including the unlikely possibility that 
they represent prodromal PD.

Future directions 
The recommended criteria are provisional and need to be 
validated. Ideally, validation studies would be based on 
the determination of the reliability, sensitivity, and 
specificity of the neuropathological diagnostic criteria by 
a group of neuropathologists65,66 or by prospective 
evaluation of patients at postmortem examination, with 
clinical observations close to the time of death. Such 
examinations of the neuropathological and genetic basis 
of PD are likely to provide greater understanding of the 
basic pathophysiology of PD that will lead to the 
generation of better cellular and animal models, and the 
development of novel therapeutic interventions. We 
suggest that these further investigations should address 
the following questions discussed below (panel 2).

What is the clinical significance, frequency, and 
distribution of Lewy pathology without clinical 
parkinsonism? 
Lewy pathology occurs as an incidental finding in about 
5–20% of non-symptomatic individuals older than
60 years,67 and is occasionally interpreted as a byproduct 
of neuronal ageing or an epiphenomena of other
neurobiological processes. Lewy pathology can also be
viewed as an alteration in early presymptomatic phases

of the disorder.68,69 Cases with incidental Lewy pathology 
and individuals with clinically overt PD can be assigned 
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ThT
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凝集期

チオフラビンT
（蛍光なし） チオフラビンT

（蛍光あり）

ヒトリコンビナント
α-シヌクレイン

シード

原理︓異常構造タンパクが正常タンパクを巻き込み異常増
幅する性質を利⽤し、微量なシードを検出。

RT-QuIC法︓ASシードを⾼感度に検出する⽅法

蛍光強度
（凝集度）

時間

＋

＋

蛍光強度の測定と、
凝集速度等複数のパラメー
ター値を算出することにより定
量的な解析が可能。

Atarashi et al. Nat Med 2011
Fairfole et al. Ann Clin Transl Med 2016
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News! Assessment of heterogeneity among participants in 
the Parkinson's Progression Markers Initiative cohort using

α-synuclein seed amplification: a cross-sectional study
Andrew Siderowf et al. Lancet Neurol 22,(5), 407-417, 2023
APRIL 12, ONLINE IN LANCET NEUROLOGY

この検査⽅法（a-syn seed amplification assays︓RT-QuIC）は、ついに「パーキ
ンソン病の⽣物学的診断の基礎を築いた」と⾔われ、臨床的・⾝体的変化が認められ
る前から病気を発⾒することが可能になった。しかし、脳脊髄液の採取は従来の検査
法に⽐べて負担が⼤きく、パーキンソン病発⾒の⼿がかりとしてαシヌクレインを普
及させるためには、⾎液検査など負担の少ない⽅法の開発が必要である。

Propagative α-synuclein seeds as serum biomarkers for 
synucleinopathies

Okuzumi A, Hatano T, Matsumoto G, Hattori, N, et al. Nat Med 2023
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⾎清アルファシヌクレインシードの同定; IP/RT-QuIC

3．ビーズの抗体がアルファシヌクレインのシード
をくっつけて集めることができる（濃縮）

1. ビーズに抗MJFR-1抗体（抗アル
ファシヌクレイン抗体）を加える

2.患者⾎清と混ぜる
RT-QuIC法で増幅

⾎清から微量なα-シヌクレインシードを検出
直ぐ企業と連携をとったが、我々の進捗待ち
検査時間の短縮を⽬指した化合物の探索

陽性

陽性

陰性

陰性

陽性 陰性

120時間(武田と共同研究で進めている）

Okuzumi A, Hatano T, et al. Nature Medicine 2023
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シヌクレイノパチーには, Parkinsonʼs disease (PD) , Dementia with 
Lewy bodies (DLB)とMultiple System Atrophy (MSA)がある

PD, DLB (Dementia with 
Lewy bodies )⇒ゆっくり進⾏する

MSA⇒進⾏が早くレボドパに反応しない

Onset

Yahr I
Hemi-parkinsonism

Masked Face

Akinesia

Rigidity

Gait Dist.

