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Brain Bank for Aging Research (BBAR)
Tokyo Metropolitan Institute for Geriatrics and Gerontology

Brain Bank is a movement conducted by patients, doctors and 
researchers, to conquer intractable neuro- psychiatric disorders.
Prof. Tourtelotte UCLA

Neurology

Neuropathology

Pathology

プレゼンターのノート
プレゼンテーションのノート
The Brain Bank for Aging Research is the official operation of TMIGG in collaboration of Departments of Neuropathology, Neurology and Pathology. 



In House Cohort Resource
1. Paraffin blocks and glass slides (1972.5-)

  for Clinical, Radiological and Pathological Research 7418
>2. Frozen neocortex and body tissues (1995.1-) 

for Molecular Research: 2,415 
     >3. Frozen half brains (2001.7- )

  for Neuroscience Research: 1,102
All Japan Depository of Neurological and Psychiatric Disorders

Brain Bank for Neurodevelopmental, Neurological and Psychiatric 
Disorders, Osaka University

Brain Bank for Aging Research (BBAR)

Resources consisting of consecutive autopsy 
cases from a general geriatric hospital & all 
Japan depository of rare neurological and 
developmental disorders 
(http://www.mci.gr.jp/BrainBank)

TMIGG

プレゼンターのノート
プレゼンテーションのノート
The Brain Bank for Aging Research (BBAR) has been accumulating fixed brain and body tissues since 1972, frozen small pieces of brain and body tissues since 1995 and frozen half brains since 2001. The BBAR receives the request of depository of rare intractable neurological disorders in Japan.



Basic Concept of BBAR
1. Seamless cooperative management of 
the hospital and the research institute.
2. The longstanding mutual reliable 
relationship with the supporting cohort.
3. Establishment of the NIH- type PET 
Center.
4. Establishment of the Department of Neuropathology.
(Late Prof. Kazutomo Imahoari, reg. to BBAR in 2016）

5. Diagnosis of dementia and/ or parkinsonism with CSR 
surrogate baiomarkers> 3,600 cases (Dr. Iwata A).
6. Clinical, radiological and pathological data base of the 
consecutive autopsy cases.

Late Emeritus Prof.
Kazutomo Imahori
The Univ. Tokyo
Registered to BBAR
2016

プレゼンターのノート
プレゼンテーションのノート
The idea of Brain Bank for Aging Research (BBAR) followed late Emeritus Professor Imahori, the University of Tokyo.  He was registered to BBAR on May 6, 2016 with his own will. Department of Neurology accumulated CSF resource from Memory and Movement Disorder Clinics for more than 20 years.  These consecutive autopsy cases with clinical information, images and bioresource form BBAR.
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プレゼンターのノート
プレゼンテーションのノート
The BBAR follows the framework of Alzheimer Disease Coordinating Center in US. 



Dpt. Neurology and Psychiatry
Cognitive and Motor impairment (incl. iNPH) 

Neurological and neuropsychologial examination, Neuroimages

CSF biomarker・apoE genotyping

Biobank (CSF, plasma and genome)

FDG, amyloid and tau PET

Skin biopsy for LBD

Researchers

Autopsy, Registration to Brain Bank

Academic Committee Research Manager & Coordinator IRB

Brain Bank donor
Normal Control

Informed consent

Brain biopsy at VP shunt

Consent of Brain Donation

BBAR Resource Built

MRI

プレゼンターのノート
プレゼンテーションのノート
From 2017, BBAR extended its research support to include biobanking of CSF, plasma and genome of living patients and control volunteers.



BBAR Clinical Project
Prospective longitudinal clinical studies of dementia and 

parkinsonism, confirmed by final neuropathological
findings

• Neuropsychiatric & neuropsychological examinations
• Voxel based morphometry with MRI
• CSF and blood biomarker (tau, ptau, Abeta 1-42, HVA, 5HIAA)
• SPECT: Brain Tc- ECD, Heart MIBG and DAT
• PET: FDG, PIB, Tau, Dopamine (P2I, Raclopride), THK5351

Grants in Aid from Tokyo Metropolitan Government, 
Ministry of Education, Culture, Sports, Science and Technology, Ministry of Health, Labor and Welfare, and  
Japanese Agency for Medical Research and Development 

プレゼンターのノート
プレゼンテーションのノート
The Brain Bank for Aging Research Clinical Project consists of prospective longitudinal clinical studies of dementia and parkinsonism, employing standardized neuropsychological examinations, voxel- based morphometry with MRI, CSF and blood biomarkers and PET scans of FDG, PIB, Dopamine and other new ligands.  We are trying our best to obtain final pathological confirmation.



Cross- sectional Pathological Studies
• Dynamic Neuropathology

= to elucidate the correlation between the longitudinally 
acquired in vivo clinical and radiological findings and 
postmortem pathological findings

• Molecular Neuropathology
= to clarify the molecular basis of each pathological process

• Epidemiological Neuropathology
= to study a large number of unbiased samples, actively 
correlated with the former two methods

BBAR Research Project

プレゼンターのノート
プレゼンテーションのノート
Our neuropathological studies are based on three schemes: dynamic, molecular and epidemiological neuropathology.



BBAR Resource Center
• A fulltime brain bank coordinator.
• All BBAR records stored in hospital digital clinical 

chart system with Brain Bank ID.
• BBAR Resource Center:

24 deep freezers, including one 
for a national prion back- up bank

• >7000 cases- paraffin blocks
• BBAR Data Center: a virtual slide system for 

educational output.
• BBAR Network Conference Room: 

internet conference with Osaka U and Toneyama

プレゼンターのノート
プレゼンテーションのノート
The Brain Bank for Aging Research (BBAR) employs a full-time coordinators.  Our registrants’ data are all stored in clinical chart system with the brain bank ID. We have a resource center, carrying 24 deep freezers and paraffin blocks of more than 7000 cases.The BBAR Data Center is equipped with a virtual slide system for neuropathological education.  The BBAR network conference room is connected to Osaka University and National Hospital Organization Osaka Toneyama Medical Center for neuropathological conferences every week. 



Tokyo Metropolitan Mayor’s Award 2007
The Brain Bank for Aging Research Project

プレゼンターのノート
プレゼンテーションのノート
In 2007, the Brain Bank for Aging Research Project received Tokyo Metropolitan Mayor’s award.



Tokyo Metr. Inst. for Geriatr. & Gerontol.

