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まえがき

公益財団法人老年病研究所業績集第20集（2020年版） をまとめることができ

ました。ご覧いただけると幸いです。

平成31年 (2019年）は 2月に探査機「はやぶさ 2」が小惑星リュウグウヘの

着地に成功し、石や砂などの試料を採取できた可能性が大きいというニュース

があり、令和 1年 9月にはラグビーW杯日本大会が開催され、日本チームの活

躍に日本中が沸きました。 10月には東日本各地で台風の被害が甚大でした。令

和2年 (2020年）に入ると中国武漢で発生した新型コロナ感染が世界中に広がり、

死者も多く世界の市民生活や経済活動にも甚大な悪影響を及ぼしております。

東京五輪も 1年延長され、医学関連の学会も次々に延期や中止に追い込まれま

した。4月には全国に非常事態宣言が出され、日常生活や経済活動が制限され、

先の見えない状態が続いております。非常事態宣言は解除されましたが、早期

に終息に向かうことを期待したいと思います。

最近、本業績集にも載せてあるOkamotoK, Amari M, Fukuda T, Suzuki K, 

Takatama M:Astrocytic tau pathologies in aged human brain. Neuropathology 

39:184-193, 2019が 「TopDownloaded Paper 2018-2019」になったとの認定書

を出版社 (Wiley)から受け取りました。 2018年 1月から2019年12月までの間

のダウンロ ード数が多かっ たようです。当院での多数の剖検脳を用いた私達の

論文は、注目され多く読まれているようです。

当院は「基幹型研修病院」 として、 2019年4月から 2名の初期研修医を受け

入れ、 2020年にはさらに 2名の初期研修医を受け入れました。職員が協力して、

研修医が満足するような医療や研修を行っていきたいものと思っています。

毎年同じことを述べて恐縮ですが、当院には、内科、脳神経内科、循環器内科、

脳神経外科、 整形外科、眼科、歯科、病理診断科などがあり、各々の角度から

臨床的研究を推進しております。研究成果の発表（学会発表等）の項目を見て

いただきますと、医師、薬剤師、看護師、リハビリスタッフなど多くの職員が

学会などで発表しているのが分かります。 2020年度は新たな優秀なスタッフも

加わりましたので診療や研究がさらに充実するものと期待しています。

今後とも、高玉理事長と佐藤病院長を中心に、地域医療の発展のためにさら

に職員一同努力する所存ですので、ご支援、ご協力をよろしくお願いします。

令和2年7月

公益財団法人老年病研究所

所長岡本幸市
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Original Article 

Astrocytic tau pathologies in aged human brain 

Koichi Okamoto,1 e Masakuni Amari,1 Toshio Fukuda,2 Keiji Suzuki2 and Masamitsu Takatama3 
Departments of 1Neurology, 2Pathology and 3Internal Medicine, Geriatrics Research Institute and Hospital, Maebashi, 

Japan 

Argyrophilic and tau-positive abnormal structures in astro-
cytes are frequent in aged brains, with a new nomencla-
ture of aging-related tau astrogliopathy (ARTAG) 

proposed. The two major cytomorphologies of ARTAG 
are thorn-shaped astrocytes (TSA) and granular or fuzzy 

tau immunoreactivity in processes of astrocytes (GFA). 

We selected 28 cases in which many ATS-identified astro-

cytic tauopathies were observed in the central nervous sys-
tern from 330 routine aged autopsied cases, including 

Alzheimer's disease. ATS-identified and Gallyas silver 

staining-positive TSA were observed in subpial, sub-

ependymal, perivascular areas as well as white matter. 
These TSA were 4-repeat (4R) tau日positive.In contrast, 

3日repeat(3R)-tau was negative in TSA, but positive in 

short thick cell processes, likely neuropil threads, in sub-

pial and subependymal areas. The frequency of 3R-tau-
positive processes was variable. Small dot-like 

ATS-identified astrocytic processes surrounding vessels in 

the neuropil were also positive for 4R-tau, but negative 

for 3R-tau. GF A in cerebral gray matter were ATS-
identified and Gallyas-positive, and positive for 4R-tau but 

negative for 3R-tau. In this study, we did not identify 3R-

tau+/4R-tau+ or 3R-tau+/4R-tau-astrocytes. Further stud-
ies are needed to clarify the nature and progression of 

glial tau-positive structures in ARTAG. 

Key words: 4-repeat tau, ARTAG, astrocyte, pathol-

ogy, tau. 

INTRODUCTION 

Tau is a microtubule-associated protein that binds to tubu-

lin and promotes its polymerization and stabilization into 
1-3 皿crotubules!-J Tau plays an important role in 

maintaining axonal transport and neuronal integrity, but is 

Conespondence: Koichi Okamoto, MD, Plill, Department of Neural-
ogy, Geriatrics Research Institute and Hospital, 3-26-8 Otomo-machi, 
Maebashi, Gunma 371-0847, Japan. Email: okamotok@ronenbyo 
Of.JP 

Received 05 December 2018; revised and accepted 01 February 
2019; published online 01 April 2019. 
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expressed at low levels in glial cells.2 In the adult human 
brain, six tau isoforms are expressed as a result of messenger 
RNA (mRNA) splicing. They are divided into two groups, 

3-repeat (3R)-tau and 4-repeat (4R)-tau isoforms, 

depending on exon 10 expression.1-3 Isoform-specific tau 

antibodies are useful tools, and anti-3R-tau and anti-4R-

tau antibodies have been widely used to investigate tau 
pathologies.ら4-7

Tauopathies are defined as neurodegenerative diseases 

with prominent tau pathology in neurons and glial cells 

of the central nervous system (CNS), and are classified 

as predominant 3R-tau pathology, mixed 3R/4R-tau 

pathology, or 4R-tau pathology□Nonetheless, it 
remains unclear why different tau isoforms accumulate in 

different diseases, and how they lead to the formation of 

abnormal filamentous structures and pathologies亙In
Alzheimer's disease (AD), transition from 4R-tau to 3R-

tau was proposed based on immunohistochernical 
studies.4・9 

Recently, brains with many Alzheimer neurofibrillary 

tangles (NFTs), which were indistinguishable from those 

of AD but lacked amyloid-P (AP) plaques, were named 
primary age-related tauopathy (PART).10 Argyrophilic 

and tau-positive abnormal structures in astrocytes are £re-

quent in the aged brain, and a new nomenclature was 
proposed of aging-related tau astrogliopathy 

(ARTAG).11 ART AG occurs mainly, but not exclusively 
in individuals over 60 years of ageり Thetwo major 
cytornorphologies of ARTAG are thorn-shaped astro-

cytes (TSA) and granular or fuzzy tau immunoreactivity 

in processes of astrocytes (GFA).11・12 TSA are observed 

in subpial, subependymal, or perivascular areas, as well 

as white matter. GFA are found mainly in gray matter11 
TSA are recognized using ATS and 4R-tau immuno-

staining, but are negative with anti-3R-tau antibody.11ー13

In contrast, GFA immunostaining has not been clearly 

reported. Meanwhile, formation of primary or secondary 

glial tau-positive structures by neuronal degeneration is 

not well known. The ratio of 3R to 4R isoforms in adult 

human brain is approximately one戸 Immunoreactivities

of 3R-tau and 4R-tau are grossly homogeneous among 
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neurons and glia in sporadic tauopathies.5 Further, glial 

tangles are suggested to resemble the pretangles that 

occur in neurons and thought to represent an early stage 
of NFTs.14 Regardless of tauopathy, astroglial tau inclu-

. ___ 11 
sions are mostly 4R-tau immunoreactive.'-'Thus, we 

wanted to determine if ARTAG is truly negative for 

anti-3R-tau antibody. Consequently, we examined 

ARTAG in aged brains using Gallyas methods, and AT8, 

3R-tau, and 4R-tau immunostaining. 

MATERIALS AND METHODS 

2
 

We examined senile changes in aged autopsied brains at 

our institute. Autopsies were performed in accordance 

with established procedures. The majority of patients 
were autopsied within 4—5 h after death. Samples were 
used in this study after obtaining informed consent from 

the family of each patient. Brains were fixed in 

phosphate-buffered formalin and embedded in paraffin. 

In total, we selected 28 cases in which many 

AT8-positve astrocytic tauopathies were detected in the 

CNS from 330 routine aged autopsied cases, including 
AD.15 The cases comprised 18 men and 10 women, with 

an average age at death of 84.7 years (70-79 years, six 
cases; 80-89 years, 14 cases; 90-99 years, six cases; 
100-104 years, two cases). The primary causes of death 
were AD (seven cases), cerebrovascular disease (seven 

cases), pneumonia (five cases), malignancies (four 

cases), frontotemporal dementia (one case), 

amyotrophic lateral sclerosis (one case), and others 

(three cases). In this study, the brain stem, temporal 

cortex (including hippocampus), and basal ganglia were 

mainly examined. Tissues were fixed with 4% parafor-

maldehyde in phosphate-buffered saline (PBS), pH 7.4, 

and embedded in paraffin. Five-micrometer-thick serial 

sections of the brain were stained with hematoxylin and 

eosin (HE), Klliver-Barrera, Gallyas-Braak (Gallyas) 
methods and immunostained with several antibodies as 

follows. Deparaffinized sections were incubated with 1 % 

H凸inmethanol for 30 min to eliminate endogenous 
peroxidase activity in the tissue. Nonspecific binding 

sites on sections were blocked with normal serum, and 

the sections then incubated overnight at 4°C with the 

following antibodies for immunostaining: monoclonal 

anti-phosphorylated tau antibody (ATS) (1:200; Inno-

genetics, Gent, Belgium), monoclonal anti-A~-17-24 
(4G8) antibody (1:20000; Covance, Princeton, NJ, 

USA), monoclonal anti-glial fibrillary acidic protein 

(GFAP) antibody (1:10000; Dako, Glostrup, Denmark), 

polyclonal anti-ubiquitin antibody (1:2000; Dako), 

monoclonal anti-3R-tau antibody (1:500; Miliipore, Bur-

lington, MA, USA), and monoclonal anti-4R-tau anti-

body (1:750; Millipore). Sections were washed in PBS 

for 30 min, and incubated with Histofine simple stain 
MAX-PO (Nichirei, Tokyo, Japan). For 3R-tau immu-

nostaining, sections were additionally pretreated with 

0.25% KMn04 for 15 min followed by 2% oxalic acid 
for 3 min at room temperature. 16 

RESULTS 

Anti-3R-tau and anti-4R-tau antibodies clearly immuno-

stained NFrs in the CAl region of aged and AD brains 

(Fig. lA, B). Neuropil threads were predominantly immu-

nostained by anti-3R-tau antibody (Fig. lB). In many 

ghost tangles (Fig. lC) in the CAl region of the hippo-

campus, a few fine filaments were observed by anti-4R-tau 

antibody in AD brains (Fig. lD). Meanwhile, ghost 

tangles were clearly identified by anti-3R-tau antibody 

(Fig. lE). 

Pathological accumulation of abnormal ATS-identified 

phosphorylated tau protein was frequently detected in 

astrocytes in the examined brains, especially AD brains. 

TSA were observed in subpial, subependymal, and peri-

vascular areas, as well as cerebral white matter. TSA and 

small dot-like structures in subpial regions of the temporal 

cortex were identified by ATS (Fig. 2A), Gallyas methods 

(Fig. 2B), and anti-4R-tau antibody (Fig. 2C). In contrast, 

3R-tau staining was negative for TSA (Fig. 2D), but posi-

tive for short thick cell processes, probably neuropil 

threads. The frequency of short thick cell processes was 

variable. 
ATS-identified endfeet of astrocytic processes sur-

rounding small vessels in the neuropil and a few TSA 

(Fig. 3A) were also positive for Gallyas methods (Fig. 3B) 

and 4R-tau immunostaining (Fig. 3C), but negative for 

3R-tau immunostaining (Fig. 3D). 

The subependymal region around the cerebral aque-
duct and lateral ventricles showed ATS-identified fibrils 

and scattered TSA (Fig. 4A), which were similarly stained 

by Gallyas methods (Fig. 4B) and 4R-tau immunostaining 

(Fig. 4C). 3R-tau positive cell processes were relatively 

frequently observed, but TSA themselves were negative 

for 3R-tau (Fig. 4D). 

Many TSA in the white matter of the temporal cortex 

showed ATS-identified (Fig. SA), Gallyas-positive (Fig. SB), 

and 4R-tau positive (Fig. SC) staining, but were negative for 

3R-tau (Fig. SD). 

GFA in the gray matter of the temporal cortex showed 

ATS-identified (Fig. 6A) and Gallyas-positive (Fig. 6B) 

staining. This mostly occupied astrocytic perikarya and 

ramified into cell processes in the cerebral gray matter, 

and was positive for 4R-tau (Fig. 6C) but negative for 3R-

tau immunostaining (Fig. 6D). 

TSA and GFA were negative for ubiquitin inununo-

staining (data not shown). 

c 2019 Japanese Society of Neuropathology 
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Fig. 1 Microphotographs of sections from the hippocampal CAl region of an aged brain (A, B) and Alzheimer's disease brains (C-E) 
In the aged brain, neurofibrillary tangles are clearly immunoreactive for 4R-tau (A) and 3R-tau (B), equally, while neuropil threads are 
predo血nantlyimmunoreactive for 3R-tau as compared to 4R-tau. In the Alzheimer's disease brains, many ghost tangles with a 
few fine filaments (arrows) are seen on an HE-stained section (C) and are immunoreactive for 4R-tau (D) and well in1munoreactive for 3 
3R-tau (E). Scale bars: 25 μm (A-E). 

DISCUSSION 

The 3R-tau皿 d4R-tau antibodies used in this study were 
sufficient to examine tauopathies. Namely, as previously 
noted, NFTs were clearly immunostained with both anti-
bodies, while neuropil threads were predominantly imrnuno-
stained with anti-3R-tau antibody. Ghost tangles were clearly 
identified by 3R-tau and poorly immunostained by 4R-tau.4・5 
Tauopathies are clinically, morphologically, and bio-
chemically heterogeneous neurodegenerative diseases 
characterized by accumulation of phosphorylated tau in 
neurons and glial cells.2 Recently, argyrophilic and tau-
positive abnormal structures in astrocytes were frequently 
noted in aged brains, with the new nomenclature of 
ARTAG proposed.11 Reports on tau astrogliopathies are 
increasing.17-22 Ferrer et al., found that tau pathology in 
glial cells largely parallels, but is not identical to, that in 
neurons in many tauopathies.7 Hyperphosphorylated tau 
accumulation in glial cells often produces disease-specific 
astroglial phenotypes, such as tufted astrocytes in progres-
sive supranuclear palsy (PSP), astrocytic plaques in cor-
ticobasal degeneration (CBD), ramified astrocytes in 
Pick's disease (PiD), or globular astroglial inclusions in 
globular glial tauopa thies.2•5-7 Astroglial deposition was 

c 2019 Japanese Society of Neuropathology 

4R-tau-positive in AD, aged brain, PSP, CBD, and 
argyrophilic grain disease, whereas astrocyte inclusions 
were 3R-tau-positive in PiD. A few protoplasmic astro-
cytes in PSP contained 3R-tau, and a few reactive astro-
cytes in PiD contained 4R-tau.7 
ART AG is defined by the presence of two types of tau-
bearing astrocytes: TSA and GFA.11 Ikeda et al.23 were 
the first to describe tau-positive TSAs, which are similar in 
morphology to the tau-positive astrocytes described by 
Nishimura et al. for PSP.24 In TSA, tau immunoreactivity 
is localized in astrocytic perikarya with extensions into 
proximal parts of astrocytic processes. Inclusions are also 
found in astrocytic endfeet at the glia lirnitans surrounding 
blood vessels and the pial surface.11 These are preferen-
tially found at subpial and perivascular locations and white 
matter, and less often as clusters in gray matter. TSA are 
composed of hyperphosphorylated 4R-tau with features of 
pretangles lacking tau truncation of terminal regions,12 
and are considered to be putative glial counterparts of 
neuronal pretangles.13 In this study, TSA were positive for 
4R-tau but negative for 3R-tau, as previously reported. 
Variable frequent short thick cell processes in subpial and 
subependymal areas were positive for 3R-tau. As these 
processes are wider in diameter than astrocytic processes 
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Fig. 2 Microphotographs of thorn-shaped astrocytes (TSA) and dot-like structures in subpial regions of the temporal cortex. 
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6
 

but similar to neuropil threads in CAl areas of AD 

brains,5 we presumed they were neuropil threads. 

Another predominant morphology of ARTAG is GFA 
in cortical areasいInGFA, phosphorylated tau densely 
accumulates in perinuclear regions of astrocytes, and fine 

or granular tau accumulates on radially distributed astro-

cytic processesり Gallyasmethods occasionally demon-

strate argyrophilia in the soma but not processes.11 
However, the soma and cell processes were well stained 
by Gallyas methods in our study, as well as i皿nuno-

stained by 4R-tau but negative for 3R-tau, similar to TSA. 

Compared with neuronal NFTs, the major difference of 

TSA and GFA is the absence of 3R-tau immunoreactivity. 

Abnormal tau deposition occurs in neurons by specific 

steps, but little is known about progression of tau pathology 

in glial cells.7 Changes in tau phosphorylation and confor-

mation are similar in neurons and astrocytes in tauopathy 

of the elderly.7 Tau mRNA is found in neurons in human 

brains suggesting that astrocytic tau irnmunoreactivity may 

purely reflect uptake of tau from neuronsりNonetheless,
astrocytic tau pathology is detected in regions without other 

types of tau pathology口 Recentstudies suggest that the 

first step of astrocytic pathology might be fine granular 

accumulation in astrocytic processes.17 These tau deposits 

are then transported from distal to proximal segments of 

D
 

the astrocytic cytoskeleton and eventually 

becoming argyrophilic and/or ubiquitinated.17 

Variation in the morphology of immunolabeled struc-

tures may be interpreted as representing stages in the pro-

cess of aggregation and fibrillation, analogous to 

progression from pretangles to NFTs in AD.4・9 Namely, 
tau-positive neurons undergo evolution from pretangles to 

NFTs and then to ghost tangles, with the associated 

expression profile changing from 3R-tau-/4R-tau+ for 

pretangles to 3R-tau+/4R-tau+ for NFTs to 3R-tau+/4R-

tau-for ghost tangles.14'25 G!ial tangles are suggested to 

resemble neuronal pretangles. 14 

In this study, we did not identify 3R-tau+/4R-tau+ or 

3R-tau+/4R-tau- astrocytes. As previously reported,23 
TSA were negative for ubiquitin immunostaining, and 

GFA were also negative for this antibody. In more 
advanced stages, 3R-tau positive astrocytes might be pre-

sent. Further studies are needed to clarify the nature and 

progression of glial tau-positive structures in ARTAG. 
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Abstract 

Background The typical orbito-ocular manifestations of carotid-cavernous 

sinus fistulas are conjunctiva! hyperemia, chemosis and exophthalmos as a 

result of increased fistular flow directed anteriorly in the ophthalmic veins. 

These congestive features are absent if the flow is directed posteriorly, 

resulting in "white-eyed shunts." We describe a rare carotid-cavernous sinus 

fistula case presenting with optic neuritis-like manifestations. 

Case presentation A 71-year-old Japanese woman developed periorbital 

pain, impaired visual acuity with an upper horizontal visual field defect, 

diminished light reflexes and a relative afferent pupillary defect in her right 
eye. There were no congestive features in her eyes. lntraocular pressure was 

normal in both eyes, but fundoscopy revealed a pale optic disc in the right 

eye. Serum anti-aquaporin-4antibodies were negative. Although optic neu-
ritis was suspected, high-dose corticosteroid administration did not result in 

improvement. When referred to Department of Neurology, Gunma Univer-

sity Hospital, she showed a subtle, incomplete oculomotor nerve palsy in 

the right eye. Magnetic resonance angiography suggested carotid-cavernous 

sinus fistula (CCF), and cerebral angiography showed fistulous drainage into 

the cavernous sinus and inferior petrosal sinus, and a delayed opacification 

of the superior orbital and angular facial veins on the right side. A diagnosis 

of white-eyed shunt CCF was made, and a coil embolization procedure was 

carried out. However, there was no symptom improvement. 

Conclusions It is difficult to diagnose white-eyed shunt CCF based only on 

physical findings, especially when there is an absence of ocular congestive 

features. We discuss the possible mechanisms underlying the optic neuritis-

like symptoms of CCF. 

，
 

Introduction 

Carotid-cavernous sinus fistulas (CCF) typically 

cause conjunctival hyperemia、chemosis,orbital soft-

tissue swelling, exophthalmos and ptosis as a result 

of increased fistular flow directed anteriorly in the 

ophthalmic veins.1-4However, it is less well-recog-
nized that these congestive features will be absent if 

the fistular flow is directed posteriorly, resulting in 
"white-eyed shunts" (WES), as previously desaibed 
in some reports.3-9 A case of CCF presenting with 

WES (CCF/WES) might be difficult to diagnose 

based only on physical findings, and might be 

missed unless cerebral angi叩aphyis carried out. 
We  present the first report of a patient with CCF/ 

WES mimicking optic neuritis. 

Case report 

A previously healthy 71-year-old Japanese woman 

experienced acute pain in the right periorbital region 
and presented with an upper horizontal visual field 

defect in her right eye. The pain worsened over the 

next few days, and her visual field defect enlarged. 
She was admitted to tl1e Oph山almologyDepartment 
at Gunma University Hospital. Examination of her 
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right eye revealed mydriasis (6.0 mm  in diameter), 

an absence of direct and indirect light reflexes, and a 

relative afferent pupillary defect. No extraocular 
movement disturbances were noted by the treating 

ophthalmologist, and there were no signs of exoph-

thalmos, conjunctiva} hyperemia or audible bruit 
over the eyes or the temples. Funduscopy showed 

no abnormalities, except for a pale optic disc in her 

right eye, and retinal fluorescein angiography was 

not carried out. Her intraocular pressures were 18.3 

(right)/12. 7 (left) mmHg, and her visual acuity was 

"hand motion" (not correctable) in the right eye, 

and 120/100 in the left; her vision was restricted to 

the nasal lower quadrant. Serum anti-aquaporin-4 

S. Hayashi et al. 

antibodies were negative. Right optic neuritis was 

initially suspected, and the patient was administered 

one course of intravenous methylprednisolone pulse 
therapy (1 g/day for 3 days). Although the visual 

field defect did not improve, there was a reduction 

of pain. It was at this time that she was referred to 

Department of Neurology. Neurological examina-
tions revealed mild ptosis (Fig. la), a slight abduc-

tion of the right eye (Fig. la) and subtle restriction 

of adduction in the right extraocular movement 

(Fig. lb). Cranial magnetic resonance images 
showed marked dilatation of the superior orbital 

vein (SOV) bilaterally and thrombus inside the 

venous lumen (Fig. lf, g). Three-dimensional time-

Figure 1 (a—e) Patient's ocular appearance. (a) Mild ptosis of the right eye was present, and (a) a slight adduction of the right eye and (bl a subtle 
restriction of adduction in the right extraocular movement could be seen, (a--e) but there were no signs of exophthalmos or conjunctival hyperemia 

(f-h) Magnetic resonance images. (f) Coronal fat-suppressed Tl-weighted images show dilated bilateral superior orbital veins with right-side predomi-

nance (arrows). (g) Tl-weighted image shows the disappearance of flow void signal in the right superior orbital veins, indicating a thrombus formation 

in the venous lumen (arrow). (g) There are no enlarged, engorged extraocular muscles. (h) Three-dimensional time-of-flight magnetic resonance 

angiography shows a crepe-like profile extending from the posterior aspect of the cavernous portion of the internal carotid artery (arrow), indicating 
shunt flow into the inferior petrosal sinus from the fistula. (i-k) Cerebral angiography. Illustrated here is a selected right internal carotid arteriogram 

(lateral view). (i) The arterial phase shows fistulous drainage into the cavernous sinus (black arrow) and inferior petrosal sinus (white arrow). Gl Delayed 

opacification of the superior orbital veins is also observed (arrow). (k) The right angular facial vein appea「sto be recognizable (arrowheads). 
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of-flight magnetic resonance angiography showed a 

crepe-like profile extending from the posterior aspect 

of the cavernous portion of the internal carotid 

artery (Fig. lh), indicating shunt flow into the infe-
rior petrosal sinus from the fistula. No other abnor-
malities, including periventricular ovoid lesions, 

which would have been indicative of multiple scle-

rosis, were observed. Cerebral angiography (Fig. li-

k) showed that the CCF was supplied by the 

meningohypophyseal trunk of the internal carotid 

artery with drainage into the inferior petrosal sinus, 

and also showed a delayed opacification of the SOV. 

The outflow from the right cavernous sinus into the 

intercavemous sinus was abnormal, and there were 

well-developed anastomoses between the SOV and 

the angular facial vein. Coil embolization was carried 
out 7 weeks after the onset of symptoms, with no 

visible improvement. 

Discussion 

The visual symptoms of the current patient occurred 

with a sudden onset, which was consistent with diag-

noses of both CCP and optic neuritis. However, it is 

noteworthy that the optic disc was initially found to 

already be pale. Given that such a change usually 
takes several weeks, there might have been preced~ 

ing pathological events, such as a subclinical optic 

nerve ischernia. Dural CCP occasionally produces 
aseptic cavernous sinus thrombosis. 10・ 11 Grove found 

that a majority of patients with these fistulas were 
middle-aged or elderly woman.10 In the present 
patient, fat-mppressed T2-weighted images of mag-

netic resonance images and cerebral angiography dis-

closed slow flow in the right SOV, and Tl-weighted 

images suggested a thrombus formation in the 

venous lumen. These findings suggest that the out-

flow from the CCF gradually shifted from an anterior 

(orbital) direction to a posterior (intracranial) direc-

tion, because of SOV thrombosis. That might explain 

the gradual manner of our patient's CCF develop-
ment. Although the precise cause of the ischernic 

insult to the retrobulbar optic nerve was unknown, 

cerebral angiography showed that it occurred in the 

setting of an ipsilateral dural CCF. The patient had 

anterior (SOV), posterior (meningohypophyseal 

trunk, inferior petrosal sinus) and lateral (intercav-

emous sinus) drainage, suggesting that the optic 

nerve was being deprived of its normal arterial sup-

ply, which eventually caused acute posterior 

ischemic optic neuropathy. 1 The detection of a 

reduced choroidal blush in the acute phase with reti-

nal fluorescein angiography would have supported 

c 2018 Japanese Society for Neuroimmunology 
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this view, but this test was unfortunately not canied 

out, because optic neuritis was initially considered as 

the cliagnosis by the treating ophthalmologist 

Although cerebral angiography revealed anterior 
draining (SOV), the classic external ocular signs, such 

as exophthalmos with conjunctival hyperemia and 

edema, were absent in the present patient. The 

extent of these orbito-ocular manifestations in CCF 

depends primarily on an increase of venous pressure 

in the SOV, due to either a stenosis of the anterior 

aspect of the orbital veins, hypoplasticity or an occlu-

sion of the petrosal pathways,2 The出spersionof the 

shunt flow associated with multiple venous drainages 

and the well-developed anastomoses observed 
between the SOV and the angular facial vein might 

have contributed to the absence of classical orbito-

ocular signs in the present patient by relieving the 

venous hypertension of the SOV, This hypothesis is 
supported by the observation that the patient's 

intraocular pressure, whi中isaffected by the venous 

pressure of the SOV, remained normal. Furthermore, 
there was no sign of engorged extraocular muscles, 

To the best of our knowledge, only 50 CCF/WES 
cases have been reported to date: 34 with abducens 

nerve palsies戸 14with oculomotor ne1-ve pal— 

sies4・6・8・9 ai1d two with trochlear nerve palsies.5・8 

Although the disturb皿 ceof the patient's right eye 

adduction was quite subtle in the present patient 
(Fig, la, b), the finding that the right eye also had 

mild ptosis and an abnormal pupillary light reflex led 

us to conclude that iliere was an incomplete paralysis 

of the right oculomotor nerve, The patient never com-

plained of出plopia,and this might be because the 

right eye had a manual valve from the onset. If the 

CCF shunt drains posteriorly into the inferior petrosal 
sinus, an isolated oculomotor, 9・12 trochlear or abdu-

cens nerve palsy13・14 might develop; however, why 

these nerves were only partially disturbed in the pre-

sent patient is yet unknown. 

The findings presented here strongly suggest that 

we should be aware that CCF/WES could masquer-
ade as optic neuritis when ophthalmoplegia is subtle, 

and that magnetic resonance angiography and corn-

nal orbital fat-suppressed magnetic resonance images 

might be necessary to establish the correct diagnosis. 
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lateral sclerosis: a long-term phase 11/111 randomised 
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ABSTRACT 
Objective To evaluate the efficacy and safety of 
intramuscula「ult「a←high-dosemethylcobalamin in 
patients with amyot「ophiclate「alsclerosis (ALS). 
Methods 373 patients with ALS (El Escorial definite 
0「probable;labo「atory-supportedprobable; duration 
::;36 months) were「andomlyassigned to placebo, 25 
mg o「50mg of methylcobalamin groups. The primary 
endpoints were the time interval top「imaryevents 
(death o「fullventilation support) and changes in the 
Revised ALS Functional Rating Scale (ALSFRS-R) sco「e
from baseline to week 182. Efficacy was also evaluated 
using post-hoc analyses in patients diagnosed ea「ly
(entered ::;12 months after symptom onset). 
Results No significant diffe「enceswere detected 
in either p「imaryendpoint (minimal p value=0.087). 
However, post-hoc analyses of methylcobalamin-t「eated
patients diagnosed and ente「edea「ly(:,;12 months' 
du「ation)showed longer time intervals to the primary 
event (p<0.025) and less dec「easesin the ALSFRS-R 
score (p<0.025) than the placebo g「oup.The incidence 
oft「eatment-「elatedadverse events was simila「andlow 
in all groups. 
Conclusion Although ult「a-high-dosemethylcobalamin 
did not show significant efficacy in the whole cohort, this 
treatment may prolong survival and「etardsymptomatic 
P「og「essionwithout major side effects if started early. 
Trial registration number NCT00444613. 

INTRODUCTION 
Amyotrophic lateral sclerosis (ALS) is an intractable 
neurodegenerative disease characterised by motor 
neuron degeneration typically presenting with 
muscle weakness and atrophy. 1 Respiratory failure 
due to muscle weakness is the major cause of death. 
Without mechanical ventilation support, patients 
succumb to this disease within 3--6years from its 
onset. 
The widely used drug for ALS, riluzole, provides 
modest prolongation of survival (2-3 months), but 
no beneficial effects were shown on muscle strength 
and little on bulbar function. 2 Moreover, safety 
concerns, such as liver dysfunction, exist.2 Ed紅 a-
vone has been approved for retarcling the clinical 
deterioration of ALS, but its effect on the survival 
is unknown. 3 

The deficiency in vitamin B12 is associated with 
central nervous system lesions including subacute 
combined degeneration of the cord, indicating an 
important function of B12 in the spinal cord and 
the br狙n.Methylcobalamin, an active vitamin B12, 
used in Japan to treat peripheral neuropathy and 
megaloblastic anaemia, is a potential candidate 
for ALS treatment. It functions as a coenzyme for 
homocysteine remethylation as a methyl donor, 
and inhibits neuronal degeneration by decreasing 
levels of homocysteine, 山e accumulation of 
which contributes to neuronal degeneration in 
patients wi出 ALS.4 5 It also activates extracellular 
signal-regulated kinases 1 and 2 and Akt to induce 
neurite outgrowth and prolong neuronal survival. 6 
Cyanates／可anideconjugates of B12 are not acting 
as methyl donor and have not been proven to show 
these effects. 
Preclinical studies have reported that methylco-
balamin protects neurons against glutamate neuro-

7 8 9 toxicity' • and promotes nerve regeneration.'It 
has also been shown that intraperitoneal ultra-high 
dosage inl1ibits disease progression in a wobbler 
mouse.10 Oral administration in high dose would 
be ineffective because of the limited availability 
of the gastric intrinsic factor for its absorption. 
Clinical studies have demonstrated the efficacy of 
intramuscular ultra-high-dose methylcobalamin on 
compound muscle action potentials. 11 Moreover, a 
small-sized study has demonstrated tl1at, if started 
early in the disease course, ultra-high-dose methyl-
cobalamin prolongs ventilation-free survival.12 
Based on these results, we conducted a long-term 
phase II/III clinical trial to evaluate the efficacy and 
safety of intramuscular ultra-high-dose methylco-
balamin in Japanese patients with ALS. 

METHODS 
This multicentre, randomised, double-blind, place-
ho-controlled clinical trial was conducted from 
December 2006 to March 2014 at 51 sites in Japan. 

Patients 
Patients satisfying the following inclusion criteria 
were eligible: outpatients aged 20 years or older; 
clinically definite, clinically probable, or clinically 
probable, laboratory-supported ALS 山agnosis
according to the revised El Escorial criteria (Airlie 
House criteria) 13; duration from the symptom onset 

Kaji R, et a/.J Neural Neurosurg Psychiatry 2019;90:451-457. doi:10.1136/jnnp-2018-319294 451 
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匂years;stage 1 or 2 of the Japru1ese ALS severity classifica-
tion 14 (scores range from 1 to 5: 1 denotes no difficulty in daily 
living and working; 2, ability to live or work unaided; 3, require-
ment of assistance in daily living due to incapability of managing 
social life; 4, requirement of constant assistance in all aspects 
of daily living; and 5, bedridden status requiring a life support 
system); and Revised ALS Functional Rating Scale (ALSFRS-R) 
score15 decrease by 1-3 points during the 12-week observa-
tion period. The definition of onset was the initial time that 
the patient recognised weakness or any other motor symptoms 
other than twitching or cramping of muscles. The key exclusion 
criteria were tracheostomy or previous use of non-invasive venti-
lation, per cent-predicted forced vital capacity (%FVC):c,60%, 
multiple conduction blocks, new start or change in the dose or 
administration of riluzole after the observation period began, or 
serious cardiovascular, renal, hepatic disease or any haematolog-
ical changes suggestive of B12 deficiency. 
This report follows the Consolidated Standards of Reporting 
Trials guidelines. 

Randomisation and treatment 
The patients were centrally randomised to the placebo or 25 mg 
or 50 mg methylcobalamin groups using the order of registration 
with a minimisation algorithm to balance the following factors: 
onset type (bulbar or upper or lower motor neuron onset), rilu-
zole coadministration, ALSFRS-R score before study enrolment, 
and the change in this score during the observation period. 
Allocated drugs were intramuscularly administered twice per 
week starting from the end of the observation period (12 weeks) 
and continued for 182 weeks in a manner that the patients and 
their caregivers could not see the formulation colour (the active 
ingredients in methylcobalamin colour the formulation red). 
Changes in riluzole administration were not allowed. Edaravone 
was not used in any of the subjects. 

Outcome measures 
The primary endpoints were the time to primary events and 
the change in ALSFRS-R score from baseline to week 182. The 
primary events were defined as death by any cause or invasive 
or non-invasive ventilation supportミ:22hours per day due to 
ALS progression. On the occurrence.of a primary event, treat-
ment was discontinued. ALSFRS-R quantitatively evaluates the 
progression of disability by measuring respiratory function and 
physical ability in daily living. 
The secondary endpoints included muscle strength assessed 
using the manual muscle test (Medical Research Council Scale), 
physical functional status measured with the Norris Scale,16 
respiratory function assessed using %FVC, grip strength, 
and the quality of life evaluated using the ALS Assessment 
Questionnaire-40. 17 

The primary and secondary efficacy endpoints were evalu-
ated using post-hoc analyses in a subgroup of patients diagnosed 
early (at screeningコ12months after symptom onset) based on 
previous studies. 11 12 

Drug safety was evaluated on the incidence of adverse events 
and the results of laboratory tests, vital signs and an ECG. Events 
due to the progression of A区 werenot counted as adverse 
events; however, all deaths were counted as adverse events 
regardless of cause. 
All assessments, except for ECG, were conducted on weeks 
0, 4 and 16, and at 12-week intervals thereafter to week 172, 
and on week 182. For patients who discontinued therapy due 
to the primary event, the last assessment was conducted within 

4 weeks of the day the event occurred. Different investiga-
tors were responsible for drug administration, as well as effi-
cacy, A区FRS-Rand safety assessments, to maintain blindness 
throughout the study, because the active ingredients in methyl-
cobalamin colour urine red. 

Statistical analysis 
The sample size was originally set at 200 primary events in 300 
patients (100 per group) for 130 weeks to detect a significant 
difference in the HR for the time to primary event between the 
groups at a one-sided significance level of 1 %, with a power of 
90%, based on an estimated HR of the primary events of 0.5-0.6 
and effect size in the ALSFRS-R analysis of 0.3-0.4. However, 
the sample size and study duration were revised while main-
taining blindness to 360 patients (120 per group) and 182 weeks 
because of a low rate of primary events. 
Two interim analyses by an independent data monitoring 
committee were performed to assess safety and futility. 
The efficacy analyses were conducted using a population anal-
ysis for those patients who received methylcobalamin and had 
evaluable primary endpoint data based on the intention-to-treat 
principle. This was called the full analysis set. The safety anal-
yses were made on a safety data set composed of those patients 
who were evaluated for safety. Missing data from patients who 
discontinued methylcobalamin after a primary event were 
imputed with the final evaluation data after discontinuation. 
Methylcobalamin efficacy and dose-response relationships 
were simultaneously evaluated using contrast coefficients to 
comp紅eplacebo with 50 mg and placebo with all methylco-
balamin groups combined, respectively. The time interval to 
the primary event was compared among groups using log-rank 
scores, and the changes in the ALSFRS-R score and secondary 
endpoint measures were evaluated using the Wilcoxon score 
(patients who died or whose data after a primary event were not 
collected within 28 days from the event were ranked worst). The 
p values for the primary test were adjusted for multiplicity, with 
the statistical analysis plan described in online supplementary 
e-appendix. In addition, the Cox proportional hazards model 
with backward elimination for the placebo group was used with 
variables including the interval between symptom onset and 
diagnosis ($12 months, > 12 months), gender, 0/oFVC (<90%, 
~90%) and several other variables to explore prognostic factors 
for events post hoc. Analyses were performed using SAS V.9.3 
software. 

RESULTS 
A total of 373 patients were enrolled and randomly assigned to 
placebo or 25 mg or 50 mg methylcobalamin groups (124, 124 
and 125 patients, respectively; figure 1). Exclusion of 3 patients 
(1 and 2 patients in the placebo and 50 mg groups, respectively) 
for not satisfying the diagnostic criteria yielded 370 patients. 
The study was completed by 260 patients,_ with 113 patients 
withdrawn because they declined to participate. 
The baseline demographic and disease characteristics were 
similai・ among the groups, without significant differences 
(table 1). Approximately half the patients were diagnosed as 
having clinically probable A区 (46.2%)and had upper motor 
neuron-onset ALS (49.5%). Most of the patients (89.7%) were 
being treated with riluzole at the screening. The number of 
patients with diabetes was 53 (16 in placebo, 18 in 25 mg and 19 
in 50 mg groups), 6 of whom received metfor皿n,which could 
potentially affect B12 levels. There were however no changes in 
haematological data in this study. 
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519were ossessed for eligibility 

146ヽve『oexcluded 

124were allocated to receive placebo 124 were allocated to n,ceive 
methylcobalamin 25 mg 

135 did not satisfy the Inclusion criteria 
10 declined to participate 
1 were excluded forolhar reasons 

125 were •llocated to receive 
methylcobalamin 50 mg 

123 were Included in the analysis (full 
●nalysis set) 
1 did not selisfy the diognos廿ccrilena

1241ve「eincluded in the●nalysis (luU 
analysis set) 

123 were included in the anolysis (fun 
analysis set) 
2 did not sotisfylhe diagnosticcri1eria 

38ware＼帷hdra11'11 36we「ewithdrawn 39wereIvilhdrawn 

21 declined to participate 16 decl~ed to particlpal● 23 deefinedto participate 
1 had adverse events that obfigated,vithdrawal 
2 did not satisfy the inclusion/exclusion criteria 
5 1vere in a possibffitylhal lheirefficeey 

5泊dadverse events thal obr.galed 1•lilhdmwaI 
1 did not satisfy the inclusion/exclusion criteria 
6 1vere in a possib献itylhaltheir efftcacy 

4 had adverse events that obligated withdrawal 
3 were in a possibmtythat thei『efficacy
assessment or safety is compromised 

assessment Of safety,匹recompromised 
3 newly slarted or changed riluzole adminislration 
2ヽ"lhdrewfor other reasons 

8 discontinued the methylcobalomin for <29 doys 
2 newly started or changed riluwle administration 
3 were withdrawn fo『otherreasons 

assessment o『safetyis e叩pr<>mised
3 diseontinuedlhe melhylcobalamin lor"29 days 
3 ne,vly started or changed nluzole administration 
2 were1vilhdmvn for other reasons 

86 completed the sludy 
57 had the primary events 
14 used non-invasive ventilation 
18 used invasive ventilation use 
25di•d 
29 completed the 182-week study period 

Figure 1 Patient flow. 

Efficacy 

88 completed the sludy 
53 had the primary events 
8 used non-invasive venWation 
22 used invasive venlTiotion use 
23died 
35 compleled the 182-week study period 

Significant differences were not detected for either primary 
endpoint; the minimal crude p value was 0.09 for the change in 
the ALSFRS-R score, and its adjusted value was 0.19 (table 2). 
The time to the primary event was slightly prolonged in the 
active ti・eatment groups (HR [95% Cl]: 0.83 [0.58 to 1.20] 
for 25 mg and 0.92 [0.65 to 1.32] for 50 mg methylcobalamin 
groups). The median time to the primary event was 880 for 
placebo, 1147 for 25 mg and 954 days for 50 mg methylcobal-
amin groups (figure 2A). The median change in the ALSFRS-R 
score from baseline to week 182 decreased in relation to the 
allocated dose: -24.0 for placebo, -22.0 for 25 mg and -21.0 
for 50 mg methylcobalamin groups (figure 2B). 
For the secondary endpoints, the median change in manual 
muscle test and the Norris Scale scores from baseline to week 182 
decreased in a dose-dependent manner, although this decrease 
was not significantly different among the groups (online supple-
mentary table e-1). 

Patients diagnosed early (duration ::;12 months) 
The post-hoc analysis of the subgroup of patients diagnosed 
early (diagnosed with ALS :5;12 months after symptom onset) 
demonstrated a significant dose-response-dependent prolonga-
tion in time to the primary event (HR [95% Cl]: 0.64 [0.38 
to 1.09] for 25 mg [p=0.01] and 0.50 [0.27 to 0.93] for 50 
mg[p=0.01] methylcobalamin groups). The median time to the 
primary event (95% CI) was 570 (465 to 720) days for placebo, 
1087 (564 to-) days for 25 mg, and 1197 (609 to-) days for 50 
mg methylcobalamin groups (table 2, figure 2C). 
The change in the ALSFRS-R score also decreased in a dose-de-
pendent manner (the p value for 25 mg was 0.01 and was 0.003 
for 50 mg methylcobalamin compared with placebo; figure 2D). 
To confirm the validity of the results, the time-related changes 
in the efficacies on the primary event and on ALSFRS-R scores 
were analysed; methylcobalamin exhibited efficacy or a trend 

86 completed the study 
55 had the primary events 
15 used non-invasive ventilation 
15 used invasive ventilation use 
25died 
31 completed the 182-weekstudy period 

towards efficacy on primary events in patients diagnosed :s; 12 
months after symptom onset. Additionally, efficacy or a trend 
towards efficacy on ALSFRS-R scores was frequently observed in 
the first 24 months after symptom onset (onfine s~pplementary 15 
tables e-2 and e-3). 

Among the secondary endpoints, a dose—response inhibition 
in worsening was shown in the Norris Scale score (p values: 
0.008 for 25 mg and 0.005 for 50 mg) and 0/oFVC (p values of 
0.004 for 25 mg and <0.001 for 50 mg) (online supplementary 
table e-4). 

Patients with other poor prognostic factors 
Applying the Cox proportional hazards model with back-
ward elimination to data in the placebo group determined the 
following poor prognostic factors: diagnostic interval > 12 
months, being male, %FVC being <90% and being without rilu-
zole (online supplementary table e-5). Methylcobalamin at both 
25 mg and 50 mg tended to reduce the HR in men and %FVC 
<90% (HR, 0.76-0.77; online supplementary table e-6). The 
decreased ALSFRS-R score (95% CI) in the 50 mg group was 4.3 
(0.7 to 7.9; p=0.095) for men and 4.5 (0.9 to 8.1; p=0.020) for 
%FVC <90% (online supplementary table e-7). 

Safety 
Adverse events were reported by more than 97% of patients 
in each group. Treatment-related adverse events were reported 
with a similar incidence of 4.1 % (5/123), 7.3% (9/124) and 
5.7% (7/123) in the placebo, 25 mg and 50 mg methylcobalamin 
groups, respectively. The incidence of serious adverse events 
was also similar in the placebo, 25 mg and 50 mg methylco-
balamin groups: 64.2%, 62.1% and 65.0%, respectively. Of the 
six patients who died of causes other than ALS progression, the 
cause of one death in the 50 mg methylcobalamin group was due 
to cardiac arrest following myocardial infarction or arrhythmia, 
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Table 1 Baseline characteristics of study participants 

Methylcobalamin 

Placebo 25 mg 50 mg Overall 

(n=123) (n=124) (n=123) (n=370) 

Sex 

Male 71 (57.7) 81 (65.3) 71 {57.7) 223 (60.3) 

Female 52 (42.3) 43 (34.7) 52 (42.3) 147 (39.7) 

Age, years 

Mean士SD 62.2士10.7 60.8士10.1 62.4士9.6 61.8土10.1

<65 61 (49.6) 77 (62.1) 65 (52 8) 203 (54 9) 

;z,65 62 (50.4) 47 (37.9) 58 (47.2) 167 (45.1) 

ALSFRS-R score at screening (mean士SD) 42.1土3.5 41.7士3.8 41.9士3.8 41.9土3.7

ALSFRS-R at enrolment (mean必D) 40.1土3.5 39.8土4.0 39.9土4.0 40.0士3.8

Time lag from symptom onset to diagnosis, months 19.6土8.1 19.2土82 19 7土7.8 19.5土8.0

(mean士SD}

%FVC at screening (mean土SD) 97.40土18.22 93.75土17.26 93.99土15.97 95.04士17.21

%FVC at enrolment (mean士SD) 92.83土20.07 89.98土17.45 89.39土17.55 90.74士1841 

%FVC change during the observation period -4.57土10.63 —3 .76士9.36 -4.59土8.77 -4.31士9.60

(mean土SD)

Onset type 

Bulbar 30 (24.4) 29 (23 4) 28 (22.8) 87 (23.5) 

UMN 60 (48.8) 62 (50.0) 61(496) 183 (49.5) 

LMN 33 (26.8) 33 (26.6) 34 (27.6) 100 (27.0) 

ALS disease type 

Sporadic 117 (95.1) 122 (98.4) 118 (95.9) 357 (96.5) 

Familial 6 (4.9) 2 (1.6) 5 (41) 13 (3.5) 

Riluzole coadministration during the observation 110 (89.4) 112 (90.3) 110 (89.4) 332 (89.7) 

period 

Diagnosis* 

Clinically definite ALS 33 (26.8) 43 (34.7) 49 (39.8) 125 (33.8) 

Clinically probable ALS 62 (50.4) 60 (48.4) 49 (39.8) 171(462) 

Clinically probable, laboratory-supported ALS 28 (22.8) 21 (16.9) 25 (20.3) 74 (20.0) 

ALS severity at enrolment 

Stage I 14 (11.4) 20 (16.1) 17 (13.8) 51 (13.8) 

Stage II 109 (88.6) 104 (83.9) 106 (86.2) 319(862) 

ALSFRS-R score change during the observation period 

-1 42 (34.1) 45 (36.3) 42 (34.1) 129 (34 9) 

-2 46 (37.4) 41 (331) 45 (36.6) 132 (35.7) 

—3 35 (28.5) 38 (30.6) 36 (29.3) 109 (29.5) 

Data were compared among groups using one-way analysis of variance for continuous, x1 test for nominal and Kruskal-Wallis test for ordinal variables. Unless otherwise stated, 
values represent the number followed by the percentage of participants. 
*Diagnoses were made according to the revised El Escorial criteria (Airlie House criteria). 
ALS、amyotrophiclateral sclerosis;ALSFRS-R, RevisedALS Functional Rating Scale; %FVC, per cent-predicted forced vital capacity; LMN, lower motor neuron; UMN, upper moto「
neuron. 

and was considered unrelated to the medication based on the 

patient's history. There were no clinically significant changes in 
the results of laboratory tests, vital signs or ECGs among groups. 
Statistical details are available on request. 

Classification of evidence 

decreased ALSFRS-R scores (p=0.003 for 50 mg and p=0.01 
for all methylcobalamin groups) in a dose-responsive manner. 
The incidence of treatment-related adverse events was similar 
and low in all groups. 

DISCUSSION 

The research aims of this study were to evaluate the efficacy and This long-term study evaluated the efficacy and safety of 

safety of long-term ultra-high-dose methylcobalamin (25 mg high-dose methylcobalamin (25 mg and 50 mg adminis-
and 50 mg) in Japanese patients with ALS and the efficacy in tered intramuscularly twice per week) in patients with ALS 
patients whose ALS was diagnosed early. Me出ylcobalaminwas using the survival (or being fully bound to respirator) as the 
not found to be significantly superior to placebo in出ewhole primary event. Because of the time and expenses incurred, it 
cohort. However, in patients diagnosed early（司12montl1s after is becoming more and more difficult to conduct large-scale, 
symptom onset), this study provides post-hoc class II evidence long-term studies assessing the survival such as in the present 

that ultra-high-dose methylcobalamin prolongs time to death or study. 
ventilation support(HR[95% CI]: 0.64 [0.38 to 1.09] for 25 Although the superiority of methylcobalamin over placebo 
mg group and 0.50 [0.27 to 0.93] for 50 mg group; p=0.01 in terms of either the time to primary events or the change 
for placebo vs both methylcobalamin groups combined) and in ALSFRS-R score was not confirmed when data from all 
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Table 2 Primary efficacy endpoints analysed in two patient populations 
(A) Analysis conducted using data from all participants 

Methylcobalamin 
Crude p value 
(comparison with placebo} 

Adjusted p value 
(comparison with placebo) 

Primary efficacy endpoints Placebo (n=123) 25 mg (n=124) 50 mg (n=123) 50 mg Methylcobalamin SO mg Methylcobalamin 

Time to the p「imaryevent*, day 
Median (95% Cl) 880 (678 to 1217 1147 (819 to-) 954 (777 to-) 0.33t 0.20t 015t 0.13t 
First quartile (25,Io) (95°/oCl) 465 (363 to 538) 499 (392 to 61 O) 503 (377 to 627) 

Third quartile (75%) (95% Cl) ーキ 中 ーキ

HR vs the placebo group in each active 0.83 (0.58 to 0.92 (0.65 to 
group (95% Cl) 1.20) 1.32) 

HR vs the placebo group in total active 0.88 (0.64 to 1.20) 
group (95% Cl) 

Change in ALSFRS-R score 

Patients, n 123 124 122 

Median (min, max) —24 0 (-42, -1) -22.0 (-42, 2) -21.0 (-39, 1) 0.15§ 0.09§ 0.18§ 0.19§ 

First quartile (25%) -30.0 -30 5 -27.0 

Third quartile (75%) -16.0 ー12.5 ー10.0

(B) Analysis conducted using data from the subgroup of patients diagnosed early(~12 months after symptom onset) 

Methylcobalamin P value (comparison with placebo) 

Primary efficacy endpoints Placebo 25 mg 50 mg SO mg Methylcobalamin 

Time to primary event*, day 
Median (95% Cl) 570 (465 to 720) 1087 (564 to-) 1197 (609 to-) 0.01↑ 0.01t 

First quartile (25%) (95% Cl) 

Third quartile (75%) (95% Cl) 

363 (201 to 491) 410 (304 to 594) 448 (337 to 1062) 

925 (709 to-) -(1186) -(-, -),i 

HR vs the placebo group in each active group (95% Cl) 

HR vs the placebo g「oupin total active group (95% Cl) 

0.64 (0.38 to 1.09) 0.50 (0.27 to 0.93) 

0.57 (0.35 to 0.92) 

Change in ALSFRS-R score 
Patients, n 48 54 41 

Median (min, max) 

First quartile (25%) 
Third quartile (75%) 

-26.5 (-40, -3) 

-32.5 

ー26.5(-40,0) 

-32.0 

-22.0 (-38, 1) 0.003§ 0.01§ 

-2 7. 0 

-20.0 ー19.0 ー9.0

*Primary events defined as death for any cause or invasive or non-invasive ventilation support for ;,,22 hours due to ALS progression. 
tlntergroup difference analysed using log-「ankscore. 
キThirdquartile of the primary event-free survival was not calculable in any of the groups 
§Intergroup difference analysed using Wilcoxon score. 
'IIThird quartile of time to the primary event was not calculable in the 50 mg methylcobalamin group 
Al5, amyotrophic lateral sclerosis; ALSFRS-R, Revised ALS Functional Rating Scale. 

participants were analysed, a post-hoc analysis using only the 
subgroup of patients diagnosed early (diagnosed :s 12 months 
after symptom onset) demonstrated the efficacy of methylco-
balamin. This subgroup suggested dose-response relationships 
for both survival prolongation and functional measures. 
Despite the lack of a statistically significant difference 
compared with placebo as a whole, deterioration in ALSFRS-R, 
Manual Muscle Testing (MMT) and Norris. scales scores tended 

to be less pronounced with the higher dose of methylcobal-
amin. These findings warrant a pivotal phase III clinical trial 
of ultra-high-dose methylcobalamin exploring its effect on 
ALSFRS-R for a shorter period (16 weeks), recruiting patients 
with less than 12 months'duration after onset (Clinical Trial 
of Ultra-high Dose Methylcobalamin for ALS OETALS), Clin-
ica!Trials.gov NCT03548311). 
The length of time between the first ALS symptom and 
the initial clinic visit correlated with patient survival, likely 
because those with rapid progression tend to be captured 
early by the current diagnostic criteria.18 Those participants 
with less time between symptom onset and initial clinical 
visit exhibited shorter survival times. In the present study, the 
percentage of patients in the placebo group who experienced 

a pnmary event (95% CI) was 75.6% (60.1% to 90.1%) for 
those with a duration of ALS :512 months and 51.8% (38.8% 
to 64.7%) for those > 12 months. The median change in the 
ALSFRS-R scores from baseline to week 182 was -26.5 for 
those :512 months and -21.0 for those >12 months after 
symptom onset. 
Besides those with early diagnosis (ie, rapid disease progres-
sion), a similar trend towards poor prognosis regarding time 
to primary events (or survival) was found in the other two 
subgroups: being male and having %FVC <90% (online 
supplementary table e-6). Interestingly, in these three 
subgroups, methylcobalamin also tended to show a positive 
influence in the survival and in other endpoints (ALSFRS-R, 
Norris Scale score and %FVC; online supplementary table 
e-7). These results could reinforce the efficacy of methylco-
balamin in ALS. Provided that findings in favour of methylco-
balamin were obtained only in these subgroups and not in the 
whole cohort, it may be difficult to evaluate the efficacy of a 
therapeutic drug in patients with slow and variable progres-
sion of the disease. 
Alternatively, methylcobalamin may be more efficacious 
when treatment is started at an early stage of ALS. A recent 
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clinical trial of erythropoietin recruiting patients up to 18 
months after onset showed a tendency for longer survival and 
less decrease of ALSFRS-R score up to 6 months豆 Baumann
and colleagues20 demonstrated that the half-life of lower motor 

neurons is approximately 1 year and that these motor neurons 
decay exponentially in ALS. This means that the number of 
lower motor neurons is already halved at 1 year after symptom 
onset. Therefore, in modifying the progression of ALS, a theじ
apeutic agent started late in the progression has only a frac-
tion of the normal lower motor neuron population remaining, 
with a small number of lower motor neurons sustaining a large 
number of muscle fibres. 
As previously suggested21 the reason so many clinical trials 
may fail despite the promising results of animal studies is 
partly due to the late treatment start in humans compared with 
that in animal models. The El Escorial criteria up to the clini-
cally probable, laboratory-supported level may not be sensitive 
enough to detect patients with ALS in the early stage of the 
disease for participation in clinical trials, in contrast to the 
detection criteria used in animal studies. 

In clinical settings, the average delay from symptom onset to 
an ALS diagnosis is approximately 1 year, and a delay of :'.'o 12 
months accounts for about 40% of patients. 21-23 The newly 
developed Awaji criteria,24 incorporated into the El Escorial 
criteria, may shorten the delay to 9 months.25-28 In this study, 

methylcobalamin showed prominent prolongation of survival 
with slower functional decline in patients diagnosed early（三12

months after symptom onset). Currently, approximately half 
of the ALS population could benefit from metl1ylcobalamin 
treatment using the revised El Escorial diagnostic criteria; 

however, if the use of the Awaji criteria becomes the standard 
practice, most patients could benefit from this therapy, if the 

promise is fulfilled in the currently ongoing JETALS study, 
which uses the Awaji criteria for entry for the first time. The 
inconvenience of intramuscular injections may be overcome 

s

o

s

o

5

 

1

1

2

2

 

a』
O
J
S
l
i
'
S
HJ
S

W

 U
I
 
a
a
u
e
4
)
 

•30 
・ ~・

0 4 

5

0

5

0

5

 

1

1

2

2

 

a』
O
U
S
U
、S
U
J

Slll
U
!
 
•~ue4u 

16 28 

-30 

0 9 16 28 40 

.....Placebo 

..... 25mg 

..... 50mg 

52 64 76 88 100 112 124 136 148 160 172 182 

Event lime point (week) 

Figure 2 Primary efficacy endpoints in all patients (A、B)and the subgroup of patients diagnosed early（:512 months afte「symptomonset) (C, D). 
ALSFRS-R、RevisedAmyotrophic Late「alSele「osisFunctional Rating Scale. 

by allowing injections by patients or their caregivers, which is 
currently employed in the JETALS study. 
Further limitations of this trial should be noted. First, the 
strict criteria for study inclusion may have excluded some 
patients with ALS, which has heterogeneous pathogen-
eses. Second, although post-hoc analysis identified only one 
subgroup of patients, additional factors may influence the 
efficacy and safety profile of methylcobalamin. Third, we did 
not examine higher doses (>50 mg) for dose finding, and 
it is possible that these mega-doses might have even better 
outcome. These potential factors may warrant future analyses 
in other study cohorts such as JETA区．
In conclusion, ultra-high-dose methylcobalamin was not 
found to be significantly superior to placebo. However, ultra-
high-dose methylcobalamin therapy may improve the prog-
nosis of patients with ALS if administered early in the disease 
course. Therapeutic agents that failed in the previous clinical 
trials could be reanalysed for potential efficacy in ALS, taking 
into account the duration of the disease at the start of therapy. 
Criteria enabling earlier diagnosis and a change in the physi-
cian's attitude towards offering an early diagnosis and treat-
ment should yield better future outcomes for the patients than 
ever. 
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INTRODUCTION 

Scalp arteriovenous malformation is a rare 
disease that can interfere with daily life.'・2 
The underlying cause could be trauma, 
congenital, or idiopathic戸 Clinical
symptoms include headache, local pain, 
bruits, tinnitus, and larger lesions that 
can result in skin necrosis. 2・5・6 In 
addition, epilepsy and cerebral ischemia 
may be caused by extracranial shunting 
of common carotid blood flow.7・8 In 
terms of treatment, surgical removal is 
often effective and performed.S・6・9 With 
the development of endovascular 
treatments, a combination of surgical 
removal and embolization is now often 
performed. 
Here, we report a case of scalp arterio-
venous malformation that was treated with 
a combination of embolization and surgi-
cal removal. 

CASE REPORT 

A 44-year-old man presented with a mass 
in his left occipital region 6 months before 
visiting our department. The mass lesion 

BACKGROUND: Scalp arteriovenous malformation is a rare disease. In terms 

of treatment、 surgicalremoval is often effective and performed. With the 
development of endovascular treatments, a combination of surgical『emovaland 

embolization is now often performed. 

CASE DESCRIPTION: A 44-year-old man presented with a mass in his left 
occipital region. Cerebral angiography led to a diagnosis of scalp arteriovenous 

malformation. Although he had no neurologic deficits, perfusion computed to-
mography (CT) scan showed a slight decrease in blood flow in the left cerebral 

hemisphere, which was presumed to have been caused by the scalp arterio-

venous malformation. He suffered from a sleep disorder caused by tinnitus, and a 
discomfort with the lesion itself; therefore, we decided to surgically remove the 

lesion. To supp『essintraoperative bleeding and safely perform the surgery, 
preoperative embolization was also planned. After treatment, he had no 

neurologic deficits and the sleep disorder improved. Perfusion CT scan per-

formed after the surgery showed an improvement in cerebral blood flow in the 
left cerebral hemisphere. 

CONCLUSIONS: Because cerebral blood flow may decrease depending on 
the progression of the lesion, the cerebral blood flow should be evaluated. 

Considering the treatment modalities depending on the lesion can provide 

treatment with less recurrence and higher patient satisfaction. 

gradually increased with pulsation. As the 
mass lesion grew, tinnitus began to 
appear. As tl1e symptoms worsened, he 
suffered from a sleep disorder caused by 
tinnitus, and felt uncomfortable with the 
lesion when he was in the supine position, 
which prompted him to visit our depart-
ment. During the visit, no neurologic 
deficits were observed, and a mass of 
approximately 30 mm was found in his left 
occipital region. Magnetic resonance 

angiography revealed an abnormal blood 
vessel mass consistent with the lesion 
(Figure 1). Cerebral angiography showed 
that the occipital and posterior auricular 
arteries were acting as feeders, whereas 
the superficial vein was acting as a 
drainer, which subsequently led to the 
formation of the abnormal blood vessel 
mass (Figure 2). These arteries and veins 
did not interact in the intracranial area, 
leading to a diagnosis of scalp 
arteriovenous malformation. Perfusion 
computed tomography (CT) scan was 

performed to evaluate cerebral blood 
flow, therefore revealing a slight decrease 
in flow in the left cerebral hemisphere 
(Figure 1). Because the patient suffered 
from tinnitus and had trouble sleeping 
because of discomfort from the lesion, 
we decided to perform surgery to remove 
the lesion. 
To reduce the amount of bleeding and 
safely remove the lesion, we decided to 
perform embolization in advance. During 
embolization, we injected Onyx through the 
occipital artery branch to embolize the 
nidus. Finally, the feeder, nidus, and drainer 
were ernbolized. Tinnitus disappeared 
immediately after embolization, but the 
discomfort caused by the lesion remained. 
Next, we removed the lesion. To preserve the 
blood flow in skin, a skin incision was per-
formed from the cranial side to caudal side 
on the lesion such that the occipital and 
posterior auricular arteries were not cut 
(Figure 3). The nidus was subsequently 
submitted to pathology for analysis. The 
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Figure 1. Preoperative magnetic resonance angiography (A) computed tomography scan (B) showed a slight decrease,n 
blood flow in the left cerebral hemisphere revealed an abnormal blood vessel mass. Preoperative perfusion 

discomfort caused by the lesion disappeared 
after removal of the lesion. Postoperatively, 
the patient had no neurologic deficits, the 
nidus was no longer observed in the 
magnetic resonance angiography, and 
perfusion CT scan showed improved 
cerebral blood flow in the left cerebral 

hemisphere (Figure 4). The pathology 

results of the resected lesion revealed an 
abnormal blood vessel mass with mixed 

arteries and veins of various sizes, and the 

findings were consistent with 

arteriovenous malformations. Furthermore, 

Onyx and thrombus were confirmed in the 
lumen of the blood vessels (Figure 5). 

DISCUSSION 

Scalp arteriovenous malformation 1s an 
abnormal blood vessel mass between the 

feeding arteries and draining veins, 
without an intervening capillary bed 

within the subcutaneous layer.'・'Clinical 
symptoms include headache, local pain, 
bruits, tinnitus, and larger lesions that 
can result in skin necrosis.',5,6 

Additionally, epilepsy and cerebral 
ischemia may be caused by extracranial 
shunting of common carotid blood 
flow. 7・8 In terms of treatment, surgical 

removal is effective and most widely 
performed.5・6・9 With the development of 

endovascular treatments, a combination 

Figure 2. Cerebral angiography (Al showed that the occipital 
artery (arro叫 wasa feeder. Cerebral angiography (Bl showed 

that the posterio「auricularartery (arrov0 was also a feeder. D, 
drainer; N, nidus 

94  www.SCIENCEDIRECT.c口M W 口RLDNEUR口SURGERY,HTTPs://o口1．口RG/10.1016/J.WNE:U.2020．□2.138 
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Figure 3. lntraoperative images of nidus removal. To preseNe 
the blood flow in skin, a skin incision was performed from the 
cranial side to caudal side on the lesion such that the occipital 

and posterior auricular arteries were not cut (A). The nidus was 
dyed black with Onyx (B). D, drainer; N, nidus; 0, occipital artery; 
P, posterior auricular artery 

of surgical removal and embolization is 
now often performed. 

