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1. Matsui, H.*, Ito, J., Matsui, N., Uechi, T., Onodera, 0., Kakita, A. Cytosolic dsDNA of
mitochondrial origin induces cytotoxicity and neurodegeneration in cellular and zebrafish models
of Parkinson’ s disease. Nat. Commun. 12(1):3101, 2021.

2. Sato, H., Kamimura, K., Matsui, H., Owaki, T., Morita, S., Tanaka, Y., Ishikawa, N., Shimada,
Y., Yokoyama, J., Wakai, T., Terai, S. Esophageal High-resolution Manometry for Diagnosing the

Severity of the Chronic Intestinal Pseudo—obstruction: A Case Series. Digest. Dis. Sci.
66 (11) :3960-3967, 2021.
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3. Sakamoto, M., Sasaki, K., Sugie, A., Nitta, Y., et al. De novo ARF3 variants cause
neurodevelopmental disorder with brain abnormality. Hum Mol Genet. 31(1):69-81, 2021.
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The 12th BRI International Symposium "The Old and New Crossroads of Microorganisms and Neurodegeneration™
Thursday 24 February 2022, Online
Brain Research Institute, Niigata University, Japan

Japan time (JST)

Speaker / Symposist

Institute

Local time - Time zone

9:00-9:05 Opening remarks Dr. Osamu Onodera Director of BRI, Niigata University

Chair: Dr. Hideaki Matsui
9:05-9:45 Transposable elements, inflammation and aging: a friend or foe? Dr. Vera Gorbunova University of Rochester 19:05-19:45, 23 Feb - EST
9:45-10:25 Connecting the fiber between neurodegenerative disease and the microbiome Dr. Matthew R. Chapman  :University of Michigan 19:45-20:25, 23 Feb - EST
10:25-11:05 The innate immune STING signaling in neurodegenerative disease Dr. Nan Yan University of Texas Southwestern Medical Center |19:25-20:05, 23 Feb - CST

Break 5 mins

Chair: Dr. Taisuke Kato

11:10-11:50 Neurodegeneration induced by mitochondrial DNA leakage Dr. Hideaki Matsui BRI, Niigata University
11:50-12:30 Molecular mechanisms of inflammatory gene expression in senescent cells Dr. Akiko Takahashi The Cancer Institute of JFCR
12:30-13:10 Intracellular deposition of retrotransposon in age related macular degeneration Dr. Shinichi Fukuda University of Tsukuba

Lunch Break

Chair: Dr. Taichi Kakihana

14:10-14:50

Pathogenic mechanisms in viral and non-viral neurodegenerative diseases

Dr. Masahiro Fujii

Niigata University

14:50-15:30

Prion protein in health and disease

Dr. Suehiro Sakaguchi

Tokushima University

Break 5 mins

Chair: Dr. Tomoyuki Yamanaka

15:35-16:15 Novel strategies for enhanced amyloid clearance in the Alzheimer disease brain Dr. Taisuke Tomita The University of Tokyo

16:15-16:55 Gut dysbiosis and neuroinflammation Dr. Sachiko Miyake Juntendo University

16:55-17:35 Genome-wide screen identifies pro-neurodegenerative genes in bacteria Dr. Chaogu Zheng University of Hong Kong 15:55-16:35, 24 Feb - HKT
17:35-17:40 Closing remarks Dr. Hideaki Matsui
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[Free of charge, advance registration required]

=& [Venuel: WZ4Ya2—M [Schedule]:
Zoom & Remo Feb 17th
WSnE$H [Registration] : 13:00~17:20
'FEEJ: ) TR &L O8aH R [Oral presentation]
https:/ /forms.office.com/r/fvGfGNPOuX 17:20~19:30
KA —FR

malEl R4 —sRBBEY:  [Poster presentation]
¥ [Registration deadline of ., gt
~ poster presentation] : 9:00~12:00

1 g
= Jan 7' (Fri) C15gF 3 [Oral presentation]

i [Registration deadline ]:
Feb 10t (Thu)

WA [Contact us]:

B AXSREEAZAT [Brain Research Institute, Niigata University]
REEHFFIAMR <Email: noukyoudo@adm.niigata-u.ac.jp>
§BMETRRME2H ERAEFHB <Emailssasaoka@bri.niigata-u.ac.jp>


https://forms.office.com/r/fvGfGNP0uX

£ 11 @
FIEBM-FRWM— R W
BRAYYNIY DA
The 11th NIPS-PRI-BRINU

Joint Symposium

DATE: 17th-18th, February, 2022

Venue: Zoom & Remo
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214/ reception: Zoom
BNEAX—ILTERHBE SN Y OHSZoom[C FRDLRITTOI 1Y LTLEE W, Please

login to Zoom with the following name from the link provided in the invitation email.

Zoom Name : Taro Yamada

Zoom®D B FIFRRDEE A3%/How to change your Zoom name:
https://support.zoom.us/hc/en-us/articles/201363203-Customizing-your-profile

<EBBEELERDJA/For speakers and chairs>
Venue: Zoom
Language : English

20 min talk + 5 min discussion

254 RRREEBD PC h5Zoom BEHEB TIT> TLWEEEERT, Zoom BIEDBRIF TV
VFEBTHELWLET,

LBHRKRAMONRBEG THEBZEHALIWLET,

Please share the screen from your PC to present the slides. Please check your system
for Zoom beforehand on your own.

You can check your system during the break before your presentation.

<BhEDAHN/for attendees>

BREDHBDHEFF vy SMTTROEKSICER - IIBZERALTIES W, HERIETHE. BEROETR
[CHE> TEBRIL TS,

If you have a question, please send a chat message as follows. After the presentation,

please follow the instructions of the chair and ask questions.

> Question Toshikuni Sasaoka BRINU

BRI - IRRA Y —FZK/Information exchange meeting & Poster presentation: Remo
SNRAX—ILTRBINZY VD (EBERHBLET)HSRemolcOT 1Y LTLEE W, Remo
DEREICDOVWTIERBFA—ILICHRMASNZER(EBERALET) 2SR L,

Please login to Remo from the link provided in the invitation email (to be announced

later). Please refer to the documents (to be distributed later) attached to the email as to

- 55 -

how you can use Remo.

<TRRHY—FKFKD/For poster presenters>

Venue: Remo

Language: English

Poster size: Any

Recommended file format: jpg (and pdf). Poster exhibition: 17:30 - 19:30 on the 17th
Poster assigned time/7R 245 —1B L85

Odd numbers (F#&ES) : 17:30-18:00

Even numbers ({8#%S) : 18:00-18:30

Presenters are obligated to be around their poster for the assigned time. R 5 —FKEKE
3 LERERDEEICEBADRRY —[CEREL TS,

XIRRY —BEICHIG LizRemoT —TILDRDA hR— RICZBHTIRRY —Bi&%EE > TR
H—IBRLTLEES W, RRY—BRICDVWTEX—ILISHGShictutorialBk (#BEHBLE
9) ZSRLLIEEL, Floor[FEHD 707 HHDDTITFRLEE L,

Place the poster on the whiteboard of the Remo table that corresponds to your poster
table number. Please refer to the documents (to be distributed later) attached to the
email as to how you can put the poster on your own. Please be noticed that there are
multiple floors.

% L I15/Prohibited matters

KMRRFEPOFE, RS, BEADT v IF viRF. SNSEARMTILEDTRAEREIELE
Er

Please do not record, save screen, publish to SNS, etc., the presentation contents.
¥Zoom=—F 4 VI DID, JART—R, Remo URLZAE (CImXT BITRIFEICEIELET,

Please do not transfer the Zoom meeting ID, password, and Remo URL to others.




Symposium Agenda

DAY1: February, 17

13:00
13:10

13:15

13:40

13:45

14:10

14:15

14:40

14:50

15:15

Reception

Opening remarks
Osamu Onodera, Director, BRI, Niigata University
INFFE IRKFMAR PR

Session 1
Chair: Takayasu Mikuni, Department of Cellular Neuropathology, BRINU
ER: =B8R HRKEATA

Neuropathological imaging for elucidation of brain pathology and
promotion of drug discovery

Hitoshi Shimada, Department of Functional Neurology & Neurosurgery,
Center for Integrated Human Brain Science, BRINU

EBF FRKREMAKRA ERAMEERGRZHEF

Break (5 minutes)

Neuronal encoding of emotional valence and intensity in the monkey
amygdala

Haruhiko lwaoki, Cognitive Neuroscience Section, PRI

EHEE RERFZEREWART SRENERE

Break (5 minutes)

Metaplasticity in hippocampal neurons revealed by photo-activatable
CaMKiIl

Ueda Hiromi, Supportive center for brain research, NIPS

BEXE SRPWAN LAFBRHRE

Break (10 minutes)

Session2
Chair: Katsuki Nakamura, Section of Cognitive Neuroscience, PRI
ER: PNl RBAFZERBART SRUEEDE

Improvement of two-photon microscopy toward realizing in vivo
nanoscale imaging

Hirokazu Ishii, Division of Biophotonics, NIPS

GHEMN EBRHERT )\ AT+ =20 KRR

Break (5 minutes)
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15:20

15:45

15:50

16:15

16:25

16:50

16:55

17:20
17:30

19:30

Development of new transsynaptic viral tracers
Kunio Kondoh, Division of Endocrinology and Metabolism, NIPS
AR RPN ATEAD I RFERAETAZTERPT

Break (5 minutes)

Cerebrospinal fluid biomarkers for Alzheimer's disease
Kensaku Kasuga, Department Molecular Genetics, Center for
Bioresources, BRINU

EERE FRAZMARET B FHERERRITDE

Photo session and break

Session3
Chair: Tomomi Nemoto, Biophotonics Research Group, NIPS
R RANS HBPEWEP /\1A T4 =D AR

Regulatory mechanisms of the LGI1-ADAMZ22 level to prevent epilepsy in
mice

Norihiko Yokoi, Division of Membrane Physiology, NIPS

BHICE HIBPWAEM  EARREHZTERPI

Break (5 minutes)

3'UTR binding of hnRNP A/B is crucial for axon targeting and maturation
of olfactory sensory neurons

Nanaho Fukuda, Department of Comparative and Experimental Medicine,
BRINU

BELR FRARZWARF SYERFERHARSE

Break and poster preparation

Poster session and information exchange meeting



DAY2: February, 18

9:00
9:10

9:15

9:40

9:45

10:10

10:15

10:40

10:50

11:20

11:25

11:55

Reception

Announcement from organizer

Session4
Chair: Hiroaki Wake, Division of Multicellular Circuit Dynamics, NIPS
FER : FORGABA AIRPHIRFT ZiBASRSEHREEAITERPT

Modulating astrocyte activity reverse allodynia in chronic pain
Ikuko Takeda, Division of Multicellular Circuit Dynamics, NIPS
TBEF 4BFHEA Zilia0sEhRErRERrT

Break (5 minutes)

Rewiring of corticospinal circuits after CNS injuries

Masaki Ueno, Department of System Pathology for Neurological
Disorders, BRINU

LB FURKEMARAT ¥ RT LARREZEDEF

Break (5 minutes)

Inflammation spreads to other limbs through an ATP-mediated sensory-
interneuron network

Rie Hasebe, Division of Molecular Neuroimmunology, NIPS

ROBIR LIBPHAAT D FSREREHIRIPT

Break (10 minutes)

Special lectures
Chair: Osamu Onodera, BRINU, Atsushi Nambu, NIPS
R NFFIE FRAFMAZAN, BIE EIBRFPHEE

* A5EB(EBAEBTITHNE T, These lectures will be given in Japanese.
Inflammatory Cytokines in Schizophrenia; Reviewing My 30 Years in
Niigata BRI

Hiroyuki Nawa, Division of Molecular Neurobiology, BRINU

R FRKEMARA HFHRENZEDE

Break (5 minutes)

ITADEREE : #PRLIEHR 40 F)
Masahiko Takada, Systems Neuroscience Section, PRI
SHEEZ REARFZZ|REARAN MEMIRTLNEH

Closing remarks
Junichi Nabekura, Director-General, NIPS
MEE— 4ABPMRAM AR

Poster List

P1 Ddx20, a novel Olig2-binding factor, is indispensable for maintenance of
neural and oligodendrocyte progenitor cells in the central nervous
system.
Bizen Norihisa, Division of Neurobiology and Anatomy, Graduate School of Medical
and Dental Science, Niigata University
AT HR FTRARFERF R ERFRATIR MR ER N T

P2 Development of a retrofittable SLM-based holographic optogenetics
system for live microscopy.
Dennis Lawrence Cheung, Division of Homeostatic Development, NIPS
Dennis Lawrence Cheun 4IBZHRERAT EAE B ERER TR

P3 Revealing dopamine dynamics in primate striatum by a fluorescent sensor.
Gaoge YAN, Systems Neuroscience Section, PRI, Kyoto University
Gaoge YAN REKZFE SREBMART HEM X T A

P4 Single-cell brain transcriptome analysis in autism model marmosets.
Go Yasuhiro, Cognitive Genomics Research Group, Exploratory Research Center on
Life and Living Systems, NIPS
B RN EEFWERF EHAREERE VY — - RS/ LARERTIL—T

P5 The role of gamma-band neural synchronization in the integration of
visual information between cerebral hemispheres.
Hagiwara Makoto, Division of Neural Dynamics, NIPS
MR O EEFWRE MRS A F XU AWMRE

P6 Marmoset mature oocytes generated from unused ovaries by xenotransplantation.
Hirayama Luna, Department of Model Animal Development, BRI, Niigata
University
LR R KZIARET €T ILEYBRRE D B

P7 Phosphoinositide regulates the movement of the 2nd S4 in Two-pore
channel 3.
Hirazawa Ki-ichi, Division of Biophysics and Neurobiology, NIPS
TE B LEPIRET MR RFIRERFT

P8 Representation and sensing mechanisms of gut osmolality in the peripheral
sensory ganglia.
Ichiki Takako, Division of Oral Biochemistry, Graduate School of Medical
and Dental Science, Niigata University
TR BF FRKRZREM ERAREMER ORE(CEDE
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P9 Kainate-type glutamate receptor subunit GluK3 KO mice showed anxiolytic
behavior and Its involvement in expression of dopamine receptors.
lida Izumi, Division of Oral Biochemistry, Graduate School of Medical and
Dental Science, Niigata University
BRE R FRRERZER ERFHEMRE ORELCFEDE

P10 Assessment of higher brain functions with neuronal activity.
Kato Daisuke, Division of Multicellular Circuit Dynamics, NIPS
INEE KEE  AIBPIRTURT LRSI R ENREATFTERPT

P11 Drosophila Model of Retinal Vasculopathy With Cerebral Leukoencephalopathy
Kato Rei, 1. Department of Neurology, 2. Sugie Laboratory, BRI,
Niigata University
HNEE 15 FURRZEMERZTRT 1 AARARIE DS, 242 TR E (RS RRAT 9 5F)

P12 Comparison of ASSRs (auditory steady-state responses) among humans, rhesus
monkeys, and common marmosets
Konoike Naho, Section of Cognitive Neuroscience, PRI, Kyoto University
Tt R REKRE BREBMRAT SRANEEE

P13 Use of an infrared-light staircase apparatus and Al-driven posture determination
to automate behavioral analyses of parkinsonian model marmosets.
Louie Richard Ueno-Nigh, Systems Neuroscience Department, PRI, Kyoto
University
Louie Richard Ueno-Nigh R#KRF SREART MEKI AT A

P14 Exercise-induced changes in the hypothalamic neural circuits controlling energy
metabolism.
Misu Hirotake, Division of Endocrinology and Metabolism, NIPS
= BR EEPWRT £TEAD DR EEREIINERR

P15 Investigating structural covariance and heritability of the optic tract and primary
visual cortex in neuroimaging dataset.
Miyata Toshikazu, Division of sensory and cognitive brain mapping, NIPS
B FM AR BRERAIBRMITERR

P16 Exploring RhoGEF involved in the long-term Cdc42 activation during LTP.
Nagasawa Yutaro, Multiphoton Neuroimaging, NIPS
RE WA £EFMEAN LA FEMEBEE

P17 Role of NPY-CRH neural axis in the PVH in carbohydrate selection in mice.
Nawarat_Rattanajearakul, Division of Endocrinology and Metabolism, NIPS
Nawarat_Rattanajearakul £IBZIFIET AETEA 7 R FEEBIFFTE

P18 CRISPR/Cas9-mediated genome editing in mice by electroporation.
Oda Kanako, Department of Comparative & Experimental Medicine, BRI,
Niigata University
IH ERT FORAZKARAT B ERARARIE

P19 GlyCEST: Magnetic Resonance Imaging of Glycine—Normal Distribution in the
Brain and Alterations in 5xFAD Mice.
Ohno Ken , Center for Integrated Human Brain Science, BRI, Niigata University
REF 2 FURREIAZFPT ARty 5 —

P20 Phoshoproteomics reveals the multiple JNK-dependent phosphorylation
sites of GAP-43 in both rodents and human.
Okada Masayasu , Department of Neurosurgery, BRI, Niigata University
FHER FARZAITRT RN RIEDE

P21 Near-infrared Photoimmunotherapy for Malignant Brain Tumors Targeting
Podoplanin.
On Jotaro, Department of Neurosurgery, BRI, Niigata University
B BRER FURARSE NIRRT BRI D BT

P22 A chronological study of phosphorylated tau expression after cerebral ischemia in
rats.
Otsu Yutaka, Department of Neurology, BRI, Niigata University
KE IR RPMITERT BREAREN S

P23 Somatotopic reorganization of sensorimotor cortex in Japanese macaques after
accidental arm amputation
Pimpimon NONDHALEE, Division of System Neurophysiology, NIPS
Sy ) — BTy EBEWRF £ T LHEREF

P24 Hemiplegic type ALS: Clinicopathological features of two autopsied patients.
Sainouchi Makoto, Department of Pathology, BRI, Niigata University
/W E FRARZMNARAT REFE D

P25 Thermal Gradient Ring Reveals Thermosensory Changes in Diabetic Peripheral
Neuropathy in Mice.
Sasajima Sachiko, Diabetes, Department of Internal Medicine, Aichi Medical
University School of Medicine
#E DT BENMERKERR BREAR

P26 A microsensing system for in vivo real-time monitoring of drug kinetics in brain.
Sawamura Seishiro, Division of Glocal Pharmacology, Department of
Pharmacology, Graduate School of Medicine, Osaka University
EN BSH ARKZEZRAAR EEPBEEHEEEY
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P27 The Role of Reactive Sulfur Species in Myocardial Ischemic Stress Resistance.
Shimoda Kakeru, Division of Cardiocirculatory Signaling, NIPS
TH 3 EEPHRA OERY VLR

P28 Inter-individual motion entrainment in non-human primates is associated with
social context.
Tomatsu Saeka, Division of Behavioral Development, NIPS
PR FA8 AEPMRAT SBAITE R EREIRER

P29 Image analysis based super-resolution two-photon microscopy for in vivo imaging.
Tsutsumi Motosuke, Division of Biophotonics, NIPS
12 JTiE £BEMER NAA T+ hZ 0 XKLL

P30 Three-dimensional imaging of brain macrophages.
Uchida Hitoshi, Department of Pathology, Department of System Pathology for
Neurological Disorders (Tainaka Lab), BRI, Niigata University
WHE (T8 FRKRZMIER WEZ D, ¥ X7 LAMREZ DB (BHHIEE)

P31 Focused structural analysis of Medusavirus showsstructural changes during viral
particle formation.
Watanabe Ryoto, Division of Structural Biology, NIPS
B RN EBEPMER £ED FEISHTEERM

P32 Live braining imaging through cleared skull.
Xinyi Liu, Department of Cellular Neuropathology, BRI, Niigata University
Vv rA FRKENIFIRT HARRES

P33 Emotional behavior in the absence of kinase activity of calmodulin kinase Il alpha
Yamagata Yoko, Section of Multilayer Physiology, NIPS
LB EF £BPANARN LEELBEERITE

P34 Accelerated DNA Methylation Age of the TARDBP 3'UTR in the Motor Cortex is
Associated with Age of Sporadic ALS Onset.
Yamagishi Takuma, Department of Neurology, BRI, Niigata University
IWE  1REE R K MARA NEREARIE S5

P35 Development of the connectivity between fast-spiking interneurons and pyramidal
neurons in mouse visual cortex.
Yamamoto Mariko, Division of Visual Information Processing, NIPS
1A HEF ABAMEA KRR ERILEF AR

P36 A transcriptional factor involved in neurogenesis and degeneration.
Yamanaka Tomoyuki, Department of Neuroscience of Disease, BRI, Niigata
University
ILFR BT FORKEMAFFORT BORRERRAT ) B
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TSRS HENE U > S (PONSL) O JESHEFFIZ 31T 5 cav—1 D&E|Z B 5 M2 T 5 72 DIZPONSLIZ BT 5
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Btk (L:18 5, T: 21 3, H:11 ) TH o7z, MEEHINEOFERR & B IS O BIESR B OE#RR & Yeta
FREE B AHBAH M A A BT, L, THEE HERCB T 2T 58 L, TREIHBEEL D L OAFR

NEdy-7- (Log—rank test, P<0.01),
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BNZ BT cav—1 [T B EE M OB N % k472
\F CIEME < | vasculogenic mimicry (fL/E#EREE
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Cav—1 expression
LLI 28 26 2
HLT 14 14 0
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DLBCL: diffuse large B cell lymphoma, MALTL: mucosa
associated tissue type, lymphoma, LLI: low labelling index
HLI: high labelling index, Cav:Caveolin-—1
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%o CESTIIMMDILGIPHZ A A — 7L LTI TE 57295, MRS TIXREE R 2 HIFER LG5 2 &
NTE, FEOHEMESHKRMZEICAH TH D RN & 5, AIEFEMFZETIL, AiFKE LTo~
AL L NEBREZIITL T 2 & TENENORAZAD L, CEST DOERRFI~mT 7= 55h8%
BRI AITY 22 HIEL TV D, AFEHET MRS & CEST O lICH R8T T L~ T ADHER L
LT, MRS TOFHMiZFhE L7z, ZORER, W5 & REICHEWT Glu OZ b3 2 s 2 L& R L,
CEST CORHMEICAHRET VYT A THDZ L DBHERTE T,

AFFFEE R

Chemical exchange saturation transfer (CEST) |34
KNDOGFITHEA LI AKFBIRF & HHAKDKSE
JRA- ST D RS A A5 2 L &2EMA L,
EENONEY O EFREE T H A A —T
JFETH %, CEST THIE TE D323 H
D, ZOHHLO7NVE I U (Gl /Va—2A
(Glo)IIMMIZ I 1T DR EE « =L X —J]
Thb, BRHEBAT7 hrxa’— (MRS) T
% Glu X° Gle DHEILFEETH H—J7,. MRS TH|
ECE DHUIBRIZRE SN D =D ZEMIEREE D
(I AR 720238 5, CEST 1IN A %2 A A
— 7L LTI CE 572, MRS TR EE7
ZERIE R ARG D 2 ENTE, EEROREN TR
RAFFEICH I Cd 2 flReER 6 5, AIEFBFZET
X, BTERR E LT~ 2R EBR L b N ERA T
LTITH Z & TCENENOMAE AL, CEST
DERRFIH ~M T T2 R 2179 2 L2 B
&I 5, REEEIL, CEST & MRS % i+ 5E5
o= 7 ADERTE L L TMRS TORME & F2hE L 7=,
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B UERBET N~ T A (N=6) &fF xRt
%X MRS F2BR %17 > 72, 7T Bruker 2£#12 35
VT PRESS v—4 > A (TR 3000 ms, TE 20 ms)
(Z &0 BT BUE SRS O 2 ETICRUE L
TN ORITE 29T - 7=, T3 LCModel % H]
W, KIREZSRE L TR EIRE ZF I LT,
LCModel Tl alanine, aspartate(Asp),
phosphorylcholine(PCh), creatine(Cre),
phosphocreatine (PCr), GABA, glutamine (GIn), Glu,
glutathione (GSH), glycine (Gly), myo-inositol (ml),
lactate(Lac), N-acetylaspartate (NAA), Scyllo-inositol
(Scyllo), taurine(Taur), glucose(Glc),
N-acetylaspartylglutamate(NAAG),
glycerophosphorylcholine(GPC),
phosphorylethanolamine (PE), serine (Ser) and
B-hydroxybutyrate (bHB) D fEAT & it L 7=,
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Bl i~y ALBAR< 7 20 GlutCr 1ZEH
ZH, 0.97£0.04, 1.04£0.05 (p=0.03) ThH 7=,
RO GlutCr 12 BEC = A2 RO 2o T,

D. &%

S UERET N~ U AR T, BRI
BT Glu MEFLTWDATRZ MRS 2LV [F
LTz, BE X 7EAEMICKL D Glu KT OR%
LR IC BT A ERRFEICB VTR TE
»  (Matsuoka et al. ISMRM 2022) . S R|IDO#E R $
ENT—HIZFEDORVERTH D Z & DR
SNz, Al MRS TliduERE & g O LEICE
W Glu OMBEDENE AT Z &R TETWY
L0, MOMOERTED X IR DD, &
#% CEST COFMMNAHTH DL EEX BND,

E.f55%
ZUERENET NV~ U AOWERIZIHB N T Glu HMK
TLTWAHZ % MRS IZEVWRE L, Mofh
DOFEIL T Glu DAL RBD LD H, Bk & V&
H&EDBRIZED X 91275 h, 4% CEST TO
BN EHEBEZ D,

FRFZe3E (LimEs ol a5 0)
LERCHRR
ML

2ESRR
1. Matsuoka K, Hirata K, et al. ISMRM 2022
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PRREMRIN & B 45 L7z, JEREEAIMERIEEIGHI & L T, EEMIEENKAAIE~ T &R MRT 2 v
T Dl F=R2ZKAERD ) v 7 B0 =0 ADOEPMHRHEE 217 5 L3k, EBRE /B 21T,

DI ZFIKD ) v 7 B AL HETEE DAL & | EEIRES & OFEZ 7z, F£7-. in vitro #f
REIEENEHR & LT, 5 Ca*' A A=V T &AT D 12DIT, D2 ZRIKIT Ca® Bz PEde s v~
B GCalP ZFBLL TWDH YT ADRMEML L, Sl Ca® A A—T 2 7T X D MRIEEIEH &2
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1To7,

A BFEEBY

KM IEERSEEICB T2 R—R3 v Ofhls
ISR D R Y URBRIET S Z D, R
— R VR RERITRBE R OMRERBLICHE
| B B LTS, 2D R—33 VEZRIKD
BREZ I 2N 9 D721, DI, D2 F—s33

-
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RIKD ) v 7 B Ak LT, (TEIER,

=1

TRENMRIEVE~ V0 V&R MR IC & 2 e is 8l
RMT 2 RME AR L CEiT 5 2 & T, R—s33
VERRIK ) v 7 BNl K DRBRDOE., R
IHBVDOEACZ T T 5, Fio, D2 ZARERFBMI
IZ cre ZFBLLTWD~ U 20U EZ T,
floxed-G—CaMP =T R LR/ THZ &ITLD, D2
ZREFEBID Ca2+ f A=V T HITH, =
O DOMFFEC LV . KRIKEERZ OBEREF BT
5D K=" v OEBN ORI A BIET,

B. WA HEE (i ~0rE & T)
AWFICITRALK RS - KB AeT B R BE T
2 RBRZEEMEES, FEMEREMEES.
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(1) DI Z IR ) v 7 B A2 X DATEN R R OV4