Brain Donation &
Autopsy Consent

Researcher

Choice of Resource

Brain Bank for Aging Research

Registration
Clinical, Radiological & Pathological Database

NCNP

Open Resource for 
Education and Research

Mihara Mem. Hosp

Japanese Brain Bank Network for Neuroscience Research
University of Tokyo, Tokushima, Kagawa, Tokyo Medical, Kitasato and Teikyo Universitis; 
NCGM, NHO Tokyo, Shimoshizu, Shizuoka Epi. Neuro., Okayama West and Okinawa Hosp.
Toranomon, Yokohama Rosai, Kameda, JR Kanto, Chikamori and Tokyo Teishin Hosp.

Brain Bank Committee, Jap. Soc. Neuropath.

Fukushimura Hosp.

TMIGG

Late Em. Prof.
Yasuo Ihara
The Univ. of Tokyo
registered to BBAR 2023

Brain Bank for Neurodevelopmental,
Neurological and Psychiatric Disorders

Osaka Univ. 
NHO Toneyama

プレゼンターのノート
プレゼンテーションのノート
BBAR is the core of the Japanese Brain Bank Network for Neuroscience Research, funded by MEXT, collaborating with the National Center of Neurology and Psychiatry (NCNP), Mihara Memorial Hospital and Fukushimura Hospital. Dr. Yasuo Ihara, a preregistered brain donor for BBAR and an emeritus professor, the University of Tokyo has been contributing to this frame.
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Late Emeritus Professor
Ichiro Kanazawa
The Univ. of Tokyo
registered to BBAR 2016
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プレゼンターのノート
プレゼンテーションのノート
Japan Brain Bank Net (JBBN) is funded by AMED, under Professor Mizusawa’s Guidance, the President of National Center of Neurology and Psychiatry (NCNP).  Dr. Yuko Saito, the director of NCNP Brain Bank and the pathology core of BBAR is PI.  BBAR takes responsibility for aging and dementia.  The establishment of JBBN was Emeritus Professor Kanazawa’s dream, who was registered to BBAR on January 21, 2016, just before the start of JBBN.
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JSNP Brain Bank Committee (1986- )
Chair: Murayama S (Osaka U)

• Adachi T (NP, Tottori U)
• Beck G (Neu Osaka U) 
• Furuta T (Pat  
• Hasegawa M (Bio Ch TMIMR)
• Inoue, K. （Neu NHO Toneyama)
• Ikeuchi, K. (Genome Niigata U)
• Inoue Y (Ethis IMSUT) 
• Iritani S (Psy Nagoya U)
• Ito K (NP Kyoto Pr U)
• Izumi Y (Neu Tokushima U)
• Kaneda D (Neu Fukushimura)
• Kawakami I (Psy Juntendo)
• Komori T (NP TMNH)
• Kowa H（Neu Kobe U）

• Kunii Y (Psy Tohoku U)

• Tanigawa K (Pat Hokkaido U)
• Matsumoto T (Forensic Osaka U)
• Nishida N (Forensic Toyama U)
• Nishimura H （Pat Kawasaki U)
• Oshima K （Psy Matsuzawa H.）
• Saito Y (NP TMIGG)
• Shimizu H (NP Niigata U)
• Suzuki H. (Pat NPO Sendai)
• Takao M (Lab NCNP)
• Taniguchi M（Neu Juntendo U）

• Tokumaru A (Rad TMIGG)
• Miki Y (NP Hirosaki U)
• Yamada M (NP Shinshu U)
• Yokota O (Psy Okayama U)
• Yoshida M (NP Aichi M U) 

プレゼンターのノート
プレゼンテーションのノート
The JSNP (Japanese Society of Neuropathology) Brain Bank Committee supports JBBNNR and JBBN for quality assurance of neuropathological diagnosis.



Autopsy of Brains
• Each case is handled by an 

attending brain bank doctor 
(neuropathologist) and a 
technician (specially trained), in 
collaboration with an attending 
general pathologist and two 
pathology technicians.

• The attending brain bank doctor 
determines the frozen side. 

• The doctor forms 8mm-thick 
serial coronal slices of the brain, 
5mm- thick serial sagittal slices of 
the cerebellum and 5mm- thick 
axial slices of the brain stem.

• The technician takes photos and 
freezes tissues immediately.

プレゼンターのノート
プレゼンテーションのノート
In BBAR, each autopsy is conducted by a general pathologist, an autopsy technician and a laboratory technician (3), in collaboration with a neuropathologist and a brain bank technician (2).  Thus, every autopsy is handled by five professionals.



BBAR Protocol (www.mci.gr.jp)

Frozen Half Fixed Half

8 areas: 4% paraformaldehyde over 2 nights
(McGeer’s method @ British Columbia)

プレゼンターのノート
プレゼンテーションのノート
From the frozen side, eight small samples from specific anatomical areas are fixed in 4% paraformaldehyde over two nights.  The fixation simulates perfusion and overnight fixation protocol that is applied to experimental animals.



C4C8Th4Th8

Th12

L5S2 S1Cauda 
Equina

DRG

Phrenic Nerve, Diaphragm

Sural Nerve, Short Peroneal 

Biceps

4% PFA 2 overnight, 2.5% GA overnight

Sampling of Spinal Cord

プレゼンターのノート
プレゼンテーションのノート
Spinal cords are recovered from all cases.  After sampling segments for histological evaluations, the remaining spinal cords are frozen for biochemical and molecular studies.



a copper plate chilled in refrigerator on sliced dry ice

powdered dry ice

プレゼンターのノート
プレゼンテーションのノート
Recovered brain tissue is placed on a copper plate, which is chilled in a deep freezer and placed in a portable freezer. The tissue is covered with powdered dry ice, and later double- packed in zip lock bags and stored in deep freezers. 



BBAR Resource (Frozen)
• Half brain after sampling small pieces of tissues 

for weak fixation.
• Entire spinal cord, after sampling the segments 

for pathological evaluation.
• Peripheral autonomic nervous system: 

sympathetic ganglia, esophago- columnar 
junction, heart, skin and  olfactory plate.

• Skeletal muscle: biceps brachii (for the study of 
sarcopenia)

• General organs: small pieces of liver, kidney, 
lung, esophagus

• Serum (stored in the hospital laboratory).