In the presented case, the patient visited 

our departn1ent because of the lesion, 

which caused sleep disturbance because of malformation via cerebral angiography. 
tinnitus and discomfort with the lesion Therefore, surgical resection of the mass 

itself. Furthermore, the patient was diag- was recommended. Although he had no 

nosed with a scalp arteriovenous neurologic deficits, perfusion CT scan 

Figure 4. There was no nidus in the postoperative magnetic 
resonance angiography (A). Perfusion computed tomography 

scan performed after the surgery (Bl showed an improvement,n 
cerebral blood flow in the left cerebral hemisphere 
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Figure 5. Pathologic images of nidus. (Al Hemato")C,/lin and eosin 
stain (original magnification x50) showed that Onyx and 
thrombus were confirmed in the lumen of the blood vessels. (Bl 
Azan stain (original magnification x50) showed discrimination 

between arteries and veins. Arteries {arro叫 hadsmooth 
muscles and thick walls. The pathologic findings were 
consistent with arteriovenous malformation, with mixed arteries 
and veins. 

showed a slight decrease in blood flow in 

the left cerebral hemisphere, which was 

presumed to have been caused by the 
scalp arteriovenous malformation. 
This case was diagnosed with scalp 
arteriovenous malformation, which is 

sometimes referred to scalp arteriovenous 
fistula. 10 Al由ough山esetenns are used 
interchangeably, they should be 
distinguished from each other because 

both have different pathologies.'0 The 
characteristics of cerebral angiography 
for scalp arteriovenous malformation 
include the formation of an abnormal 

blood vessel mass, whereas scalp 
arteriovenous fistula results in directly 
anastomoses arteries and veins that do 

not go tl1rough an abnormal vessel 
mass.'0・" Because this case presented 

with an abnormal blood vessel mass, a 

diagnosis of scalp arteriovenous 
malformation was made. In both cases, 

endovascular treatment and removal are 

typically recommended. Some 
complications of smgical removal include 
skin necrosis and intra- and 

postoperative massive bleeding from the 
scalp, whereas complications of 
embolization include neurologic deficits 

via dangerous anastomosis.5・9心 3
Moreover, we observed skin necrosis 

during the time at which Onyx was used 
as an embolic substance.'4 In cases of 

scalp arteriovenous malformation, the 

patient should be carefully monitored for 
postoperative recurrence. There have 

been several studies comparing surgical 

removal, embolization, and a 

combination of both for postoperative 

recurrence. n,rs These studies reported 
that embolization alone resulted in 

potential recurrence, but there was no 
recurrence with surgical removal or a 

combination of both.12・'5 We need to 

understand the characteristics of 

treatment modalities(Table 1). In cases 

of recurrence caused by endovascular 
treatment alone, it has been reported 

that large lesions or complicated vascular 
structures are the causes.2・15・16 If the 

lesion is large, or the vascular 
architecture is complex, endovascular 

treatment alone may be inadequate; 
therefore, we should make plans that 

include surgical removal. Understanding 
the anatomic features of the lesion and 

considering treatment modalities can 

provide treatment with less recurrence 

and higher patient satisfaction.'7 

r 
Table 1. Advantages and Disadvantages of Treatment ModaIities ] 

T『eatmentModality 

In this patient, the occipital and paste-

rior auricular arteries were observed as 

feeders, forming complex nidus, and the 
vascular architecture was complicated; 

therefore, endovascular treatment alone 

was considered to be a high risk of 
recurrence. In addition to that, a sleep 

disorder was caused by the discomfort 
with the lesion itself; therefore, we 

decided to surgically remove the lesion. 
Because of the anatomic features of the 

lesion and sleep disorder caused by it, we 
decided to treat by a combination of 
endovascular treatment and surgical 

removal. To suppress intraoperative 

bleeding and safely perform the surgery, 
preoperative embolization was planned. 

The surgical goal was achieved by embol-
izing the proximal region of the feeder, 

but if the entire occipital artery is embol-
ized, skin perfusion of the occipital region 
would decrease, which was a concern 

because the patient was judged to have a 

Advantages Disadvantages 

Embolizat1on 

Surgical removal 

Combined treatment 

23 

Small scar 

Less recur「ence

Less recurrence/less hemorrhage 

Neurologic deficits via dangerous 
anastomosis/recur「ence/skinnecrosis 

Intra-and postoperative hemorrhage 

Neurologic deficits via dangerous 
anastomosis/skin necrosis 

9 6 www.SCIENCE01RECT.COM WO  R LO  NEU  RDS  LI RG  ERY, HTTPS://001．口RG/10. l O l 6/J.WNEU.202口．口2.13日
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nsk of skin necrosis after the operation. In 

this case, to preserve the main trunk of the 

occipital artery, we decided to perform the 

embolization starting from the branch of 

the occipital artery feeder. We  were careful 

not to disrupt the anastomosis between 

the occipital and vertebral arteries at the 

cervical vertebrae Cr and C2; therefore, the 

vertebral artery was imaged from the oc-
cipital artery.'8 Because embolization was 

performed from the distal part of the 

anastomosis, we were able to perform 

the embolization safely. Subsequently, 
embolization was performed from the 

branch of the occipital artery using Onyx 
such that the nidus and drainer could be 

embolized, before finally embolizing the 
feeder, nidus, and drainer. The patient 

had no neurologic deficits after the 

embolization. Thereafter, the lesion was 

surgically removed. To preserve skin 
perfusion, the incision was designed 

with a straight incision just above the 
lesion such that the occipital and 

posterior auricular arteries were not 

damaged. The nidus was hardened by 
Onyx and turned black, and the amount 
of intraoperative bleeding was minimal. 
Perfusion CT scan performed after the 

surgery showed an improvement in cere-
bral blood flow in the left cerebral hemi-

sphere. Some studies have reported 
epilepsy and ischemic symptoms because 
of extracranial shunting of common ca-
rotid blood flow of the scalp arteriovenous 
malformation企 In the presented case, 

although the patient had no neurologic 

deficits, the cerebral blood flow was 

decreased in the left cerebral hemisphere 
before the surgery, and improved after 

the surgery. To our knowledge, this is 
the first case where cerebral blood flow 

was evaluated for scalp arteriovenous 
malformation both pre-and postsurgery. 

In this case, as the lesion increased, 

there was a risk of symptoms occurring 

because of extracranial shunting of 
common carotid blood flow. Therefore, 

an evaluation of the cerebral blood flow 
should be performed for cases of scalp 

arteriovenous malformation. 

Author's Personal Copy 
GASE REPORT 

SCALP AVM TREATED WITH EMBOLIZATIDN AND SURGERY 

The pathologic diagnosis was scalp 

arteriovenous malformation. Onyx and 
血 ombuswere confirmed in the lumen of 

the blood vessels, and the abnormal blood 

vessel mass had mixed arteries and veins. 
There was no contradiction between the 

clinical and patl10logic diagnoses. 

CONCLUSIONS 

We  experienced a rare case of scalp arte-

riovenous malformation treated with a 

combination of embolization and surgical 
removal. Because cerebral blood flow may 
decrease depending on the progression of 
the lesion, the cerebral blood flow should 

be evaluated. Considering the treatment 

modalities depending on the lesion can 

provide treatinent with less recurrence and 

higher patient satisfaction 
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Abstract. 

Background: Because dementia is an emerging problem in the world, biochemical markers of cerebrospinal fluid (CSF) and 
radio-isotopic analyses are helpful for diagnosing Alzheimer's disease (AD). Although blood sample is more feasible and 
plausible than CSF or radiological biomarkers for screening potential AD, measurements of serum amyloid-f3 (Af3), plasma 
tau, and serum antibodies for Af31-42 are not yet well established. 
Objective: We aimed to identify a new serum biomarker to detect mild cognitive impairment (MCI) and AD in companson 
to cognitively healthy control by a new peptidome technology. 
Methods: With only 1.5 μ,l of serum, we examined a new target plate "BLOTCHIPR" plus a matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry (MALDI-TOF/MS) to discriminate control (n = 100), MCI (n = 60), and AD 
(n = 99). In some subjects, cognitive Mini-Mental State Examination (MMSE) were compared to positron emission tomogra-
phy (PET) with Pittsburgh compound B (PiB) and the serum probability of dementia (SPD). The mother proteins of candidate 
serum peptides were examined in autopsied AD brains. 
Results: Apart from Af3 or tau, the present study discovered a new diagnostic 4-peptides-set biomarker for discriminating con-
trol, MCI, and AD with 87% of sensitivity and 65% of specificity between control and AD(*** p < 0.001). MMSE score was well 
correlated to brain Af3 deposition and to SPD of AD. The mother proteins of the four peptides were upregulated for coagulation, 
complement, and plasticity (three proteins), and was downregulated for anti-inflammation (one protein) in AD brains. 

*Correspondence to: Professor Koji Abe, 2-5-1 Shikatacho, 
Okayama 700-8558, Japan. E-mail: abekabek@cc.okayama-
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Conclusion: The present serum biomarker set provides a new, rapid, non-invasive, highly quantitative and low-cost clinical 
application for dementia screening, and also suggests an alternative pathomechanism of AD for neuroinflammation and 
neurovascular unit damage. 

Keywords: Alzheimer's disease, biomarker, coagulation, complement, MALDI-TOF, mild cognitive impairment, neuroin-
flammation, peptidome, plasticity 

INTRODUCTION 

Dementia is an emerging problem in the world 
[1], where Alzheimer's disease (AD) occupies more 
than 65% of dementia in the developed countries, 
followed by mild cognitive impairment (MCI), vas-
cular dementia (VaD), and other types of dementia 
[2]. Diagnosis of AD is usually based on clinical 
criteria, but may be supported by biochemical mark-
ers such as a decreased amyloid-f3 (Af3) 42 [3], and 
increased Af3 oligomer [4, 5] and tau protein in cere-
brospinal fluid (CSF) [3]. Radiological analyses are 
also sometimes undertaken as supportive biomarkers 
of AD with single photon emission computed tomog-
raphy (SPECT) for evaluating cerebral blood flow [6, 
7] and positron emission tomography (PET) for Af3 
using Pittsburgh compound B (PiB) [8-10] and tau 
[11-13]. However, blood samples are more feasible 
and plausible than CSF or「adiologicalbiomarkers for 
screening emerging number of potential AD and other 
dementias [14-16]. Several approaches have been 
reported for measuring serum Af3 [17, 18], plasma 
phosphorylated-tau [19], and serum miRNA-455-3p 
[20]. Serum levels of specific antibodies for A釘 42
monomer and soluble oligomer were not different 
among normal control, MCI, and AD [21]. 
Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF/MS) 
technology can detect small-to medium-sized pep-
tides (1,000-10,000 Da or 10-100 amino acids) 
in the serum. However, most previous peptidomic 
analyses required the removal of large amounts 
of plasma proteins with variable methods before 
the step of MS analysis, which overlooked hun-
dreds of potentially important endogenous peptides 
that bind the plasma proteins [22, 23]. In order to 
compensate such drawbacks of previous peptidomic 
methodologies, we successfully developed a one-
step direct transfer technology using a new target 
plate "BLOTCHIPR" before MALDI-TOF/MS anal-
ysis [24]. Furthermore, this new BLOTCHIPR-MS 
technology enabled the comprehensive investigation 
of serum peptides without missing protein-binding 
peptides, and thus provided a high throughput capac-

ity for discovery of new peptide biomarkers [24]. The 
aim of the present study was, therefore, to newly dis-
cover and validate serum biomarker peptides and to 
demonstrate the potential usefulness of these candi-
date peptides for dementia diagnosis. 

MATERIALS AND METHODS 

Participants and serum 

In the present study, participants were prospec-
tively collected at the multicenter, and divided 
into three groups of cognitively normal control, 
MCI subject due to AD, and AD patients depend-
ing on cognitive function with respect to gender-
and age-matching. Cognitive function was exam-
ined with Clinical Dementia Rating (CDR) [25, 
26] and Mini-Mental State Examination (MMSE) 
[27]. The participants were clinically evaluated to 
be cognitively normal, MCI, or AD based on the 
NINDS-ADRDA criteria [28] or a diagnostic MCI 
entity [29]. From these participants, 8 ml of blood 
were collected into a glass test tube (Venoject II, 
Termo, Japan), which was placed for I h at room 
temperature (RT), and was centrifuged at 1,000 g 
for 10 min at RT. Resultant supernatant (serum) was 
divided into 4 Eppendorf tubes (1 ml each) and tem-
porarily stored at -80°C until examination. 

BLOTCH!PR-MS analysis 

Serum peptidomic analysis was conducted by 
newly established one-step direct transfer technology 
"BLOTCHIPR-MS analysis", a rapid quantitative 
technology for peptidomic analysis [24]. Serum 
samples (each 1.5 μ,I) were subjected to 4-12% gra-
dient sodium dodecyl sulfate (SDS)-polyacrylamide 
gel electrophoresis to separate peptides far from 
proteins. Next, peptides in the gel were elec-
troblotted onto BLOTCHIPR (Protosera Inc., Osaka, 
Japan). MALDI matrix, a-cyano-4-hydroxycinnamic 
acid (CHCA) (Sigma-Aldrich Co., MO, USA), was 
applied directly onto BLOTCHIP図andpeptidome 
profiles were obtained in a linear mode of ultrafleX-
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treme TOF/TOF (Bruker Dal tonics Inc. MA, USA), 
as previously described in detail [30]. All sample 
measurements were repeated 4 times. 
All statistical analyses of MS spectral data 
were conducted using ClinProTools version 3.0 
(Bruker Daltonics). MS spectra obtained were 
baseline-subtracted, normalized, recalibrated, and 
peak-picked within the software. Peak heights, which 
showed significant statistical differences between 2 
groups (control subjects versus AD patients), were 
analyzed using the Wilcoxon test, a nonparamet-
ric test for 2-group comparisons. A probability of 
p < 0.05 was considered statistically significant. 

Identification of candidate peptides 

Several sera (each 500 μl) containing high amount 
of each peptide were mixed for candidate peptide 
identification. Peptides were extracted using a Sep-
Pak Cl 8 solid-phase extraction cartridge (Waters 
Corporation, Milford, MA, USA) with 80% (v/v) 
acetonitrile (ACN) in water containing 0.1 % trifluo-
roacetic acid (TFA), and the eluent was concentrated 
up to 100 μL using a CC-105 centrifugal concentra-
tor (TOMY SEIKO Co, Ltd., Tokyo, Japan). Next, 
the solution was diluted with 400 μL of 2% (v/v) 
ACN in water containing 0.065% TFA (eluent A) 
and applied to an AKTA purifier (GE Healthcare 
UK Ltd, Buckinghamshire, England) equipped with 
a C18 silica-based column (XBridge Shield RP18 
2.5 mL, 4.6 mml.D. * 150 mm, Waters Corporation). 
The eluate was fractionated into 20 fractions (1 mL 
each) by a liner gradient of 0-100% of 80% (v/v) 
ACN in water containing 0.05% TFA against eluent 
A at a flow rate of 1.0 mL/min. Each fraction was con-
centrated using a CC-105 centrifugal concentrator up 
to 10 μL. 
Then the peptide sequences were analyzed using 
MALDI-TOFffOF (ultrafleXtreme TOF庁OF)and 
LC-MS/MS (Fusion; Thermo Fisher Scientific Inc., 
Waltham, MA, USA). MALDI-TOF/MS was used 
for smaller peptide with molecular weight (MW) 
less than 3,500 Da, and LC-MS/MS for larger pep-
tide with MW  of 3,500 Da or more. In search 
of MALDI-TOF/MS data, MASCOT software was 
used for a "MS/MS ions search". Parent peptide 
and MS/MS ions tolerance parameters were set 
at士lOOppm and士0.7Da, respectively. In search 
of LC-MS/MS data, MASCOT program was used 
(Matrix Science Inc., Boston, USA). Parent pep-
tide and MS/MS tolerance parameters were set 
at士0.02-0.1Da and士0.1-0.6Da. Since relatively 

large peptides were analyzed with LC-MS/MS, the 
value of the parent peptide tolerance（士0.02-0.1Da) 
was set to allow unanticipated modifications in the 
sequence. Swiss-Prot sequence database, of which 
taxonomy was limited to "human", was selected for 
the searches. "oxidation", "phosphorylation", "N-
acetylation", and "C-cysteinylation" were selected as 
variable modifications. 

PET imaging 

Separately from the above serum analysis, 11 
subjects (1 control, 3 MCI, and 7 AD) partici-
pated Af3 imaging with Pittsburgh compound B 
(PiB) detected by positron emission tomography 
(PET). 18F-labeled PiB (Florbetapir) was synthesized 
with NEPTISR plug-01, intravenously injected for 9 
participants at an Okayama University-affiliated hos-
pita!, and 60-90 min later PET images were detected 
for 30 min. For two AD patients at Oita University, 
11 C-PiB was injected to take PET images [9, 10]. As 
the whole cerebellar region of interest (ROI) for refer-
ence, an average of standard uptake value (SUV) from 
6 cerebral cortical areas were calculated in order to 
analyze positive or negative for PiB-PET (positive for 
more than 1, negative for 1 or Jess). The sera of these 
11 subjects were also measured for BLOTCHIPR-MS 
analysis. 

lmmunohistochemistry for human brain 

After candidate serum peptides were detected, cor-
responding protein expressions were examined in AD 
brain sections. Five cases of pathologically-proven 
AD brains and 6 cases of control brains were fixed 
with formalin, embedded in paraffin, and cut on 
microtome in 5 μ,m thickness. For Niss! staining, 
the sections were incubated in 0.1 % cresyl violet 
for 5 min at room temperature, dehydrated gradu-
ally in ethanol, and coverslipped with micro cover 
glass. For single immunohistochemistry, brain sec-
tions were dewaxed in xylene and were hydrated 
in graded ethyl alcohol (100%, 95%, 80%, 70%, 
50%) and then distilled water. For antigen retrieval, 
sections were microwaved in boiling 10 mM citric 
acid buffers of pH 6. After boiling again, sec-
tions were cooled at room temperature for 20 min 
prior to processing for immunohistochemistry. After 
incubation in 0.3% hydrogen peroxide/methanol fol-
lowed by bovine serum albumin, the sections were 
stained overnight at 4°C with the following pri-
mary antibodies: rabbit anti-fibrinogen [3 chain (FBC) 
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antibody (1 :2500, Sigma, St. Louis, MO); rabbit anti-

alpha-2-HS-glycoprotein (AHSG) antibody (1 :50, 
Cloud-Clone Corp, Houston, TX, USA); rabbit anti-
fibrinogen a chain (FAC) antibody (1: 125, Sigma, St. 

Louis, MO); rabbit anti-plasma protease Cl Inhibitor 
(PPClI) antibody (1:50, Proteintech Group, Chicago, 
IL). Brain sections were then washed with PBS and 
treated with suitable biotinylated secondary antibod-
ies (1 :500; Vector Laboratories, Burlingame, CA) for 

2 hat room temperature. The slides were then treated 
with avidin-biotin-peroxidase complex (Vectastain 
ABC Kit; Vector) for 30 min and incubated with 
diaminobenzidine tetrahydrochloride (DAB). As for 
the negative control, we stained a set of brain sections 

in the same manner without the primary antibody. 
A light microscope (Olympus BX-51, Tokyo, Japan) 
was used to examine the sections. 
For each measurement, we analyzed four randomly 
selected regions in each section. For the semiquanti-
tative analysis, the number of FBC, AHSG, FAC, and 

PPClI-positive cells were calculated in the cerebral 
cortex and hippocampus (HI). 

Statistical analysis 

Diagnostic performance of the peptides was 
evaluated using R statistical computing environ-
ment software [31]. Receiver operating characteristic 
(ROC) analysis was performed with package'Epi' 
[32] within R software. Areas under the curve (AUC) 
values were calculated from ROC curve as an indi-
cator of the diagnostic value. The optimal cutoff 
thresholds for diagnosis were determined according 
to Youden's index [33]. Multiple binomial logistic 
regression analysis of peptides was conducted for 
detection of the best combination of peptides dis-

criminating the two groups using R package'Aod'. 
Relative PET value was calculated to be positive 

as above I, and negative as I or less. Correlation 
coefficient was also calculated by Pearson product-
moment correlation coefficient between MMSE and 
relative PET value or serum probability of demen-
tia (SPD). Immunohistochemical data were analyzed 
in GraphPad Prism (version 7.0, GraphPad Software 
Inc., San Diego, CA, SCR_002798) and presented 
as mean土SD.Two-way analysis of ANOVA was 
used to examine the differences in the expression of 
immunohistochemistry analysis between groups and 
brain areas followed by Sidak's multiple comparisons 
test. In all statistical analyses, data with p < 0.05 were 
considered to be significant. 

Table I 
Participants summary of the present study 

No. of subjects 
Female gender 
Age (y) 
MMSE 

Normal 
control 

n= 100 
60% 
80.0士3.9
28.6土1.5

MCI due 
to AD 

n=60 
43% 
80.9士3.7
26.0士2.5**

AD 
patients 

n=99 
56% 

81.9士3.9
18.4士4.9**・##

Data are expressed mean士SD.**p<0.01 versus control, 
｀ フ<0.01versus MCI. 

The present study was approved by the Ethical 
Committee of Graduate School of Medicine, Den-
tistry and Pharmaceutical Science, Okayama Uni-

versity (#OKU-1603-031 = peptidome, #OKU-1709-
004= PET, #OKU-1904-019 = pathology), Gunma 
University (CIRU-1665), and Oita University (B 12-
013). 

RESULTS 

Participants and candidate peptides 

Totally 259 participants were collected for the 
present study, consisted of 100 normal control sub-
jects, 60 MCI due to AD, and 99 AD patients 
(Table 1). Mean ages of these three groups were 
80.0-81.9 years old, that were not significantly dif-
ferent. Mean MMSE were 28.6士1.5,26.0士2.5
(**p<0.01 versuscontrol),and 18.4土4.9(**p<0.01
versus control, ##p<0.01 versus MCI) in control, 

MCI and AD, respectively. Among these three 
groups, four peptides were identified to show signif-
icantly different between control versus MCI, MCI 
versus AD, and control versus AD (Table 2). The 
four peptides were 27 amino acid fragment (Peptide 
#1) of fibrinogen (3 chain (FBC), 27 amino acid frag-
ment (Peptide #2) of a2-HS-glycoprotein (AHSG), 
47 amino acid fragment (Peptide #3) of fibrinogen a 

chain (FAC), and 34 amino acid fragment (Peptide 
#4) of plasma protease Cl inhibitor (PPCII) (details 
in Table 2). 

Diagnostic performances of four peptides 

Diagnostic performance of single marker peptide 
is summarized in Table 3, in which AUC was 0.710 
for Peptide#!, 0.615 for Peptide#2, 0.616 for Peptide 
#3, and 0.594 for Peptide #4, respectively, with vari-
able sensitivity (37-83%) and specificity (36-87%). 
Some of them showed a low sensitivity but high 
specificity (Peptide #3), and a high sensitivity but 



K. Abe et al. I A New Serum Biomarker Set to Detect MCI and AD 221 

Table 2 
List of 4 identified peptides 

Peptide# Mother protein Calculated Amlno aCId Swiss-Prat Pepude sequence 
(abbreviauon) mono1sotop1c number accession 

mass [M+HJ+ (N-/C-tennmus) number 
Fibrinogen ~ cham (FBC) 2882 54 27 (45-71) P02675 GHRPLDKKREEAPSLRPAPPPISGGGY 

2 0t2-HS-glycoprotern (AHSG) 2858.53 27 (341-367) P02765 TVVQPSVGAAAGPYVPPCPGRIRHFKY 
(CI 8 = cysteinylation) 

3 F1brinogen et chain (FAC) 507835 47 (528-574) P02671 TFPGFFSPMLGEFYSETESRGSESGI百 NTK
ESSSHHPGIAEFPSRG 
(P3 = oxidation) 

4 Plasma protease CI 10h1b1tor 4151.17 34 (467-500) P05155 TLLYFEVQQPFLFVLWDQQHKF 
(PPCII) PVFMGRVYDPRA 

Table 3 
Diagnostic performance of single marker peptide 

Peptide# Mother protein AUC Sensitivity Specificity Elecro-signal Fold change p 
(abbreviation) （％） （％） cut off (AD/Control) (Mann-Whitney's U test) 

I Fibnnogen 13 chain (FBC) 0.710 76 58 3,550 1.44 ***p <0.00l (3. l x lo-7) 
2 a2-HS-glycoprotem (AHSG) 0.6 I 5 62 59 28,274 0.84 **p<OOI (0.005) 
3 F1brinogen et chain (FAC) 0.616 37 87 7,995 I. 16 ** p < 0.01 (0.005) 
4 Plasma protease CI inhibitor 0.594 83 36 1,886 1.60 *p <0.05 (0.021) 

(PPCll) 

Table 4 
Diagnostic performance of the four-peptide multi-marker set 

Sample data AUC Sensnivity Specificity 
（％） （％） 

Control versus MCI 0.662 72 59 
MCI versus AD 0.672 77 62 
Control versus AD 0.804 87 65 

low specificity (Peptide #4). Peptide #2 showed a 
significantly lower fold change (0.84) compared to 
the three other increases of Peptide #1, #3, and #4 
(Table 3). A multiple binomial logistic regression 
model was constructed by using the four peptides. 
After the examination of samples of a training data 
set (100 control subjects and 99 AD patients), an opti-
mized model with the highest diagnostic performance 
was obtained as follows: Probability= 1/(1 +e/¥(-
(-0.5473 + 3.719E-04 [Peptide #1] -7.584E-05 [Pep-
tide #2] + l.302E-04 [Peptide #3] + 4.41 lE-05 
[Peptide #4]))) (Equation 1). 
With this 4-peptide multi-marker set (Table 4), 
AUC of control versus MCI was 0.662, of MCI 
versus AD 0.672, and of control versus AD 0.804 
with providing high sensitivity (72-87%) and high 
specificity (59-65%). To assess validity of the logis-
tic model, k-fold cross validation was conducted. 
Ink-fold cross-validation, the dataset was randomly 
divided into k subsets with equal size for each group. 
In this study, k = 5 was chosen. Logistic model using 
multiple peptides was trained for 5 times with each 
time leaving out one of the subsets from training. 
The omitted subset was applied for calculation of the 

Probability Fold change p 
cut off (Mann-Whitney's U test) 
0.357 MCI/Control= 1.39 ＊亭＊p<0.00](6.2 X JQ-4) 
0.477 AD/MCI= 1.37 ***p < 0.001 (2.8 x 10--4) 
0.385 AD/Control= 1.90 ***p <0.OOl (l.3 x lo-19) 

diagnostic values, e.g., AUC. These values were com-
pared with the diagnostic performance of the logistic 
regression model. By using 5-fold cross validation, 
AUC of control versus AD was estimated to be 0.796, 
which was close to the value without cross-validation, 
0.804. Fold changes of MCI/control, AD/MCI, and 
AD/control were 1.39, 1.37, and 1.90, respectively 
(Table 4). 

Figure 1 shows SPD depending on the peptide 
data among the three groups, which is overlaid 
by 259 cases of MMSE. These three groups show 
significantly different SPD between control ver-
sus MCI, MCI versus AD, and control versus AD 
(*** p < 0.001). A good correlation was found in the 
increase of SPD and the decrease of MMSE among 
clinically diagnosed three groups (Fig. 1). 

Amyloid PET and brain pathology 

Table 5 summarizes SPD data of 11 amyloid PET 
subjects. One control subject (female) was Ar3-PiB 
negative, who showed 0.33 SPD. Among three MCI 
subject (1 male and 2 females), two were Ar3-PiB 
negative (0.82 and 0.48 SPD) and one was Ar3-PiB 
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lation coefficient ofMMSE versus SPD was r=-0.03 
for all 11 subjects (Fig. 2D, dotted line). 
Figure 3 shows histochemical analysis of human 
brain sections in the cerebral cortex (mainly frontal 
lobe) and HI. Both FBC and FAC were weakly stained 
in neurons of cortex and HI of control brains, but were 
strongly induced in AD brain. AHSG was obviously 
stained in neurons of cortex and HI of control brains, 

but was weaker in AD brains. PPCll was clearly 
stained in neurons of control brains, which enhanced 
in AD brains. Quantitative analysis showed signif-
icant increases of positive cell numbers in the AD 
than control brains for FBC, FAC, and PPCll, but a 
significant decrease for AHSG (Fig. 3, *p < 0.05 and 
**p < 0.01 versus Control). 

-0 

NC 
(n=lOO) 

MCI 
(n=60) 

AD 
(n=99) 

Fig. I. Serum probability of dementia (SPD, boxes) and MMSE 
(circles) in 100 normal control (NC) subjects, 60 MCI due to AD 
subjects, and 99 AD patients. Note serial increase of SPD and 
decrease of MMSE from NC, MCI to AD. Open circle represent 
NC, grey MCI, and black AD. 

30 

positive with 0.55 SPD. Seven AD patients (5 males 
and 2 females) were all A[3-PiB positive with SPD 
of 0.19-0.57. Of note was a case of MCI with high 
SPD (0.82), who was A[3-PiB negative MCI with 
MMSE of 29, but converted into AD with MMSE 
of 23 in 2 years. Two other MCI cases with moderate 
SPD of 0.48 (A[3-PiB negative) and 0.55 (A[3-PiB 
positive) kept stable MMSEs for subsequent 3 and 
18 months, respectively, until expiring the visit to 
our hospital. Figure 2 depicts A[3-PiB PET nega-
tive (Fig. 2A) or positive (Fig. 2B) examples, and 
correlation coefficients of MMSE versus PET data 
(Fig. 2C) and MMSE versus SPD data (Fig. 2D) of 
these 11 subjects, showing a strong correlation of 

MMSE versus PET (r=-0.75,p=0.0070) among all 
11 subjects (Fig. 2C, oblique dotted line) and a corre-
lation of MMSE versus SPD (r=-0.67, p=0.0908) 
in 7 AD patients (Fig. 2D, oblique solid line). Corre-

DISCUSSION 

The present study discovered a new serum 
biomarker with a new peptidome technology. The 

4-peptide biomarker set presented a significant differ-
ence among age-and gender-matched normal control, 
MCI, and AD groups with high sensitivity and speci-
ficity (Tables 1-4, Fig. 1). Cognitive MMSE score 
was well correlated to brain A~ deposition (Fig. 2C) 
and to SPD of AD (Figs. 1 and 2D), and thus provides 
a new screening for dementia with a quick, a small 
amount of serum (1.5 μ!), a very low invasive, and 
a low-cost test. The diagnostic performance of each 
peptide showed a characteristic balance of sensitivity 
and specificity to discriminate three subject groups 
(Table 3), each of which mutually compensated to 
enable a high sensitivity/specificity with high AUC 
as the set diagnosis (Table 4). 
The present new peptidome technology took 
BLOTCHIPR-MS method which omits deproteina-
tion step, allowing a quick and whole peptides 
analysis not only for free peptides but also protein-

binding peptides in the serum. This method can 
pick comprehensive serum peptides without missing 
protein-binding peptides, that were previously lost 
after deproteination step. Furthermore, such whole 

Table 5 
Relative A[3-PET value and serum probability of dementia (SPD) in 11 subjects 

Age (y) 
MMSE (/30) 
PET result 
Relative PET value 
SPD 

Normal 
control 

77 

30 

l
-
8
9
 

7

2

 

MCI 
2 

85 
29 

0.94 

0.33 

0.94 

0.82 
5

8

 

-
9

4

 

0

0

 

3 

86 
27 

＋ 

1.42 

0.55 

I 

68 
27 
＋ 

1.06 

0.19 

2 

71 

20 
＋ 

1.45 

0.54 

3 

67 
18 
＋ 

1.47 

0.57 

AD 
4 

78 

26 
＋ 

1.53 
0.24 

5 

71 

20 
＋ 

1.54 

0.24 

6 

67 
24 
＋ 

1.96 

0.50 

7 

56 
17 

＋ 

2.53 

0.49 
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Fig. 2. Amyloid PET and SPD with MMSE in 11 PET subjects for 
I NC, 3 MCI, and 7 AD. Panels A and B shows Al3 negative-and 
positive-example, (C) MMSE versus relative PET value ofnegative 
with I or less and positive with more than 1, and (D) MMSE versus 
SPD. Note the cortical Al3 deposit in PET-positive example (B), 
the strong correlation of relative PET value with MMSE in all 
11 subjects (r =-0.75, p = 0.0070, panel C, oblique dotted line), 
and a significant correlation of SPD with MMSE in 7 AD patients 
(r=-0.67, p = 0.0908, panel D, oblique dotted line). Correlation 
coefficient of SPD versus MMSE was r=-0.03,p=0.9198forall 
11 subjects (D, dotted line). Open circle represents NC, grey MCI, 
and black AD.+ or-of grey MCI and control are Al3-PET positive 
or negative, respectively. 

peptides were separated by a simple e!ectrophore-
sis, and then on-step directly transferred to the high 
throughput MS analysis. Selection of test tube for 
blood collection was also very important in the 
present study. Many hospitals commonly use test 
tubes which are coated by thrombin to facilitate coag-
ulation and getting serum in a short time. However, 
our pilot study proved the use of thrombin-coated test 

tube greatly interfered with the analysis data. Thus, 
the present study chose a test tube for blood collec-
tion that is simply coated by silica (Venoject II), also 
commonly available in most clinics. 

Surprisingly, these peptides were not fragments of 
A[3 or tau, but were related to coagulation and com-
plement/inflammation systems. The mother protein 
levels (FBC, FAC, PPC 11) of these three peptides 
(Peptides #1,3,4) were upregulated and AHSG was 
downregulated in the human AD patients (Fig. 3). 
Because frequencies of atrial fibrillation (Af) and the 
use of anti-coagulative drugs were only between O 
and 4.0% in the control, MCI, and AD groups, the 
present result is not simply due to the secondary effect 
of having Af nor the anti-coagulative drug use. FBC 
and FAC are essential coagulation materials and key 
contributor of AD pathology [34, 35]. PPCll is a 
serpin superfamily, which regulates a pivotal coagu-
lation/neuroinflammation in damaged brain [36, 37], 
and anti-inflammatory AHSG is regulated under con-
trol of pro-inflammatory tumor necrosis factor-a [38, 
39]. Thus, the present data strongly suggest a new 
pathomechanism of AD, that is not simple A[3 and tau 
hypotheses but are in good accordance to our recent 
reports that suggested a neurovascular unit (NVU) 
damage and a neuroinflammation/plasticity of AD 
brain [ 40-43]. 
In fact, a recent report suggested an important 
role of pericyte for maintaining cerebral circulation 
and pleiotrophin secretion at NVU [44]. Our previ-
ous studies also reported that the mother proteins of 
these peptides (FAC and PPCll) were upregulated 
and AHSG was downregulated in AD model mice, 
which were enhanced by chronic hypoperfusion [38, 
45]. These previous mice reports were confirmed 
in human AD brain samples in the present study 
(Fig. 3), suggesting the constant activation of coagu-
lation/plasticity and neuroinflammation process both 
in simple AD and AD plus hypoperfusion brains. In 
fact, our recent report showed that PiB-PET positive 
MCI showed elevations of inflammatory cytokines 
macrophage inflammatory protein-] [3 and stem cell 
growth factor-[3 in CSF [46]. Furthermore, matrix 
metalloproteinases involve multiple roles as inflam-
matory components of AD brain [47], which may be 
detected by a new PET tracer for microglial activa-
tion [ 48]. A recent report showed that A[3 interacted 
with fibrinogen and induced its oligomerization [49], 
which may well support the present data. 
Increasing numbers of dementia patients demand 
a simple and quick screening test for early diag-
nosis. A recent report to detect serum A[3 showed 
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a good correlation to brain A~ deposition detected 

by PiB with a combination of immunoprecipita-

tion (IP) plus MALDI-TOF/MS [50]. However, the 

IP-MS is limited to the measurement of known 

peptides and is not a popular diagnostic method 

due to enormous expense and equipment to gen-
erate and maintain antibodies. On the other hand, 
the present BLOTCHIPR-MS  analysis requires no 
pretreatment of blood samples, because whole pep-

tides are effectively dissociated from major blood 
proteins during one-dimensional polyacrylamide 

gel electrophoresis process. Thus, the present one 
dimension/MALDI-TOF (1-DE/MS) system elimi-

nates staining, extracting, loading and many other 
time-consuming steps taken in 2-DE/MS, thereby 

greatly reducing analysis time while providing high 

throughput peptidomic analysis. 

The present study provides a new diagnostic 

biomarker set for MCI and AD by a new pep-
tidome technology, but also suggests an important 

pathomechanism of AD for neuroinflammation and 
NVU damage relating to coagulation/plasticity, that 
could develop a new approach for a disease modi-

fying therapy or to prevent a conversion from MCI 

to AD. A standardized kit for automated quantita-
tive assessment with ProtoKeyR assay [51-54] with 

this 4-peptides set will enable a rapid, non-invasive, 
highly quantitative and low-cost clinical application 
in the near future. 
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Presence of tau in cerebrospinal fluid (CSP) was 

first discovered by Vandermeeren in 1993 [I]. 
They developed specific monoclonal antibodies 

against human tau, and phosphorylated tau (ptau) 

[2, 3], and set up specific ELISA consisted of 

AT! 20 antibody and rabbit anti-human tau anti-

serum. Quantitation of total 190 CSP samples 
from Alzheimer's disease, controls and other 

neurological disease showed assay detection 

limit of CSP tau was less than 5 pg/ml and 

increased tau levels in AD compared to those of 

controls. However, marked overlap value between 
AD and other neurological diseases was observed 

in this initial report. In 1995, 5 assay results of 

CSP tau were published at once. Vigo-Pelfrey 

group measured CSP tau from 181 patients using 

ELISA using 16G7 and 16B5 antibody to tau [4]. 

We also developed different ELISA system using 
anti-Ht-2 and F-Fl 1 antibodies and confirmed 

increased CSP tau in AD patients [5]. Data using 

present common ELISA system for tau and ptau 

provided Innogenetics N.V. in Belgium (now 

Fujirebio Europe N.V.) published from this year. 

Hock reported that CSP tau levels are increased 

in AD, preclinical stage of AD, familial AD cases, 
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and correlated with severity of dementia. In this 

assay, ATl 20 was adopted for captured antibody 

and combination with HTI and BT2 was used for 

reporter antibodies [6]. Blennow first reported 

the presence of phosphorylated tau at threonine 

181 (p 181 tau) and threonine 231 (ptau231) by 

ELISA using ATl 80 for ptau231 and AT270 for 

ptau 181 as captured antibodies and combination 

of HT7 and・ AT120 for reporter antibodies. 

Although tau and ptau levels were significantly 

increased compared with controls, overlap of 

assay values were observed also between AD and 
other neurological diseases [7]. Presently, this 

p 181 tau assay system is altered to use HT7 for 

capture and AT270 for detection antibodies [8]. 

Arai showed significant increase of CSP tau and 

presence 50~65 kd tau bands in CSP samples by 
western blot suggesting that CSP tau might 

reflect the progressive accumulation of altered 

tau due to progressive death of neurons in the AD 
brain [9]. This is short history of developing of 

CSP tau and ptau assay. Afterward these basic 

findings, huge number of studies of CSP tau and 

ptau open up doors to the definite biomarkers for 

diagnosis and prediction of AD, and the clarifica-

tion of tauopathy mechanisms, establishment for 

global standardization, and finally valuable tools 

for development of essential therapy for AD. 

Major papers about CSP tau studies are 

reviewed and summarized here, and the vison of 

future is commented. 

c Springer Nature Singapore Pte Ltd. 2019 
A. Takashima et al. (eds.), Tau Biology, Advances in Experimental Medicine and Biology 1184, 
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Definite Biomarker for AD demented neurological disease and 181 normal 
controls showed the cut-off value of CSF tau was 

In the same 1995, another way of AD biomarker 375 pg/ml, 59% sensitivity and 90% specificity 
had initiated. Motter first reported that CSF AB42 for diagnosis AD compared to other groups. 
levels were decreased in spite of increased levels Simultaneously, elevation of CSF tau level was 
of CSF tau in AD patient [ 1 OJ. CSF samples from observed in other chronic and acute brain damage 
37 AD, 32 neurological disease and 20 nonde- disease suggesting required attention for clinical 
mented controls were evaluated by ELISA using practice [ 16]. Andreasen also showed sensitivity, 
266/277-2 antibodies for AB42 and 16B5/16G7 specificity and stability of CSF tau in AD in a 
antibodies for tau. In 1998, Kanai published community-based patient samples showed the 
the first longitudinal and multicenter study of cut-off value of CSF tau was 302 pg/ml, 93% 
CSF AMO, AB42 and tau. The study consisted of sensitivity and 86% specificity for diagnosis AD 
93 AD, 33 non-AD dementia, 56 other neurologi- compared with controls and suggested some neu-
cal disease CSF samples were evaluated by rological conditions (e.g., stroke) increases CSF 
Innogenetics tau assay and common AB ELISAs tau [ 17]. Finally, these findings were validated by 
of BAN-50 for capture and BA-27/BC-05 for prospective comparisons between antemortem 
detecting AB40/ AB42, respectively. A significant CSF tau and AB and autopsy-confirmed dementia 
elevation of tau and correlation between the tau diagnosis [ 18]. 
levels and the clinical progression were observed 
in AD. A significant decrease of the AB42 levels 
and a significant increase of AB40/42 ratio were 
observed in AD suggesting that CSF tau increases 
with clinical progression of dementia and altera-
tion of AB42 and AB40/42 ratio starts at early 
stages in AD. Efficient diagnostic sensitivity 
(71 %) and specificity (83 %) were revealed by 
using combination of tau and AB40/42 ratio val-

ues. Improvement in sensitivity up to 91 % was 
obtained in longitudinal evaluation [ 11]. 

Additional reports by different assay systems 
supported these findings [12, 13]. 
Different assay methods of ptau also reported. 
Increased level of ptau at serine 199 using ELISA 
with HT-7 and Anti-PS199 was published by Ito 
in a large scale multicenter study consisted of 
570 CSF samples, in 2001 [14]. However, in 
global standardization study in comparative CSF 
study among ptau231, ptau 181, and ptau 199 
showed that ptau 181 assay reached specificity 
levels greater than 75% when sensitivity was set 
at 85 % or greater [ 15]. 
For clinical application in differential diagno-
sis of AD, another large-scale multicenter study 
by Shoji analyzing total 1,031 samples from 366 
AD and 168 non-Alzheimer dementia, 316 non-

Systemic Review and Meta-Analysis 

From these basic findings era, CSF biomarker 
study expanded to clarify the diagnostic efficacy 
of CSF tau and ptau in huge number of cohort 
studies including AD dementia, mild cognitive 
impairment (MCI) due to AD, cognitively unim-

paired (CU) state in AD and other neurological 
diseases. According to recent systemic review by 
Olsson, 231 articles comprising 15,699 AD and 
13,018 controls were analyzed and showed CSF 
tau, ptau and AB42 strongly differentiated AD 
form controls, and MCI due to AD from stable 
MCI. Total 164 cohorts with AD and 153 control 
cohorts representing 11,341 AD and 7,086 con-

trols showed that average tau concentration ratio 
between AD and controls are 2.54. In CSF ptau, 
98 studies comprising 7,498 AD from 96 cohorts 
and 5, 126 controls from 91 cohorts showed the 
ptau concentration ratio is 1.88. Comparison 
between 12 cohorts with 307 MCI and 570 stable 
MCI showed that average concentration ratio of 
CSF tau is 1.76 and those analysis with 9 cohorts 
comprising 251 MCI due to AD and 501 stable 
MCI of CSF ptau is 1.72 [19]. 
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Differential Diagnosis 
and Prediction for Onset of AD 

During these 20 years, based on development of 
basic research and neuroimaging tools, clinical 

classification and diagnosis criteria of neurogen-

erative dementia have been refined and subdi-

vided in detail. These developments facilitate 

rigorous evaluation of CSF biomarkers in newly 

identified neurogenerative diseases. Toledo 

examined pathology confirmed neurodegenera-

tive dementia patients and showed 26.8% of AD 

combines another pathology and 14~17% under-
estimation of biomarker accuracy. CSF tau and 

ptau are increased in AD and AD-Dementia with 

Lewy bodies (DLB) [20]. Both tau and ptau val-

ues themselves did not discriminate behavior 

variant frontotemporal lobar degeneration 

(bvFTLD) and frontotemporal dementia (FTD) 

without combination of A/342 values [21, 22]. 

The systemic review and meta-analysis of idio-

pathic normal-pressure hydrocephalus indicated 

significantly reduced levels of tau, ptau and A/342 

compared to healthy normal state [23]. In 

Creutzfeldt-Jakob disease (CJD), highly elevated 

CSF levels of tau and 14-3-3 protein are estab-

lished biomarkers. Rumeileh showed tau yielded 

80.6% sensitivity and 75.3% specificity in distin-

guishing AD from CJD. However, ptau alone 
showed no eligible significance. Cut-off value 

was proposed to be >1200 mg in tau and >16.4 in 
tau/ptau ratio [24]. Ewers studied diagnostic 

value of CSF A/342, tau and ptau in 675 CSF sam-

ples from controls, AD dementia, subjective 
memory impairment, vascular dementia, LBD, 

and FTD, depression, and other neurological dis-

ease. As the results, A/342 showed the best diag-

nostic accuracy among them. At a sensitivity of 

85%, the specificity to differentiate AD dementia 

against other diagnosis ranged from 42% for 

DLB, 77% for FTD. However, significant overlap 

with other non-AD dementia, possibly reflected 

the underlying mixed pathology [25]. 

Recently, we have independently reexamined 
CSF tau and ptau in a total of 213 CSF samples 

from various neurological diseases and CU sub-

jects [26]. Tau levels were 259.3士162.8pg/ml in 

CU, and were significantly higher at 

738.4土 290.6pg/ml in AD dementia/MCI 

(p<0.0001), 1,337土 1554pg/ml in encephalop-

athy (ENC) (p = 0.036), and 415.7土 158.2pg/ml 

in multiple system atrophy (MSA) (p = 0.0164) 

than in CU. One patient with CJD had a CSF tau 

level of 1,554 pg/ml (Fig. 29.1 a). Pl 81 tau levels 

were 41.69 pg/ml in CU and significantly 

increased to 88.62士29.69pg/ml in AD demen-

tia/MCI (p < 0.0001). No significant changes 

were observed in other diseases. The CSF tau/ 

p 181 tau ratio was 6.0士1.8in CU, and increased 

to 8.2土 1.2in AD dementia/MCI (p = 0.0038), 
38.8士55.6in ENC (p = 0.013), and 10.2土3.1in 
MSA (P < 0.0001). In CJD, this ratio was 25.9. 

Specific changes due to AD processes were rec-

ognized in Pl 81 tau levels. This study corre-

sponded of previous 1,031 subjects multicenter 
study showing overlap values in the tauopathy 

and other neurological disease groups, with mod-

erate measurement sensitivity and specificity as a 

biomarker using mean土 2SD as a cutoff value 
[ 16]. Total tau was increased in some diseases 

because of different pathological processes, 

including tauopathy due to AD, acute brain injury 
by ENC and CJD, and axonal degeneration in 

MSA. No significant changes were detected in 

total tau, p 181 tau, or their ratio in CBD, PSP, or 

FTD. The present results on the CSF tau/p 181 tau 

ratio suggest that it was 6: 1 and that the 

phosphorylated-tau tangle pathology increased 

p 181 tau and secondarily induced brain injury due 
to increased total tau levels (8: I), even in AD. 

ADNI and DIAN Study 
Demonstrated Signature of AD 

Then, epochal 2 global studies initiated; One is 

Alzheimer's Disease Neuroimaging Initiative 

(ADNI) from 2003, which demonstrated natural 

course of cognitive function, neuroimaging and 

CSF biomarkers in cognitively unimpaired (CU), 

MCI and dementia stage of pure sporadic 

AD. Another is further convincing study of sig-

nature of biomarkers in dominantly inherited AD, 

Dominantly Inherited Alzheimer's Disease 

(DIAN) from 2008. 
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Fig. 29.1 Total tau, phosphorylated-tau in CSF from 231 
neurological diseases 
*: p < 0.05; **: p < 0.005; ***: p < 0.0001 
Abbreviations: ADD Alzheimer dementia, MCI mild cog-
nitive impairment, FTD frontotemporal dementia, NPH 
normal pressure hydrocephalus, ENC meningoencephali-
tis, MS multiple sclerosis, NMO neuromyelitis optica, PD 

Shaw showed that CSF AB42 was the most 

sensitive biomarker for AD in ADNI cohort and 

autopsy-confirmed subjects. Cut-offs, sensitivity 
and specificity discriminating between AD and 

CU subjects were 93 pg/ml, 69.6% and 92.3% in 
tau, 23 pg/ml, 67.9%, and 73.1 % in ptau 181, 

192 pg/ml, 96.4% and 76.9% in AB42, and 0.39, 
85.7% and 84.6% in tau/AB42 [27]. Multicenter 

quality control study of ADNI samples using 
INNO-BIA AlzBio3, xMAP technology showed 

intra center assay CV% was 5.3% in AB42, 6.7% 
in tau and 10. 8 % in ptau 1 81. Those of inter -

Parkinson's disease, MSA multiple system atrophy, CBD 
corticobasal degeneration, PSP progressive supranuclear 
palsy, SCD spinocerebellar degeneration, ALS amyo-
trophic lateral sclerosis, PN polyneuropathy, CU cogni-
tively unimpaired control subjects. Units of CSF total tau 
and phosphorylated-tau were pg/mL 

center CV% was 17.9% in Al342, 13.1 % in tau 

and 14.6% in ptau181 [28]. Follow-up during 

48 months in ADNI cohort showed that low Al342 

values were associated longitudinal increase in 

ptau 181, and high baseline ptau 181 values were 

conversely not associated win changes of Al342 
levels [29]. Recent report from ADNI consisted 
of 56 CU, 73 MCI and 17 AD over 1~7 years 
follow-up divided by AB+ and AB- groups 
depend on AB42 cut-offs 192 pg/ml, showed sig-

nificantly increased baseline levels of CSF tau 

and ptau in AB+ CU, AB+ MCI and AB+ AD 
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dementia. Longitudinally, tau levels increased in 

both AB+ CU and AB+ MCI, but, decreased in 

AB + AD dementia. Longitudinally, ptau levels 

increased in AB + CU and significantly decline in 

AB+ AD dementia. Both follow-up study showed 

increase of tau and ptau mainly increase MCI 

stage, and conversely decline in dementia stage 

[30]. 

DIAN study is the unique study of dominantly 

inherited AD (DIAD). DIAD is caused by muta-

tions of APP, APP duplication and PSEN-11-2 

mutations. Although the onset age is variable 

depend on each gene mutation type, penetrance is 

100% and the onset age and prognosis is essen-
tially identical with carrier's parent with 

DIAD. These findings indicate that survey of 

mutation carrier can reveal definite preclinical 

alteration and natural course of biomarkers and 

cognition before onset. In 2012, Bateman clearly 

showed the order and magnitude of pathologic 

processes in AD. CSF AB42 levels appeared to 
decline 25 years before the symptom onset. AB 

deposition in the brain detected by PiB amyloid 
PET, increased CSF tau and brain atrophy initi-

ated before 15 years of onset. Cerebral hypome-

tabolism and episodic memory disturbance 

appeared before 10 years. Finally, global cogni-
tive impairment was detected 5 years before 

onset. Then, 3 years after onset, patients met 

diagnostic criteria for dementia [31, 32]. Thus, 

DIAN study conclusively established big data of 

all alterations of biomarkers and cognitive func-

tions which gradually progress during 25 years 

and confirmed these orders speculated by ADNI 
study. Both results by ADNI and DIAN study 

provide us extremely useful tool to open inter-

ventions for prevention of AD. 

Prospective Study for Prediction 
of MCI and Dementia Due to AD 

Natural course of CSF biomarkers of incipient 

AD from CU to MCI was also studied. Hansson 

examined 137 MCI during 5.2 years follow up 
and showed 42% developed AD dementia and 
15% develop other form of dementia. CSF bio-

markers at baseline yielded sensitivity 95% and 

specificity 83% in combination with tau and 

AB42, and those of 95% and 87% in combination 

ptau 181 and AB42 for detection AD dementia 

converter [33]. DESCRIPIA prospective study 

from 20 memory clinic across Europe during 

2003-2005 showed CSF AD profile (low AB42/ 
high tau value) was common in 52% of subjec-
tive cognitive impairment (SCI), 68% of non-

amnestic MCI (naMCI), 79% of amnestic MCI 

(aMCI) and 31 % CU and associated with cogni-

tive decline in naMCI and aMCI [34]. In subjects 
with MCI and abnormal CSF AB42 profile, CSF 
tau and ptau and hippocampal atrophy can pre-

dict further cognitive decline [35]. Prospective 

9-year study of 44 CU showed that 6 of 12 with 

low baseline CSF AB42 developed AD, but other 
6 subjects with low AB42 and 32 with normal 
AB42 did not develop AD. CSF tau and ptau did 

not predict development AD/DLB over 9 years 
[36]. 

Adult Children Study of 169 middle-aged CU 
during 6 years prospectively also revealed 
that longitudinal reduction in AB42 were observed 
in some individuals as early middle age and low 

AB42 levels were associated with the develop-

ment of cortical amyloid deposition, especially in 

mid middle age during 55-64 years. CSF tau and 

ptau as neuronal injury markers dramatically 
increased in some individuals in mid and late 

middle aged during 55-74 years [37]. CSF AB42 
was correlated only with PiB binding, but, CSF 

tau, ptau and hippocampal volume were corre-

lated with the longitudinal alteration in global 

cognition [38, 39]. Toledo recently reported a 

global large multicenter study of CSF samples 

from 1,233 healthy cohort subjects, 40-84 years, 
from 15 cohorts from 12 different centers by 
LuminexR assay of AB42, tau and ptau in 
Gothenburg Laboratory. At 40 years of age, 76% 

of subjects were classified normal AB42, tau and 
ptau and their frequency decreased to 32% at 

85 years. Normal AB42 and increased tau/ptau 

group frequency increased slowly from 1 % at 
44 years to 16% at 85 years. Low AB42 with high 

tau/ptau frequency increased from 1 % at 53 years 

to 28% at 85 years. Abnormal low AB42 were 
already frequent in middle-life and APOE geno-

type strongly affects the AB42, tau and ptau in 
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Swedish BioFINDER (n = 277) and ADNI 

(n = 646) [40]. 

Standardization and Newly 
Developed Assay Technology 

To assay AD biomarkers simultaneously and 
automatically, the flow cytometric-based 

Luminex xMAPR technology involves coupling 

of specific monoclonal antibody sets to the sur-

face of microbeads uniquely identified with a 

combination of fluorescence dyes in a single 

sample assuming no cross-reactivity of particular 

antibodies. The standard assay system named 

The INNO-BIA AlzBio3 is commonly used to 
measure AB42, tau and ptau 181 consisted of cor-

responding capturing antibodies (tau: ATI 20, 

ptau181: AT270, AB42:4D7A3) and biotinylated 

detection antibodies (HT7 and 3D6). Intra-and 

interassay CVs were less than 10% for all ana-
lytes [ 41]. Multiplexed quantification correlated 

with results by usual ELISA assay and improved 

sample management and quality control of assay 

[42]. Recently, Roche Diagnostics developed 

Elecsys assays that utilize the automated cobas 

601 analyzer exhibited further precision accu-

racy, reliability, reproducibility with between-

laboratory CV of approximately 4% [43, 44]. 
Large concordant study between cut-offs for 

Elecsys assay and amyloid PET using Swedish 

BioFINDER (n = 277), ADNI (n = 646) and clin-
ical progression in MCI (n = 619) showed tau/ 
AB42 and ptau/AB42 ratios were highly concor-

dant with PET classification in BioFINDER 

(overall agreement: 90%) and ADNI classifica-

tion (overall agreement: 89-90%) and predicted 

greater 2-year clinical decline in MCI [44]. The 

Alzheimer's Association quality control program 

participated by 40 laboratories in 2011 showed 

total CVs among centers were 16-28% for 

ELISA,13-36% for xMAP, and 16-36% for 

Meso Scale Discovery [ 45]. Extended quality 

control program participated 84 laboratories 

reported that CV s between laboratories were 

around 20-30%; within-run CVs, less than 

5-10%; and longitudinal with-in laboratory CVs 

were 5-19%. For tau and ptau, between-kit lot 
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effects were less than between-laboratory effects 

[ 46]. Temperature at stored, non-frozen time, 

contamination such as detergent and blood, cen-

trifugation and tube materials have a significant 

effect on assay variability [ 4 7]. 

Origin of CSF Tau and pTau 

During these 25 years, no one believed tau is nor-

mally secreted into CSF. Everyone also tried to 

clarify the missing link between AB amyloidosis 

and tauopathy in AD pathological processes. Sato 

illuminated these issues using kinetic study of 

stable isotope labelling tau and mass spectrome-

try in the human central nervous system and 

iPSC-derived neurons. Brain full length tau is 

C-terminally truncated at residues 210-230 and 

released from human neurons in 3 days and 
~14 days into CSF. Average half-life of CSF tau 

is 23 days and its production rates are 

26.3士9.2pg/ml/day. Increase in CSF tau in AD 
is due to an increase in synthesis and release and 

positively correlated with amyloidosis. There 

was no correlation between tau fraction turnover 

rate and tau PET imaging. Increased tau produc-

tion and soluble tau secretion are initiated by 

amyloid toxicity in very early MCI. Then, 

increased aggregated tau and decreasing elevated 

CSP tau appear and induce trans-synaptic spread-

ing of aggregated tau, causing cortical cognitive 

function deficits in early to mild AD dementia 

stage [48]. He reported that AB plaque facilitates 

the rapid amplification of aggregated tau seeds 

into large tau aggregates in dystrophic neurites of 

senile plaques, induces formation and spread of 

neurofibrillary tangles and neuropil threads as 

secondary seeding events [ 49]. 

Association Between CSF 
Biomarkers and Newly Developing 
Tau Neuroimaging 

Tau PET ligand [18F] flortaucipir have been 

developed to detect in vivo tau accumulation in 

AD. Brain tau accumulation initiated from tern-

poral lobe at early MCI stage, progressively 
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extended to parietofrontal lobes and closely asso-

ciated with cortical cognitive functions and 

severity of dementia. Comparison between post-

mortem brain pathology and regional in vivo 
uptake of [18F] flortaucipir showed close correla-

tion with density of tau-positive neurites, intra-

somal neurofibrillary tangles and total tau burden. 

No correlations between [18F] flortaucipir and AB 

pathology were found [50]. CSF tau and ptau 

increase from preclinical AD, despite normal 

[18F] flortaucipir retention, suggesting that 

appearance of positive tau PET findings initiates 

later stage of MCI than those of CSF tau and ptau 

[51, 52]. 

Plasma Phosphorylated Tau 
as Possible Biomarker for AD 

Scale Discovery are very small but totally differ-

ent. In former report, plasma ptau 181 levels are 

0.171~0.045 pg/ml. In the later report, those are 

6.4~11.6 pg/ml. There are 100 times differences 

between recent reports. Basic studies such as 

plasma AB kinetics from brain to CSF, plasma 

and mass spectrographic identification studies 

have not yet performed. Presence of big tau, a 

close homologues with brain tau presented in 

human body organs and peripheral nerve sys-
tems, has not been clarified yet [58, 59]. Based on 

these issues, further developing basic study and 

large scale confirmation studies are expected. 

Recommendation in the Diagnostic 
Evaluation of MCI and Dementia 

In 2017, evidence-based guidelines in the diag-
Recent studies have clarified that the plasma nostic evaluation of MCI and dementia due to AD 
AB42/40 ratio is inversely correlated with corti- were proposed based on systematic reviews using 
cal amyloid burden in AD, which can be con- Grading of Recommendations, Assessment, 
verted to MCI, and that the plasma AB42/40 ratio Development, and Evaluation (GRADE) meth-

42 is a useful screening marker for brain AB amyloi- ods by working group comprised 28 international 
dosis in normal individuals [53, 54]. In a similar members [60, 61]. The former report recom-
way, quantitation of plasma tau and ptau as a mends the use of CSF markers in predicting the 
screening biomarkers for brain tauopathy are functional or cognitive decline or conversion to 
developing. Mattsson studied of plasma tau lev- AD dementia within 3 years and counseling both 
els using total of 1,284 participants from ADNI before and after the biomarker evaluation. The 
and BioFINDER cohorts. Plasma tau partially later report recommends the use of CSF AD bio-
reflects AD pathology, but the overlap between markers as a supplement to clinical evaluation, to 
normal aging and AD is large, especially in identify or exclude AD as the cause of dementia, 
patients without dementia [55]. Tatebe tried to for prognostic evaluation, and for guiding man-
quantitate plasma ptau 181 using modified agement of patients, particularly in atypical and 
Simoa™ Tau 2.0 kit on Simoa HD-1 analyzer uncertain cases. As summarized here, huge num-
(Quantrex). Plasma ptau 181 levels were signifi- bers of basic and clinical dedications during these 
cantly increased in AD and Down syndrome 25 years for CSF biomarkers revealed the total 
patients compared to controls [56]. Mielke mea- figures occurred in person due to AD. However, 
sured plasma ptau 182 using the Meso Scale essential aim of CSF biomarkers for contribution 
Discovery platform with antibody AT270 for cap- of developing disease modifying therapy and 
ture ptau181 and antibody SULFO-TAG-LRL for intervention in AD pathological processes are 
detection tau from 172 CU, 57 MCI, 40 AD still ongoing. In 2018, National Institute on 
dementia with concurrent AB and tau PET. Plasma Aging -Alzheimer's Association (NIA-AA) has 
tau and ptau 181 levels were higher in AD demen- proposed research framework using ATN classifi-
tia than those in CU. Plasma ptau181 was more cation system of biomarkers toward a biological 
strongly associated with AB and tau PET [57]. definition of AD. In this criteria, AD is consid-
The values of ptau 181 measured Simoa or Meso ered as a continuum, and cognitive staging is 
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Fig. 29.2 NIA-AA Research Framework and natural course of CSF biomarkers 

classified into cognitively unimpaired (CU), MCI 

and dementia. Biomarker profile is classified in 

to 3 groups; A: Aggregated AB or associated 

pathologic state including CSF AB42, or AB42/ 

AB42 ratio, amyloid PET; T: Aggregated tau 

(neurofibrillary tangles) or associated pathologic 

state including CSF ptau and tau PET; (N): neu-

rodegeneration or neuronal injury including 
Anatomical MRI, FDG PET and CSF tau 
(Fig. 29.2). Based on this novel NIA-AA research 

framework criteria, AD  process in human brain 
will be biologically defined further and essential 
therapy of next generation will be evaluated 

hopefully [62). 
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Abstract. Amyloid-f3 (Af3) plays a central role in the pathogenesis of Alzheimer's disease (AD). Because AD pathologies 
begin two decades before the onset of dementia, prevention of A[3 amyloidosis has been proposed as a mean to block the 
pathological cascade. Here, we generate a transgenic plant-based vaccine, a soybean storage protein containing A[34-10, 
named A[3+, for oral A[3 immunization. One mg of A[3+ or control protein (Al3-) was administered to TgCRND8 mice once 
a week from 9 weeks up to 58 weeks. A[3+ immunization raised both anti-A[3 antibodies and cellular immune responses. 
Spatial learning decline was prevented in the A[3+ immunized group in an extended reference memory version of Morris 
water maze test from 21 to 57 weeks. In Tris-buffered saline (TBS), sodium dodecyl sulfate (SDS), and formic acid (FA) 
serial extractions, all sets of A[3 species from A[3 monomer, low to high molecular weight A[3 oligomers, and A[3 smears 
had different solubility in TgCRND8 brains. A[3 oligomers decreased in TBS fractions, corresponding to an increase in high 
molecular weight A[3 oligomers in SDS extracts and A[3 smears in FA fraction of the A[3+ treated group. There was significant 
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inhibition of histological Af3 burden, especially in diffuse plaques, and suppression of microglial inflammation. Processing of 
amyloid-f3 protein precursor was not different between Af3+ and Af3-groups. No evidence of amyloid-related inflammatory 
angiopathy was observed. Thus, Af3+ oral immunization could be a promising, cheap, and long-term safe disease-modifying 
therapy to prevent the pathological process in AD. 

Keywords: Alzheimer's disease, Alzheimer vaccines, amyloid-f3 oligomers, plant, prevention, soybean, spatial memory 

INTRODUCTION 

Based on the amyloid cascade hypothesis in 
Alzheimer's disease (AD) [l, 2], many disease-
modifying therapies (DMTs) are now being devel-
oped. However, none have succeeded in phase III 
clinical trials. Although the first clinical trial with 
an amyloid-[3 (Af3) vaccine, ANI 792, was stopped 
because of meningoencephalitis [3], subsequent 
studies revealed that ANl 792 induced anti-Af3 anti-
bodies, removed Af3 accumulations, and slowed the 
progression rate of cognitive dysfunction [ 4, 5]. Since 
then, many trials have attempted to improve the safety 
of Af3 immunotherapies by avoiding T-cell autoim-
mune responses [6-8]. In a phase lb randomized trial, 
aducanumab, an antibody against aggregated forms 
of Af3, reduced Af3 burden accompanied by a slowing 
of cognitive impairment in prodromal and mild AD 
patients [9]. A phase II study of Af3 vaccine CAD 106 
against Af31-6evoked a strong serological response 
and demonstrated acceptable safety and tolerability 
[10]. A phase Ila trial of Af3 vaccine UB-311 against 
Af3 l-14 has been started based on favorable phase I 
trial results [ 11]. Case studies, the Alzheimer Disease 
Neuroimaging Initiative (ADNI), and the Dominantly 
Inherited Alzheimer's Network (DIAN) have shown 
that AD pathology begins more than 20 years before 
the onset of dementia [12-14]. For this reason, DMT 
trials aimed at preventing the onset of AD, such as the 
DIAN-Trials Unit [15] and Alzheimer's Prevention 
Initiative (API) [16], are now ongoing. 
Mucosal vaccination is the ideal immunization for 
good accessibility, needle-free delivery, and protec-
tive immune responses in both mucosa! and systemic 
immune compartments [17]. This method induces 
regulatory T cells, leading to a decrease in the sys-
temic T-cell response and increased secretion of 
immune-inhibitory cytokines. Plants are advanta-
geous platforms for recombinant vaccines because 
of their low cost, industrial scale production, and the 
absence of contamination from toxins and pathogens 
that are produced in bacterial and yeast systems 
[18]. Although plant-based Af3 vaccines using pota-
toes, tomatoes, green pepper leaves, rice, and tobacco 

have been reported [19-21], their effect on amyloid 
deposition and learning was examined only in the 
study with transgenic rice [21]. Booster injections 
of A[3 peptide were necessary in their procedure, 
and most transgenic plants did not produce suffi-
cient amounts of A[3. We have developed an approach 
based upon an innovative transgenic soybean that pro-
duces 870 mg/g of transgenic soybean seed storage 
protein containing A[34-10 (A釦），whichis sufficient 
sequence of Th2 epitope [22] for safe oral immu-
nization without T-cell responses and additional A[3 
peptide booster injections [23]. Here, we validate the 
efficacy of A[3+ oral vaccines using an AD mouse 
model, TgCRND8 [24, 25]. 

MATERIALS AND METHODS 

Preparation of transgenic soybean protein A/3+ 

Three tandem repeats of the Th2 epitope portion of 
A(34-10 (FRHDSGY) [22] were inserted into three 
portions of the flexible disordered regions II-IV of 
soybean glycinin A 1 aB 1 b, a carrier subunit protein 
of 11S globulins [26] (Fig. IA). The seed specific 
glycinin promoter, cDNA for A 1 aB 1 b containing 
紐 4-10sequences or a wild type AlaBlb cassette 
for controls, and glycinin 1 terminator constructs 
to plasmids were transformed into soybean imma-
ture embryos. AlaBlb with Af34-10 and wild type 
A 1 aB 1 b were expressed in protein storage vacuoles 
[23]. Purified AlaBlb containing A(34-10, referred 
to as A(3+, and wild type control AlaBlb, referred to 
as A(3-were used. 