Jibd AR VG A & A

PR RFMAFTERT & 0 4t 2 %1572 DI R—
WNIVEZRIKR ) v 7 X7 =7 AR LT, R¥x
YA 7Y v (Dox) EHT &5 1 %, 3
M., &5&T 1-2 HAR%IEDEREMAT 217
o7, Fio, FEEICS L CEBERTEEHK 7~
VA YER MRT (QAIM-MRI) (2 & 2 A thdiE &)
JEREFHA 24T~ 7=, Zhick vy, K=" D1
SREROWASES | EBERE & L COITEI 7Ry
RREROEA L . BRFRIEEOZ L & 2 E &
B BRI L 72,
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PR RFMAFTERT L 0 #4221 72 F—33
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flox-G—CaMP8.5 ¥ W A ¢ AT AZ LT kL
V. MEIK D2 ZARERRBHILT Ca® Mk
W NI E G-CalP ZHELT D~ 7 A DR
ERWENL LTz, T D~ ADBEKIKMA T A AHEA
ZRWT, Sl Ca* A A—V 0 7\ X Dk
EEFH 21T Z LN TE D ERFELT-,

% T, Drdl-Cre 7 A% MMRRC LY AFL.

flox—G-CaMP8.5 ~ 1 A & AZfd &8, DI Z IR
G-CaMP ZRILL TV D~ ADZRHEOHEE LT

ST,

C. BFgehs R
(1) DIZRAR 7 w7 B X AITEhRE OV
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WiEE T A & LT, u—F—1ay KT A b,

E— AT —TT AN, R—ILTARNEITST,
NS OEEFERERER TIX, 3 B Dox &5
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IR, R, BEMET., TE, Bhlicr—%
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(2) F—=/ 33 U BARTEBLAM AL R B0 72 o R
BhEHH
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RHEEDHZLICED 2D~ 2D R 2L
L 7= @»  Drd2-iCre ~ v A L |
floxed-G-CaMP8.5 ¥~ UV AZ AR EH D Z LTk
V. D2 ZRERFEHAIC G-CallP ZFEH L T
L= AOERICE LTz, Z DO~ 7 ZADORRIK
AT A ARERT, Ml Ca® 4 A—V 7 %AT
U, BRERIR D2 = o —a o A IR A G
B3z Lok Lz,
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THRRONTA, T HUTHEEMEIR O AT E) T
HIZLDHDOTHD Z ENRB I,
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FlEIF—, FTA, 2022/2/9

G. AR PEME D HIRE - BEIRTL (viexate)
L



TN 3 A EEHTR R AT FERT
[ B Pe Iy B IS FH D R £8P eI [ I FE AL AT )
SLFEFH - LR &

TININA = —JRRZMERARTF Y T b2
AR RIE TR B DR

MEREE

SR

[= ) >

mysHEE =T

Sl B N

TREE HEE Y IR ERY MERS RV WM &Y

D ERIEAS Db OSEARHERASIREIEET  2) FHEICEMMITZET - 5 T-HERE b 245 07
3) 4R TN KRB ST SR A - AR
4) [\ EHERI Y L 2 — iR e

WREE
RS 7 LA N TR TRHEMI R AR BR T SRS SVTIEBNC D& | T A v —TREs
PRGN 72 hOFIRRERF L, N TV MEICT VY N, ~—FEE L THHT7 IuA K-
& URBL IR EICRETT 5, ZOMOEEE & VIR Th HREHREERCX UMY A a1 b
OB, Z OMONRENLBAEREEAE CTH D a3V X7 LA X0, TP-43, MEREL LT

DT IvAf R7 U FANRF—biE LT, BUnFZRUARRNEL 2 b OMRRAEMIC 5 2 %

ERAR

A BB

T VI A =5 (AD) D b B 7R B AR
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HTH 5,

H 248 A5 A 38 5E Polygenic risk score
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179 & & BT, ApoE 457 L Lfi 0D R E B HL & 1
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SNTIEBNT DN TIE A FEE M R, A
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C. WFFEmtE R
BT T LA N T T E X2 KD A5
DRBHIEDFH IR Z A3 2 31 FER (5B 2 FEH]
TTEBFACFER & HE S L2) L 7B TUN65 %
Hili DFEFE T do D AN AD25 B D3R E STz,
FFUEFNC S E MET = > 7 72 BT ApoE Z A
VL 7 ETO L& BT, BRSO 237
7o IRBHROE APP BRSPS, PS2 B 11T
DUNTIEH 5232 pathogenic & T LA 25 28 5L
Z[FE L2 —77, ABCA7, RELN 72 CRCK T
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TIEBNT A TRERZHINC T LY oA ~ — AL
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BGFICERONNY T R SR TW5,
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WAED AD (Zx1 5 DMT(disease modifining
therapy) D& —45 > MIT IvA K, £ZLTHY
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2 kBRI OAIMELZ RET 50hb L
AN

E. i3

S50 AD ORARHET 2 6O, BB A
HEFEEEEZD ECHEERMREZG LD ]
REMEDSRIR V7o AR FE IR B 7 AYIZ LATE,
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~ U R) ZERL, AN CRF == —a  ROfE S EZ ONCTHZ L2 M E L TR %
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1. CRFR1-Cre / v 7 4 '~ U X E LV
CRFR2-Cre / v 7 A v~ 7 ZADIEHR
C57BL/6N & #tH >k ES i RENKA #: % H\C
FARFA A2 2 21TV, ~ 7 2 CRFR1 /{51,
F 7213 CRFR2 #Ein I W CEfs - EIRRBA LA
HALIZ Cre E{n %4 A L7=. Southernblot %
THZ AR E A7 )V —=2 7 L, BRI 2 525
L7z, 4-8 M2 (AitR~ w7 2 I NI FEAE
L, HZAELZF X ZEEO D b Sz a3 A5
FH Z TR LT B A 2 L7z,

2. CRFR1-Cre v7 A, BLT, CRFR2-Cre ¥
7 A D FRAA

CRFR1-Cre vV A, BXLT, CRFR2-Cre v
ADRMACEIT -T2, £, Flpe Il deleter
mouse & AHLL TRA~A ¥ UIHHEE T (T
FRT B CTHEATH D) &7 7 AbERELT.
RIS, ZNHEBAER < T 2 L0 L, Flpe 7 L
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CRFR1 = = — v V#RAY GFP B~V X,
L%, CRFR2-Cre = = — 1z L&Ay GFP 3~
U A (WFERESI) AR L, Ol & B
BEAKBEIO 4% TRV LT VT REWERL,
M EE Uiz, B fihts, %EE L 20%FE0+
\ZiRER, 7 VA RSy FEHWT 80 um U1 %
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Fluor 488 f&&H17 v b IgG & —IkPiik & L TERE
WMo ETYE L, HESBEMEEEZ AT
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C. BFZehE R
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U A DO Rk
ERAMFERTE 1. BE O 2. IZRHE O FIET,
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7 AL LN CRFR2-Cre / v 7 A '~ 7 AIHAN
CRF == —u U fgeichisd TH M2 %Y —v
Thb.

F. FE3R
L. FICFER
1. Kawatani M, de Groat WC, Itoi K,
Uchida K, Sakimura K, Yamanaka A,
Yamashita T, Kawatani M.

Downstream projection of Barrington's

nucleus to the spinal cord in mice. J

Neurophysiol. 2021; 126(6):1959-1977.
2. Kawatani M, Itoi K, Talukder AH,

Uchida K, Sakimura K, Kawatani M.

Cholinergic modulation of CRH and

non-CRH neurons in Barrington's
nucleus of the mouse. J Neurophysiol.
2020; 124(2): 443-457.



3. Hagiwara H, Sakimura K, Abe M, Itoi
K, Kamiya Y, Akema T, Funabashi T.
Sex differences in pain-induced

modulation of corticotropin-releasing
hormone neurons in the dorsolateral
part of the stria terminalis in mice.
Brain Res. 2021; 1773: 147688.

2. ZLRE
BA=LAN

G. NIRRT EEFE D HEFE - BERINIL
BA=LAAN

-87-



B FASA BE B T8 Rt Se e
[ bdtfot I BRI TS FH oD 5% s B L [RATT B L )
SLFEFH - LR &

BT InAf NREREHREREZ L OHOFD
Iy I UBEARDOBR

WEREE R me D
WZesdaE T 22, Rohmad Yudi Utomod), [ &1, =j—pm 1

1) R TERT: BEBANAIRATEbe (L2 R A SERT

2) FrRRT BATIERT,

3) HULTEERT Al Tk

MAEE
T IV NA = —JF ORI HERD 1 DTHHII7 V7 I 0%, 73IvA4 K g (AB) HEEEZRT
EMMEINTWEN, ZOIEHEBRIIEHAETH D Z b, BRISHIZIEE > T, A
ZE T, BEAF OIE R 7S TS MEARRY (SAR) 7 — % _X—ATd % ChEMBL (2 2 BERID A B BHEAFIN G |
SAR Matrix fENTIC X D FHLO 7 V0 I VFEAREEZ TS Lz, TRISN bEWaE AR L, ThT %
T AL S TAR BEEEZ A7 V—=0 7 LR, 747 2080 b7 AR FLETEE
AT LOHBRERE LT, FTHAEY B 1F, 27 I0D 100 fFEmWHEEHEZ R L, AB

FH 2 v Y a uATeT AT, BEUAMEAKBE P EEE O MREE & FEAIO in

vivo TOZNRE %

BRELTZ&E 24, fLEWB &N T, &5 2BA®RICABISEIRERS 2 [AI1E S 87,

A BFFEEW

TAINA~—IF{IE, T3IaA4 K g AB) 25
77— ORERHE LT D, TOIRER
HED 1 >TH D7 V7 I T AB IEFENEE R
T ERME SN TWE, T OTEMERER T A
BETHDHZ LD, BRISHICIEES TV,

Foxid, BEfFO R 7ot &I EFEB (SAR) 7 — %
N—RATdH5 ChEMBL IZH HEEED AR BHEHID
5. Bajorath e BH¥E L7- SAR Matrix fEfr%

ISR L. R V7 2 UBEINTH DA YB
ZREL, 7427 320 100 {Z3Rf70 AR fEE
EHEET LA FHEAREZ M L, oLz,

{LAEMBIZAB DAY I~ —~DEEZXHEL.,
BB EARIALZ 351 5 A B HINIC L A e &

Sz, £2C, ARIEFEMZETIE, L& B
DORIEE IR, XA AT XA Z V7 ¢ &\ E
ST V7 I UFFEREZRTE L. AR
AR s L OB R P I JE T A2 LA e A
HAB BB a a2 T 2N,
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HEEALLAY L4 BA P s 1 ME O RRGIE & FEA D in vivo
TOMRAERGEST 5 Z L2 HINE LT,

B. BAZE L (fdid ~DBUE & &)

(1] 707 2 UFFEEERK
Fex N TIZRH L in vitro TAB IZxL,
EWEELE 2 "I ba B O X7 VAR
Fli 2 DEHIEAZEN LT FERE SRR LT,

[2] in vitro Congo Red #3¢7 v & A

AR LTALE D A B R EFEIEMEE in vitro
CongoRe HHAT v EAIZLVFHMI L7z, o7
F—ZIXEHIT SARM 71 7T A A LEE &
HDHZEILEY, T R—RDPEREITo T2,

[3] AB #BlLavyavu_=ET VEHWEZ
FREACLA) M i I BE P 25 M D ARFIE & 3EHI D in vivo
T OEENERE I 2 R ORGE

FIEBRPEN ST N THD=2— o TAR R
Lz auyaunR_zd3oDT NV—7I12%, £
nen, gz vy 2 LA BB I ON &R



ALTHG L, 1 AERIT 2%, 7942
VIT A BET L CREEREARIE L, EE)
T RE R ) 290 2R 2 MRAIE L 7

C. BFZeiE R

IEEMBDA RFTZATFNLERLULT IR
WCEH L, N AT AT VT 1 &HESET
BV L UHERTHDILAMN 2B LT,
LAY B DERIZHWTEBER O F LIt > TR E
MNOERRZEER L (K1),

o O
comp.B O H
HO O/WOC 3
(o]

O O
H;,CO:‘/\)W\(CFJ Q
|O -

comp.N O N
HO g oY

(o]
X 1. {LEWB & N Db rEE

WEAY &b, IREERIFAIZ A B DOUFEZ 3 L,
L& N @ 1050 1% 0.015 pM TH Y, R
NT X RENNR Y OLEENEZRFFL TV D
ZENRB I, S5, BERENZ Lz, (b
BB & NI RINTMEL LT AB 20T 2
ZENbmol, EIT, ZDAB MHEO S EE
BEHEGE 3 272912, @il E B (TEW & H
WT AB MMEDOERBIIZE L 2B LT, £ DR
R 3y bu— L BETIEABR BMED IR 22 TR
ThiHLEWVERNZHBE SN T-0ICk L, ki
¥ BE N ZIZT-RETIE, AB #fEZ L/
REHERRIC RSN TS Z ENbholz,
RBIC, AR BBl a vy a unRmET LEH
N DLAO i I BE P B O FRFE & 3K D in
vivo TOEBNEREREEIMHINROBMIAELITR -
Too FEABRED D 2AFRGARIC AR ZFBLL T
L3O avyau Al EnNEhI VT 2
EbEA B BLOYN AEEE L TR LT, 1
H%Eix 2 @fflc, 7943077 v %
TV, EEEREZIE LT, TORER. 1 HET
&, a2 br—fEL AR I T OEEEREIT
FREECThH-o7-2, 2 #l%, A BB TILHE
BEREDE LWME T &R LTz, — 7, (LAWB &
N% G x7-8EClx, 2 @EF%O AR BB a v
¥ a U OEEIEREREE A A EICEE L,
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A Climbing assay
healthy ¢ ‘ 1 day '
or
2 weeks
AR AT —

expression

.

Food containing
curcumin derivatives

healthy AB
expression

Ratio of flies above target ine
Ratio of flies above target line
< € 3

SRR

o
&

Elav Elav > AB Elav Elav> AB

2. (A) ADET /LY arya R ilBi) 518
BT ITAILITT v A OBRK, ¥ 1 B
(B) BLU2@%E () OF vEADEEMFR
solkk P < 0.0001, #kP < 0.01, *P < 0.05.

D. B

{bEW B 3 KON 1%, IRIREE CRAMEIZ AL % FHLE
L. &6iZ7IaA Nofpzaah®d 22 L TUAB
PRMER R TEME A 92 Z LR ST, £,
ADEF /N a7 g U RTDH-OBBB A& T 5
ZLTAB mEERREMLIZEEZZ b5,

E. &30

AW THIE L7 V7 I VUEEERB BLION
IZ. AD VYRR M2 3572 BBB ik O [ E &
EBETDHE, AFRREMLEMESZ DN,

F. FFFERE (LaEEs cil+ 256 0)
1. A SCREK

1. R. Y. Utomo, A. Sugie,* S. O kada,
K. Miura, H. Nakamura, * Chem. Commun.
58, 2576-2579 (2022)

1. Rohmad Yudi Uto., #&iT %. MH %,
=, A Y ISR 142
2202243 H AT A v



N 3 A EEHTIR R AT SR T
[ B Pe Iy B IS FH D R £8P eI [ I FE AL AT )
SLFEFH - LR &

FREMAEVA bu T 0 —IZB 5 7 VRE
Z U PET Z W To kR

WEfkEE H D
By E fim w12, wk 22, ko =mAD, A prar D, ma o pEl)
1) B Rl i e sttt - B ERPERIZETT 2 BB REMBRIERT - R4 B

MREE

I E TOMBIRHEZLARN NS, fBEMEY A o7 0 — OM) [CBWTEE X VEANERT
HZEMHABLNTIRo TEM, DM BEMICBNTA A=V I TH I H T ODIFEZ R Z T3
X2 oT-, T ETHEE L= [BF] PM-PBB3 U 4> RIZ L2 DML & 4 44 (40 f~50 1%) To
27 PET D9 b, 1 FCBWTH VIREOHERZ & b 2 AR RIR S, & SICEEFIICBWT
FEIZ X %585 BT AR STz, AEEL, [°F] PM-PBB3 OfF B L& & % U OTFEDO B M4 i
A %728, [F] PU-PBB3 A A — 0V OffTiEORGI A D -, # v A/ F—& U CTHEITHR B
RS DT — X 2V, /MM, B, BB EOEENSRER S L CGE L TV A0 ERE LT,
fER. REPROLE LSRR E L CTHEATE 2 RENARE I, 4%, DML ® PET 7 —%
WCBWCHATEZICH L TRETT 52 8T, L0 IEMERFHMEAEI CTE 5 mREMEINRIB Xz,

A BFEEB

AMFZE Tl &1 B B AF 78 B R TR 38
SN=XTPET U H Y RTHD [F] PM-PBB3 %
v, fisREHEY A b7 o — (DM) BEICE
05X IR E AR Tl L T X D RREME &
METLC& 7o, A, DM BEMTH LN
['F] PM-PBB3 DEH LAV X UREE L H 2T
WD RATREME 2 MREE B 726D, # v PET BEi{§ O fEtT
BERETLZE2AME LT,

B.BFFEH¥E (fafhim ~DRlE % 5 1r)
AWFZEIEEE R B 2 ORKGREZRE T Tz, #F
TR E ORIEZ DB L O ETHZ LT
1Tz,

44,0 DM Ha3g A kP42 % 7 PET + L —H—[%F]
PM-PBB3 % VN CTHMIN D Z iR &3l L, #hf%
DBV R A 2 O CRRANBERE 38 & OB E IR
IZOWTOFHII 21T > 7o, BEGFEATIZIZE XA 7
7 L& AW TS HaEE A SoiE b L, &5 L7z SUVR
{5 & H N2, SUVR B8 1% SPM12 % AV T DARTEL
T Y XL K o TEEHERG~ & B L 7-1%1C,
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DRRFENTIC X 5 jack—knife MEZIToT-. WMIE

WZIEFln~ vy T3, ALK BEA N T AJEIZ K
v &AL 7-fdd 5 > SUVR i 15 41 (40-59 7%)
ZRE Uz, BT RPN 28 P 55 40 B oD 775 5t
EMHECZ br T o —HRMCOZ T DnEGE
2LV Z IFEOIEN Y &R L7,

C. WFFERE R

t A N7 T AEEROZERORR, #ia L DlE
B b A % P & L7 fEIRIC # 7 PET 3KAI D4
FEERDT, —FH, Tt~y T IE/FRIC
BWTHEREOENLICE T DEREZ R, [FIERK
DR R Z2ERE (X URZA) D IERrRAVEREZ
ML= ONE S hOYBINNETH-T-, &2
T, jack—knife MEIZ & D EMMFAT 21T o T HK5 R,
40 1 IO RIGECE . RIS EE R0 %R %
b & LI KRIMEE O — I OfEIZ, A EIC PET
AN O EEBERD T, F 2 RAEF]TIXFEapEEE
ERFF S LTV FMERIZ OV T, RrIZ
Apathy scale |2 K DRl CIX 7 /X — DFIENEE
Piiz, PET T Z b= X TIREDIRN D 1L,



R BLCHERR L7220 & FIE DR WRERTH -
7=

D. B

LA N TLEZEIDER, RODITEEFEH &
DHIIZ KL > T, ZURELZRMLTWNDEE X
Hivd, PET FERIOERIMA A TE 7, Bl
SNTZEMLO—2>TH 5., HEHEENIMEHE <
TIVINA = =772 ETRENG ¥ iR &R
DDHEALE L TH LI TN DN, GiSIER DO i
(475 TORHITRLTEZ NI & TRy, 7
Ny—b El, BEEORIERTZ O HEL S 5
FEHER & LTEDNTND Z &6, RUEFNC
BT D PET FAI D @B T DML IZH 1T 2PN N
b M Z RE T LR ChHEEZD
ATz, 1272 UAKREHE IR E R ZEGIE C O T
b, B%RERDLZHBITORIENPMLETH 5.

E. f&om

X7 PET A4 A — 0 7 OFHiiRIL., S HRAEZ
TRTZZETINE T RICIERKICH VKA
R T X D RTREMES RIR S LTz, SRS R
6 LT FiEZ DML KIS 2 2 &R0, RBAED
B O 72 B COMRMBIZ LV EREIE & ¥ VERED
B#HZ a2 Z ERAMETHD EEZD,

F.AFZERE (LaEs i ci@lis50)
1. BRCREK

1. Tagai K, Ikoma Y, Endo H et al. An optimized
reference tissue method for quantification of tau
protein depositions in diverse neurodegenerative
disorders by PET  with ®F-PM-PBB3
(18F-APN-1607) medRxiv 2022

G. IR EEFED HEE - BT (viexate)
2L
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AN 3 AR EEHTIR R AT FE T
(bt Iy B T A 0D R ST RE L [T FE L AL
SLFEFIH - ST

< VF B —F VRN L SRR T — Z 2 W e~ VT — VRS

e e A e T Y
Wrgesyg em kE D, BE oD, me 52)

D) gimERERAY: MehEmess 2) BHBRE  RRTCHT  IMESRERNT 4 B

WMEES

AWFFETIL, ~ AT ET—F L7l & S EET — # 2 W TIREFE I X - T AR, BEIN
DS 2T b, IBENEEZTHT 522 HIET, ~/VFE—F /LM MRI Bifg & LT, 3T-MRI Z W
To il OFGIE (FLAIR 572 &) 12T, T1 @dil, 87 o Y vl (BEOBIMES) . iRy
fMRIIZ X 2 BERERORE A B 72 &2 W 5,

WO MRT B TIER2 I L O e B O B IR I3 LT, B —X 10 3 RItEB A W T
WRREFE 21TV, TNENORMEERENRFET 5 Z L1280, @WE CORBIHEOEIZ B
T, Fo. B0 EOEEAKHIWHICEE TH o gk AL T A HE A2 L. @2 T 2T
D E R T D,

IHIC, BE—HXVOEE S U7 F SR (ZRTORE) BRITRINT 72 & O NRE T — & kb
ALEEHRERACCGRBFEZ1T 7 7 a—F 2 o0 THLAFEEIT 9,

A BFEEB EIREINTWDT, EESFEEITD [HMb

ZAVET T1 @B EOB—OF— X VG EE TN T, A—rxzra—Fickd [#
ERHW, fEEANE T YA RO ELT D iz LHRIEE ) 2807 2 B 3 otE A
WEEE OPNITEBESRE SN TWDER, RSN A=z — TRy NU—7 O 7ot AEREEL

D AR IR B DR BN B Zh L 72 6E A 722w, 7o
Z 20, AW TTIE. @I MRT B 52 W HEfi7e LRI E Tl BARAIAHR= 2 — T LR

PNEE U DA ZENE ISR AR LAE (ALS) 72 & DFRRIC v NU—J ERAWEA— bz a—FERAL,
% LT, v T T—F R e INEE 2R Bn0 120x160x120 DA XD 3 IRITHE{E % 3 BefED 4
WZIEA L, BEE SO > AT A JRIEOHE, — b a—FZERT, 30x40x30 DY 1 X|TJE
AN X DI R e EOBKMICEE2EHR ML, LB OBEBEZE LT L) ITPE I
ZHIEH L, EBRHIOBWOXRE DT —HX— =,

ABIOEBFEEORLE L AT LEMET D 2 WIT, FEATEE TR L7 3 B OB AL A

L AEET D, — bz a—FIIMAT, 77 ANKEEITH 2 )8

DEFEETEE M 22 b 0 8T L B

B. BFEH¥E (fafhim ~0RlE % 5 1r) L. Eifg & dhicfds N ALS D 2 7 T 2Dl Z
i AN & ALS DIEFINHHE LD 3Rt~ /LT N xk bz HEEIET,

T H VIR 2 AT, RSN FTRE R TR WEE LT 2 B O FH =7 L OFHEIZ DV T,

PEETFNVEHES D, BELLEBFEET VY ThZThoT—Z VOl %2 AN L THETHl
ERERET D I TR oK 2o % ZFAT, 3 DEIORERFEIC LV BRFE Lz, HiE
WL LB AFZEREE & LT B EE I35 60 B L. FLAIR, T1 5, 87 > VIVER 7 & D
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a6 SRR TR OREEE DS @ WO R 2 BT,
FTNENDOZBERBOEMR L 1 2 (L) O
WBEFPEFT— 2 LT AT —Z Tk L THIE
L, FEHTFT—ZICHEELTEC, 7TAMT—XIC
X LU TTREEMEW NP ) SR T & 25813,
T AOREORMN D S, FlZIE, Rl
FHETHEZ DEBEOILT, TTOFET — 2K
BB O KR, [, LR E)EMA TT — X &
BT T —HPLk, =2 —J 0 Rry NU—I D
INAIN=RT X —H DT 8o ikB D,
RIZIC, WUV CoBE I mgIsk LT,
Wi {5 D & OFEE N SHEICEE CTh o o0& al i)
fbT 28z HA L, BROICHERR R DEPT
ZTCWDEDERERT D, R BN TORER
RAOEBEZRB L, TOXRNEY A5 T %
ToH V) o— (BHEN) vy 72X DAk
EEELELTERALE,

RESE B L O EOEITICE, =2—F L
F*v NU—2 5475 Y ThbdKeras 72 E&
7=, Python 7' 7/'Z KA & BFE L7z,

C. iR R

s A 30 1] & ALS 28 o> T1 JaH#E, FLAIR,
BT Y VG O BRE R X OEG LB E T
LTW5,

FRTEE I, R L ALS DS OSER A& 0 T
200 D= LT E—H )L 3 WoTERE AT L,
PR,

FRIFEZOHE S O FEHICL D, /BEAL
ALS BE DX 2 T1 #FRE, FLAIR, $LiT >V

NVEgEZFANTIATLIZ L 2AH, TNENF T,

49%, 63%, T6%DIEMEFETHRF LT, FalFH 217
DIRWGE O IEfRSRITZE T, 53%, 61%, 61%T
HY . RFIHEET > Y VB OB N T, F
HIFE O N A BT,

T1 98743 KO8 FLAIR O EfERITARIIZAE
<, WEHEEZXBIT D & XITHEEFEEM™ TR Lizw]
FURIZB W TS, IMEROFEORFEIZE D 72 )
STy —J7. YT vV VEB E WAL,
AT L o TUE 80%i < DRGEETTHNTHEEI L,
ZFOBREDOAHYLIZE W TIL, FREFENER L
TR & ALS B TAH LD HE OB AL —
B,
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D. B

KT —H LD N & ALS DR 5512
B < ATV, ERANE Ui SR 555
EHART, BMOWHERBEZERTETWH EEX
HIVD, BHCIEECT vV VR N T A5 S
EEL< BN H Y . EOYEO AR Z
RAWT, EMABRRNRMHE RS LabEh
THIET, ALS OB L 720 9 B,
FERBEBET L EMFENBELTCND
ZENREL AN, SBROFERE DM E
NI CTE 5, B, thofEfEGETEH L-F
AP EOILT R L, FEHET VORI E R LD
D, RGOSR E R LICER Y TR ETH
Do —H T, MBI ELT o 12K —Z L ORKH
Bn, KL T HHEEBTRICER L2V 3 KT
DR BV, O ZT 0 Bs THAfdH v
BB FERET B0 Y < LT — Z VIR 5 %
T2 LT, BEXRMETHARELEDLH D,
T2, o7 7Fa—F L LT, &EF— X /VNHE
BrEF— bz a—22k i LS MERs
L OENLSNOREIET — 2 2 &0 TRHA L. 1
W DOBAEIN L LT2T — 2 %27 T AKX Y
VITHIET, BRI OBMAIRETX S
BEMEDL H V. A% OFIETORY AN
Do