プレゼンターのノート
プレゼンテーションのノート
Frozen resource includes half brain, entire spinal cord, peripheral autonomic nervous system, skeletal muscle and serum sampled in vivo stored in the department of laboratory medicine. 
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Total RNA Quality Check (Dpt. Mol. Biol. Niigata Univ. BRI)

RNA Quality of BBAR is better than 
rapid autopsy control, probably due to a 
very short cooling interval (interval 
between death and transfer to a 
refrigerator).

DNA & RNA Back Up

プレゼンターのノート
プレゼンテーションのノート
In collaboration with the Department of Molecular Biology, the Brain Research Institute at Niigata University (BRIN), we check the RNA qualities of all cases.  Our cases present better quality than specimens of a a reference institute.  ApoE genotyping is determined for every case.  DNA and RNA are stored in BRIN to back up BBAR.



BBAR Resource (Fixed)
• 4% paraformaldehyde over two nights, one half for paraffin 

embedding and another half preserved in 20% sucrose 
PBS+0.1% NaN3

- Brain: frontal, temporal and occipital poles, intraparietal
sulcus, anterior amygdala, posterior hippocampus, midbrain, 
dentate nucleus, olfactory bulb

- Spinal Cord: C4/8, T4/8/12, L5, S2
- Peripheral ANS: sympathetic ganglia, esophago- columnar 

junction, anterior wall of the left ventricle of the heart, skin, 
olfactory plate, biceps brachii

• 20% buffered formalin for 7-13 days
- Half brain, body organs

プレゼンターのノート
プレゼンテーションのノート
Fixed tissue resource consists of weakly stained tissues from a frozen half and formalin fixed tissues from a fixed half of the brain 



Brain Cutting (1972.5.1-)

Neurology, Neuropathology, Psychiatry, Pathology, Rehabilitation, 
connected to Osaka U and Toneyama via internet

プレゼンターのノート
プレゼンテーションのノート
Brain Cutting is an important activity for diagnosis and education, with BBAR and NCNP connected by internet. Emeritus Professor Kinuko Suzuki, Department of Pathology (Neuropathology), the University of North Carolina at Chapel Hill joins the conference after she returned to Japan.



プレゼンターのノート
プレゼンテーションのノート
The surface of the brain can be appreciated only at the time of autopsy and brain cutting, not by neuroimaging.



Einstein’s Brain

プレゼンターのノート
プレゼンテーションのノート
Einstein’s brain shows disconnection between postcentral and supramarginal gyrus.  This splitting is reported in Gaus, another genius as well as some autism cases. The finding cannot be detected by MRI. BBAR stored neuropathological specimens of Einstein’s brain, donated by Professor Haruyasu Yamaguchi. 



③神経病理学的検索

BBAR Protocol: Fixed Side
Brain: 29 areas; Spinal Cord: 9 segments

Fixed HalfFrozen Half

frontal pole

temporal pole

substantia
nigra

Cerebellum with dentate

amygdala
posterior hippocampus

Olfactory bulb
Sympathetic Ggl.
Skin

occipit. 
pole

frontal pole frontal opeculum

anterior cingulate 2nd frontal gy.
med 
ob

CE, LDRG,
S2, L5, L2
Th12, 8, 4
C8, C4 

cerebellum with dentate
cerebellar vermis

pedunculopontine nucleus
mid-
Pons

midbrain

locus ceruleusSeptume, accumbens
Caudate head, putamen

Rectal gyrus

Posterior cingulate and precuneus

Intraparietal
suclus

Anterior commissure and Meynert

Visual cortex

Intraparietal
suclus

posterior hippocampusThalamus and corpus callosum

Pyryform cortex

Precentral
Gyrus

Splenium

Frontal
operculum

anterior 
hippocampus

1st and 2nd

temporal gyrus
amygdala

temporal pole

Subthalamic nucleus, internal segment of palldum

temporal pole
Copus mammilare and basal ganglia

プレゼンターのノート
プレゼンテーションのノート
Tissue sections were obtained from a fixed side, in compliance with CERAD requirements, DLB Consensus Guidelines, and Braak’s recommendation that requires evaluation of bilateral amygdala and hippocampi.



Staining
Routine： H.E.，K.B.
Special： Gallyas-Braak, methenamine silver,

Elastica Masson, Congo red, thioflavin S
Immunohistochemistry with automatic stainer（Ventana）

Epitope Antibody Clone

Aβ11-28aa
phosphorylated tau
3R/ 4R tau
phosphorylated 
α- synuclein
Ubiquitin

12B2 (IBL)
AT8 (Innogene)
RD3/ RD4
psyn64 (Wako)

Sigma

monoclonal
monoclonal
monoclonal
monoclonal

polyclonal
Phosphorylated TDP43
FUS/ TLS

PSer409/410
Sigma

monoclonal
polyclonal

プレゼンターのノート
プレゼンテーションのノート
Systematic screenings of unbiased consecutive autopsy cases are performed with commercially available antibodies.



Ventana NX20 autoimmunostainer: BBAR, NCNP, MMH and Osaka Area

プレゼンターのノート
プレゼンテーションのノート
Immunohistochemistry is conducted with a Ventana NX20 autoimmunostainer.  The same methodology is employed by NCNP, Mihara Memorial Hospital and Osaka area.



Aβ

プレゼンターのノート
プレゼンテーションのノート
A section of hippocampus fixed in 4% paraformaldehyde presented numerous A-beta (11-28)- immune- positive deposits in the parenchyma and the walls of vessels.



R L TSA BLA R L R L R L R L R L

Sympathetic ganglion
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Spinal cord

Sacral  anterior horn
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Midbrain
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Pars compacta of SN 0 0 0 0
Periaqueductal gray matter

Cerebellum

Cerebellar cortex 0 0 0
Cerebellar white matter
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 Interbrain / Basal ganglia

Broca's diagonal band

Hypothalamus
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Accumbens N.

Caudate N.

Putamen 0 0
Ext. globus pallidus

Int. globus pallidus

Claustrum

Subthalamic N.