Oral immunization 

TgCRND8 expresses a mutant (K670N/M671L 
and V717F) human amyloid-~ protein precursor 
(A~PP) 695 transgene under the regulation of the 
Syrian hamster prion promoter on a C3H/B6 strain 
background [24, 25]. TgCRND8 mice show spa-
tial learning deterioration at 3 months of age that 
are accompanied by both increasing levels of A~ 
and increasing numbers of amyloid plaques in the 
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Fig. I. Transgenic plant protein A laB I band immune responses. A) The structure of transgenic plant protein A laB I b containing Af34_10 

(A[3+). Three tandem repeats of Af34-10 were inserted into the three disordered regions of soybean 11 S globulin, A I aB lb, that are marked 

in red. B) lgG antibody titer against A[3+ in plasma from A[3+ immunized mice (red, n = 12) significantly increased compared with A[3-

immunized mice (blue, n = 10, p < 0.05). C) IgG antibody titer against A[3-in plasma was much less than that against A[3+ and did not 

differ between A[3+ (red, n = 12) and A[3-(blue, n = 10) immunized mice. D) A[3+ immunized mouse plasma diluted with blocking solution 

(I :2,000) labeled senile plaque A[3 amyloid in an AD brain (TAPIR+; left). Control stain of the AD brain using A[3-treated mouse plasma 
(I :2,000, TAPIR-; middle) and anti-A[3 antibody (4G8; right). The figures show representative staining from Af3+ and A[3-treated mice. 

E) The SDS fraction of non-oral vaccine treated TgCRND8 mice was stained with plasma (1 :400) from A[3+ and A[3-treated mice. Plasma 

from A[3+ treated mice showed more staining compared with that from A[3-treated mice in bands at 16, 40, 56, 102, 150, and 200 kD. F) 
The antibody titer against A[3+ and average path length to reach the hidden platform during 1-10 days of the last Morris water maze test 

showed a significant linear regression correlation. Determination coefficients（? =0.4756) and regression equations (Y=-0.0 l 853X + 412.5) 
are shown (n = 12; n = 6 for 43 weeks, and n = 6 for 59 weeks). G) Thymidine uptake by stimulation of A[3+ was significantly increased in 

A[3+ treated mouse splenocytes (red, n = 5) compared with those in the A[3-treated group (blue, n = 7, p < 0.05). No increase in thymidine 
uptake by stimulation of A[3-was shown in both A[3+ and A[3-treated groups(p=0.628). H) Stimulation of A[3+ significantly increased 

the amounts of released cytokines, IL-2(p<0.01), IL-10(p<0.001), and IL-12(p<0.05) in A[3+ treated mouse splenocytes (red, n = 5) 

compared with those in Af3-treated mice (blue, n=7). 
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brain [24]. One mg of purified A[3+ or control A[3-
with 10 μ,g cholera toxin subunit B (Crucell, Lei-
den, Netherlands) was administered into the guts 
via a catheter every week from 9 weeks old until 
22~58 weeks old. All animal experiments followed 
the ARRIVE guidelines, and were approved by the 
Ethics Committee of Hirosaki University (approval 
number M13007-1). 

Morris water maze (MWM) test 

Memory was evaluated by a spatial reference mem-
ory version of the MWM test every 4 weeks, as 
previously described [24, 25, 27]. Tests began on 
the first day of 13 weeks old and continued for 9 
more consecutive days just 4 weeks after the first 
oral administration at 9 weeks old. These consecu-
tive 10-day tests were repeated every 4 weeks until 
21, 41, and 57 weeks old. The swim path of a mouse 
during each trial was recorded by a video camera con-
nected to a video tracking system (Noldus EthoVision 
XT, Noldus Information Technology, Wageningen, 
Netherlands). The mouse was given 4 consecutive 
60 straining trials for 10 days. The location of a hid-
den escape platform was in the center of one of the 

pool's quadrants and was left in the same position 
during 10 consecutive days. Probe trial was adminis-
tered 24 h after the 10th day of training. During the 
probe trial, the escape platform was removed from the 
pool, and the mice were allowed to search the pool 
uninteITupted for 60 s [24, 27]. 

Brain preparation 

Under anesthesia with halothane, brains and cere-
brospinal fluid (CSF) were collected at 23 weeks 
(A[3+ n = 9, male 5, female 4, A[3-n = 11, male 4, 
female 7), 43 weeks (A[3+ n=7, male 4, female 3, 
A[3-n = 6, male 4, female 2), and 59 weeks (A[3+ 

n=6, male 4, female 2, A[3-n=7, male 5, female 
2) after the last MWM test. Brains were removed 

and cut into sagittal sections along the midline. One 
hemisphere was fixed in 4% paraformaldehyde with 
0.1 M phosphate-buffered saline (PBS, pH 7.6) for 
8 h, and embedded in paraffin. The other half of the 
brain was fractionated by three sequential extraction 
steps using Tris-buffered saline (TBS) with protease 
inhibitors (Complete阿RocheDiagnostics, Basel, 
Switzerland), 2% sodium dodecyl sulfate (SDS) in 
water with the same protease inhibitors, and then 70% 
formic acid (FA) in water for biochemical analysis of 
A[3 species [28, 29]. 

Immune response to oral administration of A/3+ 
and A/3-

Microplates (MICROLON, Greiner bio-one, Aus-
tria) were coated overnight at 4°C with Af3+, Af3-, 
or Af31-42 peptides (0.5 μ,g/well) with 0.01 M PBS 
(pH7.4), washed with PBS, and blocked with Blocker 
Casein in PBS (Thermo Fisher, Waltham, MA). After 
incubating with plasma samples in each well for 
45 min at room temperature and washing, samples 

were reacted with anti-mouse lgG-or lgA-conj ugated 
horseradish peroxidase (Thermo Fisher) in Blocker 
Casein PBS at 37°C for 30 min, and color develop-
mentusing 100 μ,I oftetramethylbenzidinefor 15 min 
was performed. H2S04 was added to stop the reac-
tion, and signals were measured at 450 nm using an 
ELISA reader. 

Splenocytes from 59-week-old mice were isolated, 
cultured, and restimulated, as previously described 

[30]. Af3+, Af3-, or Af31-42 was added to splenocytes 
at final concentrations of 100 μ,g/ml in triplicated 
wells, and 1 μ,Ci ofげH]-thymidinewas added to 
cells at 72 h. Cells were harvested after 18 h and 
thymidine incorporation was measured using a 1450 
Microbeta liquid scintillation counter (Perkin Elmer, 
Waltham, MA). The stimulation index (SI) was calcu-
lated using the following formula: counts per minute 
(CPM) of the well with antigen per CPM with 
no antigen. An SI index >3 indicates a prolifera-
tive cellular immune response of the splenocytes. 
Supernatants were collected just before the addi-
tion of [3H]-thymidine and stored at -80°C for 
cytokine assays. Released cytokines were measured 
using Mouse Pro-Inflammatory THlfTH2 9-plex 
(MesoScale Discovery, Rockville, MD) according to 
the manufacturer's protocol. The Multi-Spot ELISA 
plates were precoated with antibodies specific for the 
following cytokines: interferon-"/, Interleukin (IL)-
1 f3, IL-I 0, IL-12 total, IL-2, IL-4, IL-5, keratinocyte 
chemoattractant/human growth-regulated oncogene 
(KC/GRO), and tumor necrosis factor-a (TNF-a), 

and detected with SULFO-TAG detection antibodies. 
Light emitted upon electrochemical stimulation was 
read using a SECTOR Imager 2400A (Meso Scale 
Discovery). 

Antibodies for western blot and immunostaining 

The following antibodies to A[3 were used 
for western blots and immunostaining. Mono-
clonal antibodies: 82El (anti-A[3 l-16, IBL, Fujioka, 
Gunma, Japan), BA-27 (anti-Af31-40) [31], BC-05 
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(anti-A!335-43) [31 ], 4G8(anti-A!318-22, Signet Lab), 
and 6EIO (anti-A!33-8, Covance Research Prod-
ucts Inc); Polyclonal antibodies: A!3-N (anti-A!31-s, 
IBL), Ab9204 [32], anti-A恥（Cat#44-348,Thermo 

Fisher), and anti-A恥（Cat#44-344, Thermo 

Fisher). A monoclonal antibody against A!34-10, 
named PEP3, was newly produced. Other antibod-

ies included Iba] for microglial markers (Wako 

Cat# 019-19471), anti-GFAP (Dako Cat# N1506), 

anti-CDS (Cat# 550522 Clone 53-7.3, BD Pharrmin-

gen, Franklin Lakes, NJ), anti-A!3PP antibody Saeko 
(anti-C-terminal 30 amino acids of A!3PP [29]), anti-
mouse tau antibody, TAU-5 (Thermo Fisher Cat# 

MA 1-26600), and PHF-1 against phosphory lated tau 
(pTau) at serine 396/serine 404 (gift from Davies P). 

ELISA for levels of AfJ40, A/342, Af30s, and 
sAf3PP 

Human !3 Amyloid ELISA Kits for A!3x-40 
and A!3x-42 (294-64701 for A!3x-4o; 290-62601 for 
A!3x-42; Wako), Human Amyloid !3 oligomers (82E 1-
specific) Assay応t-IBL(#27725, IBL [33]), a Human 

sAPPa (highly sensitive) Assay Kit (#27734, IBL), 

and a Human sAPP!3-sw (highly sensitive) Assay Kit 
(#27733, IBL). 

Western blot analysis 

All prepared samples were boiled at 70°C for 

10 min in SDS sample buffer, separated on a 4-12% 
NuPAGE Bis-Tris Gel (Cat# NP0321, Thermo 

Fisher), and electrotransferred to an Immobilon P 

(MerckMillipore, Burlington, MA) membrane at 

100 V for 1.5 h. The signal intensities of pro-

teins labeled using Supersignal (Cat#34076, Thermo 

Fisher) were quantified using a luminoimage analyzer 
(LAS 1000-mini, Fuji Film, Tokyo, Japan). A(342 
peptides (Cat#A9810, Sigma-Aldrich, St. Louis, 

MO) were used as control A(3 peptides. 

Pathological analysis 

Five-μm-thick sections were immersed in 0.5% 

periodic acid to block intrinsic peroxidase, and then 

treated with 99% FA for A~ and tau stainingfor3 min. 
After blocking with 5% normal goat or horse serum 

in 50 mM  PBS (pH 7.4) containing 0.05% Tween 

20 and 4% Block Ace (Cat# UK-B80, DS Pharma 

Biomedical, Sui ta, Osaka, Japan), sections were incu-

bated overnight with the primary antibodies. Specific 

labeling was visualized using a Vectastain Elite ABC 

kit (Vector, Burlingame, CA). Tissue sections were 

counterstained with hematoxylin. Immunostaining 

areas of Al3 or Ibal in 10 randomly selected ROis 
(872 μ,m x 671 μ,m) in the frontal, temporal, and 
parietal cortex of 3 serial slides were measured in 

total using Image Pro Plus ver.4.5 (Media Cyber-
netics, Rockville, MD) after adjustment for artifact 

staining. The presence of hemorrhage was examined 

using Berlin blue staining. For the tissue amyloid 

plaque immunoreactivity (TAPIR) to identify anti-
body raised against Al3+, paraffin sections of brains 

from AD patients and controls were stained with 

plasma from Af3+ and Al3-treated mice diluted with 
blocking solution (1 :2,000). Congo red stain was used 

to stain core plaques. 

Statistical analysis 

Data were expressed as the mean士standarddevi-

ation (SD) except for Fig. 2. Two-way analysis of 

variance CANOVA), with post hoc tests (Bonferroni's 

multiple comparisons test), was used for analyzing 

longitudinal alteration. In Fig. 2, data are expressed 

as the mean士standarderror (SE), and two-way 

repeated ANOVA was used. Mann-Whitney U test 

was applied for comparison between two groups. 
Prism 7 software (GraphPad, La Jolla, CA) and IBM 
SPSS Statistics 25 (IBM, Armonk, NY) were used 

for statistical analyses. A value of p < 0.05 was con-

sidered to be significant for all statistical tests. 

RESULTS 

Oral immunization raised adapted immune 

responses 

Significant positive rates of IgG antibodies against 

Ar3+ were found in the Ar3+ treated group (Fig. lB; 

p < 0.05). IgG antibodies against Ar3-were much 

lower than those against Ar3+, and there was no dif-

ference between the A[3+ and A[3-treated groups 

(Fig. 1 C). lgG antibodies against Ar31-42 pep-

tides, and IgA antibodies against Ar3+, Ar3-, and 

Af31-42 were not detected. Plasma (1 :2,000) from 
59-week-old Ar3+ immunized mice labeled Ar3 amy-

loid plaques in the human AD brain (TAPIR+; 
Fig. lD). The SDS fraction of non-oral vaccine 

treated TgCRND8 mice was stained with plasma 

(1 :400) from A[3+ and Ar3-treated mice. Plasma 

from Ar3+ treated mice showed more staining com-

pared with that from Af3-treated mice in bands at 
16, 40, 56, 102, 150, and 200kD (Fig. lE). The 
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Fig. 2. Spatial reference memory version of the MWM test from l 3 to 57 weeks old. A-E) escape latency, and F-J) path-length at 13, 17, 21, 
4 I, and 57 weeks. Escape latency and path-length analyses showed significant improvement in Ai3+ treated mice (red line) from 21 weeks 
old (C, H) compared with Ai3-treated mice (blue line) (escape latency p < 0.01, path-length p < 0.05). Ai3+ treated mice continued to show 
significantly better performances in escape latency and path-length than those of Ai3-treated mice until 57 weeks old(p <0.05 to 0.01; D, 
E, I, J). Statistical significance by two-way repeated ANOVA was shown in lower right of each line graph. The asterisk shows the result of 
post hoc analysis at each day. Mann-Whitney U test was applied for comparison between two groups. Analyzed mice numbers are n= 12 
for Ai3+, n = 13 for Ai3-at l 3 weeks; n = 13 for Ai3+, n = 14 for Ai3-at 17, 21 weeks; n = 8 for Ai3+, n = 12 for Ai3-at 41 weeks; and n = 6 
for Ai3+, n = 7 for Ai3-at 57 weeks. 



T. Kawarabayashi ei al. I Soybean A[3 Oral Vaccine for AD Prevemwn 491 

antibody titer against Ar3+and average path length 
to reach the hidden platform during 1-10 days of 
the last Morris water maze test showed a significant 
linear regression correlation (Fig. 1 F; p < 0.05). This 
finding suggested a close correlation between evoked 
anti-Ar3 oligomers antibody titers and preservation of 
special learning ability, as shown in the Fig. 2. 
Splenocytes from the Ar3+ treated group showed 
significant proliferation against Ar3+ addition com-
pared with those of the Ar3-treated group (Fig. 1 G; 
p < 0.05). Ar3-treated splenocytes did not react with 
both Ar3+ and Ar3-addition. Significantly increased 
levels of IL-2, IL-10, and IL-12 were revealed in the 
media from the Ar3+ treated group compared with 
the Ar3-treated group(p<0.01 for IL-2, p < 0.001 
for IL-10, and p < 0.05 for IL-12). The levels of 
interferon--y, IL-1 r3, IL-4, IL-5, KC/GRO, and TNF-a 
were not different between the groups. IL-10 lev-
els were markedly increased compared with those 
of IL-12, suggesting inhibition of proinflammatory 
cytokines and the predominance of a Th2 response 
(Fig. lH). 

A~+ prevented spatial Leaming decline 

In the first trial at 13 weeks, there were no differ-
ences between Ai3+ and Ai3-treated面cein escape 
latency or path-length to reach the hidden platform 
(Fig. 2A and F). For escape latency and path-length 
analysis, improvements due to learning effects were 
recognized in the second trial in both groups (Fig. 2B, 
G). The escape latency and path-length in Ai3+ 
treated mice were significant shorter than those of 
theAi3-treated group at 21 weeks old (escape latency 
Fig. 2C; p < 0.01, path-length Fig. 2H; p < 0.05) sug-
gesting improved learning in Ai3+ treated mice. Ai3+ 
treated mice continued to show significantly better 
performances than Ai3-treated mice until 57 weeks 
old (Fig. 2D, E, I, and J; p < 0.05-0.01). There were 
no significant differences in the probe trials. 

Decreased soluble A~Os by ELISA 

Almost all A釦oand A恥 monomersaccumulated 
in the SDS and FA fractions (Fig. 3B, C, E, F). In the 
TBS, SDS, and FA soluble fractions, the amount of 
A恥 andA恥 didnot differ between the A[3+ and 
Al3-groups at any of the ages tested (Fig. 3A, B, 
D-F), except for increased A釦oin the FA fraction 
of A[3+ group (Fig. 3C; p < 0.05). A[30s measured 
by 82El/82El ELISA longitudinally showed that the 
amount of Al30s in the TBS fraction was significantly 

decreased in the A~+ treated group compared with 
the A~- treated group (Fig. 3G; p<0.0001). A~Os 
ELISA showed trace amounts of soluble A~Os in 
both the SDS and FA extracted fractions compared 
with the amounts of A似oand A恥inthe A~+ and 
A~-groups, and no difference between the A~+ and 
A~-treated groups (Fig. 3H, I). 

・・-

Longitudinal appearance of Af30s species in 
TgCRND8 without oral immunization trial 

Since 82E 1 /82E 1 ELISA could only measure some 
A[30s species, the basic age-dependent presence of 
all A[3 species were directly examined by western 
blots in 3-step brain extracts from TgCR血 8at 13, 
23, 43, and 59 weeks of age. In TBS fractions, A[3 
monomers were labeled by 82E 1 from 13 weeks, 
and the amount increased with age (Fig. 4A, D). 
A[30s except high molecular weight (HMW) A[30s 
larger than 200 kDa were difficult to detect in this 
fraction because of the existence of mouse IgGs, as 
shown in lane 59N from a non-transgenic TgCRND8 
littermate at 59 weeks old (Fig. 4A, G). In SDS frac-
tions, however, there were marked A[3 monomers, 
low molecular weight (LMW) A[30s (di-, tri-, tetra-
, and A[3*56 [34], and HMW A[30s larger than 
200 kDa. Respective A[30s species increased with 
age (Fig. 4B, E, H). In FA fractions, A[3 monomers, 
A[3 dimers and diffuse smear patterns were observed 
(Fig. 4C, F, I). Many A[3 species with different solu-
bility and aggregation properties were accumulated 
from the early period in TgCRND8 brains, sug-
gesting that 82El/82E1 ELISA detected only some 
of the accumulated A[30s. A[3 monomers increased 
with age in the TBS, SDS, and FA fractions, HMW 
oligomers increased with age in the TBS and SDS 
fractions, and A[3 smear increased in the FA fractions, 
although not significantly with the small sample size. 
4G8, anti-A[340, and anti-A[342 weakly detected 
LMW A[30s, but HMW A[30s could not be detected 
(Fig. 4J—L). These findings suggest that the C-
terminal site of A[3 caused conformational changes in 
A[3 when incorporated into HMW large assemblies, 
leading to C-terminal epitope blockade of A[3 species 
including A釦oand A恥． Insupport of this, west-
ern blots of aggregated synthetic A恥 showedthat 
N-terminus antibodies (Ab9204, A[3-N, and PEP3) 
clearly detected HMW A[30s; however, antibodies 
against the mid portion (6E10 and 4G8) and C-
terminus 42 (anti-A恥 andBC-05) of A[3 could not 
detect HMW A[30s (Fig. 4M). Antibodies against 
C-terminus 40 (anti-A[340, BA-27) did not detect 
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56 Fig. 3. Longitudinal change in A釦o,A恥，andA[30s in TBS, SOS, and FA fractions from A[3+ or A[3-treated mouse brains. Amounts 
of A似 40(A-C), Af3x-42 (D-F), and A[30s (G-1) in TBS, SOS, and FA fractions of A[3+ (red) and A[3-(blue) immunized mouse brains 
measured using ELISA at 23, 43, and 59 weeks old. There were no significant differences in the levels of Af3x-40 (A, B) and Af3x-42 (D-F) 
between A[3+ and A[3-treated groups at any time points or in any fractions, except for the Af3x-40 in the FA fraction at 59 weeks old (C: 
*p<0.05). Significant suppression of A[30s in TBS soluble fractions was revealed in A[3+ treated mice compared with A[3-treated mice (G 
and enlarged illustration, ****p<0.0001). Amounts of A[30s in SOS and FA fractions were very low compared with A[340 and A[342 in the 
same fraction (H, I). Mice at 23 weeks (n=9 for A[3+, n= 1 I for A[3-), 43 weeks (n=7 for A[3+, 11=6 for A[3-), and 59 weeks (n=6 for 
A[3+, n=7 for A[3-) were measured by ELISA. 

synthetic Ar342. The C-terminal epitopes of HMW 
Ar30s were blocked resulting no staining by C-
terminus-specific antibodies. Immunostaining of 
TgCRND8 brains showed decreased immunostain-
ing by anti-A釦oor anti-Ar342 compared with that 
by Ar3-N (Fig. 4N). C-terminal epitope blockade of 
HMW Ar30s is one reason for the decrease of Ar3 
burden labeled by anti-C terminal antibodies. 

Western blotting of A/3+treated brains 

Based on these analyses, Ar3 species in three frac-
tions of both Ar3+ and Ar3-groups were analyzed 
by western blots using 82El at 23, 43, and 59 weeks 
of age. In TBS fractions, soluble Ar3 monomers in 
the Ar3+ treated group were decreased at 23, 43, 
and 59 weeks. Trace amounts of HMW Ar30s were 
detected at 59 weeks; however, there was no differ-

ence between the Af3+ and Af3-groups (Fig. 5A-C). 
In SDS fractions, Af3 monomers and LMW Af30s 
were detected equally at 23, 43, and 59 weeks. 
However, accumulation of HMW Af30s was slightly 
increased in the Af3+ treated group at 23, 43, and 
59 weeks (Fig. SD-F). In FA fractions, monomers 
and dimers of Af3 increased with age equally in 
both groups (Fig. 5G-I). Smear patterns of Af3 were 
markedly observed in the Af3+ group at 59 weeks 
of age (Fig. 51). Using quantification of the bands, 
TBS soluble Af3 monomer decreased significantly in 
Af3+ treated groups by two-way ANOVA(p<0.001, 
Fig. SJ). Using post-hoc analysis, significance was 
detected at 59 weeks(p<0.001, Fig. SJ). SDS solu-
ble HMW oligomers and Af3 smear in the FA fraction 
increased significantly in Af3+ treated groups by 
two-way ANOVA (Fig. SN, p<0.01 for SDS sol-
uble HMW oligomers, and Fig. 50, p<0.0001 for 
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Fig. 4. Age-dependent increase of Al3 monomer and Al3 oligomers in brains of TgCRND8 without an oral immunization trial (A-L), 
antibody epitope mapping of aggregated synthetic Al31--42 (M), and immunostaining of TgCRND8 brains without an oral inununization trial 
(N). D-1 are quantification of Al3 monomer in each fraction (D-F), HMW oligomers in TBS and SOS fraction (G, H), and Al3 smear in 
the FA fraction (I). 59N indicates nontransgenic littennates at 59 weeks. A) In TBS fractions, Al3 monomers were detected by 82El from 
13 weeks and the amount increased with age (D). Other molecular weight oligomers except HMW  oligomers (G) were difficult to detect 
because of the existence of mouse IgGs. B) In SOS fractions, Al3 monomers and Al30s, including di-, tri-, tetra-, and Al3*56, and HMW 
ABOs, Were visualized from l3 weeks. Respective species increased with age (E, H). C) In FA fractions, AB monomersfrom l3 weeks, AB 
dimers from 43 weeks, and diffuse smear patterns from 43 weeks were found (F, I). J-L) 408, anti-Al340, and anti-Al342 weakly detected 
LMW Al30s, but could not detect HMW Al30s. M) HMW Al30s were detected by antibodies against the N-terminus (82E I, Ab9204, Al3-N, 
and PEP3), and were weakly detected by antibodies against the mid portion of Al3 (6EIO and 408), but were not detected by anti-Al342 
and BC-05. Anti-C-tenninus to Al340 (anti-Al340 and BA-27) did not detect Al31--42. N) lmmunostaining ofTgCRND8 brains using Al3-N 
(I: 1000), anti-A釦o(I: 1000), and anti-A恥 （1:400) showed age-dependent Al3 deposition. Al3 burden labeled by anti-A釦oand anti-Al342 
were weaker than those by Al3-N. Bar represents 100 μ,m. One mouse at 13 weeks, 2 mice at 23 weeks, 43 weeks, and 59 weeks were used 
for analysis. 
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Fig. 5. Longitudinal comparison of Af3 species (23, 43, and 59 weeks) in TBS (A-C), SDS (D-F), and FA (G-1) extracts from Af3+ and 
Af3-treated mice in western blots using 82El. For controls, a non transgenic mouse at 59 weeks (59N) and a TgCRND8 mouse at 59 weeks 
without treatment (59Tg) were used. A[3 monomer in each fraction (J-L), HMW oligomers in the TBS fraction (M), and SDS fraction (N), 

and Af3 smear in the FA fraction (0) were quantified. The results of two-way ANOVA are shown in the lower left of each figure (J-0). In 
TBS fractions, soluble A[3 monomers in Af3+ treated mice were decreased compared with those in A[3-treated mice at 23, 43, and 59 weeks 
(A-C,J). To detect A[3 monomers clearly at 23 weeks, the membrane was exposed for longer than the other blots (A). Small amounts of 
HMW Af30s were detected only at 59 weeks, but they did not differ between the A[3+ and Af3-groups (A-C, M). In SDS fractions, Af3 
monomers and LMW A[30s were detected equally at 23, 43, and 59 weeks (D-F, K). Accumulation of HMW Af30s was inversely increased 
in the Af3+ treated group at 23, 43, and 59 weeks (D-F, N). In FA fractions, monomers and dimers of A[3 increased with age equally in both 
groups (G-1, L). However, smear patterns of A[3 were markedly visualized in the A[3+ group at 59 weeks (G-I, 0). Mice at 23 weeks (n = 9 
for Af3+, n = 11 for A[3-), 43 weeks (n = 7 for Af3+, n = 6 for A[3-), and 59 weeks (n = 6 for Af3+, n = 7 for A[3-) were used. 
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A/) smear). By post-hoc analysis significance was 
detected at 59 weeks(p<0.001 for SDS soluble 
HMW oligorners, Fig. SN, and p<0.0001 for A/) 
smear, Fig. 50). HMW oligomers in the TBS frac-
tion and Ai3 monomer in the SDS and FA fractions 
did not differ between the Ai3+ and Ai3-groups 
(Fig. 5M,K,L). Since TBS soluble Ai30s detected 
by 82E 1/82E 1 ELISA seem to be recovered as Ai3 
monomers in western blots using SDS sample buffer, 
these results correspond to Ai30s ELISA result that 
A/)+ immunization suppressed soluble Ai30s. Fur-
thermore, it was suggested that A/)+ immunization 
accelerated the conversion of LMW Ai30s to HMW 
A/)Os in SDS fractions, and finally increased smear 
A/) accumulation in most insoluble FA fractions. 

Suppressed A~- immunoreactive load and 
adverse reaction 

_Age-related A[3-immunoreactive load measured 
using the total area of A~-N immunostaining was 
significantly suppressed in the A[3+ treated group 
compared with that of the A[3-group (Fig. 6A, 
C; p<0.0001). Congo red staining showed that 
most A~ deposition was Congo red-negative dif-
fuse plaques (Fig. 6A). Separate evaluation of core 
plaques (Fig. 6D; p < 0.0001) and diffuse plaques 
(Fig. 6E; p < 0.0001) revealed that a large part of the 
age-related increase in the area of amyloid burden and 
also decrease by immunization consisted of diffuse 
plaques. Immunostaining by anti-A釦oor anti-A[342 
also showed significant suppression of amyloid bur-
den in the A~+ group compared with the A[3-group 
(Fig. 6F;p<0.001, 6Gp<0.0001). 
Microglial burden based on lbal labeling was 
significantly decreased in the A[3+ treated group 
compared with the A[3-treated group (Fig. 6B, 
H; p<0.0001). Astrocytosis detected using an anti-
GFAP antibody was not different between both 
groups of mice at any age. Both infiltration of 
CDS-positive lymphocytes or macrophages, and 
microhemorrhage by Berlin blue staining, were not 
detected in both A[3+ and A~- treated mice in any 
examined brain sections (data not shown). 

No alteration in Af3PP processing and tau 

Full length Al3PP, C-terminal fragments of Al3PP 
(CTFs) showed no differences between the A[3+ and 
Al3-groups from 23 to 59 weeks (Fig. 61). The 
amount of a-and [3-cleaved soluble Al3PP (sAl3PPa, 
sA[3PPl3) detected by ELISA also showed no differ-

ences in both groups during 23-59 weeks (Fig. 61, 
K). Levels of the total tau and pTau amount (Fig. 6L, 
M) did not differ between the Af3+ and Af3-treated 
groups at all ages. Additionally, there were almost 
no bands of pTau in western blots of FA extracts 
of TgCRND8 brains, corresponding with the lack 
of neurofibrillary tangles in TgCRND8 brains by 
Gallyas silver staining (data not shown). 

CSF Af34o and A/342 
A釦oand A042 in CSF decreased with aging. They 
were decreased in A0+ treated mice compared with 
A0-treated mice, although there was no significant 
difference between A0+ and A0-mice with the small 
sample size (A0+ n = 7 for 23 weeks, n = 4 for 43 
weeks and n = 6 for 59 weeks; A0-n = 9 for 23 weeks, 
n = 2 for 43 weeks, and n = 4 for 59 weeks) because of 
the difficulty in drawing CSF from mice (Fig. 6N,O). 

DISCUSSION 

To evaluate the potential utility of Al3+ oral immu-
nization to prevent cognitive decline in TgCRNDS, 
we adopted an extended reference memory version 
of the MWM test, requiring hippocampus-dependent 
spatial working memory, with a longitudinal design 
that mimicked human clinical trials [24]. At 21 
weeks, escape latencies and path-lengths became 
worse in the Al3-group, whereas the Al3+ group 
remained in the same levels. The performances of 
the Al3+ group were significantly better during 21-59 
weeks than those in the Al3-group. Our extended 
MWM test study showed the preventative efficacy 
of Al3+ oral immunization on Al3-related learning 
impairment. As previously indicated [35], probe tests 
were inadequate for extended MWM test which con-
sisted of extensive long-time and repeated behavioral 
evaluation. The same repeated trials in every 4 weeks 
in Al3 immunization trial of TgCRNDS mice also 
failed to show significant difference in probe tri-
als [24]. Extensive overtraining by trials for a long 
duration may achieve the saturated level of memory, 
and may make it difficult to detect subtle changes 
in probe trials even among hippocampal damaged 
animals [36, 37]. Recent cohort observation studies 
have confirmed that Al3 amyloidosis caused impair-
ment of episodic memory in the preclinical stage, and 
executive and global functions in the symptomatic 
stage before onset of dementia [38-4O]. Rigorous and 
detailed cognitive assessments to repeatedly evalu-
ate subtle cognitive impairments over a long duration 
are necessary for preclinical prevention trials such 
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Fig. 6. Staining of Al3+ or Al3-treated brains with Al3-N and Congo red (A), microglial marker Iba! (B) in Al3+ or Al3-treated mouse 

brains, quantification of Al3 burden (C-G), Iba! (H), western blot of Al3PP and CTFs (I), ELISA of sAl3PPet (J), sAl3PPl3 (K), western 

blotting of total tau (L), phosphorylated tau (M), CSF Al340 (N), and Al342 (0) measured by ELISA. A) Al3-immunoreactive load using 
Al3-N was suppressed in the Al3+ treated group compared with that of the Al3-group. Most Al3 staining showed diffuse plaques that are not 
stained with Congo red. B) Microgliosis was weaker in the Al3+ treated group than that in the Al3-treated group. Bar represents 100 μm 

in A and 200 μmin B. C) The area labeled by Al3-N was significantly suppressed in the Al3+ treated group compared with that in the Al3-
treated group(p <0.0001). D, E) The area occupied by diffuse plaques was more than 3-fold of that by core plaques. Both plaques were 
suppressed by Al3+ treatment (D, p < 0.000 I; E, p < 0.000 I). Large part of the Al3 decrease by immunization consisted of diffuse plaques 
Al3 burdens detected by anti-A恥 (F)and anti-A恥 (G)were significantly decreased in the Al3+ treated group (F, p < 0.00 I; G, p < 0.000 I). 
H) The area of Iba! staining in Al3+ treated mice was smaller than that in Al3-treated mice(p<0.0001). The numbers of mice analyzed: 
23 weeks (n = 9 for Al3+, n = 11 for Al3-), 43 weeks (n = 7 for Al3+, n = 6 for Al3-), and 59 weeks (n = 6 for Al3+, n = 7 for Al3-). I) Al3PP, 

CTFl3, and CTFet, and other CTFs in SDS fractions did not differ between the Al3+ and Al3-treated groups from 23 to 59 weeks. (J, K) 

The amount of sAl3PPet and sAl3PPl3 in the TBS fractions detected by ELISA did not differ between Al3+ (Red) and Al3-(Blue) treated 
groups from 23 to 59 weeks. L, M) The amount of total tau (TAU-5) and phosphorylated tau (pTau) (PHF-1) did not differ between Al3+ 
and Al3-treated mice from 23 to 59 weeks. N, 0) Al340 and Al342 in CSF decreased with aging. They were decreased in Al3+ treated mice 
compared to Al3-treated mice, although there was no significance difference between Al3+ and Al3-mice (A13+ n- =—7 for 23 weeks, n = 4 
for 43 weeks and n = 6 for 59 weeks; Al3-n = 9 for 23 weeks, n = 2 for 43 weeks, and n =4 for 59 weeks). 
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as DIAN, API, or A4 studies [15, 16, 41]. Based 
on these findings, our extended reference memory 
version of the MWM test is a competent way to 
develop preventive DMTs in basic level of model 
animal experiments. 
A previous Af342 immunization study reported a 
reduction in behavior impairment and plaques in 
TgCRND8 mice; however, Af3 amounts measured by 
ELISA did not decrease [24]. Administration of anti-
Af3 antibody m266 to PDAPP mice and BAM-IO to 
Tg2576 mice rapidly reversed the memory deficits 
without altering brain Af3 burden [42, 43]. The same 
findings were observed in our experiments, which 
revealed reduced cognitive impairment and Al3 bur-
den, but no differences in the total amounts of Af340 
and A恥 measuredby ELISA between Af3+ and 
Af3-groups except for increased A釦oin the FA 
fraction. Decreased TBS-soluble Af30s were the sig-
nificantly suppressed Af3 species. This observation 
supported the notion that these soluble Af30s species 
contribute to neuronal/synaptic injury and cognitive 
impairment. 
Because the ELISA-based Af3 assay could not 
recover the whole amount of Af3 species, we next 
intensely surveyed Al3 species using western blot-
ting of the same 3-step extracts to avoid overlooking 
other cardinal Al3 molecules. Analyses of untreated 
TgCRND8 mice revealed the age-related accumula-
tion of all Af3 species: Al3 monomers in the TBS 
fraction; a large part of all sets of Af30s with LMW 
to HMW in the SDS fraction [28]; and age-related 
Af3 monomers, dimers, and smears in the FA frac-
tion. These different LMW to HMW Af30s species 
were not measured by Af30s ELISA, and the C-
terminus of HMW Af30s species were blocked [ 44]. 
Histological examination also confirmed increased 
plaque immunoreactivity by N-terminal antibodies 
compared to those by anti-A釦oand Af342. Thus, 
diverse Al3 species with conformational changes, 
modifications, and different lengths and solubilities 
were accumulated in the brains. For this reason, we 
carefully analyzed Af3 accumulation using not only 
ELISA, but also conventional western blots to decide 
which is the cardinal Al3 molecule that is toxic for the 
nervous system and causes cognitive dysfunction. 
In a comparison study between Af3+ and Af3-
treated groups, visualized TBS soluble Af3 monomers 
were decreased by Al3+ treatment during weeks 
23-59. Because Af30s in the TBS fraction were eas-
ily degraded into monomers using SDS sample buffer 
in western blotting experiments, these findings may 
partially correspond with the decreased amount of 

A00s detected by ELISA in the A0+ treated group. 
Consistent with ELISA findings, almost all insoluble 
aggregated A0 species in the SDS and FA frac-
tions did not show obvious differences between the 
A0+ and A0-treated groups. Conversely, HMW 
A00s in the SDS fraction and smear A0 in the FA 
fraction were increased in the A0+ treated group 
compared with the A0-treated group. These findings 
suggested that toxic soluble A00s in A0+ treated 
brains may be sequestered into highly insoluble and 
aggregated A00s and A0 fibrils. The same findings 
have been suggested previously, because the amy-
loid fibril is a protective structure in AD pathology 
[45-47]. CSF A釦oand A恥 levelswere decreased 
in A0+ treated mice compared with A0-treated 
mice, although there was no significant difference 
between A0+ and A0-mice because of the small 
sample size. Previous immunization studies showed 
increased A0 in CSF by increased clearance of A0 
[ 48]. Decreased amounts of CSF A0 are thought to 
be due to the deposition of A0 in the brain, because 
CSF A0 decreases correlate with A0 plaques [29, 
49]. Decreased amounts of A0 in A0+ treated mice 
suggested that the effect of immunization is not by 
enhanced clearance of A0 but sequestration of A0 in 
an insoluble fraction in the brain. 
Histological evaluation showed that reduction of 
diffuse plaques was more prominent than the reduc-
tion of core plaques by A0+ immunization. Diffuse 
plaques were composed of scant A0 amyloid fibrils. 
No difference of A0 levels by ELISA may imply a 
lower decrease in core plaques. Together with bio-
chemical analyses, A0+ immunization may facilitate 
the sequestration of toxic soluble A00s into insoluble 
and HMW A00s within the compact aggregated A0 
amyloid core. Liu et al. separated A00s into neuro-
toxic type 1 A00s and non-neurotoxic type 2 A00s. 
Type 2 A00s, which occupy the majority of A00s 
sequestrated around dense core plaques (~95% in 
21-month-old Tg2576 mice), accounted for less than 
15% of the cortex [46]. Hong et al. showed that dif-
fusible, highly bioactive oligomers represent a critical 
minority of soluble A0 in AD brain [50]. It is still 
unclear what types of A00s exert the main neuro-
toxicity [33, 42-54]. We have previously shown that 
accumulation of A0 dimers in lipid rafts is the earliest 
event corresponding to behavioral deficits in Tg2576 
mice [55]. A0 dimers are also shown to be cardinal 
molecules for synaptic dysfunction in A0 amyloid 
cascades in AD pathogenesis [56, 57]. Injection of 
LMW oligomers into the brain induced rapid and 
persistent impairment of memory, associated with 
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decreased hippocampal synaptophysin [58]. A[30s 
neurotoxicity and their induction of tauopathy are 
canceled by A[30s-specific monoclonal antibodies 
[59]. The recent success of a phase lb randomized trial 
of aducanumab also showed that antibodies against 
aggregated forms of A[3 are clinically useful [9]. 
Together with these findings, our study suggested that 
soluble A[30s are the cardinal A[3 species responsible 
for neurotoxicity and are valid targets for DMTs. 
Inverse increases in HMW A[3 oligomers and A[3 
smear have not been reported in previous A[3 immu-
nization studies. There are some studies on decreased 
A[3 neurotoxicity through the accelerated conversion 
of A[3 oligomers into A[3 fibrils. Using chaperone 
protein HspB 1, A[3 oligomers were converted into 
large nontoxic aggregates, and their toxicity was 
sequestrated [60]. Peptides that enhance the forma-
tion of amorphous aggregates of A[3 attenuated the 
paralysis of transgenic Caenorhabditis elegans [61]. 
Meanwhile, activated microglia are shown to take up 
A[3, cluster A[3 inside, and release aggregated A[3, 
which contributed to plaque growth [62]. Based on 
these reports, we speculated the presence of segues-
tration mechanisms that convert toxic A[3 oligomers 
into HMW A[3 aggregates for reduction of A[3 toxi-
city. 
Both ELISA and TAPIR showed the presence 
of specific lgG antibodies against Af34-IO struc-
tural epitopes within AlaBlb in A[3+ immunized 
mice. In western blotting, antibodies were shown to 
detect several A[3 oligomers. Splenocytic prolifera-
tion and cytokine release against A[3+ stimulation 
also implied the presence of adaptive cellular 
immune responses. We found no histological menin-
goencephalitis or bleeding in mouse brains. Our 
mucosal A[3+ immunization significantly decreased 
microgliosis, indicating that it suppressed glial-
mediated inflammatory responses. These findings 
suggested that our A[3+ oral immunization could 
safely raise moderate and continuous innate and 
humoral immune responses. 
Our A[3+ immunization did not alter basic A[3PP 
processing or the signaling process of the A[3PP intra-
cellular C-terminal domain [63]. Accumulation of 
pTau was only detected in dystrophic neurites associ-
ated with core plaques. Pathological conversion and 
spreading of aggregated tau was facilitated in the dys-
trophic neurites around core plaques [64]. Because 
numbers of core plaques were not so different, the 
amount of pTau was not significantly different. 
Preclinical initiation and long-term maintenance 
ofDMT against A[3 amyloidosis have been proposed 

to halt the progression of cognitive impairment and 
the onset of dementia. This strategy, which will likely 
necessitate weekly or monthly injections of antibod-
ies, can-ies two risks. First, it may enhance risks of 
side effects. Second, the cost of long-term treatment 
with antibodies is likely to be prohibitively high when 
applied on national scales to large numbers of peo-
ple. The use of oral plant vaccines offers advantages 
of extremely low cost and better safety compared 
with synthetic compounds or antibodies. For these 
reasons, our plant-based soybean A0+ oral vaccine 
strategy is cheap, safe and as effective as others. 
In conclusion, our results revealed that A0+ oral 
immunization suppressed soluble A00s production 
and prevented cognitive impairment without obvious 
adverse reactions. Oral immunization by A0+ could 
be a promising DMT for prevention of the patholog-
ical processes of AD. 
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Dear Editor, 

Primary lateral sclerosis (PLS) is a rare type of motor neuron disease 

(MND) characterized by the loss of upper motor neurons without lower 

motor neuron involvement (1). In contrast, amyotrophic lateral sclero-

sis (ALS) is a common type of MND that is occasionally complicated 

by frontotemporal dementia (FTD) as the TDP-43 proteinopathy. How-

ever, there are few studies on the relationship of PLS with ALS,汀 Dand 

TDP-43 proteinopathy because of the rarity of autopsy cases. Here, we 

report a 68-year-old woman who exhibited typical clinical symptoms of 

PLS at onset, which then progressed to町 D,although her pathological 

diagnosis was PLS complicated by Alzheimer's disease (AD) pathology. 

1. Case report 

The patient had a past history of hypertension, diabetes and chole-

cystectomy for cholelithiasis in X-16 year, and no neurological fam-

ily history. In X year, she became easily angered, and often cried or 

laughed. In X + 1 year, she developed dysarthria and gait disturbance, 

and was admitted to our hospital for neurological examination. Her 

general condition and vital signs were normal. She demonstrated emo-

tional incontinence, irritability, apathy, non-fluent aphasia, dysphasia, 

spasticity and exaggerated deep tendon reflex in the jaw and all ex-

tremities, and snout, palmomental, Hoffmann's and Babinski reflexes 

were present. Spastic gait disturbance was observed. Her Mini Men-

tal State Examination score was 26/30 with slightly disturbed orienta-

tion, calculation and delayed recall. The trail making test was severely 

impaired (required 92 s on part A and 297 s with 7 commission er-
rors on part B). No muscle weakness, atrophy or involuntary move-

ments were observed. The sensory system and cerebellar system were 
intact. Hematological blood tests were normal, but the hemoglobin Ale 

level was 7.8%. Cerebrospinal fluid examination was normal. MRI re-

vealed mild diffuse atrophy and no abnormal intensities in the brain. On 

123!-iomazenil SPECT, hypoperfusion of the bilateral posterior cingulate 

gyrus, precuneus and prefrontal area was observed (Fig. lA). She was 

clinically diagnosed as PLS. In X + 2 year, her dysphagia progressively 
worsened and she underwent gastrostomy. She had marked loss of moti-

vation, mutism and emaciation. In X + 3 year, she was admitted again 
to our hospital for worsening of aspiration pneumonia and respiratory 

ventilation. She died on hospital day 3 at the age of 70. Autopsy was 

performed on the same day. 

2. Neuropathology 

The brain weighed 1184 g. Grossly, there was atrophy of the bilat-

era! frontal lobes, especially in the precentral gyri (Fig. 1B). Marked 

neuronal loss with phosphorylated TDP-43-positive neuronal and glial 

cytoplasmic inclusions was found in the motor cortex (Fig. 1 C, D); 

Many neuronal cytoplasmic inclusions and short dystrophic neurites 

were found in the motor cortex, predominantly in layer 2 (FTLD-TDP 

type A) [2]. Mild neuronal loss was also evident in the putamen and 

substantia nigra. Severe degeneration of the cortico-spinal tracts 

Abbreviations: PLS, primary lateral sclerosis; MND, motor neuron disease; ALS, amyotrophic lateral sclerosis;町D,frontotemporal dementia; AD, Nzheimer's disease; MRI, magnetic 

resonance imaging; SPECT, single-photon emission computed tomography. 
• Corresponding author. 
E-mail address: takumi.n@gunma-u.ac.jp (T. Nakamura) 
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Fig. 1. The findings on 123!-iomazenil SPECT with 3-dimensional stcreotractic surface projection (A) and brain autopsy findings (B-J). Hypoperfusion of the bilateral posterior cingulate 
gyrus, precuneus and prefrontal area on cerebral perfusion scintigraphy (A). Lateral view of the brain showing atrophy of the bilateral frontal lobes, especially in the precentral gyri (B) 
Marked neuronal loss (Kluver-Barrera staining) (C) with TDP-43-positive neuronal and glial cytoplasmic inclusions (phosphorylated TDP-43 imrnunostaining) (D) in the precentral gyrus 
Severe degeneration of the lateral cortico-spinal tract in the 7th cervical cord (E) and mild neuronal loss in the anterior horn in the 4th lumbar cord (F) (Kl liver-Barrera staining). Phos-
phorylated tau immunostaining of the hippocampus (G) and insular cortex (H) showing many neurofibrillary tangles. Amyloid-P imrnunostaining of the olfactory (!) and parietal cortices 
(J) showing severe senile plaque pathology. 

was found in the spinal cord (Fig. lE). Mild to moderate neuronal 
loss was found in the anterior horn of the cervical cord, whereas neu-
ronal loss was mild in the thoracic and lumbar cord (Fig. lF). A few 
TDP-43-positive skein-like and round inclusions, but not glial cytoplas-

mic inclusions, were found in the facial and hypoglossal nuclei and 
spinal anterior horn. No Bunina bodies were seen in the lower motor 

neurons. 

Immunostaining revealed widespread occurrence of neurofibrillary 

tangles, especially in the temporal lobe and insular cortex (Fig. 1 G, 

H) (Braak stage IV), and severe senile plaque pathology in the cerebral 
(Fig. 11, J) and cerebellar cortex (Braak stage C). Moderate number of 

neuritic plaques and a few neurofibrillary tangles were seen in the pre-
central gyrus. By National Institute on Aging-Alzheimer's心sociation

guidelines, this case had an intermediate level of AD (A3, B2, C3) [3) 

Thus, she was pathologically diagnosed as having PLS complicated with 

AD. 

3. Discussion 

Since TDP-43-positive neuronal cytoplasmic inclusions were found m 
the lower motor neurons, our case might be pathologically categorized 

as PLS: upper-motor-predominant ALS with frontotemporal lobar degen-

era ti on [ 4]. To our knowledge, only one case of PLS complicated by mild 

AD pathology (Braak stage I-A) has been reported [5]. However, the pa-

tient did not meet the PLS diagnostic criteria proposed by Pringle et al 

[1] in terms of disease duration in life. The diagnosis was carried out 

based on autopsy findings of neuronal degeneration with TDP-43 pa tho I-
ogy in the precentral gyrus. 

In our case, the cognitive impairment was suggested to be a clinical 

phenotype of FTD. In a review of cognitive functions, 22% (40 out of 

181) of PLS patients exhibited clinical phenotypes ofFTD [6]. The origin 

of dementia due to PLS or ALS is caused by advanced TDP-43 pathology 

in the frontotemporal lobe, which causes frontotemporal degeneration, 

termed PLS-FTD [7]. In our case, we were unable to make a pa thologi— 
cal diagnosis of PLS-FTD because the degeneration and TDP-43 pathol-
ogy had not spread into the temporal or frontal lobe. We consider the 

episodes of cognitive impairment and severe emotional incontinence to 

have been due to MND. Emotional incontinence, whose origin was not 

clear but was considered to be bilateral corticobulbar tract pathology 

[8] and frontal cortex dysfunction [9], was characterized by the patho-

logical crying and laughing. In our case, irritability, apathy and person-

ality change, in addition to pathological crying and laughing, may have 

been emotional incontinence of MND affected by AD symptoms, thus 
mimicking FTD. 

Globular glial tauopathies can similarly present with the clinical 
phenotype of PLS-FTD (1 OJ. Although this disease concept is 4-repeat 
tauopathies characterized by globular glial inclusions and non-fibril-

lar tau in astrocytes, the autopsy findings of our case did not include 

these characteristics. We report a markedly rare case of PLS complicated 

by advanced AD pathology (Braak stage IV-C). As cases that are clini-

cally diagnosed as ALS/PLS-FTD can include those of pathological ALS/ 

PLS-AD, further reports are required. 
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Introduction 

Aim: We examined whether a newly developed computer-aided neuropsychiatric series of 
test, CogEvo, is necessary and sufficient for the evaluation of cognitive function in older 
people. 

Methods: A total of 272 participants in worthwhile life activity for the prevention of decline 
in mobility and cognitive function were administered tests every week at 33 locations in 
Fukaura-machi,Japan. Basic profile information, a Mini-Mental State Examination (MMSE), a 
CogEvo and a clock drawing test were used in the present study. 

Results: Our results are summarized as: (i) the total score of the CogEvo and MMSE tests 
decreased significantly according to age and in age group analysis; (ii) scores from the CogEvo 
and MMSE tests showed a significant correlation; (iii) MMSE scores showed marked ceiling 
effects; (iv) analysis of cognitive domains, such as orientation, attention, memory and execu-
tive function, and spatial cognition using CogEvo showed significant age-dependent impair-
ment; (v) CogEvo discriminated three score groups of MMSE results with sensitivity and 
specificity of 70% and 60% in the <23 score group, 78% and 54% in the 24-26 score group, 
and 85% and 70% in the >27 score group, respectively; (vi) CogEvo memory tests reflected 
more detailed recall function than registration function; and (vii) CogEvo spatial cognition test 
results were correlated with test items of the MMSE and clock drawing tests. 

Conclusions: CogEvo is an easy and potentially useful computer-aided test battery that can 
be used to evaluate age-related or pathological decline in cognitive function from middle age 
and in preclinical stages of dementia. Geriatr Gerontol Int 2020; 20: 248-255. 

Keywords: age-related cognitive decline, cognitive function balancer, computer-aided 
psychiatric test battery 

The number of dementia patients is rapidly increasing with the 

increasing older adult population in Japan. Cognitive impairment 
decreases life independence and impairs the quality of life in older 
ad ult populations. For dementia patients, medical therapy and 
home and social care intervention are necessary as well. These 
burdens are stressful for the family and caregivers, and are major 
factors in increasing national costs of medical care. Recent 

advances in dementia research have suggested that early detection 

of cognitive impairment and intervention are beneficial for demen-

tia prevention, possible disease-modifying therapy and develop-

ment of social care systems for dementia patients. Pharmacists 

instruct patients to maintain adequate use of prescribed drugs 

from the pharmacy and home based on Japanese law. However, 
common prescriptions that are 90-days long and polypharmacy of 
>6 drugs for elderly and dementia patients cause dropout from 

compliance, leading to low efficacy or adverse effects. Pharmacists 
should understand the cognitive function of people who are pre-

scribed drugs easily and properly. To improve these situations, we 

hold educational campaigns about worthwhile life activity, includ-
ing recollection, for the prevention of a decline in mobility and 

cognitive function in a salon for middle-aged to elderly people at 

33 locations in the Fukaura-machi area, Aomori, Japan. Based on 
this activity, we examined whether a newly developed computer-

aided neuropsychiatric banery, "CogEvo, a cognitive function bal-
ancer", is necessary and sufficient for the evaluation of cognitive 
function in older people. 
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Sensitive and easy psychiatric test 

(a) Orientation 

一
(b) Follow the order 

-- 一Touch all in the following order from'Start'. 1-A-2-B-3... 
What day and month is tomorrow? 

言□□三］：：口 0
□]三］：：ロロロ

゜--
(c) Flash light 

一
(d) Route 99 

-- 一
70 

Touch 
in the same orde, 

→ 
Plottod, ●●●●● 
You9answor: 000()Q 

Follow numbers in order, let's aim for the goal 

→ 

． 
(e) Same shape 

一 ― 

入

>`

｀
 

Figure 1 Cognitive function balancer (CogEvo). 
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Methods 

Participants 

A total of 272 participants were enrolled in this study. They 
consisted of 242 women and 27 men. The mean age was 
79.5士7years, and the age range was from 40-97 years. They par-
ticipated in worthwhile life activity for the prevention of decline in 

mobility and cognitive function in a salon for middle-aged to elderly 
people. These activities took place every week at 33 locations in 
Fukaura-machi, Japan. Approximately two to 20 people who partic-
ipated in the activity were interviewed and examined after brief 

instruction on dementia and related disorders. The examination 

items were basic profile information on the participants, a Mini-
Mental State Examination (MMSE),1-3 a cognitive function bal-

ancer (CogEvo; Total Brain Care, Kobe, Japan) and a clock drawing 
test (CDT).4-7 The mean examination times were 10 min in for the 

MMSE, 10 min for the CogEvo and 1 min for the CDT. This study 
was approved by the ethics comminee of Hirosaki University 
(2017-1039). All participants provided wrinen informed consent. 

CogEvo, a cognitive fun呻 nbalancer 

CogEvo is a computer-aided cognitive function test banery that 
uses a touch panel consisting of five basic tasks to evaluate orien-

tation, anention, memory, executive function and spatial cogni-
tion. After audiovisual usage instruction, the participant pushes 
the start icon. If the answer is correct, 1 point is added. Incorrect 

answers are worth O points in five domain tasks. The scores for 

response time include four domain tasks, except the flashing light 

task. Each point is calculated according to the following formula: 

response time points = (standardized time limit -actual response 

time by tested participants) / standardized time limit x 100 points. 
The standardized time limit is the mean plus three standard devia-

tions (3S0) of the time required for each task procedure based on 
preliminary trial data of CogEvo balancer for 50 000 participants. 
Total scores are the sum of both scoring systems 

Orientatl.on 
The task of selecting the correct day, week and time of the exami-
nation day was included. Questions were randomly presented as 
14 choices of days, seven choices of the week and 14 choices of 
time on a touch panel (Fig. la). 

Visual attenがon:Follow the order 
The purpose of the test was to touch numbers, Japanese hiragana or 

alphabet characters, and then touch both characters alternatively, on 
the panel according to their order. For example, the participant 
touched 1, 2, 3..., A, B, C, D... and 1, A, 2, B, 3, C,.... Each ques-
tion consisted of following six digits, 12 characters and alternate 

combinations of eight digits with eight characters (Fig. 1 b) 

Memo1y task: Flashing light 
After memorization of the random order of flashing red, blue, 
green and yellow lights, the participant touched the lights in the 
same order. Each light flashed for 1 s. ln some cases, the same 
color light flashed in series. The task started with two lights flash-

ing, and then the light number increased up to 16 flashing trials in 
the case of correct answers. Result points were calculated only as 
they related to accurate answering rates (Fig. 1 c). 

Executive function: Route 99 
Participants traced squares on the panel from the start to the goal 
in sequence following randomly displayed di忠tsin order from 
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Sensitive and easy psychiatric test 

1 to 10. Oblique passage or a route using the same square was 
prohibited. The task consisted of 16 squares (4 x 4), 36 squares 
(6 x 6) and 64 squares (8 x 8; Fig. 1d). 

Spatial cognition: Same shape 
The participants selected the same figure displayed on the center of 
the panel from six other figures around the center. A total of four 
questions consisted of randomly selecting seven figures from the 
total of 34 figures. The center figure and answer figure were in differ-
ent locations, and at different rotation angles every time (Fig. 1e). 

CDT 

The person was given a blank piece of paper and told to draw a 
clock that showed the time. 4 Scoring was carried out based on 

10 points by Rouleau5 except for prescribing the time as 10 min 
after 10 o'clock instead of 10 min after 11 o'clock. 

Statistical analysis 

Statistical analysis was carried out using linear regression analysis 
for correlation analyses, one-way ANOVA with Turkey's multiple 
comparison tests for ordinal analyses, the Kruskal-Wallis test with 
Dunn's multiple comparison tests, an unpaired t-test and a 
Mann-Whitney test after normality testing using GraphPad Prism, 
version 8 (GraphPad Software, San Diego, CA, USA). Receiver 
operating characteristic analyses were carried out using R Com-
mander version 2.4.0 for windows (The Institute of Statistical 
Mathematics, Tokyo: https://cran.ism.ac.jp). Statistical significance 
was set at P < 0.05. 

(a) MMSE and Age 
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Figure 2 Association studies among 
the Mini-Mental State Examination 
(MMSE), CogEvo, clock drawing test 
and age. **P < 0.005; ***P < 0.0005; 
**** P < 0.0001. 
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S lchii et al. 

Results 

Basic profiles of participants are summarized in Table 1. We 

divided the total 272 participants into four groups according to 
age to analyze the age-related natural course of cognitive function. 
The first group with participants aged 40-69 years included 
21 participants (group 1), the next group had people who were 

aged 70-79 years and there were 105 in the group (group 2), the 
third group had people who were aged 80-89 year and there were 
134 in the group (group 3), and the eldest group was aged 
90-99 years and there were 12 people in the group (group 4) 
Groups 2 and 3 had enough participants for statistical analyses, 
but female-dominant differences were observed in all groups. 
Total scores and subclassification domain items of the CogEvo, 
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MMSE tests and the CDT are presented in Table 1. The mean 
scores for the total participants were 1001.1士281.8in the 
CogEvo tests, 25.8士3.3in the MMSE test and 7.7土2.4in the 
CDT, respectively. These scores declined with age. 
We also divided the total participants into three groups 
according to cut-off scores for the MMSE; that is, 24 and 26 points, 
which are commonly used to discriminate dementia from normal 
individuals,2 and for registration criteria of the cognitively unim-
paired (CU),8・9 mild cognitive impairment (MCI)10 and dementia 
(D) 11 in recent cohort studies, such as the Alzheimer's Disease 
Neuroimaging lnitiative12-14 and the Dominantly Inherited 
Alzheimer Network.15 The numbers of participants, mean age, sex, 
and total and subclassified domain scores of CogEvo, MMSE scores 

and CDT scores are described in Table 1. Each score of the 
CogEvo, MMSE and CDT was also assessed according to the cut-
off score groups of the MMSE. 
Then, we analyzed the association of total CogEvo scores and 
MMSE scores, with age. Both MMSE scores against age 
0J = -0.1602*X + 38.53,r1-= 0.1115, P < 0.0001; Fig. 2a) and total 
CogEvo scores against age r-r = -22.19*X + 2766, r1-= 0.3011, 
P < 0.0001; Fig. 2c) showed significant negative correlations. MMSE 
scores and total CogEvo scores showed a significant positive correla-
tion r-r = 0.006471 *X + 19.30, r1-= 0.2973, P < 0.0001; Fig. 2e). 
Ceiling effects were noted in the association between MMSE and 
total CogEvo scores, and between MMSE scores and age because of 
the upper 30 points in the MMSE. However, these limitations were 
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not observed in the linear regression curve between CogEvo scores 
against age (Fig. 2c) 
We also compared the MMSE scores, total CogEvo scores and 

five subscore items of the CogEvo, such as orientation, attention, 

memory, executive function and spatial cognition, and CDT 

scores in the four age-dependent groups. Total scores of the 

MMSE showed significant decreases in group 3 (P = 0.0003) and 
group 4 (P = 0.0028; Fig. 2b) compared with those of group 1. 
Total scores of the CogEvo test were significantly decreased in the 
corresponding age groups (group 2: P = 0.0029; group 3: 
P < 0.0001; and group 4: P < 0.0001; Fig. 2d). However, the CDT 

only showed significance in group 3 (P = 0.0025; Fig. 2f) com-
pared with group 1. 
In the orientation item of the CogEvo test, a significant decline 

in scores was observed in group 2 (P = 0.0297), group 3 
(P < 0.0001) and group 4 (P = 0.0009) compared with group 1 

(Fig. 3a). In the attention items, a significant decline was shown in 

group 2 (P = 0.0033), group 3 (P < 0.0001) and group 4 
(P < 0.0001; Fig. 3b). In the memory domain, significance was rec-

ognized in group 3 (P = 0.0002) and group 4 (P = 0.0031; Fig. 3c). 
Scores of executive functions also showed a significant decrease 

between group 2 (P = 0.0011), group 3 (P < 0.0001) and group 4 
(P < 0.0001) (Fig. 3d). In spatial cognition items, a significant 

decline was observed in group 2 (P = 0.0011), group 3 (P < 0.0001) 
and group 4 (P < 0.0001; Fig. 3e). We also carried out a simple lin-

ear regression analysis between age and five subscore items of the 
CogEvo test. All subscore items also showed a significant linear cor-

relation with age. Respective regression coefficients were -4.276 in 

orientation, -3.805 in attention, -6.259 in memory, -2.308 in 

executive function and -5.539 in spatial cognition. The coefficient 

of determinations（?) were 0.1194 in orientation, 0.2799 in atten-

tion, 0.1262 in memory, 0.1208 in executive function and 0.1812 in 

spatial cognition. These findings suggested that all five subscore 
items decreased according with age; however, attention subscores 

were more affected by the effect of age compared with the other 
four subscore items(Fig. 3f-j). 
Then, we compared the subscale scores of the subclassificanon 

groups and domains of the CogEvo and MMSE tests. Total CogEvo 

scores were significantly increased in the 24--26 points group 
(P = 0.0002) and the >27 points group (P < 0.0001) compared with 
the <23 points group. Significance was observed in the 27 points 

group compared with the between 24 and 26 points group 

(P < 0.0001; Fig. 4a). To further study the memory domains, scores 
of the CogEvo flashing light and scores for questions 3 + 5 in the 
MMSE were analyzed, showing a significant increase in CogEvo 
scores between MMSE scores of 3 points and 6 points (P = 0.0441), 
and between 4 points and 6 points (P = 0.0131; Fig. 4b). A separate 
analysis showed no significant differences between 2 and 3 points 
for the MMSE question 3 (Fig 4c). However, significances were rec-
ognized between O and 3 points (P = 0.0091) and 1 and 3 points 
(P = 0.007) for MMSE question S (Fig. 4d), suggesting the CogEvo 
flashing light test reflected more delayed recall function memory 
items than those of the registration function. To analyze spatial cog-
nition items, associations between MMSE question 11, CogEvo 
same shape and CDT were examined. Both item scores showed a 

significant relationship with MMSE question 11 for CogEvo same 
shape (0-1 point: P = 0.0002; Fig. 4e) and in the CDT (0-1 point: 
P < 0.0001; Fig. 4f). 

Finally, we examined the sensitivity and specificity of the 
CogEvo total scores using receiver operating characteristic analysis 
for discriminate CU, MCI and D cut-offs defined by MMSE scores. 
Sening 809 points of the total scores of the CogEvo test, the D and 

MCI groups were discriminated at a sensitivity of 70% and specific-

ity of 60%. At 995 poinぉofthe CogEvo test, sensitivity of 78% and 

254 I 

specificity of 54% were observed between the MCI and CU groups. 

A sensitivity of 85% and specificity of 70% at 1018 points were 

obtained for comparisons between the D and CU groups. 

Discussion 

MMSE is the worldwide established screening neuropsych1atry 
test that consists of orientation of time and place, memory regis-
tration and recall, attention and calculation, language, and execu-

tive and visuospatial proficiency assessment.1 Testing took 
5-10 min, and the cut-off value of 23 out of 24 discriminated 

moderate-to-severe cognitive impairment.2・3 However, scores were 

highly dependent on age and education level.16 Population-based 
norms have been reported from the age of 6 years to 
>85 years,17・18 and the natural decline of MMSE scores is 
3--4 points per year in Alzheimer's disease.16・19 MMSE is a basic 
variable for observational study, such as Alzheimer's Disease Neu-
roimaging Initiative12ー14and Dominantly Inherited Alzheimer 
Network,15 and is one of the end-points of intervention study of 
disease-modifying drugs. For this reason, a comparison between 

the MMSE and CogEvo is meaningful. 
The total examination time for the MMSE and CogEvo test is 

almost the same; however, the machinery instructions for the task 

and automatic score calculation seem to be easier and more consis-

tent compared with the MMSE. Both total scores of MMSE and 

CogEvo test showed age-dependent cognitive decline (Fig. 2) 

Ceiling effects at 30 points in the MMSE decreased the usefulness 

for detecting slight age-related cognitive impairment (Fig. 2a,e）．心

MMSE was developed to discriminate dementia from normal 

behavior, 1 ・2 it suggests difficulty in recognizing slight cognitive 
impairment. In contrast, the CogEvo test was shown to detect 

these slight age-related cognitive impairments clearly (Fig. 2c,d), 
suggesting that CogEvo is feasible for evaluating age-related or pre-
clinical cognitive decline from 65 years onwards in cohort studies 
or preclinical intervention trials. Further analysis in the subclassified 
domain of cognition showed that CogEvo also showed significant 

age-related cognitive decline in orientation, attention, memory, 

executive function and spatial cognition (Fig. 3). However, the CDT 

did not show a clear significance and ceiling effects. The CDT is 

considered to be a test for discrimination between normal behavior 

and dementia, similar to the MMSE. Thus, CogEvo seems to be a 

sensitive test battery for age-related cognitive decline. 

These findings suggest that the CogEvo test might also be feasi-
ble for preclinical observation studies or clinical trials for the pre-

vention of dementia. In the MMSE, the range for the CU 

participants and participants with MCI was 24-30, and for mild 
Alzheimer's disease dementia the range was 20-26.12・13 The CDR 

score and education duration-dependent delayed recall score of the 
logical Memory II subscale for Wechsler Memory Scale-Revised 
were additional criteria for discernment of CU, MCI and mild 

Alzheimer's disease dementia.1° For this reason, we validated 

whether the CogEvo test could sep紅atecut→off points of 24 and 

26 in MMSE scoたs.As shown in Figure 4a, CogEvo significantly 

discriminated these groups with cut-offs at 780.4 points, and a sen-

sitivity of 78% and specificity of 54%, and at 1128.1 points with a 

sensitivity 70% and specificity of 60%, suggesting that these cut-
offs also exist in the CogEvo total points range 0-2500 points. 