E. i3

WIE 2T T — 2 D e WA IR Y 22
BEREELNE SN TWDN, AHFZETIE 60 Bl
EDOEBETH-> T, 3 WinEAAAL— T
I— LD FERIFE EMARATLZ LI Lo T,
s N & ALS BB D 2 7 7 A FE TS ATRE & 72
HZ EERLI,

F7o, TLiEG R EOR—F— X VEBIZ KD
RSB CIIENEELWEATYH, Il > Y
NEBEED T~ VT AV B S
D2 L& o T, RETE IR R 2T
DHETHIEMARETHD L EMR LT,

JERRT v VISR DT RN & ALS D43 %E
B TlL, T6%DIEMERTEDOXFNTHKII L TV 5,
Z LT, W TE O HIER L A T b3 2 B
vy TRRICEY . TOWREFENEE L LI-H
& ALS BB TA LD B A —E L Tz,

ARFFEIL. fEE N & ALS O EIT 9 FEET

-
—



JVERES LT-8, RO~ LT E— X L8 %
W, SHIZEWSERE 2R L, REBHA A
RETHZ LT, TNUNOMREBEEZEZ D, &
fio BARIC L 2 BRI lro g &7 n 2 & v i
b,

F 3%
KIFFEDIRMT D FAT | FHoam DRI D T2 DI
KM FEFT DIRREIL A O ZTHE 2 THW
e IEH S L ET,

F.BFFERER (LiiE4 I clT 55 m)
1. BCRR
L

2. FRRR
2L

G. FNHIBIEEFE D HHFE - BRI (Fiex &)
2L
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AN 3 A EEHTIR AN SR T
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

e FF

- SLRBFTE R &

RAVEDRHALEEERES L BLLILS ) LA AR

WRfkEE R s 1)
WoesyiEE w T P 2)

1) @ RHERIIC L Z— AFAINA ) D H— BB ) DRNTHEREED
2) BB KEIMBIFERT T T HERERRAT 4y 87

WREES
T I nA <45 (AD) 72 E DFEBHAVEIL A AIZ BT 2025 4FETIZ 700 5 AR B3 5EHEHISN TRY,
FAITRA 72 TR OIBE I Z T2 LENHD, Lol | EOIRFEIEBIRIZ OV TR, Bk 22385
DIRBRDNHED SN TETD, RIEZF B L3> TORWONER TH D, 2T, FREIE DR AR AR e
RIS CUORNWZENKREARF R THD, — 7T, AD DFRIEIITEASAIER 2N K &< (58%~79%) B5-L
TWAZENE LRI VFEA SN TODE, 7 MEEIZIZIAFEZRHY . AR NIZB TR B SR 5P
RS 27-01T1E B AR NTRHE LT AT DS L BT 72 5, AAFZETIE B R NITRHE L 7o KBS ) SR
B ER AR CRIE L, BERER (T =) L) A IV AT — 2L AR5 Z 8 X0 G 7V — 12 TR
JiE DR FBFIE | HE RO DR AR L ZIRAe TEE IBFIEORRBICRT DRSS |

AFFFEER
AARNTIEEH 72 R THORCK AL 33 1<
BRIV AZ N T ERRTHIENTED, AD IZBT
HIBAREE DR T IR BBIEE R O3 DL a8
BRFNEDTNDEZENS, BA AN ELIZ K
U7 ) IRATIZ X 59 FE B AT OO [R] 8 % HH %
RELT, 7 b—T ) NENT, A0 AT S
L7 BRI AT 2 SRR KE R H 20 L BB A LB
B Al LA AN TITIZ LI JERD 5y T2
N=ALDER ATV — A2 B O
—DOrT 5, IHIT, T TEMLUIZ A AR N EL
oAV AT — R E KM DL DR FEE L5925
ZEIZEY, AD D ARG T k& 7R ORI AR ST
THIELTED, ZOLIRRA - 25y T D [RE
EIFEHT > DIZIE R 70 F 7 Fn 22 W 1 0 B 38 O BE A7
A FRHE DIRIFIESLS TR E L CTHEHA 325280
TEXDHRTIV I VR a= s TEOBREDL H &2 D,
Fio ZOREWTENT TR e A R BE S A ST S
72D DB TECRAT 77 B 2 BNV BRI DD A 7253, #t
T 7R 3R T 7 — T\ C XD FREIE D HHT T Al K
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(ZORRPHIENHIFFTE, 2T U AITHESTRE
TEDOBZENATREL 2%, AWFIEIZIS T, HR R,
E SR FERITE 2 — (NCGG) 23 4L [F THEAT
ATV BEARANKRBRAZ HNTHAANDT ) L
BLSNCRAL LTS DT 2 H 6 s & L ORI IS
Tz ) B AT AREE TN EATV FRAVE D RS E
WICRIT DL ARET D,

B.AFFE 5 IE (i ~ DR % & )
ENLRFER I A — AT AN ) DS
— XA F N (NCGGAAF /N T) | HIE RN
AT LONAT R 7V A2 TV 7L —hE
TVIZRBAVE e v h— L0 7 L% RO CiRAT
ZAT 572, 180BDAD 3 36 LM 8OHI D FEFR
HIEBE DT KBS (WGS) 7 —44NCGG/Y
AF 7T, WGSTA T ZUDIERIEALIT
1 TruSeq DNA PCR-Free Library Preparation Kit
I2&017\0 >, NovaSeq 600065 T HiSeq X Ten
(ZRVESNREZAT ST, &7 LBLSIRHTIZ LD [F]



TE LT AgA /) 7 MW T ik Combined
Annotation Dependent Depletion score (CADD)%
IZEDSBITRDIA AT FDIANTES)T MO0
TIENCGCCAAA NI TOT T AI)—=2 7T
A=) BAC LT T =S m—R LA )aT
B AT A AT U7, BT O ) DFE T
GAS (Genetic Association Study)
PowerCalculator
(http://csg.sph.umich.edu/abecasis/cats/gas_pow
er_calculator/index.html)zf L7z, £7=. NCGG
INAF NI T =2 DIFAE L7273 >T2rs1378764618
IZOWTIFEPCRAL R—=F =T AL (P —R Y=
— 7 ) (RO U T2, BEREARAT & L CLARMTCAERY
LIV 7 =7 —Piln 74 E R B HEK293 /il
BRZAEHIL . SHARPING DU T hr— Lkl 5
BLRIZB T HNFKBOTEMEA I E LT, il IR

B D5 G a3 T BLINT KT DR E AL
Ea;t;kéfz TV BIOREVO BZ-9000#; Y- BAMER I
FORHLTZ,

(i BRI ~DHLRE)

AHFFEIL, T NEt R e D55 R EIC BT D
BREES | B LN A BRI IFEIZB 375
R ERFREE (A | ENLAF SRR I E NENL R F R
Wt 72—t B RS AR I 22 B2 0 KRR &5 Tl
TSN TND, TRTORFIZE N TEEICLSIA
BRI L ThD eI, PFIERT S E 8 N O Bkl
NMEDOBEE | EANERORES IO TRELOEL
RPH T ICELE L2 MDA 7E 2 I TL TN D,
SEWFSEBRFEIE NENL R FEFM R 2 —DED
LR T2 NE RO IR TDHIFEITHSD
X B NG R B D R ST R D,

(o5 73

H AR NIZETHSHARPIND il )7 o M [6] 7€
LADLDBEAERKR 5242 HRYEL T, AD 180
Bl BREESRAIEE 1806ID S ) LEHIENT T — 4
7HSHARPINT Y A AFAE S D\ T bR
Atz ALz T

S = a2

REATHoT2e ZD 1THHI

— OV

Ge o (REMEAD RS 1. APP,
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PSEN1, PSEN2 228 Bin7e 2 L a2 R LT, FT-,
Tk 2 BLAATIZHE R L 7= SHARPINEEF A B CTH D
rs5727501411Z DWW THE RN R T Ea B LTZ, 2
OWBFETIMED =T =7 /ST R (OIA A 1

TL— LV T AR T A 2[R FE L) 35 R
S, ZHHIZHOWTCADDA= T > 20%hhH L7728
ZABED ST RIS, ZDOBEIZ-DOUVNT
Y oH = — I AEIC LB B S AT
— T L VBRE LB RN O AR E LT EZ
7. 21 (rs77359862rs1378764618) D XU Tk
NI 2 DA T 5Y o 7 AT e B R &
MiAT CTELHZEDIRIINT, BT X 2B pE A7) —
=T BT o7, HIDIZAD 176341, =2 hra—/L
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TWb, YT 7T ARRRY T A/NaoH Ty, &
T I T 47—V Ryx T Licv 7
AZ/NEREIZIBWT APP R0y BV L X —EBHEAK
R LILBEL TV, E£72. Alzheimer 5 D]
MM Tl ILEL BHL~NUREFEICETLTWS
ZEBMEHETH D,

AT T, THE) T~ 7 2 O KM E
BT OILEIB L NAB LV EE=F—T 5
7o, ~A 7B AT YR E RO f#TZ APP
J o 7 A (App"EeTy~ o AR LT, F ORER.
ILEI 1% AB & [FIERICHIRR R E R R Iz i S v T
HZE, FOLZIIEIR ANEB N H 5D Z
Ll ERMER SN, Z oA EENL ABIC
biE SN TWD N, FRFICE=%—79% & ILEI
& AP TIIBEGERICH 7=, —F. w5 EhE
AMOIHE (7 b R hR b)) LFF AN
fafcti gl (7% X AdHHR ) 128> 7T, ILEI
BELO AR OMIAFEE L~V RSBEFIIN T L2 Z
LMD W IIREEMK AR > T 7 AN
RN W SN D Z EBH BN o T2,

XL, UN=RFA TV AFEEZHO, b
TR THET IR N T X T =R |
ZERyn L, ILEl & ABDOZE A H.7z, AMPA Al L
B =T =& hTiX ILED (3900, AR
MU=, T ZI=A2 FTIEmE & b L
7o NMDA Bl L& 7% —(Z%f3 57 T =X F Tl
W& b, 7o X A=A hTi& ILEL ARZ,
ABEWEMN AL 547, GABAA/GABAR L& 7% —D
TA=ZX NCIEmME L BB, ToFA=AT
EW L, =aF LT EFLal v (ACh) Lt
TH—DT A=A, ToXIA=AMTIEEBIC
ABIXIEIN, ILEL 1ZAREThHoTe, LAH Y A
ACh LE7H#—TlE, ABIZT T =R N T, 7
VA A=A NTHEIM UM, ILELIZ E ik 7
WL Z T hotz, TRH ORI, ILEL &
ABRERDFEIED L T T AN W SIND Z
& B RME LT3, 720> T b ME— AMPA JI C i
DELD IR HA & Th o7z Z LIL ILEL & AB
DR EB N ELBIRICH D Z & & AMPA B
L7 a2 — i & OB 2 HEH S 5 TR &
L TR &7z, BLEORERIT, fw3C(Nakano M, et
al. 22D)ICHY FLOTRE L, £/, 2O
SCITHANT, Alzheimer JE B O K Tl ILEI
DOIBIMET LT\ D Z L5 AE, MCIJEF] D
B ILELD 13w b L Ca B LT
D&V FRITECR & & o T L7z,

Alzheimer Jif{IZ 31T % ILEI 388 L ~EK R IC
DUVTC, RNA-Seq T HRERR L7z, 51T, b
R—H—T vk &M & M/ A ETFAM3C
(ILEI D#I5F4) OF aE—F —{EMEZ 7368
1 2 SR B BRAA s  H—40~-23 4T LT-, Z DOlL
FIE#HRE b L2, BkETF—T7 T —FX—2%
W CHR B R A A 25 R R RS AR
SH-SY5Y ~D il BB BLMGI5H, SP1L &
EBF1 73855 K F-efli . SMAD1 23k i 5 K] 1
fBEffi. KLF6 23R EM T 5 2 &3 5 H
272572, RNA-Seq 7 —# 02 bid, ZHUH K71
Alzheimer X CORBE(GITA B TR 1203,
HIRIM M DN X7 e L CERT S
& SP1 & EBF1 O L~ULAMEF LTV, 61T,
BN SP1 & EBFL ICOWTDOHF LY T W T vEA
M6, 7 aE—4 —DNA ~DFEEHENMET LT
HZEMNHBA LT, ChIP 7 vt A Tik, SPI *°
EBFl Z# 85K 1 & T 5MOERFHEBED
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Alzheimer KM TR T L TW=Z &b, il
OFIFR%EHfi #3215 SP1 & EBF1 @ DNA #5456 HE
MR TFTT BA[EEMEN RSN, k%, i
(Watanabe, et al. 2021|234 L7z,

D. B%

YA A T a X AT Y R e T fiENT
MHIE, ILELIZ AB & [[IERIC S T 7 A/ N dh B4
FRISENC - THOWMS N DD, VT ARG
EWEY T XA T TRD LIRS EEO
T ANGRM S D EHERI S T,

F 72, Alzheimer JFKIZ 31T 5 ILEI FEEL L~)L
& R I35 K+ SP1 & EBF1 OFIFREZERMIC L D
DNA #EGREMR T &L 2 ATREMED /RIB S AJED
FFIRRED —mSH ST o7, ZH DJRIA
EEDLIZEELHD I ENRFERREICHT -
AR OMIICEND LB SN D,

E. f&7m

ILEI |% AB & [FIERICHFIEEN LV O 7 25
DHRWEND, BigD T AN LB SN
T2 ILEL 23 ABPEAE Z 4Tl 2 vl RetE S HERI S N %,
—J7. Z @D ILEI #* Alzheimer J& 2111235 1F 2 ik Ap
LoV ar A h~——LLTHHTHD A
BRMERE <, A% S R DITICHED 720,

F.AFZERE (LaEs cEl+250)
1. fmCRER

1) Watanabe N, Nakano M, Mitsuishi Y, Hara N,
Mano T, Iwata A, Murayama S, Suzuki T, Ikeuchi

T, Nishimura M. Transcriptional downregulation
of FAM3C/ILEI in the Alzheimer’s brain. Human
Molecular Genetics 31(1):122-132, 2022
doi:10.1093/hmg/ddab226

2) Nakano M, Mitsuishi Y, Liu L, Watanabe N,
Hibino E, Hata S, Saito T, Saido TC, Murayama S,
Kasuga K, Ikeuchi T, Suzuki T, Nishimura M.

ILEI/FAM3C and

amyloid-B is associated with the activation of

Extracellular release of

distinct synapse subpopulations. Journal of

Alzheimer's Disease 80:159-174, 2021

doi: 10.3233/JAD-201174

2. FRFER

1) EBEA, AL, A IER.  AB PEAD
#4551 ILEI/FAM3C O3 BIHIEERE. 5 40
[l B ATBEVE 72 FINES . 2021 4 11 H,
B,

2) Nakano M, Mitsuishi Y, Liu L, Watanabe N, Saito
T, Saido TC, Suzuki T, Nishimura M.
“Extracellular release of ILEI/FAM3C and A is
associated with the activation of distinct synapse

AAIC 2021, 2021 4£ 7 A, on

subpopulation.”

line.

G. FHIPAEEAE D HRE - BEIRDL (viExate)
L. FEEFHRA
MG+ « HFFE 2018-177844
FEEARE  PEATIERT, N fE
RN - W ER KT
HFEAH B - 2018 49 A 21 H
FEHDAFR - MR Z 2 MCT LY
FRENIE DFIBLFZ W 7 15
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

TIVINA~—IRIZEE 25 ) MMERE BAE L7~ 28 s F AT

RAREE 4t EREY
WEoEE W P, mF P

VRBRR AR ZEREZRITER 7 DS

DB FIUIIERT S5 THEAERRIT

MREE
70 BT A RESEFENT TR O e E O —HE R LM (single nucleotide polymorphism: SNP) 72
JTIER<, EVELDOF NI R7E2E DN 2HEDHZ ETEREZ LV BESHPATLIR) Y=y
T NREP N GIVT WD, ARAFSE TIINAFZEAT « BB THREMRAT 700 By (N0 - = T e %)
TN ST HARIERL 7 LY v <~ —¥"  (late—onset Alzheimer’ s disease: LOAD) HBEDHF / A
T—H NP T LA T —=HRT T Y — LT =5 B ) b=y 7T =2) v, RO

BN RN G- 2 5 AD ~D B A T3 5,

A BFREH

PRSI 2 B EN O F 5 % E b
HFELELTCRI V2= 7 VRT AT
(polygenic risk score: PRS) o=/ I v 7
URA7 227 (genomic risk score: GRS) 72342
REINTWD, AFETITET b OFEEEZ K
MM E O7T VY NA < —% (Alzheimer’ s
disease: AD) BBE Y ) LT — & & HWTHEAT L |
R OBARH RN EOFLE AD ZHBIL 5 5D
DERNTT %, AD TIEMRL 7 — 4 72 L1 K DM
MERHRENA A~ — D — DA T VD,
BHOBLRMERN ZNORBEBICHEELZ 5 2
TN DINE D a5 T2 IZ PRS ° GRS & AH
BT oREMARKT 5, ZNITKY AD OEs
MERERBYUOMOI v 7 7 2B
M D, E£To. AD DRURHIEKI A Z DML ORI
(FRICHEMRIRSE) DOBIRAVEER & & OFE R
T2 DN EFRD 72O EASHIAH B AT 25 2 17
9 2 LI LY BEEHEBENEVER T TITK
RENTWBHIEFIN AD TEINTHNE H L
ST RT v T VRYY g =0 7 ~0OiEH & et
T2,

B. WFFE 5L (Bl ~DRfE & &)

5 T HERERRMT 7203 BF CREANT L7249 2, 000 o>
BEHEBIOTNAINA~—IREBEDT ) AT
—ZILSNP 7 LA TRIESNTEY, £ 180 JifE
R SNP ~—Hh—% T ) ZA L7 L TN5,
SNP 7 LA Z#i> TWRVWERDO Y = ) Z A
THERATITZOICA v 2T —3 a VT 21T 9,
F 72500 FILL EORMRIK T v — AENTO2T
Ly =D TR TR TEBY, 2 b
FRIRTIEMRT BB A A~ — I — D HIE ST
W5, KEIT CIRZ N GRIKDO L BIR TR %2 E
BT 2720 LT ) AT — X BT S
Z L TPRS #HEHT 5, PRS IIABESNTWDET
IV NA =" GWAS T — Z IZIFR S TV D%
SNP DIREA~DFTFELE (p EA Y X2 L) &8
He L, VAT IV NVOREZRAZLEE LIcEH
O E LRI END, FHEOEWY A
77 U NES L FFORIRIZPRS < 725, FHH
L 7= PRS MR/ A A~ — D — s & FARE 9
HZNEIDERFL. TOMOBER TR L
PRS & EDOREEABIT 2 O Z T T 5,

EN T E OGN TS B e = E I b ST
Tk b AFREE 2R CTEAREG TV D (K
RET 167-2), FTFRRTFEE T MEEES
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B &8 W CEB s TR 0 5 55 1A 2 £ Tk
REGTWD (KEE S G2015-0850),

C. iFFems R
ZIVE CHIR KNI IET B AR TR AR
BEIVZBELEY ) AT =452\, B
T a B IORI 2=y 7 U AT R
a7 DR AT T, AFEIMEA N TR L
RV P2z URT RAaT Lifgx pREA L
0)554% ZOWTHMAN T, REIZIIEANA 4~
— (AB &, M UE, VB bZ VE), MRI
Kié%%ﬁ?~5(%ﬁ&g\ﬁ%ﬁ$%§b
PS2fRAT 2 =27 (MMSE. FAQ., CDR-SB. CDR. ADAS)
W, B IC W TR REIRE T LA
W, EBORR D 3 ODET VTN LTz, T
bbb, BTV LRI HEFE REREE
ETV 2 MR, BEF. AR, APOE ¢ 4
T UMK BTV 3 MR BEFE. RARME
i, APOE e 4 7 U VE APOE e 2 7 U VT H D,
fENT OFER., BT O X v EB IO Vb
UEETRTOMBELEZPRAER 2 7133 T
DETNTHRHMNEREIIR) Vo= U RS
CHEBAT D Z e oTn, £z AR EEHIK
BIIET V1 TORFEEER-T-,

D. %

AKIFRETIEEARANCBTFALIRY) V=TV
A AT NRHICHIET O 2 D& EMHET S 2
ERHLNI ol TOZLIXT VYA < —
JHICBE T 5% < OB RNR N EFIZY
fefl U7= & DI X 2RI HE S AL O T sl oA
A DOE oD Z & 2T 5, F2T
TOMBLHFEREA T CHERBEEZRL
T2, TAIUDOEEX AD Z2ENCHWLRE D L
MOERYIFERTHDLEEXDND,

E. f&7m

K TIEEARNT ) 2T =2 E2HND Z &
T 2 NDT VYA <= —IF OB Y A7 &
EmbT 2R Ve=y 7 U AT A7 &%
T5HE L BIC, BHHMEOBEETZIT o2,
DFEFR, AFETHE LR V=7 ) RS
AaTIIHBICHEE S AD BEAHRIL, BER
WoryEEGERARBRE R L, SHBA) VUx

=y 7 VA7 ZaT RO @RHERT>, A&
HEEOBRRNLBEELZMAGDOEL L TE
DA HIRITIED B T E D RN B 5,

F.WFZe3E (EREscElT 55 0)
. FROCHER
B

2. BEREK

1. ZgHh 1EFE. AT I 27EM L7238 EED
FERE U A7 Tl & ORE— MO PR,
%5 94 [8] A A4 L R4S, 2021 4F 11 H
3H. AT A Bl (MIEHR)

2. L B BEERY Vo= v 7 fiRNT
WX BIREEDERIE. 5 40 [B] HAGEA
JEF AP E S 2021 42 11 H 28 H. 3
FEE Y +—7 & (DEERTE)

G. AR PEME D HIRE - BEIRTL (viexate)
ML,
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

B PR FIZ &9~ % [11C]1TGN-020 DRIE >0 I & 72 BlE A ik D B 3

WfEE Ay D 2)
BFgesyE el 2, W 2), R 3, gakmEe ), dikfipx 7 3)

18 I IR ST R R SRR 2 O R 2R 1) | 8 BT E RS S R R S o & —2) |
BB K2 IR ST 0 & s e R 2 o & —3)

MRES
BB BFE Lz e B A AQP-4 PET JIEIZHW D A A — > ZHEHI[11C] TGN-020 D HLEIZ I8 5
BN L ONE IR LA X D720, BERSLER R FEOREICE b [11C]TON-020 o filidE
HEOFE TV, [11C]TEN-020 Z 3G A2 Z STk Lz, LasL, EozEttom bk, B &
OH 722 5 @i E L OVE B BRI AL EETH D | ARFIRD & b7 Db 21T o 7o, EOREHR, B
HEFIEIZ L5 [11CITON-020 FEA RO RIS B E 720 | RO il b B e Bk Br & 0 7 m ik

RMEBEGTLIENTE,

A FFEEHB
BHERKFENBITE Sz b b AQP-4 PET 1£73HE
NTAZEIZEY, B MRIZEITD AQP-4 <y
B IRAREE D . R L—H—ToKERED
AIHAEIZ S < glymphatic system DOfiFH]OFFl
BB EOEMEZRET 220 AaEE 25T
W5, LanL, BATORGES RFIEI LA & L
R E <. INE DR THWD I+ B2 1S
HIENTETELT, ILIZHBEPIZANS
LD HARIZ L0 B EEMEN & W ) 558 %2 F
THZENLIAES R TIIW R, 22T, K
WFFE CIEEAT O [11C]TON-020 D BLYEA AR % 1
BEt L. L0 bikdtaens @ < i TR E O
SN DRIESAIEE BT ITHEE L T, Lo THK
ISHOWHEIZE T 52 L2 B L LT,

B. FFFEH¥E (faBlhim ~0RE % 5 1r)

BE KRFTEA% S 7= [11C]TON-020 il C
B o @I EbE X OE SR 25729,
1) fEk D [11C]TEN-020 DHEGEA KA F— LD F
NED RO b /e & & et L, BE SRR
WoR#E/ZK Y &S e > &I ET
[11CITGN-020 2345 & 4 % A B G 15 & Hric i

SR URESE U7, 2) [11C]TGN-020 % & #e b

T 5 ECEIE Sy O LA B L R A
1To7,
C. FFERE R

DREROBEEA KA T — A TlE, B 1 EDOR
BIisoT7 V) F oLl o sz F27 k& b
v & N HETIT o TV, AREE A L
BOR >y MEANL FEITIT> T2, 0720
FEOBIZIIBOR Yy b VETHEHATLZ &
2720 FEBRFIADNEHE e 27217 Tl il
FEERAZFBIZIT) & EMARA[REE o7, F72.
1 SUSTERR LIAbEW11C] =aF U (R ONE
D Li ) IZABELEE T2 < 2 DBROBIE
DR >7, ZZTREIGOT VY F U ALK
oy o F& INEBROATITH Z &IT LT,
5 2 RS OREE RS BT I, HATU/THF %4 )
L T W 722, fiiA /iR Td b
2-Amino—-1, 3, 4-thiadiazole & HATU % THF |ZA D>
TOILET LB ENE NI RERH T2, £
Z C HATU/THF % HCTU, HOBt/DMF (28 L7z, %
AU &0 #EE O BOSHE O VERCS I 72 o T,
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ZOARREE VT 1IC]ITGN-020 DA FL % 34T
L. X 1IZ[11CITGN-020 D& L2 & %
Y, EDOEFOIEIL 57TMBq TH - 7=,

<HOvMISL>
mnV

9991

754

50

25+

3.057
4012
5841
44
75

mAU

PDA Wulti 2 254nm 4nm|

3000

2000

1000

5.645
9.069

00 25 50 75 100 125
min

%] 1: [11C]TGN-020 @ HPLC fi##T#E 8. T @ 4 min
DUV E—71I7 Z2a /)L g,

D NZHOWTITEW PET OfRfe 4 BIEL LT,
[11C]TGN-020 FEIKIZH £ D HMHEMT THDH =
2 ) — )V E/NRICT 272 DK DOHIRE1T -
7o LAL, AABRUCT K D [11CITON-020 ik D
MR T T 28N H -7, B 1[11C]JTOGN-020 FEik
1% 57 MBq/8 mL @ 20%T % J —/L/KIFIR TH Y |
INEEY~EEETE D 10T ¥ J —/LKIEIRIZ
FCHEIRTHE 57 MBq/ 16 mL & 720 [11C]D
W EBET L EREM Lo, £2T
[11C]TGN-020 A R Doy BgefEz by 7' —7
7 ENTA LI RT A Z & T E 39MBq/ 6
ml (Z2E LTz,

D. Z%

AR TR AR S AT R R OBRBE CTEMY) PET
DY F THEIC AT T[11C]TGN-020 k&
BCR % FRRRET L. OFE RIS XRTFEE D H R &
BGEIX LZe o 7zmy, [11C]ITGN-020 A EhiY) PET
AT A HRIBEMEE Clr3EhzE Lo, RINEDOREIX
BT EOUES, wBUNEDOK#ELEITH) 2 & T
WETXDHLEEZIOLNT,

E. f&im

B4R £ COMRIN EDE & F TV
S 7273, B PET 2 A8F 2 AL7= [11C] TGN-020 @
BLEA RN FRE & 72 o T,

F.WFZe363K (Laa@s cily 5 0)
1. @ XCHER
L

L

G. AR PEME D HIRE - BEIRTL (viexate)
S I SN
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TN 3 AR EEFTIR AT FE T
(bt Iy B T A 0D R ST RE L [T FE L AL
SLFEFIH - SR &