Thalamus

Allocortex (Rhinencephalon/Limbic)

Olfactory bulb periphery 0
Anterior olfactory N. 0
Piriform cortex (frontal)

Piriform cortex (temporal)
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Hippocampus CA2 0 0 0 0 0
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F2
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Visual association cortex

Striate area 0 0 0 0
Primary motor cortex

0

GT NT NP
AG AT Psyn DP CP A/V CCAATDP

-43
PT NFTY-9578

tau Lewy TDP AβCNS Screening

プレゼンターのノート
プレゼンテーションのノート
We screen all cases immunohistochemically.  Blue highlights denote the peripheral autonomic nervous system, and the orange rectangle, the spinal cord.
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CP: classic plaque, A / V: Amyloid βdeposition in arteries or veins, CCAA: capillary cerebral amyloid angiopathy, SN: substantia nigra







BBAR Degenerative Pathology Database

A/G age/ gender
CDR (clinical dementia rating): 0-3
PMI: postmortem interval
NFT (tangle: Braak Stage): 0-6
AT8 (tangle: AT8 Stage) 0-6
SP (senile plaque: Braak Stage): 0-3
CERAD 0-3 (0- C)
Thal (amyloid Thal Stage) 0-5
Lewy (Lewy body, BBAR Stage): 0-5
DLB score (DLB 1st Consensus Guideline)
DLB 3rd (DLB 3rd Consensus Guideline)
Grain (argyrophilic grain, Saito Stage): 0-3
AA (amyloid angiopathy, BBAR Stage): 0-3
AT (astrocytic tangle): 0-3
UD (ubiquitinated dots): 0-3
TDP (TDP-43 proteinopathy, temporal, medulla and spinal) 0-3
ApoE (apoE genotyping)
RIN (RNA intergrity number)
NPD: neuropathologic diagnosis  (AD: Alzheimer disease; LBD: Lewy body disease; CVDE: embolic infarct)

BBAR Y96XX

A/G CDR PMI NFT AT8 SP CERAD Thal LB LB score DLB 3rd

93M 3 11:22 4/3 3/3 2 2 5 4 4 Limbic
(amygdala

predominant)

Grain AA AT UD TDP ApoE RIN NPD

0.5/
0.5

1C 1 3 T1M1S0 3/3 8.1 AD, LBD, 
CVDE

プレゼンターのノート
プレゼンテーションのノート
Each case is evaluated using international standards.  Researchers who apply to BBAR choose samples based on this database.



BBAR Protocol: Histological Examination.

Internationally Standardized 
Neuropathological Diagnostic Method

Paraffin block of >7,000 cases 
easily accessible Library

プレゼンターのノート
プレゼンテーションのノート
We have been accumulating glass slides and paraffin blocks in the BBAR Resource Center.



D
onor C

ard

2003-

プレゼンターのノート
プレゼンテーションのノート
Late Emeritus Professor Toyokura of the University of Tokyo is the founder of our brain donation program.“Please use my body to establish the path to cure the incurable diseases that will kill me.”



Brain Donors (2022/ 8) :（pre registrants: 231）
No. Age Gen Dix Con Death/ Autopsy