Then, we further validated memory and the spatial cognition 

domain of CogEvo in detail. In comparisons between registration 

and recall functions of memory domain, CogEvo results were cor-

related with delayed recall more than registration (Fig. 4b-d).Both 
CogEvo and CDT significantly responded to MMSE question 11; 
however, a wide range of scores for the CogEvo test without 
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ceiling effects is considered more feasible for examining the spatial 
cognition domain. 

As Alzheimer's disease and neurodegenerative dementia diseases 

develop cognitive impairment after a very long preclinical period, dis-
criminating physical age-dependent declines in cognitive functions is 
very difficult, and therefore there is meaning in inventing a neuro-

psychiatry battery of the tests for evaluating age-related cognitive 
decline. Clinical trials on disease-modifying therapy are also chang-

ing ideas on the prevention in preclinical states. For this purpose, 
many computer-aided or iPad-based test batteries, such as Cog-
state20・21 and CANTAB,22-25 are emerging in this field. These batte-
ties have been applied in cohort studies, such as the Dominantly 

lnherited Alzheimer Network. The present study used CogEvo, 

which is one of the recently introduced tests. A limitation of CogEvo 
is there have been few validation cohort studies and comparison 
studies with other kinds of PC-based batteries. This is the first vali-

dation study. We therefore are planning validation of CogEvo in 
other international cohort studies and comparison studies with 

Montreal Cognitive Assessment, Cogstat, CANT AB and other tests. 
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ARTICLE INFO ABSTRACT 

Keywords: 
Alzheimer's dtsease 
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Cerebrospinal fluid 

Cerebrospinal fluid (CSF) total tau (t-tau) and tau protein phosphorylated at threonine 181 (plSltau) are es-

tablished biomarkers for Alzheimer's disease (AD). Herein, we measured t-tau and plSltau to evaluate novel 

enzyme-linked immunosorbent assays (ELISAs) using 72 CSF samples including from patients with AD with 

dementia (ADD) and various neurodegenerative diseases. Our assay system showed good correlations with 

widely used ELISA systems fort-tau and plSltau and showed that serum and hemoglobin contamination in CSF 

samples did not decrease sensitivity. Significant increases in both t-tau and plSltau levels were observed in 

ADD. These findings suggested that our ELISAs were reliable assays for CSF t-tau and plSltau similar to com-

monly used ELISAs. 

1. Introduction 77 

Many large cohort studies, including the Alzheimer's Disease 

Neuroimaging Initiative (AON!) [1,2] and the Dominantly Inherited 

Alzheimer's Network (DIAN) [3,4], have confirmed the efficacy of 
neuropsychiatric tests, cerebrospinal fluid CSF biomarkers, and neu-

roimaging including magnetic resonance imaging, fluorodeoxyglucose 

positron emission tomography PET, and amyloid and tau PET, for di-

agnosis of the natural course of Alzheimer's disease (AD). These mar-

kers have provided strong evidence of the signatures of AD pathology in 

the brain. Approximately 4500 research articles including meta-ana-

lysis have already been published on the CSF biomarkers of AD, con-
firming the usefulness of CSF AB, t-tau, and phosphorylated tau as di-
agnostic and predictive markers for AD and its preclinical states [5]. 

Based on these findings, low CSF M42 or cortical amyloid PET ligand 

binding have been adopted as biomarkers for邸 amyloidosis(labeled 

"A") in the A/TIN classification system of the novel National Institute 

on Aging and Alzheimer's Association (NIA-AA) research framework 

criteria [6]. High CSF phosphorylated-tau and positive tau PET are also 

biomarkers for tauopathy (labeled "T"). Biomarkers of neurodegen-

eration or neuronal degeneration (labeled "N") are increased CSF tau, 

fluorodeoxyglucose PET hypometabolism, and atrophy on brain mag-

netic resonance imaging. The NIA-AA research framework proposed 
diagnostic criteria based on the biological definition of AD for ob-

servational and interventional research. 

A comparative study of tau protein phosphorylated at threonine 181 

(p18ltau) and that at threonine 231 showed the same specify to dis-

criminate AD with dementia from non-AD type dementia [7]. Assays of 

pl8ltau showed better discrimination of AD and dementia with Lewy 

bodies. Based on these studies, CSF pl81 tau assays are commonly 
adopted for measuring CSF p-tau using an enzyme-linked im-
munosorbent assay (ELISA) such as the pl8ltau assay system produced 

by Fujirebio Europe, as INNOTEST"'PHOSPHO-TAU(181 P) [8,9]. Re-
cent multiple simultaneous assay systems of CSF AB42, t-tau, and 

pl8ltau, such as INNO-BIA AlzB!o3 for Luminex"'or Elecsys are es-
sentially identical using the same antibodies for the respective assays 

Abbreviations: AD, Alzheimer's disease; ADD, Alzheimer's disease with dementia; AON!, Alzheimer's Disease Neuroimaging Initiative; CSF, cerebrospinal fluid; CU, 

cognitively unimpaired normal controls; DIAN, dominantly inherited Alzheimer's network; ENC, encephalitis; ELISA, enzyme-linked immunosorbent assay; MCI, 

mild cognitive impairment; NIA-AA, National Institute on Aging and Alzheimer's Association; NADD, Non-Alzheimer type dementia; OND, other neurological 

diseases; PET, positron emission tomography; plBltau, Tau protein phosphorylated at threonine 181; t-tau, total tau 

• Corresponding author at: Department of Neurology, Dementia Research Center, Geriatrics Research Institute and Hospital, 3-26-8 Otomo-machi, Maebashi, 371-

0847, Japan. 
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(10ー13].However, these ELISA assays are expensive for routine work 
and can be affected by blood contamination. Because CSF is obtained by 
lumbar puncture procedures, blood contamination occurs frequently. 
For this reason, we herein evaluated novel ELISA systems for t-tau and 
pl8ltau by comparison with INNOTEST"hTAU Ag and INNOTEST 
PHOSPHO-TAU (181 P) assays. 

2. Materials and methods 

2.1. Subjecむ

78 

A total of 72 CSF samples were examined from 12 patients with 
ADD, 6 with encephalitis (ENC), 22 with non-AD dementia (NADD), 
and 27 with other neurological diseases (OND), and 5 cognitively un-
impaired control subjects (CU). Among the 6 ENC samples, 2 samples 
lacked sufficient volumes for pl8ltau assay and these were excluded 
for both pl8ltau assays. ADD was diagnosed based on NIA-AA criteria 
defined by positive A+ T+N + biomarker changes [6]. The NADD 
group consisted of 3 patients with frontotemporal dementia [14,15], 3 
with corticobasal degeneration [16], 3 with normal pressure hydro-
cephalus, and 12 with progressive supranuclear palsy [17]. The clini-
cally diagnosed OND group using respective recent criteria included 4 
patients with amyotrophic lateral sclerosis [18], 1 with cerebral amy-
loid angiopathy, 2 with polyneuropathy, 2 with multiple sclerosis and 
related disorders, 9 with multiple system atrophy [19], 6 with Parkin-
son's disease [20], and 3 with spinocerebellar degeneration. Ad-
ditionally, 3 CSF samples from 2 patients with severe ENC and 1 CU 
were used for dilution and recovery tests. The basic profile is sum-
marized in Table 1, and no statistical differences were observed in age 
distribution between the NADD and OND groups. Lumber puncture for 
CSF examination was performed in the morning in accordance with a 
standard protocol. CSF samples were immediately centrifuged at 
3000 rpm for 10 min, and stored in polypropylene vials at -80℃until 
analysis. 

2.2. ELISA 

CSF t-tau and pl8ltau were measured using a Human Total Tau 
Assay kit (ELISA #27811) and a Human Phospho Tau 181 P Assay kit 
(ELISA #27812), respectively, provided by Immuno-Biological 
Laboratories Co., Ltd., Japan !BL. The captured antibody was Anti-
hTau441-E22A3 Rat IgG monoclonal antibody for both assays. The 
detection antibodies were HRP-conjugated anti-Tau441-E21ASA1 Rat 
IgG monoclonal antibody Fab'for t-tau and HRP-conjugated anti-hTau 
pl81-Rk27A6 Rat monoclonal IgG Fab'for pl8ltau. For comparison, 
CSF t-tau and plBltau from the same sample were measured using 
Phinoschoiar••hTAU and Phinoscholar®•pTAU ELISA kits (Nipro Corp. 
Osaka, Japan), respectively, which were from a Japanese provider and 
completely identical to INNOTESTRhTAU Ag and PHOSPHO-TAU 
(181 P) supplied by Fujirebio Inc., Tokyo, Japan. The captured anti-
bodies were AT120 for t-tau and HT? for pl8ltau, and the detection 
antibodies were BT2 and HT7 for t-tau and AT270 for plBltau, re-
spectively. The assays were carried out in accordance with the 

Table 1 
Subject profile. 

Number Male Female Mean age (Y) Age range (Y) 

ADD 12 4 8 64 41-77 
cu 5 5 

゜
68 56-76 

ENC 6 3 3 48 26-74 
NADD 22 12 10 74 50--S3 
OND 27 12 15 61 22--82 

ADD: Alzheimer's disease with dementia; CU: cognitively unimpaired normal 
controls; ENC: encephalitis, NADD: non-Alzheimer type dementia; OND; other 
neurological diseases. 

manufacturers'protocols. 

2.3. Recovery test using serum-and hemoglobin-contaminated samples 

Serum from a normal control was 2-fold serially diluted using assay 
buffer from 2-to 16-fold. Standard tau at 550 pg/ml and standard 
phosphorylated p18ltau at 114 pg/ml were added to the samples, as-
sayed, and compared with control samples without serum. Control CSF 
with 490 mg/di hemoglobin added was 2-fold serially diluted from 
490 mg/dl to 3.8 mg/di and separated into tubes. Then, 137.5 pg/ml of 
standard t-tau and 28.8 pg/ml of standard p181 tau were added to each 
tube and assayed to evaluate recovery. 

2. 4. Dilution test of CSF samples from encephalitis subjects 

CSF samples from 2 patients with severe ENC and one CU were 
serially diluted from 2-to 512-fold and assayed (n = 2) using t-tau and 
pl8ltau ELISAs. First-order regression analyses were performed using 
the respective values. 

2.5. Statistical analyses 

Statistical analyses was carried out using linear regression analysis 
for correlation analyses, assay values among the respective groups were 
analyzed using the Kruskal-Wallis test with multiple comparison tests 
for non-parametric data using GraphPad Prism, version 8 (GraphPad 
Software, San Diego, CA). No significant differences were observed in 
the mean age distribution of the ADD, CU, NDD, and OND groups. 
Statistical significance was set at p < 0.05. 

3. Results 

Simple regression analysis oft-tau measured using the Human Total 
Tau Assay kit (ELISA #27811) and Phinoscholar←hTAU ELISA kit 
showed a significant relationship as Y = 0. 9641 *X + 78. 93 
(r2 = 0.9229, p < 0.0001 from 72 CSF samples. The values of p181tau 
measured using the Human Phospho Tau181 P Assay kit (ELISA 
#27812) and Phinoscholar'"•pTAU ELISA kit also showed a close cor-
relation as Y = 0.9687*X-9.799 (r2 = 0.9601. p < 0.0001) from 70 
CSF samples (Fig. 1). 
Recovery tests using serum-contaminated samples showed mean 
recovery rates fort-tau and p181tau of 82.3-91.3 % and 99.0-104.0 %, 
respectively. The mean recovery rates using hemoglobin-contaminated 
samples for t-tau and p181tau were 92-115.9 % and 92.8ー110.5%, 
respectively. 
Dilution tests of CSF samples from 2 patients (cases 1 and 2) with 
severe ENC and one CU showed linear correlations of measured tau 
values in cases with meningitis, case 1(Y =1078*X + 3.969; 
召＝ 0.9995,< 0.0001) and case 2 (Y = 342.1 *X + 0.4972; 
召＝ 0.9994,< 0.0001), and CU (Y =146.0*X - 1.974; 
召＝ 0.9952,< 0.0001). The assay values of p18ltau also showed a 
linear relationship in case 1 (Y = 24.27*X + 0.3213; 
r2 = 0.9989, < 0.0001), case 2 (Y = 68.22*X + 0.6485; 
R2 = 0.9998, < 0.0001), CU (Y = 57.85*X - 0.06096; 
R2 = 1.000, < 0.0001) (Fig. 2). 
Assay values of mean and standard deviations of t-tau using a 
Human Total Tau Assay kit (ELlSA #27811) were 852.3士 317.Spg/
ml in patients with ADD, 372.0土 114.2pg.ml in CU, 
1054土 1076pg/ml with ENC, 402.0土 136.1pg/ml with NADD, and 
419.0士 240.1pg/ml with ONO. Significant increases in t-tau levels 
was recognized in patients with ADD compared with those with NADD 
(p < 0.0040) and ONO (p < 0.0012) (Fig. 3a). T-tau levels measured 
using Phinoscholar'"•hTAU were 848.5土 399.5pg/ml in patients with 
ADD, 295.5士 90.01pg/ml in CU, 1001土 981.6pg/ml with ENC, 
309.5土 102.7pg/ml with NADD, and 354.1土 199.7 pg/ml with 
OND. The same significant elevation of t-tau measured using 
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Fig. 2. Dilution tests of CSF samples with encephalitis (ENC) and a cog-
nitively unimpaired normal control (CU). (a) Dilution tests of CSF samples 
from 2 patients面thENC (cases 1 and 2) and one CU show a linear correlation 
of measured tau values in cases with meningitis case 1 (red: Y = 1078*X + 
3.969; r2 = 0.9995, < 0.0001) and case 2 (blue: Y = 342.1 *X + 0.4972; 
召＝ 0.9994,< 0.0001), and CU (brown: Y = 146.0*X - 1.974; 
r2 = O. 9952, < 0.0001) using the Human Total Tau心saykit (ELISA #27811). 
(b) The assay values of pl8ltau also show a linear relationship in case 1 
(Y = 24.27*X + 0.3213; r2 = 0.9989, < 0.0001), case 2 (Y = 68.22*X + 
0.6485; R2 = 0.9998, < 0.0001), and CU (Y = 57.BS*X - 0.06096; 
妃＝1.000,< 0.0001 using the Human Phospho Tau 181 P Assay kit (ELISA 
#27812). 

1.0 

Phinoscholar®•hTAU was observed in patients with ADD compared with 
NADD (p < 0.0009) and ONO (p < 0.0009) (Fig. 3b). 
Assay values of the mean and standard deviations of p18ltau using 
the Human Phospho Tau (181 P) Assay kit (ELISA #27812) were 
89.55土 34.63pg/ml in patients with ADD, 33.48士 9.572pg/ml in 
cu, 31.93士 12.49pg/ml with ENC, 34.49士 12.29pg/ml with 

NADD, and 33.33士 17.80pg/ml with ONO. Significant increases in 

． 

4. Discussion 

150 

Fig. 1. Correlation study of t-tau and 
p181tau using both EIJSAs. (a)Simple re-
gression analysis from 72 CSF samples showing 
a significant relationship, Y = 0.9641 *X 
+78.93 (r2 = 0.9229, p < 0.0001, between t-
tau value measured using the Human Total Tau 
Assay kit (ELISA #27811) and 
Ph inoscholar®•hTAU. b Measured values of 
plSltau from 70 CSF samples using the Human 
Phospho Tau 181 P Assay kit (ELISA #27812) 
and Phinoscholar®•pTAU ELISA kit show a 
close correlation, Y = 0. 9687*X-9.799 
（r2 = 0. 9601. p < 0.0001). 

p181tau levels were recognized in patients with ADD compared with 

those with NADD (p = 0.001) and OND (p < 0.0001) (Fig. 3c). 
p181tau levels measured using Phinoscholar"•pTAU ELISA kits were 
99.78土 31.83pg/ml in patients with ADD, 45.18土 13.45pg.mlin 

cu, 37.33士 8.691pg/ml with ENC, 45.20土 14.58pg/ml with 
NADD, and 47.03土 21.57pg/ml with OND. The same significant 

elevation of p181tau measured using Phinoscholar"•pTAU ELISA kits 
was observed in patients with ADD compared with those with ENC 

(P = 0.0133), NADD (p = 0.0004) and OND (p = 0.0001) (Fig. 3d). 

The sensitivity of Human Total Tau Assay ELISA #27811 was 
4.31 pg/ml and that of Human Phospho Tau (181 P) Assay ELISA 
#27812 was 3.06 pg/ml.心sayranges for t-tau and p181tau were 
17.2-1,lOOpg/ml and 3.6-230pg/ml, respectively. Intra-and inter-
assay coefficients of variation were 1.7-3.2 % in the t-tau assay and 
2.0-4.5 % in the p18ltau assay. In accordance with the manufacturers' 
instructions, the assay ranges of Phinoscholar®•hTAU for t-tau and 
PhinoscholarR・pTAU for p181tau were 75-1,200 and 25-500 pg/ml, 
respectively. Intra-and inter-assay coefficients of variation were also 
less than 10 % in both assay systems. These findings suggested that 
basic assay accuracy and precision of both ELISA #27811 for t-tau and 
ELISA #27812 for p181tau were sufficient compared with those for 
Phinoscholar®•hTAU and pTAU. The assay range of ELISA #27812 is 
narrower than Phinoscholar®•pTAU. However, our previous study in a 
separate group of subjects [21] showed CSF p181tau levels were 
41.7土 19pg/ml in control subjects and significantly increased to 
88.62土 29.69pg/ml in patients with AD and mild cognitive impair-
ment (MCI) in the Phinoscholar"'•pTAU assay. In the present results, 
p181tau levels measured using Phinoscholar®•pTAU were 
99.78士 31.83pg/ml in patients with ADD, 45.18土 13.45pg/mlin 
CU. Both p181tau assay results implied that ELISA #27812 can eval-
uate a wide range of CSF pl81tau values in patients with AD and MCI 
within the assay rage of ELISA #27812. 
Then, we evaluated the associations between two different assay 
systems for CSF t-tau and pl81tau. Simple regression analysis was 
carried out between t-tau values measured using ELISA #27811 and 
those using PhinoscholarR・hTAU, and between pl81tau values mea-
sured using ELISA #27812 and those using Phinoscholar®•pTAU. These 
analyses showed significant strong correlations for t-tau (regression 
coefficient = 0. 9641, coefficient of determination: r2 = 0. 9229, 
p < 0.0001) and for p18ltau (regression coefficient= 0.9686, coeffi-
cient of determination: r2 = 0.9601, p < 0.0001). These data indicated 
the presence of highly similar linearities between the measured values 
using ELISA #27811 and Phinoscholar®•hTAU and between ELISA 
#27812 and Phinoscholar"'•pTAU. For this reason, both assay systems 
functioned almost identically and it may be feasible to assay t-tau and 
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pl8ltau although the number of neurological disorders was small. 
Then, we evaluated ELIS心＃27811and #27812 for whether the 

measured t-tau and pl8ltau values actually detected brain neurode-
generation processes in as "N" and tauopathy as "T", which are newly 

adopted research diagnostic criteria for AD. As shown in Fig. 3, assay 

values using ELISA #27811 significantly detected neurodegeneration in 

patients with ADD and ENC (Fig. 3a). ELISA #27812 specifically de-

tected tauopathy in patients with ADD (Fig. 3c). These findings were 

essentially identical to those obtained using the Phinoscholar"'・hTAU 

and pTAU assay systems. Thus, ELISAs #27811 and #27812 were able 
to evaluate the presence of neurodegeneration and tauopathy as well as 

conventical PhinoscholarR systems. 

Accidental contamination with blood is a frequent occurrence in 
lumber puncture procedures and routine in cerebrovascular disease and 

central nervous system infection (22,23]. In these diseases, CSF protein 

levels and white and red blood cell counts are prominently increased. 

Previously, we and others indicated that markedly increased CSF t-tau 
in cerebrovascular diseases and meningoencephalitis in PhinoscholarR 

hTAU assay in spite of Phinoscholar"'•pTAU (21,24]. Tau and other 
proteins may likewise be affected by binding proteins or degradation by 

proteases present in plasma (25,26]. If CSF samples were spiked with 

5,000 erythrocytes/μL, small but significant increases in pl8ltau con-

centration of 11 % (27] or 14 % (28] were recorded using Phi-
noscholar"'•pTAU. For this reason, CSF samples with apparent blood 

contamination or with hemolysis are usually excluded before assaying. 

However, our study showed that small amount of serum or hemoglobin 
did not affect the #27811 and #27812 ELISA systems. Our dilution 

tests using 2 ENC patients and normal subjects showed clear linearity in 
the assay values. Recovery tests with the addition of serum and he-

moglobin in normal control CSF samples showed 8午 103% recovery 
rates. These findings also suggested that the #27811 and #27812 

ELIS心 assayare safe and effective even with low levels of blood con-

tamination. 
Recent progress in biomarker studies has clarified trace amount of 

plasma t-tau and pl8ltau can be measured using newly developed 

devices, and it is feasible to predict and diagnose the onset of MCI and 
AD [28,29]. If CSF t-tau and p18ltau assays can be translated into 
blood biomarker assays, as reported, these will provide substantial 
progress in biomarker studies for AD. Although usage of our assay 
system was limited within a CSF study, such basic studies are useful for 

application to blood assay systems. We are planning to expand our 
assay system for further application to plasma assay systems. 

5. Conclusions 

Fig. 3. T-tau and p181tau levels in various 
neurological diseases. a Significant increase of 
t-tau levels measured using the Human Total 
Tau Assay kit (ELISA #27811) recognized in 
patients with ADD compared with those with 
NADD p < 0.0040 and OND p < 0.0012. b 
The same significant elevation of t-tau mea-
sured using Phinoscholar••hTAU observed in 
patients with ADD compared with those with 
NADD p < 0.0009 and OND p < 0.0009. c 
Significant increase of p181tau levels mea-
sured using the Human Phospho Tau 181 P 
Assay kit (ELISA #27812) recognized in pa-
tients with ADD compared with those with 
NADD p = 0.001 and ONO p < 0.0001. d The 
same significant elevation of p181tau mea-
sured using Phinoscholar•・pTAU ELISA kits 
observed in patients with ADD compared with 
those with ENC P = 0.0133, NADD p = 0.0004 
and OND p = 0.0001. 

The #27811 and #27812 ELIS心 describedhere are reliable assay 
systems for CSF t-tau and pl8ltau similar to commonly used com-
mercial ELISAs, Phinoscholar®•hTAU and Phinoscholar.,•pTAU. 
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Background and purpose: A nationwide survey was conducted to understand 

the epidemiology of cerebral amyloid angiopathy-related intracerebral hemor-

rhage (CAA-related !CH) and cerebral amyloid angiopathy-related inflamma-

tion/vasculitis (CAA-ri) in Japan. 

Methods: To estimate the total number and clinical features of patients with 

CAA-related !CH and CAA-ri between January 2012 and December 2014 and 
to analyze their clinical features, questionnaires were sent to randomly selected 
hospitals in Japan. 

Results: In the first survey, 2348 of 4657 departments responded to the ques-
tionnaire (response rate 50.4%). The total numbers of reported patients with 

CAA-related !CH and CAA-ri were 1338 and 61, respectively, and their total 

numbers in Japan were estimated to be 5900 [95% confidence interval (CI) 

4800-7100] and 170 (95% Cl 110-220), respectively. The crude prevalence 
rates were 4.64 and 0.13 per I 00 000 population, respectively. The clinical 
information of 474 patients with CAA-related ICH obtained in the second sur-

vey was as follows: (i) the average age of onset was 78.4 years; (ii) the preva-

lence increased with age; (iii) the disease was common in women; and (iv) 

hematoma most frequently occurred in the frontal lobe. Sixteen patients with 
CAA-ri for whom data were collected in the second survey had the following 
characteristics: (i) median age of onset was 75 years; (ii) cognitive impairment 

and headache were the most frequent initial manifestations; and (iii) focal neu-
rological signs, such as motor paresis and visual disturbance, were frequently 
observed during the clinical course. 
Conclusions: The numbers of patients with CAA-related ICH and CAA-ri m 

Japan were estimated. 

Introduction 
A previous nationwide survey of patients with 

CAA in Japan revealed the clinical features of 
CAA-related !CH, including its parietal predilection, 

significant female predominance, and prognosis [4]. 

In this study, the crude number, prevalence and clin-
ical features of patients with not only CAA-related 

!CH but also CAA-related inflammation/vasculitis 
(CAA-ri) were examined using a nationwide survey 

in Japan 

Cerebral amyloid angiopathy (CAA) is characterized by 
amyloid deposition in the blood vessel walls of the brain 

and leptomeninges and causes several neurological con-

ditions, such as intracerebral hemorrhages (ICHs) 
and inflammation with and without granulomatous vas-

culitis [1,2). Sporadic amyloid ~-pro tein (A~) type CAA 
is the most common form of CAA [3]. 

Correspondence: Masahito Yamada, Department of Neurology and 
Neurobiology of Aging, Kanazawa University Graduate School of 
Medical Sciences, 13-1 Takara-machi、 Kanazawa920-8640, Japan 
(tel.: +81 76 265 2290, fax: + 81 76 234 4253: 
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Methods 

A nationwide survey of CAA-related !CH and CAA-

ri was conducted by the Amyloidosis Research 
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Committee. The survey comprised two stages. The 
first stage of the survey was conducted to estimate the 

number of CAA-related !CH and CAA-ri patients 
The total numbers of patients with suspected or con-

firmed CAA-related !CH and CAA-ri who visited hos-

pitals in Japan between January 2012 and December 
2014 were collected. The second survey aimed to clar-
ify the clinicoepidemiological characteristics of CAA-

related !CH and CAA-ri. 
Clinical diagnostic criteria for CAA-related !CH 
based on the Boston criteria [5] (Table Sl) and CAA-

ri based on previously proposed criteria [6] (Table S2) 

were used to recognize appropriate patients. The origi-
nal criteria had a specific age restriction; however, age 

was removed from the criteria for cases without a 

pathological diagnosis to collect more information 

about patients. 

First-stage survey 

The departments of neurology, gastroenterology, 
cardiology, neurosurgery, urology, rheumatology, 

hematology and nephrology from all hospitals in 
Japan were listed. These hospitals were categorized 
according to the institution type and the number of 
hospital beds. Hospitals were then randomly 

selected from each category. The sampling rates 
were 2.5% for general hospitals with 99 or fewer 
beds, 5% for hospitals with 100-199 beds, 10% for 

hospitals with 200-299 beds, 20% for hospitals with 
300-399 beds, 40% for hospitals with 400-499 beds 
and 100% for hospitals with 500 or more beds. 
University hospitals and special departments where 
patients with CAA-related JCH and CAA-ri were 

likely to visit were also included, with the addi-
tional restriction that at least one department 
should be sampled in one prefecture. To ensure the 
feasibility of the study, the sampling rates that were 
used in previous nationwide epidemiological surveys 
were modified (7-9]. The number of surveyed 

departments, the actual sampling rate and the 
response rate are shown in Table S3. Some hospi-

tals that were expected to treat many patients were 
also selected and were included in the'selected hos-

pitals'category 
The questionnaire, which simply enquired about the 
number of patients with CAA-related ICH and CAA-
ri who visited the hospital between January 2012 and 
December 2014, was mailed out to the hospital. The 
estimated number with a 95% confidence interval (CI) 

was calculated using the method reported in previous 

studies [9]. The population of Japan in 20 l 5 
(n = 127 094 745) was used to calculate the prevalence 

rate. 

Second-stage survey 

A second questionnaire on the detailed clinical fea-
tures of each patient, including clinical features, 

brain imaging, laboratory tests and pathological 
examinations (Tables S4 and S5), was sent to 842 

hospitals, which answered that there were the appro-

priate patients in the first-stage survey. Those 

patients who did not meet the clinical diagnostic cri-

teria were excluded. Duplicate cases were also 
excluded. The clinical and pathological features of 
the patients with CAA-related !CH and CAA-ri were 

analyzed. 

Statistical analysis 

Fisher's exact probability test irrespective of the num-

ber of patients in each cell was used to analyze 
female-to-male ratio and site distribution of hema-

toma in the cerebral cortex. The estimated cortical 
volumes (%) were used to assess the relationship 

between cortical volumes and the site distribution of 
the hematoma: 41.0% frontal lobe, 19.3% parietal 
lobe, 22.3% temporal lobe and 18.3% occipital lobe 

[l O]. Statistical significance was defined as P < 0.05. 
Statistical analysis was performed using SPSS version 
22 (IBM, Armonk, NY, USA). 

The paper was prepared based on the Standards of 

Reporting of Neurological Disorders guidelines [11]. 

Ethical approval 

This study was approved by the institutional review 
board of the Graduate School of Medical Sciences, 
Kumamoto University, and the medical ethics com-

mittee of Kanazawa University. As this survey used 
anonymized pre-existing medical data, informed con-
sent from each patient was waived. 

Results 

Estimated number and prevalence of patients with 

CAA-related ICH and CAA-ri in Japan 

In the first-stage survey, 2348 out of 4657 departments 
responded to the questionnaire (response rate 50.4%). 
The reported numbers of patients with CAA-related 
ICH and CAA-ri were 1338 and 61, respectively 
(Table S3). The total numbers of patients with CAA-
related ICH and CAA-ri were estimated to be 5900 

(95% CI 4800-7100) and 170 (95% CI 110-220), 
respectively. The crude prevalence rates of CAA-related 
ICH and CAA-ri were 4.64 and 0.13 per I 00 000 

population, respectively. 
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Analysis of patients with CAA-related ICH identified by 

the second-stage survey 

In the second-stage survey, 369 of 842 departments 

responded to the questionnaire (response rate 43.8%). 
A total of 474 cases with CAA-related ICH were 

examined. Some patients received a diagnosis of ICH  

by computed tomography study only. Regarding mag-

netic resonance imaging (MRI), detailed methods of 

MRI scans in each case were unavailable. The results 

are summarized in Table I. Eleven cases (2.3%) were 

less than 55 years of age at disease onset. All patients 

had no apparent family history of CAA. Eighty-six of 

439 (19.7%) patients also received a diagnosis of Alz-

heimer's disease. The clinical manifestations are sum-

marized in Table 2 

With regard to age distribution (Fig. la, b), the 

prevalence increased with age. CAA commonly 

occurred in individuals aged between 75 and 84 years. 

Regarding the prevalence of CAA-related !CH  calcu-
lated according to the population in 20 I 5, the most 

frequently affected individuals were those aged 
between 85 and 94 years (Fig. I b). Significant female 

predominance was observed. The calculated female-to-

Table I Characteristics of the CAA-related ICH cases analyzed 

Total Definl[e 

Number of patients 474 15 

Male/female 191/283 3/J 2 

CEREBRAL AMYLOID ANGIOPATHY IN JAPAN 3 

male ratio was 1.48, whereas the female-to-male ratio 

for the population over 35 years old in Japan in 2015 

was 1.11 (P = 0.001, for differences in proportions 

between men and women). 

The sites of hematoma at the first episode of hem-

orrhage were described in 462 patients. Hemorrhage 

frequently occurred in the frontal lobe (32.3%), fol-
lowed by the parietal lobe (21.9%), temporal lobe 

(15.6%), occipital lobe (8.9%) and cerebellum (0.4%). 

More than two cerebral lobes were involved in 89 

(19.3%) cases. There were insufficient data regarding 

the area of the cerebral hematoma in eight (1.7%) 

cases. In cases with !CH  showing hematoma confined 

to one cerebral lobe (363 patients), the parietal lobe 

was a more probable site of !CH  based on the esti-

mated cortical volume (P = 0.047), whereas the occipi-
tal lobe was a less probable site of !CH based on the 

estimated cortical volume (P = 0.057). The hematoma 
was uniformly distributed as per the cortical volume 

in frontal (P = 0.544) and temporal (P = 0.363) lobes. 
Neuropathological examinations were carried out in 

40 out of 474 (8.4%) cases, including three cases with 

autopsy and 37 cases with biopsy. In the autopsied 

Probable CAA 

with supporting 
pathology Probable Possible 

25 157 277 

12/13 53/104 123/154 

Age at onset (years)" 78 4士 10.0(37-99) 76 5土 6I (57-83) 76 4士57 (59-85) 78 I士92 (53-97) 78 4士 109 (37—99) 
Follow-up penods (months)" 90土 193 (0-157) 8.0士182 (0-69) 8 3士 173 (0-78) 15 5士278 (0—157) 5 7士 114 (0—95) 
Use of ant1thrombot1c treatments 
Antiplatelet drugs 67 (14 3%) 3 (20%) 4 (16%) 18 (! 1.5%) 42 (15 2%) 

Anticoagulant drugs 27 (5 7%) 0 (0%) 4 (16%) 5 (3 2%) 18 (6 5%) 

Both 8 (I 7%) 0 (0%) I (4%) 0 (0%) 7 (2 5%) 

Occurrence of the hemorrhage 
Single 311(656%) JO (66 7%) 20 (80%) 0 (0%) 271 (97.8%) 

Recurrent 80 (16.9%) 4 (26 7%) 3 (12%) 82 (52 2%) 0 (0%) 

Simultaneous mult1ple 62 (13 1%) 0 (0%) 2 (8%) 60 (38 2%) 0 (0%) 

Recurrence of the hemorrhage 
Once 35 (7 4%) 2 (13%) 0 (0%) 33 (20.4%) 0 (0%) 

TwICe 26 (5 5%) 2 (13%) 2 (8%) 22 (14 0%) 0 (0%) 

Three umes 10 (2 1%) 0 (0%) 0 (0%) 10 (5.7%) 0 (0%) 

Four times 3 (0 6%) I (67%) 0 (0%) 2 (1.3%) 0 (0%) 

Five times 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Six 11mes I (0 2%) 0 (0%) 0 (0%) I (0 6%) 0 (0%) 

Treatment 
Conservative 399 (83 8%) 1(67%) I (4%) 144 (91 7%) 252 (91 0%) 

Operation 60 (12 7%) 12 (80%) 23 (92%) 9 (5 7%) 16 (5.8%) 

Hematoma sucl!on 5 (I 1%) 0 (0%) I (4%) I (0.6%) 3 (I 1%) 

Small vessel disease markers 
Cerebral cort1cal mtcrobleeds 186 (39 2%) 7 (46 7%) 10 (40%) 60 (38 2%) 109 (39 4%) 

Cort1cal m1croinfarcls 134 (28.3%) 5 (33 3%) 9 (36%) 39 (24 8%) 81 (29 2%) 

Cerebral white matter lesions 161 (34 0%) 3 (20%) 5 (20%) 57 (36 3%) 96 (34 7%) 

CAA, cerebral amyloid angiopathy; !CH, intracerebral hemorrhage. "Mean士SD(range) 
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Table 2 Mamfestat1ons of CAA-related ICH 

First episode Second episode Third episode fourth episode Fifth episode 

Numbe「of 442 77 24 ， 2 

pa lien ts 
Penod from the 29 7士348 (0-184) 14 7士15I (0-52) 10 I土214 (0-66) 10士14I (0-20) 

previous episode 
(months)" 
sBP" (mmHg) 157 4士308 (92- 139 9士240 (100- 146 9士217 (118- 124.4士226 (103- 160士170 (148-

260) 203) 198) 155) 172) 

dBP" (mmHg) 83 8士20.9(30-221) 80 8士166 (54-125) 78 6土 124 (58-102) 77 8士 196 (51-98) 87士85 (81-93) 
Manifestations 
Disturbance of 304 (68 8%) 41 (53 2%) 17 (70 8%) 6 (66 7%) 0 (0%) 

co nsc10 usness 
Hem1pares1s 274 (62 0%) 43 (55.8%) 13 (54 2%) 5 (55 6%) I (50%) 

Cogml!ve 208 (47 1%) 41 (53 2%) 15 (62 5%) 5 (55 6%) 2 (100%) 

1mpa1rment 
Blindness 115 (26 0%) 14 (18 2%) 7 (29.2%) I (II 1%) 0 (0%) 

Seizure 30 (6 8%) 6 (7.8%) 5 (21%) 1(111%) 0 (0%) 

Meningeal 29 (6 6%) 4 (5 2%) I (42%) 0 (0%) 0 (0%) 

signs 

CAA, cerebral amyloid angiopathy: dBP. diastolic blood pressure; ICH, intracerebral hemorrhage; sBP. systolic blood pressure. "Mean士SD
(range) 

cases, two patients demonstrated CAA only in the 
frontal cortical vessels; another patient showed wide-

spread leptomeningeal and cortical CAA in the cere-

brum and cerebellum. A~ deposition on the vessel 

walls of two patients was confirmed using an 

140 | (a) 

120 

＄ C 100 

蓋i:i 80 

1'1Male 

ロFemale

~ ゚<る 60 
40 
z 
20 
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s 2.5 
g 
8 2 

S る15 
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品 1 

>ct 0.5 
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Figure I Distribution (a) and prevalence (b) of the age of onset 
of cerebral amyloid angiopathy-related intracerebral hemor-
rhage 

1mmunolabeling method. One patient with severe 

CAA also received a pathological diagnosis of AD. In 

the biopsied cases, 26 out of 37 patients demonstrated 

leptomeningeal CAA, cortical CAA or both. Immuno-

histochemistry in IO patients showed that the vessel 
walls were positive for A~ deposition. 

Analysis of the patients with CAA-ri identified by the 

second-stage survey 

In all, 16 patients with CAA-ri were analyzed. The 
clinical manifestations and the laboratory findings are 
summarized in Table 3. Cognitive impairment and 

headache were the most frequent initial manifesta-
tions, followed by visual disturbance and motor pare-
sis. Dizziness, sensory impairment, psychiatric features 
and seizure were also observed in each case. 
Only one patient underwent cerebrospinal fluid 
(CSF) screening for the presence of an ti-A~ antibody, 

and elevated antibody levels were observed. Brain 
MRI was performed in all cases (Table 3). Angiogra-
phy was performed only in one patient and demon-
strated no apparent abnormal findings. 

Neuropathological examinations were carried out m 

nine out of 16 patients (56.3%), including two 

patients with autopsy and seven patients with biopsy. 

Two patients who underwent biopsy had no apparent 
CAA in the tissues examined. CAA was revealed in 

the other seven patients; transmural and/or intramural 

inflammation, fibrinoid necrosis, perivascular inflam-

mation and multinucleated cells were demonstrated in 

c European Academy of Neurology 2019 



Table 3 Characteristics of CAA-n 

Number of patients 

Male/female 
Age at onset" (years) 
DIagnOSIS 
Pathological/clinical data only 
Mode of onset 
Acute/subacute 
枷 low-upperiods" (months) 
Manifestations 
Focal neurological signs 
Disturbance of consciousness 
Headache 
Psychiatnc symptoms 
Seizure 
Fever 
Cerebrospinal fluid (11 = 11) 
Pleocytosis" (cells/μI) 
Protein" (mg/I) 
MRI (n = 16) 
Tumor-like findmgs 
Cortical microbleeds 
Lobar macrohemorrhage 
Meningeal enhancement 

16 

9/7 

75 (53-83) 

7/9 

7/9 
3 I (2-94) 

12 (75%) 

IO (62.5%) 
9 (56.3%) 

9 (56.3%) 

7 (43.8%) 

I (6.3%) 

4/11 (36.4%) (2: 0-25) 

5.9 (3.4-14.8) 

6/16 (37.5%) 

4/16 (25%) 

1/16 (6.3%) 

3/10 (30%) 

CAA-ri, cerebral amyloid angiopathy-related inflammation/vascuh-
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in previous studies. Many patients in the eldest age 
group could be underdiagnosed in this clinical survey. 
With regard to the female-to-male ratio amongst 

patients with CAA, our previous nationwide survey of 

non-hypertensive CAA-related lobar !CH demon-
strated a female predominance (corrected female-to-

male ratio 2.2) [4]. This survey showed the same 
female predominance (female-to-male ratio 1.48) 

No study had estimated the total number or crude 
prevalence of patients with CAA-ri. Since clinical diag-
nosis without pathological examinations is difficult to 

achieve [6, 16], a large number of patients with CAA-ri 
could be underdiagnosed. Validated clinical diagnostic 

criteria were proposed, showing a specificity of 97% 
and a sensitivity of 82% for the probable criteria, and 
a specificity of 68% and a sensitivity of 82% for the 

possible criteria [16]. Well-documented clinical diag-
nostic criteria are essential to recognize the exact num-
ber and prevalence of patients with CAA-ri. 

Furthermore, enlightening activity about CAA-ri is 
crucial to accurately diagnose patients with CAA-ri. 

tis: MRI, magnetic resonance imaging. "Median with range. Clinical features of CAA-related ICH 

six, four, six and two cases, respectively. Five patients 

showed a positive A~ immunostaining. 
Thirteen patients were treated with corticosteroid. 

Cyclophosphamide was added to the treatment of two 
patients. Ten patients improved after the therapy; 
however, three patients demonstrated no apparent 

improvement after the treatment 

Discussion 

Estimated total number and prevalence of patients 

with CAA-related ICH and CAA-ri 

The total number and prevalence of patients with 
CAA-related ICH and CAA-ri were estimated for the 
first time. CAA presents with several phenotypes, 

including CAA-related memory impairment and 

asymptomatic imaging abnormalities [12]; however, 
the focus was on CAA-related !CH and CAA-ri in 

this study. A population-based cohort study investi-
gating age-related brain changes on MRI showed that 

3.0% of neurologically healthy adults demonstrated 
strictly lobar cerebral microbleeds [13]. Furthermore, 
the western population showed more frequent strictly 
lobar cerebral microbleeds than the eastern population 
(western 4.5% vs. eastern 2.0%) [14]. 
It has been well demonstrated that the number of 
CAA-related ICH cases increases with age [3,4, 15] 
The results of our study were similar to those reported 
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With regard to the recurrence of ICH, 16.9% of the 
CAA-related !CH patients experienced recurrent hem-

orrhage in a mean follow-up of 9.0 months (Table I). 
In a single-center study on CAA, 56 out of 229 
(19.2%) cases demonstrated recurrent !CH in a med-
ian follow-up of 2.8 years [I 7]. 
According to the results of neuropathological stud-
ies, CAA appears more frequently in the occipital 
lobe, followed by the frontal and temporal lobes [3]. 
However, some studies demonstrated that the frontal 

lobe is the most frequently affected area in patients 
with CAA [15,18]. In contrast, probable CAA-related 
ICH lesions, including macrohemorrhages and micro-

hemorrhages, show a predilection for posterior brain 
regions, particularly the occipital and temporal lobes 

[19,20]. Our previous nationwide survey demonstrated 
that the actual frequency of !CH was higher in the 
frontal and parietal lobes and that !CH was found to 

be predominant in the parietal lobe after adjustment 
using estimated cortical volume [4]. In this study, the 
frontal lobe was the common site of hematoma; how-

ever, after correcting for lobar volume, the parietal 
lobe was found to be the most frequent site of !CH 
A difference of frequent bleeding site between current 
and previous studies could be related to the number 
of patients examined. The predilection of CAA-related 
!CH, especially symptomatic macrohemorrhage, could 
not be explained by the distribution of CAA, whereas 
cortical microhemorrhages are compatible with the 
severity of CAA, suggesting that CAA-related 
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m1crohemorrhages and macrohemorrhages have dis-
tinct pathomechanisms. 

Clinical features of CAA-ri 

The average age of disease onset indicated m our 

study was similar to that reported in previous studies 
[21]. The most common features were cognitive 
decline, seizure and headache [6,21]. In this study, 
cognitive impairment and headache were the most fre-

quent initial manifestations. As CAA is observed 
more frequently in the occipital lobe [3, 19], visual dis-
turbance could be a clinical clue to suspect CAA-ri. 

With regard to the CSF findings of patients with 
CAA-ri, the an ti-A~ antibody could be a useful marker 
for the diagnosis [22]. Only one patient in this study 

was examined for an ti-A~ antibody in the CSF. This 
test is not widely available in Japan. Although patients 
with CAA-ri had no specific findings in imaging stud-

ies, leptomeningeal lesions alone or accompanied by 
white matter abnormalities were frequent in patients 
with CAA-ri [23]. Several patients showed tumor-like 

findings anq meningeal enhancement, which were con-
sistent with those reported in previous studies [24,25]. 

Limitations of the study 

Since patients with CAA-related ICH and CAA-ri 
were identified via a nationwide survey, the patient 
population might be biased by the survey method and 
responses from the institutions. Identification of the 

patients with CAA-related ICH and CAA-ri were 
entrusted to doctors in charge in the department who 
responded to the enquiry. It is unclear whether hospi-
ta! records were searched systematically. As most of 
the patients in this study had a clinically probable or 

possible CAA-related ICH, other causes of brain hem-
orrhage could not be completely excluded. This study 
was performed as a cross-sectional study. It is impos-
sible to analyze recurrence rate using survival curves. 
Moreover, it was not possible to assess exact risk fac-

tors of recurrent hemorrhage. 
In this study, clinical data of patients with CAA-re-
lated !CH and CAA-ri were collected. Since patients 

with CAA could show various clinical presentations 
other than lobar hemorrhage and inflammation, fur-

ther surveys targeting more clinical features of CAA 
are essential to elucidate the epidemiological details of 

CAA. 

number of patients could be underdiagnosed, the 
clinical diagnostic criteria must be improved to rec-

ognize the epidemiological details of CAA-related 
!CH and CAA-ri. 
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Circulating microRNAs (miRNAs) in peripheral blood have been extensively investigated as biomarkers for early 
diagnosis and monitoring of disease progression. However, their cellular origin as well as their link to the 

pathophysiology, especially neurodegenerative disease, remains largely unknown. In the present study, we 
isolated neuron-derived extracellular vesicles (EVs) in plasma by immunoaffinity purification and comprehen-
sively analyzed their miRNA expression profiles using microarray. A total of 30 miRNAs were differentially 
regulated in amyotrophic lateral sclerosis (ALS) plasma relative to healthy control plasma. Gene ontology 
analysis revealed that biological processes implicated in both up-regulated and down-regulated miRNAs were 
involved in synaptic vesicle-related pathways. Especially, 4 miRNAs in plasma neuro-derived EVs seemed to be 
regulated in the similar manner as those in formalin-fixed paraffin-embedded motor cortex samples from ALS 
patients. The target genes for the 4 miRNAs partly overlapped in STXlB, RAB3B, and UNC13A genes. UNC13A 
has been reported to be associated with increased odds of sporadic ALS in multiple genome-wide association 
studies. Our data suggest that miRNAs extracted from neuron-derived EVs in plasma reflect miRNA alterations in 
the brain as potential biomarkers of ALS. 

1. Introduction 

MicroRNAs (miRNAs) are small, single-stranded, non-coding RNAs 

that play important roles in gene-regulation by targeting mRNAs for 
cleavage or translational repression [l]. A single miRNA can directly 

repress translation of hundreds of genes [2] and each mRNA transcript 

may be regulated by multiple miRNAs [3]. Therefore, dysregulation of 
miRNAs is implicated in a wide variety of biological processes and 

various disease including neurological disease such as amyotrophic 

lateral sclerosis [ 4,5]. The miRNA expression profiles of frozen tissues 

[6] and formalin-fixed paraffin-embedded (FFPE) samples [SJ from 
postmortem cases with neurological disease can be valuable sources for 

analyzing pathological processes. 
Importantly, miRNAs are found in biological fluids such as urine, 

blood, and cerebrospinal fluid. Stably circulating miRN心 areknown to 

bind either to RNA binding proteins [7], or high-density lipoproteins 

[8], or to be encapsulated in extracellular vesicles (EVs) like exosomes 
and microvesicles, where miRNAs are presumed to be protected from 

RNase in body fluids [9]. EVs are released by most cell types and carry a 

cargo of proteins and nucleic acids including miRNAs. Their contents 

reflect the physiological state of the cells of origin and alterations 

during disease. EVs can be enriched for their cellular origin with an 

immunocapture method as they express cell-specific markers on the 

membrane [10,11]. Accumulating evidence suggests that EVs released 

by neurons are detected in the blood stream and expression levels of 
pathogenic, synaptic, and lysosomal proteins in neuron-derived EVs in 

plasma are altered in neurological disorders [12-20]. Therefore, ex-

tracts from neuron-derived EVs in plasma are potential biomarkers for 

diagnosis and monitoring of neurological disease. However, an analysis 
of miRNAs in neuron-derived EVs in plasma has not yet been reported 
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so far. 
Amyotrophic lateral sclerosis (ALS) is a fatal, adult-onset neurode-
generative disease characterized clinically by the progressive loss of 
upper and lower motor neurons, leading rapidly to atrophy of bulbar, 
limb, or respiratory muscles. There is no effective medical treatment 
[21). In the present study, we used a microarray method to compre-
hensively analyze miRNA expression profiles of neuron-derived EVs in 
plasma from patients with ALS and healthy donors. A subsequent 
comparison of our results with our previous data enabled us to provide 
an overview of the miRNA expression profiles related to ALS pathology. 

2. Materials and methods 

2.1. Subjecむandsample collection 

Patients with ALS (n = 5) and age-matched healthy control subjects 
(n = 5) enrolled in this study which was approved by the Institutional 
Ethics Committee of Hokkaido University Faculty of Medicine and 
Graduate School of Medicine. The age and gender of donors are shown 
in Table Sl. ALS patients were clinically diagnosed by board-certified 
neurologists at the Department of Neurology, Hokkaido University 
Hospital, and at participating research institutes. All of the ALS patients 
were considered sporadic cases because of no evidence of a family 
history of the disease. No genetic testing for ALS was performed. Blood 
was collected in disodiurn ethylene diaminotetraacetate tubes and 
centrifuged immediately, after which the plasma was separated from 
and frozen at -80°C until further processing. 

2.2. Isolation of neuron-derived EVs in plasma 

Neuron-derived EVs in plasma were prepared by the methods de-
scribed previously with slight modifications [13]. Briefly, 2 mL plasma 
was incubated with polyethylene glycol with a molecular weight of 
8000 Da for 1 h at 4 °C, and crude EV fraction was precipitated by 
centrifugation at 1500 x g for 30 min. Each EV pellet was resuspended 
in PBS containing 1 % BSA, protease inhibitor cocktail, and phosphatase 
inhibitor cocktail. The mixture was incubated with biotinylated mouse 
anti-human CD171 (LlCAM) antibody (clone5G3, eBioscience) over-
night at 4 °C, followed by incubation with streptavidin agarose resin 
(Thermo Scientific) for 1 h at room temperature. The monoclonal an-
tibody eBio5G3 recognizes CD171, also known as neural cell adhesion 
molecule LL LlCAM/CDl 71 (Gene ID: 3897) is a neuronal glycoprotein 
belonging to the immunoglobulin supergene family. CD171 has been 
shown to function as a cell adhesion molecule mediating homotypic and 
heterotypic cell-cell interactions in neuronal myelination, neurite out-
growth, and regeneration. After centrifugation at 800 x g for 4 min at 4 
°C, pellets were washed with PBS, resuspended with 0.1 mol/L glycine-
HCl (pH 3.0), and vigorously mixed for 2 min at room temperature to 
dissociate captured EVs from anti-CDl 71 antibody-resin conjugates. 
Each EV suspension was neutralized using 0.5 mol/L Tris HCL (pH 8.5). 
The median diameter of isolated EVs was measured by using DelsaMax 
Core Particle Size Analyzer (Beckman Colter). To confirm neuron-spe-
cific properties of isolated EVs, the expression of neuron-specific mar-
kers (SNAP25 and synaptophysin), and EV-specific markers (CD63 and 
CD81) was evaluated by flow cytometry using Exosome-Human Isola-
tion/Detection Reagent (Thermo Fisher Scientific). Isolated EVs were 
cryopreserved at -80 °C until further processing. 

2.3. Total RNA extraction and miRNA expression analysis 

Total RNA in neuron-derived EVs was extracted using 3D-gene RNA 
extraction reagent from liquid sample kit (TORAY Industries) according 
to the manufacturer's protocol. RNA concentration was measured using 
a 2100 Bioanalyzer with an Agilent RNA 6000 pico kit (Agilent 
Technologies). The extracted total RNA was concentrated and labeled 
using 3D-Gene miRNA labeling kit, and the labeled RN心 were

hybridized on to a 3D-Gene chip (TORAY Industries). The 3D-Gene 
Human miRNA Oligo Chip (Ver. 21) was designed to detect miRNA 
sequences registered in the miRBase Release 21 (http://microrna. 
mirbase.org/). After carefully washing the chips, the fluorescence sig-
nals were obtained with a 3D-Gene Scanner and analyzed with 3D-Gene 
Extraction software as reported previously [5]. To compare miRNA 
profiles of neuron-derived EVs in plasma with those of FFPE brain 
samples (control n = 4, ALS n = 6) [5], the common global normal-
ization was conducted after the number of miRNA probes for Ver. 21 
chip was adjusted to that for Ver. 17 chip by which FFPE samples were 
analyzed. The FFPE specimens employed were from the motor cortex of 
patients with sporadic ALS and from normal subjects, and all the di-
agnoses were confirmed by neuropathological examination using im-
munohistochemistry for TDP-43 and ubiquitin [5]. No genetic testing 
for ALS was performed. In case a miRNA was upregulated in neuron-
derived EVs of patients with ALS relative to control, the miRNA de-
tected in all control subjects and ALS patients was included in further 
analysis, while in case a miRNA was down-regulated, the miRNA de-
tected in all control subjects was included in further analysis. MiRNA 
and subjects were clustered by Manhattan (city-block) distance using 
Cluster 3.0 software [22] and viewed in a heatmap using Java TreeView 
l.l.6r4 software [23]. 

2.4. miRNA target prediction and pathway enrichment analysむ

Bioinformatics prediction of target genes and miRNA binding sites 
was performed using the miRmap software (http://mirmap.ezlab.org/) 
[24]. Gene Ontology (GO) enrichment analyses for candidate miRNA 
targets were performed by PANTHER classification system (http:// 
www.pantherdb.org/) [25]. The PANTHER Overrepresentation Test 
(release 20181003) was used to evaluate the data against the GO da-
tabase (released 2018-09-06). 
Additionally, to estimate the biological relationship of similarly 
behaved miRNAs from neuron-derived EVs and FFPE samples, target 
genes of those miRNAs were predicted and used in enrichment analysis 
by MetaCore™ software (version 6.37 build 69500, Clarivate Analytics, 
https://portal.genego.com/cgi/data_manager.cgi). 

2.5. Statistical analysむ

All data are presented as mean土 standarderror of the mean. 
Statistical analyses were determined by unpaired Student's t-test. Data 
were analyzed with GraphPad Prism, version 7 (GraphPad Software 
Inc., CA, USA) and p-values less than 0.05 were considered statistically 
significant. 

3. Results 

3.1. Characterization of neuron-derived EVs 

We isolated neuron-derived EVs using polymer-based precipitation, 
followed by immunoaffinity purification with anti-CD-171 antibody. 
The median diameter of neuron-derived EVs from healthy control as 
measured by dynamic light scattering was approximately 150 run, si-
milar to that described in previous reports (Fig. SlA) [16,20,26]. Flow 
cytometry data of EVs isolated from healthy control plasma by anti-CD-
171 showed expression of neuron-specific markers, SNAP25 and sy-
naptophysin, and of EV specific markers, CD81 and CD63 (Fig. SlB). 
These results suggest that the isolated EVs were of neuronal origin. 

3.2. miRNA analysi.s and candidate target genes in ALS 

We did a comprehensive analysis of miRNA expression profiles of 
neuron-derived EVs from plasma using a microarray method. An 
average number of 623士 47and 476土 103miRN心 weredetected 
in neuron-derived EVs from healthy control subjects and patients with 
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Table 1 
MicroRNAs significantly up-and down-regulated in neuron-derived EVs from patients with ALS. 

miRNAname Ratio miRNA name Ratio 

Up-regulated hsa-miR-4736 1.59 Down-regulated hsa-miR-1268a 0 91 
hsa-miR-4700-Sp 1.44 hsa-miR-2861 0 90 
hsa-miR-1207-Sp 1.24 hsa-miR-4508 089 
hsa-miR-4739 1.22 hsa-miR-4507 0 88 
hsa-miR-4505 1.21 hsa-miR-3176 0 82 
hsa-miR-24-3p 1.15 hsa-miR-4745-Sp 0.79 
hsa-miR-l 49-3p 1.15 hsa-miR-3911 0.74 
hsa-miR-4484 1.15 hsa-miR-3605-Sp 0.73 
hsa-miR-4688 114 hsa-miR-150-3p 0.71 
hsa-miR-4298 1.13 hsa-miR-3940-3p 0.68 
hsa-miR-939-5p 1.13 hsa-miR-4646-Sp 0 66 
hsa-miR-371a-5p 1.09 hsa-miR-4687-Sp 0 65 
hsa-miR-3619-3p 1.09 hsa-miR-4788 0.65 

hsa-miR-4674 0 65 
hsa-miR-1913 0 61 
hsa-miR-634 0 61 
hsa-miR-3177-3p 0 60 

Data are shown as fold-change relative to control group (set as 1.0). 

ALS, respectively. No significant difference in the detectable number of 

miRNAs was found between the two groups. In ALS, 13 miRNAs were 
significantly up-regulated and 17 miRNAs were significantly down-
regulated compared to controls (Table 1). A hierarchical clustering 
analysis of the 30 miRNAs differentially regulated in ALS is depicted in 
Fig. 1, where a cluster composed only of ALS patients is seen. Although 

several proteins in neuron-derived EVs from plasma have been analyzed 

in previous studies [12-20), this is the first report describing a com-
prehensive miRNAs analysis of neuron-derived EVs isolated from per-

ipheral blood samples. 

3.3. GO analysis of predicted target genes for altered miRNA in ALS 

92 
To examine the biological functions of differentially regulated 
miRNAs in neuron-derived EVs, the candidate target gene of 13 up-

regulated and 17 down-regulated miRNAs were identified using the 
miRrnap software. The top 50 candidate target genes for each of the 13 
up-regulated and 17 down-regulated miRNAs were selected in order of 
the miRmap score. A total of 650 candidate genes for the 13 up-regu-
lated miRNAs (Table S2A) and 850 candidate genes for the 17 down-
regulated miRNAs (Table S2B) in ALS were subjected to GO enrichment 
analysis to predict their properties. The genes altered by up-regulated 
miRNAs (Table 2A) and down-regulated miRNAs (Table 2B) in ALS 
were both involved in synaptic vesicle-related pathway, such as sy-

naptic vesicle docking and exocytosis, regulation of neurotransmitter 
secretion, and synaptic vesicle cycle. These results suggest that synaptic 
vesicle-mediated transport may be affected in ALS. 

3.4. Comparison of miRNAs in neuron-derived EVs with those in FFPE 
samples from motor cortex of patients with ALS 

To investigate miRNA expression profiles in the brain, we first 
compared miRNA expression profiles of neuron-derived EVs in healthy 
control plasma with those in FFPE samples from the motor cortex of 
healthy controls, as previously reported [5]. The total number of 
miRNA species, 322 for neuron-derived EVs and 829 for FFPE, were 
detected in all control subjects from each source. Of the 322 miRNAs 
detected in neuron-derived EVs, 299 (92.9%) miRNAJJ were found to be 
expressed in FFPE samples as indicated in Fig. 2. These results suggest 

that most of miRNAs species isolated from neuron-derived EVs were 
composed of a subpopulation of miRNAs expressed in the brain tissue. 
These observations indicate that miRNA profiling of neuron-derived 
EVs offer a big advantage in the clinical investigation neurodegenera-

tive diseases since neuron-derived EVs can be more easily collected 
from blood than those from cerebrospinal fluid and brain tissue. 

We further compared the differentially expressed miRNAs in our 

two categories. An analysis of the microarray data showed that a total 

of 96 miRNAs were differentially regulated in FFPE samples from pa-
tienぉwithALS relative to control subjects. Ten of these samples were 
also significantly up- or down-regulated in neuron-derived EVs 
(Table 3), where miR-24-3p was up-regulated, and miR-1268a, miR-
3911 and miR-4646-Sp were down-regulated in the similar manner as 
those in neuron-derived EVs (Fig. 3). Furthermore, miR-24-3p and miR-
1268a were also detected and regulated in the similar manner in spinal 

cord of ALS patients under the accession number GSE52670 (http:// 
www.ncbi.nlm.nih.gov/geo/). Additionally, we compared data of 
miRNAs with top 5 high and low signal ratios in FFPE'. samples with data 
in neuron-derived EVs analysis (Table S3). Although signal ratios in ND-
EVs samples were relatively less than those in FFPE samples, the results 

in FFPE samples were considered to reflect alterations in neuron-de-
rived EVs samples to some extent. 
These 4 miRNA target genes seem to work together in pathogenetic 
relations of ALS, so we further performed MetaCore enrichment ana-
lysis to evaluate the biological network and processes involved. A total 
of 200 target genes of 4 miRNA species (each top 50 genes for miR-24-
3p, miR-1268a, miR-3911, and miR-4646-5, respectively, listed in 

Tables S2A and S2B) suggested a synaptic vesicle exocytosis network 
and neuronal synaptic vesicle processes as shown in Table 4 (p < 0.05, 
FDR < 0.05). 

4. Discussion 

Circulating miRN心inthe peripheral blood have been extensively 

investigated as biomarkers for early diagnosis and monitoring of dis-

ease progression. However, the link between miRN心 andpathogenic 

regions remains largely unknown to date. In the present study, we re-
port the first overview of the miRNA expression profiles of neuron-
derived EVs in plasma from patients with ALS and healthy control 
subjects using a microarray analysis. The isolated neuron-derived EVs 
expressed synaptic marker proteins such as surface antigen, synapto-
physin and SNAP25. Furthermore, miR-3911 specifically expressed in 
the brain, according to the Genome-Tissue Expression (GTEx) database 
[27], was detected in these neuron-derived EVs. In addition, more than 
90% of miRNAs species in isolated EV components from healthy con-
trols were also present in a subpopulation of miRNAs expressed in brain 
FFPE samples from healthy controls [5]. Taken together, these results 

suggest that our extracted EVs in plasma reflect miRNA alterations in 
brain and hold promise as potential biomarkers in ALS. 

The semi-quantitative microarray analysis identified a total of 30 
miRNAs in the neuron-derived EVs that were differentially regulated in 
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 Fig. 1. Heat Map of differentially regulated miRNA from plasma samples of ALS patients (n = 5) and controls (n = 5) as identified by microarray. MiRNAs and 

subjects are hierarchically clustered by Manhattan distance on the y and x axis, respectively. The relative mRNA expression is depicted according to the color scale 
shown on the right. Green, black, red, and gray indicate fold changes relative to controls as low, mean, high, and missing data, respectively. Thirty miRNAs were 
significantly up-regulated or down-regulated in ALS patients compared with controls. 

ALS relative to controls. Gene ontology analysis revealed that s1g-
nificantly enriched biological processes implicated in up-and down-

regulated in ALS were both specifically related to synaptic vesicle-re-
lated pathways including synaptic vesicle docking and exocytosis, 
regulation of neurotransmitter secretion, and synaptic vesicle cycle. 
After comparing miRNA expression profiles of neuron-derived EVs with 
those of FFPE samples from the motor cortex in ALS, miR-24-3p, miR-

1268a, miR-3911 and miR-4646-Sp were seen to be differentially 
regulated in the similar manner. These 4 species of miRN心 werepo-
tentially involved in synaptic vesicle-related pathway and network. 

Although the roles of each of miRNAs detected in this study have 

not been examined, we can hypothesize the potential roles of each of 
miRNAs as predicted from web-based bioinformatics analysis and 
published literature. A precursor of miR-3911 is located across the last 

exon-intron boundary of STXBPl, which encodes Syntaxin binding 
protein 1 (also known as MunclS-1). Intriguingly, miR-3911 putatively 
binds to the last exon of STXBPl according to at least two target-pre-

diction tools, miRmap [24] and TargetScan [3], although STXBPl does 
not rank in the top 50. MunclS-1 is a critical protein for synaptic vesicle 

release since deletion of Munc18-l leads to a complete loss of neuro-
transmitter secretion [28]. Munc18-1 binds to Syntaxin-1 and forms 
Synataxin-1/Munc18-1 complex, rendering soluble N-ethylmaleimide-

sensitive factor attachment protein receptor (SNARE) complex in-
competent. SNARE complex is composed of Syntaxin-1, Synaptobrevin-
2 and SNAP25, which are essential for vesicle fusion and Ca2+ -de-
pendent neurotransmitter release. Furthermore, the target genes po-

tentially modulated by miR-3911 include RAB3B and UNC13A (also 
known as Munc13-1) (Table S2B). Rab3 is highly enriched in synaptic 

vesicles in brain and plays important roles in synaptic vesicle docking 
and Ca2+ -dependent neurotransmitter release through Rab3-effector 

protein, Rab3 interacting molecules (RIM)s [29]. RIMs recruit both 

Ca2+ -channels on plasma membrane and Rab3 on synaptic vesicles in 

the active zone [30]. Munc13-1 is essential for vesicle priming, which 
enables synaptic vesicles to fuse rapidly in response to a calcium intl1lJC 
by binding the SNARE complex [31]. More importantly, UNC13A is 

associated with increased odds of sporadic ALS in multiple genome-

wide association studies (GWAS) [32-34], and is also related to fron-

totemporal cortical atrophy leading to an impaired cognitive 
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Table 2 
Top 1 O enriched biological processes of candidate target genes for ALS-specific mi RN As 

(A) GO BiJogical Process of target genes for 13 up-regulated miRNAs in ALS P-value FDR 

synaptic vesicle docking (G0:0016081) 2 56E-04 2 89E-02 
2 positive regulation of neurotransmitter transport (GO 0051590) 3.21E-05 7 31E-03 
3 vesicle docking involved in exocytosis (GO 0006904) 1 16E-04 l.71E-02 
4 synaptic vesicle exocytosis (G0・0016079) 4.72E-06 l.86E-03 
5 calcium ion regulated exocytosis (GO・OOl 7156) l.66E-05 4.58E・03 
6 SMAD protein signal transduction (G0:0060395) l.29E-04 l.86E-02 
7 synaptic vesicle cycle (GO 0099504) 3.13E-07 2.73E-04 
8 vesicle docking (G0.0048278) 2 12E-04 2 58E-02 ， synaptic vesicle transport (G0:0048489) 1 46E-05 4 27E-03 
10 establishment of synaptic vesicle localization (G0:0097480) l.46E-05 4 19E-03 

(B) GO Bilogical Process of target genes for 17 down-regulated miRNAs in ALS P-value FDR 

vesicle docking involved in exocytosis (G0・0006904) 1 03E-05 7 70E-03 
2 synaptic vesicle exocytosis (G0・0016079) 1 69£-04 4.03E-02 
3 vesicle docking (G0.0048278) 2 12E-04 4 56E-02 
4 regulation of neurotransmitter secretion (G0:0046928) 9.39E-05 2.64E-02 
5 regulation of synaptic vesicle cycle (GO 0098693) 5 SOE-05 l.86E-02 
6 synaptic vesicle cycle (G0・0099504) 5 08E・05 1.74E-02 
7 regulation of neurotransmitter transport (G0:0051588) 4.0lE-05 l.SOE-02 
8 protein localization to plasma membrane (G0.0072659) 1.44E-04 3 54E-02 ， regulation of exocytosis (GO・OOl 7157) 4.92E-05 1 72E-02 
10 modulation of chemical synaptic transmission (GO 0050804) 2 61E-05 1 47E-02 
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Fig. 2. Differentially expressed miRNAs detected in EVs and FFPE samples from 
control subjects. The Venn diagram demonstrates the number of detected 

miRNA species. 