Yahr II
Bilateral 
Parkinsonism

Rest Tr
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Axial-Symptoms

Hesitation

Festination Disarthria

N
on-M

otor
M

otor

Prodromal Phase
Constipation
RBD
Hyposmia 

Swallowing Dist, Salivation,
Fluctuations, Fall, 
Dyskinesai

Dementia, UTI, 
Pneumoniae

Yahr IV V
Wheel Chair
Bed-Ridden

15-20Y年5Y 7-10Y Onset

Hemi- or Bilateral 
Parkinsonism

Masked Face

Akinesia

Rigidity

Gait Dist
Cerebellar Ataxia

Axial Symptoms

Tremor
Myoclonus

Wheelchair

Marked Gait Dist.
Obstructed Urine Dyst.
Marked OH

N
on-M

otor
M

otor

Constipation, 
Depression, RBD, OH, 
Wheezing, ANS 
dysfunctions

Swallowing Dist. Vocal palsy, 
Respiratory Dist. Salivation

Dementia, PEG, 
Thoracostomy, Wasting

Bed Ridden

6-8Y

Balance Dyst.
Cerebellar Ataxia

3-5Y

Impaired Communication

Rapid-eye 
movement sleep 
behavior disorder 
(RBD)
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細胞アッセイによるPD, DLB, MSAを鑑別する試み

凝集体の観察

⾎清ASシードの導⼊ P
D

PD>MSA, DLB MSA>PD, DLB DLB>PD, MSA

GFP結合A53Tαsyn安定
発現HEK293T細胞

通常蛍光顕微鏡

パーキンソン病 多系統萎縮症 レビー⼩体型認知症

超解像度蛍光顕微鏡

紐型 ⾼密度型 中密度型

⾎清アルファシヌクレインシードの同定; IP/RT-QuIC

封⼊体全体を囲み強い蛍光強
度を呈している⾯積を測定

Okuzumi A, Hatano T, et al. Nature Medicine 2023
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Nishikawa N, et al. Parkinsonism and Rel Disord (2022)

0
0.5
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1.5
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-4 -2 0 2

MIBG_HM ratio

DaT_SBR_Zscore

H/M ratio 1.8

SBR_Zscore -2.0 MIBG→DaT→(n=5)

MIBG↓DaT→(n-74)MIBG↓DaT↓(n=29)

MIBG→DaT↓(n-0)
= brain-first type

= body-first type

PSG –proven RBD
synucleinopat

hy
(PD/DLB/MSA)

Longuitudinal assessments (clinical, cognition, imaging, Blood&CSF )

パーキンソン病発症予防のための発症前バイオマーカーの同定
⽇本⼈集団におけるPSGで証明されたレム睡眠⾏動異常症の前向きコホート研究

initial assessment (n=108)

multivariate analysis
  SBR-Z score :MoCA-J , BMI 
  MIBG H/M ratio: MoCA-J

BMI, Cognition, Olfactory, Autonomic
the probability of prodromal PD

MIBG→DaT→ < MIBG↓DaT→ < MIBG↓DaT↓

DaTとMIBGはいずれもRBD患者のフェノコンバージョンのリスクを層別化するのに有⽤
iRBDのa-シヌクレイン病態は広範な全⾝病変を有する可能性がある
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遺伝⼦マーカー
G marker
SNCA, LRRK2, GBA etc

ドパミン神経変性
D marker

Genetic Risk No symptoms (αSyn+)

Stage I (HY 0)

A B

Stage II (HY 1) Stage III-VI

Symptoms (αSyn+)

Biological Stagingの重要性

No symptoms

Symptoms++(αSyn+)
A B

Lancet Neurol 2024

The neuronal α-synucleinopathy integrated staging system (NSD-ISS)

⽣物学的バイオマーカーにむけて
a-Syn
S marker

臨床症状

SAA

DAT-SPECT
Melanin MRI

現⾏
臨床症状のみ

今後
α-Synの凝集を中⼼とした
バイオロジカルステージング
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GBA遺伝⼦とパーキンソン病

• GBAはゴーシェ病の原因として発⾒
• I型ゴーシェ病の酵素補充療法で⻑期⽣存
例はパーキンソン病を発症
•ゴーシェ病は潜性遺伝性だが家系内のヘテ
ロ変異保因者にパーキンソン病が多発
• GBAはパーキンソン病の強⼒な遺伝的リスク
として同定
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Mutations in the Glucocerebrosidase Gene 
and Parkinson’s Disease in Ashkenazi Jews
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background
A clinical association has been reported between type 1 Gaucher’s disease, which is
caused by a glucocerebrosidase deficiency owing to mutations in the glucocerebrosi-
dase gene (GBA), and parkinsonism. We examined whether mutations in the GBA gene
are relevant to idiopathic Parkinson’s disease.