1 80 M （heart 
disease） Self TMIGG

2 83 M FAD F Outside H/ TMIGG

3 79 W FAD F Outside H

4 69 W CBD-PNFA/
TDP-43 type A F Outside H/ TMIGG

5 86 M AD F Outside H

6 91 M AD/CAA/DG/
HS-TDP-43 S Outside H/ TMIGG

7 84 W PSP S Outside H/ TMIGG

8 89 W （colon 
Ca） S TMIGG

9 84 M CVD I F TMIGG

10 86 M AD F TMIGG

11 88 W DLB F Outside H/ TMIGG

12 93 W PD S TMIGG

13 99 W DLB F Outside H/ TMIGG

14 73 M Lung Ca F Outside H/ TMIGG

15 111 W NFTD F Care C/ TMIGG

16 90 W AD F Outside H/ TMIGG

17 97 M NFTD/ 
PSP/LBD/DG F Care C/ TMIGG

18 72 M Cereb Inf F Care C/ TMIGG

19 61 M Encephal F Outside H/ TMIGG

20 79 M CJD F Outside H/ TMiGG

21 83 M Mal Lymph F Outside H/ TMIGG

22 95 W iNPH F Home/ TMIGG

23 80 W ALS F 当センター

24 80 W PSP F Outside H/ TMIGG

25 74 M LBD F Outside H/ TMIGG

26 81 M AD F Outside H/ TMIGG

27 91 W AD F Outside H/ TMIGG

No. Age Gen Dix Con Death/ Autopsy

28 83 W PSP F Outside H/ TMIGG

29 90 W AD S Outside H/ TMIGG

30 87 W AD S Outside H/ TMIGG

31 95 M AGD S Care C/ TMIGG

32 85 M AGD F Outside H/ TMIGG

33 80 W ALS F Outside H/ TMIGG

34 80 M SMA F Outside H/ TMIGG

35 70 W PSP F Outside H/ TMIGG

36 68 M CBD F Care C/ TMIGG

37 84 M ALS S Care C/ TMIGG

38 69 M PSP F Outside H

39 86 M PDD F Outside H/ TMIGG

40 93 M PSP F Outside H

41 87 W Early AD S Care C/ TMIGG

42 77 W AD F Outside H/ TMIGG

43 86 M DLB/AD F Outside H/ TMIGG

44 80 M AD/AGD F Outside H/ TMIGG

45 83 W PSP F Outside H/ TMIGG

46 68 M PSP F Outside H/ TMIGG

47 78 M PSP F Outside H/ TMIGG

48 102 W （influenza） F Outside H/ TMIGG

49 69 M CVD I F Outside H

50 83 W AD/DLB F Outside H/ TMIGG

51 63 M Cereb Cont F Outside H/ TMIGG

52 86 M FTLD-TDP 
typeC F Care C/ TMIGG

53 89 W CJD F Outside H/ TMIGG

54 94 M eAD/AGD F Care C/ TMIGG

No. Age Gen Dix Con Death/ Autopsy

55 44 M SPG11 F Outside H/ TMIGG

56 75 W MSA F Care C/ TMIGG

57 85 M CJD MV1 S Outside H/ TMIGG

58 85 M Renal Ca S Outside H/ TMIGG

59 83 W AD F Home/ TMIGG

60 61 M ALS S Outside H/ TMIGG

61 86 M Lung Ca F Outside H/ TMIGG

62 82 W Cereb Inf F TMIGG

63 85 W PSP F Outside H/ TMIGG

64 92 M AD F Care C/ TMIGG

65 61 W fCJD F Outside H/ TMIGG

66 85 W CJD/PD F Outside H/ TMIGG

67 82 W PSP F Care C/ TMIGG

68 49 W NMO F Outside H/ TMIGG

69 82 W PSP F Outside H/ TMIGG

70 72 M AD F Home/ TMIGG

71 41 W SCA1 F Outside H/ TMIGG

72 83 M AD F Outside H/ TMIGG

73 92 M AD F Outside H/ TMIGG

74 76 M NFTD F Outside H

75 91 W AD F TMIGG

76 63 W Tauopathy F Outside H/ TMIGG

77 85 M SCA6 S Outside H/ TMIGG

78 72 W SCD S Outside H

79 79 M AD F Outside H

80 82 M AD S Outside H/ TMIGG

81 57 M CJD F Outside H/ TMIGG

No. Age Gen Dix Con Death/ Autopsy

82 86 M AGD F Care C/TMIGG

83 65 W CJD F Outside H/ TMIGG

84 72 M TDP43
proteinopathy S Outside H/ TMIGG

85 75 M CBD F TMIGG

86 74 W ALS F TMIGG

87 73 M Cereb Inf S TMIGG

88 78 M CJD F Outside H/ TMIGG

89 74 M PSP F Outside H/ TMIGG

90 75 W CBD F Outside H/ TMIGG

91 50 W DRPLA F Outside H/ TMIGG

92 54 M Cereb Tum F Outside H/ TMIGG

93 58 M control F Outside H/ TMIGG

94 79 M LBD+ALS S TMIGG

95 50 M ALD F Outside H/ TMIGG

プレゼンターのノート
プレゼンテーションのノート
JBBNNR promotes brain donation. This is the most recent result of BBAR’s effort.



Alzheimer’s disease Normal Control

Amyloid (11C- PIB) PET

Husband Wife

the Brain Bank for Aging Research Brain Donation Program

Aaam
yloid

acum
m

ulation

large

small

プレゼンターのノート
プレゼンテーションのノート
The left figure represents case 6 and the right represents case 8 from the former table.



プレゼンターのノート
プレゼンテーションのノート
Coronal MRIs showed the hippocampus, which is severely atrophic in case 6 and relatively preserved in case 8.



AD Control

プレゼンターのノート
プレゼンテーションのノート
Coronal slices of the fresh brains corresponded to the MRI findings in vivo.  Case 6 (left) showed hippocampal sclerosis.



AD Control

プレゼンターのノート
プレゼンテーションのノート
Histological examinations demonstrated abundant compact plaques in case 6 and sparse diffuse plaques in case 8.



Registration of Outside Cases
Informed consents from three parties:

The attending physician
The first kin of relatives
The attending autopsy pathologist

2011
Kashima Rosai Hosp. CARASIL
Tohoku Univ. AD (JADNI case)
2012
National Defense Hosp. NMO, familial
2015
Himeji Central Hospital AD tx Aβ mb
2016
Tokushima University HDLS (CSF1 mut.)

プレゼンターのノート
プレゼンテーションのノート
We are encouraging registration of outside cases with informed consents from three parties for the recovery of precious cases.



The first JADNI participant of Tohoku Univ.
registered to BBAR just after the earthquake 

プレゼンターのノート
プレゼンテーションのノート
This is the first JADNI participant autopsy from Tohoku University.  The autopsy was done just after the Higashinippon Earthquake, and I went to Tohoku University to recover this brain.



Japanese
Brain Bank
Network for
Neuroscience
Research

Insitute Clinial/ Pathology 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Osaka U Mochizuki, H. /Murayama S. 3 4 6 6 5 14 7
NHO Osaka Toneyama MC Toyooka K / Inoue K 13  12 9 7 11 8 14 12 11(2) 14
BBAR Iwata A/ Saito Y 39    39 45     64 52 39 36 36 34(3) 40
Fukushimura Kaneda D/ Hashizume Y 31 27    25 25 21 25 33 40 33 (3) 32
NCNP Takahashi Y/ Takao M 10    11 9 13 18 24 14 22 20 48
Miahara Memorial H Mihara B/ Takao M 26    15 19 23 16 19 33 18 12 10
Univ. Tokyo Kubota A/ Ikemura M 23    22 25 26 15 17 18 21 18 10
NCGM Arai N/ Igari T 16    17 27 17 17 9 9 7 12 12
National Tokyo H Komiya T/ Muayama S 5 2 4 3      0 1 1 1 0 0
Shizuoka Epi Neuro C Obi T/ Murayama S 5     4 6 5 4 6 2 1 6 0
Yokohama Rosai H Imafuku I/ Kakuta Y 6  6 8 8 4 4 4 2 1 0
Kameda H Ando T/ Takeuchi R 10 6 9 12 10(2)10(2)10(2) 5(4) 6 3
Kitasato U Nishiayama K/ Ichinohe M 9 5      4 2 6 6 1 1 2 2
Tokushima U Izumi Y/ Tsuneyama K 3 5 10 4 12 4 5 3 3 1
IUHW Mita Iwata N/ Aida S 3 2 0 2 1 1 2 0 (1) 1
Kagawa U Kagawa M/ Ueno M 4 3 1 1 1 2 1 0 0 1
Toranomon H Uesaka Y/ Ito S 3 1 2 2 3 1 8 2 6 3
Teikyo U Sonoo M/ Saito Y 2 2 0 4 0 4      2 0 1 1
Tokyo Teishin H Shiio Y/ Kishida Y 5 2 2 3 5 3 3 3(2) 7 3
Tokyo Medical U Shimizu S/ Kuroda M 1 0 0 1 0       1     1 1
NHO Hiroshima WMC Watanabe T/ Tachiyama Y 3 4 4 2 4 0 0 1
Osaka Metropolitan U Ito Y/ Osawa M 1 1 1 1 0 1 0 0 0
NHO Sagamihara H Hasegawa K/ Yagishita S 8 10 18 18 17 8 21
NHO Okinawa H Suwazaono H/ Atami E 1 2 2 4 2 0 0
Open Resource 122 112 119 168 170 174 173 164 157 181
Institutional Collection 79 85 84 105 74 69 50 67 39 31

プレゼンターのノート
プレゼンテーションのノート
Japanese Brain Bank Network for Neuroscience Research’s effort to build up open resource as well as institutional collection.