Table 3 
Differentially expressed miRN心inboth neuron-derived EVs and FFPE samples 
from patients with ALS. 

miRNA name Neuron-derived EVs FFPE 

Ratio P-value Ratio P-value 

similar alteration 
hsa-miR-24-3p 1.15 0.049 3.1 0 012 
hsa-miR-1268a 0 91 0 031 0.76 0.044 
hsa-miR-3911 0 74 0 024 0.53 0.001 
hsa-miR-4646-Sp 0 66 0.023 0.67 0.046 
different alteration 
hsa-miR-939-Sp 1 13 0.037 0.61 0.013 

hsa-miR-3619-3p 1.09 0.036 0 34 0.014 
hsa-miR-4298 1.13 0.043 0 71 0 034 
hsa-miR-4700-Sp 144 0 032 0 74 0.043 
hsa-miR-4736 1.59 0.035 0 59 0 028 

hsa-miR-4 739 1.22 0 022 0.65 0.046 

Data are shown as fold-change relative to control group (set as 1.0). 

performance in sporadic ALS (35]. 

The target genes putatively regulated by rniR-24-3p were RAB3B 

and ISTNl (Table S2A). ISTNl encodes Intersectin-1 that involves sy-
naptic vesicle replenishment by regulated complex formation with 

Synapsin I [36]. Another important target gene regulated by miR-24-3p 

is the vacuolar protein sorting-associated protein 53 homolog (VPS53), 

which interacts with the ALS-like target gene, VPS54. Vps53 is a com-

ponent of the Golgi-associated retrograde protein (GARP) complex, 

which is required for tethering and fusion of endosome-derived trans-
port vesicles to the trans-Golgi network by binding to the SNARE 

complex on the vesicles. A point mutation of Vps54 consisting of GARP 

complex is known to cause progressive motor neuron degeneration of 
the wobbler mouse [37]. MiR-1268a may regulate synaptic vesicle-re-

lated pathway more potently because it potentially targets STXlB, 

STXBPl, UNC13A, and RAB3D. Interestingly, miR-1268a also targets 

KIAA0513, which was implicated in increased odds of sporadic ALS in 

GWAS studies [32,33,38]. In addition, putative target genes in synaptic 

vesicle release machinery modulated by miR-4646-5p included RAB3B 

and JTSNl. These results suggest that key genes for synaptic function 

may be dysregulated in ALS. Indeed, recent evidence indicates that a set 

of 15 synaptic function genes including STXlB, STXBPl and UNC13A 

has been down-regulated in the spinal cord from patients with ALS 

using RNA sequencing technology [6]. 
To examine the candidate miRNAs that potentially regulate SNARE 

complex and its modulators like Muncl3-l and Muncl8-l, the top 50 
candidate miRNAs for each of representative genes of synaptic vesicle-
related proteins were selected from the miRmap score (Table S4). 

Surprisingly, 4 miRNAs differentially regulated in neuron-derived EVs 

appeared in the top 10 miRNAs that putatively target STXBPl. 

Moreover, STXlA, STXlB, RAB3A UNC13A, and VAMP2/ 

Synaptobrevin-2, CPLXJ/Complexin-1 were believed to be regulated by 

at least 2 miRNAs differentially regulated in neuron-derived EVs. 

Interestingly, a recent, report indicating that TDP-43 depletion in mi-

croglia not only promotes amyloid clearance but also induce synapse 

loss, provided insight into the mechanism of ALS (39]. Our findings of 

synapse-related miRN心 supportthis report and implicate neuron-de-

rived EVs containing miRNAs as potential biomarkers for ALS. 

These results may reflect the limitations imposed by the common 

mechanisms of the transport and function of EVs such as exosomes, 

although the hierarchical clustering analysis showed a cluster com-

posed only of ALS patients. Therefore, these findings suggest that 
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Fig. 3. miRNAs significantly regulated in the same direction in both neuron-derived EVs and FFPE samples from patients with ALS. Scatterplots along with error bars 
for mean土 standarderror of the mean show relative expression levels of miR-3911, miR4646-Sp, miR-24-3p, and miR1268a. * p < 0.05 vs. the control using 
Student's t-test. 

Table 4 
Four miRN心 (miR-24-3p,miR-1268a, miR-3911, miR-4646-5) target enrich-
ment analysis by MetaCore 

Enrichment by Process Networks (A) P-value FDR 

and clinical characteristics including age of onset, disease duration, 
symptom severity, and disease type. 

5. Conclusions 

transport synaptic vesicle exocytos1s l.93E-04 l.78E-02 

(B) Enrichment by GO Processes P-value FDR 

regulation of short-term neuronal synaptic 
plasticity 
nervous system development 
regulation of synaptic vesicle priming 
vesicle docking involved in exocytosis 
positive regulation of synaptic transmission 

(A) Network (p-value < 0.05, FDR < 0.05) are shown. (BJ Top 5 GO processes 
(p-value < 0.05, FDR < 0.05) are shown. 

2

3

4

5

 

l.48E-09 

9.61E-09 
l.94E-08 
5.94E-08 
8.96E-08 

5.66E-06 

l.84E-05 
2.48E-05 
5.69E-05 
6.87E-05 

differentially regulated miRNAs in ALS are at least partially reflective of 

the pathophysiological processes in ALS. MiRNAs in neuron-derived 

EVs can be very useful diagnostic biomarkers; however, these miRNAs 

should be validated by RT-PCR and a larger patient cohort is needed to 

evaluate whether there is a correlation between altered miRNAs in ALS 

In conclusion, we isolated neuron-derived EVs in plasma from pa-

tients with ALS and healthy control subjects, and provided an overview 
of the miRNA expression profile of neuron-derived EVs. These miRNAs 

overlapped with the miRNAs expressed in the FFPE samples from the 

motor cortex of ALS patients. Although further validation with a larger 
sample size is needed, the identification of dysregulated miRNAs in 

neuron-derived EVs from ALS patient plasma present themselves as 

diagnostic tools to help in early detection and monitoring of the disease. 
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A soluble phosphorylated tau signature links tau, 
amyloid and the evolution of stages of dominantly 
inherited Alzheimer's disease 
Nicolas R. Barthelemy1, Yan Li1•2, Nelly」oseph-Mathurin3,Brian A. GordonG>3,」asonHassenstab1, 
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」ohnC. Morris 1, Celeste M. Karch 86, Chengjie Xiong2, Ricardo Allegri7, Patricio Chrem Mendezり

• Sarah B. Berman8, Takeshi lkeuchiG>9, Hiroshi Mori10, Hiroyuki Shimada10, M ikio Shoji11, 
Kazushi Suzuki12, James Noble13, Martin Farlow14, Jasmeer ChhatwalG>15, Neill R. Graff-Radford16, 
Stephen Salloway17・18, Peter R. SchofieldG>19・20, Colin L. Masters21・22, Ralph N. Martins23, 

• Antoinette O'Connor24, Nick C. Fox24, Johannes Levin25・26・27, Math ias 」 uckerG> 28•29, Audrey Gabelle30, 

Sylvain Lehmann30, Chihiro Sato1, Randall J. Bateman'竺EricMcDadeG>’四andthe Dominantly 
. Inherited Alzheimer Network* 

Development of tau-based therapies for Alzheimer's disease requires an understanding of the timing of disease-related 
changes in tau. We  quantified the phosphorylation state at multiple sites of the tau protein in cerebrospinal fluid markers 
across four decades of disease progression in dominantly inherited Alzheimer's disease. We  identified a pattern of tau staging 
where site-specific phosphorylation changes occur at different periods of disease progression and follow distinct trajectories 
over time. These tau phosphorylation state changes are uniquely associated with structural, metabolic, neurodegenerative and 
clinical markers of disease, and some (p-tau217 and p-tau181) begin with the initial increases in aggregate amyloid-~ as early 
as two decades before the development of aggregated tau pathology. Others (p-tau205 and t-tau) increase with atrophy and 
hypometabolism closer to symptom onset. These findings provide insights into the pathways linking tau, amyloid-~ and neuro-
degeneration, and may facilitate clinical trials of tau-based treatments. 

丁
hemicrotubule-associated protein tau (MAPT orて）playsan cerebral cortex are a defining pathological feature of Alzheimer's 
essential role in the morphology and physiology of neurons'・'. disease (AD) and correlate with the onset of clinical symptoms 
Phosphorylation is an important post-translational modifica- long after the appearance of extracellular aggregated amyloid-P 

tion for regulating the normal function of tau in axonal stabilization, (AP)'plaques'"・', which begin to develop up to two decades before 
and can occur at over 80 different positions'. However, excessive symptom onset'望 InAD, soluble p-taul81 (pT181) and t-tau are 
phosphorylation of tau (p-tau) appears to increase the probability elevated in the cerebrospinal fluid (CSF)'"ー12and begin to increase 
of tau aggregating into intracellular insoluble paired helical fila- before symptom onset in both dominantly inherited AD (DIAD) 
ments and neurofibrillary tangles (NFTs)竺 whichare primarily and sporadic AD (sAD)"・''. It has been proposed that these changes 
composed of hyperphosphorylated tau. Intracellular NFTs in the reflect the effects of neuronal death (neurodegeneration) passively 
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releasing tau and NFTs"・'" into the CSE However, in other tauopa-
thies with significant NFT pathology and neurodegeneration (for 
example, progressive supranuclear palsy and frontotemporal lobar 
degeneration-tau), CSF levels of soluble pT181 and t-tau do not 
increase"・", and in AD, NFTs measured by tau positron emission 
tomography (tau-PET) only modestly correlate with CSF t-tau and 
p-tau'"・"'. Moreover, recent work in DIAD and sAD has suggested 
that NFTs, as measured by tau-PET, primarily increase at symptom 
onset 10-lSyears after21-15 soluble tau increase•·"'·" . Furthermore, 
the rate of the increase of p-tau and tau levels may actually slow as 
1:eurodege1:erati~n ~ncreases凡 l 、 , '': These observati?ns s_uggest th~t 
the tauopathy of AD is a more dynamic process than is currently 
conceptualized", that soluble and aggregated tau probably have 
important differences, and that cerebral AP may trigger a process 
that leads to the unique tauopathy of AD"・"--". This concept is fur-
ther supported by an increase in the active production of soluble tau 
in the presence of aggregated祖nyloidin humans立 "C-Pittsburgh
compound B (PiB)-PET imaging of cortical aggregated AP has 
detected AP pathology two decades before the appearance of symp-
toms inDIAD竺 buthas not consistently been linked with a rise in 
CSF tau and pT181 (ref."). However, unresolved questions include: 
'what is the relationship of tau to aggregated AP?'and'what are 
the different tau pathophysiological changes that occur during the 
preclinical and clinical stages of AD?'. The answers to these ques-
tions will help identify the tau pathophysiological processes that are 
related to AD and neurodegeneration, which is a critical step needed 
to advance therapeutic and diagnostic targets for the disease. 
An important limitation to understanding the tauopathy of AD 
has been the lack of methods that can simultaneously quantify 
phosphorylation at multiple positions of the tau protein in a popula-
tion representing the full clinicopathological spectrum of AD (that 
is, from'at risk'to dementia). To further explore these questions and 
limitations, we developed a mass spectrometry method to measure 
the phosphorylation occupancy (phosphorylated to unphosphory-
lated) at multiple tau phosphorylation sites in the proline-rich pro-
tein domain ranging from 150-220 residues''in CSF, independent 
of variation in t-tau levels. We measured CSF from a large cohort 
of comprehensively studied participants with DIAD (n = 370), 
as well as a cohort of adult participants either with sAD or with 
unaffected cognition but a risk of disease (based on the presence 
of abnormal AP pathology) (n = 104) (Table l and Supplementary 
Table 1). We quantified multiple positions throughout tau and 
the associated phosphorylation occupancy to determine disease 
stage-specific changes in soluble p-tau isoforms. The relatively 
predictable age of disease onset in DIAD f皿1ilies'"enables us to 
infer the pattern of change across decades of AD progression. This 
cohort was recruited and evaluated by the Dominantly Inherited 
Alzheimer Network (DIAN)―a global, multi-site, observational 
study of adults with, and at risk of carrying, causative mutations for 
early-onset AD. Participants undergo a comprehensive, standard-
ized assessment ofbiofluids and brain imaging, with cognitive and 
clinical assessments. 
The results of our investigation show that hyperphosphoryla-
tion at specific sites of the tau protein is a dyn皿淑：processthat 
changes first based on the pathological state (that is, the presence 
and皿 ountof aggregated AB) and then based on the stage of dis-
ease and clinical stage (cognitively normal or cognitively impaired) 
of AD in both DIAD and sAD. Furthermore, in DIAD, we dem-
onstrate that these phosphorylation sites have opposite trajectories 
of change at different stages over the 30 years of the DIAD process 
and have different associations with brain hypometabolism, atrophy 
and cognitive decline (Fig. 1). These findings suggest a predictable 
progression of changes in tau phosphorylation (an AD-tau stag-
ing system) and support recent tau kinetic studies demonstrat-
ing aggregated AB-related active release of phosphorylated tau''. 
Moreover, this AD-tau staging suggests potential tau targets for the 
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development of tau-specific therapeutics and provides downstream 
measures for therapies targeting early amyloid pathology. 

Results 
Disease stage and progression are associated with site-specific 
differences in tau hyperphosphorylation and longitudinal rates 
of change in DIAD and sAD. The certainty of disease and predict-
ability of symptom onset of DIAD enables the staging of individu-
als based on the estimated years to symptom onset (EY0)'・"・26 (that 
is, the age of an individual at the time of assessment relative to the 
age of onset of others with the mutation). Therefore, we determined 
whether there were temporal differences in the pattern of phos-
phorylation of CSF tau as it relates to the EYO. This was done by 
estimating the differences in the amount and rate of change in phos-
phorylation over time between mutation carriers and non-carriers 
based on the EYO. There were two important findings. First, there 
was evidence that increases int-tau and phosphorylation at specific 
sites occurred in a relative order: phosphorylation of tau at threo-
nine 217 (pT217/T217) (which occurred at around -21 EYO) was 
followed by that of threonine 181 (pT181/Tl81) (-19 EYO), then 
t-tau increase (-17 EYO), then phosphorylation of tau at threonine 
205 (pT205/T205) (-13 EYO) (Fig. 2, Extended Data Fig. la-e and 
Supplementary Table 2). The initial increase of pT217 /T217, and to 
a lesser extent in pT181/Tl81, occurred at a similar time to when 
PiB-PET SUVR began to increase (-19 EYO) (see below). 
Second, pT217/T217 and pT181/Tl81 began to decline signifi-
candy near the time of symptom onset, while phosphorylation at 
pT205/T205 slowed and t-tau levels continued to increase. Of note, 
the concentrations of all of the corresponding unphosphorylated 
isoforms (Tl81, S202/T205 and T217) increased with disease pro-
gression, suggesting that the decrease in the phosphorylation ratio 
for pT217/T217 and pT181/Tl81 was not a result of a dispropor-
tionate rise in unphosphorylated peptides specifically related to 
these two sites, nor a decrease in total levels of tau protein (Extended 
Data Fig. 2). At the 202 position of serine (pS202/S202), there was 
no significant change in phosphorylation over the course of the dis-
ease (Fig. 2 and Extended Data Fig. 2c). 
Next, we assessed whether the above fmdings were also seen in 
an elderly group of patients with sAD and non-carriers who were 
at risk for AD, based on the presence of abnormal A~ biomarkers 
(preclinical AD (n=63)) or normal A~ biomarkers (n=39). This 
group of participants underwent the following clinical assessments: 
the Clinical Dementia Rating (CDR) scale, CSF collection and A~ 
measures cross-sectionally. Because sAD is associated with a later 
age and additional pathologies (for example, higher vascular disease 
burden and greater TAR DNA-binding protein 43 inclusions) com-
pared with a more'pure'form of AD in DIAD, it is possible that there 
could be important differences in tau phosphorylation between the 
two types of AD. However, the preclinical sAD population lacked a 
predictor of disease onset similar to EYO in DIAD, and longitudinal 
CSF data were not available; therefore, we compared the two groups 
based on: (1) the absence or presence of amyloid pathology (to define 
a sim油rAD risk state); and (2) the stage of dementia symptoms, 
using the CDR (where CDR O=no dementia, CDR O.S=very mild 
dementia and CDR~ 1 = mild to moderate dementia)"'(Fig. 3c). 
Overall, there was a similar pattern of phosphorylation changes 
at each site for both cohorts. In both DlAD and sAD, pT217/T217 
and pT181/Tl81 ratios increase significantly with the presence of 
amyloid pathology and then less so with more advanced stages of 
symptoms. However, the rate of phosphorylation ofT205 and levels 
oft-tau increase at later stages and continue increasing as clinical 
disease progresses. Similarly, in both DIAD and sAD, the phosphor-
ylation of pS202 remains relatively stable with amyloid pathology 
and disease progression. Notably, there was evidence that in DIAD 
there is a greater magnitude of phosphorylation and higher levels of 
t-tau for each category compared with sAD. 
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Table 11 Demographic, CSF, neuroimaging and cognition measures for mutation carriers versus non-carriers and the cohort of 
non-familial at-risk and symptomatic participants 

Cohort with DIAN Mutation carriers Mutation non-carriers Pvalue 

n• Asymptomatic (n=152) Symptomatic (n=77) (n=141) 

Age (years) 370 344土89 46.2土9.2 38.5士122 <0.0001 

Female (n (%)) 370 84 (55 3) 39 (50 7) 88 (62.4) 0.15 

Apolipoprotein-E e4 (n (%)) 370 48 (31.6) 23 (29 9) 51 (36.2) 0.67 

EYO (years) 370 -134士8.7 3.42士3.47 -9,2士12.5 <0.0001 

Cortical PiB-PET SUVR 304 (133、50、121) 1.76土089 2 82士1.27 106土0.17 <0 0001 

PiB+ (n (%))' 304 (133, 50、121) 81 (60.9) 48 (96.0) 2 (1.65) <0.0001 

CSF pT181/T181 370 26.5土7.2 342土7,7 217土23 <0.0001 

CSF pT181 level (ngmlー1) 370 0.14士009 0 30土0.19 0088士0.034 <0 0001 

CSF pT205/T205 370 0.44土0.24 0.93士036 0.34士0.13 <0.0001 

CSF pT205 level (ngm|—1) 370 0003土0003 0 011士0008 0.002土0001 <0.0001 

CSF pT217/T217 370 3.49土308 842土405 1.25士066 <0.0001 

CSF pT217 level (ngml-1) 370 0.015士0018 0.054土0.047 0004土0.004 <0.0001 

CSF p5202/5202 370 2.77土0.80 2 52士068 3.10土0.72 <0.0001 

CSF pS202 level (ng ml-1) 370 0016士0.006 O.Q25士0011 0014土0005 <0 0001 

CSF tau level (ng ml一1) 370 0.51士0.21 0.82士0.41 040士014 <0.0001 

Precuneus (mm) 344(146, 64、134) 2.37士0.15 210士024 2.38士0.14 <0.0001 

Cortical FDG-PET SUVR 318 (137, 59, 122) 173士014 1.57士0.18 1.71土0.14 <0.0001 

Hippocampal volume (mm刃 344 (146, 64, 134) 8,863土970 7,290土1214 8,787土775 <0.0001 

Cognitive composite (zscore) 356 (151, 66, 139) -0.096士0.640 -1.67士0.85 -003土0.59 <0.0001 

At-risk and sAD cohort 

nc Amyloid negative (n=39) Amyloid positive 

Asymptomatic (n = 18) Symptomatic (n = 45) Fvalued 

Age (years) 102 73.3土86 716士6.4 72 6土6.2 041 

Female (n (%)) 102 17 (44) 8 (44) 31 (69) 0.041 (Pvalue) 

MMSE score 102 28 7土1.6 29.4士05 23 6土39 45 44*** 

CSF pT181/T181 702 13 8士1.3 16 6土2.9 18.8土2.5 53 ss・・・ 
CSF pT205/T205 102 014土0.06 0.2士008 0.33土0.11 50.6*** 

CSF pT217/T217 102 3.3士14 82土4.8 10土4.1 39.18*** 

CSF pS202/5202 102 14士048 12士033 138土045 1042 

CSF tau level (ng m『) 102 0.76土031 089土032 1.1土0.41 7.14** 

Continuous measures are presented as means土s.d.For mutation carriers and non-carriers、thesignificance of the difference among asymptomatic mutation carriers, symptomatic mutation carriers and 
non-carriers was calculated using at-test based on an LME model (for continuous outcomes) and a generalized LME model with a logistic link (for categorical outcomes). All of the mixed models included 
a random family effect to account for the correlations on the outcome measures between participants within the same family. For the non-familial at-risk and symptomatic cohort, the Pvalues were 
calculated by one-way analysis of variance (for continuous outcomes) and chi-squared test (for categorical outcomes). •Total number of participants, with numbers of asymptomatic mutation carriers, 
symptomatic mutation carriers and non-carriers, respectively、inparentheses).'PiB• = standard uptake value ratio (SUVR) > 1.25.'Total number of amyloid-negative and amyloid-positive (asymptomatic 
and symptomatic) participants.,.. P=0.01;... P= 0.001. All other Fvalues had a Pvalue > 0.05. MMSE, mini-mental state examination; p, phosphorylated; 5, serine; T, threonine. 

Next, we evaluated the proportion of participants in both 
cohorts who exceeded the values considered abnormal for t-tau 
and each p-tau isoform for each category of PiB-PET (positive or 
negative) and clinical progression (CDR=O, 0.5 or 2".:l). Extended 
Data Fig. 3 and Supplementary Table 3 show very similar patterns 
for DIAD and sAD as they relate to the sequential increases in 
phosphorylation at pT217/T217 and pT181/Tl81 first, coincid-
ing with the presence of PiB-PET amyloid, followed by increases 
in pT205/T205 and t-tau with the development and progression of 
clinical symptoms. 
These results indicate that phosphorylation of tau changes at 
specific sites by disease stage. In DIAN in particular, this suggests 
a cascade of changes in soluble tau that is more dynamic than was 
previously realized, and that tau does not monotonically increase 

400 

in phosphorylation states or rates. The emergence of PiB-PET AP 
and tl1e onset of clinical decline, separated by nearly two decades, 
mark two important stages of soluble tau phosphorylation changes 
in DIAD and sAD and suggest that the two different pathways to 
AD have a similar pattern of evolution in the abnormal processing 
of tau and expression in the CSF. 

Cerebral amyloid pathology is associated with site-specific dif-
ferences in tau hyperphosphorylation in presymptomatic DIAD. 
Given the temporal sequence of changes in tau species identified 
using disease predictability (EYO), we then sought to determine 
whether changes in other biomarkers across the disease could 
reveal important associations with the different sites of phosphory-
lation in DIAD. To explore the relationship of aggregated AP and 
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Fig.1 J Stages of tau pathology. Tau pathophysiology evolves through distinct phases in DIAD. Measures of four different soluble tau species and 

aggregated tau in DIAD show, over the course of 35 years, that tau sequentially changes by stage of disease related to amyloid plaques, cortical atrophy 

and metabolism. Starting with the development of fibrillar amyloid pathology、levelsof pT217 (purple) and pT181 (blue) begin to increase. Then, with the 

increase in neuronal dysfunction (decreased cortical metabolism), levels of pT205 (green) begin to increase, along with soluble Hau (orange). Lastly, with 

the onset of neurodegeneration (based on cortical atrophy and clinical decline), tau-PET tangles (red) begin to develop, while pT217 and pT181 decrease. 

Together, the dynamic and diverging patterns of soluble and aggregated tau begin in close relationship with amyloid pathology and change over the course 

of the disease 
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soluble tau phosphorylation, we compared the SUVR value of corti-

cal PiB-PET, which reliably identifies significant brain-aggregated 

Af5 (SUVR> 1.25), with the p-tau isoforms, to determine concor-
dance with aggregated Af5 (amyloid-positive SUVR:2:: 1.25; amy-
loid-negative SUVR < 1.25) (Fig. 3a). pT217/T217 had a 97.2% area 

under the curve (AUC) (95% confidence interval (CI) =0.94-0.99); 

pT181/Tl81 had an 89.1% AUC (95% Cl=0.83-0.94); pT205/ 
T205 had a 74.5% AUC (95% Cl=0.69-0.82); t-tau had a 72% 

AUC (95% Cl=0.65-0.79); and pS202/S202 had a 69% AUC (95% 
CI= 0.62-0.77) to classify asymptomatic participants as having 

PiB-PET SUVR levels consistent with aggregated Ap. This indi-
cates that at the early stages of significant fibrillar AP plaques, an 

increase of phosphorylation has already begun at specific positions 

linking these two processes in time, and also demonstrates that an 

increase in the phosphorylation occupancy on T2 l 7 could serve as 

a sensitive diagnostic marker for aggregated AP plaque pathology 

measured by PiB-PET, identifying a potentially unique signature 

of A仕relatedtau processing in DIAD. When using CSF-soluble 
AP in DIAD to determine abnormal amyloid levels, we found the 

same order for the soluble tau measures in classifying participants 

as amyloid positive (AP 42/40 :2:: 0.0776) or amyloid negative (AP 

42/40 < 0.0776), but lower AUC values for each (Supplementary 
Table 4). Additionally, we compared this mass spectrometry-based 

method with one of the most advanced immunoassays (the Roche 

Elecsys pT181 and t-tau CSF electrochemiluminescence method) 
and found the mass spectrometry method to be superior, indicat-

ing a greater sensitivity to detecting early AD pathology in DIAD 

(Supplementary Table 5). 
We then compared the ratios (standardized to a zscore across all 

mutation carriers) at four phosphorylation sites and t-tau levels by 

PiB-PET SUVR quartiles to explore the cross-sectional relationship 

between total aggregated AP load and phosphorylation (Fig. 3b). 

All phosphorylation sites except S202 demonstrated increased 

levels of phosphorylation with greater PiB-PET SUVR; in con-

trast, pS202/S202 had a decrease in phosphorylation with increas-

ing PiB-PET SUVRs. These results suggest that the events initially 

一Neurodegeneration accelerates 
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leading to increased tau phosphorylation in AD are probably 

related to aggregated A~ pathology, potentially through regulation 
by distinct kinases and phosphatases that are phosphorylation-

site specific". Yet, as aggregated A~ burden continues to increase, 
there are differences between the amount of phosphorylation that 

continues to occur among different p-tau isoforms. Importantly, 

among mutation non-carriers, the only participants who showed 

an increase in pT217/T217 were those who were amyloid positive 

(SUVR> 1.25; n=4). 

Next, we assessed whether phosphorylation of tau was associ-

ated with the anatomical distribution of cerebral aggregated A~ 
pathology by exploring the cross-sectional correlations between 

the baseline p-tau phosphorylation sites and cortical and subcor-

tical regions of amyloid plaque deposition as measured by PiB-

PET SUVR in the asymptomatic mutation carriers (Fig. 3d and 

Supplementary Table 6). pT217/T217, pT181/Tl81 and pT205/ 

T205 phosphorylation was positively correlated with PiB-PET 

SUVR throughout the brain, but pS202/S202 was negatively cor-

related. In the precuneus—a region of early amyloid plaque deposi-
tion汎＿correlationswith tau phosphorylation were compared based 

on the strength of bivariate regression, controlling for age, gender 

and EYO and adjusted for multiple comparisons. We found an 
order of correlations from greatest to least of pT217/T217 (r= 0.53; 

s.e.m. = 0.06; P< 10-3") > pT205/T205 (r= 0.37; s.e.m. = 0.075; 
P<l0-5)>pT181/Tl81 (r=0.35; s.e.m.=0.075; P<l0-6), with 
positive correlations with PiB-PET SUVR. In contrast, pS202/S202 

had an inverse correlation (r = -0.46; s.e.m. = 0.067; P < 10-7), 

suggesting that phosphorylation at this site is reduced with increas-

ing aggregated A~ pathology. We found a similar rank ordering 
for nearly all regions of PiB-PET and p-tau isoform correlations 

and statistically significant differences between the different p-tau 

measure correlations, most commonly for pT217/T217 having the 

greatest associations. 

Neuroimaging markers of disease progression are associated 

with site-specific differences in tau hyperphosphorylation in pre-
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| ARTlCLES NATUREMEDICINE | 

0.4 

2

0

 ゚

a
o
u
eq
3
i

o
a
l
e」

2

4

 

↓

↓

 

p
az1p
rnp
ue1s 

-----/ ” 、

/ `̀ 
//..........  ..... 
/・、疇・‘.、
‘‘``  、ク’

a9・ 

’’・ 

-----
pT217fT217 
pT181fT181 
pT205fT205 
Tau 
pS202/S202 

---Cortical amyloid 
-0.6 -I――-Global cognition 

---、---
‘ 

｀ 
ヽ
ヽ
ヽ
‘ ‘ ヽヽ
‘̀ ‘‘ 
｀ 

-30 -25 -20 -15 -10 
EYO 

-5 

゜
5
 

Fig. 2 j Longitudinal changes of different p-tau sites are specific to 
disease stage and change in opposite directions as AD progresses in 
dominantly inherited mutation carriers. LME model-estimated annual 
rates of change for each site of phosphorylation, based on the standardized 
mutation carrier data (n=370), plotted by EYO along with PiB-PET (black 
dashed line; n = 304) and cognitive decline (aqua dashed line; n = 356). 

MRI. Hyperphosphorylation was inversely associated with corti-
cal thickness in asymptomatic mutation carriers: pT205/T205, 

10 and to a lesser extent pT217/T217, was most strongly associated 
with a decrease in cortical and subcortical thickness throughout 
the brain (Fig. 4a and Supplementary Table 7), while t-tau levels 
showed fewer regional associations and weaker correlations. 
Hyperphosphorylation at pT181/Tl81 had the lowest overall cor-
relation with cortical atrophy and was restricted to the medial 
and lateral parietal lobes and medial dorsomedial frontal lobes. 
This suggests that the initial rise in pT205/T205 at -13 EYO may 
be related to the underlying process of cortical atrophy, which we 
have previously shown to begin at approximately -13 EYO in the 
precuneus・''. Previous work in DIAN and other DIAD cohorts has 
shown that significant atrophy, as measured by MRI, does not occur 
until closer to disease onset, which would indicate that although an 
increase in CSF tau and phosphorylated tau may in part be related 
to a passive release in neurodegeneration, their initial rise is prob-
ably the consequence of other processes. 

The solid circles represent the points at which the rate of change for each 
variable first become different for mutation carriers compared with non-
carriers. This highlights the pattern of change for p-tau isoforms over the 
course of the AD spectrum and the close association between amyloid 
plaque growth and the increase in p T217/T217, with plaques beginning 
to increase at -21 EYO and hyperphosphorylation of T217 (purple) also 
beginning at -21 EYO, followed by an increase in hyperphosphorylation 
of T181 (blue) at -19 EYO and a decrease in the phosphorylation rate 
at these two sites associated with a decline in cognition. In contrast, 
phosphorylation of T205 (green) continues increasing throughout disease 
progression and t-tau levels (orange) increase at an increased rate near the 
time of symptom onset. Levels of p5202 do not increase throughout the 
disease course. 

symptomatic DIAD. In addition to using EYO, disease advance-
ment in DIAD can be estimated using neuroimaging measures 
that track various components of disease progression (for example, 
brain atrophy and metabolic decline). These measures have been 
shown to change at different periods of time before symptom onset 
in DIAD, with declining cerebral metabolism (measured by 18F 
fluorodeoxyglucose [FDG]-PET) occurring up to 18years before 
symptom onset and brain atrophy (determined by magnetic reso-

nance imaging (MRI)) occurring up to 13years before symptom 
onset"心1・1.This raises the question of whether these biomarkers 
are likewise correlated with tau phosphorylation at specific sites. To 
examine this, we performed bivariate cross-sectional correlations 
between the phosphorylation sites and Hau and imaging measure-
ments from 34 cortical and six subcortical brain regions, controlling 
for sex, age and EYO. We focused the analyses on asymptomatic 
mutation carriers in order to identify any associations at the earli-
est stages of disease progression, before severe neurodegeneration. 
The phosphorylation state of pS202/S202 was not included in these 
analyses given its relative lack of change over disease progression. 

FDG-PET. In addition to cortical atrophy, a decline in glucose 
metabolism in neurons and glia is associated with disease pro-
gression in AD. Therefore, we tested whether there were distinct 
associations between cortical or subcortical metabolic impairment 
and tau phosphorylation. In the asymptomatic mutation carriers, 
phosphorylation at pT205/T205 was correlated with glucose hypo-
metabolism throughout the cortex and subcortical regions, as mea-
sured by FDG-PET (Fig. 4b and Supplementary Table 8). There 
were minimal associations identified for the other p-tau sites and 
t-tau levels in asymptomatic mutation carriers. 
Together, these results indicate that the underlying processes 
leading to neuronal impairment and neurodegeneration during 
asymptomatic disease progression, as measured by neuroimaging, 
have different associations with tau phosphorylation, with pT205/ 
T205 most strongly correlated with both. 
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► 

Fig. 3 I Specific soluble tau phosphorylation sites are differentially associated with amyloid plaques in DIAD and sAD. a, Receiver operating 
characteristics of tau phosphorylation with Ail, pathology based on AP PiB-PET (SUVR cutoff of 1.25) in DIAD (n = 252). There is a near-perfect 
association with AP pathology for pT217/T217 (purple; AUC = 0.97). AUC values for the other phosphorylation ratios were: 0.89 (pT181/T181; blue); 0.74 
(pT205/T205; green); 0.72 (t-tau; orange) and 0.69 (pS202/S202; gray). b、Standardized(zscore) phosphorylation ratios (pT217/T217, pT181/Tl81, 
pS202/S202 and p T205/T205) and t-tau levels by AP PiB-PET quartile (n= 47 for Ql; n = 48 for Q2; n = 48 for Q3; n = 48 for Q4) for mutation carriers 
suggest site-specific differences in phosphorylation with increasing AP PiB-PET levels. pT217, pT181, pT205 and t-tau increase as AP PiB-PET increases 
There was a significant decrease in the phosphorylation of S202 at the highest AP PiB-PET quartiles relative to the lowest (Wilcoxon rank-sum test) 
c, Change in phosphorylation rates and t-tau levels for DIAD (n = 209) and sAD (n= 86) across the spectrum of clinical progression (blue= cognitively 
, normal/amyloid negative). For DIAD、thereis evidence of a higher ratio of phosphorylation, and in both DIAD and sAD、thephosphorylation of T217 and 
T181 increases once amyloid pathology begins, followed by a plateau. In contrast, p T205 and t-tau levels increase at later stages of disease progression. 
For S202 in both DIAD and sAD, there is minimal change in the phosphorylation rate across the disease spectrum (Mann-Whitney U-test). For the box 
plots in band c、themiddle line represents the median; the upper and lower notches show the median土1.58xthe interquartile range/square root(number 
of observations); and the upper (and lower) whiskers represent the largest observation greater (or less than or equal to) the upper (or lower) hinge+ 1.58x 
the IQR. d, Cross-sectional, bivariate correlations between cortical and subcortical AP PiB-PET SUVR and site-specific phosphorylation for asymptomatic 
mutation carriers (n=152). Colors represent correlations, with positive correlations in yellow/red and negative correlations in blue. Pvalues for the 
correlations were derived from a z-test using the covariance matrix of the bivariate LME models. All correlations represent statistically significant values 
surviving a false discovery rate (P < 0.05) with Benjamini-Hochberg correction. They are arranged by correlation strength from top to bottom 
CN, cognitively normal; MS, mass spectrometry 

402 NATURE MEDICINE I VOL 26 I MARCH 2020 I 398-4071 www.nature com/naturemed,c,ne 



| NATUREMEDICINEARTlCLES  | 
Cognitive decline and brain atrophy are associated with site-spe-

cific differences in tau hyperphosphorylation in DIAD. Previous 

studies have shown that AD dementia is more closely related to 

neocortical NFT pathology than neocortical AP pathology汽yetthe 
relationship between soluble tau and cognition remains uncertain'(', 

Therefore, we assessed the longitudinal change in the soluble tau 
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Fig. 41 Tau phosphorylation positions are differentially related to brain atrophy and hypometabolism in DIAD. a、Bivariatecorrelations between cortical 

and subcortical atrophy and site-specific phosphorylation ratios in asymptomatic mutation carriers (n=152) demonstrate an increases in pT205/T205 

and pT217/T217, followed by t-tau, and less for pT181/T181. b, Bivariate correlations between cortical and subcortical brain metabolism, as measured by 

FDG-PET, and site-specific phosphorylation ratios in asymptomatic mutation carriers (n=152) demonstrate an increase in pT205/T205 associated with a 

decrease in most cortical and subcortical regions, but not for the other p-tau sites or t-tau. Pvalues for the correlations were calculated using chi-squared 

tests based on the bivariate LME models, with Benjamini-Hochberg correction for multiple comparisons 

phosphorylation ratio and Hau levels over time compared with din-

ical outcomes'"-We performed a mixed-effects model with longitu-

dinal cognitive performance on the neuropsychological composite 

as the outcome and annual change in CSF tau measures (derived 
from individual linear mixed-effects (LME) models), time and their 

interactions as the predictors, adjusting for age, sex, education and 

familial relation (participants of the same family). We tested all 

mutation carriers (symptomatic and asymptomatic) for this analy-

sis, in order to include a stage of the disease with significant cogni-

tive decline, and found differential effects between phosphorylation 
site and cognitive decline. t-tau monotonically increased with wors-

ening cognition and pT217/T217 and pT181/Tl81 decreased with 

worsening cognition, while pT205/T205 demonstrated less change 

relative to cognitive decline and pS202/S202 had no association 

with cognitive change. As pT217/T217 and pT181/Tl81 decreased, 

cognitive decline accelerated (t-value=2.35, P = 0.02 and 2.11, 

P=0.04 (Fig. 5 and Supplementary Table 9). For asymptomatic par-

ticipants (CDR=O), there was evidence that an increase in pT181/ 

Tl81, pT205/T205 and t-tau levels was associated with the initial 

decline in cognition. This suggests that decreased phosphorylation 

of T217 and T181, as much as increased soluble t-tau, presents an 
important marker of cognitive decline. We also evaluated the Ion-

gitudinal change in the soluble tau phosphorylation ratio and t-tau 

levels over time compared with longitudinal MRI measures of neu-

rodegeneration (atrophy of the hippocampus and precuneus cor-

tex) and found very similar results to those for cognition (Extended 
Data Figs. 4 and 5). This further supports the finding that a decrease 

in the rate of phosphorylation of certain sites of tau represents an 

important marker of neurodegeneration and symptomatic disease 

progression. 
These findings provide a modification to the current theory that 

a continuous rise in CSF tau phosphorylation is associated with 

cognitive dysfunction. We identified two general patterns: for some 
sites, phosphorylation decreased significantly as cognitive decline 

404 

began, whereas other sites showed a continuous increase or no 

change with disease progression (see the increasing versus decreas-

ingrates in Fig. 5). 

Increasing levels of t-tau are correlated with baseline cortical 

NFTs, as measured by tau-PET in DIAD. Recent tau-PET 

("F-flortaucipir (AV-1451)) studies with DIAD participants have 

suggested that an aggregated tau increase occurs following the onset 
of clinical symptoms"・". We tested the hypothesis that soluble p-tau 

is a marker ofNFT pathology. We explored the relationship between 
longitudinal changes in CSF t-tau and p-tau isoforms leading up 

to the time when tau-PET was performed to assess whether faster 
changes of phosphorylation ratios are associated with higher tau-

PET SUVR (greater aggregated tau). In a limited number of par-

ticipants (ten mutation carriers and four non-carriers), a single 

tau-PET scan was performed within 72h of the CSF sample being 
obtained. For these individuals, CSF samples had also been obtained 

on previous visits (within l-3years). 

First, we confirmed that tau-PET SUVR in mutation carriers 

only increased near the time of symptom onset (Extended Data 

Fig. 6), suggesting that in DIAD mutation carriers, clinical decline 
begins when the tau-PET signal starts to increase. Second, we found 

that a longitudinal increase in CSF t-tau leading up to the time of 

tau-PET was associated with an elevated global cortical tau-PET 

composite (P=0.05) value (Supplementary Table 10) and that this 

association was related to multiple posterior and limbic cortical 

regions. Similarly, when exploring the Spearman correlation for the 
rate of change of soluble tau measures and baseline tau-PET SUVR, 

we found evidence that increasing levels oft-tau (r=0.58; P=0.08) 

but also pT205/T205 (r=0.74; P=0.02) were associated with 

higher tau-PET levels, whereas there was a suggestion of decreases 

in pT217/T217 (r= -0.2; P=0.58) and pT181/Tl81 (r= -0.27; 
P=0.46) with higher tau-PET levels (Extended Data Fig. 7 and 

Supplementary Table 11). Given the small number of participants 
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Fig. 5 j In DIAD, elevated levels of tau phosphorylation decline in some sites with the onset of dementia, in contrast with a continued rise int-tau. 
a-d, Individual estimated annualized rates of change of pT217/T217 (a), pT181/T181 (b), pT205/T205 (c) and t-tau (d), standardized for all mutation 
carriers, correlated with the annualized change in global cognitive function. The lines represent simple linear regression and the shaded areas represent 

95% Cls. Each point is an individual-level correlation between measures、withPearson's r shown for all data. The linear regression was fit to those with no 

dementia (CDR= 0; black triangles; n = 49) and those with dementia (CDR> 0; red circles; n = 27). Declines in pT217/T217 (r= 0.711; P < 0.0001), 

pT181/Tl81 (r= 0.798; P< 0.0001) and pT205/T205 (r= 0.219; P= 0.06) were associated with cognitive decline after symptom onset (red)、Fort-tau,
there was an inverse correlation with cognition (r= -0.788; P < 0.0001). e, A linear fit for all mutation carriers demonstrates that there are distinct 

associations between declining cognition and changes in the different p-tau isoforms and t-tau: with decreases in pT217/T217 and pT181/Tl81, there is an 
increase int-tau associated with cognitive decline, but no associations with pT205/T205 or pS202/S202. This suggests that soluble tau species are not 

equivalent in AD (pS202/S202 is shown here to demonstrate the lack of association with cognition (r= -0.09; P= 0.39). Statistical significance for all of 

the correlations was based on two-sided t-test. 

available for this analysis, there are limits to the interpretation of 

these results. However, by measuring multiple sites of phosphory-
lation simultaneously, these preliminary findings illustrate that the 

increases in soluble phosphorylated tau identified in DIAD, and 

presumably in sAD, are not necessarily a reflection of increases in 

aggregated tau as measured by tau-PET. In contrast, these results 

might suggest that a reduction in the phosphorylation rate of 

some sites (for example, pT181 and pT217) when aggregated tau is 

increasing could represent a process of sequestration by hyperphos-
phorylated aggregates呵

Discussion 
Although aggregated tau is a hallmark of AD pathology, important 

gaps remain in our understanding of how phosphorylation leads 

to the development of NFTs2 and neurodegeneration in humans. 
Here, we demonstrate how patterns of tau phosphorylation in the 

CSF ofDIAD mutation carriers vary over the course of AD progres-
sion. We add to the existing clinical literature the demonstration 

that in DIAD the process of tau phosphorylation and release into 

the CSF is a dynamic process that: (1) begins once aggregated A~ 
pathology (as measured by PiB-PET) is established decades before 

symptoms, and subsequently unfolds over a period of nearly two 
decades; (2) occurs in a pattern such that phosphorylation of dif-

ferent tau sites closely follows disease progression, as revealed by 

levels of other biomarkers; and (3) decreases significantly in a site-

dependent manner near the onset of cognitive decline and the rise 

in aggregated tau (as measured by tau-PET). Together, these results 

indicate that this method of quantifying soluble tau phosphoryla-
tion occupancy can track the AD process across its preclinical to 

symptomatic stages, providing a signature of p-tau pathology for 

this disease (Supplementary Table 12). Moreover, they challenge the 

purported roles of tau/p-tau in DIAD, and possibly AD in general, 
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and recapitulate in humans those findings from animal studies that 
link AP pathology to tau hyperphosphorylation"・''，ヽ（,,.1’andactive 

cellular release, rather than release of dying neurons. 
Although causality needs to be addressed in future studies, the 

contemporaneous increases in pT217/T217, pT181/Tl81 and PiB-

PET SUVR suggest that the phosphorylation of tau in AD is closely 

linked to AP pathology. This is consistent with recent work in AD 
transgenic mice·11 •12 ·" ，べし ' ·51 and in humans, which demonstrates that 

tau and hyperphosphorylated tau are released from cells in an active 

process that is increased in the presence of aggregated A炉 Our
results link AP pathology to a distinct change in soluble tau levels 

and phosphorylation patterns, shedding light on the phenomenon 

in which significant elevation of p-tau occurs in AD but not in other 

neurodegenerative tauopathies"・'凡

Recent work has shown that an increase and spread of neuritic 
tau aggregates (paired helical filaments in dystrophic neurites) in 

AP transgenic mice is enhanced by the presence of aggregated AP, 
occurring before established somatic NFTs". It is possible that the 

very early increase we find in pT217/T217 and pT181/Tl81 may 
reflect this'early'tau response to aggregated AP and might explain 

the global association of PiB-PET SUVR with these isoforms that 

we identified. Additionally, the lack of clinical symptoms seen dur-

ing this early elevation in phosphorylation of tau suggests it occurs 

years before the onset of significant neurodegeneration. Our find-

ings of an increase in pT205/T205 being associated with a decline 
in synaptic homeostasis could represent a protective process result-

ing in increased phosphorylation at T205 with synaptic distress 

from chronic AB exposure, at least in DIAD'1. Importantly, we have 

shown that t-tau levels appear to rise to similar levels with disease 
progression (Supplementary Fig. 2). This would indicate that the 

differences we have detected in the phosphorylation occupancy 
in DIAD are less likely to just reflect a difference in the amount of 
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intraneuronal tau protein produced and released into the CSF com-
partment. Rather, it might suggest that with different stages of the 
disease (Fig. I), there are unique activations of the different kinases 
responsible for phosphorylating the tau protein preferentially at 
specific sites'". 
These data call into question some common assumptions about 
the role of soluble tau and p-tau in AD. Specifically, the current 
diagnostic framework in AD emphasizes the presence ofbiomarkers 
representing AD-specific and non-specific pathologies (for exam-
ple, AP, p-tau and tau)"・ Within this diagnostic framework, soluble 
p-tau and t-tau are often presumed to be passively released from 
degenerating neurons, with p-tau associated with aggregated NFTs 
and t-tau associated with axonal degeneration. Cross-sectional 
associations between phosphorylation levels and tau-PET measures 
in previous studies and our own data (Extended Data Fig. 8 and 
Supplementary Table 13) suggest that soluble p-tau and aggregated 
tau by tau-PET are correlated. In contrast, the more appropriate lon-
gitudinal measures indicate that soluble tau phosphorylation occu-
pancy decreases during the time of tau increase'-', at least in DIAD, 
demonstrating an inverse correlation. One possible explanation for 
this is similar to what has been observed with soluble/aggregated 
AP丸thatthe dramatic increase of aggregated tau sequesters phos-
phorylated tau" in the brain, decreasing CSF levels. In addition, 
early phosphorylation modifications suggest that hyperphosphory-
lation, although a marker of pathophysiology, is not necessarily a 
marker of tau-related NFTs. 
A reduction of tau through proteostatic mechanisms cannot be 
excluded" as a cause for the decrease in phosphorylation, but the 
continued increase oft-tau (Supplementary Fig. 3) would suggest 
that this is probably not the cause for the decreasing rate of phos-
phorylation for some sites. Similarly, a recent study has shown that 
the new production of tau and levels in the CSF do not appear to 
change in the presence of elevated tau (tau-PET)". In either case, 
our findings of the negative correlation between the phosphoryla-
tion ratios of pT217/T271 or pT181/Tl81 and longitudinal cogni-
tive decline and MRI measures of neurodegeneration highlight the 
importance of the reversal in phosphorylation rate of some tau 
sites in disease progression. Elucidating the cause for this decline 
could lead to a better understanding of the links between soluble 
tau and neuronal dysfunction and the use of CSF p-tau/tau in AD 
prognostication. 
In summary, we have demonstrated that in AD  associated with 
autosomal dominant mutations, CSF tau hyperphosphorylation 
occurs very early and exhibits pattern of site-specific changes at 
different stages of the disease. The underlying mechanisms behind 
these findings will have important implications for the understand-
ing of the disease and for tau-directed therapies for AD. 
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Methods 
Study design. Participants w:ith at least a 50% risk of inheriting a DIAD mutation 
from families with a confirmed genetic mutation in PSENl, PSEN2 or APP were 
enrolled in the DIAN study (National Institute on Aging Ul9 Clinical Trial; 
AG032438) (dian. wustl.edu; clinicaltrials.gov number NCT008698 I 7)". All 
procedures were approved by the Institutional Review Board (!RB) of Washington 
University and conformed to local !RB and ethics committee guidelines. The 
presence or absence of a DIAD mutation was determined using PCR-based 
amplification of the appropriate exon, followed by Sanger sequencing. At each 
study visit, participants underwent comprehensive clinical assessments, cognitive 
testing, neuroimaging and CSF studies; however, at each visit, each participant may 
not have completed all of these study procedures. The details of study structure 
and assessments can be found in previous publications''・". Follow-up intervals 
were determined by the clinical status (normal or impaired) of each participant 
and by their EYO, and ranged from annual to every 3 years. Data were obtained 
from quality-controlled data (annual quality assessments for irregular results and 
missing data from 26 January 2009 to 30 June 2017) and included 370 participants 
(n = 150 w:ith longitudinal CSF evaluations, with a median time between visits of 
2.8years). 
The non-familial population represented two cohorts recruited at the Knight 
Alzheimer Disease Research Center at Washington University and the Centres 
M細 oireResources et de Recherche, Centre Hospitalier Universitaire (CHU) de 
Montpellier. All participants underwent detailed clinical cognitive assessments, 

CSF assessments and a diagnosis of preclinical AD or AD confirmed with 
abnormal amyloid biomarkers. All procedures were approved by the !RB of 
Washington University and ethics committees at CHU de Montpellier. 

EYO. In DIAD, there is almost 100% penetrance, with age at symptom onset m 
mutation carriers being relatively consistent for each mutation and within each 
family. This allows for the designation of EYO. EYO was defined as follows. 
A parental age at earliest symptom onset was established for each participant by 
semi-structured interview. The parental age at onset for each mutation was then 
entered into a database consisting of the combined symptom onset values from 
DIAN and those from previous publications on DIAD cohorts. These were used to 
compute an average age of onset specific to each mutation'''. The mutation-specific 
age of onset was subtracted from each participant's age at the time of clinical 
assessment to define the individual's EYO. When a specific mutation's average 
age of onset was unknown, the parental or proxy age of onset was used to define 
the EYO". For participants who were symptomatic at baseline, as assessed by a 
CDR> 0, the reported age of actual symptom onset was subtracted from the age at 
each clinical assessment to define EYO. 

Clinical assessments. Standardized clinical evaluations, including the use of a 
study partner, were performed for each DIAD participant. The CDR was used to 
indicate dementia stage. Participants were rated as cognitively normal (CDR=O) 
or having very mild dementia (CDR=0.5), mild dementia (CDR= 1) or moderate 
dementia (CDR = 2)・". Evaluating clinicians were blind to genetic status. A 
comprehensive neuropsycholo印calbattery assessing general cognitive function, 
memory, attention, executive function, visuospatial function and language was 
performed at each visitべ̂.Fromthese tests, we developed a cognitive composite that 
reliably detects decline across the range of EYO and CDR values立Thecomposite 
represents the average of the zscores from tests including episodic memory, 
complex attention and processing speed and a general cognitive screen 
(mini-mental state examination). 
For the non-familial cohorts, all participants underwent a standardized, 
detailed clinical assessment specific to each of the two centers. A diagnosis of 
AD was based on the National Institute of Neurological and Communicative 
Disorders and Stroke-Alzheimer Disease and Related Disorders Association" 
criteria, and was confirmed with abnormal arnyloid biomarkers. Dementia severity 
was based on the CDR. Additional details of the cohort can be found in previous 

publications竺

CSF tau analyses. CSF was collected, via standard lumbar puncture procedures 
using an atraumatic Sprotte spinal needle (22 Ga), into two 13-ml polypropylene 
tubes. CSF was flash-frozen upright on dry ice. Samples collected in the United 
States were shipped overnight on dry ice to the DIAN Biomarker Core laboratory 
at Washington University (St. Louis, Missouri, United States), whereas samples 
collected at international sites were stored at -80 °C and shipped quarterly on dry 
ice. Upon arrival, each sample was subsequently thawed, combined into a single 
polypropylene tube and aliquoted (500 μleach) into polypropylene microcentrifuge 
tubes (05-538-69C; Corning Life Science), after which they were re-flash-frozen on 

dry ice and stored at -80 •c. 
Each thawed CSF sample was mixed with 25 μl of a solution containing 15N-441 
tau internal standard (2.5 ng per sample), 50 mM  guanidine, 10% NP-40 and !OX 
protease inhibitor cocktail (Roche). Tau was extracted by immune capture using 
incubation under rotation at room temperature for 2 h with 20 μl of sepharose 
beads cross-linked to Tau-1 (tau epitope 192-199) and HJ8.5 (tau epitope 27-35) 
antibodies. Beads were spun by centrifugation, then rinsed three times with 1 ml of 
25 mM  triethylammonium bicarbonate. Samples were digested overnight at 37°C 

with 400 ng of trypsin Gold (Promega). AQUA peptides (Life Technologies) were 
spiked to obtain an amount of 5 fmol per labeled phosphorylated peptide 
and 50 fmol per labeled unmodified peptide in each sample. The peptide mixture 
was loaded on TopTip Cl8 tips, washed with 0.1 % formic acid solution and 
eluted with 60% acetonitrile/0.1 % formic acid solution. Eluates were dried using 
a Speedvac and dried samples were stored at -80 •c before analysis. Samples 
were resuspended in 25 μl of2% acetonitrile/0.1 % formic acid. Extracts were 
analyzed by nano liquid chromatography coupled to high-resolution tandem 
mass spectrometry (HRMS/MS) using parallel reaction monitoring using HCD 
fragmentation. Nano liquid chromatography-HRMS/MS experiments were 
performed using a nanoAcquity UPLC system (Waters) coupled to a Fusion Tribrid 
mass spectrometer (Thermo Fisher Scientific). For each sample, Sμl was injected. 
Peptide separation was achieved at 60℃in 24 min on a Waters HSS T3 column 
(75 μm x 100 mm; 1.8 μm). Mobile phases were: (A) 0.1 % formic acid in water; 
and (B) 0.1 % formic acid in acetonitrile. The gradient used was 0.5% Bat O min, 
5% B at 7.5 min and 18% B at 22 min, then the column was rinsed for 2 min with 
95% B. The flow rate was set at 700 nl min-• for 7.5 min, then 400 nl min―'for 
the rest of the analysis. Data were acquired in the positive ion mode at a spray 
voltage of2,200V (Nanospray Flex ion source; Thermo Fisher Scientific) and 
the ion transfer tube was set at 270°C. The S-lens radio frequency voltage was 
set at 60 V. HRMS/MS transitions (Supplementary Table 14) were extracted 
using Skyline software (MacCoss laboratory). CSF tau phosphorylation levels 
were calculated using measured ratios between HRMS/MS transitions of 
endogenous unphosphorylated peptides and "N-labeled peptides from the 
protein internal standard. Ratios of phosphorylation on Tl 81, S202, T205 
and T217 were measured using the ratio of the HRMS/MS transitions from 

phosphorylated peptides and the corresponding unphosphorylated peptides. Each 
phosphorylated/unphosphorylated peptide endogenous ratio was normalized using 
the ratio measured on the HRMS/MS transitions of the corresponding AQUA 
phosphorylated/unphosphorylated peptide internal standards. 
All samples from the DIAN longitudinal and the cross-sectional studies were 
run together with waste CSF (longitudinal and cross-sectional study) and CSF pool 
(cross-sectional study) quality controls to monitor inter-assay variability for each 
variable at low CSF tau (normal level) and high CSF tau levels (AD typical level). 
The corresponding values and inter-assay coefficient of variation are incorporated 
in Supplementary Tables 1-5. In both studies, the inter-assay coefficient of 
variation was typically below 20%. A low percentage of the investigated samples 
had CSF pT205 and pT217 levels below the lowest limit of quantitation (4.7 and 

4.5%, respectively), defined as levels providing liquid chromatography-mass 
spectrometry signals leading to a coefficient of variation of more than 20%. 
CSF samples from sAD at Washington University were collected as described 
previously". Aliquots from the collection performed at hour 32 were used for the 
analysis. CSF samples from sAD at Montpellier were collected in polypropylene 
tubes using lumbar puncture methods (Starstedt; 10ml; 62.610.201) in line with 
standard operating procedures竺transferredat a temperature of 4 °C within less 
than 4h to the laboratory and centrifuged at 1,000g at 4 •c for 10 min. Aliquots 
of CSF supernatant (0.5 ml) were subsequently collected in 1.5-rnl Eppendorf 
microtubes (Eppendorf Protein Lo Bind; ref0030108.l 16) and stored at -80 •c 
before shipping on dry ice, additional storage at -80℃ and analysis. These 
samples were used and tested without performing an additional freeze-thaw cycle 
The methods used for the handling and traceability of the samples were in keeping 
with the procedures recommended in the biobank quality standard NFS 96-900, 
for which the laboratory is certified. Additional details were described previously'叫

Brain imaging. Amyloid deposition, glucose metabolism, tau (NFT)-PET 
and cortical thickness/subcortical volumes were assessed using nc-PiB-PET, 
''F-FDG-PET, "F-AV-1451 and volumetric Tl-weighted MRI scans, respectively. 
Standard procedures were used to ensure consistency in the data collection of 
all DIAN sites". The nc-PiB-PET scan consisted of70 min of dynamic scanning 
after a bolus injection of~13 mCi of PiB with regional standard upt砧eratios 
(SUV.Rs) determined from the 40-to 70-min timefrarne. The "F-FDG-PET 
scan started 30 min after a bolus injection of~5 mCi and lasted 30 min. The 
"F-AV-1451 data were acquired from the 80-to 100-min window after bolus 
injection and were converted to SUVRs. The Tl magnetic resonance sequence 
was an accelerated magnetization-prepared rapid acquisition with gradient echo 
acquired on 3T scanners (parameters: repetition time= 23,000; echo time= 2.95; 
1.0 x 1.0 x 1.2 mm'resolution). All tau and PiB-PET data have been reported in 
previous publications'・". 
The PiB and FDG SUV.Rs from 34 cortical and six subcortical regions of 
interest (RO!s) were obtained using FreeSurfer software (http://surfer.nmr.mgh 
harvard.cdul). The SUV.Rs were processed with total cerebellum gray matter as 
reference regions and ROI data were corrected for partial volume effects using a 
regional point spread function'''in a geometric transfer matrix framework. 

Statistical analysis. Baseline characteristics of the participants were summarized 
as means土s.d.for continuous variables and n (column percentage) for categorical 
variables. Pvalues for comparing the differences among asymptomatic mutation 
carriers, symptomatic mutation carriers and non-carriers, as defined at baseline, 
were obtained using LME models for continuous variables and generalized LMEs 
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with a logistic link for categorical variables. All of the models incorporated a 
random family effect to account for the correlations on the outcome measures 
between participants within the same family. The cut point for baseline cortical 
PiB-PET SUVR was chosen such that the difference in the longitudinal rate of 
change of cortical PiB-PET between mutation carriers and non-carriers first starts 
to differ significantly from 0. 
The cross-sectional relationships of the different tau phosphorylation sites 
with PiB, FOG and cortical thickness/subcortical volume were evaluated in all 
asymptomatic mutation carriers (CDR = O; n = 152) using multivariate LME 
models on each ROI. The models included f1Xed effects ofEYO and random 
intercepts at the family level. Compared with the simple correlation estimation 
method (Pearson or Spearman correlation), the multivariate LME model can 
adjust for covariates such as EYO, as well as accounting for the correlation 
within the family cluster"ぶ'".?values for testing the correlations were corrected 
using the Benjamini-Hochberg method"', to control the false discovery rate due to 
multiple testing. 

For the within-individual annual rate of change over the longitudinal 
follow-up, the best linear unbiased predictors for each biomarker were estimated 
using LME models, which were then plotted against the baseline EYO to examine 
biomarker trajectories. LME or linear spline mixed-effects models, where 
appropriate, were then used to determine the baseline EYO point from which 
mutation carriers became significantly different from non-carriers in the baseline 
level and the rate of change for each biomarker. The details of the linear spline 
mixed-effects models can be found in a recent publication'. The LME or linear 
spline mixed-effects models included the f1Xed effects of mutation group (mutation 
carrier or non-carrier), baseline EYO, time since baseline and all possible two-or 
three-way interactions among them. Sex, years of education and apolipoprotein-E 
e4 status were considered as covariates, but only those effects that were significant 
were retained in the models. The random effects included in the models were the 
random intercepts for family clusters, individual random intercept and random 
slope with unstructured covariance matrix, to account for the within-subject 
correlation due to repeated measures. The adjusted difference in the mean level at 
baseline and difference in the rates of change between mutation carriers and non-
carriers were then tested using the approximate I-test derived from the models to 
determine the first EYO point at which the difference became significant. 
To visualize the differences in the rates of change among t-tau, tau 
phosphorylation site, cortical PiB and global cognition across the range of EYO 
values, measures of mutation carriers were first standardized using the mean and 
standard deviation of non-carriers. The rate of change of each measure for each 
mutation carrier was then calculated using LME modeling, and LOESS curves were 
fitted to visually represent the trajectories of the standardized rates of change over 
theEYO. 
The utility of the baseline and annual rate of change oft-tau and p-tau 
m predicting longitudinal cognitive decline among mutation carriers was 
evaluated using LME modeling, controlling for the effect of baseline age, sex and 
apolipoprotein-E,:4 status. Random effects in the models included the random 
intercepts for family dusters, individual random intercept and random slope with 
unstructured covariance matrix. 

Linear regressions were used to examine whether the annual rate of change 
of tau and p-tau position for mutation carriers and non-carriers, leading up to 
and including the point when the tau-PET was performed, could predict tau-PET 
SUVR, controlling for the effect of age. Due to the limited number of participants, 
a family cluster was not included. 

All analyses were conducted using SAS 9.4 (SAS Institute) and RStudio (version 
3.4.3). P < 0.05 was considered to be statistically significant and all statistical tests 
were two sided. 

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article. 

Data availability 
The data that support the findings of this study can be requested from DIAN at 
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sl udy-i nvcstigator-resources/. 

Code availability 
All codes used for data analyses are available upon request from the 
corresponding authors. 

References 
55. Morris,). C. et al. Developing an international network for Alzheimer 
research: the Dominantly Inherited Alzheimer Network. Clin. Investig. (Lond.) 
2, 975-984 (2012). 

56. Storandt, M., Balota, D. A., Aschenbrenner, A.). & Morris,). C. Clinical and 
psychological characteristics of the initial cohort of the Dominantly Inherited 
Alzheimer Network (DIAN). Neuropsychology 28, 19-29 (2014). 

NATURE MEDICINE I www.nature.com/naturemed1c1ne 

57. Lim, Y. Y. et al. BDNF Val66Met moderates memory impairment, hippocampal 
function and tau in preclinical autosomal dominant Alzheimer'Sdisease. 
Brain 139, 2766-2777 (2016). 
58. McKhann, G. et al. Clinical diagnosis of Alzheimer's disease: report of the 

NIN CDS-AD RDA Work Group under the auspices of Department of Health 
and Human Services Task Force on Alzheimer,sDisease. Neurology 34, 
939-944 (1984). 

59. Patterson, B. W. et al. Age and amyloid effects on human central nervous 
system amyloid-beta kinetics. Ann. Neurol. 78, 439-453 (2015). 
60. Del Campo, M. et al. Recommendations to standardize preanalytical 
confounding factors in Alzheimer'Sand Parkinson,sdisease cerebrospinal fluid 
biomarkers: an update. Biomark. Med. 6, 419-430 (2012). 
61. Barthelemy, N. R. et al. Tau protein quantification in human cerebrospinal 
fluid by targeted mass spectrometry at high sequence coverage provides 
insights into its primary structure heterogeneity. J. Proteome Res. 15, 
667-676 (2016). 

62. Su, Y. et al. Partial volume correction in quantitative amyloid imaging. 
Neuroimage 107, 55-64 (2015). 
63. Luo,)., DJ¥ngelo, G., Gao, F., Ding,). & Xiong, C. Bivariate correlat10n 
coefficients in family-type clustered studies. Biom. J. 57, 1084-1109 (2015). 
64. Xiong, C. et al. Longitudinal relationships among biomarkers for 
Alzheimer disease in the Adult Children Study. Neurology 86, 
1499-1506 (2016). 

65. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: a 
practical and powerful approach to multiple testing. /. R. Stat. Soc. B 57, 
289-300 (1995). 

Acknowledgements 
Data collection and sharing for this project was supported by the DIAN (UFIAG032438), 
funded by the National Institute on Aging, German Center for Neurodegenerative 
Diseases and Raul Carrea Institute for Neurological Research (FLENI), with partial 
support via research and development grants for dementia from the Japan Agency for 
Medical Research and Development and the Korea Health Technology R&D Project, 
through the Korea Health Industry Development Institute, MRC Dementias Platform 
UK (MR/L023784/l and MR/009076/1) and AO! Lady Biobank CHU. The development 
and performance of the mass spectrometry analyses was supported by the Alzheimer,s 
Association Research Fellowship (AARF-16-443265 to N.R.B.), Fondation Plan 
Alzheimer (to A.G. and S.L.), BrightFocus (A20143845 to R.J.B.), the National Institute 
of Neurological Disorders and Stroke (ROINS095773 to R.J.B.) and the National Institute 
on Aging (K23 AG046363 to E.M.). This manuscript has been reviewed by DIAN 
Study investigators for scientific content and consistency of data interpretation with 
previous DIAN Study publications. We acknowledge the altruism of the participants 
and their families and contributions of the DIAN research and support staff at each of 
the participating sites for their contributions to this study. We thank J. Ringman and B. 
Ghetti for reviewing the manuscript and making suggestions. 