FREEMEREARRERD L EMREBY% : v FEEKICKIT 5 EEIRE

v N BT S Y
WgesyiEE wm kAl D, mim o s 2)

1) SINRZFAEZZE AR R 2) BTl RPN e pTs B oy B

RES

b MR MR RICB I D R BRFRAE A A RHIIRiYE & OB EEZ IS BN S, U Uk a v
X7 LA (p-aSyn) ILEERT VX I LA ) RF—ThHDH/8—F2 V9 (PD) LOFAMEL E—/I
K97 (DLB) 1281 2 HEE & < IZRWEE L 9T 72 b B SRIRICB W TN 2 # 7=, PD 35 XUV DLB
DORREARTIL, p-oSyn (F/ NS & 7 A s o R 722 E~DILAE D R S 72 28 KA A
R~DWHEITR SN2 D> 72, — )7 PD & DLB T AD K2 2 A 0F U 7= JE B TlI R U o Bl
2T (p-tau) PLAFD A OV, PEEHIRRER O E ERIRETCIL, PD CTIERAAF RS A IS LT
N2 D8NRI XD LT 2o 72, DLB2 Bl CIREREE T H ks T KIS L < 3
BL. 9B 1 FIO R T3/ N IAR A S X R DR 70% TdH - 72, PD 3 L OV DLB O#REIAD KA
MFRHINE DEREFFIZ OV TIE, (1) AR5 AD JREDORE, (2) BE O DO AJI#HE (nigro-striate
fiber) DOWHIZ X D487 AMZEME, (3) A FEHET L TV RWRIEYE T 5 p-aSyn AV T~—03k
A LTEATHEME. £72 (4) S RIOMRBIERTITFRD HiL7eh - 72 p-aSyn LA DY EWTA U Tz a]

REME. B Z BV,

A BFFEEEY

b MR BICI T DR R E R LA
A & OB EAEMD Z LA BN E T D, K
FgeciE, Vot o v X7 LA v (p-aSyn) ik
BEhEFTVRXI VA I RF =T =%
V9% (PD) & UVEAMEL B —/MAJR (DLB) D&
JER & IR E T 2 b bR ERIZ B W
TR 2D %,

ZORERE. THNETHE b BAILFRITEZ
Flck ooz LG, Uiz v (p-tau)
WILET DL TFNRTF—ThHDLT VYN, ~—
% (AD) (OyanagiK, et al. Brain Res 1987, Brain Res
1991, #ELTMERE EVERRE (PSP) (OyanagiK, et al.
Brain Res 1988), 77 LD /3— Y U EBHE

(PDC) (Oyanagi K, et al. Acta Neuropathol 1994).
FRRY T H IR EIHRMAICIEE T D

RNY TNE IR Th DRI RZR AR A
RZEHEIE (DRPLA) V', ~F ¥ K- a2 7% (MID)
DV EAyF bR (HD) P ORRIRIZET 55K
SBRFELAY R B DR & R e i 7 D R & Z
DORIHEIZ OV T HERRETT 5.
B. BF % J5 1k
FRSRIEGT, BN | BRIk S, v e

—/MEDGAR & RIS DRITE, BE T
LDOREREICESNT, DLB 2%

(McKeith et al. Neurology 2017) 7%, PD & 4344
TE2% 60 (46 %MD T8 5% ; 63.2+12.2 5%, Bk
5N ZMETN) THD, Zhb 64O Braak PD
stage (Braak et al. Neurobiol Aging 2003) X2 /5
6 . Braak NFT stage ( Braak and Braak. Acta
Neuropathol 1991) 1% 2 51T 11, SPstage (Braakand
Braak. Acta Neuropathol 1991) 1314 TA Th-
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72, DLB &pdE Sz 2 1 (2 il & & Bk, 74 7%,
WT 4L H neocortical type, NFT stage (3 11 & 111,
SPstage [T EHHH C), xTHRITA E At &
PR B PRI A B S 720 5T Rk D 80 7% £ C
(68.8+8.4 %) DFIEME2 4, w44 Z AT,

F5iEE (1) #RARIRE R : Ovanagi et al. Clinical
Neuropathol 1987 & [RIEED FiEE AW, T 720
HARNL~ ) CEE-RNT T 4 U E T 20um
MO 10um BB 2 27 ) 2—/3—" 1T
(KB) Yeta L, jebkIr S 7= lAgz L ~L o 2R
REEEHED & LB L~ L O 1A o I i 2 EH L
Too = ANVIME & IR 7o IME & T 2 Al &
FRERAERG & R L, JRoREZ & iz oo e &
THIEFEICB T 0.5mm? IZ8 R 5/ MR %
BT MM OWHEHRE 2 = 2 R EEE &
TAVEAFEANTEHIIL T, BRI FE 72138k
W O Wi FE & 3 U C RO s 2 FH L
Too FRREARAEZ DWTEAE 100 pm? A 2 /N
AR & L 100 pm? BA b2 KA & LT, K
AR A X R R B L Ok o 2R & FHEl L
7o (2) St (1) 12HERiT 5 6um [FUI %
AT p-aSyn, p-tau, B 7 I B4 NG % fii
ITUCHRBETRIZE LT,

B m ~DOELE « AREF] & bFIRMEER I
TA v 77— Rartry hBAELNATWS,
MNRFEFIMIEEZE B SKRBE A TH D (#5108),
C. WFFufE R

PD 15 X U DLB O#SIRITITA E /2 ZEM,
BOML X ok, 7 VA= RFHALNRD T,

p-aSyn FE 441X PD 35 L OV DLB #RERIK T/
BIRREE E 7 A had A~ ALy R coiled
body MWHLFEVEIZ G TdH - 7=, DLB2 il 0# 0
BRGARK IR AE C p-tau BGIETH -T2, B 7T
v A REEYetaTld DLB T BIERT A
BTz,

PD O/ IAE I X RIREE T H % T
S BRI o Ty REWRRIR SRRz C
RPED 771%F TRD LTz, E8EECldkko
WA RS 100pm?2 2> 5 120pum? & T O KA AL L
A EIZHD LTz, DLB2 SEFIDOBSEIED K

TR TR TIEE N TN 54% L 42% THh
D, PR TIE53%E 67% T -7-, DLBI fil TR
PRAZ D /RIS 5 DK 70% T - 7,
D. B

b MRS O/ NPT 213 GABA fE
Euleatespal il 34 DG oR NN E L B T e =
ZiE = ) AFEE ORI TH D LV D

(Bird and Iversen. Brain 1974, Kanazawa et al. J
Neurol Sci 1980) , 4 BIDREFERE R 6 1%, p-aSyn
DILFE & BRI DR 2 A %l Bl % 13 B L
TWRNWZ ENBX LN, e LAEDFLIZ AD i
L OFBENRE 2 b, MERIZRIT D Z O
FUIE RS & p-aSyn PEAE 2MFIEFIRFAYIC
D DAL D T BERZC BVE B IR D P AL
LRI THRTIZ, Tbb, ¥YX 7L A /8
F—Td > T b MOMEHFHIEANL 25 E 21X, p-
aSyn L7 & bR & OB TR 7 > T
WD ATBEMENE 2 BTz,

ZIVETORET, DLB TiX AD WA =& 0F
LT W& Wbl (Jellinger and Attems. Acta
Neuropathol 2006) . PD “CTi3/NUD F7g & F KA
FEAAIZ B p-aSyn L& DEE b A LD (Mori et
al. Acta Neuropathol 2008) , & 7= DA CTldEH
MZ2FFD p-aSyn 4V I~—LEOEEEL SO
VTV 5 (dlam et al. J Neurochem 2019)

VAT LA ) NTF—BRERR O KRR
BOWIFIZHOWTIE, (1) &% ADIREDR
Q) YXTUA AT —TIESIET D BEH
5D ANTIHGHE (nigro-striate fiber) DRLIFIZ K D%
TP A EORTEENE. (3) A FIMETT L T
WEYL A CTH D p-aSyn 4V T~w—0 LA LTz
ATREME, F72 (4) A MIORRFEA TITFRD b7
Do 7z p-oSyn LAENEIREVTA U TV 2 ATHE
P, BHEZ LT,

ZORERE . BIEN R FE TORERGIE
EICXVHENI LG, # U A TF-TH D AD,
PSP, PDC, 72 b TNIAR Y 7 /b4 X 4§D DRPLA,
MID, HD DO#REEMITIT 2 HRERFRE A O
& APRHI R I P AL & & BRI S &L AD,
PSP.PDC T3 % < OFEAFRKEHREAIALIC p-tau O
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1) BAPEERRZAEAEEBERE  2) HriR R EMTIERTE 7 LB B 58 55 B
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AT S ED LD IR X (BLIOT 7 Y Y — A0 K D I EHIERR S i fiiash @) 23
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DIRD I Ggtal ZFELI . £ OB FEEM OIENEIT L 2 FESHEE Gal o 1-3Gal ZFF2 kg~ v
RIBEMET D2 8T, MBEAT DY X7 EEMFRNCFAET D, Ggtal (+/-) Dk~ 7 A
O IEME %58 U C Getal (/) BeIE~ 7 22T 5 Gal o 1-3Gal &4 1gG OMHIZHE) L, £72 Nestin
IR E—HKFHIZ Cre Var v —E2HBAT LI~ R0 THELETERLE
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(P Gal a 1-3Gal FUREGIED # LR

ENFIET D2 2R L, DT NG Cre U @ B —BIZ L DR Ggtal Bs 581
FEIZL D FrEMI D REA ST Gal o 1-36al EfiA AT 2 MHhE 2 "7 B a5 &0 9

KU AT LDFHENE D ICHEIT T2 b0 LB R BT,

A FFEEHB

FA VIS ED XD b2 R E (BLW
S AN NORRLRA L C3:iRY Wk i) DF AN
Ja) 23Rz BAT LT B 0 A EFERIICIFE S 5
R BETHE~ T A% W FERE LT
LMD EDORES R ERMEETH D E
D IFIERHESL TEIUL, FFEOHEX /3 ED
PEHE G AL AR T2 2 L TEREICL D
PRI RSO B 7 & O R IR A R T
LT EDBHFEEND,

B.BFEHIE (fBhi ~ORLE % 5 Te)

W RE TH D Ggtal OBEMETRETT X
DREDIAT Ggtal ZHILSHE, £ OB T EEY D
TEMEZ X0 Ak S 2 BEgHAE S Gal o 1-3Gal % £f
OMARESZ T H et T 5 2 8T, M PEE
TLHWESZ R E A MEERICEET 5, Gal
1-3Gal #iE1LGSB4 L 7 F- 2 L 0 Mt S5 23,
Ggtal Bl FRE~ T ZADMEKILIZ DL T FiT
SLTERETH D Z ENBEICHEINTVS, K

WFETId Ggtal BInFRIEP~ T A3T /) Atk
2 DR 2 (AR I TR 72) .
MR BT Ggtal ZRBISE 5 51EE LT, Ml
RREMEHTICH VB HUD Rosa—mT/mG 2 =2 — |2
P2A Fil%l %A LT Ggtal Z il SE72I =v—
PERLL . Zha~7AD Rosa26 FENLIZ /v 7
A FTHIET, Cre Varbvh—E&RKELT
W B lidids TO A Ggtal D3FBLT 25 L 9 705 ik
T~ A ERS 2 (WAFZEETIC TIERE 7).,
Cre N7 A /"=~ &AL L TiENestin—Cre~ 17 A
& GFAP-Cre ~UAZHWHZ L& TELTWD
(Nestin—Cre (ZIAFWHH), ZNHDO~ T X &
T & 1 T Ggtal(=/-) /Rosa26 (+/Ggtal-mTmG)
/Nestin—Cre (& %\ % GFAP-Cre) ~ 7 R % {Ef
L. =Dk S GSB4 L7 F o & HWEHT Gal
a1-3Gal FURGMEDORE S 7 B BHEEL T2
DI NI EEERONEICEVFET D, 20
FRATIZ TR STz e & 2 78 7 BT % DR T
DFEHZ RT-PCR LREREK VY = A X 71
VT A TR ETCHERRT D AWFIEICEE T 2 E
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ZIVE CTOMHTIZ L0 IIFZERTIC TIERL S
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WZ ERfERR SN TWD, ZOBEBTFHE~Y T A
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IMEWEET DT DICIRDER L IT 1=, FER
DI AT R D 16 AT L TRV, Fik
R OGRENERTE D E THRMEREZMH > T
b, FZ T Ggtal (+/-) O~ 7 A2 Ggtal (-/-)
DO~ 7 A % 230 /T Ggtal (-/-) DFAF%
5. FOMEF O 1g6 12 Gal o 1-3Gal ERikEZ
NN LD INE D R LTz, BrAfriisE
235 Protein G beads I C Ig6 ZFHIL, 7= A
H o7 my b ELTH o TH Gal o 1-3Gal HUATH:
ML AN RRERINT, Z DR,
Ggta(—=/-) Dt~ AL AEFENT Ggtal=/-) D
PAFIAEN D D 166 11Ty RO &g )
ST e, FAEFOmERIC R Sz Gal
o 1-3Cal (&M IgC TR KR TH D LB X b D,

Ggtal Z KRB SOOI =V — 1 %
Rosa26 JENLIZHEA L7218 is A~ v A INbf
ZEATIC CER S 4, BV E R OB B ek |2
AZNTF, TO~ T A% Ggtal (-/-)~ 7 A L AR
X, Ggtal (-/-)/Rosa26 (+/mTmG-Ggtal) < ™7 A
PERL LT, 2O~ 7 A5 MEZ FEL L HL Gal
a1-36al LRI Ty =2 X2 7T ay N&{Tho
7= & 2 A, Ggtal (/) HER D IMHAE & RIARIZ RS
LDHESR N BRI N ERER S D
E M5, Rosa26 JEALIZHEA L7z mTmG-Ggtal I =
V= bH O Ggtal BETHBUIRNBDEE X
LT, Z DO~ AT Ggtal (-/-) /Nestin—Cre Tg
W A& b T Ggtal (-/-) /Rosa26 (+/mTmG
~Ggtal) / Nestin—Cre Tg Z1Epk L., MmiE% ¥ 7
JLE L THIGal a 1-3Gal Piikic T = A X T 1
v NEfTiRolc b A, BHONY R s
2B Cre VaryeEFr—BEEFENIZ
Gal a 1-3Gal {&ffi % > /X7 EMREALAS L, MHIZ
MALTND Z E BRI N,

D. BE

FHEN DR IEA~D 1g6 OBATHMER S 72 2
EMBEMRIZEWTE Ggtal KAFHIIZ Gal o
1-3Gal Effi& > /X7 ENEAINMHPIZEIT L
TWDZEDNREN, Fl2 bRz X vk
ENDZ LRS-, RIEBRTHAFOMmEE
M5 Gal o 1-3Gal EffiX RV EEMHTHZ &
TR SR IEICBIATT 202 v X B & R E
THZENHREEEZEZOND, F£T- Ggtal (-/-)
/Rosa26 (+/mTmG-Ggtal) /Nestin—Cre Tg <= 7 A D
MAEFIZ Gal « 1-3Gal i Z R oI HdE 2 > /3o
BErmHInzZ b, Nestin 7 rE—# |2 &
D Cre Uz B F—E0nRIELL TWAHHENGRE
AEENIMTICBITL TWDEEZ 8 7 B3 HERR
ShTWsbn:EZL N,

AEOMRETIET 2 A X 7 1y MZTHLH
PR NI EDOH DRI EITS 1203, HH LD
AEMES R ) ) — N BT
M OREILRET 5 Z & T ogtal 2AFH L TV 5
koYY —AbmHT 52 ENARET
HbH, LLANOHEIEE LD Gal a 1-36al Hik
I% Ggtal 7217 Tl < MO SRR T CTh D
A3galt2 OHFGHLRIBNETLHELDH D |
Ggtal B\ KT TP VY — A LOKE
BE D Gal a 1-3Gal HEENHELS 2o TNDHMNE D
MIRHTH D, 2O D A3galt2 DIFLT
KR~ AOERLGEDHTEY, WETHIIT
BER~ T ZOMERG BRET 5,

E. f&im

RS T DD Ggtal FBAIILH KD Gal o
1-3Gal (EffifE» N7 E AT 52 &I
L7, A%ITRELREDFiEERHF LT Gala
1-3Gal EffifiE & o X7 B & B L HEOHTERIC
KD CTED X D 2 i 7 AN R B
W2 R EFEA L TWD DR D, £,
B OALREFF A Cre B~ U R Z Al > TRER DR
IR UANNEER S ke s A A QN e SF A/
BORENEIRDNE D a5,
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CRF ##EIZFB T, (RRIFEHD U X LFIRD T2
(ZE S B 2 RO G T D Bmal l =T
DFEENZ OV THBNITT H72012, CRF A
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BHY XAAICE 2 28 L ERTEREICS 2
LRI OWTIRT 24T 7, ZDarT 4 a
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=7 vay LR AIROEF ST, £
DI H 1 Pz oW TR RIZhZ>ThH
HIJOUWENEASIL, 2EZ 7O cDNA 73
CTF @ cDNA |ZEHA SN TWND Z & &l L
Too £~ 7 AN S RNA Z i L RT-PCR
(2 XV Tau-CTF @ cDNA BAREEH L TW5H Z &
EWER LIz, VA T ayT 4 7Tk

BHREROAER Tg601 & ik L ¢, Tau-CTF Tg
TIEAREERICE T 2 2E X 7 oEinn
R LI, FIATEE Y « RIRMERE S & b
\Z Tau-CTF (ZHHY T 53 REfit4 25 2
ENTE ol

D. Z%2

1.

Tau % JE ¥ FE 8L & B 7= SH-SY5Y #ifa 4 v /-
in vitro EEET/LICEWTIL, AD HEH
SEORAEME® /378 AD > — K& L THREL 72
ZEMDL, INHD AD v— RE~ T ZADHN
WAV aryd b2 L Tin vivo (o
ETNVEERCEDIEEZ LN, L,
A[a] C57BL/6N ~ 7 A % Fi\ 7= in vivo EF
JAZE W TIX, WNIEME~ 7 A Tau OREEITHEL
BCXhoT,

Z 7 DASFRIZ T D TREM2 O&EIZ it 5
7212, TREM2 KO ~ 7 A3 L TN TREM2 R47H
BHER) v 74~y ABEH LTz, 5%,
UaredFr b2 UOEERS, B b AD &
— REAR~ T ZAOMNIZES L TRIEET
JVZAERLL | TREM2 ORERETESCH & 7 DInHE
WCED LD 7 Bh B2 50 BeT 20 E
N AHH . C57BL/6N = 7 2 Z FH\ 7= in vivo
EREET VOSSP RETH -T2 Z L0 b,
PS19 DX T A NRF—FT )< T AL DK
BERVNETHD EBZ LI,

A EIWEH, & 4172 Tau-CTF Tg ~ ™7 R IZIBWT
1%, IO REBPEE S IV TERE & 7R
LTS ZEDRHERTE N, ARSI
RAEVEDBE I\ T Tau-CTF 2T 25 =
EMTE e olz, LTINS T, RYTAD
RIEEE BT 2 2E 2 7 OBENMR
TauCTF IZ LD H DN E I WARIATH 5,

E. #&i%

1.
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A aIEH U7z Tau-CTF @R~ 7 A%, Af
BER X OREEMEES3 2351 5 Tau-CTF # D
LODRBEMERT D ENTET, ¥ut
NF—FF)L~v AL LTIIAREKTH -
72



2. AEWEH L7= TREM2 KO ~ ™7 235 L T8 TREM2
RATH 7 v 7 A~ AL, AD OJREIZIIT
% TREM2 <0 MG DE&E| Z a3 5 7= FH H
ThoireEZLND,

F.AFZERE (LaEs cil+250)
1. fmCRER
2L

2. FRE
L

G. ZNEMAEEFED HHRE - BRI (viEz )
L. FFaF IS
7L
2. BT 8%
7L
3. = OAth
2L
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TR 3 AR TR R AT JE AT
[ b o Jpg BRATE AR RS FH 0D e bt 35 [RIATT 78 L A5

S FIHH

- SRR &

BInFUEBIRIC L 544K Y X 2P D55 FHEHE DT

WRREERL WA HD
WRaEE RS WGH @72, Fre 2 2), 4 g8

) PN Sy N e Ty AN O ST 5
2) HRICEIRIZERT « EREE ) Y — AR L 2 — BT LB RS B
3) B KEERNIIZERT - AR Y — AT L & — - B TR SRS ) B

MAEEE
HARFUCIRN TR, & BIZICHE D RS OZ kL, D TIEMIC 24 R EH TP-> T %, #
B, KELOE, ZORFEMPICSEZSNLIBARTHL LELIBLLNTE, L AN,

Z 5 TIERL ) MERTERRIL, ARNICBIT 2RMEEETH L LR XLV AT A THD Z LI,

AT AL

KIZHFFHEIS T clock genes R A INT-Z & TREW L 72 o 7=, W OMBRIZH 5 —BEDELRER 1
ThOTEEORFHERTIE, HTHOERTFLZEBMICHEE ST, MiaEs, =x1rX—{~
AR A — X —CTHEEL TS, Thbb, RE2LAOREHER T ORFZEE TS O H Y

GHIRRIREEE) . 2R Y A AR EH O/ CHELT 2 Z L NbrocDTh b, Tk, TRETHERKY X
LOFRFPN & SN TE-HAZX B (suprachiasmatic nucleus:SCN) OFEENLE 5 L7ZDH 2 tHAT
X EMAFAET DA 25T DR R EN A 2> TV D Z E R L N> TE T2,

A FFEEHB

HAZ X F#% (suprachiasmatic nucleus:SCN)
WK L D =2 —1 U b 722 DR AL [ T
HbH, ZONSREL 1m0, EAD
B INIE CHWRT DR XE FIZFEET 5
MR IX, REERBR T RO o THE, 720 L
TZREINIENDTHA I N2 L, 1972 4123
L&z, TSCN ZitE3 2 & TEREEOBEA VU
ALHBHRNVECOME Y AL LEEIZIEE D] &
WD, SCN ORISR D KB A o b
|

FEE <Y X LDOHEK LTS ORFFHA IR E
S>TWAHRFHEIE 7 Th 5 Cryl & Cry2 OliFH %
Cry—null = R|Z, BRI~ 7 2D SCN % FhE 9
Bl 24 AW OFTEN Y X NEEIE T S, T
bbb, SCN LA DORMFRC 1T FH RS BN DI )b
53, SCN D R§FF o 24 WEHJE 1 2 BI85 % 721 T,
24 K DATEN Y R ANER INSDTHDH, ZD

FERIX, ATEIO Y X 2IEE O OREL L34
< BIfR7R < SON DA THE) U R L% 24 g ] JE 1
WL TWAH Z L E2RLTWA,

SCN DRFFHE, M Dlgias DIRFEE & MA3E H DT
BHAH DD 2 EE DOlgge ORI, BRI HE H
T L 2—=3 HIAURX Y XADVHEKT H A3, SCN DIF
FHIMAAMCE LT, B AL EERRTo
U XLMFEZ SR> TU AL ZF BT 5, 772
B, SCN OIFFIOAZN, BEO BFEMRREE F 2
HDTH D,

SCN DKgEE & DML DREFHD Z2 13T T
bAIMME LY, KFEHEE TR 5 K]
HBIROBEGEHMR 7 4+ — ANy 7 v —F
(transcription translation feedback loop:
TTFL) #EEIXFE U TH D, EWE, B H
L. 98U 24 B U XA &L ATV D SCN AT A
AT, BARAFET R U U AT X 2LEAITH
L7 hva R RFy o (TTX) 2% 5TniE, B
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AT 5, TTX ICC=a—u OIEEEMNE 17~
Efe, SO IR0 U X AT, Z2RELN
W, U XLNFTREEI L, DWIZITEET 5, 72
b, TTX $EEEE SON BEEEFAS. KA lEaL DR
ERICEDIZRDDTHD, T, SCN Hifdd
U X LFEEEM, MENO TTFL ) XA T+
53 Cre <, MRaRE oS A fif > T O RFEHRIE O
UALEHBLH D Z LT, KR XLERIE
LTWHIEERELTWND,

Z D SCN 3T B RS TLE LIz U A AT, K
HEOMRIZRE A% T, REHRICRY Kb s
BAMRRRICH SN T, BB a/LTFY —
NEBRESE, 2R OMIEIcEY . 250
MO Z RIS 5D TH D,

WIZ, SCN TIEED L HIZ LT, FRAEEND
DTHDLDTHA DM, AEIE, 10 FLL b
% B R EEMAFFTAT & B FLA TRTz, BiR Tk
<AL D, BH U XLFIRRIZ OV TR
el

B. BFFEH¥E (faBlhim ~DRLE % 5 1r)

Fxix, Bt XAHERTZEDTE S
Perl-luc ~ 7 A J U 1ERL L 72 SCN D25 R D IF D
W%, SWEHBERTHDIATA AINTF ¥ —D
FEEHAWT, ZHONERRICER LT#RIT L
7=, FDOBRB D% . SCN-Gene project T. SCNIZ
BT DEInTE /v /T T R, fTENY X
LA ) —=2 T Uiz, ZOF FREIART A
IRF 225 bR & LT,

AHFFETIT D ATENEBRIZ A T, sUER R E R E)
MEBESOERES TN D, £o, IS
B 5 B KB O FHE I BT B AR S & IESF
LT&ET LT,

C. AR R

SCN ZF A ZAJNTF % —IZT, FRFEHILD Y
R I — 7 NLAEDS SCN N D ZEIRONLE I & 0 B 7e
DD ghotl, Thbb, RO = 2 —
0RO TR, SN AMED Y XA XY 4—8
RERSEIT L. 2DV XA RAIZHRIZEY | &
BATHEMR, AMANC fcik L7z, $E-> T, SCN Hifidod
REZIMCARLE, (XU O KDV O DITIE, 8—12
RFfE 2203 5,

SCN @ Perl-luc 27 A A TTX 25 L =2 —

o O RRE DD &, SCN 2o 7 kL L
JLCOD Perl-luc OIRMEAHITT D & & HIT, #
JaD U XL G RTNT T, SR bD Lo
7oo ZAUE, SON FMfEIicEIT D U X%k (R
g, JE ORI AR IR E) HE—OMIfR 7T TIkE S
DT L, T T AW AT DM VU X 2
NBES 22 L AR RIET D,

BARBIZAT N Y R AR 53 5 O 0% i
KT D720, TIX ORb Y IO R FIEA 5%
1TolelZ A, BE%ESR PTX) &5 Z21T-o72
FEIZRBWT, TTX HIRIER U287, I72
bHEG%, SN KDY X AREESEIE L, &
LD U X NEHBANTG N LoD TH D,
ZAUE. SON Al U X A DRI B /2R KL,
Gi/o XV IV EENT DT T NMRENEET
HDHZLEREL TN,

—WRIZ, G X X7 IE GDP-GTP AZHAKIGIZ &
DIEMERLL 720 . HE D GTPase {HMEIC LV AIE
PRI L 72 273 MTAE Z D GTPase 1HMEZHIET 5
—®#£D RGS (Regulator of G-protein signaling)
DOIFENEH &3 T 5, SCN-Gene project T,
SCN TIE RGS16 23 FEFITIR S FEBL L, LR
URXLZERH Z B LT, 2D RGS16 [XREF]
B/IR T OWBERRL—TORYT 4 TR TH
% Clock/Bmall ~7 & & A < —OHIE CEIZ B
L. cAMP ¥ 7 F )L Z i O R RAITIE T, SoIE
THRF LEAE) ThdZ &M,