methods
A clinic-based case series of 99 Ashkenazi patients with idiopathic Parkinson’s dis-
ease, 74 Ashkenazi patients with Alzheimer’s disease, and 1543 healthy Ashkenazi
Jews who underwent testing to identify heterozygosity for certain recessive diseases
were screened for the six GBA mutations (N370S, L444P, 84GG, IVS+1, V394L, and
R496H) that are most common among Ashkenazi Jews.

results
Thirty-one patients with Parkinson’s disease (31.3 percent; 95 percent confidence in-
terval, 22.2 to 40.4 percent) had one or two mutant GBA alleles: 23 were heterozygous
for N370S, 4 were heterozygous for 84GG, 3 were homozygous for N370S, and 1 was
heterozygous for R496H. Among the 74 patients with Alzheimer’s disease, 3 were
identified as carriers of Gaucher’s disease (4.1 percent; 95 percent confidence interval,
0.0 to 8.5 percent): 2 were heterozygous for N370S, and 1 was heterozygous for 84GG.
Ninety-five carriers of Gaucher’s disease were identified among the 1543 control sub-
jects (6.2 percent; 95 percent confidence interval, 5.0 to 7.4 percent): 92 were heterozy-
gous for N370S, and 3 were heterozygous for 84GG. Patients with Parkinson’s disease
had significantly greater odds of being carriers of Gaucher’s disease than did patients
with Alzheimer’s disease (odds ratio, 10.8; 95 percent confidence interval, 3.0 to 46.6;
P<0.001) or control subjects (odds ratio, 7.0; 95 percent confidence interval, 4.2 to
11.4; P<0.001). Among the patients with Parkinson’s disease, patients who were carri-
ers of Gaucher’s disease were younger than those who were not carriers (mean [±SD]
age at onset, 60.0±14.2 years vs. 64.2±11.7 years; P=0.04).

conclusions
Our results suggest that heterozygosity for a GBA mutation may predispose Ashkenazi
Jews to Parkinson’s disease.

abstract

The New England Journal of Medicine 
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GBA alleles may be related to the faulty processing
of toxic, unwanted proteins, aggravated by the rel-
ative decrease in glucocerebrosidase activity and ac-
cumulation of glucocerebroside. Indeed, studies
demonstrate that the inhibition of glucocerebrosi-
dase and accumulation of glucocerebroside induce
apoptosis in cultured neurons by increasing the mo-
bilization of calcium ions from intracellular stores25

and that neurons with elevated levels of glucocere-
broside show enhanced sensitivity to agents that
induce cell death by potentiating calcium ions.26

Moreover, mesencephalic cells, including dopamin-
ergic neurons, can undergo apoptosis after cera-
mide-induced damage,27 suggesting that dysfunc-
tional metabolism of sphyngolipids may induce the
death of dopaminergic cells. However, since brain
glucocerebroside levels were not consistently ele-
vated in patients with type 1 Gaucher’s disease,28 the
pathogenetic relevance of these findings remains
unclear. Recent findings indicate that Gaucher’s
disease and Parkinson’s disease share pathophysi-
ological features. Unique pathological findings,
such as neuronal loss, astrogliosis, and the presence
of intraneuronal Lewy-body–like synuclein inclu-
sions specifically targeting the hippocampal CA2–3
region were recently described in both diseases.29

Synuclein is a neuronal protein. Mutations in the
gene encoding a-synuclein appear to be responsi-
ble for Parkinson’s disease in rare familial cases,

and the aggregated protein is a major component
of Lewy bodies, the pathological hallmark of spo-
radic Parkinson’s disease.5 Thus, the presence of
intraneuronal Lewy-body–like synuclein inclusions
in patients with both type 1 and neuronopathic Gau-
cher’s disease points to a selective vulnerability and
cytotoxicity, specifically targeting the CA2–3 region
that appears to characterize idiopathic Parkinson’s
disease, diffuse Lewy-body dementia, and accord-
ing to recent reports, Gaucher’s disease.

Carriage of type 1 Gaucher’s disease is common
in the Ashkenazi population. Taking into account
the frequency of GBA mutations in the general Ash-
kenazi population and the general prevalence of
parkinsonism,30 we can extrapolate that the major-
ity of carriers of mutant GBA alleles, in whom Par-
kinson’s disease does not develop, are equipped
with an efficient genetic mechanism that either pre-
vents the deposition and accumulation of glucocer-
ebroside in dopaminergic neurons or adequately
degrades the glucocerebroside that is deposited.
Alternatively, the occurrence of Parkinson’s disease
in carriers of Gaucher’s disease may be accounted
for by genetic variance in another gene.