BBAR adopts Braak’s Staging of Alzheimer Pathology 

NFT stage SP stage

プレゼンターのノート
プレゼンテーションのノート
In Alzheimer pathology, we adopt Braak’s extension stage for tangles and plaques.
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86.6
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86.4

40
83.9

404
84.4

計
61
70.5

883
77.7

393
82.9

270
85.4

138
87.6

104
86.4

41
84.1

1890
80.9

DNA Resource (1,890 cases)

Alzheimer Disease:  220/ 1890 = 11.6%

Braak
NFT/ SP

Case #
Average Age

プレゼンターのノート
プレゼンテーションのノート
DNA resources represent progressive accumulation of tangles and plaques.  We adopt Braak NFT Stage equal to or more than IV and SP Stage C for diagnosis of Alzheimer disease or Alzheimer dementia in 2011 NIA- AA classification. 



NFT STAGE
0 I II III IV V VI

S
P

0 MSC
(49.9%)

NFTC
(8.0%)A

B PSC
(21.9%)C

MSC：minimal senile change; NFTC：NFT dominant change
PSC：plaque- dominant change; ADC：Alzheimer disease change

ADC
(20.1%)

Categorization based on Braak’s Staging

プレゼンターのノート
プレゼンテーションのノート
Setting the cut- off levels between Braak NFT Stage II & III and SP Stage B & C, our cohort is divided into four categories: MSC, NFTC, PSC and ADC.



NFT

Neuronal loss

senile 
plaque

Alzheimer 
Dementia

FDGPIB SPECT/ 
MRI 

Alzheimer Disease (2011- )

CSFAβ

Prodromal 
AD = ADC

Preclinical 
AD = PSC 

Cognitively normal   Early MCI  Late MCI  

2014 IWC       asymptomatic at risk for AD                typical and atypical AD

50 60 70 80

プレゼンターのノート
プレゼンテーションのノート
Following the 2011 NIA- AA clinical diagnostic criteria for Alzheimer disease (AD), PDC (plaque- dominant senile change) matches preclinical AD, and ADC (Alzheimer disease change) matches prodromal AD.  The former AD has been renamed to Alzheimer dementia. The 2014 IWG (International Working Group) of Alzheimer disease (AD) criteria comprises AD dementia and prodromal AD as AD and preclinical AD as asymptomatic at risk for AD.



BBAR Lewy Body Stage

Saito Y et al: J Neuropath Exp Neurol (2004)

Stage

SN LB
Dement PALoss of 

pigment
ANS

(preG)
SN/ 
Stri

Limb./ 
NeoCx.

LB 
Score

0 - - - - 0

0.5 - +/- +/- +/- 0

I - +/- +/- +/- 0-10

II + +/- + +/- 0-10 - -
III + + + + 0-2(10) - +
IV + + + + 3-6 + +/-
V + + + + 7-10 + +/-

preclinical

prodromal 

PD w/o D

PDD/DLBL

PDD/DLBN

プレゼンターのノート
プレゼンテーションのノート
Lewy body pathology is evaluated in all cases.  We classify “incidental Lewy body disease” into preclinical and prodromal, the latter showing loss of pigmentation in substantia nigra at brain cutting or macroscopic examination. SN: substantia nigra; LB: Lewy body pathology, ANS: autonomic nervous system; preG: preganglionic sympathetic nerves (spinal cord); Stri: striatrum; Limb: limbic; NeroCX: neocortex; Dement: dementia; PA: Parkinsonism



High quality of the resource from the Japanese Brain Banks

• Japanese brain banks are based on general autopsy and recover body 
organs as well as brains. Brain banks in US and Europe only recover 
brains.

• The Brain Bank Committee, Japanese Society of Neuropathology 
guides brain banks to keep quality control of neuropathological 
diagnosis. In US and Europe, neuropathological reports of brain banks 
are for research use only and usually handled by Ph.D. or its candidates.

• The recovery of brain bank resource was done by neuropathologists in 
Japan. In US and Europe, technicians are responsible for brain banking.

• Neuropathological examination of neurodegenerative disorders follow CJD 
surveillance protocols: clinical and radiological findings, CSF biomarkers, 
mutation analysis of prion gene, Western blotting and immunohistochemistry 
with anti- prion antibody of autopsy brains.  

プレゼンターのノート
プレゼンテーションのノート
Japanese brain bank is based on general autopsy and organized by board- certified neuropathologists. The system is superior to brain banks in US and Europe, which only recover brains.



CJD Surveillance Committee 
Pathology Core (I)

• To promote autopsies of prion disease.
• To receive autopsies of outside cases.
• To report to the surveillance committee 

autopsy- proven prion cases (pathology route)
• To establish a national prion back- up bank.
• To study natural course of prion disease.

Grants in Aid from Ministry of Health, Labor and Welfare, Japan

プレゼンターのノート
プレゼンテーションのノート
I am also the pathology core of the Japanese CJD Surveillance Committee, and am trying to contribute to prion research.



CJD Surveillance Committee 
Pathology Core (II)

• Clinical and radiological findings, CSF biomarkers, analysis 
of prion gene, immunocytochemistry and Westen blots of 
postmortem brains form a neuropathological diagnostic 
base of neurodegenerative disorders in Japan.

• BBAR guides neuropathological diagnostic protocol in 
close collaboration with the Brain Bank Committee and the 
Prion Autopsy Promotion Committee, the Japanese Society 
of Neuropathology.

Grants in Aid from Ministry of Health, Labor and Welfare, Japan

プレゼンターのノート
プレゼンテーションのノート
BBAR is the pathology core of the Japanese CJD Surveillance Committee and contribute to prion research.



BBAR Lewy Pathology Report

Saito, 2003, 2004
JNEN
Senile Brain

Sakashita, 2021
Neuropathology
Submandibular Grand
（JSNP Award）

Ikemura, 2008
JNEN
Shishido 2010
Neurology
Skin

Sengoku, 2008
JNEN（Cover）
（Moore Award）
Olfactory bulb
Funabe, 2013
Neuropathology
（Jsnp Award）
Saito 2016
Movement Diord（Cover）
Olfactory Epithelium

Fumimura, 2007
JNEN
Adrenal gland

Ito, 2014
Int. J. C.E.P
GI tract

Tanei, 2021
Acta Neuropath
Esophagus

Sumikura, 2015
Acta Neuropath Coｍ
DRG, Spinal cord

Hatsuta, 2016
J Park Dis
Spinal ventral roots

Mitsui, 2006
JNS
Matsubara 2021

Neurology 
Heart

プレゼンターのノート
プレゼンテーションのノート
We continued to study Lewy pathology as a disorder affecting the whole body.