FlZR 72 Xk 91T, SON 1Tk L LT—o D%
—ENTe U XA LEREFEL TV D, RGS16 D/
v 777 =7 A TIE, SCN O cAMP 0 24 FfE 1
R IBINHIRE LTz, AP O BEl D K %2 7 5 =
Vo YA 7 L—ZADHERTH D THFA ZiKEN
W ET 2L ITEEMNERT S, 2L,
RGS16 D/ v 7T U M~ ALK THDL, T
1%, cAMP DA REEIC X D SCN ooHERa R o [
73, SCN O By Y A LBIRICMEATHDH Z &
R LTS,

D. 5

WEN DD & B OMORREZ & [FER. SCN
T=a—mry 707 ZLTCEMMLENDRD,
SCN D=z —wr  ORIE, PET (N TR S
INEWHIIAD —2) . 1 T EOMIANEICEE £ -
TWD (A THRbERMEEDO—D), Fiz,
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SCN D=2 —n1 rDIF & A E1IBEEET 5 R Uk
BNO=a—a v EMAIZEE R V7T A%
KT LRT=a—unrThod, £/2, S(IN D==
— w0, EDOEBEOKRERS Z N7 T T
mBbhTn5,

FIREOHRNG RS & SCN JEAMARE O
RAXEOFERICREb bW 2 —a UMIE L, £
IMhbBERIRICHF L =2 —a MBS R
TV, bl o —a VN SIS L
72 SN e NNZAFAET D, T7bb, ~7TriR
ARER 2SR E e fE S 2T 2 EIc 22, 20V
A LHEFFDORIE D 8 D D TIXR D,

ENL IS EONTWVWAERREY EEDTF
RMAFRRAREEE DAL, O34 & B B
LTWbd, bbb, bh\n=a—n8 X
VIP/GRP == —u | ZDJEY O L=
2 —1m % Arginine vasopressin(AVP) {E&Eh%EC
RN, B HE L == —1 > AADC/AVP {E
Bk CHENRIRRO TR, BxFE L E-TH
i LT 5, BESMARES D> & 1375 NS (258 ) 72 %
v MEAMAER & #2321 AR o 5L S e
WCIFET DY~ hAZF L (SS) ==—u d,
REAMAER I Bt L, BN CRIBIZ R Z LT %,
ZD XD BT R a—um O
SCN PNAFFE[EI R I, Z OFRAZ DFE—H 72 24 IKffH]
U X LFEHBED KT,

SCN ~DH AT H ., Z > SON #EiE L AHBEI L T
%o SCN JEAMARESIZIZ, RRD L AD IR D
DANBEF TS, ZOH T, #@ENLD 7V H
I UBEEEME AT, ERDAERY XL &S S
WY XNEDRHEZTROEERLDOTH D,
F o ENONgas ORFFIGHRIT. TRIMAERR A
NPY ¥, HAMREREZ B r b= A EHRICER S,
1LY SCN FEAMARTIC AT L, U X AL AH O
BeZ1T 9, SCN OHINE, DM BIMARE O
HODFER GO, PNRIETRK FEEIZ, BRI
BB 2,

AEl O FERFERIL, SR MRS ITHE B
95 SCN DREEZ D D3, SCN DY R LFEYR %
HZTWDHAREEZ RS R L TW D, I, %EE
® Hastings HD 7 —"71%, SCNDT A kA
MO RFFRIERE 13D D & Lz, M) XA
EHATHIa—F vy T EEER
ZT AP RiEE XX HHEE LT, =a—nr -

70 TREAIEIFFICER Sh D,

T

SCN i, TTFL 26> C, KT EOMBE DV
RN E G REEE 572 5, SCN A3, HifafE U
ALERET D AP (BEE LR HWEIT, ZE
L7-EWIT, BELZIRBORE VN, B3R e
YA LEEATDHOIL, EOOTEETH S, SN
IE, EHERI LTV AEER U X A B RERR R
Circadian rhythm sleep disorders ® % —4 v k
ELT, HHSN TS, SCN ITKFL LY /s
W, WETEHOZ WM THY . 4% b, M
IRTEEE Y X L OWFFERERYE L CHER &b,

F.BFZe36 (Lititis i+ 5 6 0)
1. R
AP

2. FRHRK
AP

G. FHIPAEEE D HRE - BERIRDL (viEaate)
L. FFEFEUAS
B
2. ERAZR ek
PAY®
3. = DAth,
PN
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

IENME#E R X ORE LR R > S D DAMPs HlfEIC & 5
Fibd . L 975 B PR~ D B

RS m R D
WESHEE HHh H0T2), b )

1) pABERKEREE BN ESE 2) BARBER KRG i
3) B KM R T

MREE
N A HIIAFRIZ BT DR DO AL, ML BT DEBOE L THY, o @Emimblibic, 4% R
FHHBOBNMDBRESNTND, BAE % OA PHES L TERRE OPEE IR EEE SN SN TD, I ha—/L
BEE L~ TN AR P EE 1 45 5 HRE R EEE 1 SRR R Lo 77< L, F72, 9 30—60% &M IZE 2D 2 LD
TWDD, ZOAI=ALD— 2L TUZEHF O RFNE # O Z (LB 59 5LE 2 BT D, Fox 13K
FRIE~T AE T VORISR EE T 7203, fRR O S% DN DI T272 | AR ZE 95 28 5 AL Rk 3 L OV &
HHAED RNA > — 27 (RNA-seq) IRV FEBUAENE S A7 RRAT L2 2 A | Wik COIE L
{bZ BTz, A4 I IFEFEENAL O MR IE & RAE D FFUZ DUV TIH D L2, Ik E 5B LRk Ic BT 51

B FEBZA LD BEEIZ DUV TS T EHZ BV 2 T,

A BFZEE Y
A 212 K 2 Mk O M FEIC > TH S HR D
RIENEE INDN, ZHUTHEIERIZE S0 T
F7e <, BEMERIEL TN LD THY , R
PERFEL [FERICI 70 70 7 4fFpER, ~7 >
7 — UK DRIENE Z 5, Nl 214 D i RERR A
BIZR Y~V b R 20 (PRX) AR ST
B S A, TLR AR(FIC~ 7 1 7 7 — URhF I ER
ZIEMALICES X A=V G R F —

( damage—associated

molecular patterns:

DAMPs) & L Cfi<, DAMPs & LTS # v /278
X HMGBL 23N H AL T 5, A ZEIZ 38T b 58 IE
2 — 4 RFMI LA A B - 72 i 2> & HMGB1
DSHIRR A~ S v, TSNS e B P o f e 12 RS
bDHZENRHBMNER->TEY, Fox X HMGBL (2
HHLE, BEC, 743 =9 A5HLAWITHR
W ERRIEER 2 A7 % (Marrack P et al. Nat
Rev Immunol 2009) , F& % O LARTOAFIEIZ L 0 HiT
B R EGT 5 LT X ISR A XA

ELRDTERNDPSTNWBN, T UTHiERI
BAZ X0 RIEDHIE Zdv, B LEGHIRE O DAMPs
ToH 2 NGBl & DEE LA 52T 5 Z 0 HBY
Thbd, Flo, FxIITNAI =0 A EFELEM
MaE~D ACROELS LTEHEOT LV X —3%
HARB L, RIEMIGORSE L TORE LR
fuFEZ fat LT b,

B. BFFE 5L (Bl ~RfE & &)

~ 7 A B /NEE R L, EDTA ZLER U 7= $85kT
267 U7 N Em OB, BT S, 7 U7 RS
I BRI L, SRR N TS L
Mz BB 52 ENARETH D, vHEMET
NvgRAEay ha—<U ATLEEMEDOE
5. 72 HFAI72 DAMPs T % HGMB1 D FEHL
Z7a—Y%A KA N —TCiHliT 5, £o~vU R
DOFAFEHR O HMGBL W ORI E ZITVN, fMFEZERTH
(day 0, day 1) (2Tl 5, £72. 14 HIH
@ KCV (Kanamycin—Colistin-Vancomycin) 5%
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1792 Li1ck Y microbiota ERiET /L~ 17 AT
i N (S5 AN E N {L VNOIE S )
L7z MHFEZEIZ DWW CIE, [FAERIC 2 4 fil#%, 7
2 WP\ THAT L 7=, TTC YefaZ4Tu, TTC Yefh
T SN WHEZER Al Chiig L7z, 2D
& X ORERER, HEARERIC W TS 2 T
L7c, £72, FIRFCHEZER G HE Lz, 51T
MR IATRS J U8 2 4 B, 7 2 R (S PR
IR a7 Z5H L, MW Tl L7z, i, M
PRSI IR (%) = U Bk — el Ek)
X100/ UFERCHA Lz, £/, T/AI=
7 AEHILEWITR L ERIEIER A/ T 5
(Marrack P et al. Nat Rev Immunol 2009), F
72, BrlF~ R aunNUEREITUoE=D
LAIa RN EHM, b LIFIFRT AT I
(OVA) EdticRnf s L, i Bz %
SR OEI A L TR b— AE Ry 7 KD
E (ASC) Ay JRIZOWT, 71
—H A P MY —EHER L —F B X
0 HIE LT,

Qﬁ%ﬁ%

L CEHOBOKEIIHEREE b
%mu&)iﬁﬁ)/)ﬁ_o
2. PUEYERE 1 4 AT~ U ADEFICEL
ITEROT, BT o T,
3. MEIMtg 2 4 REOFFZEY 1 X2\ T,
Rl TRE, BEEB X O icisunT
¢, vehicle fif & HUAME & 5 BECHGHFOA E 2
ERDIRD o T, MEFEERICB T, WA T
BREEZRDIRNoT,
4. NHEEIEALVE F 7T AALE C.B-17T ¥ 7 AD K
BLOWEMMZ M L, RNA later THLBEEL -
FRIZRNA 2, A4 77U —ff%, v—Fr v
VT EATV, 2 B ORBEEBE IOV T
HERZIRAT L7 R BBUCH BRI b ZR 0T
DEEITX A% OB TH D,

\Z—H éml, THE=

D. Z%

BWEZI L TEHORMPRANT DIHE LR
NTHRLAXARY U REEDO—DSTHY ., BAR
%@Wﬁ&%ﬁbfwé%@&%ﬁéné NeE
FERREIZIZ ARG Y o RERD 6 HI, #WFiiBm
faod 8 %' DEERET 5 LS b, IHE _EEIESCH

B EREMBEE T U NE (intestinal
intraepithelial lymphocytes: IEL) 23ME R H) &
DUNTREG 7 E ORI LTHA M A >~
ZIBLLTND

ZTIUD ORERE T LENTZ T TiEe <. &
HORES AT AN ET 5 EER SN T
Wh, —HENTUANRENTRIBIC R D & 2
DRI R 2 WMFNIEMEL LT A CRERER &
DRIEZ B SED Z EDBDNR> TN D, ERRIZ
Fex I BAAE KRBT 5~ U ATHE EEHIRLD
HAERENE LI LET 22 L2RALE
(Nishiyama Y et al. J Immunol 2002) 23, Z d
BLGIIIRIH AR MV EFFOPUAEWE 2 #8 0 #&
B35 LIk EFLENDZ ERbhrol,
Tbb, BNMEEOELEFE AL E 5
2D MWLM E RS Tz, —T7, IMFEZE IR,
FERIED—D>TH Y | HERPREEALELT
WD RTREMEDN 8 D & DFEDHRWTE Y | BN
FTE 3 O ZAL DU . > AT KBS E T 5 H
WZHEHE L7z, PLAEWE % 2 B OES L7tk
MR ME T VBB L, 2 4 KR Ok ZE Y1
B L OMIEAR 27 Z Gk L 7oA R 1%, vehicle
BHEEPUAEMERGHOBICW TN O AEEREZ%
ORI, AT BALB-c BLNC.B-17~ ¥
A2 DINE T O EMEED > —7 v v T EBATU,
FEETBEFIZOW TN 21772 o T <, 1f
NABEIZ DN TR, BRI TREZRED 2208,
é\bﬁffﬁgﬁ%@&)flﬂ< o

E. f&im

Rt AERNCBIER LR ZE Y1 Xz W T

W COENFERERLRDST2H DD, NI
RA L= e & S0k d 5 2 4
RFff 6 7 2R CHERZ L o> THNZ, 2
D e, BYEMIZEAT DAFERTIT <,

ZDOBIBNT D HER 7 & O 8 2 HI A3 5 28
LTWDOHEEEDR DD, Z0ELZRWIES—K &
LT, Bk O EME D> — 7 o v T EAT,
RHEEEE IOV T 21772 > T <, 15
NN DU T, DNA 2l A RA 72 16S
V3-V4 fHIROD T A 77 U —FHEE AT o TWDH D,
BT 23RO VN, A THis 2D
<,
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F.AFZERE (LaiEs icil+250)
1. LE@3XE oL

2. F2RE (

1. Wakabayashi A, Nishiyama Y, et al.
Increased inflammatory cell death in
intestinal epithelial cells by oral
administration of aluminum salt as a
food additive. HART L /L ¥ —%&
2021 4£ 10 H #fi

2. Wakabayashi A, Nishiyama Y, et al. An
aluminum—containing food additive
upregulates gene expression involved
in inflammatory cell death 1in
intestinal epithelial cells. H A&
Feay 2021 4 12 A R

G. SRR EEFE D HHRE - BEIRDL (TiEzai)
L. R EUS
2L
2. FERZR e
L
3. Z OAfth
L
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L
SLFFH - SRR &

INFEME ALS fB3E TR S 7378 microRNA DBEREAFAT

WEREE RE 1)
WesEE wmmo e, rmo omee D, mim B 2), do a2
1) usaspAsy syarer 2) FERSE MR

MREE

PMFEME ALS FIEIZ, B RIRBEENFIC LAV 22T 4 7 ABENEET 5 L5255, 2
NETIZ, MFEFH O ALS BERIKIZENT, TV =2XT 7 ARFDO1ODTHL~A 27 12 RNA
(miRNA) O B % FH L, ALS SRR I THE A BEINAF80 BTz miR-557212-OU T, ALS 7 ViR C
FEIND, MIENA L AT DEEER - CTh D ATREME A R LW 5, F72. miR-5572 D ALS
& OB F 7o, mENREHT & OB A T A 72 DI, fifT A D 72, SOD1 48 BAA A E AN L7- ALS
FAIC R LT, miR-5572 @ inhibitor ZIE A L7= & Z A, SOD1 MIfLNEEEE DS miR-5572 inhibitor
WCRVIHENT-Z bR L, 2D & X0, miR-557275 ALS IZx+ 2 IREER L LT, AHTH
DAREMEN R LTc, AMEEEIL, ATREEE D O 5| &t & M gn U B 2 5l 7~ 2 25RO 2 37 72,
HEK293 #fifd 2 V>, &digh (ZnSO0,4LE) | (KHEn (TPEN ALE) KRB E 72 1THENER (ZnS044 nM) O,
FIAN Z N L AR SN DB T, niR-5672 B2 BF Li- & 2 A, ([KESREETHE
miR-5572 %BLD LA Z MR Uiz, PR T /MaER b L AFFEFHNZIBWT Y mik-5572 FBUEIN % i
BT, & BT miR-5572 D mimic ZE A L7-HIFIZ 35\ T TPEN ALE 1 & A MFEHS L 0 B L 7=,
L7208 o T ARHEENC L B /NEIA A b L A& LT miR-5572 RN IRHENC X A MINIEIZBE 545
ZEDIRMBE S LTz, AT, IREENIRREIZ IS D mik-5572 DFEBIHENN & ALS JFHE & D XV G B
PEEAGNCT D2 EDRMETH D,

A FFEEHB

IFEME ALS FEIEIZ, 2 RIYRBREER - Ic L 5
VX T 4 7 AR EET L EE X LND,
ZHETIT, IEEFIO ALS BEBRKICBWT, =
BT 4 7 AKRFD 1 D2THD~A 712 RNA
(miRNA) IZDOWC ., miR-5572 % R L. mikR-5572
[ZDWT, ALS ([ZBWTER X Xy B RS
WS AN A B L RSk 2 R ISR B
AlRetE A R L7z, SFE S, ATEENG 5 &t
& HEK293 Mifidz vy, mdign, (RALEMIRAEIC
% mik-5572 OEEY L HEERTEHEE~DR 5%
et L7,

B. BFFE 5L (Bl ~RfE & &)

HENBR BRI A AERL T D721, ¥ L — MR
T 5 Chlex—100 % FAvy, JBIF 7 L 1fiE (FBS)
DOHfighEbrRE L, #EakRE FBS ZFR L7z,

HiERERZE FBS % DMEM ¥EHUITINZX 5 Z & C,
SRR AR AR U, i, 1R U 7o il gnbRE
FEHZ ZnS04 (4~100 pM) 38 L OVfEghF L — & —
@ TPEN (0~10 pM) 33 X OVIMafR = ~ L 28K
DY =T~ A 2 BAE L 24~T72 K% Ol
WA KLV A~—h—& mik-5572 DFRBELE ) T
JV& A I RT-PCR {ETHIE L7z, F£7-. miR-5572
mimic % HEK293 AMARIZiE(S 738 A L, TPEN ALiE
% 24 WifEli2 O FE % WST-8 assay THiET
L7z,
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C. WFZehE R

HEK293 MifEiZ ZnSO, AL %2 L7z & 2 A, BR{bA
F LA~ — B —BaF ORI EITED S
nemot- (Fig. 1), —FH. /MAKA ML 2A~—
7U~—fﬁﬁiﬁlﬁﬁ1t ZOWTI, ZnS0s 100 pM 48
RIALE 23T BIP O FH AR I N~
(hgm miR-5572 FEHIL, AED ZnS0, WLE T
I RIERD e o7 (Fig. 3),

TPEN L& CiL, b A b L A~ — D —Bia 1D
R HER ST 0N, HO-1 DF TPEN 10 pM @ 24
REFJALE CHBEICICT L2 (Fig. 4), /Mafkz ~
VX?~%~%E?HCMW%%K%b%f\ﬁ
RS CHE L% L7z (Fig.5), miR-55721C
DN Th, TPEN LEICD &7, KR CTFH
Bl EF L= (Fig.6),

INEERA NV AFFEANOY =~ ThH
mik-5572 BB EOFE R LA ZHAE L
(Fig. 7)., BRI AKEENIT K DT miR-5572
DG Z 3T 5 7202, miR-5572 D mimic % 3
A L7=MIIZ 38T TPEN ALE IS X % #MBSE &k
L&A, miR-5572 mimic |2 X Y TPEN 12 K&
L EFREORK TR I (Fig.8),

D. Z%

RHE I LD/ EEX ML AZH L
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AN 3 A EEHTIR AN SR T
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

e FF

- SLRBFTE R &

B FNNF—RITHMH/ERA Y B
PHRERB A 7 F FEERFORRE

BrefEE Il Az D
WS i 2, o E) | E 4R 2)

D) 4 BT K2R R 2R SRR P B 27
2) SRKFMRIIERT/SA A Y > — R PR T REART 7

WREE
INETIE, A ITWEAIBEMERS»O 0B LS E X2 ) SEEIMEMERH 7T R
(hippocampal cholinergic neurostimulating peptide; HCNP) 23S 7 /L & X L AEEh AR TE BN %)
L CHEHELRHAGSHR - CTHL I EEME L TE L, X UA T 4 =28 2WNEREMRET 2 BIIC,
PR R FEMIFFEFTICERE S N2 U AT ¢ — M T81 HIlZ 1T 5 HONP Rk RSB E - LT N 70 b
MR ZAT o 77, JRERZAIIC Globular glial tauopathy (GGT) type 1T &#Z2MWrXiui- 76 F &z
TExon 2(ZPro 71 Leu 7 XV MRERZMHES LT ANY T v MR LT,

A FFREB

B FNT 4 —IZBITHHCNPHNERZ KR
FT 5 HC, FRKFMEITICE R S iz ¥
7 AT 0 —f 781 B> HONP RiRREIZ LT
NUT 2 FOBBEAT I,

B. R H¥E (faBlhim ~DRLE % 5 1r)

B KPR FEFT A AV Y — R A T H%
REMENT 2 B IC TR SN TWAD ¥ 7487 ¢
— % T e R DNA 23— 7 = o AT —
2 % AV, HONP FITSERIEIS T Exonl, 2, 3, 4
DTy Y — LN TOT Y IVHE 5 %A, @
T OBERBES LT AU T MIHE L, Y
VAR TR E R A BT 5,

C. WFgems &

AR B AV FPH TIE, 76 ¥ &tk RS ERE
B 2 O B Z et ERIRIE & BRIRZ M S hu, JREET
B2 1% Globular glial tauopathy (GGT) type II
LW S NTIERFNZ IV T, Exon2 Pro 71 Leu ~
DT X BEREZHES 212 OT VLT AN T b
filesd L7

D. BE

INETICMEET VY NN = —IF{ITBIT S
HONP (AR T-FEBLOAK T 72 & AR - D BHE M 4 fife
WML T&E, SRSV T AR 7 MIFE
WICHER S DB IR, 66T IR 2RI E
BIZOWT, BITHRFT2HERH L, 1-45%.
PART FREMICHRAS 2% L C HONP & s 1 2
DEHEOEREWRT HTETH D,

E. #iw
50 AT 4 =PRI IS D HONP BEELE S T
HOBFELCOWTE, RERBETTH D,

F.AFRRR (Liids o5 b o)

1. L3R

1. Ohno Y et al., Rapid progression of white
matter signal changes and frontotemporal
atrophy in globular glial tauopathy. J
Neuropathol Exp Neurol. 2021;80(5) :480-3.

2. Adachi K et al., Possible correlated
variation of GABAa receptor expression

with hippocampal cholinergic
neurostimulating peptide precursor
protein in the hippocampus. Biochem
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Biophys Res Commun. 2021;542:80-86.

3. Kondo-Takuma Y et al., Reduction of
acetylcholine in the hippocampus of
hippocampal cholinergic neurostimulating

peptide precursor protein knockout mice
Sci Rep. 2021;11(1):22072

2. FERR
KRS

G. ZEIRAPEME D HHRE - BRI
L. FFRFIUS
ik
2. FHFE
10

3. DM
Fiiz
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TR 3 A EEHTIR R AT FE T
[ bt Iy BEAE A TS ) oD i) SL [T FE L AR

S [FFIH

- SRR FE R &

FRZERE TR I RAE(LAE (ALS) ME TDP-43 BEAERZME 35
ST DIEIE & BEREMRAT

WERRERSL ezl

MFsEERA M

B2 2)

1) 5K SR R R AT R« e B
2) BB KRR SERT - SRERE T

MRER
A ZEREPE I SR LIE (ALS) (S8 1) D AREEAIIEPN TDP-43 BEEEARTE K 2 3+ D 16 HIEDBR%E 2 T HZ
(2, Fox DS LR = 2 —n B XN~ U AEE#EELZ TDP-43 BEEIRTERE 7 /LT L, fHHz
U A VA % D TEHE IR RN A 5 T OFSRE A fRIT T 5. B oN7-fiR % v b ALS FIBlicI T
BT ORI L MR 5 Z L12 kv, ALS (6 2 5l iEOBE A2 BIE L T\ 5.

A. BIZEE®

o ZEAE P R LE (ALS) X B = = — 1 v
BRI 72 ZBPEL I L0 SEICE D i b il Es 72 ph
BEMERTHY, —o—a, ZUTICY %
{b TDP-43 H H % & tefla E i AR B3 5.
FxlionE T, & ME® TDP-43 & Z D C KW
RERBTHMMZTT ) UANVAETaTT
V= AL EFE T THEE= 2 —a UMK T >
ke~ A= o — 0 ORI R S S L
U “HiR{k TDP-43 7% & Eo R O I LR RS
ERERITER I IND Z & 2 L7 (Watabe et
al., Neuropathology 2014). S 512, BE&EX A LT
T AFRNTIZ LD, IR F X OVC KW DsRed/TDP-
43 WX T T ) U AN AR = a— 1 TR
REETu7 7 V—AHRESMG-132 Z#AWT 5
&, DsRed [ TDP-43 BRI I Zth 4 12
Tl U, FRRBEOMGE & & HICHIaSEICE Y, 7%
17 LI R EREE R i S o B 2822 LTz,
Z DORHEMRIT Y VR{L TDP-43 % & T e RERTE O
RORAEE 5700, BT 2HaICE Y A E N,
REf & & HICHIRE TR L, dEr — & LT
HEHRE9 D Z & # MR L 7= (Ishii et al., PLoS One
2017). —J7, Z OFRE TDP-43 $EEAH 1T heat
shock transcription factor 1 (HSF1)F&EL ™ A /L A D
HERIC LV BEF IR S Z L2 R L.
ZZTDNA ~A 27 a7 LAfRITICE Y HSF1 @

TS Z2EFLIZE 25, Praja | (PJA1) E3 =
R F ) =B EEE D57 TDP-43 fetk
& B il 2h 2R & 58 8 7o (Watabe et al,
Neuropathology 2020). AHFZETIL, ZiUHHH
TDP-43 BRI RNl 0 7 2 B =M, ~ 7 A&
TNEHACTEEICHITT 2 & & B, & Ml
il & LR 5 2 L 1Tk Y, ALS &5 e as
PEFEBIC X T 2 IR IRIE OB A B L T
L. AHEFENL, PIAL DML AR R F BE Sy
TOREZIIHI L 9 2 0ERE LTz,

B. BFE G

7 v MERREHIK 1464R B = 2 — 1 (T
IEHF 72134 B ALS BiE# 55 fused in sarcoma (FUS),
superoxide dismutase 1 (SOD1), Parkinson /3 (PD) B
#/y 7-a-synuclein, Huntington 5% (HD) B3 4+
huntingtin, Machado-Joseph #§ (MJD) B34}~ ataxin
3 X/ xBTS DM T T ) AR L PIAL %
BHoANA R RS, a7 T Y —AHEH
MG-132 ZEfF LT PIAl OFSFICKT HfEGH
FJOEEEEIRTE RN 2 R & St Th g, = XA &2
7Ty NCAT Lo, & BISHNE KA SEET O
b MIEARRREAEAR 2 -V T, IEE R L O
IR BT D PIAL OFEEL A 5o kAL
(ZHRET L7z,
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C. BoEsER

PJA1 X TDP-43 ®1%/)>Z FUS, SOD1, a-synuclein
IZh A BRI A IS Lz, Z < &t PJAL
73 ataxin 3, huntingtin (2 b #5HA LEEEMTEZ A )
#9422 &N S TE Y (Ghosh et al., 2021),
Forx b ARFEBRTHERR L=, —J7, PIAL It MK
TIL TR B 5 IfF7E L7228, SODI-
ALS @ hyalin inclusion X> PD @ Lewy /IMA&, HD @
EREARIZOT S PIAL Sh et fait <, MID
D I RENE AR — B e th ST,

D. &£

PJA1 [3FE % ORI MRS BB Ay T ITHE A& L
ZTOEEZMEITSZ N bhol-. Thbb
PJA1 [T BB DIRIEIZ B D D e T
BELRH =T My FDOOEDSDTHDHEEZDL
nirz.

E. f&#

R T v MR HIIOIR 1464R HI2E 3= = —
7SR VR BB Ay - 2 R BT D AL 2
TT ) UA AL PIAL FHY A VA & HEGL S
w7~ L = 7%, PJAL L TDP-43, FUS, SODI, a-
synuclein, huntingtin, ataxin-3 |[Zf5& L 2 HEH

HOBENIER AT 5 Z EvbhoTz.