In conclusion, our data indicate that some GBA
mutations are genetic susceptibility factors for Par-
kinson’s disease. We have also found that, in con-
trast to previous suggestions, heterozygosity for a
non-neuropathic GBA mutation is not an absolutely
asymptomatic state. Additional studies are needed
to replicate our findings, to perform further analy-
ses of the correlation between genotype and pheno-
type, and to identify the pathogenetic mechanisms
that render some carriers of Gaucher’s disease vul-
nerable to Parkinson’s disease. The clinical impli-
cations of our findings and those of other studies
that are soon to be completed should affect the treat-
ment options available to patients with Parkinson’s
disease.

We are indebted to Gerald Brook, Hadas Shoshani, and Adi Sela-
Goldberg for their contributions.
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Table 2. Rates of Carriage of Gaucher’s Disease among Patients with Parkin-
son’s Disease, Patients with Alzheimer’s Disease, and Control Subjects.

Population
No.

Tested
No. of

Carriers (%)

95% 
Confidence 

Interval

Patients with Parkinson’s disease 99 31 (31.3) 22.2–40.4

Patients with Alzheimer’s disease 74 3 (4.1) 0.0–8.5

Controls 1543 95 (6.2) 5.0–7.4
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GBA遺伝⼦の⼈種差
• GBAのオッズ⽐は⼈種差が⼤きい

• パーキンソン病におけるGBA変異陽性率は
概ね10%だが、健常群の陽性率が⽇本⼈
は他⼈種に⽐べ著しく低い

•⽇本⼈にはGBA-PDを修飾する遺伝⼦が
存在している
→新規リスク遺伝⼦マーカー創出

22

アフリカ人はヒット

ヨーロッパ人はヒットしない

Lancet Neurol. 2023

N Engl J Med. 2009
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⽇本⼈とノルウェー
⼈を外した場合
OR=5.43倍
⽇本⼈独⾃の
OR=28.0



研究開発課題の計画（概要）
23

脳と全⾝臓器におけるバイオマーカーの開発

消化管環境に着⽬したパーキンソン病における
αシヌクレイン凝集メカニズムの解析



パーキンソン病における腸内細菌叢の変化

フィーカリバクテリウムの減少、アッカーマンシアの増多など
パーキンソン病患者では⼀定の腸内細菌の変化を認める
Mov Disord 2020

腸内細菌の変化
遺伝的影響

腸内環境の変化
と

腸内炎症

全⾝炎症とパーキンソン病との関連

NPJ Parkinson Dis 2021

LRRK2-CD IBD PDCTRL LRRK2-PD

CDクローン病、IBD炎症性腸疾患、PDパーキンソン病

炎症と腸バリア障害
パーキンソン病で最も早期に障害されるのは迷
⾛神経背側核
（腸管と迷⾛神経を介して連結している）
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メタジェンセラピューティクスとの連携

潰瘍性⼤腸炎に対して⽬覚ましい効果を⽰す
腸内細菌叢移植療法

順天堂⼤学における
過去８年間に渡る臨床実績

（FMT）

腸内細菌叢移植療法（FMT）はすでに臨床実績のある治療

抗菌剤併⽤FMT(A-FMT)療法

1.患者の乱れた腸内細菌叢
2.抗菌剤にて元いた細菌叢をクリア
3.健常⼈ドナー由来腸内細菌叢溶液を⼤腸内視鏡を⽤いて移植

Day 
0

2 
mo

6 
months

24 
months

順天堂⼤学では2014年のFMT特定臨床研究開始以来200名以上の患者、
160名以上のドナーが参加し、安全性・有効性が確認されている
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Corporate profile

PARKINSON Laboratories Co., Ltd.

2023.10.30

26



PARKINSON Laboratories Co., Ltd.

設⽴⽬的

PARKINSON Laboratories Co., Ltd.
ジョイントベンチャーを⽴ち上げた

パーキンソン病の早期診断・治療を⽬指して

服部 信孝
順天堂⼤学⼤学院 医学研究科神経学
教授 服部 信孝
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The world-class Parkinson's project 

PARKINSON Laboratories Co., Ltd.