PD/ DLB

AD Change

Peripheral 
autonomic 

nervous system
Brain
stem Olfactory

Cerebral 
CortexSC

75 Lewy+/ 
205

(36.6%)

プレゼンターのノート
プレゼンテーションのノート
In our most recent 205 consecutive autopsy cases, 36% contained Lewy body pathology.  In 2014- 2016 we received funding from the Michael J Fox Association as a Lewy body disease body bank.



DMNX

Limbic

Neocortex

（rostral 
extension）

Brain 
Stem

(B)

Limbic
(L)

Neocortical
（Ｎ）

Olfactory Bulb

Amygdala
(A)

Braak’s Rostral Extension Pradigm of Lewy body pathology

Olfactory- Amygdala Extension of Lewy body pathology

(Limbic)

Neocortex

DMNX

AONPeriphery

Sengoku et al 2008

Brain First

Body First

プレゼンターのノート
プレゼンテーションのノート
Braak’s rostral extension of Lewy pathology is quite famous, but we are proposing an olfactory amygdala extension hypothesis. These two paradigms correlate with brain first body first hypothesis.



American Association of Neuropathologists
Moore Award

Presented to

R. Sengoku, Y. Saito, M. Ikemura, H. Hatsuta, Y. Sakiyama, M. Sawabe, 
K. Inoue, H. Mochizuki and S. Murayama 

For the Best Paper on Clinico-Pathological Correlation

Incidence and Extent of Lewy Body-Related α-synucleinopathy in 
Human Aging Olfactory Bulb

San Diego, California
7 April 2008

Ronald L. Hamilton                  Jeffrey A. Golden George Perry
Awards Committee Chair                    President Secretary-Treasurer

プレゼンターのノート
プレゼンテーションのノート
Our study of the olfactory bulb received the Moore Award of the American Association of Neuropathologists in 2008 – the first recipient of the award outside Europe and USA.



Cell 185, 3025–3040, August 4, 2022

Recombination of repeat elements generates somatic complexity in human genomes

1.  Somatic recombination of Alu and L1 elements 
is widespread in the human genome.
2.  Somatic recombination events of Alu and L1 
elements exhibit tissue-specific hallmarks.
3.  Neuronal differentiation of iPSCs is 
accompanied by changes in recombination 
profiles
4.  Somatic recombination profiles are altered in 
Parkinson’s and Alzheimer’s diseases

Methods:
All post-mortem human samples were obtained from the 
Brain Bank for Ageing Research

プレゼンターのノート
プレゼンテーションのノート
This is the most recent publication in Cell. It took 15 years.



518
（2008- 2018）

To examine GI tracts carefully 10 µm
Brain stem

Adrenal
Esophagus

+
178 例
34%-

340

pSyn#64

One third of geriatric cohort contained Lewy pathology in the body.

TMIGG consecutive autopsy 
cases 1,057（2003～2018）

Lewy body disease body resource

Acta Neuropathologica Tanei et al 2021

プレゼンターのノート
プレゼンテーションのノート
Lewy pathology exists in one third of aged population.
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プレゼンターのノート
プレゼンテーションのノート
Heat map of Lewy pathology in consecutive autopsy cases.



Incidence of TDP-43 proteinopathy in aging human brain

DN

NNI
NCI

GCITDP-43 positive cases

AD: Alzheimer disease, LBD:Lewy body disease (Parkinson disease and dementia with Lewy bodies) , AGD: argyrophilic grain disease, CJD：Creutzfeldt-Jakob disease, MSA：
multiple system atrophy, SCA：spinocerebellar ataxia, PSP：progressive supranuclear palsy, HS：hippocampal sclerosis, DRPLA：dentato- rubro-pallidoluysian atrophy, CBD：
corticobasal degeneration, MELAS：Mitochondrial encephalopathy with lactic acidosis and stroke like episode, NFTD：neurofibrillary tangle (NFT)- predominant form of 
senile dementia, NFTC： NFT- dominant senile change, PSC：plaque- dominant senile change, ADC：AD- type change

Normal Controls
Braak NFT stage <=2;
Braak SP stage <=A ;

AGD stage <=2;
& LB stage <=2

Pure AD
NFT>= 4; SP =3;

Lewy<= 2& AGD<= 2

Pure LBD
Lewy>= 3

NFT<= 3 & AGD<= 2

AGD
AG=3,

NFT<=  3 and Lewy <= 2

Mixed Pathology
AD+ LBD (5/ 6), AD+ AGD (3/ 3), AD+ PSP (1/ 1), AD+ HS (1/ 1), 
LBD+ AGD (1/ 1), LBD+ PSP (0/ 1), AGD+ HS (1/ 1)
Other Degenerative and Specific Pathology
HS (2/ 2), NFTD (3/ 6), CJD (0/ 4), MSA (2/ 3), SCA6 (2/ 2), PSP (2/ 2) , DRPLA (0/ 1), 
CBD (1/ 1), SCA3 (0/ 1), MELAS (0/ 1), ALS- TDP (4/ 4), FTLD-TDP (1/ 1)
Intermediate Pathology not fulfilling above diagnostic criteria
ADC (8/17), NFTC (14/28), PSC (6/12), 

286 consecutive autopsy 
cases

55/ 136
(40%)

6/ 11
(54.5%)

8/ 11
(72.7%)

21/ 29
(72.4%)

pTDP-43- immunoreactive 
structures in normal control 
mainly consist of DNs and are 
preferentially present in 
uncinate gyrus. 

プレゼンターのノート
プレゼンテーションのノート
We immunohistochemically screened 286 consecutive autopsy cases with anti- tau, Abeta, alpha- synuclein and TDP43 antibodies. For TDP43, sections of hippocampus, amygdala, medulla oblongata and lumbar spinal cord were immunostained with anti- phosphorylated (p) TDP-43 antibody (PSer409/ 410) and the immunoreactive structures were classified into neuronal or glial cytoplasmic inclusion and dystrophic neurite (DN). The immunoreactivity with pTDP-43 was observed in 55 among 136 normal control (40%), 21 among 29 pure AD (72.4%), 8 among 11 pure LBD (72.7%) and 6 among 11 pure AGD (54.5%) patients. pTDP-43- immunoreactive structures in normal control mainly consist of DNs and are preferentially present in uncinate gyrus or posterior ambient gyrus. 