F. sz

1. F3CHEE

L

2. BEFRK

1) JESRFOE, ARG —BS, FHEME 1, HH
FA, MHEER, FEA%, YLMEiT. Prajal,
ZNF179 . © % F U H —¥ D TDP-43 K
TERAMHIh A, 8 62 [a] B AR P2 RS
(RUER), 202145 A 21 H.

2) JEERFNEE, ARG —ER, FHEBRET, #HH
Fo, MthHEEE, fEPIE, 42T, Prajal,
ZNF179 % F U 4 —¥ ® TDP-43 &K
TEEINHIZh R, 55 62 [a] A AM R HE SRS
EHRFTES (AT, WEB BRf#), 2021 425 H
28 H.

3) FmEFE T, AHELZE, BRE LT, EST
2, YEWEEiT. 27 a7 ) TICBIT AFEEE
ALS 22 SOD1 & A/ it OB, 5 62 [B]
A AR B PR P st s GRR,
WEB Bf#), 202145 7 28 H.

4) PEERFNZ, NN —ES, FHERE 1, FiH
Fo, MhHEIEEE, fiHEZ%E, 42MSET. Prajal,
ZNF179 E3 % F U H'—F D TDP-43 AR

TERCPRIZh I, 5 43 [0 B A REB RS (B
), 202147 H 31 H.

5) JEAFE. BEEMREMERET VBT
BEEEEE L ZOMA]. 55 43 Rk
MEs (RED, 2021511 A6 H

G. MM EMEDOHE - BRI (PEZET)
BA=L/P
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

FMERELHFZ B E LERBEFEIC X 2 BEMSEFINIRGARITIT5E

WEREE 2l 1)
82) diply kD)

Mg HEE

D) Jesmmcsiile bR 2) BRI SRR 4 B

MAEEE
AR BT 1T D BAEE FINICBI L T, ZRRFIMMIELIZLE DV olob D, BT 5
(3725 T, ABFIED BRI, BIEFRBUE 2 0042 Z LI L0 ABFIROMETH L %
VDR OXREIZERIAL Z L THY . B LWAEII SIS 25208 - B L O D& LA
Thd, ZORMDID, FHRRFHEMEEEITEE ¥ —D b SHIGARATEAN 2 1S 9% SLRIBFE
ZHEM LT, FHIGRICE T 2 A0 OBEMOE RIS D 2 LT, AEFA N~ MEA - i
HRAEICBET DR FA2 R LIz, BUES, 77 MU LTI AEANS BRI iTE AL EHEA

TRARE e & DBH%E & BIE X WFFE 2 ke L T\ D,

A FFREB

AR ANER TR IR, TN IR D m O ERR AN T
D, M - AR - A REE O Y R 7 e
ZWNTE L. EF D Quality of life |21 2 K/p 2
52950 THEH D, FiiELRIIHEMmT D
Ot ST =N AR L LERRICT 7 =
HNVAFIVIEETHD Z EnfEfI T 5,
LinL7ed b, FEZ ‘AR RELHRSNDT
7 = IV AFNRE OEFEERIL, FBA T~
DESEZNZ UL, RERE BT > 72 b O ER
Tholo, HIEEFBIC NI 52 & T, i
BEICBIT 2 HEC HIERE O WM L, HAEZO
ERERFHMEA IR S D 5 2. FIFOo®H Y HEE
BT 25281, FiiinAy hParEa
— X VI 2 bL—Z DX IERKI TR
BAFIC RV T, Ena il - ks 5 AT — 4
ELTHEBAL D 22 ERHfEEN 5,

IET, TR E AW ERMREITIZ L 5 A
XL ITRE 2 72 b DR A DN TE 12, (i
Yo I B OIS O TR A O
EEMRATAF TR, Fifiss RISz o

KD, N7 EOIFRRRIT. — DA%
RLT&E, LMAL—FT, B—DERMBDOAT
B I PR A GIEICRET 5 2 LiX, K2
ML ST H U,

TR O B BEIR D HE AT A HE A0 ) %75 B0l
Fo, Br v —I—2 HO R WILAED W
WHFEz BAE3 720 ABFIETIE, FINBg 2 i
T a NI R LT, FRlS, RUFSEClE, ‘T T
BELH D DIE, FIRBRIEORER TH 5 BFE R
THD EWIHGERO T, FIEE S 5Ok D
X ICEH LI 2175 2L T, il ik
72 FITEE OFfiE bV O RET T =H LA
FILOER LA LT,

B. AFFE ¥ (fatiti~0 R E % &)

PIEd

ABFFEIE, ACHRE KPR P PR A 2 B DK
RazT, MHESINE GMRHERF K OEE BT
W2t LT, AFZRIC DWW T 72 iit B 24T\, Y]
AT F—bLRarkvrhrobéTERBIN
72 BEREANRELE 17 A0SARBFZEICSIN L, SEE)
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AR FIBET (carotid endarterectomy, CEA) @
FREREL Y 10 SEBILL T D novice #f (n=5), 11-49
SERI O intermediate B (n=7). 50 JEFILL E D4
AP OAR AT EED expert ff (n=5) O 3 #if
(@R & 72,2010 02 B 2018%&?@% Iz

s KPS 5 WV ik F OB fiiak 12 ¢ CEA
%%ﬁméﬂf:%% 1174255 L L, %@ifﬁﬂﬂ%
G it Uiz, WO, BE TR (i,

PERI, AR [EE] FEBEMEHESEMGNE, body
mass index [BMI]) - H{&AFHE (B4, 77
— 7R [MEEstE, AR k]l 77— 7 ArED

M) VR 777X — (BILE, ¥R, T8
HREE, W) - S0FEER CEENIRER, O

4 BUERAZEMEMR AR, BAA
72) « IRFEIE®R (Gl R, PBEESE, AR

M) - FIROAEFEFS (HEEZE, HrhRHRE) %
BUINERE R & OFRE %R L,
AR AT

WA e AT 1 38T U R - I 28 PIT L2 C 350 L 72
CEAMED 5 b FRZHHBIRZEH L, #EET 5
TREOMAG 2 AT i vz, gL, TMPGEnc
4.0 XPress® (Pegasys Inc., Tokyo, Japan) % f >
T. WMV format (720 x 480 pixels, 29.97 frames
(AL, ??fﬁfﬂﬂ%{%q:‘ﬁlf/ﬁ%@i%
FRENBIAN T, FREDOEEEZITV, BESMC
FTH 1k (trial) &L, 1R &ITH \%J
7

WARAENT IZ 351 T D B RGBT, R D

ENZSHBNR T T — 7 AL O E BB oM (B Eh
PRAE - B - INEEE) AFEM LT, INEOFRE
CHEDND =R, BEBERNELLTVD Y
—UIRHT BB L, B T L—a U, il
BHNICEMNTZA =V E W, 1 LD
SHENR 77 — 7 DI KNEE (Max. acceleration,
MAX-A) ZHhHH L. fEHTIC W,

\ D AEh RS

per second)

T F—oHr
expert C 5-10%fEEICo T —NAEL D E 0D
BEICE S X 28 RIEO =T — 2 ERT D

Z— 7 ONEEBEIL, expert DT X TOET
—HIZBITD MAX-A D 95 R—tk o X ALk
EDTz, T ORIfEE X DI R4 U5
IhEex7—LEHKLE,

Wat/ BAE#T

fiEHTIZ1E. SPSS Statistics® version 27.0 IBM,
Chicago, IL) % 7=, FilioaEFLRAE (i
T ZE, PRIERRRE) AR L. AT E
Cochran-Armitage €% H\ /o, BEFLHEAE
w HIAES L L, iR+ CTh o Eiltksnsz
WEHE, M T A—%2 (GEGIEO MAX-A F-1)
., =7—%). 2 VITREMRETZ2HHLEK
L LTHERR VAT ¢ v 7 BRI & FEhii L
7o

C. FFeiER
BEARUE

XD 117 WJ@ 9B it 3 SEBIAE M E NS
FE . 2 JEFNZ —@MEE R 2GR0 BT\, £z,
i3 AIC 5N L 72 MRI i Tl 6 JEGNTHT 7272
BEEPEMEZE 28 T e, 2B o 11 4E
Bl (9.4%) ZAFTEA X NEEESER & LTz,

HEA N ML, Novice BEOFIF Tl 11 SEHI
2 il (18.2%). Intermediate #fTlE 49 JEH]
o7 1l (14.2%) . Expert BTl 57 SEFIH 2 4]

(3.5%) ToH Y, Wt THERINERE (i

HRE) L OMHBENFED 572 (p=0.04)
BRAGARAT

117 EBID CEA BRAGIZISVNT, SHERSE PH O
FIHERRE 2219 BBICBI LT, BB 3 i S
iz, #RE D MAX-A 1T, expert #C 253.1+
162.9. intermediate #£C 351.2+269.0, novice
RET 424.5+297.3 mm/s2 ThH Y, KRETHER
Zr@ie (p<0.01), AFA N MFEAM LI
AR E T D L FEGICB T D MAX-A O
FHEIL, BEA R MRAEFICTHEREICE NS T

(420.2+156.8 vs 304.8+104.4, p<0.01),

— AT WD 7T — 7 O GE FE R

450.4 mm/s? LR E N, 2k RIS =T —
AT, IERERNCIX, 1IEFNZ DX expert BET
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5%. intermediate #£ T 19%. novice #£C 37%C
o7z (p<0.01),

BYAT 4y ARG O, AEA X b
FEAEICEIE L T ek, BEMRT L LT
77— 7 OMfigatt (p<0.05) & current smoker
Tholz, —J7, IFEMRT & LTiE, firEoH
AL (p<0.05), F¥) MAX-A (p<0.01), =7 —
A% (p<0.01) OF~THBH LTV,

D. &%

AKWFFED Z N E TOREEZERT D,

1) CEA BT DI AHEFEROIAEZ, iiEO
R BET HEHm Z2FEO T,

2) ‘EENRLEBE ORBIREEE LTo,
Ao MAX-A 13, i A HFEGIEE, i E
BE DMK LTI L T,

3) AEFSFECHELT, HERTIT. BEK
T LB, HHVEERL BB 5 EER S
DTHDHZ ENREINT,
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HROEFFITRIRIZRET D & Vo 7o [a] %
ROBIERMEE AT D Z L 2RHEEH LML
7oo /MIMIZEUNT GluD2 (X PERGHEIE A & 53Uk S 4
% Cblnl 23 FPATHMERTH O =2 — L F & L
CPATRRAE — 7 v v = flifia > T 7" AT AR B
422 LRmbnT W5, AElo Gludl EiET
K~ U AL LV Cblnl B TR~ U A DFENT
FER ERIFEORREE ALY TEET L L MR
K% B2 3T GLluD2 & Cblnl AR HIIEAA
LDy 7 AR EE 2 H 25 T
WHZERTHEND,

E. &5

ARG R A% R BN B8\ C GluD2 [ Am i Fisge R AY
FEHL - BRI RTERFEZ A L Cbinl 25 LT
TR RIHEAEE & Ok EI K A EIC B 53 2
ZEDWRBEIND,

F. BF2ERE (LsBEa cE+2 5 0)
1. @ XCHER

Miyazaki T, Morimoto—-Tomita M, Berthoux
C, Konno K, Noam Y, Yamasaki T, Verhage M,
Castillo PE, Watanabe M, Tomita S. Excitatory
and inhibitory receptors utilize distinct
post— and trans—synaptic mechanisms in vivo.
Elife. 2021, 10 1e59613. doi:

10. 7554/eLife. 59613.

2. FRRR
L. SRS KRR, WREMT, EHE. ~
7 ARIZE1F D Neuroligin 1 OIS X
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OVRTERFYE. 35 127 Bl H Afid ek s
E eSS . Web B, 2022 45 3 H 27-29

H

Kotaro Konno, Kenji Sakimura, Michisuke
Yuzaki, Masahiko Watanabe. GluD1
interacts with Cblnl to connect
glutamatergic/cholinergic afferents
from the parabigeminal nucleus to the
visual thalamus and superior colliculus.
% 44 Bl AAMREE RS, R a Ry
va vk — (LR, #FH) .| Hybrid

BafeE. 202147 H 28 H-7T H 31 H

G. ZNEMABEFE D HHRE - BRI (viEzaT)
L. RS
PAR/NS
2. EHHT Z8 8%
e L
3. E DAt

JMAIFFERT L0 7V B2 X R AR GluD2 B

FREBP~T AORMAE L THEESF L,
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A 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L
SLFFH - SRR &

REBETNVEMOIER, R7T, EHICERRYT /) LRE
B L OV T # R OR R

WEREE R &1
BrgesyiEg R Bz, dl 7D, sl w2, i g )

1) FRARRZFLAMERIIIE « St 7 — GBI
2) FEARRZAAEMGIAIIE - BT > &7 — A T 2L R ATy B
3) HIRK AL AT B & I PR JE e 53 BF

MREE

EBRHA T > oiiimomXx, FHoa T EHV TR TS, LrLaens, B
DOAEMREGEIL, MRAEFAFE, P oRELCIELE ., BIEAEOBLE LRREN 2, & 2 TARHF
T, 7 v NOEEREERIT 572012, T v METOWHBEEIEDORBE EIT o7, F - HER
FRIZ Ve F o2 iNT 5 2 & T, 6 AMMRIERT L7 T > METFOIEEIRE & ZHERENMERF STz,
RRTE LR 2 O TR Z R 21T o728 2 A, ZRIINE L, MBE%ZICLVETFLEDLR
oo IHIT, AEINZHWTHERE L7 v METHO L, ErREGoND I EEFEELZ, Bk
DOFERMPG, T v METOMRIREET, AREXICRb2 AT v MY Y —20lgkkEs LTHH

ThHHZ EDRHALNI o7,

A BB
BIRFRET v M, §H= o7 Cheskf %
kSN DZENL, LLAaRS, @Bot
REE IR, RYSEDER, B ok T - L,
Wikl EOEN D D, AREERILT 572
DI, B THET ~ b OFEEREEIEDRD 5
nTunb,

K OmEdmEIL, ARl 2 A ek
EEINTH L2, 7y METIIHEARAEIC L0 E
FNRERS L OVSZHREREDY 24 BEILINICIR T4+ 5 2 &
MG SN TWD, LLAT, Fxid, v~ 210
WA ZHB L, AT ALALKRFU R
(DMS0) & 7 vt F v~ o ZHEFDZHEREE 10
AR CEX 22 L2l Lz, L LR
5.DMSO &7 e FUNT v METFICADITH D
NI SN T Ro Tz,

Z ZCAMZETIE, 7 v METORBSRIFIZE
i3 DMSO & # )Lt F o DA R 2 384Mh L 7=,

B. BFZE 5L (fadiim ~0RlfE % 5 1r)
B9

8B LU, Jel:SD 7 v h &St s
LT V% Ny (AR, B KVEEALTL, BT
%, HEZ v b (11-15 M) 5, IFF I3
7 v b (5-6 @) NHEILL7Z, Crlj:CD(SD)
HEZ o b (>13 ) 1%, BRI D8
HEZ >~ hE L THAFT v — L XY "— (HA,
M) X VEEAN L, Crl:CD(SD) #fEZ v K
(10-12 ) 1%, BAF ¥ — /L XV S—Hn b
AL, BB DDL B b LTHERL
e bT U AV z=v 7T v b
( SD-Tg(CAG-EGFP)40sb ) H X 0"t 7 » bk
(S1c:SD) 1% Sle Japan (HA, EAUL) KV &
AL, WEREEICHER L, SERREIX. PR
(07:00-19:00 h), =RiEIX 22 C*x2 C, #F LK
FHHBICERTEDX 1L BTy NIl 7
— 2208, MET > NI 1/ —VIC3ETHE L
77
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) IR, REARFEMM ERE B S OKRR
(ID : A2021-025) ZFTHEhE L., & TOHEX
ARRIVE HTA RT A B IO ERICHE L T
Fhti i,

BER LR OMBSRSE

BRI U TGN T » b6 B RREES
ZEEEL L . RS Al (Lifor + DMSO + quercetin)
DA>T- 1.5l F* T AF v 7 Fa—TIZH AL,
AT =2 — 7 Z HEERE S~ MIE L, WEE T
0~6 HHIRE LT,

BT o

IRIRIRTT I, T E AR 2 IR PRI D> © B
DL, T 7 4 A A NCBE LT, R ER
S nlHTF O Ka v FIk 72 B8 L ChisE
L7z K7L, 2 WREREIEGER Lotk ROV LA
FEFE M OFEAMIT A L7z,

AR

EEZ >~ M2 3010 O~ #EEMET T R o
v a b LTz, PMSG #5-#% 50-55 RFf#IZ, 301U
b MEEET T R e 2% Lz, hCe &5
% 16~18 WfC, ZeHIE LT=HET » b HERDN
L7z, YNEEHINE &K 1% 5% C02, 37°CC 6-7 FEH
B Lz, TO%, IIREIaA 3 Bed L, A
FECHEE L, A, INFE8IR LT, ZHEEL
BH L2,

B EB M DT

K EB AR E A VT, Jrfif el 7 LK
IR U7 7 OB M 2 5840 L 7o, i 7ehs 1
% B ASIRIE 500 sperm/pL AR L, /XT 7 ¢ >
FAIVTHE- T~ 200 pl. @ mHTF i T ¢, 37°C. 5%
C02 T 2 IRfIRE#E L7z, RIT, M1z 10 uL
L, WETF v o —I2x, EEhER e &%
E L7,

R

RANZAE TR LN RSB L O 2 M
RafR) 1%, #EEUFENE CRL : CD (SD) MET » MR
FlE U7z, HAESRT, EX TV AFOBEBME LT
RO THI>T, 100 ZHT72bD &L LTHEAEL
776

7 v MER LR OMIRRE

LRI ST ~ & (SD-Tg (CAG-EGFP) 40sb)
D ORER FRAZEREL L, 15% DMSO & 200 1 g/mL
vt F o EETe Lifor TRIEL. ERROKHE E
ROIKIRRFEOE & [F U HETHE L, #riB ks
DN D REAR R~ Rl L7z, @ L7k 1
ZHWT, AR L OB AT,

SLEHERNT

W EF f# HT 1X . Prism version 8 (GaphPad
Software) Z AT, X— > N F— & Z Wi Ei%
EHL L, DWOHTIC KV BEEREEZIT T2,
A BT 5% 721X 1% /KAELLT & LT,

C. BFZeHE R

DMSO & 7t F AT ARIBRIF SN T v M
FDEBREZ S EE L7z, 15% DMSO 1> 150-300
pg/mL 7Vt F o A Ete Lifor TIRE LT 13,
EEERS X OVEEEF RSN L, £72. 15%
DMSO & 200 pg/mL /Lt F o TT v METZ KR
RIFT 2 &R b E LT, ARiE, (KRR
fFLCH5 HEE CMeaMi Lz, &b, It
BAIZ L0 | WIS 1RO FET~ &AL
7=

RBIC, B LT v M2 VTRt
ZHEB L OWMBHE 21T - T2 3. Wslas U=k
0B B ERREINB L OPE -3 S DTz,

D. BE

DMSO & 7 vt F v B ARIRRFRICIRINT 5 =
IRV Ty MAIRK T OEBEE & SRR O LR
fFAlREIfIA 6 H & CHER Sz, AEFZ A
TYERL L 722 R0, MR, IR IZRE 1~
A LT, BT, HEEEESE ST > M
X, AR E BB REZHERF L T o, AREIITIE,
BAR T T v ME T OMEI DRI 7ok
IR TE 5,

7 v MRS T O RERIL. WIRERAFIR O 25
50D, LART, A= Hi%, 10% DMSO & 100 pg/mL
TNEF N U AR 2 RIERFEIZBNT 10
AMZHREEZMERCE L 2RE L, F7-.
TNEFUBNEFOI hary RYTIZREL, 2
Fay U TIEEOHFFICEI THDZ EHH
ST LTz, REENS, T v MEFIZBWTH
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TNAeF N hary RY TIEEEHREFT D 2
LT, Ty METFOREDRETRLTVDH EER
T2,

PLE.DMSO 38 LUV vt F o & W= 7 DI
RSN T, BT v b O@kizB T
FEHWIDORRIN 2 FIETH D, 7 v METEK
IREET 2 2 & T, AFREEOREL ik CE 5
7o, A%, AmaFERELTHI SNDHZ L
MHIRFTE 5, 72720, WIERRAFOZRS 5 AH
EWV O RAFHIR 2 & IRIRARAFEAT O FRI 135% X
NTW5,

E. f&7m

EBHT v NI, 7 AEEHFICE Y, BE
7pe MEEBET L, AR IOEERICBIT S
WHIFHEOET LV E LTUMER S > T D, £
DFER. BIETHET v NOFEH Lk, KA
Ok E & HITHEMT 5 & PREINRD, AETE
ERLES Y N Y — RO AT A OREE
%, ZHiERILFEMFZEZINE L, Bl s o FELE:
R, EMEFZOILRDHA I N— 3 v EE
HETDHLEEZTND,

F. i Fes&
1. CRER
1. Yamaga, K., Nakao, S., Mikoda, N. et

al. Quercetin—treated rat sperm
enables refrigerated transport with
motility and fertility for five days.
Sci Rep 11, 22641 (2021).
https://doi. org/10. 1038/541598-021—
021666
2. FRFR

Lo g, RRRZE, =/hHfz, &
BED, TR &
7 v MEF IR BT D PRAF
DIEF I KOG T2 D DIERAE
75 69 Bl A AFEBREW =, Ilh
. 202245 H 18 H

G. R EEFED HHEE - BRI (viexate)
ML
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

FIREME D R ka7 1 —IZBIT % ZhEsREE O R EAER

WEREE T fz
WEsEE Wk 222, mim x| wmH FEH

1) RIEKZSE E2RBIER mEARE 2) Bk MOFJERT  REses B

MEEE
FRBREME Y A a7 ¢ — (MyD) 1 DMPK 3815 7-FEFIRRAEIR D CTG 4 0 i LEZS] (U B— 1) OB {H
ENRROBEEERMGERATH S, RKEGE L VEEInz, MELZCGY B— a2 R
B RNA OFPEIC LV s 2 S mREME A RIB STV D, MyD Tl BREA0 ek 721

T ARAERERE S

PERSZEAL, THIRZR SRk & 2R R 2 2 5, 2 9 L7 i apftiE ki

BEOQLZE LR TS EL0., ZOBRFITEIAHTH D, AL TITHIE R AT IERTRS L O
RERZFLEFSRFER MRA T 5 MyD BEMRRIEZ AT, JRERZ - 53 FEMFR - LT
ZMEFERNC T T L 2 LITL D MyD O AR 2 fFIH 95,

A FFREB

ARRENE S A a7 0 — MyD) &, ‘B D A
72T D, RN, IR, NWERE e L
£k % 7l & BT R E R E TH 5, DIPK Eis
T Lo CTG # 0 i LE] (U B— 1) OREME
DFEKRTHY, BEBEETLVEBETINME
CUG U B'— h& H D RNA OFMEIZ L D, 3R
AT T A v > ZHIRF R EE SN D, ZOf
BRI AT T4 L FRENRE &R Sh,
ZHIRBHIEIRIZ O N D E SN TWD, MyD T
SRR AR R B OMERR 25, IR 7R kR & 22 X
MRER 2 2T 20, TOBFIIAS Lo TELIAR
HCH D, ABFZETIE. MyD O FARAHR RE 4 fiF
3272, BB KRFEWF TR X ORI S =
FRUFER AT D IWETFIIERL - FrE A
D& 7o TN D MyD A FRA R 28 A% C oo
TEWEROIRNT S J OVEAL AR 217 9

B. SR 5IE (fasim~0RE % &)

B KT IEAT A3 A 3 5 MyD B 36 L OVRE
RIGEERE IR L 0 BB, RE, W, F
7-F#ED>5 Laser Capture Microdissection IZ &
AR A BR B L, DNA, RNA ZHhH L7-, 5
BALTZ DNA XA YL 7 7 A NUER L | DUPK B AR
T Lo CT6 U B'— b Ltk KO Rl CICF #&E
BB % PCRIZ X ¥ #8fE. Ton Fragment Library &
Ton Xpress Barcode Adaptors Kit TF7 A4 75V
{ER. D . Ton PGM sequencer T —J LU A%
TV, U E—REBD Cp6 A FARIZDONT,
Bismark % FVNTHRENT L 72,

F 72 RNA 22UV T It SMART-Seq® v4 Ultra® Low
Input RNA Kit for Sequencing % & H W= f&E
RNA HEIE 212 RNA-seq |2 & 2B {nF R BUIRHT 4 I
Zhrole, BIRWAT T A 20 7 B ORI R
M2 2L, Modeling Alternative Junction
Inclusion Quantification (MAJIQ) version
2.1-c3da3ce &b HWWTAT oo, FASNIHH
AT TA v T RFICOWTIL, RT-PCRIZ X 0 fif
WEAToTo, 2B, AWFEIER, KRB E S
BB MR A E B R ORR L/ TIT 272,
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C. WFZehE R

MyD G4 3 B ORITHHE S B AR, AIERTE HE
707 FRARRGIEEZ X 0 L L7z DNA OFfEHT
(small pool PCR & Southern blot %) 12XV,
AR & ClC A — B R C 8 CT6 U B — |
BLZDIELOXICKRERENDH Y, MyD B
FHIE RV TR L D CT6 U E'— FEDIES
2% (somatic instability) N K& <, BHEHE
MR TOIXS DXL ERHI LTz
PN, BB ARSI I CTG U B — FEPFH D CpG A
FIALDRRENTR L | F - F AP T CpG
AFIEDRREMENZ ERbhotz, ZHHD
FERND, A MyD fRERMifLCo Y B — FRDIX
Hox L CI6 VU E— NEFHD CpG A FIALDOIE
FEOMBAN RS NI, Fio, MyD B, KERS
FERBFE A 3 15 ORI SATE B B AP, RISESE
70 TR, FFBEARRRAEAD X 0 fhiH L 72 RNA O fiF
Briz X0 MyD BB AR CRe SR B
E#$ HBETHEARE L7z, SHI2, MyD B
R, A2 Y 7R, BE R <
LR IRF A T T A v TR A

HLUT=, BRCHHEAT T4 2 v TREICOWTIE,

MyD Hi3& iPS fifid 2 EE ik~ biFE L= D
TH RN O, FIUTE S THEEE(RIC L v &
BRI B~ DO ENRIE I LT,

D. Z%

MyD BB R EARRHIIE T CTG U B — FEDIED
DENEFELLLKREL, FERKIE—-FEDLEL
ZEHBADOOEDIZ, U E— NEBHD CpG A F L
ERBEE-LTWD Z LRS-, MyD BEE
AT, CT6 Y E— MR & U E— MEP CpG A
FIALBHEIL TRV, Z 9 L7z CpG A F1kiz
L VT - 7 u<TF IR CTCF OfE& 23 H
EI, VE— MERZEET L AREN RS
776

£/, AWEFEE Sz MyD B R AR A,
FUE ARSI, BBl A R R R e A 7T
AT TBREINZONWT, AT, MY
S, RHESERE 2B 2220, MyD OFFRE~D
BE AT~ T <,

E. f&im

MyD RS HAR AR RSRL A C I, Ml &1z CTG Y
E— MRS HERCRAL D, F A MHRE
WMTATIA v T REZRTERGE LR D Z
VB LT,

F.WFZe363R (La@s cily 58 0)

1. fICHER
L
2. FORR
1. fMRENEY A R 7 0 — O PR
ne. MR, 5 40 [0 A ARBRAEESS

LTRSS, 2021/11/27, B, MFA.