予防

診療

治療
介護

Towards the total healthcare solution
パーキンソン病の発病の要因を解明し、より良い予防・治療につながる原因療法の
確⽴を⽬指します

診断および疾患の進展を反映するバイオマーカーの開発、さらにAIによる画像診
断をシステム化することにより、遠隔診療や海外居住者の診療に活⽤します

パーキンソン病の治療薬や医療機器の充実化・提供を実現し、患者さんのQOL向
上を⽬指します

介護ロボットや運動機能のリハビリテーション機器の開発を⽬指します
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会社概要
PARKINSON Laboratories Co., Ltd.

社 名 株式会社PARKINSON Laboratories

代表者 宮崎 和城

所在地 東京都中央区明⽯町8番1号 聖路加タワー36階
TEL︓03-6740-7706

役 員 代表取締役会⻑ ⼤原 誠司
代表取締役社⻑ 宮崎 和城
取締役 服部 俊直
取締役 井⽤ 隆弘
監査役 ⼩野 和⼈

設 ⽴  2018年（平成30年）2⽉1⽇
資本⾦ 7,777万円
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AMED 創薬基盤推進事業
GAPFREE3(産学官共同創薬技術活⽤プロジェクト) (2019-22)

30

目標：順天堂大学でこれまで開発されたパーキンソン病研究に関する複数のツール・研究リソースを
企業創薬と融合・発展させ、企業創薬を加速する。

研究内容
・薬剤評価のための各種パーキンソン病モデルの基盤整備
（iPS細胞・マウス・ショウジョウバエ）
・臨床検体検査データの共有と解析（バイオマーカー探索）

「パーキンソン病における疾患修飾薬候補の同定と precision medicineの実現に向けたアカデミアと企業の技
術融合による新たな創薬エコシステムの開発」
研究代表︓順天堂⼤学 ⾚松和⼟、研究分担︓服部信孝

参画企業（3社） アカデミア



• 200症例以上の孤発性PD-iPS細胞ライブラリーが整備された（現在も継続中）
→ 20232025 AMED 再⽣事業に採択
• PD-iPS細胞の表現型検出⽅法がさらに改良され、企業創薬に応⽤できるレベルとなった。
• 企業化合物を評価し、候補化合物の同定に成功した(Stem Cell Reports 2020)
→ 評価システムを企業導出した
• ショウジョウバエ・マウス疾患モデルが確⽴され、ショウジョウバエでは薬効評価を⾏った
• 臨床データから同定されたPD患者の⾃律神経系–甲状腺–肝連関の病的変化が病超早期診断・

患者層別化のバイオマーカーになり得ることを明らかにした
  (Stem Cell reports 2020; Ann Neurol. 2022; Nature Medicine 2023)

• 参画企業との共同研究が遂⾏されバイオマーカー探索・iPS細胞研究が終了後も継続している
（2024年現在）但し、社会実装化まで達していない

成果

AMED 創薬基盤推進事業GAPFREE3(2019-22)
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AMED-GAPFREE事業を通して⾒えた産学連携の意義と問題点

1．創薬技術の安定性と再現性・簡便性・迅速性に対して求める⽔準がアカデミアと企業
の間で乖離する点を協業によってある程度解決できた
2．製薬企業のみでは患者検体・臨床データへのアクセスが難しいが、順天堂と協業する
ことにより患者検体の利⽤・データへのアクセスが実現された

・意義

・問題点
1.企業側の求める成果（知財）とアカデミア側の求める成果（学会・論⽂）の乖離

→ 知財出願のためアカデミア側での成果発表に制約が⽣まれる問題
2.患者データの⼤学外での取り扱いにおいて、セキュリティの担保が難しい

（グローバル企業におけるデータの越境、解析サーバが国外に存在する、etc)
→ 患者データ取り扱いに関する詳細なルール制定が事前に必要

3.アカデミア単独で開発された創薬基盤技術を企業創薬⽔準にブラッシュアップするため
には多⼤な労⼒が必要である

→ なるべく早い段階での製薬企業との共同開発が理想的ではないか
4.複数の企業が参画する場合、⾃社化合物を事業内で公開することが難しい

→ チーム内での情報共有・秘密保持に詳細なルール制定が必要
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順天堂⼤学における研究開発シーズの
社会実装を促進する基盤体制と取組

GAUDI
Juntendo University
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＜事業化・スタートアップ⽀援＞