Author contributions 
N.R.B. and C.S. performed the mass spectrometry analyses. Y.L., C.X., N.J.-M. and 
B.A.G. performed the statistical and imaging analyses. N.R.B., Y.L., R.J.B. and E.M 
designed the study and wrote the initial draft of the manuscript. All authors collected 
samples and data, helped to interpret the results and reviewed drafts of the manuscript 

Competing interests 
R.J.B. has equity ownership interest in C2N Diagnostics and receives royalty income 
based on technology (stable isotope labeling kinetics and blood plasma assay) licensed 
by Washington University to C2N Diagnostics. R.J.B. receives income from C2N 
Diagnostics for serving on the scientific advisory board. Washington University, with 
R.J.B., E.M. and N.R.B. as co-inventors, has submitted the US nonprovisional patent 
application℃erebrospinal fluid (CSF) tau rate of phosphorylation measurement to 
define stages of Alzheimer's disease and monitor brain kinases/phosphatases activity' 
R.J.B. has received honoraria from Janssen and Pfizer as a speaker, and from Merck 
and Pfizer as an advisory board member. E.M. has received royalty payments for an 
educational program supported by Eli Lilly and as a member of a scientific advisory 
board for Eli Lilly. 

Additional information 
Extended data is available for this paper at https://doi.org/10.1038/s4159 i -020-0781-z 

Supplementary information is available for this paper at httpヽ：I/doi.org/10. I 038/ 
s•I 1591-020-0781-z. 

Correspondence and requests for materials should be addressed to R.J.B. or E.M 

Peer review information Brett Benedetti and Kate Gao were the primary editors on this 
article and managed its editorial process and peer review in collaboration with the rest of 
the editorial team 

Reprints and permissions information is available at www.11ature.com/repri11ts 



[ARTlCLES NATUREMEDICINE | 

a
 L
L
Zヒ
L
~
c
a
-
d

6

4

2

0

2

 

c
 

n
e
1
 

6

4

2

 

-2 

e
 
6
 

L
o
o
L
U
L
O
O
F
-
d
 

S
O
Z
J/S
O
Z
.L -
d
 

N
O
N
s
a
o
z
s
1
0
 
-2 

．・
 

．
 

I 

Estimated years to symptom onset 

I 

'¥ 

箪
-1'7 I 

Estimated years to symptom onset 

I 

41 . ¥ ~ y i 
2 

0 ' • 一

b
 

d
 

6

4

2

0

2

 

6

4

2

0

2

 

一土・：
一。

Estimated years to symptom onset 

I 

I 

←―  
●-■ 

・る ・

1:3 l 

Estimated years to symptom onset 

妥
I `．可

Estimated years to symptom onset 

109 

Extended Data Fig. 1 J Individual longitudinal changes of different phosphorylated-tau sites and total tau highlights differences in the time of increase 
relative to disease onset. Individual, z-transformed, longitudinal changes in the ratio of phosphorylation of a, pT277/T217, b, pT181/T181 c, total tau、
d, p T205/T205, and e, pS202/S202 for mutation carriers (orange= asymptomatic mutation carriers, (n = 152), red= symptomatic mutation carriers 
(n = 77)) and non-carriers (blue, (n = 141)) across the estimated years to symptom onset (EYO). The vertical dashed line is the point of expected symptom 
onset, the vertical green line represents the model estimated time when the rate of change for each p-tau isoform becomes greater for mutation carriers 
compared to non-carriers 
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Extended Data Fig. 21 Individual longitudinal changes of different unphosphorylated-tau sites. Individual, z-transformed, longitudinal changes in the 

unphosphorylated levels of a, T217, b, T181 c, T205 for mutation carriers (orange= asymptomatic mutation carriers, (n = 152), red= symptomatic mutation 

carriers (n = 77)) and non-carriers (blue, (n = 141)) across the estimated years to symptom onset (EYO). The solid line represents a LOESS fit to cross-

sectional and longitudinal data. The vertical dashed line is the point of expected symptom onset. Compared to the phosphorylation ratios of each site 

(Extended Data Fig. 1), the increase in the unphosphorylated levels appears to be more similar over the progression of disease 
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Extended Data Fig. 3 I Change in tau phosphorylation state is site dependent and related to amyloid PET and disease stage in DIAD and sAD. Bar 
charts illustrating the proportion of participants that have p-tau ratios and total tau levels that exceed the normal values (biomarker + (red)) (a-d) as the 
stage of disease progresses from cognitively normal/PiB-PET normal to cognitively normal/PiB-PET positive then to mild dementia (CDR 0.5) and greater 
(CDR > 0.5). The top row is DIAD (n = 210) and the bottom row sAD (n = 83). The figure demonstrates very similar patterns for each phosphorylation 
ratio and total tau levels across the progression of disease and indicate a similar ordering in DIAD and SAD, generalizing these findings to AD 
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Extended Data Fig. 41 Elevated levels of tau phosphorylation decline in some sites with atrophy of hippocampal volumes in contrast to a continued rise 

in total tau. Estimated individual annual rates of change of p-tau isoforms and total tau, standardized by the mean and standard deviation of the estimated 

rate of change for all mutation carriers, (y-axis) for mutation carriers were correlated with the annual change in hippocampal volumes (a-d). The linear 

regression was fit to those with no dementia (CDR 0, black circle, n = 48) and dementia (CDR > 0、redtriangle、n= 27). A decline in pT217/「217(a), 

r=0.74(p<0.0001), pT181/「181(b), r= 0.84 (p < 0.0001) and pT205バ205,r = 0.25 (p = 0.03) phosphorylation rate was associated with hippocampal 
volume decline. For total tau there was an inverse correlation with atrophy (d), r= -0.79(p < 0.0001). (e) A linear fit for all mutation carriers demonstrates 

there are distinct associations between declining cognition and changes in the different p-tau isoforms and total tau: with decreases in pT217/f217 and 

pT181バ181and an increase in total tau associated with cognitive decline; and no associations with pT205/f205 or pS202/S202. This suggests that 
soluble tau species are not equivalent in AD (pS202/S202) is shown here to demonstrate the lack of association with cognition, r = -0.07 (p = 0.57). 
Statistical significance of the correlations was calculated using z test. 
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Extended Data Fig. 5 I Elevated levels of tau phosphorylation decline in some sites with atrophy of precuneus cortex in contrast to a continued rise in 
total tau. Estimated individual annual rates of change of p-tau isoforms and total tau, standardized by the mean and standard deviation of the estimated 
rate of change for all mutation carriers, (y-axis) for mutation carriers were correlated with the annual change in hippocampal volumes (a-d). The linear 
regression was fit to those with no dementia (CDR 0, black circle, n = 48) and dementia (CDR > 0, red triangle, n = 27). A decline in pT217/T217 (a), 
r=0.75 (p<0.0001), pT181/T181 (b), r= 0.83 (p < 0.0001) and pT205/T205, r = 0.19 (p = 0.09) phosphorylation rate was associated with precuneus 
cortical decline. For total tau there was an inverse correlation with atrophy (d), r= -0.77(p < 0.0001). (e) A linear fit for all mutation carriers demonstrates 
there are distinct associations between declining cognition and changes in the different p-tau isoforms and total tau: with decreases in p-T217 and 
p-Tl81 and an increase in total tau associated with cognitive decline; and no associations with pT205/T205 or pS202/S202. This suggests that soluble 
tau species are not equivalent in AD (pS202/S202 is shown here to demonstrate the lack of association with cognition, r= -0.04 (p = 0.72). Statistical 
significance of the correlations was calculated using two-sided t tests 
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Extended Data Fig. 6 I Tau PET increases near symptom onset in DIAD mutation carriers. The mean cortical standardized unit value ratio (SUVR), 

y-axis, for mutation carriers (red, n = 12) and non-carriers (blue, n = 9) over estimated years to symptom onset (EYO), x-axis, for those participants with 

a longitudinal CSF evaluation preceding the time of tau-PET. The plot shows that for mutation carriers there is little elevation in tau-PET until the point 

of estimated symptom onset (EYO=O). This figure shows that the neurofibrillary tangle (NFT) pathology detected by AV-1451 occurs much later than 

the increase in multiple soluble phosphotau sites suggesting that these soluble markers of tau are likely a marker of NFT pathology, but rather might 

114 predispose to the development of the hyperphosphorylated, insoluble tau deposits characteristic of AD pathology. 
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Extended Data Fig. 7 I Longitudinal change in tau and tau phosphorylation sites are differentially related to neurofibrillary tau (tau-PET) in dominantly 
inherited AD. Individual, rates of change of phosphorylation and total tau (y-axis) in mutation carriers only leading up to the time of tau-PET scan (x-axis) 
(n = 12). The vertical line is an SUVR of 1.22 and represents a conservative estimate of the point when cortical tau-PET is considered elevated for tau 
aggregates compared to non-carriers. The plots suggest that increases in soluble tau and p-T205 are associated with higher levels of aggregated tau, 
whereas the rate of phosphorylation at p-T217 and p-T181 decrease as levels of aggregated tau increase. These findings suggest that there are differences 
between increasing levels of tau and phosphorylation at different sites and may indicate that, in some instances, soluble p-tau maybe sequestered as the 
burden of hyperphosphorylated aggregates increase with the spreading of tau pathology. They also suggest that with the increase in aggregated tau there 
is a rise in soluble tau levels which could represent either passive or active release with greater burden of aggregated tau pathology. 
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Abstract 

Background Hypereosinophilia syndrome (HES) is a rare disease character-

ized by the association between hypereosinophilia and eosinophil-mediated 

organ infiltration and damage or dysfunction. The cause of hypere-

osinophilia is classified as neoplastic, reactive and idiopathic. However, 

hypereosinophilia causes tissue and organ damage, regardless of the under-

lying etiology. The common manifestations are pulmonary, skin and gas-

trointestinal. Rarely, neurological lesions are manifested. As neurological 

lesions of HES, mononeuritis multiplex, radiculopathy、 opticneuritis, menin-

gitis and cerebral infarction have been reported. 

Case presentation A 43-year-old woman suffered from dysphagia and 

hoarseness, after symptoms of fever and sore throat 1 month earlier. On 

admission, her physical examination was unremarkable, except for neck pain 
on the right side. The neurological examination showed "Villaret's syn-

drome": Homer's sign on the right side, and paralysis of the right glos-

sopharyngeal nerve, vagus nerve, accessory nerve and hypoglossal nerve. 

Laboratory tests showed marked eosinophilia and it gradually worsened. 

The maximum eosinophil count increased to 3474/mm3. Magnetic reso-

nance imaging showed a high-intensity area with contrast effect spreading 

in the retroparotid space in the short Tl inversion recovery image、anda 

high-intensity area spreading in the deep gray matter of the cerebrum in 

the fluid-attenuated inversion recovery image. Treatment started with ster-

oid pulse therapy. After therapy, eosinophils normalized on the next day, 

and multiple cranial nerve palsy improved gradually and normalized. Six 
months later, the abnormal signal of the retroparotid space had disap-

peared on magnetic resonance imaging. 

Conclusions HES is a multisystem dysfunction secondary to eosinophilic 

infiltration. In rare cases, HES causes inflammation in the retroparotid space 

and causes Villaret's syndrome. 
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Introduction 

Hypereosinophilia syndrome (HES) is a rare disease 

characterized by the association between hypere-

osinophilia and eosinophil-mediated organ infiltra-

tion and damage or dysfunction. Clinical presentation 
of patients might be very heterogeneous, as it is 

strictly correlated to organ damage mediated by eosi-
nophils. Hypereosinophilia might intrinsically cause 

tissue and organ damage, regardless of the underlying 

etiology. Organ damage might be observed when the 
number of eosinophils exceeds 2000/mmい
The common manifestations are pulmonary, skin 

and gastrointestinal. Rarely, cardiac difficulties and 

neurological lesions are manifested. As neurological 

lesions of HES, mononeuritis multiplex, radiculopa-

thy, optic neuritis, meningitis and cerebral infarction 
have been reported.2-6 The present patient a showed 

high-intensity area with contrast effect spreading in 

the retroparotid space in the short Tl inversion 
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recovery image of the magnetic resonance imaging 

(MRI; Fig. la,b), and a high-intensity area spreading 

in the deep gray matter of the cerebrum on the 

fluid-attenuated inversion recovery image (Fig. le). 

No similar case with neurological symptoms of HES 

has ever been reported. 

Case report 

We present a 43-year-old woman who suffered from 
dysphagia and hoarseness, after symptoms of fever 

and sore throat 1 month earlier. She was admitted 

to a local clinic because of fever and sore throat. She 
was diagnosed as tonsillitis and treated with antibi-

otics. After therapy, her symptoms improved. How-

ever, the sore throat recurred, and dysphagia and 

hoarseness also appeared after 1 month. She was 

admitted to a local clinic again. At that time, she 

was had paralysis of the hypoglossal nerve and right 

side vocal cord. For this reason, she was admitted to 

the Department of Neurology, Hirosaki University 

Hospital, Hirosaki, Japan. Her past medical, drug 

allergy, travel, contact with animals and family his-

tory were not significant. 

On admission, the patient's vital signs and physi-

cal examination were unremarkable, except for 

neck pain on the right side. No clinical findings of 

parasitic infection were observed. The neurological 

examination showed "Villaret's syndrome": Homer's 

HES with inflammation in the retroparotid space 

sign on the right side, and paralysis of the right 

glossopharyngeal nerve, vagus nerve, accessory 

nerve and hypoglossal nerve (Fig. 2a-c).7 Labora-

tory tests showed marked eosinophilia of 1826/mm3 

(23% of white blood cell count) with normal other 

blood counts and peripheral smear. After admission, 

her eosinophilia gradually worsened. The maximum 

eosinophil count increased to 3474/mm3 (43% of 

white blood cell count). The immunoglobulin E 

level and erythrocyte sedimentation rate were nor-

ma!. Antiphospholipid antibodies, perinuclear 

antineutrophil cytoplasmic antibodies, cytoplasmic 

antineutrophil cytoplasmic antibodies and Aspergillus 

antigen were negative. Cerebrospinal fluid examina-

tion was normal. Blood cultures and throat culture 

were negative. The antistreptolysin O titers, and the 

antibody titer of Epstein-Barr virus and mycoplasma 

showed no significant change. MRI showed a high-

intensity area with contrast effect spreading in the 

retroparotid space (around the right carotid artery 

and internal jugular vein), and a high-intensity area 

was also confirmed in the right tongue on the short 

Tl inversion recovery image (Fig. la,b). A needle 

biopsy was carried out from the retroparotid space 

showing a high-intensity area on MRI. In the speci-

men, only lymphocytes were detected. Eosinophils 

and heteromorphic cells were not observed. Biopsy 
was carried out from the right palatine tonsil. In 

the specimen, only lymphocytes were detected. 

Figu『e1 (a,b) Magnetic resonance imaging showed a high-intensity area with contrast effect spreading in the retroparotid space (yellow arrowhead) 
a「oundthe right carotid artery (red arrowhead) and internal jugular vein (blue arrowhead), and a high-intensity area was also confirmed in the right 
tongue (arrow) in the short Tl inve「sionrecovery image. (c,d) The abno「malsignal area of the magnetic resonance image in the right side of the ton-
gue and retroparotid space disappeared 6 months after treatment. (e) A high-intensity area spreading in the deep gray matter of the ce「ebrumon 
the fluid-attenuated inversion recovery image 
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Eosinophils and heteromorphic cells were not 

observed. 

After hospitalization, eosinophils increased further 

and numbness in the distal part of left leg appeared. 

A nerve conduction study showed the decrease in 

sensory nerve action potentials of the left sural 

nerve. Nerve biopsy was carried out from the left 

sural nerve. Nerve biopsy showed axonal degenera-
tion and regenerative changes. Muscle biopsy was 

carried out from the left biceps brachii. Muscle 

biopsy showed neither vasculitis nor myositis. 

Treatment started with steroid pulse therapy. After 

therapy, eosinophils decreased to 4/mm3 (0.1 % of 

white blood cell count) on the next day. The neck 

pain and numbness in the distal part of the left leg 

improved immediately. Hypoglossal nerve palsy 

improved gradually and normalized. Six months 
later, the patient had made a complete recovery. The 

abnormal signal area on the MRI in the retroparotid 

space and right side of the tongue disappeared 

(Fig. lc,d). However, the abnormal signal area in 

the deep gray matter of cerebrum did not change 
significantly. 

After steroid pulse therapy, the patient took oral 

prednisolone at a dose of 50 mg/day (1 mg/kg/day), 

and then gradually stopped in 6 months. She has 
had no relapses or other neurological symptoms for 

10 years. 

Discussion 

Neurological manifestations associated with HES are 

reported as encephalopathy, cerebral embolic dis-

ease, peripheral neuropathy and eosinophilic menin-

gitis.2-6 However, the present patient clid not fit any 

case of HES reported in the past. 
As the pathology of HES, Yoshikawa suggested 

three potential mechanisms: direct eosinophilic infil-

tration, the remote or local effects of secreted eosi-

nophil products and embolic infarction互Theexact 
mechanism of eosinophil-induced tissue damage is 

not known, but eosinophils transit through the 
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blood before migrating into tissues. Specific selectms, 

adhesion molecules, chemokines and cytokines 

(interleukin-5) successively and collectively con-

tribute to eosinophil homing. Eosinophils are 

directly cytotoxic and can affect a local release of 

toxic substances, such as enzymes, reactive oxygen 

species, pro-inflammatory cytokines and arachidonic 

acid-derived factors.9 

In the present case, biopsy was carried out from 

the abnormal signal site of the retroparotid space on 

the MRI, but only lymphocytes were detected. After 

treatment with a steroid, the abnormal signal disap-

peared and normalized. Therefore, it was suspected 

that secreted eosinophil products induce local 

inflammation around the blood vessel, and ischemic 

changes as a result of inflammatory cell infiltration 

into nutrient vessel walls in cranial nerves cause cra-

nial neuropathy. Local inflammation of the retropar-

otid space around the right carotid artery and 

internal jugular vein causes multiple cranial neu-

ropathy, "Villaret's syndrome." The retroparotid 

space is the only area where the lower four cranial 
nerves (IX, X, XI, and XII) and sympathetic fibers to 

the eye lie in close proximity and show "Villaret's 
syndrome."7 

Hi~h -in ten~ ity ~hange in t~e r~g?t side_ of t~e ton-
gue is considered as a result of hypoglossal nerve 
denervation. There is a similar image change report 

in the skeletal muscle that caused denervation. 

Edema of the neurogenic muscle is considered to be 

the cause. IO 

The high-intensity change of MRI in the deep gray 

matter of the cerebrum was suspected to be a result 

of HES. This lesion did not change after steroid ther-

apy. Lee reported the pathology of central nervous 

system involvement in HES.11 In that report, eosino-

phils were found in just four of 11 cases. Eosinophils 

infiltrated into the brain parenchyma in two cases, 

eosinophils were limited to inside the lumen of the 

vessels in one case and eosinophils were limited in 

the cerebrospinal fluid in another case. Eosinophil 

infiltration was not found in the patients with 

Figure 2 Villaret's syndrome (right hypoglossal 
nerve、vagusnerve, accessory ne「ve,hypoglos-
sal nerve palsies and right Homer's sign). (a) 
Right Homer's sign. (b) Accessory nerve palsy 
(cl Hypoglossal nerve palsy. 
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infarctions. As eosinophil infiltration was not found 
in pathological studies of patients with HES, they 

concluded that the lesions in the brain likely did not 

result from direct invasion by eosinophils. Another 
study has emphasized that the cytotoxic effect of 

proteins released by circulating eosinophils, subse-

quent endothelial damage and thrombus formation 
are responsible for brain infarction of HES. 12 

HES sometimes causes extravascular inflamma-

tion. As a result of extravascular inflammation of 

the right carotid arte1r'and internal jugular vein, 
there is a possibility of causing the lower cranial 

neuropathy, "Villaret's syndrome." 
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Abstract. Cerebrospinal fluid (CSF) amyloid-13 (Al3)42 and tau are biomarkers for Alzheimer's disease (AD); however, 
the effects of other neurodegenerative processes on these biomarkers remain unclear. We measured Al340, Al342, total tau, 
phosphorylated-tau, and a-synuclein in CSF and plasma using matched samples from various neurodegenerative diseases 
to expand our basic knowledge on these biomarkers and their practical applications. A total of 213 CSF and 183 plasma 
samples were analyzed from cognitively unimpaired subjects, and patients with Alzheimer's disease dementia (ADD), mild 
cognitive impairment (MCI), non-AD dementias, and other neurological diseases. The CSF/plasma ratios of A似。 andAl342 
were approximately 25:1. Al34(1;42 ratios in CSF and plasma were both 10:1. The CSF total tau/P!Sltau ratio was 6:1 
The CSF/plasma a-synuclein ratio was I :65. Significantly decreased Al342 levels and an increased Al340142 ratio in CSF 
in ADD/MCI suggested that these relationships were specifically altered in AD. Increased total tau levels in ADD/MCI, 
encephalopathy, and multiple system atrophy, and increased P!Sltau in ADD/MCJ indicated that these biomarkers corre- 121 
sponded to neurodegeneration and tauopathy, respectively. Although CSF a-synuclein levels were increased in ADD/MCI, 
there was no merit in measuring a-synuclein in CSF or plasma as a biomarker. The combination of biomarkers by the Al34(1142 
ratio x p 18 ltau reflected specific changes due to the AD pathology in ADD/MCI. Thus, CSF Al34(1, Al342, p 18 I tau, and tau 
were identified as biomarkers for aggregated Al3 associated state (A), aggregated tau associated state (T), and neurodegen-
eration state (N) pathologies in AD based on the NIA-AA criteria. Overlaps in these biomarkers need to be considered in 
clinical practice for differential diagnoses of neurodegenerative diseases 

Keywords: Al34(1, Al342, a-synuclein, cerebrospinal fluid, neurodegenerative diseases, phosphorylated-tau, plasma, total-tau 

INTRODUCTION 

Many large cohort studies, including the 

Alzheimer's Disease Neuroimaging Initiative [1] 

and Dominantly Inherited Alzheimer Network [2], 

have confirmed the efficacy of neuropsychiatric 

tests, cerebrospinal fluid (CSF) biomarkers, and neu-

roimaging, including MRI, FDG PET, and amyloid 

*Correspondence to: Yusuke Seino, MD, PhD, Department of 
Neurology, Hirosaki University Graduate School of Medicine, 5 
Zaifu-cho, Hirosaki, 036-8216, Japan. Tel.: +81 172 39 5142; Fax 
+81 0172 39 5143; E-mail: seino@hirosaki-u.ac.jp. 

and tau PET, for the diagnosis of Alzheimer's disease 

(AD). These markers have provided strong evidence 
for the signatures of the AD pathology in the brain. 

About 4,500 research (including meta-analysis) 

articles have already been published on the CSF 
biomarkers of AD, confirming the usefulness of 
CSF amyloid-13 (Ai3), tau, and phosphorylated tau 

as diagnostic and predictive markers for AD and its 

pre-disease states. 
Sensitivities and specificities for the diagnosis of 
mild cognitive impairment (MCI) due to AD and AD 

dementia (ADD) were revised due to advances in 

ISSN 1387-2877/19/$35.00 c 2019-IOS Press and the authors. All rights reserved 
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neuroimaging by amyloid and tau PET as well as rig-
orous clinical assessments in definite cohorts. Plasma 
A恥 levelswere recently shown to be closely asso-
ciated with A[) amyloidosis in the brain [5]. Plasma 
phosphorylated-tau has also emerged as a promis-
ing novel biomarker for AD [6]. Based on these 
findings, low CSF A恥 orcortical amyloid PET lig-
and binding has been adopted as biomarkers for A[) 
plaques (labeled "N') in the ATN classification sys-
tern of the NIA-AA research framework. High CSF 
phosphorylated-tau and positive tau PET were also 
biomarkers for tauopathy (labeled "T"). The NIA-
AA research framework proposed diagnostic criteria 
based on the biological definition of AD for observa-
tional and interventional research [7]. 
In most of the articles, the above usefulness as a 
diagnostic marker for AD was examined by compar-
ison with only normal controls. In only a few studies, 
changes in many other neurodegenerative diseases 
were examined in a similar manner to the present 
study [8-11]. Differential diagnosis from neurode-
generative diseases, such as dementia and MCI, with 
different causes in clinical settings, is important. In 
addition, potential changes in such various diseases 
should be clarified in clinical settings [8-11]. Thus, 
many of which were small-scale studies on individual 
biomarkers. We herein examined CSF and matched 
plasma samples to analyze CSF and plasma A似oand 
Af342, CSF total tau and phosphorylated-tau at serine 

Table l 

181 (pl81tau), and CSF and plasma a-synuclein in 
various neurogenerative diseases in order to expand 
our basic knowledge on these biomarkers and their 
practical clinical applications. 

MATERIALS AND METHODS 

Subjects 

A total of 213 CSF and 183 plasma samples 
were examined from neurological disease patients 
admitted to our department and cognitively unim-
paired volunteer subjects (CU). These CSF and 
plasma samples were collected at the same time 
as lumber puncture and a routine blood examina-
tion. The diagnoses of probable ADD and MCI were 
based on the core clinical criteria of NIA-AA [12, 
13]. Clinically diagnosed neurological diseases by 
recent respective criteria included 3 cases of fron-
totemporal dementia cases（百D)[14, 15], 22 of 
Parkinson's disease (PD) [16], 15 of multiple system 
atrophy (MSA) [17], 9 of corticobasal degeneration 
(CBD) [18], 16 of progressive supranuclear palsy 
(PSP) [19], and 30 of amyotrophic lateral sclero-
sis (ALS) [20]. Other neurological diseases included 
IO cases of encephalitis and encephalopathy (ENC). 
Thirty-two CU subjects were also examined. The 
subject profiles are shown in Table I. This study 
was approved by the Ethics Committee of Hirosaki 

Baseline characteristics of participants 

Disease CSF Plasma 
Number Male Female Mean age (range) Number Male Female Mean age (range) 

ADD/MCI 17 8 ， 70 (51-83) 12 5 7 67 (51-77) 
(AD) 12 5 7 67 (51-75) 10 4 6 65 (51-74) 
(MCI) 5 3 2 77 (70-83) 2 I I 76 (75-77) 
FrD 3 3 

゜
68 (58-75) 3 3 

゜
68 (58-75) 

NPH 4 I 3 80 (76-83) 4 3 80 (76-83) 
ENC 10 4 6 51 (26—74) 7 2 s 52 (38-66) 
MS 10 3 7 37 (19-62) 8 7 35 (19-57) 
MO 10 3 7 48 (21-75) 7 2 5 49 (21-75) 
PD 22 ， 13 68 (49-80) 22 ， 13 68 (49-80) 
MSA 15 7 8 67 (58—81) 15 7 8 67 (54-81) 
CBD ， 4 5 72 (67―78) 8 3 5 72 (67-78) 
PSP 16 ， 7 72 (63—82) 14 7 7 72 (63-80) 
SCD 21 ， 12 62 (35-80) 21 ， 12 62 (35-80) 
ALS 30 22 8 66 (49-83) 25 17 8 67 (49—83) 
PN 12 8 4 72 (63-82) 7 4 3 so (27-62) 
cu 32 17 15 57 (17—85) 28 14 14 58 (22—85) 
other 2 l I 57, 70 2 1 I 57,70 
total 213 108 105 62 (17-85) 183 85 98 62 (19-85) 
ADD, Alzheimer dementia; MCI, mild cognitive impairment;百D,frontotemporal dementia; NPH, normal pressure hydrocephalus; ENC, 
meningoencephalitis, MS, multiple sclerosis, NMO, neuromyelitis optica; PD, Parkinson's disease; MSA, multiple system atrophy; CBD, 
corticobasal degeneration; PSP, progressive supranuclear palsy; SCD, spinocerebellar degeneration; ALS, amyotrophic lateral sclerosis; PN, 
polyneuropathy; CU, cognitively unimpaired control subjects. 
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University (2017-112). All participants provided 
written informed consent. 

Assay 

After the sampling of CSF by lumber puncture 
and blood in an EDTA-2Na tubes, samples were 
immediately centrifuged at 3,000 rpm for IO min, 
separated, stored in a polypropylene tube, and frozen 
at -80°C until used. Sandwich ELISA was used to 

quantify A~ J-40 and A~1 -42 levels in CSF using 
Human ~ Amyloid (1-40) ELISA Kit Wako II and 
a Human/Rat ~ Amyloid (I-42) ELISA Kit Wako 
High-Sensitive. Plasma A~x-40 and A~x-42 levels 
were measured using Human/Rat ~ Amyloid (40) 
ELISA Kit Wako II and a Human/Rat ~ Amyloid 
(42) ELISA Kit Wako High-Sensitive according to 
the manufacturer's instructions (Wako Pure Chem-
ical Industries, Ltd., Osaka, Japan). Microplates 
were pre-coated with monoclonal BAN-50 (IgG, 

anti-A~1- 16) or BNT77 (IgA, anti-A~11-28, spe-
cific for A~1 I-!6) and sequentially incubated with 
25 μ,I of samples followed by horseradish peroxidase-
conjugated BA27 (anti -A~ 1-40 (Fab')久specificfor 
雌 40,)or BC05 (anti-A~35-43 (Fab')2, specific for 
A~42/43)- CSF total tau and phosphorylated-tau 
(ptau181) were measured by INNOTESTRhTAU 
Ag and PHOSPHO-TAU (181P) (FUJIREBIO Inc., 
Tokyo, Japan). Captured antibodies were AT120 for 
total tau and HT7 for ptau 181, and detection anti-
bodies were BT2 and HT7 for total tau and AT270 
for ptau I 81, respectively. Sensitivities were 0.019 
and 0.049 pmol/L (assay range, 1.0-100 pmol/L) 
in the A~ J-40 and A~x-40 assay, and 0.06 and 
0.024 pmol/L (assay range, 0.01-20.0 pmol/L) in the 
A~ J-42 and A~x-42 assay, respectively. Assay ranges 
for total tau and ptau 181 were 7 5~l,200and25~500 

pg/ml, respectively. CSF and plasma a-synuclein 
were measured by the human a-synuclein ELISA kit 
consisting of a captured rabbit monoclonal antibody 
to a-synuclein 118-123 and a detection biotinylated 
mouse monoclonal antibody to a-synuclein 103-107 
(SIG-38974, Covance Inc., NJ, USA). The assay 
range was 6. 1~1,500 pg/ml. Intra-and inter-assay 
coefficients of variation were less than 10% in all 

assay systems. 

Statistical analysis 

Assay values among the respective groups were 
analyzed using the Kruskal-Wallis test with multi-
pie comparison tests for non-parametric data using 

GraphPad Prism, version 7 (GraphPad Software, San 
Diego, CA). Since the number of MCI cases was 
small, ADD and MCI cases were statistically ana-
lyzed as one group, ADD/MCI. In the CSF analysis, 
mean age was significantly higher in the PSP and nor-
ma! pressure hydrocephalus (NPH) groups than in the 
CU group(p =0.0057 and p = 0.0095, respectively). 
In the plasma analysis, mean age was higher in the 
NPH group and lower in the MS group than in the 
CU group(p=0.0 I 91 and p = 0.0326, respectively). 
No significant differences were observed in the mean 
age distribution of other groups. 

RESULTS 

CSF and plasma A似olevels in CU were 
1,829士645and 73.9土9.2pmol/ml, respectively. 
CSF A似olevels were higher in ADD/MCI than 
in CU. However, no significant differences were 
observed in CSF and plasma A釦olevels among 
the respective diseases (Fig. la, d). The CSP/plasma 
A恥 ratiowas 25.1士 ］0.2in CU. This ratio did not 
significantly differ among disease groups (Fig. lg). 
CSF and plasma levels of A恥inCU were 
173.8土66.4and 7.8土2.0pmol/ml, respectively. 
CSF A恥 levelswere 101.2士29.93pmol/ml in 
ADD/MCI, and significantly lower than those in 
cu(Fig. 1 b, p = 0.0005). No significant differences 
were observed in plasma Ai342 levels among the 
diseases (Fig. I e). The CSP/plasma Ai342 ratio was 
23.0土 ］1.3in CU. This ratio was significantly lower 
in ADD/MCI than in CU(p=0.181, Fig. lh). 

CSF Ai340/42 ratios were 10.8土1.9in CU and 
22.69士6.0in ADD/MCI. A significantly increased 
ratio was observed in ADD/MCI(p<0.0001), while 
no significant differences were observed among the 

other diseases (Fig. lg). The plasma Ai340/42 ratio 
was 10.0土2.4in CU. No significant changes were 
observed among groups (Fig. If). The CSP/plasma 
Ai340/42 ratio was significantly higher in ADD/MCI 
(2.10士0.41)than in CU (1.16士0.38)(Fig. 1 i, 
p < 0.0001). The higher CSF Ai340/42 ratio resulted 
in a significant increased CSP/plasma Ai340/42 ratio 
in ADD/MCI (Fig. 1 h). 

These results suggested a relationship between 
the CSP/plasma ratio in A釦oand A知 levels
and between the Ai340/42 ratio in CSF and plasma. 
CSF A知oand Ai342 were cleared into plasma at 
approximately 25~23: 1. Ai340/42 ratios were 10.8 in 
CSF and 10 in plasma, suggesting that the Ai340/42 
ratio remained constant in CSF and plasma. These 
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Fig. I. CSF and plasma Af34(J and A1342 in neurological diseases. *p<0.05; ***p<0.0005; ****p<0.0001. 

relationships resulted in a CSF/plasma A~40/42 ratio 
that was close to 1 in CU. Thus, the relationship 
between A釦oandA恥 andits ratio were specifically 
altered in AD. 
CSF total tau levels were 259.3士162.8pg/ml in 
CU, and were significantly higher at 738.4土290.6
pg/ml in ADD/MCI(p<0.0001), 1,337士1554pg/ml
in ENC(p=0.036), and 415.7土158.2pg/ml in 
MSA(p=0.0164) than in CU. One patient with 
Creutzfeldt-Jacob disease (CJD) had a CSF tau 
level of 1,554 pg/ml (Fig. 2a). Pl 8 Jtau levels were 
41.69 pg/ml in CU and significantly increased to 
88.62士29.69pg/ml in ADD/MCI(p<0.0001). No 
significant changes were observed in other dis-
eases (Fig. 1 b). The CSF total tau/p 181 tau ratio 
was 6.0土 1.8in CU, and increased to 8.2士1.2
in ADD/MCI(p=0.0038), 38.8土55.6in ENC 
(p=0.013), and 10.2士3.1in MSA(p<0.0001). In 

CJD, this ratio was 25.9 (Fig. 2c). Specific changes 
due to AD processes were recognized in Pl81tau 
levels. 

The CSF and plasma a-synuclein levels in CU 
were 1.7土 0.8and 90.2土 54.2ng/ml, respectively. 
The CFS a-synuclein level was significantly higher 
in ADD/MCI than in CU and other neurological dis-
eases(p=0.006; Fig. 2d). The plasma a-synuclein 
levels showed no significant intergroup difference. 
The measured values significantly overlapped among 
all groups (Fig. 2e). The ratio of plasma/CSFぽ
synuclein in CU was 65.3土 57.8,showing an inverse 
correlation, i.e., high in the plasma and low in 
the CSF, unlike other biomarkers such as Al3 and 
tau (Fig. 2f). CSF total tau/a-synuclein ratio was 
4.1土 1.8in CU and increased to 7.22土 3.41inMSA 
(p=0.009), but was not significant in PD (Fig. 2g). 
The CSF p 181 tau/a-synuclein ratio was 25.8 in 
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Fig. 2. Total tau, phosphorylated-tau in CSF, and a-synuclein in CSF and plasma. *p < 0.05; **p < 0.005; ***p < 0.0001 

CU and increased to 37.9士8.4in CBD(p=0.021) 
(Fig. 2h). 
The combination of biomarkers by the CSF 
雌 40;42ratio x total tau (the AD index [3]) was 
significantly higher in ADD/MCI (17,409土8859;
p<0.0001) and MSA (6,223士4,658;p = 0.0286) 
than in CU (Fig. 3a). The CSF Al340/42 
ratio x p 18 ltau was 2,088士999 in ADD/MCI 
(Fig. 3b; p < 0.0001). The CSF A1340/42 
ratio x p 181 tau combination reflected specific 
changes due to the AD pathology in AD and MCI. 
Further combinations of the Al340/42 ratio x total 
tau/a-synuclein ratio showed increased levels 
in ADD/MCI (74.46士34.79; p = 0.0097), ENC 
(226.4士452.7; p = 0.0312), and MSA (90.5土39.8;
p = 0.0002) (Fig. 3c). The combination of the 
Al340/42 ratio x p 181 tau/a-synuclein was signif-
icantly increased in ADD/MCI (801.4士396.3;

p <0.0001) 
(Fig. 3d). 

and CBD (604.5土317.9;p=0.01) 

DISCUSSION 

Despite marked overlaps among a small number of 
mdividual groups, the present study on CSF A釦oand 
A~42 in various neurological diseases due to differ-
ent pathological processes showed specific changes 
in A恥 andin the A~40/42 ratio, which is consis-
tent with previous findings [3, 8-11]. A~42 levels and 
their ratios to A似oas an internal control were con-
sidered to reflect the specific processes of brain A~ 
amyloidosis [I, 2], but not those of tauopathy, synu-
cleinopathies, or other pathological cascades. Plasma 
A~ levels and their ratios have not provided definitive 
findings due to prominent overlaps among the dis-
ease groups studied [21, 22]. Recent studies revealed 
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Fig. 3. Index of Al340/42, tau, p 181 tau, and a-synuclein in CSF. *p < 0.05; **p < 0.005; ***p < 0.0005; ****p < 0.000 I. 
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that CNS-derived Ai3 was cleared into the CSF and 
peripheral blood, and only 30~50% of plasma Ai3 
originated from the CNS [22]. These clearance pro-
cesses were found to be differentially regulated by 
age, the APOE genotype, and presence of Ai3 amy-
loidosis [22, 33]. Our small-scale study did not clearly 
show slight differences in Ai3 levels due to brain Ai3 
amyloidosis; however, the results obtained demon-
strated that the CSF/plasma ratio of A伽oand Ai342 
remained mostly constant at approximately 25 to I 
and also that the ratio between A伽oand A恥 was
also constant at IO to I in CSF and plasma. Even 
though this was a small-scale study, the present results 
also showed that the relationships between A似oand 
Ai342 in CSF and plasma were specifically altered in 
AD pathological processes, suggesting that overlaps 
among other neurodegenerative processes need to be 
considered in clinical practice. 
Since we did not complete plasma tau and ptau 181 
assays, we herein on1y ana1yzed CSF tota1 tau and 
ptau 181 in subjects. Similarly, our multicenter study 
in which CSF tota1 tau was measured in 1,031 sub-
jects showed overlapping values in the tauopathy 
and other neurological disease groups, with mod-
erate measurement sensitivity and specificity as a 
biomarker using mean士2SD as a cutoff value, 
instead of ROC analysis [8]. The diagnostic criteria 

of the neurodegenerative diseases have been revised 
based on new findings over the past 16 years, and, 
therefore, are reviewed in the present study. Although 
the same overlaps were observed in the present study, 
total tau was increased in some diseases because of 
different pathological processes, including tauopa-
thy due to AD, acute brain injury by ENC and CJD, 
and axonal degeneration in MSA [24]. No significant 
changes were detected in total tau, p 181 tau, or their 
ratio in CBD, PSP, or汀 D,as previously reported 
[11, 25-29]. These findings were consistent with the 
present results on total tau, thereby confirming it 
as a definitive biomarker for AD and brain injury, 
as recommended in the novel framework diagnostic 
criteria "N+" as a biomarker for neurodegeneration 
[7]. CSF p 181 tau was previously identified as a spe-
cific biomarker for tauopathy, "T +" in AD [7]. The 
present results on the CSF total tau/p 181 tau ratio sug-
gest that it was 6: I and that the phosphorylated-tau 
tangle pathology increased p 181 tau and secondarily 
induced brain injury due to increased total tau levels 
(8: 1), even in AD. 
In contrast to AD biomarkers, significant changes 
in CSF a-synuclein levels were not observed, as pre-
viously reported for PD [30—34] and MSA [35]. In 
previous studies, blood contamination was strictly 
excluded [30-35]. However, as recently reported, 
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Table 2 
Assay results and mean values and standard deviations (SD) tn respective groups 

Disease mean CSF level士SD mean plasma level士SD
AJ34(1 Al342 Total tau Pl81tau a-synuciem A~40 Al342 a-synuclem 

ADD/MCI 2183土538 IOI土30 738士291 88 6士30 3.02士1.8 77.7土12.4 7.63土］．85 76 6士35.5
(ADJ 2184土637 94士27 824土288 98土28 2.79士］8 74.1士9.7 7.22士1.74 77 7士37.5
(MCI) 2180土200 119士32 532土］87 66 I士21 3.55土1.93 95.4士9.5 9.65土0.78 714：：：34.2 
FrD 1883土333 152士IO 302士35 48.9士12 1.64土0.16 74.2士5.2 6.9士1.4 I 18.5士60.7
NPH 1433士320 126土39 269土102 32.9士］0 I 27士016 74.1士145 9 10士2.12 75.2士26.2
ENC 1612土779 153士76 1337士］554 44.8士25 2.76土2.22 73.8士11.9 8.68士l.80 82.4土55.0
MS 1638士366 158士55 240土］02 35.4土5 I 58士0.70 65.0土11.7 6.51土1.57 120.0士591 
NMO 1638士666 136士67 301土］36 417士20 1.5士0.50 71.5士89 6.27士I.IO 106.2士42.0
PD 1516土565 126士42 217士119 37.8士］6 I 31士059 75.0土8.7 8 24士2.50 73 I士226 
MSA 1619士613 126土53 416士158 42.9士20 I 64土068 78.5士10.l 8.56士2.22 76 9士382 
CBD 1665士612 126士73 312士76 54 2士］0 1.54士0.59 75.7土13.9 6.98土2.06 116.8土487 
PSP 1593土680 135士67 270士904 42.0士16 1.52土0.63 79.8士10.6 8 14土1.52 81.8士34.2
SCD 1745土494 158土55 261土106 45.6土］5 I 54士054 73.5土7.9 7 72土206 86.3士30I 
ALS 2017士814 155土61 344士169 44.8土20 1 72士09 77.4土8.9 8.13士2.33 80 6士36.3
PN 1851士660 195土82 249士94 33.6土］2 l.89士097 75.2士146 8.79士345 142.3士79.9
cu 1829士645 174士66 259士］63 41.7士19 I 7士084 73 9士92 7.80士2.02 90 2士54.2
other 742, 2007 72, 142 147, 1554 13.7, 60.0 0 74, 2.36 73.9, 79 7 9.80, 9.68 634, 150.6 
total 1764士642 146土62 375土440 45 7士22 1.77土I05 75.2士102 7.90土213 89.6士45.1
Measurement umts of CSF and plasma Al340 and Al342 were presented as pmol/L. Units of CSF total tau and phosphorylated-tau were 
pg/mL. Measurement umts of CSF and plasma a-synuclein were ng/mL. 

it is irrelevant, and, instead, special antibodies are 
used [36]. Our ELISA system demonstrated no 
changes in CSF and plasma a-synuclein levels due to 
hemolysis (a-synuclein is abundant in erythrocytes), 
suggesting that hemolysis examination is not nee-
essary [37]. a-Synuclein levels were 65-fold higher 
in plasma than in CSF, suggesting an inverse rela-
tionship between CSF and plasma than those for 
other AD biomarkers. The presence of a-synuclein 
is considered to be one of the reasons responsible 
for elevated CSF a-synuclein levels in patients with 
severe traumatic brain injury [38]. Peripheral appear-
ances, such as Lewy bodies in ganglion neurons, 
nerves, and skin, were another difference observed 
in synucleinopathies. Significant increases in CSF 
a-synuclein in ADD and MCI may be caused by 
efflux due to a blood-brain barrier disturbance in AD 
brains. As described above, Al3 and tau levels are 
lower in blood than in the CSF, whereas a-synuclein 
level are 65-fold higher in plasma than in the CSF. A 
recent study suggested that CSF total tau/a-synuclein 
or p 181 tau/a-synuclein serve as biomarkers for the 
diagnose of PD and the monitoring of its severity 
[39]. However, the present results do not support this 
finding. The ratios of tau and p 181 tau adjusted by a-
synuclein levels suggested slightly increased tau due 
to axonal degeneration in MSA and slightly increased 
p 18 ltau due to intraneuronal p 18 ltau accumulation 
in CBD (Fig. 2g, h). 
We previously proposed a combination of 
biomarkers, the CSF A1340142 ratio x total tau (AD 

index [3]), to enhance the discriminating power for 
AD pathology (Fig. 3a). In the present study, using 
p 181 levels instead of those of total tau as the AD ptau 
index, the CSF A~40/42 ratio x p 18 !tau, achieved 
greater sensitivity for the AD pathology and reduced 
interference caused by increases in total tau levels due 
to non-specific brain injuries (Fig. 3b). The clinical 
and practical aspects of this AD ptau index need to 
be examined in more detail. The addition of the a-
synuclein factor to the AD ptau index was not useful 
(Fig. 3c, d). Thus, CSF A伽o,A~42, p 181 tau, and tau 
are considered to be specific biomarkers for the A, T, 
and N classifications of the NIA-AA criteria frame-
work. However, overlaps in these markers need to be 
considered in differential diagnoses of other neurode-
generative diseases with coincident AD pathologies. 
It is necessary to further confirm our results by large 
prospective studies. 
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Perineuritis is a rare type of peripheral neuropathy defined by swelling and cellular infiltration in the 

perineurium. We herein report a 52-year-old man who presented with subacute onset pain from the back to 

the lower limbs, muscle weakness and hypoesthesia. A sural nerve biopsy revealed perineuritis, consisting of 

inflammatory cell infiltration and swelling of the perineurium. Oral prednisolone, plasma exchange and intra-

venous immunoglobulin treatment were all effective, leading to significant improvement of the symptoms. 
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Introduction Case Report 

Perineuritis was first reported in 1972 is as a rare type of A 52-year-old man developed back pain 4 months ago 

peripheral neuropathy characterized by specific pathological and the prick-like pain spread to the entire back. One month 

findings. Swelling and cellular infiltration in the later, left foot numbness and foot drop appeared. The same 

perineurium, with deposits of immunoglobulin (lg) G and symptoms extended to the right foot, and constipation and 

IgM are the typical pathological findings (1). Comorbidity nocturia additionally developed. Twenty days before admis-

of diabetes mellitus, leprosy (2), cryoglobulinemia (3), ma- sion to the hospital, right hand numbness and pain in the 

lignancies (including non-Hodgkin's lymphoma) (4-7), ul- back and both feet worsened, causing sleeplessness. The ad-

cerative colitis (8), infection or collagen disease suggests an ministration of analgesics (clonazepam: 2 mg, tramadol: 250 

immune-mediated mechanism (9). Clinical symptoms of mg, amitriptyline: 10 mg, alprazolam: 0.4 mg, pentazocine 

perineuritis also vary. The first reported cases were both injection at 15 mg per day) and a rescue dose of morphine 
characterized by an onset with predominantly distal painful did not improve his pain. He had a few years'history of 

sensory neuropathy (1), but cases of onset with mononeuritis diabetes mellitus, which was well controlled by dietary ther-

multiplex, sensory motor neuropathy or polyradiculopathy apy, and had drunk approximately 55 g of alcohol per day 

have since been reported (8). Therefore, immunosuppressive over the past 30 years; he stopped drinking at the onset of 

therapies have historically been employed, and Eric et al. re- symptoms. 

ported that immunosuppressive therapy was effective in 7 A neurological examination at admittance revealed distal 

out of 12 cases (58%) of perineuritis (7). dominant muscle weakness of both lower extremities, espe-

We herein report a case of perineuritis characterized by cially of the tibialis anterior (0 in MMT), hypoesthesia be-

severe pain in a middle-aged man with well-controlled dia- low both knees, allodynia in both planta, and loss of lower 

betes that responded well to immunosuppressive therapy. limb reflexes. He was unable to stand or walk due to painful 

paraplegia. His blood count was normal. Blood chemistry 

revealed mild liver damage. Hemoglobin A 1 c was 6.5% (ref-
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Table. The Results of Nerve Conduction Studies. 

MOTOR NERVE 
CMAP(mV) Latency(msec) 

MCV(m/sec) 
F-latency 

Distal Proximal Distal Proximal (msec) 

rt. Median 5.4 (>5.0) 44 3.9 (<4 0) 77 58.7 (>55.0) 27 2 

rt. Ulnar 9 0 (>5.0) 32 2 6 (<3 2) 76 49.5 (>55.0) 26.5 

rt Tibial not evoked 

It Median 8.1(>50) 7.6 3.5 (<4.0) 7.3 55.3 (>55 0) 27.4 

It. Ulnar 8.9 (>5 0) 6 I 27(<32) 69 55 4 (>55 0) 26.J 

It. Tibial 006(>70) 0.05 84 (<5.7) 17.9 40.6 (>40 0) not evoked 

SENSORY NERVE SNAP(μV) Latency(msec) SCV(m/sec) 
Distal Proximal Distal Proximal Distal Proximal 

rt. Median 10 4 (>14 0) 5.5 2.9 (<2.9) 67 52 4 (>55.0) 60.5 

rt. Ulnar 123 (>10.0) 6.5 2.5 (<2.4) 64 55.6 (>55 0) 59 3 

rt Sura! 8.1 (>8.0) 19(<36) 53 8 (>40.0) 

It. Median 5 5 (>14.0) 2.3 29(<29) 6.5 55 4 (>55.0) 54 9 

It. Ulnar 24 I (>10 0) 8.7 2.1 (<2.4) 5.9 65 4 (>55.0) 61.2 

It Sura! 4.7(>140) 2 6 (<3 6) 46.9 (>40.0) 
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Figure 1. Hematoxylin and Eosin staining (A) and Kliiver-Barrera stained (B) images of the sural 

nerve. Inflammatory cells were distributed in the circumference of the nerve bundle with swelling of 

the perineurium. Inflammatory cell infiltration in the nerve bundle and loss of myelinated nerve fi-

bers were mild. 

erence value: less than 6.2%), and the fasting blood sugar 

level was 115 g/dl. Ferritin was high at 467 ng/ml, but iron 

and total iron binding capacity were normal. The renal func-

tion, thyroid hormone, vitamin B group and blood sedimen-

tation rate were normal. Antinuclear antibody, cryoglobulin 

and uroporphyrin were negative. A cerebrospinal fluid 

analysis demonstrated albuminocytologic dissociation with a 

cell count of 2/μl, protein level of 80.1 mg/di, immuno-

globulin G index of 0.94, normal myelin basic protein and 

negative oligoclonal band. Brain and lumbar magnetic reso-

nance imaging findings were normal. Whole-body computed 

tomography revealed no evidence of malignant tumor. An 

electromyogram demonstrated denervation and neurogenic 

changes in the lower limb muscles. Nerve conduction stud-

ies indicated decreased compound muscle action potential 

and sensory nerve action potential with severe motor axon 

damage to the tibial nerve and mild sensory axon damage to 

the sural nerve (Table). A sural nerve biopsy revealed in-
flammatory cell infiltration and swelling of the perineurium 

(Fig. 1). No findings suggestive of vasculitis or abnormal 

deposits were noted. 

Although single oral prednisolone (initial dose of 60 mg 

per day) therapy slightly improved his pain, the combination 

of plasma exchange and intravenous immunoglobulin ther-
apy with oral prednisolone markedly improved his muscle 

weakness and sensory disturbance (Fig. 2). Nearly complete 

recovery of painful paraplegia, constipation, nocturia and 

sleeplessness was observed. His condition did not deteriorate 

following tapering of steroids. 

Discussion 

Perineuritis was first reported by Asbury in 1972 as dis-

tally dominant recurrent painful neuropathy characterized by 

2
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Figure 2. Clinical course after hospital admission. The clinical condition was evaluated based on 
the degree of pain with the numerical rating scale (NRS) and strength of the tibialis anterior (TA) 
muscle, which were the most characteristic findings in the present case. Both symptoms improved 
with treatment. The NRS improved to 1, and the MMT score for the TA muscle improved to 4. Pred-
nisone was gradually tapered to 17.5 mg/day at discharge. 

inflammation in the perineurium (I). Other clinical symp-
toms and comorbid diseases were also reported (1-8, I 0). As 
our patient did not have any other malignancy or autoim-
mune disease, this case was diagnosed as perineuritis com-
plicated with diabetes mellitus (7). 

In this case, the most important differential diagnosis was 
diabetic neuropathy. Although alcoholic neuropathy was also 
considered as a differential diagnosis of his painful neuropa-

thy (11), it was excluded because the symptoms were aggra-
vated after temperance in our patient. Some cases of dia-
betic neuropathy can lead to the subacute onset of painful 
neuropathy, such as treatment-induced neuropathy of diabe-
tes due to the rapid correction of hyperglycemia (12), acute 
painful diabetic neuropathy due to the continuation of hy-
perglycemia (13) or radiculoplexus neuropathy caused by 
microvasculitis (14) mimicking perineuritis symptoms. 
Perineuritis is difficult to diagnose by electrophysiological 
examinations because both axonopathy and demyelination 
may be observed (7). High levels of protein in the cerebra-
spinal fluid are not specific among these diseases (7). 
Perineuritis complicated by diabetes mellitus develops irre-
spective of blood sugar control (7). Although perineuritis 
was suggested to be related to diabetes mellitus in previous 
reports (7), its pathogenesis due to diabetes complications 
has not been clarified because of the lack of pathologically 
specific findings. Therefore, a nerve biopsy examination 
should be performed for diabetes mellitus patients who de-
velop painful neuropathy with no history of rapid correction 
of hyperglycemia or continuation of hyperglycemia because 
the treatment approach for perineuritis with diabetes mellitus 
differs from that for diabetic neuropathy. 
Although there is no standard treatment, Asbury first em-

pirically reported on the efficacy of immunosuppressive 
therapy for the treatment of perineuritis. Eric reported that 7 
out of 12 (58 percent) patients with perineuritis saw their 
condition improved by immunosuppressive therapy including 
oral or intravenous prednisolone, intravenous immunoglobu-

!in, plasmapheresis, immunosuppressant and total lymphoid 
irradiation (7). In our case, single oral prednisolone admini-
stration was not sufficient for relief. Although there was no 
exacerbation of blood glucose control, no improvement was 
observed. Therefore, we conducted plasmapheresis and intra-
venous immunoglobulin administration simultaneously with 
oral prednisolone. These combined treatments were effec-
tive, and the patient had almost no pain or muscle weakness 
when low doses of analgesics were administered (pre-
gabalin: 150 mg per day and clonazepam: l mg per day). 
At present, the patient is receiving oral prednisolone ac-
cording to the standard treatment for vasculitis syndrome. 
We intend to taper oral prednisolone as much as possible. If 
recurrence or side effects of prednisolone appear, we will 
consider the addition of an immunosuppressant. A trial for 
combined immunotherapy may be useful for establishing a 
standard therapy for perineuritis with diabetic mellitus. 
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意識障害 ・介護拒否・食事拒否などの臨床症状を示した

嗜銀顆粒性認知症の 1剖検例

公益財団法人老年病研究所附属病院 内科

高玉真光長嶺士郎

公益財団法人老年病研究所附属病院 病理診断科

鈴木慶 二 福田 利 夫

公益財団法人老年病研究所附属病院 脳神経内科

岡 本幸市

はじめに

嗜銀顆粒性認知症（argyrophilicgrain de-

mentia)はアルツハイマー型病変を伴わない

認知症患者でBraakらにより初めて1987年に

記載された特徴的な嗜銀性顆粒が大脳辺縁

系皮質や扁桃核に多数みられて認知症を来す

疾患である］今回認知症．介護拒否．食

事拒否などの臨床症状を示し，剖検により嗜

銀顆粒性認知症と診断した症例を報告する

症例

患者 ：85歳女性

主 訴 ：食事を摂取しない．

家族歴 ：80歳の時，夫と死別，子供なし．

既往歴 ：70歳頃より高血圧． 76歳で大腿骨頸

部骨折のため観血的治療．

臨床経過： 80歳の時， 一人暮らしとなってか

ら訪問販売員と知り合い，さまざまな家具や

ふとん，不必要な土地などを購入するように

なったその頃から記憶力や認知機能の低下

がみられ，金銭管理も出来なくなり， A婦人

に銀行預金の通帳を預かってもらい，生活費

を受け取るようになった．

82歳の時著しいめまいと意識障害があり ，

救急車で来院．会話は出来たが， 日時は不

明起立も困難で軽度の運動失調が認められ

たが，病的反射は出現していない．病状が回

復してから通院に際して介護保険を申請し，

主治医介護支援専門員民生委員介護者

のA婦人らとケアカンフ ァレンスを開催し

たが，本人には介護については拒否するなど

「頑固」に反対してしまうなどの行動があ っ

たその後地域包括支援センターの保健師

と知り合い，親しく会話するようになり小規

模多機能施設に入所出来るための日常生活の

介護を受けていた．

85歳となった年の 1月17日，施設内で意識

を失って救急搬送されて来院した介護士か

らの話では，7日前から食事を摂取しなくな

り， 2日前から水も飲まなくなっていた．

入院後，輸液を行い意識は徐々に回復し

た．頭部 CT所見では前頭葉，側頭葉の萎縮

があり，両側の海馬回周囲に萎縮がみられた

（図 1, 図2).

入院後も食欲がなく，食事を拒否， リハビ

リテーションも希望せず，服薬もしなかった

2月12日，突然の腹痛と発熱があり，意識

が消失した．急性腹膜炎の診断の下に治療を

行ったが，血圧が低下して死亡．

検査所見では脱水と低蛋白血症が認められ
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ていた

検査成績： T-CHO103mg/dl, HDL-C 54mg/dl, 

TG 54mg/ dl, AST 13mg/dl, ALT 6mg/dl, 

LD 169mg/ dl, ALP 179mg/ dl, y-GTP 9mg/ dl, 

~'U A 3. 5 mg/ d 1, 

BUN 18.lmg/dl, ~ eGFR29.6 

病理解剖学的診断： （図 3~5)

主病名

1.胃潰瘍窄孔， 化朦性腹膜炎

2. 直腸癌

因 1 両側前頭葉に萎縮がみられる

図 2 両側側頭葉

頭頂葉に萎縮がみられる

副病変

1.嗜銀顆粒性認知症

(1)脳萎縮1,045g,(2)神経原線維性変化

2.脳内小動脈硬化

3. 心萎縮 240g 

4.肺水腫う っ血 165g 180g 

5.肺萎縮 600g 

6．左右腎動脈硬化症 65 : 75g 

7.牌萎縮 45g 

8. 下垂体，甲状腺，副腎萎縮

剖検所見 ：アルツハイマー型認知症として治

療中に腹膜炎と敗血症で死亡した症例であ

り，剖検により胃潰瘍穿孔による腹膜炎，腹

水貯留が確認された諸蔵器には萎縮がみら

れたが，気管支炎，敗血症性変化はみられな

かった

脳の老人性変化は海馬回に限局した神経原

線維性変化であり ，老人斑はみられず，海馬

図3 胃潰瘍穿孔

胃体部前壁，約9mm（矢印）

図4 直腸癌

3型，鶏卵大，高分化型腺癌奨膜下まで浸潤
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回の神経原線維変化とともに

性，

タウ染色陽

Gallyas-Braak染色陽性の多数の嗜銀顆

粒の沈着がみられ，

された

嗜銀顆粒性認知症と診断

（図6~9). 

図5 大脳前額断面

限局性病変なし，基底核 ・視床・

海馬回にも明らかな萎縮はない
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図6 海馬回の神経原線維変化

(AT8免疫染色）
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老人斑はない
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「非アルツハイマー型変性性認知症」

初老期老年期に認知症としての症状を示

す疾患にはアルツハイマー型認知症と脳血

管性認知症が代表的である非アルツハイ

マー型変性性認知症 （non-Alzheimerdemen-

tias: NAD)はアルツハイマー型認知症以外

の変性性認知症の総称であるこの中には

1) レビー小体型認知症， 2) タウ蛋白の蓄

積を特徴とする疾患（ピック病，進行性核上

性麻痺，皮質基底核変性症，嗜銀顆粒性認知

症など）がある 1).

嗜銀顆粒性認知症は嗜銀性顆粒が大脳辺縁

系皮質や扁桃核に多数みられ認知症を示す疾

患である またこの嗜銀性顆粒はアルツハイ

マー型認知症やタウオパチーを示す変性疾患

にも加齢に伴って迂回回 ・扁桃核から出現

し，側頭葉内側面から海馬に及び，さらに島

回 ・前帯状回へと広がり種々の認知症と併存

する刈症状は認知症が中心症状で，軽度ア

ルツハイマー型認知症の症状を示すことが多

いが，一部行動 ・性格の変化などの前頭葉症

状が出現し，前頭側頭型認知症と診断される

こともある］

「この症例の臨床所見から学んだこと」

1)認知症の進行は緩徐で，軽度の認知障害

を示したが 4~ 5年間近隣の人には気付か

れることはなかった

2)本症例では訪問販売員から多く の品物を

購入したり ，必要と思われない土地を購入

するなどの行動があった．

3)これを注意してくれた近隣のA婦人を

深く信頼し，銀行預金通帳を預けて，生活

費として現金を下ろしてもらっていたこと

を聴き，金銭管理が不能となったことを

知った．

4)性格変化があり，易怒性が明らかにな

り，MMSEなどの検査は拒否された．

5)初期には見当識は保たれており記憶障

害も認められなかったが，徐々に認知障害

が進行した 地域包括支援センターの保健

師と交際が出来るようになった頃から，金

銭管理が出来ず， 日常生活に介護が必要と

なり，小規模多機能施設に入所することが

出来たしかし自己中心的な行動が著し

く，自分が好む物だけ食べるようになり，

入浴や介護を拒否していた

6) 2-3週間後には全く食事をしなくなり

脱水症状を生じて救急車で搬送された．自

己中心的な行動と命令的な話し方からアル

ッハイマー型認知症よりも前頭側頭型変性

症が疑われた

7) 76歳の時に左大腿骨頸部骨折のため医療

を受けたことがあり認知症がみられてか

ら死亡までの全経過は約5年であった．

引用文献

1)平井俊策編 ：痴呆症のすべて(2).317~ 

324, 2005 

2)山口晴保： 認知症の正しい理解と包括的医

療 ・ケアのポイン ト(3).323~324, 2016 

3)齊藤祐子 ：嗜銀顆粒性認知症と神経線維変

化型老年期認知症 ：日本医師会雑誌147(2), 

「認知症トータルケア」113~115,2018 



本人・家族の希望に沿った生活を支える

認知症初期集中支援チームの活動と地域連携の事例

【前橋市認知症初期支援チーム】

群馬県紅県民健康科学大学

上山 真美

群馬［医療福祉大学

山口 智晴

公益財団法人老年病研究所附屈病院

高玉真光

認知症介護研究 ・研修東京センター

山口晴保

はじめに

わが国の65歳以上の認知症高齢者数を見る

と， 2025年には約5人に 1人になると推計I)

されている． このように増加する認知症高齢

者への対策として厚生労働省は，認知症施策

推進総合戦略（以下，新オレンジプラン）を

2015年に策定した 新オレンジプランは7つ

の柱で構成され，その一つが「認知症の容態

に応じた適時 ・適切な医療 ・介護等の提供J2) 

であるそして，その柱の主な政策の一つが

認知症初期集中支援チーム（以下，支援チー

ム）の設置となる前橋市では2018年度末ま

での全国の市町村に設置する目標に先駆け，

2013年度のモデル事業より支援チームを設置

し，医療 ・介護に結びついていない事例や介

護困難な事例などに対する支援を行っている

今回本人 ・家族の希望に沿った在宅での

生活の継続を支えた支援チームの活動事例に

ついて報告するなお，症例が特定されない

ように内容を損なわない範囲で一部改変し

た．

症

対象 ：80代の男性

例

既往歴： 脳梗塞（再発あり）

家族構成 ：妻 ・娘と同居

定期受診： 脳梗塞発症後，家族が付き添い病

院の外来受診継続

主症状（家族より ）：物忘れが著しい，寝て

ばかりいる

介護保険： 認定切れ

サービス利用 ：なし

支援チーム依頼経路 ：娘が地域包括支援セン

ターヘ相談後，支援チームヘ依頼

問題の見極めとアセスメント

支援チームの主担当者が，地域包括支援セ

ンターの担当者等と対象の自宅を訪問して初
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期評価を行い，月に 2回開催している多職種

（認知症専門医，作業療法士，看護師，社会

福祉士，等）によるチーム員会議（市の地域

包括支援センター担当保健師と本事業受託地

域包括支援センター主任介護支援専門員も参

加）にて詳細を検討した初期評価と検討し

た内容を以下に記す．

1.生活上に生じている問題

対象は自力でむせなく食事摂取でき杖を

使用してトイレは一人で使用できる一方，ほ

とんどの時間をベッド上に臥床して過ごして

いた活気がなくアパシーの状態であると考

えられた四肢の筋力は低下しフレイルの状

態であり今後歩行困難や嗅下機能の低下が

予測された．起居動作時には痛みを口にして

おり痛みが活動を低下させる一因であると

考えられた 山ロキツネ ・ハト模倣テストで

はキツネは模倣できハトは模倣できなかっ

たことから，認知症があると推測された脳

梗塞を繰り返しており幻視やパーキンソニ

ズム，常同行動は見られない等から，血管性

認知症が疑われ，更なる認知機能の低下及び

虚血性疾患再発のリスクが考えられた．な

お対象にテス トをされているというスト レ

スを与えないように，山ロキツネ ・ハト模倣

テストを行ったが，HDS-Rのような認知テ

ストは行わなかった

対象の入浴は娘が介助をしていた．娘は対

象が入浴をしたがらないことに負担感を抱い

ていた．ADLや認知機能の低下によ り，入

浴介助は更に介助量の増加が予測された．

2.評価票による初期評価

評価は DementiaAssessment Sheet in 

Community-based Integrated Care System（以

下，DASC-21).Dementia Behavior Distrbance 

Scale短縮版 （以下， DBD-13).Zarit介護負

担尺度日本語短縮版（以下， J-ZBI-8)により

行った．DASC-21は．認知機能と生活機能を

総合的に評価する指標で21項目からなる満

点は84点 31点以上で認知症の可能性があ

り，得点が高いほうが認知機能の低いことを

表す．DBD-13は認知症の行動心理症状を評

価する指標で13項目からなる満点は52点で

得点が高いほうが症状の悪化を示す．J-ZBI-8

は家族の介護負担を評価する指標で8項目か

らなる．満点は32点で，得点が高いほうが介

護負担感の強いことを表す．

家族による対象の初期評価得点は， DASC-

21 65点 （この点数は中等度以上の認知症を

示す）， DBD-1311点 J-ZBI-810点であ った

3. 生活上の困りごとと希望

対象が生活で困っている ことは無いと発言

していた．しかし，対象の言動から痛みによ

る苦痛物忘れによる不安があると判断し

たまた，通所系サービスの利用は希望せ

ず，家での生活を希望していた介護してい

る妻は，自身の腰痛のため対象への身体的介

獲はできないが，生活のほとんどを臥床して

過ごしていることを 心配し ていた娘は

ADLと認知症症状の悪化を心配し，入浴に

対する介護負担軽減と，対象が望む家での生

活の継続を希望していた．

実際の支援内容と結果

支援はチーム員会議での検討を重ねなが

ら，支援チームと地域 （地域包括担当者，主治

医ケアマネジャ，往診医，訪問リハビリ 等）

との多職種の協働により実施したその内容

は ①介護保険の申請 ②訪問リハビリ の尊

入と経過観察 ③家族への心理・ 社会的サ

ポー ト， ④体調不良時の緊急対応， ⑤体調不

良時に往診を受けられる体制作り，であった．

上記支援を実施した結果，訪問リハビリは

週1回を継続でき 9 ADL能力の低下を予防

し入浴介助時の負担を軽減することにつな
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がったまた、 他者と会話をする機会となっ

た妻と娘には各職種が連携したうえで，

適宜連絡を入れサポートを行う ことで疑問点

や不安の改善につながったまたケアマネ

ジャと支援チーム員が状況確認をした際，対

象の体調不良を察知して緊急対応を支援した

ことにより重症に至らず，在宅生活を継続

できていた

支援チームが介人した期間は約6か月で

あった．介入初期評価と最終評価の各指標の

得点は，DASC-21が65点から68点， DBD-13

が11点から17点 J-ZBI-8が10点から 9点に変

化した つまり，認知機能や行動心理症状は

やや悪化したにもかかわらず，家族の介護負

担感はわずかに軽減 していた．

考察

新オレンジプランでは 認知症の人が住み

慣れた地域の良い環境で自分らしく暮らし続

けるために必要としている ことに的確に応

えていくことを旨としつつ，7つの柱に沿っ

て，施策を総合的に推進していくこと2)とし

ているこれらの施策の一つに支援チームが

位置づけられている立支援チームは 複数

の専門職が家族の訴え等により認知症が疑わ

れる人や認知症の人及びその家族を訪問し，

アセスメン ト，家族支援などの初期支援を包

括的， 集中的に行い，自立生活のサポートを

行うチームと定義3)されている

「初期集中支援」の「初期］とは認知症

の 「初期」にとどまらず，初めて触れる 「初

動 (FirstTouch)」としての意味合いも含ま

れるり「集 中」 には 本人 ・家族 ・支援

者 ・専門職者がアセスメン トか らプランの立

案 ・実施 ・家族支援等に至るまで，人的 ・資

源的にも集中してサポー トを行い， 従来の介

護支援システムや区療システムヘ引き縦いで

いく といった意味合いを含むり

本症例は，「初動」の意味合いが強く ，要

介獲認定は受けていたが適切なサービスの利

用には至らず，認定期限切れになっていた．

まだ医療は外来受診により継続されていた

が，急な体調不良時の往診が可能な体制は整

備されていなかった認知症高齢者の家族介

履者は， 疑念解消に向けた模索を行い，抱え

きれない困惑と焦燥感等を抱くとされる:,).