Type I            Type II

Nature 2021

プレゼンターのノート
プレゼンテーションのノート
BBAR contributed to cryo EM study of corticobasal degeneration.



Aichi Med. U. Niigata U NCNP TMIGG    TMIGG

Structure- based classifications of tauopathies Nature 
2021

プレゼンターのノート
プレゼンテーションのノート
In collaboration with Jpanese Brain Bank Net, BBAR contributed to cryo EM structure of argyrophilic grains.



DLB MSA-type I        MSA-type II
MSA患者脳から精製した試料のnegative EM

健康長寿・愛知医大

国立相模原より被殻
を提供

東京都医学研ウエス
タンでMSAパターン

Nature
2020

プレゼンターのノート
プレゼンテーションのノート
BBAR contributed to cryo EM analysis of alpha- synuclein in multiple system atrophy.



Nature on line
2022.9.26

プレゼンターのノート
プレゼンテーションのノート
BBAR contributed to the study of Lewy fold.



プレゼンターのノート
プレゼンテーションのノート
BBAR collaborated with Professor Borghammer to revised dual hit hypothesis by Professor Braak.
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HS (2/ 2), NFTD (3/ 6), CJD (0/ 4), MSA (2/ 3), SCA6 (2/ 2), PSP (2/ 2) , DRPLA (0/ 1), 
CBD (1/ 1), SCA3 (0/ 1), MELAS (0/ 1), ALS- TDP (4/ 4), FTLD-TDP (1/ 1)
Intermediate Pathology not fulfilling above diagnostic criteria
ADC (8/17), NFTC (14/28), PSC (6/12), 

286 consecutive autopsy 
cases

55/ 136
(40%)

6/ 11
(54.5%)

8/ 11
(72.7%)

21/ 29
(72.4%)

pTDP-43- immunoreactive 
structures in normal control 
mainly consist of DNs and are 
preferentially present in 
uncinate gyrus. 

Uchino et al:
Acta Neuropth

Com 2015

プレゼンターのノート
プレゼンテーションのノート
We immunohistochemically screened 286 consecutive autopsy cases with anti- tau, Abeta, alpha- synuclein and TDP43 antibodies. For TDP43, sections of hippocampus, amygdala, medulla oblongata and lumbar spinal cord were immunostained with anti- phosphorylated (p) TDP-43 antibody (PSer409/ 410) and the immunoreactive structures were classified into neuronal or glial cytoplasmic inclusion and dystrophic neurite (DN). The immunoreactivity with pTDP-43 was observed in 55 among 136 normal control (40%), 21 among 29 pure AD (72.4%), 8 among 11 pure LBD (72.7%) and 6 among 11 pure AGD (54.5%) patients. pTDP-43- immunoreactive structures in normal control mainly consist of DNs and are preferentially present in uncinate gyrus or posterior ambient gyrus. 



Argyrophilic Grains
I:

Ambient
Stage

II:
Temporal

Stage

III:
Frontal
Stage

Saito Stage (Saito et al JNEN 2004)

プレゼンターのノート
プレゼンテーションのノート
Argyrophilic grains (Ags), first reported by Braak with Gallyas silver staining, as the second major cause of dementia in an elderly cohort, were one of the major cause of cognitive decline in the elderly. BBC JSNP recommends immunocytochemistry with anti- phorporylated tau (AT8) and anti isfoform 4 repeat tau specific antibodiy (RD4), in addition to Gallyas staining to detect AG. BBC JSNP recommended to follow Saito Staging, following Professor Koavacs’ recommendation. 



BBAR succeeded in confirming argyrophilic grains as an independent tauopahy.

Nature 2022

Argyrophilic
Grain Fold

プレゼンターのノート
プレゼンテーションのノート
BBAR succeeded in further confirming argyrophilic grains as an independent tauopathy. Many of neuropathologist in US and UK used not to admit its presence. High percentage of both LATE (limbic age associated TDP43 encephalopathy) and PART (primary age- related tauopathy) presents coexistent AG. Thus, we can only experience a few cases of pure “LATE” in Japan.



Availability of Resource
• An application form is downloadable from 

BBAR Home Page (www.mci.gr.jp/BrainBank/)
• Each application is peer- reviewed by BBAR 

members of the academic committee.
• The applicant’s IRB as well as our IRB should 

approve the research scheme.
• The applicants should present the research 

scheme to our team via Skype, so that we may 
appoint them as a visiting scholar of TMGHIG.

• The resource is sent to the researchers as 
coworkers, who should file annual reports until 
they send back the resource.

プレゼンターのノート
プレゼンテーションのノート
Availability of resource is described as follows.



International Standardization

Prof. Dickson, Mayo Clinic 2008

Prof. Hedley- Whyte, MGH 2010Prof. Graeber, Imperiaｌ College of London, 2007

Prof. Cairns, Washington University 2013

プレゼンターのノート
プレゼンテーションのノート
We welcomed world- famous brain bankers for the international standardization of BBAR.



September 28, 2018
@
The Brain Bank for Aging Research
Tokyo Metropolitan Geriatric Hospital & 
Institute of Gerontology

プレゼンターのノート
プレゼンテーションのノート
On September 28, 2018, we had an international symposium of brain bank at our institute, inviting brain bankers from U.S., Europe, Australia and Asia.



Brain Bank for Aging Research (2022) TMIGG

BBAR (Neuropathology and Bioresouce Center)
Director Yuko Saito
Secretary General (cross appoint) Shigeo Murayama
Staff  Tomoyasu Matsubara

Akiko Uchino
Akiko Shioya

Ph.D. candidates (U.T.) Akira Arakawa
Manato Hara

Resident Makoto Orita
Research Manager Maho Morishima
Coordinator Maki Obata
Technician Mieko Harada

Hiroshi Koga
Natsuki Kawada

Neurology
Chair Atsushi Iwata
Co- chair Kasutomi Kanemaru
Vice chair Hiroshi Nishina
Senior Mana Higashihara

Ryoko Ihara
Staff Keiko Hatano

Masanori Kurihara
Research fellow Satoru Morimoto

Pathology
  Chair Tomio Arai

Rehabilitation
Vice chair Tadayuki Kato

Psychiatry
Chair Ko Furuta

PET Center （Clinical Neuroimages）
Director  Kenji Ishii Radiology

Chair Aya Tokumaru

プレゼンターのノート
プレゼンテーションのノート
The full member of BBAR, the operation of TMIGG.
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