GAUDI・エンタープライズ機
構

知財戦略・事業化・
超⼤型共同研究企画

⼤規模臨床プラットフォームを活⽤した研究開発を推進するためのARO体制

34

2017年4⽉ ⾰新的医療技術開発研究センター発⾜（研究開発戦略の⽴案体制整備）

2018年1⽉ 順天堂医院臨床研究・治験センター発⾜（臨床研究⽀援の基盤整備）

2019年7
⽉

GAUDIの始動（オープンイノベーションプログラム）

2020年3⽉ 臨床研究中核病院承認（順天堂医院）

2015年8⽉ 研究戦略推進センター発⾜（研究⽀援の基盤整備）

＜基礎・応⽤研究⽀援＞

順天堂⼤学
研究戦略推進センター

知的財産・契約関連／研究費
等申請関連／URA

＜実⽤化研究⽀援＞

順天堂⼤学
⾰新的医療技術
開発研究センター

オープンイノベーションGAUDI
／研究開発の戦略的⽀援

＜臨床研究・治験⽀援＞

順天堂医院
臨床研究・治験センター

臨床研究・治験の実務⽀援

ARO
2025年４⽉
（予定）

2023年4⽉

motomachi GAUDI

RDB始動（Research＆ Development Board）
産学連携研究の実⽤化推進プログラム

2024年5⽉ GAUDI・エンタープライズ機構発⾜
本学研究成果の事業化⽀援

異分野業種を⽂京地域医療
機器メーカーと連携し⽀援

ARO: Academic Research Organization

2024年5⽉〜



About GAUDI

病院棟

病院棟
研究棟

研究棟

法人本部

GAUDI

研究エリア
臨床エリア

• 国内外の研究開発シーズに対し、順天堂⼤学が有する⼤規模臨床プラットフォームを活⽤し、実⽤化・事業化ま
でを伴⾛⽀援する社会実装⽀援プログラム

• GAUDIをはじめARO部⾨は、研究者、臨床医がアクセスしやすいように、臨床エリアと研究エリアの交差点に配置
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順天堂お茶の水キャンパス

3
5



研究開発の
ステージ

GAUDIの
⽀援内容

シーズ探索・
ネットワーク
形成

知財戦略
技術移転

事業計画
資⾦調達

薬事戦略
開発戦略 ⾮臨床試験

臨床試験
実証検証

事業化・製品化
ベンチャー起業

外部
機関 シンクタンク ⾮臨床

試験機関
臨床試験
⽀援企業
（CRO)

レギュラトリー
機関

事業会社・
ベンチャー特許事務所 事業会社・

ベンチャー

シンクタンク

連携

社
会
実
装

GAUDIの⽀援サービス
• 国内外の⾰新的医療シーズをいち早く実⽤化に繋げるため、⼀気通貫の伴⾛⽀援を提供
• シーズ探索から社会実装まで、学外パートナー企業・エキスパートと連携し、プロフェッショナル⽀援を展開

この体制でもスピード感は⼗分とは⾔えない

臨床試験
コンシェルジュ
サービス

院内POC試験
コンシェルジュ
サービス

研究資⾦
獲得⽀援

事業化
⽀援

⾮臨床試験
⽀援

順天堂
研究者

他機関
研究者

⼤企業

ベンチャー
企業

海外
企業

⼊会・相談
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製品化による⼤学研究技術の社会還元

順天堂⼤学が⽬指すイノベーションエコシステム

順天堂⼤学

IPO/
M&Aキャピタルゲイン

/ロイヤリティ

⼤学次世代研究
への還元

産学共同研究／
共同研究講座

知財
確保・強化

ライセンス
アウト

ライセンスフィー
ロイヤリティ

研究シーズ
ベンチャー
キャピタル

（VC)

事業化/
導出先企業

GAUDI・
知的財産室

研究戦略
推進センター

導出先企業

GAUDI・
知的財産室

ARO
伴⾛⽀援

⼤学発シーズや産学連携研究の社会実装を⽀援し、収益を次世代研究者へ再投資するエコシステム

起業⽀援
/知財強化

ARO
伴⾛⽀援

⼤学発ベンチャー
起業

資⾦調達
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GAUDI・エンタープライズ機構

主たる業務：
• 知財技術移転⽀援（知財事業化戦略、技術移転）
• 研究シーズの事業化⽀援
• レギュレーション対応・薬事戦略⽀援

Mission：
研究成果を社会に還元するための戦略を⽴案し、
研究開発におけるエコシステムを実現する

機構設置の効果予測：
• 事業化に対する本学の姿勢をアピール
• 事業化に係る組織間協議を適切に推進
• 体制整備に係る⼤型外部競争的資⾦の獲得

2024年5⽉〜
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