$E

G. ZNEUMAPEFVE D HHRE - BEIRTL (PiEzate)
L. FEFEUAS
L
2. TR 288k
L
3. = OAth,
7L
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L
SLFFH - SRR &

TIVI A = —IRITRIT D = XAE TN — B B R IR DT

WEREE w1
WRNEE pAEAT D, mmhE2), w2, Himped)

1) BEVER KRR 2 S JE R R RE T iR 2240 B
2) BRI REEREGEIE i e S W TR o 8 i o 53 B
3) HHR R TE T B Sy B

MEEE

TV NA =955 (AD) BT /L~ U ADMFIEIZ LV . ADDOYIHIRZE N = AR HF N AZ (Vmes) I DN F
BERZ (LC) DA B > TV D Z E N ENTZ, £Z T, b b THREBROMREMERAET TN D
DNE D IFEND D128, BB REFMHFFEAT X 0 ADFEE 16 K O H i 0 JER% [ & ik o1k 252
{F. Vmes, LCRONKMEEDIZHITHT7ImA B WAB), ABAY I~v— U kH U (p-tau) 25
B LT E DR RE & i~ T, ADIBE MMM E TIXEANBE, WONZIMAEREZAR AR A Y I~ —
DGPEGHE S HER STz, P-taulZ DWW T AR GRS D3RR S iz, MR DVmes, LCIZBI LT
IFADERE U T D E NBEA TR SN2, Vmes, LC& & 1t i 2 b~ TR D33 i L
TEY., ADETF /L~ 2D L ) B2 Vmes & LCOMFRZEMED RS IHER TE R o 7,

A BFFEERY B. Wi 5 (mPmE~RE % &)
b MK Z DT, TN ~ —JE DO b b A E EEEAS 5 LR RE O R SR a0 AT

TR ZEFERETBAL T & D ik D Vmes, LCOMRREZEME 107z,

KRICAB &4 — b7 7 2 — NI L CORZE % fif O HHERFMBFFERT CIERR S iz & MADIRFE
Fri, TTIADET AR URATHLNTODEIN & O &l MO G R 2y RIMRE
CHERT T A Z L A BRI E LTW5D, Z O EHRREBICR T DAB . ABA Y I~v—, U Uk

IZE->TE P THADET L~ T A TR LN 2 7 (p-tau), TbalDRTE%E EIEILDRFEEUA,
Vmes=CPLCIZ I 1T B R AR S, K AB (6E10; Covance, Princeton, NJ), 8 Amyloid
2B W T HADIEAT TP R ONRIETE DB S IZ D7 (1-42) —Conformation Specific (GTX134510

FAHZ ENTE A, GeneTex, [rvine, CA). p-Tau (44-752G, Thermo

Fisher Scientific, Waltham, MA), Iba 1
(Fujifilm/Wako, Osaka, Japan), Z />
diaminobenzidine  tetrahydrochloride

(DAB) (= ThiH L7z,

b MABRY R O IC oW T, BIRERFA
MR - BRI IR A I CTRRB SN
(200147%) .
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C. WFZehE R
FTADET A~V T ATHSTZHUANR E F O
CHORFRMITER SN D0 %, B hOKMEE
DR T & 2 A AB X AD BE M OFHRRIC
BWTEEOEANBO LT 5T MAEREIC S IR
JRTEN/ RSNz, Flo, BABLE D IZFHWVSEN
PN A @ffﬁlﬂ-'rx-fmﬂﬁ fbm&)%nt(l 1)

RE.

£ : ’,QT.-
G e .
& ?_ ? "‘n
..M_ i W mt ®,

B 1.AD BEDAREEIZHH2 AB 0))%7(‘

ABAY T~—D KWL EIZE T 5 RTEIX
ABDRIELE LoT- (M2), ABmi/J\i@
DOIECHRME & BEbivsd & 2 AITH SN
RBOOLNTEN, ABA Y I~v—IZBHLTIEEND
Iz i)%fﬁmu&)%hfoc#oto

2. l1 )_—HﬁrH_LO) A/3 7J-'J:| 7—0))%7‘

(Rt : =y RILEE)

AD BREMDKINEEED AR, ABAY I~—¢&
[f CEALIZ DWW T p—tau & Tbhal DYt AT

72 o lz, SNERLRE TITMIBARLC p-tau OISIEIR
L 7pinoTeiy, EERIZIZIARR 2 SOSD358 BTz
MR 20 Rl FRIZ KL O AR O Al 412
LIRSS FRD Btz (X 3),

Tbal {Z-DWTIX AD RO RINEE D56 A B
S PE BEE D NBEAF T IS I Z AR & D 72 s,

Tbal [Gifln b D 7o 7= T LA
BrPEAAa 232 < BT ATz
%< B LT,

EERD p—tau

T Iba-1 BPEMla A

/ .

® 5. E1 anﬂnuaip—tau P
(Rt =R L)

] 4 lw:rlﬁrsu@ lba 1 0))%7&
(xftb: =y RILEfE)

WRICIRERERIZBAL T A B DJITEIC DWW TII T,
MERED Vmes W NZ LC IZOWTET = ALY
IZENZDJFEZ DV TR,

R EEE MO BE Vmes fHESHIIR =8 BEIK
FVE OAMAELD AL EL CTRY ., Hipy KA TR
FRLSCT U, L LS D FERE M D 35 A 3R A% ]
TEMNFERENY) DRF LGS 57O IR O &S
R Cld7eh o7, F7-. LC O FAMANCAIEL TR
D, EBIZIE LC MM DO A X3~ A2t
B RES, LB AT = FE 2435720, DAB
BOGHED Vmes HH#EHIAEE DOFAIH~T ALV 1%
N TH-7= (M5) ,

AD BE DA . Vmes K& TN LC OFREAIIBO KL
DM = W B L e DR L TERY . Ly
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Vmes FHEARIZIZVRIDND BAMZ AT TRV VELFHIZ
THLTWDTED | 1 EENSDUNLEN T D
EAE Vmes PRI OG- 72(X6),

AD BEMNORE_ EE oMY T AR O R/EER
RI2EZA D A B B NBEDFRO BT, L
B, Vimes AN RTET DL EbnbEZS
ZAHRDEEE O Vmes M HifaL BbhblZ Al
A B ORISR FRO B (K7, KHD . £,
Vmes HEEHIIAO M AT = R &2 & Te LC #fifE

A BlER sz (47, REH)

X 5.2ESEInE O (=Y RILEE)

X6.AD $%®ﬂm§$(— 17\)»%@)

X|7. AD EEINED AB DB

D. B

S EIO T2 DG 25 - e MM
MR & AD I & OFETIZE D AD BT /L~ 7 A g:
bt hEDOEVWEHERTE,

t k@D AD IMOEE %}\b&&omﬁf IZAB &
ABAY T~—DREFIIXIZIEFR L TH DA, A
B ;t*ﬁh%%ﬂiﬂ@ﬁf‘%)imﬁﬁﬁ bNLDICKL AB

AV T~ — TIEMHREMIEN T ORISR FERD B
Ay oY e

MR T Vmes M OV LC OMESHIILD 547 08, ~
7 A E IR Blp o Te, FRIZ Vmes 3]
O R~ RS L TED . EHITIXAD
b TIIARIE DA 3% L < | I Sl T o
KT — X OWENEETH L L Bbhi,

A RIDT —Z 121 Tlid Vmes & LC DIRZE DIEHT
TREE L DD, MERICRB VLT H A B BETEDE ABE
DIFELT=Z & ABBED Vmes MRS ASTR

BTz F, LC OMRARIE A L Tune 2 &y
SR EMLNPOBENDH D Z LB ST,
SIS IR Sl ikl NS AD R IM O i
AR AZ LI B D Vmes MESHAL DS

MEH BN L, MOMREEED <= b~ T
W DT 2 D 5 T ETH D,
E. & i

b FOEANBE, MEIZIX AR & LB ABZl‘U

O — N Rt 16D E)ﬂfu_o ABI i*ﬂafxfﬁiﬂ’ﬂw H AR nAu
LN AB AV I~ — X BTSN RTEL C
Wiz,

AD FRF T TIE Vmes, LC & & MRS O R
75@;5%‘(3?) n N Hiﬁﬁ% 7{') AB %rﬁ@%)\bﬁi))mu
L,

RFEFRRE
L fRCEE
L

2. FRHR
L
G. R ET EEME D HIRE - BRERIRTL
L
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N 3 A EEHTIR R AT SR T
[ B Pe Iy B IS FH D R £8P eI [ I FE AL AT )
SLFEFH - LR &

DNA [EEFIHTHS AH| D &2 MR 58K F SLEN11 DO XERIZISIT 5
ZRELFRAT & BRREE AtE DR

WRREE A wT D
Woesyig Zsm 22, WMm EEE 2), dm |@3)

1) BEFEFRBRTFIEImAEMEL ST 2) Bk K 7EiT
3) Johns Hopkins University School of Medicine

MRS

Schlafen (SLEN) 77 X U —MD A 2 23—D 1 >, SLEN11 L7 T FF 8|72 & o> DNA FEERIHA AFKI D
S PERETRIN - & LT, EH &R T D, MRS Tt LIE UIE DNA BESERIGT S AF & & T b 2R A
Wt & 72 553, SLENLL DR BUFHT-CIEIRIZ 1T A A AMEIC DWW TOMEITIZ & A Ee, SO 1
OBEIFNE (medul loblastoma) (X4 2DV T Z A ST DHD, T XA 7T LITIBERREN R |
b-catenin ¥ 7 S IVOIEMAZE R ZF> % A 7 (WT-subgroup) IFLFRIEICER SIS L, 5 HFEAELF
LKL 100%T< b D, TOMDY T XA ST, IBENERT HEEICOW IR R S03%
VN, F& 1E SLENTL OFEBLL ~L3 | IR PEICE 5 L TV D AlRetE 25 2, AEFEFE 2L B
Too T A= AMENT, PNAFIEAT AMR AT D BELEIE RS OIS VYT, BEERIEHIERR & )
BARTH., 0 AW FHIRNT 217\, WNT-subgroup TIL SLEN1 1 OFBNEmWZ L 222X kD, £
N T FFRBNEZ TG L TWD Z E 2 LM LT,

A BFEEB

BEFIECII Y 72 A 7 2 L0, RSN 7
%o TOHHZRD N FEHIEZEICTET D
T ENERITA S L 75 T & - SLENLL & fnf-12
HEE L, ZO3BL L~V FEBLHIEEEAE 2 it 4
%, SLEN 11 2SBEZEIEIZ B\ THAKRZ M2 % 5
LTWHNEHLNZT D,

B. W55

SLEN11 DFBL%, 79 JiE 5 o i 2 FEAELA o fa e il
b Yt TRl L7, BE2FIEZ SieT —F N —
A %R LC, AEfn 1% & SLEN 11 FBl& DFHE
M2 R U 7o, BOREE o0 i 2 IR ARk 2 v C
SLEN11 OB Z BN ELIZZE 2T 1 v
JICHREI L. invitro BX O invivo T DNA 15
ZARTH D AT TF R topoisomerase 1 fHE
i (SN-38) Txtd % bt & #filh L7z, AHFZEIE
B RFEFBHEESOARBOS LI1To 72,

C. iFFufE R

BELERE D WNT {EMEARLY 7 7 L — 7 DR & SHH &
MY 7 —7"O—EC SLEN 11 23& %388 L T
W72 (X 1), WNT {EMAKIZ b-catenin 7 L%
WO ST, Hix RBE T RBUCEET 505, M
Rk & - 7= FEERTlX. b-catenin ¥ 7 F /LN
SLEN11 i@ F|FEH O BN 2R IA Tldanwz &
Do T2, —J7 WNT IEMERL Y7 77 )L — 7" SLEN
11 E%BLE, SLEN1l YuE—& — FOKEDK
AFIACEAL E MBI L TS 2 E R iz,
SLEN11 ORI SRR EL E 7213 KIZ L 0 | BEEF
JEAINEERIZ S A7 T F £ 721X SN-38 I Fh
B MR L ORI o2, B AN UILT BT
JALPREER] RG2833 X, B A b7 EF L L
~vE ER IR, ZOFEANZ X T SLEN1L
BESEIEMIARL T SLENIL ORBN EFH L, v 27
T F BRI SN-38 \ZxfT DR A S LT,
~ U A DFAER N~ 0D R e ik S R A AR
T%, SLEN11 Z il 38 U 7= i 2 M A i,
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SLEN 11 OFBMEN 2> b o — BRIzl _ T
AT T F KT HBE RN RS LT,
GRisBRRT D=8, —HOT —2DIHH E LT

SLFN11 H-score
-
o
=3
1

i
L]

0-
WNT SHH Group 3/4

X 1) 79 JEG OBEFEIERLRL A SLEN 11 frik % v
THIBHB L P RO T, T 7 —T T8
HR =73l L7z,

D. B£

FEZENE D WT-subgroup I3 LFEIEICE < e L,
EMTHRVBERI T ERDI>TNDEN, ZDJ
K> 1oL LT, SLENIL OEFEHEAE 2 b,
WNT-subgroup 7% SLEN11 % @384 5 Bl I,
72< &b b-catenin 7TV OIEMEL T2V 2
EERRLTEN, BHEMNRERIZAATL S,
WNT-subgroup CI& SLEN11 7' &2 E&—# —D—iZ
A FAACENERS RoD>TEY . 2 OFER Tlis
GHIBDITHONTND 2 EDRIE S Lz,

E. f&5m

SLEN11 O EFBIL, ¥ AT T F v ~DRUSHE% 5
HDH LK, BEIEED WNT JEHERY 7 71—
7B IO SHIEH LY 7 7 —T12FHE L T D
EEZEZ BN, B A NUBLT BT ALEEE L E A

& OPFREIEIL, SLENLT OFRBLDMRWEEEEIEIC IS
WTCVAT TF T ORI ESET D EH
Sy (W

F. SR REFER
L. FCHER
72 L (Neuro—Oncology st #FfaYEfE )

1. B®H 7. hH OB, AH M R
ERE, BARMEIR, KAk, BH=EZ,
Charles G. Eberhart. #6ZFfEIZI1T 5
SLFN11 #8i3 L O DNA FEERPLN A
H~DEZ MR KO TR OME., % 50
5] H AN AR 2| 2022.6.10-11,
57 K.

2. HE OB, A, REIERE, R4
B, (BN, FiEBE, KAER,
Charles G. Eberhart, #H 5, #63F
JEIZH 1T % SLEN11 FELE L OS2 72
TRIRRHRIE ORRES, 5 40 [ H AN
B 2022. 5. 27- 28, I,

G. FNAORA PEMED R « BRI
ISR
7L
2. EHIHT 28 8%
oL
3. F DAt
oL
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L
SLFFH - SRR &

BEH =2 —n VEEICE ST 5 BRREM OFE

W

WRiEE LiE mkl
BRgesyg ikt g2 | e FUEE3) . g )

1) JbE RERESmEREM S 2) b H R S R P R
3) b KRR TS T SRR IR & v 7 — D) B KSR ST

MRES
Wobbler ~ v Z X ZAMEIEISRAELAE (ALS) & HARIO KRB 273 AR ALS BT /L~ U XA Th
0, VpshHd WIET-D 1.967Q I At v AZERIZ LV RIET 5, A1 Wobbler ~ 7 AZFD H 5 iEE)
—a—u B EEALVIVORLE BT D720, BERNAE#RZ AW KIMOER 7 a7 4
— M B T oo, B U TV BT T ROMERIENT 25, annexin A6 (AnxA6) @ N KumfilrfE
D 2T F RIEFRIME BRELDK T 2807, 2 MobikEHWiey=2% 7y ho
EEFM T NKHUEZ WA O, AnxA6 DIFHUEL T & Wobbler = 7 ZT#DT-, N5 D
1T, AnxA6 D N KU S OFBIRBIER SRR AFET D78 £ AnxA6 [TERIZR (LA 4 U T

W5 Z & AR LIy, HESITIZ L DBRBREMORIEIZITEL R0 o7,

A FFEEHB

HEj = 2 — o URBIT, BEAOREER %
B EEBIT, MmE VD R/ Y 27 BEROE
BT CRIET D, N & OBEN S, BREA
N ZADOEENER SITVDR, BIEA R R
W2 &0 BT D55 FOERITH LTI, B2
LEE DR & 72 DRI 1, B2 - | H - B
BB THDHMN, T X 2R, ML
@ L CHROONDERRER L L OBEEN:
BE ZHEZR Lo 2 e h . ABFETIIERIC
D b D B RFFRREMICE B L TR
%, BARIIZIX, ALS ORRELETFEYMTH D
TDP-43 (238D L AL D FHRRIRIEM DORR & & 1T,
BB K gepr (e mmEdz) &L TET
N~ ABRBINL L, B\in A RPET TS TDP-43
C REIEOMREMT 21D D, o2 LI TL
T, HHBY72 ALS EF L TdH % Wobbler 7 2D
EBN T 0T A7 AT 21TV, EE = a2 —e
VEMEEA VIV OEEIRITT b,

B. WFFE 5L (Bl ~DRfE & &)

B = 2 — 1 P & BIRR S i o B &
RBH720, LLTFOHE TN 28D T,

(1) TDP-43 C AKRHEBLOFEREMMT & FHAR &
DOFEE ORI, Popkiik)

TDP-43 C KFEIKIL 7V Ak R A A v & ST
LD RIREVEFEIR T 5, — AN RIREMER A
X, MlEN R Yy N =2 I8 A NTERELT
B, BIERBEMIC X B S, tkeeEAD &
e d D, LU CORMEEUTT I /7 BRECH DFRe ik
PG, MU T TRrs i< <, BRI
7F RORET O REREETH D Z &Ny
S>TW%, #ZT TDP-43 C RITHFET D 4 OD
I (GaroS1, HP, Q/N, GaroS2) DHEREM]72iE
WA ERES O a 2 VTS 2MT L,
WAL - T ECHIRRBZEM OB EZ R T2 H
FHTED TN D,

(2) Wobbler v 7 ADE&RM 7 1T 4 I 7 Afif
Br (hAseiE, INEERIEE)

6 FER D Wobbler ~ 7 A KA Z WV, FU 7
%12 Tandem mass Tag (TMT) TZEE[RINAER

B
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L, Wik e~ 777 0 —EESHE
(LC-MS) IZCEEM T a7 4 — LT 21T > 72,
U R T T ROl FKIL, T—FN—R
Y7 b =7 (Proteome discoverer) Z AT
FIE L7, BAEM~ T R L O ClL, TMT
TR S VTR T F ROEFREICESEFEFM
FEbE A sk, Wobbler ~W AT 1.2 (54825
D EHEINTT R, 0. 83 KD b D % b7 F
REER LI, RBARGTIL, BAOHKIEL
AR, N U T AHEAR T T R OFEBLE g
ITH T EIZRY ., BIRBREMHSCA T T4 7
B2 EDORILBHEE LT,

C. AR R

AEFEIL (2) OFERZOICHRET D, LC-MS
TIX 5,432 FOERMICHNKT D 25,576 XTFF R
ZEIE L, M7 F K5 360, b <X7F R
314 Thol, EARKORBLEILE TIIRE 2
LI AR TERILRD 120, XTF N ESmE
FeCiE, 0.12, 0.19 EEFEHIIKEFLTWVWD 2 X7
F R%5R%®, annexin A6 (AnxA6) D N KumHliT
FBEDORTF R EFEE SN, AnxA6 ITHIRT 5
TFRIF 22 XTTF RBFEE SN, B LT
WAHRTF RiL, Eit D2 _XTF RORTH -7z,
AnxA6 D RT-PCR CIZBH LR AT T A 20 7B
WO LR o122 L n | BIRREERIC &
D MU T oUW OE R EA2BE L, AnxA6 D
NEBIOCKPEEZHNCY=2Z Ty b
AT 2A N KRR Z MNT2356 D5,
AnxA6 OFRIBUKT (V7 F VB 0.74) %
Wobbler = 7 Z|ZFRH 1=, AnxA6 D N RHUEDF
SR & WD T T Rid, N RKERART RIS H D b
DOFE—TIERWiw, BH—DZ{bTIE@mP T

RN EROFIFIREM B FIRFICAAET D7 &

AnxA6 DEIIZEALINHEE ST,

D. Z%

Annexin 1INV T AB IO VIBEEICHEAET
HEHAT 7 I U—TNFKM KAA >H% Annexin
DFFRMZ RO TND, £OHT AnxA6 [T, = b
AT 01— X0 EA~DOFEEIMEE S ., BEgE o
L AT 0 —)LnEfEd 5 Niemann-Pick 5% C
(NPC) THHI— R Y —AIZHERT D Z &2 H
SN TW5, F£72 AnxA6 DIEFFEER A NPC FE{ELD

AL AT a— VEREERT I, X5 NPCHila
(23T % AnxA6 DFEBIINHIAY Rab7 DiEMAL A I
LTCalb AT — LEBEAUEIEL I b,
I L AT a— Lk OFE Sy 7 & LT AnxA6 23 E
HXI W3, —J5. Wobbler 7 2ADFRKEIR
T Tod D VpsdlE. NPC DJRKEIsF T D NPC2
O/ agEE B S L, Vpshd OMREREIC LY
Wobbler = 7 2 TiZ NPC HiHlD =1 L 25 11— )L
FENET D EHE SN, Fox MBI L2 AnxA6
DEEALDOFEREITI AR TH 503, BIRZEM O
HEGRAIIEAT N B 1%, AnxA6 D N KM K A A 12
BOFREENM (Vo BEBsIOT T )
WEINTNVD, ZNHOMAET, Ei==—no
VM e a L AT u— )LEFRE - AnxA6 DEHIZEAL
DOFBEZRETLHEDOTHDZ Enb, %I
FHRRAZAE Al 2 FREHE L 7248 LR AnxA6 1T K 2 BEREAR
Hris KOV AnxA6 OEIZE(LOIFREZ BT

E. f&im

Wobbler = A% W= ERBN T 0T 4 — Lfif
HrofE R, AnxA6 O N K3 I E B O ERIZE
k23 5 L HEE ST,

FAFZERE (Liisis ol 5 bo)
L. FCFER
Nakamura, M. et al. Quantitative proteomic
tryptic
peptide profiling indicate qualitative alterations

analysis and single-protein-derived
of annexin A6 in the brain of wobbler mice.
Kitasato Med J 51, 76-83 (2021).

2. SRR
Ve RER. ALS JRKIEAS 7-FEY) TDP-43 O AT
2021 4B A 72 B 45 A SL R T (60
) SREIF—, 20224E2 H 9 B, #BK
FREIFIERT GINR) Ao T A ek

G. I EERE D HHIFE » BRI (T ate)
ML
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

BT 7V AT B AT~ LA RS D
TroF— U RO

WRREE I oA D
Brgesyig s w@ie D)) w5m owem D) wib B2

D) g R sl geR 2 i KT ST

MRES

WIRAREREIL. BT 7740 v a2 HOTRRLEE ZET 2 B S OTRER LRI 2170, 0%
Lo MRS ERHBELTWS, YRS DT v IFo— L PR TARZVN,. P T T T 4 v ad
FBWHMPFROREE & 72> T\ D, BB KPR ORI LNER T 2BEGT 7 U A XD
X2 » A TEALDAE Y, HETHMER DR BEMRTTATHEY TH D, AFZEO B, %
TSR DT v F = TR E NI DO ORBHEM T 7V 1 A X DN AT LOFERTH
Do AEEIX, ETEEMT 7V AW AXIOEEREDOE Y b7 v FICERE B IFEEITo 7,
ZTORER, BA LTI ZRAETERSES Z LTI L, /0 - FEIIZ T, Wit o/EHIC
LT L7, S 5I2. IM-O0CT #fi 2 WTT 7 U b A X B DN ik 2k 7=, Lhick v,
FAEE SRSy DRI Z B T 7 ) ) A X H TIT 2 BARHI N - 12,

A FFEEHB

MR EE L. BT 770 v a2, ik
LB E 2 fR T DRy DTRER & fjir 247 -
T&7z, ZTHETR B0 iy 2. 14 Ronfa
BEICOENRHDHZ L2 RH LTS (Endo et al.
2020), —J7. Nrf2 ZRYP T 57 ¢ v 2 DIEFH
2L FiBLISE DO~ A 2 — R Keapl-Nrf2
TR DRFFE HATV, [RIFREE 240 L CH L& dh ik
NI FEFIERA N LVAEEREMT L2 DA
HLTW% (Mukaigasa et al. 2018; Fuse et al.
2018) , RIR D 14 FE4YICE L Tix, 8 MR
Keapl-Nrf2 k& &4 25 Z L #FRELTWD,
INHDORME AT, HEMOFE L) OfFMT
BITHOTWBEN, BT T 7 4 v aDEWVFMMN
R DOREE & 725> TV D, BrE KRR TEAT O
HBEHHENIERT28EmT 7V A X DI 2
r A CEALDMIEE D | R THam & 72 Db im
RETAFHEYM CHY, ZhEFEATHIEET
T4y vaDiRERRLY HEB X,
AAFZETIL, I+ L odLRFRIC LY . BF

ZERFBHEVFEE L CTE PR LRSS, s
WIMIEEB TR E T v F2—D U TICHEM N ZE
a7 7V AXHEIER L TEY L~V TR
3222800835,

B. B 5E 7tk

BEmT 7V AT T DA LR
BB DR A RREET D oI, BEGT 7Y
T AZ T DLRE LTMAGBNEE L 72 D, M T,
ElLREEZ EES T EEFM T LT AT A
NhIUL, 7N EEROTZ N TE, M
BN S EN TR M T 2 D,

MREREZFIZINETBEMGT 7V DAL D
ZEE L2 L3 RMEEITES, LR
FH T D BN KPR TERT - I L OFE A
WCHARREZE 25 Z LICEREE W, —H,
MFIEARFEFE TX, IM-0CT &V 9 ST e i Bty
&0, BT T 7 4 v v a A ORETO
AL RS LTV % (Lichtenegger et al.
2022), ZOHEMEBEMT 7Y AT HIE
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AT, #himfErsdx-FFHE LT 5
TEMTED, FZT IM-0CT HifERAWT, #
w7 7V A X T BN ORI &R AT,

C. FrFefE
D) BEMT 7V AXIOEBREE Y b7
—

AHFZED B HIEERR D72 0121E, £ HIEKRFI
B /N REEIAE R CHBEMT 7V AKX
HORE LMK EATIOLERH LB, BT T 7
gy o LBy BEMGT 7V A XD
B - RIEEE IR, 2 2 THREEE TH
B BT« P B OVE B 2 98 KN 22 AT
JRiE L. M LI EFIEE R L T2y
oo ZE Y EICHIERFCOHBTREZE Y b
T, BEMGT 7V RAX D EFEBIEAL
=0, BRICKIL T LE 7=, 22T, H-ic
BOHOBEMT 7Y WA X D EEANL,
TSRS E2ME 0N s, F—m TSI
oA REMEDO B L EFT A B IE LN LHE %
DT, FORER., F W TCIIkRAE TRk S
HZLITREh L, 2B - FEIR AR T, IR OLE
HIZH RS LT,

2) ZLEfREOIHMZE T O AL ORI

JM-0CT $effr 2 FHWC, BEmT 7 U 1 A X1k
FMN O AR L AR - & A, TR BRI
LM, ZHETDE ZAEIREERZ KBTS
ZEIETETWARY, BlEkEE, BIgEkiTW»
HEZATHLIN, LD LTRNP/LENS HITL
RN, R & L CIE, IM-0CT HAlt o i B K
om EEBETH. 2 E BN O R LI D

T BIOMKE TOBACHEST DBILR 2RI D 1208,

B, BEtE2{ToTWVWAEZATHA,

D. B
HELGT 7Y D AZ DOFREERERE Y T

T TCERZ EIFEERRELEEZ TS, K.