本症例でも家族は既往疾患や認知機能の低下

に伴う症状に困惑し，対象の生活支援に困難

と不安を抱えていると考えられた

支援チームの本質は認知症の総合アセス

メントを行い，診断へのアクセスを確保し，

診断後の支援と して，本人 ・家族の視点を尊

重しながらステージに応じた統合ケアの導入

を調整することにある凹 認知症は，認知機

能が障害されることにより生活に支障をきた

し， これらが進行することによって本人及び

家族は生活上の困難が増大していく本症例

では 認知機能や行動 ・心理症状はやや悪化

したにもかかわらず家族の介護負担感をわ

ずかながら軽減できたこれは支援チームが

その機能を発揮し，多職種との協働により ，

症例にあった地域医療やサービスにつなげら

れたこ とによ り，介護をする家族が現状を認

識し生活上の困難を軽減できたためであると

示唆された．

支援チームでは 今後も対象と家族の望む

生活を重視したオーダーメイドの医療及び生

活支援を多職種との連携協働により実践して

いく 必要がある．
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たこつぼ型心筋症を発症した多発肺転移を伴う

大腸癌の剖検例

症

公益財団法人老年病研究所附属病院 内科

長嶺士 郎 高玉真光

公益財団法人老年病研究所附属病院 循環器科

天野晶夫

公益財団法人老年病研究所附属病院 病理診断科

福田利夫

公益財団法人老年病研究所附属病院 循環器内科

池田 士 郎 中野明 彦

例

79歳女性， X月初旬より食欲低下．X月Y

日，呼吸困難にて救急搬送．胸写にて両側肺

に円形結節影多発，心電図にて II, IJI, 

心筋症と診断胸腹部 CTにて両側肺野に複

数の腫瘤影，S状結腸壁全周性肥厚を認め，

S状結腸癌，多発肺転移の診断で， bestsup-

portive careとなった．17病日後死亡された

病理解剖を行い，S状結腸癌，多発肺転移の

診断心筋では心尖部に心筋障害を認めた．

転移性肺腫瘍に併発したたこつぼ型心筋症の

病理解剖例を報告した

aVf, V3~V6にてST上昇，心エコー上心尖

部収縮低下を認めた．緊急心臓カテーテル検

査冠動脈収縮有意狭窄なし．左室造影で心尖

部の収縮低下，基部の運動良好．たこつぼ型
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当院における腰椎術後に腰椎の再手術を施行した

症例の検討

公益財団法人老年病研究所附属病院 整形外科

島田晴彦館野勝彦加藤良衛

佐藤圭司

はじめに

以前に腰椎の手術を受け， 一旦症状が軽快

したものの再び症状が出現あるいは悪化し

て，再手術が必要となる症例が存在する当

科においても，完治を目指して手術を施行し

ても再手術が必要となる症例に遭遇する．今

回以前腰椎の手術を受け，再手術が必要と

なり，当科にて最近再手術を施行した腰椎疾

患の 6症例を検討した

結 果

男性2例，女性4例で，再手術時年齢37~

75歳，平均60歳であった 3例は初回手術を

他院にて受け，このうち 1例は 3回の手術を

表1 症例 (6例）

症 例 1 2 

性 別 M F 

年 “困ゴpヽ 37 71 

3 

F 

70 

受けていた再手術時診断は腰椎椎間板ヘル

ニア 4例，腰椎変性すべり症2例であった

再手術の術式はヘルニア摘出術 2例，TLIF

（経椎間孔椎体間固定術） 4例であった（表

1). 

症例

症例 1: 37歳（再手術時） 男性

主 訴 ：腰痛・ 左下肢痛 ・しびれ

現病歴 ：10年前に腰椎椎間板ヘルニアの診断

にて他医にて以／5の椎間板摘出術を受け

た術後経過は順調であったが，9ヶ月前か

ら腰痛 ・左下肢のしびれが出現し，7ヶ月前

に椎間板ヘルニアの診断にて L5/Slの椎間

4 5 6 

M F F 

75 44 63 

再手術診断
ll要本佳朴tr昆甘反^、）レ lj要41t朴佳料1十反^、）レ腰椎変性すべり II要椎椎「閏板ヘル II要朴l1椎間木反ヘル 腰椎変性すべり
ニア（再発） ニア（他椎間） 症 ニア（再発） ニア（再発） 症（再発）

病巣椎間 L5/S1 L2/3 (L3/4) IA/5 IA/5 L5/Sl 以／5

椎間板摘出（3椎弓再建＋椎間
再手術術式 回目／2回目と 板摘出（他椎 開窓十TLIF TLIF TLIF TLIF 

同椎間） 間）

再術後経過 復職 復職 ADL自立 ADL自立 復職 ADL自立

以前の 腰椎椎間板ヘル 腰部脊柱管狭窄 腰部脊柱管狭窄 ll要中佳木佳阻1十反^ヽ ）レ 腰椎椎間板ヘル 腰椎変性すべり
手術時診断 —ァ 症 症 • RA ニア -- _' J 症

椎間板摘出術
開窓術

以前の手術 (1回目 IA/5
(L3/4 U/5) 

開窓術 椎間板摘出術 椎間板摘出術 開窓術

2回目 L5/Sl)

- 57 -



板摘出術を受けた．術後症状は消失し，仕事

に復帰していたが， 1ヶ月前から再発し，症

状が増強してきたため， L5/S1の同側同椎間

の椎間板摘出術を施行した症状は消失し，

3回目の術後 2ヶ月以降，以前の職場に復帰

しているまた，以前から 1日約20本の喫煙

者であった（図 1).

症例 2: 71歳女性

主訴：腰痛 ・両下肢痛

現病歴： 15年前に腰部脊柱管狭窄症の診断に

てL3/4• L4/5の開窓術を受けた．症状は消

失していたが，半年前から腰痛・両下肢痛が

出現し，軽減しないため椎間板ヘルニアの診

断でL2/3の椎間板摘出・椎弓再建術を施行

した．術直後下肢しびれ・疼痛が増強した

が，徐々に軽減し，職場復帰をしている（図

2). 

症例 6: 63歳女性

主 訴：腰痛・下肢痛・しびれ

現病歴： 6年前，腰痛・両下肢痛・しびれが

あり，すべりをともなう脊柱管狭窄部I.A/5に

開窓術を行った．その 1年後から左膝付近に

しびれが出現し，疹痛・筋力低下を生じてき

た投薬・リハビリ等の保存的治療にて軽快

せず， 4年前（初回術後 2年）に変性すべり

症の診断でI.A/5のTLIFを施行した．術後

症状は軽減していたが，再手術後2年半後に

車の乗車中に左下肢痛が出現した．その後症

2回目の術前 3回目術前

初回術後

図 1 症例 1

再手術前

図2 症例 2
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状が増強したため，当科再診し，認／4.L5/ 

Slの椎間板ヘルニアを認めた．症状が強

く，体動困難であったため入院安静とした．

2週間の入院安静にて軽快し，退院となっ

た． しかし，その約 1ヶ月半後に左下肢につ

れ感が出現し，さらに左下肢痛・しびれが増

強したため，退院約2ヶ月半後に再入院と

なった約3週間の入院にて，症状は軽減

し，退院となった現在ADLは自立してい

るが，時々腰痛・下肢痛が増強し，外来通院

中である（図 3).

考 察

146 

腰椎変性疾患の手術に対する再手術の頻度

は，腰椎椎間板ヘルニアはWeinsteinら！）の

報告にて術後4年で約10％と報告され，腰部

脊柱管狭窄症は野地ら2)の報告では約7.3％と

報告されている当科では直近3年間でみて

76例中 5例，約6.6％であった報告とほぼ

同頻度と思われる． Failedback surgeryの原

因として高橋ら3)は

1) 初回手術時の局所病態診断の誤り

2) 全身的疾患の見落とし

3)不適切な手術手技

4)手術合併症

5)病態の再発進行

6)心理社会的要因

7) 医師一患者一家族関係の破綻

などをあげている．症例 1では 1回目と 2.

3回目の手術は椎間が異なり直接の関連は

薄いと思われるが， 2回目と 3回目は同側・

同椎間であったまた，椎間板高は比較的高

く，長期間の喫煙者でありこれらは危険因

子'°であったと思われる症例 2は2回目の

手術は最初の手術とは椎間が離れており，直

接の関連はないと思われる症例3はRAが

あり，徐々に椎間が破壊され，滑りが発生，

進行したものと思われる． RAのコントロー

ル・経過が危険因子と思われる症例 4• 5 

は同椎間・同側の椎間板ヘルニアの再発であ

り術後経過からみれば最初から固定術とい

えるしかし最初の手術後，しばらくは通常

生活ができていたことを考えると難しい判断

といえる．再発した危険因子は不明である．

症例 6は初回手術時に変性すべりがあった

が，腰痛は軽度で，動態X-Pにて椎間不安定

性は軽度であったため，開窓術を行ったし

かし，後日固定術となったはじめから固定

術がよかったのかもしれないが，固定術後に

上下椎間に，椎間板ヘルニアを生じており，

固定術の限界なのかもしれない．

今回の症例から，再手術の危険因子として

1)椎間不安定性

2)椎間板高が高い

初回術後 再手術後

図3 症例 6
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3) RA 

4)喫煙

があげられる再手術に関しては開窓術・

椎間板摘出術は隣接椎間への影響が少ない

が，固定術に関しては可能であれば椎間の制

動の手術がのぞましいと思われた

士
口々

五
口
一＿―
-ロ

1)経過より．最初から，固定術が望まし

かったと思われる症例があったが，その

危険因子ははっきりしなかった

2)喫煙が危険因子として疑われる症例を

1例経験した．

3)椎体間固定術後，上下椎間に椎間板ヘ

ルニアを生じた症例が 1例存在した
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当院における禁煙指導の現状

公益財団法人老年病研究所附属病院 内科

勝 山 彰高玉真光

公益財団法人老年病研究所附属病院 薬剤部

境野智子

オリンピック委員会と世界保健機構は，オ

リンピック開催国に対して，強制力のある受

動喫煙防止対策を取ることを進めてきたこ

のため，日本でも2020年までに国内ばかりで

はなく，東京都の条例でも対策をとることと

している．

先進諸国の中でも， 日本は喫煙問題につい

ては遅れているほうではあるが，近年では発

癌リスクの低減を目指して，ガン対策基本法

が施行され，禁煙支援が健康保険の適応と

なった．

当院においても，6年前より禁煙外来を開

設し，高血圧症や糖尿病，脳卒中の既往歴の

ある人々に対して，希望者には禁煙治療を，

そうでない人についても出来る範囲での情報

提供を行ってきた．

今回は，過去5年間に約40名ほど行ってき

た禁煙治療についての分析を報告する．
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認知症ケアサポートチームの活動実績
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はじめに

高齢化の進行と共に，高齢の入院患者が増

加している認知症患者においては，身体疾

患や手術，治療の過程で不安や混乱を起こし

やすくなっているまた，入院による環境の

変化の影響を受けやすく， 『忍知症症状が悪化

したようにみえる患者も多い．

当院では認知症ケアの質の向上を目的に平

成28年8月より認知症ケアサポー トチーム

(Dementia support team :以下DST)を立ち

上げ活動している DST介入依頼時に患者

への対応で問題となっている点相談したい

内容を病棟より提出してもら っている今

回介入依頼内容をまとめ， DS1‘回診 ・介

入の状況について報告する

DSTの役割

平成28年度診療報酬改定で， 「認知症施策

推進総合戦略（新オレンジプラン）」を踏ま

えた認知症患者への適切な医療を評価して，

認知症ケア加算が新設された．当院では平成

28年8月より認知症ケア加算 1を算定してい

る．

D汀 は病棟における入院患者への対応力

とケアの質の向上，支援のための活動をして

いるチームは医師・ 認知症看護認定看護

師・社会福祉士で構成されている また各病

棟には 2~ 3名のリ ンクナース を配置し

DST`と病棟をつな ぐ役割を担っている 他

にリハビリテーションスタッフ，薬剤師の協

力を得て活動を行っている

DSTの主な活動内容は次の通りである

① 回診とカンファレンスの開催

週に 1回全病棟を回診．回診にはDSTメ

ンバー，各病棟のリンクナース， リハビリ

テーショ ンスタ ッフ，薬剤師が参加・

DST介入依頼の出ている患者について状

態を把握その後回診した患者のカンファ

レンスを病棟毎に行う．新たに介入依頼が出

た患者と対応が困難になっている患者を中心

に話し合い，ケアの方法や内服について意見

交換を行う

② DST委員会の開催

月1回委員会を開催，参加者はDSTメン

バー，各病棟のリンクナース，看護部，薬剤

師， リハビリテーションスタッフ，事務職員

認知症ケアに関する情報伝達・勉強会，研修

会に関する連絡調整等について話し合って

いる．

③ 認知症ケアに関する研修会の開催

全職員対象とした研修会と看護師対象とし

た研修会の 2種類の研修会を毎年開催してい

るそれぞれの研修会は全員が参加できるよ

う10~12回開催している

④ 認知症ケアに関するマニュアル作成

毎年内容の見直しを行い， 漸次改定を行う．
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DST回診・介入の現状

対象と方法 ：平成28年 8月から平成30年 7月

までの DST介入者469名についてDST介入

依頼内容の集計を行った．

結果 ：図 1は1か月毎の回診件数，

病棟別の介入依頼件数である．

介入患者469名 男性200名，

平均年齢84.51歳．

病棟別の介入人数は 3号病棟（整形外科）

116名， 4号病棟（内科） 88名， 5号病棟（神

経内科）102名， 6号病棟（脳神経外科）55名，

図2は

女性269名，

西棟回復期リハビリ病棟71名，新館回復期リ

ハビリ病棟37名

介入依頼内容： 図3は介入依頼内容別の人数

である図4~9は病棟別の依頼内容別人数

である

「転倒・転落のリスク」が最も多くなって

いる．次いで「落ち着きがない」，「大声」，

「せん妄 ・せん妄予防」の順になっている．

回診を行ったところ，落ち着きがない，大

声，安静が守れず転倒 ・転落してしまうなど

の行動はせん妄が関係しているケースが多く
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みられていた身体疾患により入院となり ，

環境の変化，身体的苦痛等により脳の脆弱性

がある患者はせん妄を発症し， DSTの介入

が必要となっている

急性期病棟 ( 4 号病棟 • 5 号病棟 • 6号病

棟）では点滴の自己抜去などルー トト ラブル

も多くみられていた．急性期病棟では安全に

治療が継続できるための対応が必要になって

いる．

回診回数 ：図10は患者毎の介入終了までの回

診回数である

一人当たりの平均回診回数は5.4回であ っ

たが，2 ~ 4回の回診を行った患者が全体の

55％となっている 371名が退院まで回診を
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行っていた

入院中に介入終了となったのは98名であっ

たうち75名が介入依頼となった症状が改善

し，穏やかな療養が可能となり終了してい

る．また，全身状態悪化，意識レベルが低下

し意識障害などにより介入終了となった患者

が18名であった（図11).

D汀による回診は多くの場合は退院まで

続け，状態の改善に努めている．

抑制使用の割合： 図12は回診患者の抑制使用

割合である

介入患者の抑制使用の割合は平均70.9％と

なっている当院は抑制の完全廃止となって

いない現状がある認知機能が低下し様々な

危険のリスクが考えられると，安全に治療を

行うために抑制の使用につながっている
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抑制に対しては，解除に向けて看護計画を

立案してケアに取り組んでいる．

介入の評価 ：阿部式 BPSDスコアを使用し

て介入効果を評価する取り組みを始めた 阿

部式 BPSDスコアを使用した理由は，

① 病棟看護師が短時間で記入できる

② BPSDを数値化して可視化できる．

である

表 1'表2は3号病棟のリンクナースが介

入患者の状態を観察して阿部式 BPSDスコ

ア表記載を行った結果である． B氏は介入後

1週目に手術を受けている手術によりスコ

アが上がっているが，介入経過に伴い BPSD

は改善している

回診後のカンファレンスで病棟看護師から

以前よ り抑制の数が減ってきている と報告が

あった．せん妄を発症していると思われる患

者に内服薬を調整することで症状の緩和，夜

間の入眠につながってきたせん妄の症状が

早期に落ち着き， 抑制を減らすことができて

いる．

抑制を完全に取り除くことは困難である

が，多種の抑制を同時に使用していた患者が

適切に評価を行うことで使用する抑制を減ら

せるケースが多くなってきている

表1 阿部式 BPSDスコア

A氏
介入 介入 2週目 3週目 4週目開始時 1週目

合計
22 13 8 8 3 点数

今後の課題：抑制解除に向けてさらなる取り

組みが必要である 抑制使用による弊害の理

解を深め， 抑制の代替え策の検討・実践をリ

ンクナースを中心に進めていきたい．

今後DSTでは認知症高齢者の療養環境の

課題を明らかにし，多職種で連携を行い課題

に取り組んでいく必要があると考える

士
口々

五ロ＿＿―-ロ

入院は患者本人だけでなく家族にも心配事

が多くなる． DSTの活動により，認知症患

者はもちろん家族も安心して治療を受けられ

る病院にしていきたいと考えている．群馬県

高齢者福祉計画の基本目標に「高齢者の誰も

が住み慣れた地域で安心して暮らせる地域づ

くり」が掲げられている．高齢者が在宅から

入院，そして退院後も安心して暮らせるお手

伝いができるよう，活動Jをしていきたい．
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Objective To analyze whether sufficient energy intake (EI) improves performance of activities of daily living 
(ADL) in patients with hip fracture admitted to rehabilitation hospitals. The adequate amount of EI for improving 
performance of ADL in patients with hip fracture remains unknown. 
Methods This retrospective cohort study included all patients with hip fracture (n=234) admitted to rehabilitation 
hospitals in Japan. The inclusion criteria for山isstudy were age >65 years and body mass index <30.0 kg/m2. 
Patients who were transferred to an acute hospital and those with missing case data were excluded. According 
to the amount of EI, the patients were classified into energy sufficiency and shortage groups (EI/total energy 
expenditure ~1.0 and <LO, respectively). The Functional Independence Measure (FIM) and PIM gain were used 
to evaluate the patient disability level and change in patient status in response to rehabilitation. Finally, FIM gain 
was calculated as the discharge FIM score minus the admission FIM score. 
Results The final analysis targeted 202 patients-53 (26.2%) were in the energy shortage group and 149 (73.8%) 
were in the energy sufficiency group. The energy sufficiency group had a greater FIM gain than the energy shortage 
group (mean, 25.1土14.2vs. 19.7土16.4;p=0.024). Furthermore, sufficient EI in the first week since admission 
(~=0.165; 95% confidence interval, 0.392-5.230; p=0.023) was an independent factor of PIM gain. 
Conclusion Among elderly patients with hip fracture admitted to rehabilitation hospitals in Japan, the amount of 
EI during the first week after admission was an independent factor of FIM gain. 
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INTRODUCTION reported that higher EI significantly improved the ADL in 

patients with stroke in rehabilitation hospitals. However, 

Fundamentally speaking, malnutrition.in patients with the evaluated adequate amount of EI for improving their 

a hip fracture is a major problem that traditionally leads ADL in patients with hip fracture remains unknown. 

to poor patient outcomes. In a recent systematic litera- We aimed to retrospectively analyze whether sufficient 

ture review [l], the prevalence of malnutrition in patients EI improves ADL in patients with hip fracture in rehabili-

with hip fracture was reported as 18. 7% when assessed tation hospitals. 

using the Mini Nutritional Assessment (MNA) test. Also, 

when accounting for body mass index (BMI) and weight MATERIALS AND METHODS 

loss, the percentage of malnutrition was noted at 45.7% 

in those patients reviewed. For this reason, malnutrition 

leads to many problems for the patient, including post-

operative complications [2,3], poor functional improve-

ment [4,5], longer hospital stays [2], high readmission 

rate [2], and the incidence of a high mortality rate [2,6]. 

Recently, it has been suggested that improving the nutri-

tional status of this pati.entpopulation can independently 

and significantly improve their physical function [7]. This 

is an important revelation, considering that 18.7%-45.7% 

of patients with fractured hip suffer from malnutrition, 

improving the nutritional status of these individuals will 

greatly improve their overall health and well-being. 

Previous reports from rehabilitation hospitals in Japan 

suggesl thal in patients with hip fracture, Lhe incidence of 

Study design 
This retrospective cohort study utilized the Japanese 

Rehabilitation Nutrition Database (JRND). In effect, the 

JRND is a large-scale database open for clinical research 

on rehabilitated nutrition [10]. The participants of the 

present study were all hip fracture patients admitted to 

the rehabilitation hospital in Japan who are registered 

in JRND. As a note, a rehabilitation hospital is a hospital 

where patients undertake rehabilitation for approxi-

mately 1-3 hours every day for a period ranging from 1 to 

4 months, with the purpose of improving their functional 

capacity and returning home. The inclusion criteria in 

this study were age over 65 years old and a BMI less than 

30.0 kg/m2. We excluded the subjects who were trans-

156 an improvement of the status of malnutrition in the pa- ferred to an acute hospital and those with any missing 
Lient is an independent factor that leads to an improved case data. In this case, all subjects were followed up on 

ability to perform activities of daily living (ADL). How- until they were discharged. Informed consent was waived 

ever, it remains unknown whether this effect also ap-

plies to elderly patients who have an experience with hip 

fracture at rehabilitation hospitals. The study of Goisser 

et al. [41 reported that dietary intake during the 4 days 

following the operation affected the improvement of ADL 

at 6 months after the surgery. Furthermore, Inoue et al. [5) 

reported that when evaluating the improvement of ADL 

according to the efficiency of motor Functional Inde-

pendence Measure (FIM) gain, energy intakes (Els) dur-
ing the first week postoperatively were an independent 

factor that impacted the patient's health. It is noted that 

the rehabilitation hospital in Japan performs intensive 

rehabilitation after acute treatment and rehabilitation is 

provided for年 3hours daily [8). It is noted that al rehabil-

itation hospitals, the activity of patients with hip fracture 

is higher when compared to the acute treatment ward. 

Therefore, the measured energy consumption of patients 

with hip.fracture is higher, and has a greater caloric re-

quirement than those in the acute phase. Nii et al. [9] 

because of the anonymous nature of the data. The pres-

ent smcly was approved by the Ethics Committee at the 

Jikei University School of Medicine (No. 27-150-(8035]). 

The patient basic information, such as the age, sex, 

BMI, type of fracture, and surgical procedure was ob-

tained from the database. The type of fracture was also 

therefore classified into femoral neck and trochanteri.c. 

The surgical procedures were classified into osteosyn-

thesis, femoral head replacement, and other orthopedic 

surgery. Chiefly, the Charlson Comorbidity Index (CCI) 

[11] and certification for public long-term care insur-

ance (LTCI) before hip fracture were used for analysis 

Furthermore, intervals between the onset and admis-

sion, FIM score al both admission and discharge point, 

and the average amount of rehabilitation per day were 

obtained. Additionally, the Mini Nutritional Assessment 

(MNA) Short-Form [12], total energy expenditure (TEE), 

and EI on admission were acquired. 

The LTCI is a public social security service in Japan, and 
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all use.rs are certificated into seven levels of care after a 

dedicated assessment. 

El and energy sufficiency 

In this study, the EI was calculated by averaging the 

energy provided from oral, intravenous, and enteral nu-
trition for 7 days after admission. Additionally, the oral 

EI was evaluated by a nurse or registered dietitian at each 

ward. Whereas an evaluation of the amount of dietary 

intake and the method used to calculate EI were not 

standardized, the visual assessment method is common 

in Japan, and nurses or registered nutritionists routinely 

evaluate the proportion of meals after each meal. These 

professionals also routinely calculate Eis from the left-

overs and the amount of energy offered. Hence, the EI 

was calculated three times a day. Notably, the ET by in-

travenous and enteral nutrition used as per the doctor's 

directions was also recorded. 

In this case, each patient's hasal energy expenditure 

(BEE) was calculated using the Harris-Benedict formula 

[13]. In the calculation, we used the ideal bodyweight for 

patients. Going further, we estimated the TEE by multi-

plying BEE with a stress factor of 1.1 and an activity factor 

Statistical analysis 

In this study, all statistical analyzes were performed 

using IBM SPSS version 23.0 for Windows (IBM Corpora-

tion, Armonk, NY, USA). Notably, the continuous data 

are presented as mean士standarddeviation and non-

parametric data as the median (interquartile range [IQR] 
25-75 percentile). In this context, the differences were an-

alyzed using the Student t-test and Mann-Whitney U-test 

after confirming the normal distribution. The categorical 

data were expressed as incidences and percentages, with 
comparisons carried out using the chi-square test. The 

correlation analyses were carried out using Spearman 

rank correlation coefficients for age, CCI, number of days 

between onset and admission, a period of rehabilitation 

(min/day), FIM score at admission, and FlM gain. Also, 

the explanatory variable used in the multiple regression 

analysis was selected with reference to that reported 

previously [ 5, 7]. In this case, the selected factors were 

based on the following eight items: age, sex, CCI, num-

ber of days from onset to the admission, the presence of 

surgical procedure, period of rehabilitation, FIM score at 

admission, and presence of certification for LTCI before 

hip fracture. Namely, the multicollinearity was assessed 

of 1.2. Incidentally, the setting of these TEEs was selected using the variance inflation factor (VIF) coefficienl. Ad-

according to suggestions made by Inoue et al. [5]. The ditionally, the multicollinearity was judged when the VIF 157 

subjects were classified into an energy sufficiency group 
and an energy shortage group based on the amount of EI. 
Here, we defined the'energy sufficiency group'with an 

EI/TEE ofe:1.0 and'energy shortage group'<1.0. 

Outcome measurement 
In this analysis, we used FIM to evaluate patient dis-

abiLity level as well as a change in patient status in re-

sponse to rehabilitation. FIM is composed of 13 motor 

scales and 5 cognitive scales [14]. This system works and 

sorts the functional status of a person based on the level 

of assistance from 1 (total assistance) to 7 (complete in-

dependence). Accordingly, the total FIM scores ranged 

from 18 to 126. FIM gain was calculated as the patient's 
discharge FIM score minus the admission FIM score. In 

this case, the FIM gain shows improvement in ADL dur-

ing hospitalization. To some degree with a larger score, 

we can determine that the progression of ADL has largely 

improved. 

5紅 www.e-arm.org

was 2:2. Throughout, p-values of <0.05 were considered 
statistically significant. 

RESULTS 

In this case, there were 234 patients with hip fracture 

were registered叫ththe database from November 2015 to 

March 2018. Notably, there were 226 patients who were 

included in the final analysis. Thus, out of 24 patients, 7 

transferred to the acute hospital, while 17 with insuffi-

dent data were excluded. The final analysis targeted 202 

patients. 

To begin with, Table 1 shows the baseline character-

istics of the study participants. Accordingly, of the 202 

patients, 43 were males and 159 females. The mean age 

was 84.9士7.4years. In this sしudy,there were 108 patients 

with femoral neck fracture (53.5%) and 94 patients with 

trochanteric fracture (46.5%). The surgical procedure 

with 111 patients (55.0%) included osteosynthesis, and 

74 patients (36.6%) underwent femoral head replace-

ment. Ultimately, the median number of days (IQR 25-75 
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Table l. Patient characteristics 

Characteristic All {n=202) 
Energy shortage Energy sufficiency 

p-value 
group (n=53) group (n=l49) 

Age (yr) 84.9士7.4 82.1士7.6 85.9士7.0 0.001'1 

Sex, female 159 (78.7) 38 (71.7) 121 (81.2) 0.146b) 

Type of fracture 

Femoral neck 108 (53.5) 31 (58.5) 77 (51.7) 0.393b) 

Trochanteric 94 (46 5) 22 (41.5) 72 (48.3) 

Surgical procedure 

Osteosynlhesis 11 J (55.0) 25 (47.2) 88 (57.7) 0.604b) 

Femoral head replacement 74 (36.6) 23 (43.4) 53 (34.2) 

Ochers 6 (3.0) 2 (3.8) 4 (2. 7) 

Nonsurgical treatment 11 (5.4) 3 (5.7) 8 (5.4) 

Charlson comorbidity index 1 (0-2) l (0-2) l (0-2) 0.550°) 

Certification for LTCI before hip fracture 93(45.1) 30 (56.6) 63 (42.3) 0.072b) 

Days between onset and admission 22 (18.0-30.0) 21 (16.0-33.5) 22 (18.0-30.0) 0.493'1 

FIM score 

Admission 70.3士25.4 66.6士29.4 71.7士23.7 0.209"1 

Discharge 94.1士26.9 86.3士31.0 96.8士24.7 0.014al 

FIM gain 23.8士15.0 19.7士16.4 25.l士14.2 0.024") 

Period of rehabilitation (min/day) 104.3士29.5 104.4士25.6 104.3士30.8 0.996a) 

BMI (kg/mり 20.1士3.1 19.5士3.0 20.3士3.1 0. 0 9 6a) 

MNA Short-Form 6.0土2.2 5.6士2.2 6.1士2.2 0.124•l. 

TEE (kcal/IBW/day) l,2l2士208 1,30]士222 1,180士195 <0.00]a) 

Energy intake 1,304土274 1,024土290 1,404士186 <0.001 •> 

Energy intake (kcal/kg/day) 29.9士7.7 22.8士6.5 32.4士6.3 <0.001 a) 

Values are presented as mean士standarddeviation or number(%) or median (interquartile range). 
LTCI, public long-term care insurance; FIM, Functional Independence Measure; BMI, body mass index; MNA, Mini 
Nutritional Assessment; TEE, total energy expenditure. 
a)Student t-test. 

叱hi-squaretest. 
,)Mann-Whitney U-test. 

percentile) from the onset of an injury to entering a re-

habilitation hospital was 22 (18.0-30.0). Chiefly, 53 pa-

tients (26.2%) were in the energy shortage group, and 149 
(73.8%) were in the energy sufficiency group. In compari-
son to the energy shortage group, the sufficiency group 
was significantly older (p=0.001) but also had a higher 

FIM score at discharge (p=0.014), and EI (p<0.001). For 

this reason, the TEE was significantly higher in the short-

age group (p<0.001). 
Next, Table 2 shows the results of the univariate analy-

sis for FIM gain. Hence, as compared to the energy suf-
ficiency group, the shortage group (p=0.024) were more 

impaired in FIM gain. 

In short, Table 3 shows correlation analysis results 

of age, CCI, number of days from onset to admission, 
period of rehabilitation (min/day), FIM score at admis-

sion, and FIM gain. There was a significant correlation 

between FIM gain and FIM score at admission (p=-0.185, 

p<0.001). 
Finally, Table 4 shows the results of multiple regression 

analysis for the FIM gain. Collinearity was not observed 

in all items in the multiploidization test using VIF. As 

a result, the energy sufficiency group in the first week 
since admission W=0.165; 95% confidence interval [CI], 

0.392 to 5.230; p=0.023) and the FIM score at admission 

W=-0.304; 95% CI, -0.279 to -0.080; p=0.001) were inde-
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pendent factors for FIM gain. The most notable finding of this investigation was that 

the amount of EI during the first week after admission 

DISCUSSION was an independent factor for FIM gain. The study of In-

oue et al. [5] reported that Els during the first week after 

It is important to realize that the primary original find- the operation was an independent factor for improving 

ing of this investigation was two-fold. First, in elderly motor FIM gain efficiency. Furthermore, Goisser et al 

patients with hip fracture in rehabilitation hospitals, the [4] reported that the number of dietary intakes during 1 

amount of EI during the first week after admission was days after operation affected the improvement of ADL at 

revealed to be an independent factor for FIM gain. Sec- 6 months after surgery. Although the study design used 

ondly, 26.2% of these patients were found to be caloric herein is quite different from previous reports, the results 

deficient. are similar in spite of where the amount of EI affected 

Table 2. Univariate analysis ofFIM gain 

Characteristic FIM gain p-value 

Sex 

Male 23.1士13.4 0.747"1 

Female 23.9土13.9

Type of fracture 

Femoral neck 23.2土13.9 0.597"1 

Trochanteric 24.3士16.1

Surgery 
Presence 23 (12-32) 0.601 bl 

J¥bsencc 23 (14-36) 

Certification for LTCI before hip fracture 

Presence 23.3士14.7 0.688") 

Absence 24. l士15.2

Energy sufficiency 
Presence 25.1土14.2 0.024•) 

Absence 19. 7土16.4

Values are presented as mean士standarddeviation or me-
dian (interquartile range). 
FIM, Functional Independence Measure; LTCT, public 
long-term care insurance. 
•ls tuden t t-test. 
b)Mann-Whitney U-test. 

the improvement of ADL. Then again, there were several 

investigations that have also reported that concomitant 

use of dietary supplements in addition to a healthy diet 

improves muscle mass, grip strength, and ADI、[15-17].In

a review of the previous studies, it has been recognized 

that the muscular strength (gr.ip strength) is strong when 

the intake energy is high [18,19]. Furthermore, an RCT 

at the rehabilitation hospitals showed that increased EI 

with oral nutritional supplements ingestion improved 

the patient grip strength [17,20]. Therefore, we did not 

measure muscle strength to investigate the relation be-

枷 eenEI satisfaction and grip strength in our study. Also, 

it is significant to note that the shortage of EI caused a 

poor improvement in nutritional status, which resulted 

in an insufficient ADL improvement. Based on the results 

of the present study, to improve ADL in patients with hip 

fracture, it is essential for the medical staff to evaluate 

whether the EI of the patient is adequate. Nonetheless, 

while the optimal amount of EI remains unknown, the 

amount of daily activity and patient's condition will af-

fect their EI, even ifwe assume IE/TEE >1.0 as a standard 

figure. 

Equally important, it.is also worth mentioning that 

26.2% of the elderly patients with hip fracture.in reha-

Table 3. Spearman rank correlation coefficients among the factors 

Charlson Days from 
comorbidity onset to 

Age 

Charlson comorbidity index 

Days from onset to admission 
Period of rehabilitation (min/ day) 

rTM score at admission 

FIM, Functional Independence Measure. 
*p<0.005. 

566 www.e-arm.org 

index admission 

0.070 -0.083 

0.095 

Period of 
FIM score at 

rehabilitation 
admission 

FIMgain 
(min/day) 

-0.084 -0.351" 0.113 

0.051 -0.225寧 -0.037 

-0.028 -0.022 -0.016 

0.060 0.048 

-0.185* 
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Table 4. Multivariate analysis ofFIM gain 

95%CI 
¢ p-value VIF 

Lower Upper 

Age 0.960 -0.004 -0.325 0.309 1.329 

Sex 0.934 0.006 -2.532 2.756 1.145 

Charlson comorbidity index 0.812 -0.018 -2.217 1.739 1.192 

Days from onset to admission 0.245 -0.082 -0.270 0.069 1.041 

Surgical procedure, presence 0.546 -0.043 -6.025 3.199 l.070 

Period of rehabilitation 0.361 0.064 -0.038 0.103 1.039 

PIM score at admission 0.001 -0.304 -0.279 -0.080 1.556 

Certification for LTCI before hip fracture, presence 0.066 -0.152 -4. 7.1 7 0.156 1.44] 

Energy sufficiency, presence 0.023 0.165 0.392 5.230 1.106 

FIM, Functional Independence Measure; nCI, long-term care insurance; CI, confidence interval. 

bilitation hospitals were in the energy shortage state, as 
compared to 82.5% in the acute phase hospital during the 

first week after the operation, with an average EI amount 

of 933.0 kcal (quartile 806.9-1,120.1) [5). Also, for one 

thing 71.5% of the patients took less than 50% of their of-

fered meal during the 4 days after the operation [4). Fur-

thermore, in patients in rehabilitation for cerebrovascu-

lar disorders, the average EI amount during 3 days after 

admission was 33.2 kcal/kg/day (quartile 29.2-39.75) [9]. 

Even though the fraction or percentage of the EI short-

age in our study was 26.2%, it is less than that reported 

in acute phase hospitals. However, the EI amount of 

29.9士7.7kcal/kg/day was less than that of patients with 

cerebrovascular disease disorders. Whereas in the pres-

ent investigation, the cause of short EI remains unlcnown. 

While in previous studies, factors of the EI shortage of 

hip fracture patients include changes in sensory organs, 

loss of a tooth, lack of primary caregivers, and in some 

cases, adverse effects of certain drugs [l]. These factors 
may have also contributed to the lower dietary intake ob-

served in the present investigation. Despite the notation 

that as I in 4 elderly patients with hip fracture in rehabili-

tation hospitals may have fallen into energy shortage, it is 
vital to evaluate EI during the first week since admission 

and provide nutritional support to promote the best pa-

tient outcomes in this case. 

In particular, sufficient EI and appropriate rehabilita-

tion are essential for ADL improvement in patients with 

hip fracture in rehabilitation hospitals. In these cases, the 

combination of rehabilitation and nutrition care is called 

rehabilitation nutrition. In this concept, both rehabilita-

tion and nutrition management is performed together 

with the International Classification Guidelines on Dys-

function and Health (ICF} to evaluate the subject's nu-
tritional status and maximize the function of the elderly 

and disabled [21-23]. Moreover, as nutritional evaluation, 

intervention, and rehabilitation are performed concur-

rently; it has been surmised that rehabilitation nutrition 

is useful for ADL improvement in patients with hip frac-

ture in rehabilitation hospitals. 

With this in mind, we considered that the mean gain in 

FIM (FIM score at discharge -FIM score on admission) 

is greatest in patients with moderate assistance, whereas 

patients with low FIM scores on admission show little 

improvement. Because of its ceiling effects, those with 

high FIM scores on admission, who require minimal as-
sistance, will subsequently have little gain in FIM [24]. 
Notwithstanding, there are several limitations to the 

present research. First, the energy ingestion methods 

(oral, intravenous, tube proportion) used in the included 

subjects were noted as unl<nown. Second, EI was evalu-
ated only during the first week after the admission of the 

patient. In addition, the hospitalization period at the 

rehabilitation hospitals tends to become longer than that 

observed in the experience of using acute phase care fa-

cilities. Third, we did not measure the patient muscular 

strength in the present study. Therefore, it may be neces-

sary to consider the length and stage of the investigation 

when determining results of the data. 

Nevertheless, in this investigation, the EI of elderly 

patients with hip fracture in rehabilitation hospitals was 

an independent factor for FIM gain, and 26.2% of them 

were considered Lo be in an EI shortage state. Even so the 

present study showed that ADL could be improved more 
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effectively by improvi.ng the nutritional status of the pa-

tients (IE/TEE> 1.0). 
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2. （公財）老年病研究所病理部：剖検例収載(H29)

日本病理剖検輯報第60輯 日本病理学会編P317~318、2018

脳梗塞後遺症 脳アミロイドアンギオパチー 1心褐色萎縮、左心室肥大 ②肺うっ
425 87歳 F 慢性心不全 血 •水腫、癒着性胸膜炎 3肝萎縮、胆嚢結石（大豆大、多数） 4．動

［内科］ 脈硬化性萎縮腎

運動ニューロン疾患
球脊髄性筋萎縮症 1左心遠心性肥大 ② ．肺水腫．肺うっ血 ・気管

426 68歳 M 支肺炎 3．肝うっ血、嚢胞（左様被膜下 クルミ大） 4動脈硬化性
［神内］

萎縮腎、腎嚢胞（拇指頭大） 5．牌萎縮

乳癌 （腺癌、術後再発）転あり 1進行性核上麻痺 (PSP）、アル

427 95歳 F
肺炎、乳癌、痴呆 ッハイマー型変化群 （ADC) 2．心褐色萎縮 ③．肺うっ血・水腫（高
［内科］ 度）、硝子膜症 4肝萎縮・う っ血（にくずく 肝） 6．動脈硬化性萎縮

臣戸

心筋梗塞（新・旧）、 腎癌 （明細胞癌、不顕性癌 ・潜在癌）転：なし 1菌血症 2．脳萎縮
428 84歳 M 糖原病、急性腎不全 2 3懇下性肺炎 4．肝萎縮 5．心褐色萎縮 6．動脈硬化性萎縮腎

［神内］ 7．前立腺肥大

アルツハイマー病、 アルツハイマー病 1心褐色萎縮 ②．左右肺う っ血、水腫 3．肝萎
429 93歳 F 脳梗塞 縮 4．腎萎縮 5．牌萎縮（商度） 6膵萎縮（高度）、ラ氏島過形成

［内科］ 7甲状腺腫（右、 拇指頭大）．嚢胞（左、大豆大）

430 71歳 M
くも膜下出血 くも膜下出血、脳腫脹 l肺水腫 ・肺うっ血 2．心肥大 3．脂肪肝
［脳外］ 4．前立腺肥大 5．腎の混濁腫脹 6牌うっ血

胆嚢炎、腸閉塞
アルツハイマー型認知症 1．左室求心性肥大、心褐色萎縮 ②肺水

431 104歳 F 腫 ．肺うっ血 3．胆嚢腫脹、胆嚢壁蜂商織炎、線維素性胆嚢周囲炎
［内科］

4．肝萎縮 ・うっ血 5．動脈硬化性萎縮腎 6．牌萎縮（高度）

432 81歳 F
脳底動脈閉塞症 脳底動脈ステント治療後、脳幹梗塞 1．左心室肥大 2気管支肺炎
［脳外］ 3．肝萎縮 • うっ血 4．腎動脈硬化性萎縮・うっ血 5．牌萎縮・うっ血

急性心不全
アルツハイマー病 l．左心室肥大、冠状動脈硬化と狭窄 ②肺水腫・

433 84歳 M
［神内］

肺うっ血、気管支肺炎、左癒着性胸膜炎 3肝萎縮 4．腎動脈硬化性
萎縮腎 5前立腺肥大（超クルミ大） 6.牌うっ血
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肝膿瘍、鹿下性肺炎、
アルツハイマー病 1．冠状動脈バイパス術後、心外膜癒着、心筋梗塞
（左室側後壁、 旧） ②肺水腫 ・肺うっ血、癒着性胸膜炎 3肝混濁434 84歳 M 脊柱障害
肝周囲癒着、肝嚢胞（小指頭大） 4．慢性胆嚢炎、胆嚢結石 5．腎混

［内科］
濁腫脹 6感染牌 7回盲部ポリ ープ（小指頭大、脂肪腫）

照下性肺炎、 バーキンソン病 1心褐色萎縮 ②．唖下性肺炎、気管支肺炎、右胸
435 85歳 F パーキンソン病 膜癒着 3肝萎縮、胆嚢腫脹 4．左右腎動脈硬化性萎縮 5．牌萎縮（高

［循環器］ 度） 6．下垂体（微小腺腫、嫌色素性） 7.甲状腺嚢胞 8．大腸憩室

S状結腸癌 (3型、中分化管状腺癌）転 ．あり l．心褐色萎縮 ②肺

436 79歳 F
肺癌、心筋症 水腫 ・肺うっ血 3肝混濁 4子宮筋腫、右卵巣摘出後 5牌萎縮、
［内科］ 貧血性梗塞（被膜下、小指頭大 1個） 6腎動脈硬化性萎縮 7脳萎

縮
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3.研究成果の発表の事業（学会発表等）

1)第9回動脈硬化と血栓症研究会

平成31年4月19日（前橋）

アテローム血栓性脳梗塞に対する急性期血行再建術における血栓性合併症と抗血栓

療法の検討

宮本直子、内藤功

老年病研究所附属病院脳神経外科

2) World Confederation for Physical Therapy 2019 

令和 1年5月10日～13日（ジュネーブ）

(1) Comparison of Physical Activity Intensity Estimated by Measuring 

Heart Rate during Rehabilitation among Inpatients with Subacute Stroke 

（回復期病棟入院中の脳卒中患者における理学療法中の身体活動強度の比較～心拍

数モニターによる検証～）

Kazuya Fujii1), Masaki Kobayashi1), Toru Saito1l, Shiori Kasahara1l, Takafumi 

Shimura1¥ Chihiro Tajimau, Yasujiro Sakai1l, Kohei Kurokawa1), Tomoyuki 

Shinohara2l, Shigeru Usuda3l 

Geriatrics Research Institute and Hospital1l 

Takasaki University of Health and Welfare2l 

Gunma University Graduate School of Health Sciences3l 

(2) Accuracy of a wrist-worn heart rate monitor compared with a chest 

strap heart rate monitor in patients with stroke（入院中の脳卒中患者におけ

る手首装着型心拍計の胸部心拍数と比較した正確性の検討）

Masaki Kobayashiu, Kazuya Fujiiu, Toru Saito1l, Shiori Kasahara1l, Takafumi 

Shimura1l, Chihiro Tajima1l, Yasujiro Sakai1l, Kohei Kurokawa1l, Tomoyuki 

Shinohara2l, Shigeru Usuda3l 

Geriatrics Research Institute and Hospital1l 

Takasaki University of Health and W elfare2l 

Gunma University Graduate School of Health Sciences3l 

3)第64回北関東頭頸部血管内手術懇話会

令和 1年5月11日（前橋）

(1) 最近のステント併用コイル塞栓術の症例

宮本直子、内藤功、高玉真、岩井丈幸

老年病研究所附属病院脳神経外科



(2) 母血管温存が困難なPICA限局性動脈瘤に対し、ステント併用コイル塞栓術を施行

した1例

山根庸弘1)、長野拓郎叉 斉藤太1)、矢尾板裕之1)、宮本直子2)、内藤 功2)

太田記念病院脳神経外科尺 老年病研究所附属病院脳神経外科2)

4)第60回日本神経学会学術大会

令和 1年 5月22日～25日 （大阪）

(1) Macrophage galectin-3 in spinal white matter is a key molecule for 

motor neuron degeneration in ALS（脊髄白質内のマクロファージガレクチン

-3は筋萎縮性側索硬化症における運動神経細胞変性の鍵となる分子である）

林 信太郎1,2)、山崎 亮1)、岡本幸市3)、吉良潤一1)

九州大学大学院医学研究院神経内科学尺 群馬リハビリテーション病院脳神経内科2)、

老年病研究所附属病院神経内科3)

(2) Downregulation of Cx36-made electrical synapses without glutamatergic 

axon terminals in ALS（筋萎縮性側索硬化症におけるグルタミン作動性軸索終末

なしでコキネシン36による電気的シナプスの応答能の低下）

Yuko Kobayakawau, Katsuhisa Masakiu, Ryo Yamasaki1l, Wataru Shiraishi1l, 

Shotaro Hayashida1l, Shin taro Hayashi1l, Koichi Okamoto2l, Takuya Matsushita1l, 165 

Jun-ichi Kira1l 

九州大学神経内科尺 老年病研究所附属病院神経内科2)

(3) Oral immunization with soybean storage protein containing Abeta4-10 in 

Alzheimer's model mice. （アルツハイマー病モデルマウスにおけるAbeta4-10を含む

ダイズ貯蔵蚕白による経口免疫療法）

Takeshi Kawarabayashi1・2l, Takumi Nakamura1.2・3l, Yusuke Seino2l, Mie 

Hirohata2l, Mikio Shojiu 

Geriatrics Research Institute Hospital1l, Department of Neurology, Hirosaki 

University Graduate School of Medicine2l, Department of Neurology, Gunma 

University Graduate School of Medicine3l 

(4) CAA-related intracerebral hemorrhage in younger patients: nationwide 

study in Japan （日本における若年性CAA関連脳出血）

Kenji Sakaiu, Mitsuharu Ueda2i, Wakaba Fukushima3l, Akira Tamaoka4l, Mikio 

Shoji5l, Yukio Ando2l, Masahito Y amadall 
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Department of Neurology and Neurobiology of Aging, Kanazawa University 

Graduate School of Medical Sciences1l, Department of Neurology, Graduate School 

of Medical Sciences, Kumamoto University2l, Department of Public Health, 

Osaka City University Graduate School of Medicine3l, Department of Neurolo買

Faculty of Medicine, University of Tsukuba4l, Department of Neurolo四， Hirosaki

University Graduate School of Medicine (Geriatrics Research Institute Hospital) 5l 

5)第31回日本老年医学会総会シンポジウム

令和 1年6月6日 （仙台）

老年医学における認知症研究の最前線 認知症のバイオマーカー～自然経過と臨床応

用～

東海林幹夫

老年病研究所附属病院

6)第56回日本リハビリテーション医学会学術集会

令和 1年6月12日～16日 （神戸）

(1) 早期離床の実施に対するバリア分析ーリハビリテーション医療スタッフは何を離床

のバリアと考えるか一

宮澤佳之、梅澤浩輝、小林将生、佐藤みゆき

老年病研究所附属病院リハビリテーション部

(2) 回復期リハビリテーションにおける歩行自己効力感の経時的変化の検討

齋藤拓之1,2)、佐藤みゆき只齋藤徹1)、藤井一弥叉 臼田 滋2)

老年病研究所附属病院リハビリテーション部1)

群馬大学大学院保健学研究科2)

7)第16回日本脳神経血管内治療学会関東地方会

令和 1年6月15日（東京）

破裂紡錘形内頚動脈瘤の一例

宮本直子、高玉真、岩井丈幸、内藤功

老年病研究所附属病院脳神経外科

8)第10回日本脳血管 ・認知症学会総会

令和 1年8月3日 （東京）

(1) 血漿AB値は腎機能により強い影響を受け、 MMSEと相関する

叫寸琢洋1)、瓦林 毅2)、清野祐輔3)、笠原浩生1)、池田将樹1)、池田佳生1)、東海林幹夫2)

群馬大学大学院医学系研究科神経内科尺老年病研究所附属病院脳神経内科2)

国立病院機構弘前病院3)



(2) 組み換えダイズ蛋白によるアルツハイマー病発症予防療法の開発

瓦林 毅1)、中村巧洋2)、甘利雅邦1)、高玉真光1）、東海林幹夫1)

老年病研究所附属病院脳神経内科尺群馬大学大学院脳神経内科学講座2)

9)第9回富山ホタルイカカンファレンス

令和 1年8月17日～18日（富山）

開頭手術所見から見たbridgingvein dural AVFのシャント部位、シャント形態の

検討

宮本直子、内藤功

老年病研究所附属病院脳神経外科

10) 9th Shanan Vascular Conference 

令和 1年8月24日～25日 （鎌倉）

髄膜腫術前塞栓術を行った1例

宮本直子、内藤功

老年病研究所附属病院脳神経外科

11)第53回日本作業療法学会

令和 1年9月6日～8日（福岡）

脳卒中患者における二十課題干渉下での把持力制御と注意配分の関係

手島稜登1)、李範爽2)

老年病研究所附属病院リハビリテーション部尺群馬大学大学院保健学研究科2)

12)第230回日本神経学会関東 ・甲信越地方会

令和 1年9月7日（東京）

経過中にMSAとの鑑別が問題となったPSAの73歳男性剖検例

清水千聖1)、漆田優樹尺菊池雄太郎尺甘利雅邦1)、岡本幸市1）、東海林幹夫1)、高玉

真光2)、池田佳生3)

老年病研究所附属病院脳神経内科1)・同内科2)、群馬大学医学部附属病院脳神経内科3)

13) THE 14th ANNUAL MEETING OF MONNGOLIAN SOCIETY OF PHYSICAL 

AND REHABILITATION MEDICINE 

令和 1年9月18日～21日（ウランバート）レ）

Perioperative Rehabilitation and Nutritional Rehabilitation（周術期リハビリ

テーションとリハビリテーション栄養）

佐藤圭司

老年病研究所附属病院
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14)第31回日本神経免疫学会学術集会

令和 1年9月26日～27日（千葉）

(1) ALS脊髄白質に出現するgalectin-3陽性ミクログリアはTDP-43病理と正相関する

林信太郎1.2)、山崎亮1)、岡本幸市3)、吉良潤一1)

九州大学大学院医学研究院神経内科学尺群馬リハビリテーション病院神経内科2)、

老年病研究所附属病院脳神経内科3)

(2) 表現型不一致の一卵性品胎における多発性硬化症関連T細胞受容体レパトア解析

磯部紀子1)、林 吏恵2)、渡邊充2)、松下拓也2)、岡本幸市3)、吉良潤一2)

九州大学神経治療学1)、九州大学神経内科2)、老年病研究所附属病院脳神経内科3)

15)第7回日本静脈経腸栄養学会関東甲信越支部学術集会

令和 1年9月29日（新潟）

フレイル・サルコペニア予防

橋場弘武

老年病研究所附属病院NST・薬剤部

16) 49th A皿 ualmeeting of the Society for Neuroscience 

令和 1年10月19日～23日（シカゴ）

168 Oral immunization with soybean storage protein containing AB 4-1 0 (AB 

4-10を含むダイズ貯蔵蛋白による経口免疫療法）

Takeshi Kawarabayashi, Masakuni Amari, Masamitsu Takatama, Mikio Shoji 

Geriatrics Research Institute and Hospital 

17)第38回関東甲信越ブロック理学療法学会

令和 1年10月26日～27日（前橋）

回復期リハビリテーションにおける自己効力感と歩行自立度、身体運動機能の関連性

齋藤拓之1,2)、佐藤みゆき 1)、齋藤徹1)、藤井一弥尺臼田 滋2)

老年病研究所附属病院リハビリテーション部1)、群馬大学大学院保健学研究科2)

18)第29回日本医療薬学会年会

令和 1年11月2日～4日（福岡）

転倒・転落防止における薬剤師の役割

橋場弘武1)、金古成美1)、茂木秀敏1)、酒井秀二2）、高玉真光3)

老年病研究所附属病院薬剤部1)・同医療安全管理室2)・同内科3)

19)第38回日本聡知症学会学術集会

令和 1年11月7日～9日（東京）

(1) 組み替え大豆蛋白によるアルツハイマー病経口免疫の作用機序の検討

瓦林 毅1.2,3)、中村琢洋2)、清野祐輔4)、亀谷富由樹5)、池田佳生2）、高玉真光1）、東海



林幹夫1,3)

老年病研究所附属病院尺群馬大学大学院医学系研究科脳神経内科学2)、弘前大学医

学部社会医学3）、国立病院機構弘前病院4)、東京都医学総合研究所認知症 ・高次脳機

能研究分野5)

(2)「DIAN研究／家族会議」

東海林幹夫

老年病研究所附属病院

20)第38回群馬IVR研究会

令和 1年11月8日（前橋）

脳底動脈瘤塞栓術後再破裂の1例

宮本直子、内藤功、高玉真、岩井丈幸

老年病研究所附属病院脳神経外科

21)第65回北関東頭頸部血管内手術懇話会

令和 1年11月9日（前橋）

(1) 脳底動脈瘤塞栓術2年後、 neck部の再発が再破裂した 1例

宮本直子1)、内藤功1)、高玉真1)、岩井丈幸1)、富澤真一郎2)、桑野淳3)、林悟4)

老年病研究所附属病院脳神経外科1)、前橋脳神経外科クリニ ック2)、伊勢崎佐波医師 169 

会病院脳神経外科3)、近森病院脳神経外科4)

(2) 頭皮AVFに対し、 Onyxを用いて塞栓術を行った 1例

桑野淳1)、荒井孝司1)、宮本直子2)、内藤功2)

伊勢崎佐波医師会病院脳神経外科尺老年病研究所附属病院脳神経外科2)

22)一般社団法人群馬県言語聴覚士会第4回学術研究発表会

令和 1年11月10日 （前橋）

重度唖下障害を呈したWallenberg症候群に対するアプローチ経鼻経管栄養から3食

経口摂取にて自宅退院を目指した介入

早川あゆ美

老年病研究所附属病院リハビリテーション部

23)第23回群馬県看護学会

令和 1年11月13日 （前橋）

(1) 回復期リハビリ病棟で実施するミールラウンドのメリットと課題

鈴木巖＼田代明美1）、小林忍1)‘早川あゆ美2)、高橋千秋3)

老年病研究所附属病院看護部1)、同リハビリテーション部2)、同栄養課3)

(2) 眼科点眼薬管理シートの作成と活用による看護の効率化

田畑静紗、小澤恵子



老年病研究所附属病院看護部

(3) 外来のエキスパートを目指したチームの立ち上げ

反町綾乃、古嶋さゆり、平田恵子

老年病研究所附属病院看護部

24)第13回埼玉ブレインセミナー

令和 1年11月15日 （深谷）

コイル塞栓術ができず、クリッピングを行った脳底動脈瘤の1例

宮本直子、内藤功

老年病研究所附属病院脳神経外科

25)日本放射線技術学会第66回関東支部研究発表大会

令和 1年11月16日～17日 （千葉）

X線CT検査におけるWAZA-ARIと換算係数を使用した被ばく線量の比較

藤井雅典

老年病研究所附属病院画像診断部

26)第30回全国介護老人保健施設大会

令和 1年11月20日～22日（大分）

170 (1) 陽光苑健ロプロジェクト

戸谷麻衣子

群馬老人保健センター陽光苑

(2) 残された機能を活かした排泄支援

下藤初代

群馬老人保健センター陽光苑

(3) 低栄養改善に向けて、高玉元気ごはんの取り組み

野田末紗希

群馬老人保健センター陽光苑

27)第35回日本脳神経血管内治療学会学術集会

令和 1年11月21日～23日 （福岡）

(1) Tentorial dAVFにおけるpialfeederとshunt部位の検討

宮本直子、高玉 真、岩井丈幸、内藤功

老年病研究所附属病院脳神経外科

(2) 破裂内頚動脈血豆状動脈瘤に対するLVISSTENTを用いた血管内治療成績

藍原正憲1）、清水立矢1)、山口 玲1)、相島 薫1)、好本裕平1)、宮本直子2)、内藤功2)、

佐藤晃之3)、矢島 翼4)、神徳亮介4)、大谷敏行4)

群馬大学脳神経外科尺老年病研究所附属病院脳神経外科2)、高崎総合医療センター



脳神経外科3)、深谷赤十字病院脳神経外科4)

(3) Solitary fibrous tumorに対するNBCAによる栄養血管塞栓術の際に見られた

castの膨張所見

橋場康弘1)、石原淳治叉曲澤聡1)、宮本直子2)、内藤功2)

桐生厚生総合病院脳神経外科尺老年病研究所附属病院脳神経外科2)

(4) 血管撮影室における患者抑制方法の再考

高橋康之1)、赤岩 優1)、佐藤高章1)、矢嶋正範1)、飯塚裕也1)、藤井雅典1)、高橋清彦尺

宮本直子2）、高玉真2)、内藤功2)

老年病研究所附属病院画像診断部1)、同脳神経外科2)

28) 30th International symposium on ALS/MND 

令和 1年12月4日～6日 （パース）

Microglial galectin-3 in the spinal white matter is a key molecule for 

motor neuron degeneration in ALS（脊髄白質内のマクロファージガレクチン3

は筋萎縮性側索硬化症における運動神経細胞変性の鍵となる分子である）

Shintao Hayashi1・2l, Ryo Yamasaki1l, Koichi Okamoto3l, Jun-ichi Kiral) 

Department of Neurology, Neurological Institute, Graduate School of Medical 

Sciences, Kyushu University1l, Department of Neurology, Gunma Rehabilitation 171 

Hospital2l, Department of Neurology, Geriatrics Research Institute and Hospital3) 

29)令和 1年度秋季群馬県医学会

令和 1年12月7日 （前橋）

(1) 非定型抗精神病薬（リスペリドン）が有効であった心因性多飲症の一例

中村保子1)、島田晴彦2)、菊池雄太郎3)、商玉真光1)

老年病研究所附属病院内科1)、同整形外科2)、同脳神経内科3)

(2)「優性遺伝性アルッハイマー病ネットワーク (DIAN)」

東海林幹夫只瓦林毅1)、高玉真光2)

老年病研究所附属病院脳神経内科1)・同内科2)

(3) 進行性核上性麻痺の 1剖検例における4リピートタウ沈着の解析

福田利夫1)、鈴木慶二尺 甘利雅邦2)、岡本幸市2)、高玉真光3)

老年病研究所附属病院病理診断科1)、同脳神経内科2)、同内科3)

(4) 遺伝子組換えダイズ蛋白によるアルッハイマー病予防法の開発

瓦林毅1)、高玉真光2）、東海林幹夫1)

老年病研究所附属病院脳神経内科1)、同内科2)

(5) 頸椎後縦靱帯骨化症に対して手術を施行した強直性脊椎炎の 1例

島田晴彦＼館野勝彦1)、加藤良衛1)、佐藤圭司1)、清水千聖2)、高玉真光3)



老年病研究所附属病院整形外科1)、同脳神経内科2)、同内科3)

(6) 心脳卒中との鑑別が問題となった、たこつぼ心筋症が疑われた一例

小南彩織1)、天野晶夫2)、甘利雅邦3)、高玉真光4)

老年病研究所附属病院初期臨床研修医1)、同循環器科2)、同脳神経内科3)、同内科4)

(7) もの盗られ妄想のある症例と家族の橋渡しー前橋市認知症初期集中支援チームの

連携一

【前橋市認知症初期集中支援チーム］

黒沢一美1)、山口智晴2)、高玉真光3）、山口晴保4)

訪問看護ステーション結の樹尺群馬医療福祉大学2)、老年病研究所附属病院3)、言忍知

症介護研究・研修東京センター4)

(8) 季節外れのインフルエンザアウトブレイクの経験

甘利雅邦1)、高玉 篤2)、天野晶夫3)、高玉真光4)

老年病研究所附属病院脳神経内科1)、同眼科2)、同循環器科3)、同内科4)

(9) 当院における回復期リハビリテーション病棟の現状

田畑直入1)、佐藤みゆぎ＼堀口布美子1)、平野 哲1)、黒川公平2)

老年病研究所附属病院リハビリテーション部1)、同リハビリテーション科2)

172 30)第4回日本安全運転 ・医療研究会

令和 1年12月13日～14日（福井）

(1) ドライビングシューズを用いた実車評価への移行基準の検討

栗原純一、伊藤紗佑里、小柳慶起、北澤一樹

老年病研究所附属病院リハビリテーション部

(2) 当院の自動車運転再開の流れについて

小柳慶起、北澤一樹、伊藤紗佑里、栗原純一

老年病研究所附属病院リハビリテーション部

(3) 当院におけるドライビングシミュレータの使用実績について

北澤一樹、小柳慶起、伊藤紗佑里、栗原純一

老年病研究所附属病院リハビリテーション部

(4) 継続的な実車教習が運転免許停止後の機能改善につながった症例

伊藤紗佑里、小柳慶起、北澤一樹、栗原純一

老年病研究所附属病院リハビリテーション部

31)第656回日本内科学会関東地方会

令和 1年12月14日（東京）

対麻痺・膀脱直腸障害とMRI上脊髄に長大病変を認めた血管内大細胞性B細胞リンパ

腫の1例



菊池雄太郎1)、漆田優樹1)、清水千聖尺 瓦林毅尺 甘利雅邦1)、東海林幹夫1)、岡本

幸市1)、渋沢弥生2)

老年病研究所附属病院脳神経内科1)、同皮膚科2)

32)第29回群馬県老人保健施設大会

令和 1年12月26日 （前橋）

(1) iPadを用いた多職種協働と在宅支援

小林尚貴

群馬老人保健センター陽光苑

(2) お寿司バイキングをもっと楽し＜ ！美味しく！

木賊菜月

群馬老人保健センター陽光苑

33)新潟脳血管内治療セミナー

令和2年1月31日～2月2日 （苗場）

二期的に塞栓術を行ったCS-dAVFの2例

宮本直子、 高玉 真、岩井丈幸、内藤功

老年病研究所附属病院脳神経外科

34) The 8th International Symposium of Gunma University Initiative for Advanced 173 

Research (GIAR) 

令和2年 2月3日～4日（前橋）

Alzheimer's Disease: Natural Course and Therapy（アルッハイマー病の自然

経過と治療）

Mikio Shoji 

Geriatrics Research Institute and Hospital 

35)第17回日本脳神経血管内治療学会関東地方会

令和2年2月15日（東京）

二期的に塞栓術を行った海綿静脈洞部硬膜動静脈痩の2症例

宮本直子、高玉真、岩井丈幸、内藤 功

老年病研究所附属病院脳神経外科

36) Neurosurgery Update Seminar前橋

令和2年2月21日 （前橋）

当院の脳動脈疱治療（2009-2019年）ー初回治療を断念した症例の検討一

内藤功、宮本直子

老年病研究所附属病院脳神経外科
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4.研究に関する事業報告

1.脳血管障害（脳卒中）の病理学的研究

1)高血圧性脳内出血の病因に関する研究

2)動脈壊死の病因に関する研究

3)脳梗塞の病因に関する研究

4)動脈硬化の発生に関する研究

5) くも膜下出血の際の脳血管れん縮に関する研究

6)脳動脈瘤の発生に関する研究

7)病理解剖の実施

No. 執刀者 年月 日 年齢 ・性別 臨 床 号ロ介 断

444 鈴木慶 二 Rl・l0・28 85歳 ・男性 パーキンソン病・アルッハイマー型認知症・誤感性肺炎

445 福田利夫 R2・1・30 85歳 ・男性

8)動脈壁の代謝と形態に関する研究

9)動脈病変の電顕的研究

10)脳内動脈病変の電顕的研究

11)脳内小梗塞に関する研究

12)高血圧性動脈病変に関する研究

多発性脳梗塞 ・急性冠症候群

2.脳卒中（脳血管障害）の臨床的ならびに臨床病理学的石升究

l)脳卒中の診断に関する研究

2)脳卒中の薬物療法に関する調査研究

3)脳血管障害と24時間血圧値の関係に関する研究

4)脳卒中の予防に関する研究

5)動脈硬化の進展と血清リポ蛋白についての研究

6)脳血管障害患者の胃腸病変に関する研究

7)脳動脈狭窄症に対する血管内手術に関する研究

8)脳動脈瘤に対する血管内手術に関する研究



3. 群馬県における高齢者の健康対策に関する研究

1)高齢者の脂質代謝に関する研究

2)群馬県における長寿地区の特性に関する研究

3)生活習慣病と県勢との関連に関する研究

4)群馬県における肥満とヤセの実態に関する研究

5)群馬県における血清総コレステロー）レ異常者の実態に関する研究

6)老年期の認知症に関する研究

7)超高齢者率の検討に関する研究

8)群馬県民の身長に関する研究

9)自殺死亡率と県勢との関係に関する研究

10)群馬県民の血色素量に関する研究

11)群馬県民の血清総コレステロールに関する研究～近年の動向～

4.脊椎、脊髄病変の原因と治療に関する研究

1)高度頚椎前角障害を合併した圧追性頚髄症における手術法に関する研究

2)頚椎症性筋萎縮症の診断と治療に関する研究

3)頚椎後方除圧後に生じる一過性上肢麻痺の原因と対策

4)上位頚椎病変の神経症候学、臨床的裔位診断学の確立に関する研究

5)上位頚椎不安定性病変に対する確実な後方固定術の開発

6)破壊性頚椎病変を持つ重度慢性関節リウマチ例における、体幹支持l生再獲得のための

後頭骨胸椎間固定術の開発

7)後頭骨胸椎間固定術に使用するspinalinstrumentationの開発

8)頚椎、腰椎、双方に狭窄因子をもつ高齢者歩行障害例の外科的治療手順に関する研究

9)骨粗慇症に起因する重度脊柱後彎に対する矯正固定術の開発

10)麻痺性脊柱変形例における座位バランスの獲得と変形矯正に関する研究

11)高齢者の無腐性骨壊死による下肢麻痺の外科的治療法の研究

12) spinal instrumentation手術における術中、術後合併症回避のための臨床的研究

13)脊椎手術中の脊髄機能モニタリングに関する電気生理学的研究

14)骨傷の明らかでない頚髄損傷例に対する手術的治療の是非に関する研究

15)重労働者腰椎椎間板障害に対する手術治療における早期離床、退院、職場復帰確立の

ための臨床的研究

16)上位胸椎の生理学的動域のX線学的検討

17)脊椎疾患患者の長期フォローアップにおけるコンピュータ活用法の検討

175 



5.慢性関節リウマチ治療に関する研究

1)重度慢性関節リウマチ患者の呼吸障害、礫下困難の原因究明と治療法の研究

2)寝たきり重度慢性関節リウマチ患者の受療状況の実態解明

3)急速破壊性頚椎病変によって死に至る重度慢性関節リウマチ患者の救命手段について

の研究

4)座位のみ可能なリウマチ患者における、排便動作自立のための足関節固定術の検討

5)外来通院リウマチ患者の薬物療法の副作用チェックと有効な患者指導法の研究

6.骨粗慇症の臨床的研究

l)脳卒中患者と健常者との比較及び患側と健側の骨密度の比較研究

2)人工物挿入部（荷重部）の骨密度の変化研究

3)移植骨部の骨密度の変化研究

4)リハビリにおける脳卒中患者の骨密度の研究

5)ギプスなど固定をした場合の骨密度の変化研究

7.変形性膝関節症に関する臨床的研究

176 1)人工膝関節置換術に関する研究

2)大腿四頭筋筋力強化による荷重関節部の臨床変化の研究

3)側方動揺及び内反変形防止の装具開発

8. 老人スポーツに関する臨床的研究

1)ゲー トボールにおける腰痛に関する研究

2)高齢者のゴルフにおける臨床的研究

9 認知症に関する臨床的研究

1)認知症治療についての研究

2)認知症の発症予防に関する研究

3)認知症のバイオマーカーに関する研究

4)高次機能障害の治療に関する研究

10.神経難病の治療に関する研究

1)筋萎縮性側索硬化症の治療に関する研究

2)パーキンソン病の治療に関する研究

3)多発性硬化症の治療に関する研究



5.病理カンファレンス及び研究会の開催

(1) 病理カンファレンス

l)平成31年4月9日

第300回病理カンファレンス

剖検番号 1 年齢 ・性

442 78 • M 

2)令和 1年6月25日

臨床診断

第一腰椎圧迫骨折 ・糖尿病

糖尿病性腎症 ・右慢性硬膜下血腫

第301回病理カンファレンス

剖検番号 1 年齢・性

443 73 • M 

3)令和 2年2月18日

臨床診断

進行性核上皮性麻痺 ・誤唖性肺炎

糖尿病

第302回病理カンファレンス

剖検番号 1 年齢・性 1 臨 床 診 断

444 85 • M 
パーキンソン病 ・誤唖性肺炎

ア）レッハイマー型認知症前立腺癌治療後

参加者25名

示説者

福田利夫

参加者23名

示説者

福田利夫

参加者33名

示説者

福田利夫
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(2) 老年病研究会

1)平成31年4月16日

第223回老年病研究所研究会

「認知症と生活習慣病治療について」

「パーキンソン病は ‘‘振るえる”病気だと思っていませんか？

～パーキンソン病の早期発見と早期治療について～」

2)令和 1年6月4日

第224回老年病研究所研究会

「当院における不眠症治療薬の適正化への取り組み」

「循環器専門医の立場から生活習慣病の治療」

3)令和 1年7月10日

第225回老年病研究所研究会

「認知症ポジティブ

～脳科学でひもとく笑顔の暮らしのケアのコッ～」

4)令和 1年9月4日

第226回老年病研究所研究会

「運動器疾患における神経障害性疼痛の治療」

5)令和 1年10月31日

第227回老年病研究所研究会

「当院におけるトレリーフの使用経験」

参加者72名

甘利雅邦

｀ 瓢責所旦：ご□
藤本健一先生

（鰐腎言シクョン ）

参加者34名

橋場弘武

（ 老年病研究所附属病院） 薬剤部長

庭野野菊先生

（ 

前橋赤十字病院
心臓血管内科

） 

参加者187名

山口晴保先生

（群馬大学名岩教授 ） 

参加者36名

竹下克志先生

（ 

自治医科大学
整形外科 教授

） 

参加者28名

甘利雅邦

（ 

老年病研究所附属病院） 
脳神経内科副院長



「パーキンソン病治療のUpto date」 西川典子先生

｀ 詈笠一国1り）
6)令和 2年1月30日

第228回老年病研究所研究会 参加者41名

「腎臓内科医から見たミネラ）レコルチコイド受容体拮抗薬の可能性」

廣村桂樹先生

ぽ宣：;)
「最新の心房細動アブレーションと周術期抗凝固療法」 内藤滋人先生

（り：四ご霜l管セ ）
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6.講演会等の開催

l)平成31年4月2日

「看護部の理念、目標及び機能並びに役割について」

福田紫

「介護老人保健施設の理念と役割及び陽光苑の概要並びに高齢者との接し方について」

浅野裕江

新入職員院内研修会

院内新館講堂

2)平成31年4月3日

「3号病棟のスタッフ構成及び病棟の特徴・疾患並びに業務の流れについて」

狩野悦子

「4号病棟のスタッフ構成及び病棟の特徴・疾患並びに業務の流れについて」

福田紫

「5号病棟のスタッフ構成及び病棟の特徴 ・疾患並びに業務の流れについて」

関根真奈美

「6号病棟のスタッフ構成及び病棟の特徴 ・疾患並びに業務の流れについて」

石川房江

「回復期病棟の特徴、入院の対象となる疾患、入院期間等について」

飯塚敦美

「外来のスタッフ構成、特徴及び1日の業務の流れについて」

福田紫

「手術室のスタッフ構成、特徴、業務の流れ及び手術件数について」

西川千代乃

新入職員院内研修会

院内新館講堂

3)平成31年4月5日

「当院における脳血管障害の治療と予防の歴史」

高玉真光

新入職員院内研修会

ロイヤルチェスター前橋

4)平成31年4月8日

「検査課の業務内容、院内感染対策と手洗い方法等について」

常見佳克

「当院の画像診断装置と安全管理について」

高橋清彦

新入職員院内研修会

院内新館講堂



5)平成31年4月10日

「病院薬剤師の業務内容について」

「地域医療福祉連携室 ・相談室の紹介」

新入職員院内研修会

6)平成31年4月11日

「リハビリテーションの概念と職種等について」

「医事課の業務内容等について」

新入職員院内研修会

橋場弘武

狩野寛子

中條浩樹

経廣真人

院内新館講堂

院内新館講堂

7)平成31年4月12日

「病院における栄養課の役割と栄養サポー トチーム (NST)について」

吉澤亜希子 ・澤田諒子

「病院、福祉施設の防災について」ビデオによる研修

新入職員院内研修会

院内新館講堂

8)平成31年4月13日

「これからの陽光苑に期待すること」

高玉真光

陽光苑介護長等研修会

陽光苑

9)平成31年4月15日

「患者満足度と病院の質を向上させるために～IS09001の取り組みについて」

岩井丈幸

新入職員院内研修会

院内新館講堂

10)平成31年4月16日

「認知症と生活習慣病治療について」

甘利雅邦

Eldery Care Seminer 

老年病研究所附属病院
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11)平成31年4月17日

「医療安全対策及び倫理の定義 ・方針並びに個人情報保護等について」

酒井秀二

新入職員院内研修会

院内新館講堂

12)平成31年4月23日

「高齢者、認知症、せん妄に対する睡眠薬の使い方」

甘利雅邦

2019年度第1回地域連携学術講演会

済生会前橋病院

13)令和 1年5月5日

「筋弛緩モニターについて」

増田裕一

泉エ医科工業（樹社内講演会

大宮ソニックシティ

14)令和 1年5月24日

「自立支援型ケア会議の意義について」

山田圭子

桐生市自立支援型ケア会議説明会

桐生市民文化会館

15)令和 1年6月5日

「最新の認知症の診断と治療について」

甘利雅邦

上三川認知症セミナー

上三川いきいきプラザ

16)令和 1年6月12日

「サルコペニアに対する リハビリテーション栄養の考え方」

佐藤圭司

老年病NST勉強会

院内新館講堂

17)令和 1年6月18日

「高齢者、認知症、せん妄に対する睡眠薬の使い方」

甘利雅邦

渋川地区医師会地域医療連携セミナー～不眠症診療セミナー～

渋川医療センター



18)令和 1年7月7日

「医療ソーシャルワーカーの記録と報告」

狩野寛子

群馬県医療ソーシャルワーカー協会新人研修

高崎健康福祉大学

19)令和 1年7月17日

「認知症と高齢者てんかん」

甘利雅邦

てんかん診療を考える会

～てんかん診療ガイドライン2018改訂をふまえて～

エテルナ高崎

20)令和 1年7月18日

「骨粗慇症治療～ロモソズマブ使用例の途中経過を含めて～」

佐藤圭司

新しい骨粗慇症治療を考える会in群馬

ザ ・リ ーヴスプレミアムテラス

21)令和 1年7月26日

「認知症の治療と予防～アルツハイマー病は予防できるか？ ～」

瓦林毅

老研病院・陽光苑夏祭り健康づくり講演会

22)令和 1年7月30日

「老人保健施設の機能と役割」

全国老人保健施設協会実地研修

23)令和 1年7月31日

「アルッハイマー病の診断と治療の今後の展望」

高玉真光

院内新館講堂

陽光苑

東海林幹夫

第44回もの忘れ相談医フォローアップ研修

高崎市総合保健センター

24)令和 1年8月2日

「レビー小体型認知症・ア）レッハイマー型認知症」

岡本幸市

エーザイ腕社内研修会

エーザイ高崎コミュニケーションオフィス
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25)令和 1年8月2日

「糖尿病患者に慇知症が多い！？」

甘利雅邦

第4回糖尿病 トータルケア研究会

ホテル1-2-3前橋マーキュ リー

26)令和 1年8月5日

記者発表「大豆由来ワクチンでアルツハイマー病抑制」

東海林幹夫、瓦林毅、高玉真光

群馬県庁刀水クラブ

27)令和 1年8月26日

「センター職員に必要な知識 ・技術等や

センター長等管理職に求められる役割等について」

山田圭子

山口県地域包括支援センター職員管理職研修会

山口県庁

28)令和 1年8月29日

「もの忘れを防ぐ方法」

東海林幹夫、高玉真光

元総社ベテラン学習講座

元総社公民館ホー）レ

29)令和 1年9月6日

「骨粗慇症リエゾンサービス (OLS)について」

佐藤圭司

老年病食事指導勉強会

院内新館講堂

30)令和 1年9月7日

「新骨形成促進剤について」

佐藤圭司

テリボン研究会、テ リボンアドバイザー会議

旭化成ファーマ闊本社

31)令和 1年 9月15日

「認知症研究 ・診断治療本人点家族への支援を考える」

東海林幹夫

2019年世界アルッハイマーデー記念講演

群馬県社会福祉総合センター



32)令和 1年9月25日

「高齢者、言忍知症、せん妄に対する睡眠薬の使い方」

甘利雅邦

不眠症診療セミナーin高崎

黒沢病院

33)令和 1年9月28日

「認知症を防ごう！要介護にならないために」

東海林幹夫

「セミナー疑問 ・質問に答えるQ&A」

高玉真光、東海林幹夫

第26回心と体の健康セミナー

上毛新聞社上毛ホール

34)令和 1年9月28日

「みんなで骨ケア ！」健康相談医師として参加

佐藤圭司

第4回骨粗慇症市民公開講座

スマーク伊勢崎

35)令和 1年10月5日

「ロコモ予防～いつでも自分の足で歩き続けるために～」

佐藤圭司

T ANITA FITS ME 

フォレス トモー）レ新前橋

36)令和 1年10月5日

「認知症の理解」

東海林幹夫

2019年青森支部結成10周年記念 世界アルツハイマーデー

記念講演会in青森 認知症の理解と家族への支援について

アピオ青森

37)令和 1年10月10日

「フレイルとその類縁概念 筋力が落ちたなと感じることはありませんか」

牧雄介

多職種事例検討会

前橋市総社公民館

38)令和 1年10月29日

「老人保健施設の機能と役割」

高玉真光

全国老人保健施設協会実地研修

陽光苑
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39)令和 1年10月31日

「当院におけるトレリーフの使用経験」

甘利雅邦

ハッピーフェイスセミナーin前橋

群馬ロイヤルホテル

40)令和 1年11月15日

「パーキンソン病の病診連携における早期診断と治療」

甘利雅邦

Takeda Parkinson's Disease Web Symposium 

WEB／各サテライト会場

41)令和 1年11月20日

「パーキンソン病の診療」

岡本幸市

協和キリン（樹社内講演会

協和キリン（梱群馬第1営業所

42)令和 1年11月21日

「リハビリ職に期待すること ～地域づくりの視点から～」

山田圭子

吾妻セラピスト交流会

群馬リハビリテーション病院

43)令和 1年11月23日

「認知症と鑑別すべき疾患とその対応」

東海林幹夫

第16回ケアマネージメン ト群馬フォーラムin西毛

ホテ）レ磯部ガーデン

44)令和 1年11月24日

「第7回 (2019年度）難病医療相談会」

岡本幸市

群馬県難病団体連絡協議会

群馬県社会福祉総合センター

45)令和 1年11月28日

「わが国における薬薬連携の現状～群馬県における更なる連携を目指して～」

橋場弘武

ニプロ（樹高崎営業所社内研修会

ニプロ跨高崎営業所



46)令和 1年12月4日

「骨粗慇症治療薬の使用経験～骨形成促進剤を中心に～」

佐藤圭司

持田製薬（掬社内講演会

前橋テルサ

47)令和 1年12月10日

「認知症の予防と生活習慣」

東海林幹夫

第11回第一病院地域認知症ケアセミナー

48)令和 1年12月10日

高崎市総合福祉センター

「高齢者に対する睡眠薬の使い方」

甘利雅邦

桐生市医師会学術講演会

柵生メデイカルセンター

49)令和 1年12月25日

「ケアマネジメン トに必要な医療との連携及び多職種協働の意義」

狩野寛子

介護支援専門員実務研修会

昌賢学園まえばしホール

50)令和 2年 1月3日

認知症について聞く「早期発見で元気に長生き」

高玉真光、東海林幹夫

上毛新聞掲載ー新春インタビュー

院内（取材）

51)令和2年2月5日

「認知症に潜む高齢者のてんかん」

甘利雅邦

第267回前橋市薬剤師会定期研修会

群馬県生涯学習センター

52)令和2年2月12日

「骨粗慇症治療に対する最近の考え方」

佐藤圭司

アステラス製薬（樹社内講演会

アステラス製薬駒高崎支店
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53)令和2年2月22日

「よくわかる認知症！最新の話題」

東海林幹夫

前橋地域リハビリテーション広域支援センター健康教室 ・介護予防教室

院内新館講堂

54)令和2年2月26日

「早期および進行期のパーキンソン病の薬物療法」

甘利雅邦

エクフィナ錠新発売記念セミナーin上越

上越アートホテ）レ

55)令和2年3月4日

「最近の骨粗櫻症治療の考え方～リエゾンサービス～」

佐藤圭司

中外製薬（梱社内研修会

56)令和2年3月26日

「研究所就業規則及び社会保険関係法等の基礎知識について」

川端純司

令和2年度新入職員研修会

前橋テルサ

院内新館講堂



7.特殊外来教室

1) 2019年4月5日（金）

第419回春の松花堂弁当

～春野菜の栄養について～

講演 「ミトコンドリアについて」

講師高玉真光

講演 「二次性糖尿病について」

講師中村保子

2) 2019年5月10日（金）

第420回麺の単位を知ろう

～洋食編～

講涼 「薬について」 さかえ 5月号より

講師高玉真光

3) 2019年6月7日（金）

第421回 400kcalで楽しむ韓国料理

～身近な食材で作れるレシピをご紹介します～

講演 「患者さんのための食事を考える」DVD上映

4) 2019年7月5日 （金）

第422回 食事で脳の健康を保ちましょう

～惚知症予防のあるマインド食をご紹介します～

講演 「認知症エクササイズ」 さかえ7月号より

講師高玉真光

5) 2019年8月2日（金）

第423回 風味でおいしい減塩食

～減塩のコツをご紹介します～

講瀕 「遺伝子組み換え大豆によるアルツハイマー予防」

講師瓦林毅

6) 2019年9月6日 （金）

第424回 骨が喜ぶ食事

～骨粗楳症予防の食事を紹介します～

講演 「リエゾンサービス (OLS)について」

講師佐藤圭司

出席者 51名

出席者 51名
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出席者 45名

出席者 47名

出席者 50名

出席者 52名
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7) 2019年10月4日（金）

第425回 400kcalで楽しむパン献立

～パンの単位を知ろう～

講演 「眼ば心の窓」

講師高玉篤

8) 2019年11月1日（金）

第426回 秋の味覚で中華料理

～糖質の多い芋 ・果物の適量を知ろう～

講演 陽光苑での栄養士の活動

講師木賊菜月

講演 「足について」さかえ11月号より

講師野田未紗希

9) 2019年12月6日（金）

第427回 油を減らしてヘルシーに

～高カロリーになりがちな冬料理のコッ～

講演 「コンビニ ・スーパーの活用法」 さかえ12月号より

講師合田聖

10) 2020年 1月9日（木）

第428回 腸内環境を整えて免疫力UP!

～発酵食品を使用した料理を紹介します～

講演 「中性脂肪と減塩について」 さかえ 1月号より

講師高玉真光

11) 2020年2月7日（金）

第429回 食事でアンチェイジング

～抗酸化パワーで若さを保ちま しょう～

講演 「インフルエンザの予防」

「グリコアルブミンについて」

講師高玉真光

出席者 49名

出席者 54名

出席者 49名

出席者 45名

出席者 53名



8.糖尿病患者等食事指導教室

1) 2019年4月5日（金）

『春の松花堂弁当』～春野菜の栄養について～

たけのこご飯 ・菜の花のかきたま汁 ・豚ロースの春キャベッソース

蕗と海老の炊き合わせ・ウドとワカメの酢の物 ・フルーツ

合計単位 5.1単位、熱量 408kcal、蛋白質 18.8g、塩分 2.lg、食物繊維 3.8g 

出席者 65名

2) 2019年5月10日 （金）

『麺類の単位を知ろう』～洋食編～

豆乳のクリ ームスパゲティー・コンソメスープ・ゴボウサラダ・マリネ

おからヨーグルト

合計単位 5.1単位、熱量 408kcal、蛋白質 28.0g、塩分 2.0g、食物繊維 4.3g 

出席者 63名

3) 2019年6月7日 （金）

『400kcalで楽しむ韓国料理』～身近な食材で作れる レシピをご紹介します～

ビビンバ丼・わかめスープ・たまごチヂミ ・韓国海苔サラダ ・フルーツ

合計単位 5.1単位、熱量 408kcal、蛋白質 23.3g、塩分 2.lg、 食物繊維 8.4g 

出席者 53名

4) 2019年7月5日（金）

『食事で脳の健康を保ちましょう』～聡知症予防のあるマインド食を紹介します～

さつばりもち麦ご飯 ・味噌汁 ・豆腐とツナの照り焼き・胡瓜と長芋のもずく和え

ブドウゼリー

合計単位 5.1単位、熱量 408kcal、蛋白質 18.6g、塩分 2.5g、食物繊維 3.7g 

出席者 58名

5) 2019年8月2日（金）

『風味でおいしい減塩食』～減塩のコツをご紹介します～

ひじきご飯冷や汁・鶏肉のソテー（フレッシュトマ トソース）

冬瓜のカニあんかけ ・ヨーグルトゼリー

合計単位 5.1単位、熱量 408kcal、蛋白質 22.5g、塩分 2.0g、食物繊維 5.0g 

出席者 60名

6) 2019年9月6日（金）

『骨が喜ぶ食事』～骨粗慇症予防の食事を紹介します～

ごはん ・豆乳味噌汁・ 鮭のきのこあんかけ・小松菜の納豆和え・きくらげのナム）レ
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フルーツ

合計単位 5.1単位、熱量 408kcal、蛋白質 29.3g、塩分 2.3g、食物繊維 9.4g 

出席者 61名

7) 2019年10月4日（金）

『400kcalで楽しむパン献立』～パンの単位を知ろう～

食パンとたまごサラダ（自分で作るサンドイッチ） ・きのこスープ・野菜のピク）レス

ヨーグルト

合計単位 5.1単位、熱量 408kcal、蛋白質 17.9g、塩分 2.4g、食物繊維 5.2g 

出席者 58名

8) 2019年11月 1日（金）

『秋の味覚で中華料理』～糖質の多い芋 ・果物の適量を知ろう～

きのこたっぷり白麻婆豆腐丼・中華スープ・さつまいも入りエピマヨ

白菜の甘酢漬け・フルーツ

合計単位 5.1単位、熱量 408kcal、蛋白質 23.0g、塩分 2.2g、食物繊維 7.6g 

出席者 54名

9) 2019年12月6日（金）

『油を減らしてヘルシーに』～高カロ リーになりがちな冬料理のコッ～

ごはん ・カレースープ ・揚げない豚ミルフィーユカツ・水菜のサラダ

豆乳プリン

合計単位 5.1単位、熱量 408kcal、蛋白質 24.lg、塩分 1.8g、 食物繊維 3.6g 

出席者 51名

10) 2020年 1月9日（木）

『腸内環境を整えて免疫力UP!！』～発酵食品を使用した料理を紹介します～

生姜ご飯 • もずくとたまごのスープ・カジキの味噌チーズ焼き

切り 干し大根のサラダ ・甘酒ミルクゼリー

合計単位 5.1単位、熱量 408kcal、蛋白質 26.lg、塩分 1.7g、食物繊維 2.5g 

出席者 46名

11) 2020年2月7日（金）

『食事でアンチェイジング』～抗酸化パワーで若さを保ちましょう～

カレーピラフ・トマトスープ・鮭のマスタードソテー・アーモンドサラダ

ココアプリン

合計単位 5.1単位、熱量 408kcal、蛋白質 28.4g、塩分 2.6g、食物繊維 4.7g 

出席者 60名



9. 医師の教育指導研修

1)指導医 高玉理事長、岡本研究所長、佐藤附属病院長、鈴木名誉院長、酒井名誉院

長、中村名誉院長、東海林名誉院長、内藤名誉院長、岩井副院長、甘利副院長、天野

副院長、島田副院長、増田副院長、高玉診療部長

2)教育指導を受けた医師11名

10.刊行事業

l)老年病 脳卒中、心筋梗塞、癌、糖尿病 の予防のための12条

公益財団法人老年病研究所

高玉真光

2)脳を若がえらせる話

公益財団法人老年病研究所

高玉真光、内藤功

3)血液、血管が若返る本

公益財団法人老年病研究所長

渡辺孝監修（マキノ出版）

4)血液をさらさらにする本

公益財団法人老年病研究所長

渡辺孝監修（（樹主婦と生活社）

5) しなやかな血管をつくる本～脳卒中、狭心症、 心筋梗塞を防ぐ～

公益財団法人老年病研究所長

渡辺孝監修（講談社）

6)長生きする人 早死にする人

公益財団法人老年病研究所長

渡辺孝監修（（樹主婦と生活社）

7)痴呆症のすべて

公益財団法人老年病研究所

平井俊策編集（永井書店）

8)新・老化学

公益財団法人老年病研究所

平井俊策 編著 （昧ワールドプランニング）

9)老年期認知症ナビゲーター

公益財団法人老年病研究所

平井俊策 監修（メデイカルレビュー社）

10)コレステロールを下げる生活読本

公益財団法人老年病研究所長

渡辺孝（闊主婦と生活者）
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11)コレステロー）レ、中性脂肪を下げる特効法101

公益財団法人老年病研究所長

渡辺孝監修（腕主婦と生活社）

12)身体的治療を受ける認知症高齢者ケアの教育プログラム開発のための基礎的研究

公益財団法人老年病研究所看護部長

下平きみ子

13)老年心理学（高齢化社会をどう生きるか）

原千恵子 ・中島智子共著（培風館）

14)ドクターズガイド

公益財団法人老年病研究所長

岡本幸市 （時事通信社）

15)すべてがわかるACS・運動ニューロン疾患

公益財団法人老年病研究所長

岡本幸市分担 （中山書店）

16)神経症候群 （I)

公益財団法人老年病研究所長、同附属病院長

岡本幸市 ・高玉真光分担（日本臨林社）

17)神経症候群 (II)

公益財団法人老年病研究所長、同附属病院長

岡本幸市 ・高玉真光 分担 （日本臨林社）

18)神経系理学療法実践マニュアル

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎 分担（文光堂）

19)アンフ レッド：脳・神経リハビリテーション大事典（翻訳版）

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎分担 （西村書店）

20)高次脳機能障害のすべて一運動維持困難 (Motorimpersistence) -

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎分担 （科学評論社）

21)よくわかる脳の障害とケア

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎監修（南江堂）

22)神経内科学テキス ト （改定4版）

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎分担 （南江堂）

23)クリプトコッカス髄膜脳炎 ・神経感染症を究める

公益財団法人老年病研究所長

岡本幸市 辻省次ら編（中山書房）



24)前頭側頭葉変性症 (FTLD)概論・神経症候群（第2版）、別冊日本臨床、新領域別

症候群シリーズNo.27

公益財団法人老年病研究所長、同附属病院長

岡本幸市・高玉真光 分担（日本臨床社）

25) McLeod症候群・神経症候群（第2版）、別冊日本臨床、新領域別症候群シリーズNo.27

公益財団法人老年病研究所長、同附属病院長

岡本幸市・高玉真光分担（日本臨床社）

26)こんな時のリハ処方

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎（医歯薬出版）

27)今日の診断指針（第7版）

公益財団法人老年病研究所長

岡本幸市分担 （医学書院）

28)すべてがわかる神経難病医療

公益財団法人老年病研究所長

岡本幸市分担（中山書店）

29) EBMに基づく脳神経疾患の基本治療指針ー前頭側頭型認知症ー（第4版）

公益財団法人老年病研究所長

岡本幸市分担 (MedicalView社）

30)認知症の本人・家族の困りごとを解決する医療・介護連携の秘訣

ー初期集中支援チームの実践20事例に学ぶー

前橋市認知症初期集中支援チーム 山口晴保・山口智晴 編集

公益財団法人老年病研究所附属病院 チーム員 分担（協同医書出版社）

31)医学大辞典

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎分担（医学書院）

32)演習で学ぶ脳画像一読影からリハ介入まで一

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎 監修•著（医歯薬出版）

33)神経内科学テキスト（改訂第4版）

公益財団法人老年病研究所長

岡本幸市分担（南江堂）

34)認知症疾患診療ガイドライン2017（日本神経学会 監修）

公益財団法人老年病研究所長

岡本幸市 評価・調整委員（医学書院）

35)高次脳機能障害用語事典（種村 純編集）

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎 分担（ば一そん書房）
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36)ナースが知りたい脳のはなし

公益財団法人老年病研究所附属病院名誉院長

酒井保治郎（学研メデイカル秀潤社）

37)ア）レッハイマー型懃知症新臨床内科学（第10版）

公益財団法人老年病研究所認知症研究センター長

東海林幹夫分担 （医学書院）

38)ア）レッハイマー型認知症 1336専門家による私の治療 （2019-20年度版）

公益財団法人老年病研究所認知症研究センター長

東海林幹夫分担（日本医事新報社）



11. 老年病研究所附属病院事業

1. 2019年度 (2019. 4. 1~2020. 3. 31)における診療実績は、次のとお

りである。

月別診療延人数及び診療報酬請求金額

口 診 療 延 人 数

請 求 金 額

入 院 外 来

2019年4月 6,499人 8,271人 410,108,170円

5 6,691 8,218 414,074,610 

6 6,482 7,760 402,140,050 

7 6,137 8,489 401,920,920 

8 6,185 8,241 401,563,010 

， 5,950 7,793 381,385,720 

10 6,259 8.488 432,771.680 

11 6,791 7,688 418,591.610 

12 6,752 7,904 400,575,810 

2020年 1月 6,733 7,643 404,858,500 

2 6,329 7,188 375,714.420 

3 6,494 7,355 399,989,390 

合 計 77,302 95,038 4,843,693,890 
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2. 2019年度における低額診療事業実績は、次のとおりである。

1)診療費を減額した取扱患者数（延人員）

(1) 生活保護法による医療扶助患者数

(2) 保険診療取扱患者数

合 計

2)減免した診療費等の合計金額

1,258人

15,992人

17,250入

27,048,000円



12.老年病研究所附属高玉診療所事業

1. 2019年度 (2019.4. 1~2020. 3. 31)における診療実績は、 次の とお りである。

月別診療延人員及び診療報酬請求金額
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： 外来延人数 往診人数 請 求 金 額

2019年4月 267人 387人 5,493,490円

5 297 417 5,820,780 

6 182 405 5,545,110 

7 276 404 5,545,000 

8 279 385 5,407,680 

， 209 386 5,131,750 

10 355 451 4,906,700 

11 438 398 5,597,210 

12 191 388 5,839,200 

2020年 1月 398 394 5,940,470 

2 240 389 5,745,660 

3 351 396 5,740,560 

ノロ 計 3,483 4,800 66,713,610 

2. 2019年度における低額診療事業実績は、次のとおりである。

1)診療費を減額した取扱患者数（延人員）

(1) 生活保護法による医療扶助患者数

(2) 保険診療取扱患者数

合 計

2)減免した診療費等の合計金額

46人

950入

996人

1,424,250円



13.介護老人保健施設

群馬老人保健センター陽光苑事業

2019年度 (2019. 4. 1~2020. 3. 31)における入所、通所者の実績は、次のとおり

である。

月別入所・通所延人員及び介設報酬等収入金額

口 入所 ・通所者延人員

収 入 金 額

入所者 通所者

2019年4月 2,886人 1,203人 57,928,716円

5 2,878 1,238 60,492,596 

6 2,922 1,201 59,352,084 

7 3,064 1,250 60,922,303 

8 3,066 1,164 59,779,608 

， 2,978 l,119 57,366,697 

10 2,998 1,213 60,605,196 

11 2,855 1,203 58,912,561 

12 3,036 1,203 59,740,107 

2020年 1月 3,062 1,117 59,095,851 

2 2,892 1,121 57,852,619 

3 3,104 1,143 62,975,314 

ムロ 計 35,741 14,175 715,023,652 

※通所者の延人員には訪問リハビリの利用延人員が含まれている。

199 



200 

14. 訪問看護ステーション

ひまわり事業

その 1

2019年度 (2019. 4. 1~2020. 3. 31)訪問看護療養費（医療）における訪問件数、

訪問回数は、次のとおりである。

月別訪問看談回数及び療養費請求金額

： 訪問看設件数 訪問看設回数 療養費請求金額

2019年4月 20件 153回 1,597,990円

5 21 165 1,726,310 

6 19 147 1,503,400 

7 21 218 2,075.410 

8 21 172 2,012,320 ， 19 167 1,721.050 

10 19 166 1,723,360 

11 20 167 1,727,250 

12 19 153 1.612,660 

2020年 1月 16 129 1,308,790 

2 18 132 1,366,320 

3 17 148 1,493,430 

＾ 己

計 230 1,917 19,868,290 

その2

2019年度（2019. 4. 1~2020. 3. 31)訪問介護給付費（介護）における訪問件数、

訪問回数は、次のとおりである。

月別訪問看設回数及び療養潰請求金額

： 訪問看護件数 訪問看護回数 療養贄請求金額

2019年4月 31件 148回 1,329,238円

5 27 144 1,275,342 

6 28 136 1.178,224 

7 26 140 l,372,199 

8 27 149 1,300,579 ， 28 150 1,262.804 

10 30 166 1,447,970 

11 28 149 1,246,588 

12 33 167 1.427,046 

2020年 1月 35 176 1.489.807 

2 32 161 1,332,604 

3 34 190 1,600,943 

£ ロ 計 359 1.876 16,263,344 



15.前橋市地域包括支援センター西部事業

1.前橋市の委託事業として平成21年4月1日開設、 2019年度の事業実績は、次のとおり

である。

(1) 介護予防支援給付

： 件数 西部直営請求額 委託先件数 委託先請求額 総件数 総請求額

2019年4月 51件 223,890円 148件 671.161円 199件 895,051円

5 53 232,670 147 669,834 200 902,504 

6 54 243,186 158 711,998 212 955.184 

7 56 251,966 140 626,852 196 878,818 

8 53 232,670 165 742,728 218 975,398 ， 50 219.500 163 746,200 213 965,700 

10 51 227.463 163 729,442 214 956,905 

11 53 233,190 159 708,789 212 941,979 

12 52 231.853 157 709,158 209 941,011 

2020年1月 48 202,400 161 720,652 209 923,052 

2 47 209,863 156 692,526 203 902,389 

3 47 209,863 156 698,652 203 908,515 

ムロ 計 615 2,718,514 1.873 8,427,992 2.488 11.146,506 

(2) 介護予防マネジメン ト費

!~ ケアマネ ケアマネ ケアマネ
西部件数 委託件数 総件数 総請求額

ジメント A ジメント B ジメント C

2019年4月 199件 0件 2件 88件 113件 201件 914,041円

5 205 

゜ ゜
91 114 205 942,832 

6 195 

゜ ゜
87 108 195 868,302 

7 200 

゜
3 93 llO 203 915,674 

8 191 

゜
1 85 106 191 849,721 ， 184 
゜ ゜

85 99 184 823,075 

10 183 

゜ ゜
83 100 183 820,515 

11 191 

゜ ゜
88 103 191 941,979 

12 197 

゜
1 93 105 198 888,537 

2020年1月 192 

゜ ゜
89 103 192 857,052 

2 196 

゜ ゜
95 101 196 883,841 

3 188 

゜ ゜
88 100 188 842,515 

メロ 計 2,879 

゜
7 1,065 1,262 2,327 10,548,084 
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(3) 相談件数（電話・来所・訪問等） （件）

： 相談件数 介護相談等
地域支援 保健福祉 ケアマネ

権利擁設 その他
事 業 サービス ジメント

2019年4月 11 ， 
゜ ゜

2 

゜ ゜5 ， 8 
゜ ゜

1 

゜ ゜6 ， ， 
゜ ゜ ゜ ゜ ゜7 ， 8 
゜ ゜

1 

゜ ゜8 10 7 

゜ ゜ ゜ ゜
3 ， 10 8 

゜ ゜
1 

゜
1 

10 10 ， 
゜ ゜

1 

゜ ゜11 10 8 

゜ ゜
1 1 

゜12 ， 7 
゜ ゜

2 

゜ ゜2020年1月 ， ， 
゜ ゜ ゜ ゜ ゜2 ， 8 . 0 

゜
1 

゜ ゜3 10 7 

゜ ゜
1 

゜
2 

ムロ 計 115 97 

゜ ゜
11 1 6 
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16.認知症初期集中支援推進事業

この事業は認知症になっても本人の意思が尊重され、できる限り住み慣れた地域で暮らし

続けるために、認知症の人やその家族に早期に関わる「認知症初期集中支援チーム」を配置

し、早期診断 ・早期対応に向けた支援体制を構築することを目的としている。

当院では、平成26年度当初から前橋市の委託を受け、積極的に事業を展開し、実践事例など公

表していることから全国各地からの視察依頼が多い。 2019年度の事業実績は次のとおりである。

0事業内容

① 普及啓発推進事業（認知症の早期診断 ・早期対応を市民お よび関係者へ啓発する）

② 認知症初期集中支援の実施

ア）訪問支援対象者の把握

ウ）アセスメン ト

オ）チーム員会議の開催 (24回）

キ）関係機関との連携

イ）情報収集

エ）初回家庭訪問の実施

カ）初期集中支援の実施

ク）終了と終了後のモニタ リング

ケ）記録 コ）認知症初期集中支援チーム検討委員会への出席（年2回）

0事業実績

① 支援件数（支援対象者数） 39名

・性別：男19名 ・女20名、年齢士標準偏差 ：81.3士6.1歳

・対象者世帯状況：独居10名、夫婦のみ13名、その他16名

② 2019年度末支援状況 支援継続中： 9名、終了 ：30名

③ 2019年度の訪問延べ回数． 93回（令和元年度支援対象者39名のみ）

0主治医との連携

① 主治医への依頼文発送 ：22例 （うち返信あり 18例）

0事業担当職員

① チーム員 (2 チーム配置／医療職 • 福祉職が各 1 名で 1 チームを編成）

・サポー ト医2名、歯科医師 1名

・看護師2名、作業療法士3名、言語聴覚士1名、介護福祉士3名

②事業推進担当 地域包括支援センター西部職員 1名

0視察受け入れ

県内 ：市内・認知症介護指導士 1名 (7月30日）

群馬 リハビリ テーション病院 ・作業療法士2名 (9月17日・10月29日） 、

市内 ・作業療法士2名（ 1月21日・ 2月4日）

県外 ：認知症介護研究 ・研修東京センター (8月27日／取材）
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17.居宅介護支援事業所事業

1 2019年度 (2019.4. 1~2020. 3. 31)介護給付における件数、計画費請求額は、

次のとおりである。

こ 件 数 計画費請求額金額

2019年4月 265件 4,287,029円

5 255 4,077,521 

6 252 4,037,305 

7 249 4,013,143 

8 261 4,177.150 ， 262 4,177,376 

10 261 4,202,671 

11 257 4,110,228 

12 264 4,235,313 

2020年1月 261 4,194,429 

2 255 4,088,716 

3 272 4,379,531 

ムロ 計 3,114 49,980.412 

2 2019年度 （2019.4. 1~2020. 3. 31)予防介護給付における件数、計画費請求額は、

204 次のとおりである。

こ 件 数 計画費請求額金額

2019年4月 64件 280,863円

5 64 282,873 

6 64 280,073 

7 62 278,209 

8 61 270,756 ， 63 282,599 

10 65 291,989 

11 64 284,526 

12 63 277,063 

2020年1月 69 315,715 

2 69 303.463 

3 65 288,926 

ムロ 計 773 3,437,055 



3 2019年度 （2019.4. 1~2020. 3. 31)要介護認定訪問調査における件数、 請求額

は、次のとおりである。

区分
件 数

月別
請 求 額

2019年4月 20件 85,428円

5 19 80,244 

6 22 93,528 

7 20 84,672 

8 17 71,604 ， 20 84,468 

10 33 142,890 

11 15 64,020 

12 23 99,220 

2020年1月 19 80,960 

2 21 90,640 

3 26 112,310 

合 計 255 1,089,984 
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18. グループホームひまわり事業

2019年度（2019. 4. 1~2020. 3. 31)における入居者の実績は次のとおりである。

月別入居者延人員及び介設報酬等収入金額

口 入居者延人員 収入金額

2019年4月 810人 ll,098,003円

5 837 11,466,120 

6 810 11,129,984 

7 829 11,401,124 

8 831 11,185,677 

， 811 10,312,523 

10 837 12,565,454 

11 799 11.099,505 

206 12 782 10,828,380 

2020年1月 822 11,092,895 

2 783 10,875,121 

3 837 11,679,285 

,,c,.. ロ 計 9,788 134,734,071 



19.認知症疾患医療センター事業

2019年度（2019. 4. 1~2020. 3. 31)における専門医療相談件数、認知症疾患に係

る受診者数及び鑑別診断件数は、次のとおりである。

1 専門医療相談件数 （件）

こ 2019年
5 6 7 8 ， 10 11 12 2020年 2 3 合計4月 1月

病気の相談 28 22 27 35 25 19 19 18 16 21 20 21 271 

電
丞又 琴—沙•』' 希 望 78 91 67 91 84 64 63 60 53 70 68 57 846 

介護の相談 1 3 3 

゜
2 2 2 1 1 2 2 

゜
19 

病院 ・施設紹介 5 10 6 7 6 5 5 1 4 5 5 1 60 
話
福祉サービスの利用 5 7 3 5 6 4 4 5 3 5 4 5 56 

そ の 他

゜゚ ゜゚ ゜゚ ゜゚ ゜ ゜゚ ゜゜計 117 133 106 138 123 94 93 85 77 103 99 84 l,252 

病気の相談 56 53 52 65 60 46 45 29 41 47 49 43 586 

面 受 診
希 切羊 3 5 6 8 13 10 10 3 8 10 10 7 93 

介設の相談

゜゚ ゜゚
1 

゜゚
1 

゜゜
1 

゜
3 

病院 ・施設紹介 3 1 6 5 2 2 2 1 1 2 2 2 29 
接
福祉サービスの利用 3 2 3 2 3 2 2 2 2 2 2 2 27 

そ の 他

゜゚ ゜゚ ゜゚ ゜゚ ゜ ゜゚ ゜゜計 65 61 67 80 79 60 59 36 52 61 64 54 738 

ノD 計 182 194 173 218 202 154 152 121 129 164 163 138 1.990 

2 認知症疾患に係る受診者数及び鑑別診断件数 （件）

： 2019年 5 6 7 8 ， 10 11 12 2020年 2 3 合計4月 1月

忌又 至只介 者 数 64 59 47 66 66 50 49 34 41 51 53 45 625 

うちかかりつけ医からの紹介 34 29 28 38 34 26 29 21 25 38 26 20 348 

うち鑑別診断件数 64 59 47 66 66 50 49 34 41 51 53 45 625 

C T 3 4 3 6 1 5 

゜
1 1 2 1 1 28 

<M R I 53 46 37 51 60 38 46 28 35 46 46 39 525 

ス ペ ク 卜 1 

゜゚
1 

゜゚ ゜゚ ゜ ゜゚ ゜
2 

合ク

そ の 他 75 63 52 71 73 54 53 37 46 50 58 50 682 
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20. 

1.研

従事役職員

究 所

職種

医師、研究員

その他の技術者

事務員

その他

計

（令和2年3月31日現在）

常 勤
人
2

1

10

非 常 勤
人
1

1

13 2
 

2. 附 属 病 院

208 

医師

看護師

薬剤師

臨床検査技師

栄養士

診療放射線技師

理学療法士

作業療法士

言語聴覚士

臨床工学技士

視能訓練士

歯科衛生士

司書

看護助手

その他の医療従事者

事務員

社会福祉士

その他

計

25（兼2)

164 ， 
9（兼1)

6 

11 

37 

34 

11 

2 

2 

3 

1 

38 

6 

39（兼10)

8 

3 

408（兼13)

35（兼1)

19 

1 

1

2
 

1

1

 

2
 

6

2

ー

5 

85（兼1)

3.附属高玉診療所

医

看

事
護

務

計

師

師

員

1

2

1

4
 

1

1

 



4. 陽 厄、フ

師

師

士

員

員

士

士

士

員

師

士

員

他

祉

導

法

法

覚

ぃ

護

福

護

指

療

療

聴

援

剤

養

務

の

計

支護

護

談

学

業

語

医

看

介

介

相

理

作

言

介

薬

栄

事

そ

5.訪問看護ステーションひまわり

6. 

7. 

8. 

看

前橋市地域包括支援センター西部

社

介

保

看

看

介

介

事

会

護

苑

護

計

福

福

健

護

計

祉

祉

)

1
6
4
8
5
5
6
4
1
的

）

1

3

-

①

2

1

 

l

l

 

兼

兼

兼

兼

（

（

（

 

5

7

 

l

o

 

2

1

 

ー

3
 

3
 

ー

7
 

師 3

3

 

3

3
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士

士

師

師

3

1

1

1

6

 

グループホームひまわり

護

師

士

員

員

護

福

護

務

計

祉

ケアプランセンター老研

介 護支援専門員

計

7

0

 

1

1

1

 

1

2

 

1

1

 

2
 

9

9

 

合 計 570（兼31) 100（兼 1)



21. 貸借対照表

貸 ィ芦 女寸 頸 麦

令和 2年 3月 31 日現在（ 決算）

法人名 ：公益財団法人 老年病研究所

事業名 ：事 業 全体 （単位 ・ 円）

科 目 当 年度 前 年 度 増 減

I 資 産 の 部

流 動 資 産

現 金 預 金 1,044,539,573 905,910, 152 138,629,421 

医 業 末収金 （窓口） 80, 906, 250 77,737, 146 3, 169, 104 

医 業未収金 （振込） 801,870,699 811,374,854 △9,504, 155 

未 収 収 益 42,747,213 55,471, 181 △12,723,968 
月ヽ 1・」 払 金 316, 712 86, 551 230, 161 

仮 払 金 428, 730 340, 245 88,485 

薬 品 33,488,825 31,850, 998 1,637,827 

診 療 材 料 24,007,318 19,667,665 4, 339, 653 

消 耗 備 品 2, 412, 823 2,649, 789 A236, 966 

流 動 資 産 合 計 2,030, 718, 143 1,905,088, 581 125,629,562 

固 定 資 産

基 本 財 産

土 地 32, 668, 000 32, 668, 000 

基 本 財 産 合 計 32, 668, 000 32, 668, 000 

゜特 定 資 産

退職給付引 当 資産 548,131,500 548,131,363 137 

減価償却引当資産 825, 943, 065 825,942, 963 102 

特 定 資 産 合 計 1, 374, 074, 565 1,374,074, 326 239 

210 
そ の 他 固 定 資 産

建 物 2,630,949, 619 2,751,557, 384 △120,607,765 

建 物 附 属 吾n几又 備 96, 942, 144 111,591,607 △14,649,463 

構 築 物 13,919,999 11,764,878 2,155,121 

医 療 器 械 98, 065, 827 62,475, 189 35,590,638 

車 両 運 搬 具 7,321,221 5,476,271 1,844,950 

什 器 備 品 33, 302, 080 36,899, 492 △3,597,412 

土 地 1,174,921,031 1, 140, 053, 831 34,867,200 

電 話 加 入 権 1,806, 122 1,806, 122 

敷 金 761, 000 761,000 

保 証 金 278,000 278, 000 

投 資 有 価 証 券 155, 623, 686 155,818,686 △195,000 

その他の固定 資 産 5,992, 070 6, 718, 147 △726,077 

リ ス 資 産 531,360 tJ.531, 360 

そ の他固 定 資 産 合計 4,219,882,799 4,285,731,967 065, 849, 168 

固 定 資 産 合 計 5,626, 625, 364 5,692,474, 293 h.65, 848,929 

資 産 合 計 7,657,343,507 7,597,562,874 59,780,633 

II 負 債 の 部

流 動 負 債

未 払 金 362, 943, 959 400,237,433 △37,293,474 

預 り 金 25,843,429 23,920, 354 1,923,075 

短 期 借 入 金 50,000,000 50,000,000 

仮 点又 金 78,515 △78,515 

リ ス 債 務 531,360 △531,360 

流 動 負 債 合 計 438, 787, 388 474,767,662 △35,980,274 

固 疋『 負 債

長 期 借 入 金 629, 084, 000 746,338,000 All7,254,000 

退職 和,,;ヽ 付 弓I 当 金 1,324,903,475 1,254,343,542 70,559,933 

F 又 入 保 証 金 4, 050, 000 4,050,000 

固 定 負 債 合 計 1,958,037,475 2,004,731,542 △46,694,067 

負 債 合 計 2,396,824, 863 2,479,499,204 A82, 674,341 

III 正 味 財 産 の 部



貸

令和

法人名：公益財団法人

事業名 ：事業全体

老年病研究所

科 目

一 般正味財産

正味財産合計

負債及び正味財産合計

イ昔

2年

対 貝召

3 月 31 日現在

当年度

5, 260,518,644 

5,260,518,644 

7,657,343,507 

麦

（決算）

前年度

5,118,063, 670 

5,118,063,670 

7,597,562, 874 

（単位 円）

増減

142,454,974 

142,454,974 

59,780,633 
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22. （公財）老年病研究所・附属病院医師（歯科医師を含む）名簿 ＇ 

（ 令和 2年 3月31日現在） 在職者は太字

氏名 研究診療科名 就任年月日 退任年月日 摘要

高玉真光 内科 昭和55.9. 16 理事長

吉田カツ江 病理、内科 昭和56.11. 1 平成 24. 3. 31 

鈴木慶二 病理 昭和56.11. 10 陽光苑副施設長

岡本幸市 神経内科 昭和57. 6. 2 平成 25. 3. 31 

福田利夫 病理 昭和58. 4. 1 平成 28. 3. 31 

内藤 功 脳神経外科 昭和62. 6. 2 

佐藤美恵 麻酔科 昭和63.7. 1 

佐藤圭司 整形外科 平成 1.4. 1 病院長

甘利雅邦 神経内科 平成 2. 6. 2 副院長

林 陸郎 内科 平成 2.10. 1 平成 21. 4. 24 

古）II 和美 内科 平成 4. 4. 6 平成 19. 7. 20 

渡辺 孝 循環器科 平成 4.10. 1 平成 24. 5. 13 （研究所長）

天野晶夫 循環器内科 平成 5.6. 1 副院長

ーノ瀬義雄 泌尿器科 平成 5.6. 2 

212 
館野勝彦 整形外科 平成 9.6. 1 整形外科主監

赤羽信雄 眼科 平成11. 4. 7 平成 24. 3. 15 

中村哲也 内科 平成11.10. 4 

高玉 真 脳神経外科 平成12.4. 1 診療部長

高玉 • ，•馬. •. 眼科 平成12. 5. 1 医局長

青木 純 放射線科 平成13.12. 26 平成 29. 8. 20 

池田 将樹 神経内科 平成14.6. 1 

田所作太郎 内科 平成14. 6. 3 平成 20. 3. 31 （陽光苑副施設長）

平井俊策 神経内科 平成14. 7. 2 平成 20.12. 31 

石川 治 皮附科 平成14.10. 1 平成 30. 3. 31 

黒川 公平 泌尿器科 平成15. 2. 10 平成 24. 3. 31 

増田裕一 麻酔科 平成15.10. 14 副院長

岩井丈幸 脳神経外科 平成16.4. 1 副院長

清水立矢 脳神経外科 平成17.10. 1 平成 20. 9. 30 

田野しのぶ 神経内科 平成18. 4. 1 平成 17. 3. 31 

中嶋義明 神経内科 平成18. 4. 1 平成 19. 3. 31 

八巻さやか 外科 平成18. 4. 1 平成 19. 3. 31 

荻野隆史 救命救急 平成18. 4. 1 平成 27. 11. 30 

神宮俊哉 リハビ リテーション科 平成18. 9. 1 平成 22. 9. 15 

藤田清香 神経内科 平成19. 4. 2 平成 15. 5. 31 

根岸一明 神経内科 平成19.4. 3 平成 21. 3. 31 

渋沢弥生 皮府科 平成20.4. 1 平成 24. 3. 31 

平柳公利 神経内科 平成20. 4. 1 平成 21. 3. 31 

二瓶治彦 整形外科 平成20. 4. 1 平成 21. 3. 31 



氏名 研究診療科名 就任年月日 退任年月日 摘要

土屋寛子 神l経内科 平成20.4. 1 平成 21. 9. 29 

斉藤章宏 神経内科 平成20.4. 5 平成 22. 3. 20 

荻野彩絵 眼科 平成20.4. 11 平成30. 3. 31 

加藤 箕 外科 平成20. 5. 1 平成27. 3. 31 （陽光苑副施設長）

竹内弘久 外科 平成20. 5. 31 平成 27.12. 12 

宮本直子 脳神経外科 平成20.10. 1 

須藤貴世子 麻酔科 平成20.11. 1 平成27.12. 31 

安齋徹男 循環器外科 平成21. 1. 1 平成30. 3. 31 

新井規之 整形外科 平成21. 4. 1 平成22. 3. 31 

古田 夏海 神経内科 平成21. 4. 1 平成22. 3. 31 

松村智文 後期研修医 平成21. 4. 1 平成23. 9. 30 

大塚 六盲 神経内科 平成21. 4. 1 平成22. 3. 31 

黒沢幸嗣 循環器内科 平成21. 4. 1 平成31. 3. 31 

小保方優 循環器内科 平成21. 4. 1 平成 23. 3. 31 

山口 晴保 神経内科 平成21.4. 1 

橋本由紀子 神経内科 平成21. 4. 1 平成 24. 3. 31 

中村保子 内科 平成21.6. 5 

山岸 美保 循環器内科 平成21.10. 6 令和 2. 3. 31 
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矢嶋久徳 泌尿器科 平成22. l. 4 平成 28. 3. 31 

島田 晴彦 整形外科 平成22.4. 1 副院長

玉山倍碩 整形外科 平成22. 4. 1 平成23. 3. 31 

牧岡 幸樹 神経内科 平成22.4. 1 平成23. 3. 31 

関根彰子 神経内科 平成22. 4. 1 平成 24. 3. 31 

入江忠信 循環器科 平成22. 4. 1 平成25. 3. 31 

田村 未央 循環器科 平成22. 4. 1 平成24. 3. 31 

古田みのり 臨床研修医 平成22. 4. 1 平成24. 3. 31 

長嶺士郎 腐床研修医 平成22.4. 1 平成 30.12. 31 

勝山 ユ早ク 内科 平成22.4. 18 

神宮俊哉 リハビリテーション科 平成22.9. 15 

石嶋秀行 放射線科 平成22.12. 1 平成 28. 11. 6 

金子哲也 消化器外科 平成23. 3. 1 平成 24. 3. 31 

佐烏圭輔 循環器内科 平成23. 3. 25 平成 24. 3. 31 

笠原浩生 神経内科 平成23. 4. 1 平成 24. 3. 31 

熊坂創真 研修医 平成23. 4. 1 平成 25. 3. 31 

濱野哲敬 研修医 平成23. 4. 1 平成 25. 3. 31 

酒井保治郎 神経内科 平成23.4. 1 

加藤良衛 整形外科 平成23.4. 1 平成 25. 3. 31 

吉田カツ江 内科 平成24.4. 1 

井上千鶴 皮附科 平成24.4. 1 平成27. 3. 31 

乾 正幸 消化器科 平成24.4. 1 平成 25. 3. 31 

塚越設貴 神経内科 平成24. 4. 1 平成 25. 3. 31 



氏名 研究診療科名 就任年月日 退任年月日 摘要

五十嵐健祐 臨床研修医 平成24. 4. 1 平成 26. 3. 31 

梶原 剛 臨床研修医 平成24. 4. 1 平成 30. 9. 30 

古田みのり 神経内科 平成24. 4. 1 平成 27. 3. 31 

平柳公利 神経内科 平成24. 4. 1 平成 25. 3. 31 

田村峻太郎 循環器内科 平成24. 4. 1 平成 25. 3. 31 

増田くに子 循環器内科 平成24. 4. 1 平成 25. 3. 31 

池内秀和 腎臓リウマチ内科 平成24. 4. 1 平成 29. 3. 31 

小保方優 循環器内科 平成24. 4. 1 平成 25. 3. 31 

岡本幸市 神経内科 平成25. 4. 1 研究所長

笠原浩生 神経内科 平成25. 4. 1 平成 28. 3. 31 

米元 崇 整形外科 平成25. 4. 1 平成 26. 3. 31 

片山 千佳 初期研修医 平成25. 4. 1 平成 26. 3. 31 

孫 莉華 初期研修医 平成25. 4. 1 平成 26. 3. 31 

野村隆則 初期研修医 平成25. 4. 1 平成 27. 3. 31 

飯島貴史 循環器内科 平成25. 4. 1 平成 28. 3. 31 

佐藤正行 神経内科 平成25. 4. 1 平成 26. 3. 31 

山口 彩 呼吸器内科 平成25. 4. 1 平成 27. 3. 31 
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藍原和史 循環器内科 平成25. 4. 1 平成 26. 3. 31 

友松佑介 整形外科 平成25. 5. 16 平成 27. 6. 20 

加藤良衛 整形外科 平成26.4. 1 

長谷川 寛 循環器内科 平成26. 4. 1 平成 27. 3. 31 

鹿嶋友敬 眼科 平成26. 7. 1 平成 29. 3. 31 

遠藤 朝美 眼科 平成26. 7. 1 

大島一真 循環器内科 平成27. 4. 1 平成 28. 4. 6 

市川 啓介 循環器内科 平成27. 4. 1 平成 28. 3. 31 

下田雄輝 内科 平成27. 4. 1 平成 31. 3. 31 

石澤邦彦 神経内科 平成27. 4. 1 平成 30. 3. 31 

渋沢弥生 皮府科 平成27. 4. 1 令和 2. 3. 31 

藤田達士 麻酔科 平成28. 2. 18 平成 30.12. 31 

野村隆則 内科 平成28. 4. 1 平成 29. 3. 31 

清水千聖 神経内科 平成28. 4. 1 令和 2. 3. 31 

藤沢洋輔 神経内科 平成28. 4. 1 平成 29. 6. 30 

坂井俊英 循環器内科 平成28. 4. 1 平成 29. 3. 31 

入江忠信 循環器内科 平成28. 4. 1 平成 30. 3. 31 

登丸行雄 泌尿器科 平成28. 4. 1 平成 29. 6. 20 

福田 利夫 病理診断科 平成28.4. 1 

塚田圭輔 整形外科 平成28. 4. 1 平成 31. 3. 31 

角田洋平 整形外科 平成28. 4 1 

山口 彩 循環器内科 平成28. 4. 22 

前野敏孝 循環器内科 平成28. 5. 6 平成 31. 3. 31 

岩崎 理 神経内科 平成29. 4. 1 平成 30. 3. 31 



氏名 研究診療科名 就任年月日 退任年月日 摘要

岡 大典 神経内科 平成29.4. 1 平成 30. 3. 31 

大澤貴志 整形外科 平成29.4. 1 平成30. 3. 31 

飯塚あずさ リウマチ科 平成29.4. 1 平成 29. 8. 20 

大石裕子 リウマチ科 平成29. 4. 1 平成31. 3. 31 

吉村幸恵 循環器内科 平成29.4. 1 平成 30. 3. 31 

山田拓郎 消化器科 平成29.4. 1 

中田 聡 脳神経外科 平成29. 4. 1 平成30. 3. 31 

富沢真一郎 脳神経外科 平成29. 4. 6 

矢嶋久徳 泌尿器科 平成29.6. 26 

黒）II 公平 リハビリテーション科 平成29. 7. 1 

中島崇仁 放射線科 平成29.8. 23 

菊池雄太郎 神経内科 平成30. 4. 1 令和 2. 3. 31 

漆田 優樹 神経内科 平成30.4. 1 

村上文崇 循環器科 平成30.4. 1 平成31. 3. 31 

田村峻太郎 循環器科 平成30.4. 1 

根井 雅 整形外科 平成30.4. 1 令和 2. 3. 31 

神谷真理子 整形外科 平成30. 4. 1 

石井希和 脳神経外科 平成30. 4. 1 215 
雪竹靖衛 精神科 ・心療内科 平成30. 7. 1 令和1. 6. 25 

小池陽子 内科 平成30. 9. 4 

山内洋子 リハビリテーション科 平成30.10. 1 

吉田 くに子 循環器内科 平成30.10. 16 

大西 真弘 放射線科 平成30.12. 3 

渡辺光治 リウマチ科 平成31. 1. 1 令和 2. 3. 31 

秋山真人 内科 平成31. 4. 1 令和 2. 3. 31 

東海林幹夫 神経内科 平成31. 4. 1 認知症研究センター長

菅野幸太 循環器内科 平成31. 4. 1 

諏訪絢也 リウマチ科 平成31.4. 1 

常岡 明加 脳神経外科 平成31.4. 1 

荒巻彩織 初期臨床研修医 平成31. 4. 1 

村上 尚 初期臨床研修医 平成31. 4. 1 

佐藤寿充 整形外科 平成31. 4. 2 

遠藤武尊 外科 平成31.4. 4 

瓦林 毅 神経内科 令和 1. 5. 1 

加地卓万 初期臨床研修医 令和l. 5. 1 令和 2. 3. 31 

小林 進 放射線科 令和 1. 6. 3 

松村紗音 初期臨床研修医 令和 2. 2. 1 



〔歯科医師〕

氏 名 研究診療科名 就任年月日 退任年月 日 摘要

飯島 克 平成 13.6. 1 平成 27. 3. 31 

石原宏一 平成 13.6. 1 平成 14. 6. 15 

土屋政敬 平成 14. 6. 17 平成 16. 5. 31 

土屋明日香 平成 16.6. 1 平成 19. 4. 10 

野田俊樹 平成 19.4. 1 平成 21. 3. 31 

高沢みさき 歯科 ・歯科口腔外科 平成 21. 4. 1 平成 23. 3. 31 

茂木 健司 平成 20.4. 24 

戸谷麻衣子 平成 23. 4. 1 

米村裕樹 平成 25.4. 1 平成 26. 3. 31 

福士宙之 平成 26. 4. 1 

伊達 佑生 平成 27.4. 1 
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あとがき

私達の研究所業績集第20集（2020年版）を発刊することが出来ました。

これも岡本研究所長をはじめ研究所職員による努力の賜と思います。

1980年 9月に財団法人の研究所として認可されてから今年で40年を

経過します。この貴重な論文や研究発表業績は多くの人々の健康を保

ち、医学と医療の発展に役立つものと確信しております。

2019年度は国内外において多くの研究発表が行われ、国外からもモ

ンゴル国の研修医、中国からの看護職員等の研修と交流が行われました。

業績集第20集の中には、東海林幹夫博士と瓦林毅博士の弘前大学よ

り続いたアルツハイマー病の成り立ちと治療法についての研究論文が

加わり、一層充実した業績集となりました。

また附属病院とともに、地域の医療に役立つ老人保健施設「陽光苑」

事業を始め、グループホーム「ひまわり」事業、地域包括支援センター

事業、認知症疾患医療センター事業、訪問看護ステーション事業、高

玉診療所事業などが相互に連携協力して研究業績を重ねております。

これからも一層充実した研究と、地域社会に役立つ診療を行う所存

です。また、文部科学省、厚生労働省を始め地元の群馬県や前橋市の

御指導と御支援をいただきながら、研究業績をさらに発展させるため

努力して参りたいと考えております。

本業績集の収集と発刊にあたり当研究所の大谷幸也事務部長、職員

及び上毎印刷の関根章裕様に心より感謝いたします。

令和 2年 7月

公益財団法人 老年病研究所

理事長高玉 真 光
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