FREPBIL RS DT £ TITH TETH -
Tois, au RO, LEFZEOB A EiL T
LESTDREERZLEThHoTz, TN TH,
B KB OSHHR KBG O L RBFEE DU 7 F o 8
FENFATZKICI > TR IO T 22 &0
T IM-OCT Hiffi 2 BRfE L7 7 U A X
J ORI Z A D F T 80 &I 7=, K
WRMHEALIZIZ F 725N R D O T, T O ER
DD DHFFE L AT LT, Fa-Lo L OE N T,

PURAL B S5y DR R 2 W9~ 2 858 & BR LA T
HFPETHD, T, ARILFEFIEITMFEE L Tz
D Lo DT, B LR S ALy DT
ZRIMAT S & Ebic, RN b oBEMm T 7
U 5 AKX T OEALIRNT R OTEH HEATE T
EHRLELTND,

E. &5

AWFRORRIZ LY, BFEMT 7V A XTI O
fAFREOE Yy N7 v ATk L, B{LimfREDIE
RIECORLE AT,

F.BFZe36 (Lititis i+ 5 6 0)
L fmCHEE
2. FORR
Hrio7e L

G. ZNEUAPEFVE DR - BEIRTL (PiEzaTe)
L. FFEFEUS
2. B ek
3. DA,
Brizp L
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TR 3 AR TR R AT JE AT
[ b Aot g B TS FH 0D % R B L [RIBTF FEHL 1L

S [FIHH

- SLRBFTE R &

BAEMEGEBIZISIT D HECT B E3 2 X% F v U H—F¥ ORRE DR

BgEREE Ak D
WniEE HA S, ke 2)

D [ESoksth - SREREIITE o & —RRRFZERT W TR I
2) WRKEMIFE T E AR Y Y — A% v 4 —

MRES
B TR BOFR R R L OVREERRICB WO I T VEMW 2 AW 280> DAl CEREE /5 L
BHZLENTED, YA T A —%FIET D NI-413 =V ~ U OJRIKNE(S T Wwpl 13 HECT A B3 =
EXF U A—EEa— LT 5, NH-413 CTRE SN2 I A AL RITWWPL 020k L, 1%
REAFER LTMRER, fivA N7 —2RIETHHLDOEEZILND, LLERDL, T ERUER
EEANLTE~ U AET VT, NH413 L[R5 TEEZE LD SO0, BEERERITEED b
W2, WWPL OBERENMIT SO IC L Vi S o b DB X b D, £ 2 THA L, WWp2 & ITCH
EVN D WWPL IZHEELL L7z 2 FEFEO HECT AU E3 = X% F o U W —BIZHE B L, OB EBWT,
WWPL & ED X DIZRAR L, £7ERET 2 OENTT 5,

A FFEEHB

iy A bm 7 4 —%FIET H NH-413 =7 [V
X, Mafh7e & o BN ERIREVICR S, BRHENIC
ZER AR D LWV D KA R T, BB UTE Y
BIRRERE.THY , HECT B E3 =X F U
H—FE2a— 425 WPl BlzFIcAELZI2E
VAR EMNEE &S STV D, BIRTIEDRS
VAT 4 =T VEHPMTIFERTHE O
BASPERR RIS L TR Y | RREMAT-CTE % A
DORFE 7 EIZHBENTWD, Lo L7aenb,
NH-413 =9 MU 2095 8 MEBRR RS
Mo TR, Fox ix WPL OREREICESE 45 b
N DOFVEBIIEET 2 D0, LRI EB 59
WTH5ZEEHME LTHIEEIT-> TV 5,
a1 WPL ok DR R ZERI L, i
SIS CTIER RS L OV EA WPL & >Ny
B EERRT ORI 5 Z LICIh Lz, £k
Sy WWPL & 2 "7 BT RARAFRN 3R L, i

BRENDIERT D Z N LNITRoTe, £ T,

NH-413 LRI A B ALREZEA L) v 7

A2 KI) ~URAZERLT-EZ A, WWPL Z X
7B DLy o) & DT S 72 £ NH-413 (238
D ONDLATFH), AHRETFRR S BB S T,
ZTDO—F T, BRI 5B e B IR
ORI, ~ T A FREH TIEWPLIZANZ
ZAVUCHEEL U7z 2 FEE O HECT L E3 = % F 2 U
J—E, WWP2 & ITCH ZEIHL L TWAH7d, Zi
& WWPL & ORICHERERISEMEDRFIET H DM E
IMMHALDICT HMENRD D, & I TAMIETIX
Wwp2 35 L O [teh BB &~ ¥ 2 & VT WPl
& OREREMIBARIEIC OWTHENT 21T > 72,

B. WFFE 5L (Bl ~RfE & &)

~ U AD Wwpl & Wwp2, TtchiBIn IR A FF
OB TRE~Y T AEHNTHREROEAEL LW
A, AT RZHOWTAILSER, MRk
BT 2T o1y ~ T AET L LTIT Wpl Eis
TITNH-413 =7 F U IZERDH HLH R441Q S Ak
VAR L, 436 ZHOT X =N T L
I NTEB SN D XD ITEA A L. R436Q
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v Ay KD) v U AEMW o, Wip2iBist b
Itch BIZT-TIE, kit 346 HEHOT L F=20
5 MNCALET DWW AL 2584 7L —AT
REKTHBEBLETIEEYTRAEZFEH L, Zhbo
VU AZEMT, HDHVIIREIC LY TEARK
2 LTHW, MR K OS2 21T -
oo 2B, TV O~ U AT KM IEET T
O ZEZ T TER L=, F7o, AMFRIZENE
fh - SRR o 2 — O EEREM) M BRI E R
NMEERICEAFE L AR ZZIT Tz,

C. WFZehE R

WWP2 }3 L OV ITCH 43 F-IN D WW2 RA A %A v
7 L — AR L2 WWP2-del &, ITCH-del @ R
B (IR, REMRA., v 7 A5, Kk
Ef) IZOWTHERFIIIT 21T o7& 2 A, &
ORI HEAE R BEIIERD b2 d o Tz, FlE
ELE ., FLTOHICOWTHREETH -T2, =
oD~ 7 A TEBIZEIT D WWPL OFEBLAE A L
7y MZXVRRIZEZA, T~ T R
TH EA L TWD ORIz, 72, WWPL-KIT
& WWp2-del @ 2 EZFMAR (WWP1-KI/WWP2-del)
IZBW T 1 & 2 7o~ 7 ADTHRRHENIZ 22
DR NBO Bz, T LTINHITET, %
I AR BLAL. F OB - TREIZ DI~
HLIENRDH O EHEE ST, S 5T, WWPL-KI
/WWP2-del ~ 7 AT Itchi&fs ¥ % ITCH-del ~7
22 LA, 1 RO L HWHET
oo TH 2RO B HERR S Tz,

D. Z%

NH-413 O afF Tid WWP1 2AEET DL DL 6
TREOZ T AN TTEET D, WPL-KI (23
WTHFABROBRE 2 /I 525, T4 WPl @
BERETE L NG RAICHD E3 X F ) H—F
IEM L Lo b D LRI D, £72, AR Fox
X WWP2-del & ITCH-del DS DFRICI T
WWP1 ORI EFZROHTNDL, 26D &
WWP1 5 B2 13 WWP2 <2 ITCH D38 EAS B LT
% A[HEME &2 R L C U7z, WWP1-KI/WWP2-del @ —.

AR~ U AT, RIS 220 s B L7223,

XBILZDYTAD [teh Bl FD—FHDT L)V
(RfSTE{ET) % ITCH-del & L7-H4121%. &
D BHAICZERRBO 5D L IR T Enb,

NG 3FEOHECT B E3 2% F 2 U H—ED
FERERYAR A BALR DS W 2RI BRfR T 5 D TiL 22
MERHELE ST, 7272 L, C5TBL/6 B DIBIRT-
W RAFFOE~ 7 ZAOFK T 1 AFRTAD 6 &
WA IEEEEE K (tubular aggregate) & PFREND
ERNBND T2, i OFEICO VW T HEE
RSEFTD2MEDRDH D,

E. f&im

Fox X Wipl BAGFITNH-413 =7 R U L[EL 2
At AR AE N LT WP1-KI ~ 7 A DM
IZDOWT, WWPL DL ThHD WiP2 B LW
ITCH 28 T REE A Wt LTz, ~ 7 A B Tl
WWP1 & WWP2, = LT ITCH @ 343+ L TH
D, FOIHEENN 1 SOMRENIbILD & 5
D DLy OB EH U THAEIZHREE i 5 X
I8 < ATREME RIB ST,

F. R e %%
1. f3CZER
L

2. FRRR

1. BARE, BAVE, BEMA, &KX, Xuan
Du , RIEfLK, SFHEE, (B, — Ptk
Z, MniE=sE, FAREIW. By Atar oo
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600uM & L TH:E - BRFER LTV, hir~D
B MR LT,

BRI 72 BRI I T 0@ ) Th D, xf
L U CABRHE/AKF CTIZ NATS80 1 mol/lg -
recHA %z 72 20w/v%recHA 7 35 GEMZEL) |
ZiE KSOM HT 20 {5 R L T 1%recHA N
KSOM #Zi# U7z (AWR), FEBRFRIZAEBRIEK
HC 20w/v%recHA (2 NATS80 i mol/1g * recHA
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Development, optimization and validation of human AQP-4 PET Radioligand

Marek Kubicki'
Hironaka Igarashi?, Ofer Pasternak', Changning Wang'

Principal Investigator
Co-Investigators

1Professor, Director of Psychiatry Neuroimaging Laboratory, Department of Psychiatry, Harvard Medical
School. 2Professor, Center for Integrated Human Brain Science,
Brain Research Institute, University of Niigata

Abstract

The overall goal of this proposal is to identify, develop, characterize and validate a new '®F-based
radioligand for the non-invasive clinical imaging of AQP-4, the protein that forms the most prominent
water channel found in the human brain. We believe such a ligand will be essential to investigate
the roles of AQP-4 in psychiatric and neurodegenerative diseases. With the support and assistance
of BRI faculty members, Professor Tsutomu Nakada and Dr. Vincent Huber, we investigated the
possibility of adopting the first generation AQP-4 radioligand, [""C]TGN-020, which was developed
at Niigata University, for our studies. ['"C]TGN-020 was demonstrated to have robust differential
uptake in wild type mice and AQP-4 knockout mice consistent with selective AQP-4 binding. Pilot
PET imaging with ['"C]TGN-020 in healthy humans also demonstrated a specific and expected
distribution pattern for AQP-4, with higher expression in the subpial, perivascular end-feet of
astrocytes and the choroid plexus, as well as an affinity of the ligand for astrocytic brain tumors.
However, due to its relatively low binding affinity and low radiochemical yield, we were unable to
successfully radiolabel human or rat tissue ex vivo, which is a prerequisite for advancing into human
studies at our institution. Consequently, we are working towards developing a second generation of
AQP-4 PET ligand, and wish to do so in collaboration with the Niigata University’s Brain Research
Institute.

A. INTRODUCTION migration of astrocytes (by changing osmotic

gradients) toward the site of the injury to facilitate

The human brain is approximately 77% water.
Water homeostasis is strictly regulated through
various protective mechanisms that allow for its
movement across biological membranes, while
simultaneously keeping the brain from swelling.
Aquaporins (AQP) are a unique class of proteins
that serve as the main water channels in the brain.
They are principally expressed on the end-feet of
the astrocytes and vital to normal physiological
brain functions, such as neural-flow coupling.
More importantly, AQPs play significant role in the
pathophysiology of various brain diseases. For
example, following brain injury, AQPs initiate

healing process. Also, down-regulation of AQPs in
Alzheimer’s disease might result in attenuated
brain clearance, further leading to amyloid plaque
accumulation and neurodegeneration. Finally,
AQPs play a key role in astrocytic mediated
neuroplasticity.

The central goal of this project is to develop in vivo
neuroimaging methods to visualize and quantify
the distribution of astrocyte-AQP complex, and to
model water homeostasis and movement in the
human brain.

B. MATERIALS AND METHODS

The overall goal of this proposal is to identify,
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develop, characterize and validate a new '8F-
based radioligand for the non-invasive clinical
imaging of AQP-4, the protein that forms the
most prominent water channel found in the
human brain. We believe such a ligand will be
essential to investigate the roles of AQP-4 in

psychiatric and neurodegenerative disease.

1. We feel that ligand, N-(3-(benzyloxy)pyridin-
2-yl)-4-fluorobenzamide (TGN-080), can be
developed into a tracer suitable for
investigating the distribution and role of
astrocytes and AQP-4 in water homeostasis,
brain neuroplasticity, neuroinflammation, and
brain reactivity in acute psychosis and other
pathological brain conditions. The ligand is not
FDA approved, and it has yet to be identified
as a “CNS Radiotracer that has been advanced
for use in Human Studies” by the NIMH. In this
application, we plan to:

1. Confirm the details of TGN-080 structure,
in vitro AQP4 inhibition and selectivity, and
known in vivo effects (CIHBS);

2. Identify potential radiosythetic routes,
including the necessary precursors that can
be used to effect the introduction of 18F-
group needed for ["8F]TGN-080 (initial
CIHBS, refinement and optimization PNL);

3. Synthesize ['®F]TGN-080 using manual
and automated synthesizer methods (PNL);

4. Confirm radiosynthesis and ligand
radiometric properties (CIHBS)

5. Perform animal in vivo, and animal and
human ex vivo imaging studies (PNL).
Comparison of AQP4 KO and WT mice
(optional, CIHBS).

6. Complete necessary tests and
certifications to apply for IRB approval to
begin human testing of ['®F]TGN-080

C. RESULTS/OUTCOMES

To date, the following steps have been
performed:

1. We confirmed the details of TGN-080
structure, in vitro AQP4 inhibition and
selectivity, and known in vivo effects
(CIHBS);

2. We have identified potential radiosythetic
routes, including the necessary
precursors that can be used to effect the

introduction of 18F-group needed for
["®F]TGN-080 (initial CIHBS, refinement
and optimization PNL);

3. We successfully synthesized ["®F]TGN-
080 using manual and automated
synthesizer methods (PNL);

4. We have performed two rhesus monkey
scans with ['®F]TGN-080 radioligand.

5. We have analyzed the data, and the results
are shown in Figure 1.

> @ &

6 m— 19
Radioactivity (kBg/mL)

Figure 1. ["*FITGN-080 PET image overlays on structural MRI from a
representative NHP (PET image is averaged from 0-20 min post-radiotracer
injection). Radiotracer shows excellent brain penetration and regional

differences in uptakes.

6. We have applied for the R21 NIH grant to
continue the project-translate these results
to human scans

D. CONCLUSION

At the end of this project, we hope to have a
potent AQP-4 PET ligand available for human
research. This project, if successful, has the
potential to deliver a viable tool for better
understand the role of water homeostasis in
neuropsychiatric conditions such as psychosis,
traumatic brain injury and Alzheimer’s Disease.

E. PUBLICATIONS

N/A

F. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS

1. PATENT

N/A

2. UTILITY MODEL REGISTRATION

N/A

3. OTHERS

N/A
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Abstract
To evaluate the effect of TGN-073, an AQP4 facilitator, on hydrocephalus, mice models of hydrocephalus received

an initial dose of 400 mg/kg of TGN-073, followed by continuous treatment with 66 mg/kg for the next 72 hours.

Mice were monitored neurologically. Brain water content was evaluated by MRI, also used for assessing brain

damage. The TGN-073-treated group showed improvement in neurological symptoms and TGN-073 prevented

brain edema and neuronal loss.

A. INTRODUCTION

Brain water dynamics still represent an enigma. On the
other hand, the water channel AQP4 has been shown to
be strongly involved in brain water dynamics. We
developed a method for evaluating brain water
dynamics in vivo and demonstrated that TGN-073
promotes brain water dynamics by stimulating AQP4.
We also evaluated whether TGN-073 improves brain
edema and neurological signs in a mouse model of
hydrocephalus, in which water dynamics is strongly
impaired and causes brain edema.

B. MATERIALS AND METHODS

Experiments were conducted after obtaining
permission from the Niigata University Animal
Experiment Committee.

1. TGN-073 promotes brain water dynamics

C57BL/6 mice were used for the experiment. 10 micro
1 of Gd-DOTA was injected into the large cerebral
artery during the administration of TGN-073 and
vehicle, and the signal changes were followed by MRI.
2. TGN-073 ameliorates brain edema and neuropathy
in a hydrocephalus model

Experiments were performed on C57BL/6 mice, and a
hydrocephalus model was created by injecting 20 micro
1 of 20% Kaolin to the cerebral cortex during the
administration of TGN-073 (initial 400 mg/kg i.p., 3
days 66 mg/kg/day continuous s.c.) and vehicle The

neurological findings and brain water content and
neuronal degeneration were evaluated using MRI at 72

hours.

C. RESULTS/OUTCOMES

1. TGN-073 promotes brain water dynamics

Influx and excretion of Gd-DOTA into the brain
parenchyma were significantly faster in the TGN-073-
treated group.

2. TGN-073 improves brain edema and neuropathy in
a hydrocephalus model

The TGN-073-treated group had significantly milder
neurological findings and significantly improved brain
edema and neuronal loss.

D. DISCUSSION

By using TGN-073, it was demonstrated that the
promotion of AQP4 promotes hydrodynamics in the
brain and improves brain edema and neurological signs
in hydrocephalus.

E. CONCLUSION
TGN-073 is a new drug candidate for the treatment of
hydrocephalus.

F. PUBLICATIONS

1. PAPERS

Ohno K, Ohkubo M, Zheng B, Watanabe M, Matsuda
T, Kwee IL, Igarashi H.

GlyCEST: Magnetic Resonance Imaging of Glycine-
Distribution in the Normal Murine Brain and
Alterations in 5XxFAD Mice.

Contrast Media Mol Imaging. 2021 Dec
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30;2021:8988762. doi: 10.1155/2021/8988762.
eCollection 2021.
PMID: 35046756

2. PRESENTATIONS

Currently, an undisclosed company has signed a
confidentiality agreement with a pharmaceutical
company and is developing a joint research project.
Disclosure of specific details of the research is
prohibited.

G. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS
(Including prospects)
1. PATENT

Property Patent of TGN-073

JP2018-503417

US 16081267

EU 2017760166

2. UTILITY MODEL REGISTRATION
Not applicable

3. OTHERS
Not applicable
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1 Department of Pharmaceutical Sciences and Health Outcomes, Ben and Maytee Fisch
College of Pharmacy, The University of Texas at Tyler, USA

2 Department of Comparative & Experimental Medicine, Brain Research Institute, Niigata University

ABSTRACT

The goals of this research are to determine the differential role of D2L (long isoform), D2S (short
isoform), and D1R in the pathophysiology of psychosis in mice and decipher the involvement of striatal
direct and indirect pathways in neuropsychiatric disorders such as schizophrenia and Parkinson’s
disease (PD). In collaboration with Professors Sasaoka, Abe and Sakimura, we have obtained the
homozygous D2S knockout (KO) mice. We are now in the process of expanding the transgenic mouse
colony. This new KO mice will significantly strengthen our research. In collaboration with Drs.
Fukunaga’s and Kawahata’s group, it was found that both D2L receptors and caveolae were required
for the uptake of a-synuclein. The findings revealed a novel mechanism regulating a-synuclein uptake
in neurons and provide new insights in developing new therapeutic strategy for PD. In another series of
study, we showed that D2L KO mice displayed enhanced abnormal involuntary movements (AIMs) in
response to L-dopa treatment. AIMs or stereotyped behaviors induced by L-dopa in rodents have been
used as an experimental model for studying the pathophysiology of dopamine agonist-induced side
effects such as psychosis or dyskinesia in humans. Our results suggest that the increased expression
ratio of D2S to D2L contributes significantly to the side effects induced by L-dopa, a main medication for
PD. A thorough delineation of the specific functions of D2R isoforms and D1R in the brain would help us
gain a deeper understanding of the involvement of striatal direct and indirect pathways in physiological

and pathophysiological conditions.
A. INTRODUCTION

The striatum is the main receptive nucleus in the
basal ganglia of the forebrain and receives direct

inputs from virtually all areas of the cerebral cortex.

The striatum in turn sends its projections to other
basal ganglia areas through two main output
pathways: a direct pathway (projections from the
striatum to the substantia nigra pars reticulate)
that is mediated by the dopamine D1 receptor
(D1R), and an indirect pathway (projections from
the striatum to the globus pallidus) that is
mediated by the dopamine D2 receptor (D2R).
The adequate balance between these two output

pathways is crucial for motor control and various
cognitive functions. An imbalance of these two
output pathways would lead to disruption of basal
ganglia circuitry, resulting in movement disorders.
D2R exists in two isoforms, termed D2L (long
form) and D2S (short form). We and other
scientists have demonstrated D2L and D2S have
differential functions. Our collaborative research
focuses on delineating the involvement of direct
and indirect pathways and D2R isoforms and D1R
in the pathophysiology of neuropsychiatric
disorders such as schizophrenia and Parkinson’s
disease.
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B. MATERIALS AND METHODS

We use a multidisciplinary approach including
molecular genetic technology, behavioral tests,
pharmacological assays, immunohistochemistry,
electrophysiological recordings, and imaging
technology. In collaborated with Profs. Abe and
Sakimura group and using the method based on
RNA splicing and Cre-loxP recombination, we
have obtained D2S conditional KO mice.
Immunocytochemistry, cell culture, and fixed/live
cell imaging using fluorescence microscopes were
used in the study of investigating the regulation of
a-synuclein uptake. Behavioral tests and
pharmacological approaches were used in the
study of investigating the differential role of
individual D2R isoforms in hyperkinetic disorders
induced by chronic treatment of L-dopa and D2R
agonist.

C. RESULTS/OUTCOMES

In collaboration with Professors Sasaoka, Abe and
Sakimura, we have generated the homozygous
D2S knockout (KO) mice. We are now in the
process of expanding the transgenic mouse
colony. In collaboration with Drs. Fukunaga'’s and
Kawahata’s group, it was found that D2L
deficiency diminished the uptake of a-synuclein by
neurons and this process was also dependent on
the presence of caveolin-1 (Kawahata et al., 2021).
In another series of study, we showed that D2L KO
mice displayed enhanced abnormal involuntary
movements (symptoms of hyperkinetic disorders)
in response to chronic treatment of L-dopa or
quinpirole, a preferential D2R agonist (Li et al.,
2021).

D. DISCUSSION

The results from the collaborative research with
Drs. Fukunaga’s and Kawahata’s group uncover a
novel mechanism regulating a-synuclein uptake in
neurons and provide new insights in developing
new therapeutic strategy for PD. Abnormal
involuntary movements or stereotyped behaviors
induced by L-dopa in rodents have been used as
an experimental model for studying the
pathophysiology of dopamine agonist-induced

side effects such as psychosis or dyskinesia in
humans. Our results from L-dopa study suggest
that the alterations in the expression level of D2L
and D2S may contribute significantly to the side
effects induced by L-dopa.

E. CONCLUSION

In summary, we have finally obtained the D2S KO
mice. The new D2S KO mouse is complementary
to the D2L KO mouse we generated before and
will significantly strengthen our research. The
aforementioned results suggest that both D2L
receptors and caveolae were required for the
uptake of a-synuclein and this has implications in
understanding the pathophysiology of a-synuclein
accumulation that is observed in patients with PD
or dementia with Lewy bodies. In addition, our
results obtained from L-dopa study suggest that
the increased expression ratio of D2S to D2L may
result in hyperkinetic movement disorders,
characterized by abnormal involuntary
movements.
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Abstract

In addition to perform the proposed research, we have recently submitted a manuscript to elLife entitled
“Neurexins in serotonergic neurons regulate serotonin transmission and complex mouse behaviors”. Since this
manuscript is also supported by the collaborative project, we presented it as the Research Report FY 2022.

Extensive serotonin (5-HT) innervation throughout the brain corroborates 5-HT’s modulatory role in numerous
cognitive activities. Volume transmission is the major mode for 5-HT transmission but mechanisms underlying 5-
HT signaling are still largely unknown. Abnormal brain 5-HT levels and function have been implicated in autism
spectrum disorder (ASD). Neurexin (Nrxn) genes encode presynaptic cell adhesion molecules important for the
regulation of synaptic neurotransmitter release, notably glutamatergic and GABAergic transmission. Mutations in
Nrxn genes are associated with neurodevelopmental disorders including ASD. However, the role of Nrxn genes in
the 5-HT system is poorly understood. Here, we generated a mouse model with all three Nrxn genes disrupted
specifically in 5-HT neurons to study how Nrxns affect 5-HT transmission. Loss of Nrxns in 5-HT neurons impaired
5-HT release in the dorsal raphe nucleus and dorsal hippocampus and decreased serotonin transporter distribution
in specific brain areas. Furthermore, 5-HT neuron-specific Nrxn knockout reduced sociability and increased
depressive-like behavior. Our results highlight functional roles for Nrxns in 5-HT neurotransmission and the

execution of complex behaviors.

A. INTRODUCTION: Serotonin (5-
hydroxytryptamine, 5-HT) neurons in the raphe nuclei
project their axons throughout the brain and modulate
social interactions, stress responses, and valence
among other processes. Abnormalities in 5-HT
signaling have been extensively reported in
neuropsychiatric  disorders including depression,
anxiety disorders, schizophrenia (SCZ), and autism
spectrum disorder (ASD). 5-HT reaches postsynaptic
specializations through volume transmission or at
synapses and synaptic triads. While much work has
focused on deciphering receptor and reuptake
dynamics in 5-HT signaling, the functional component
important for 5-HT release remains undefined.

Nrxn genes (Nrxnl-3) encode alpha-, beta-, and
gamma- (o/ffNrxni-3, yNrxnl) isoforms, and regulate
synapse specification and function (Sudhof, 2017).
Copy number variations and mutations in Nrxns are
associated with ASD and SCZ. Numerous studies of a
and BNrxn KO mice demonstrate impaired excitatory
and inhibitory synaptic transmission. While Nrxns
regulate fast synaptic transmission, no studies have
examined the role of Nrxns in central neuromodulatory
systems like the 5-HT system. Therefore, elucidating
the impact of Nrxns in 5-HT transmission will allow a
better  understanding of  pathophysiological
mechanisms underlying neuropsychiatric disorders.

In this study, we investigated the functions of
Nrxns in the 5-HT system by assessing signaling

properties and behavior in 5-HT neuron-specific Nrxn
triple knockout (TKO) mice. We demonstrated that the
loss of Nrxn genes reduced 5-HT release and serotonin
transporter (SERT)-labeled 5-HT fibers in the mouse
brain. Moreover, the lack of Nrxns in 5-HT neurons
altered social behavior and depressive-like phenotypes.
Our findings highlight Nrxns as functional regulators
of neurotransmission and complex behaviors in the 5-
HT system.

B. MATERIALS AND METHODS: Animals: All
experiments were conducted under approved animal
protocols from the Institutional Animal Care and Use
Committee (IACUC) at the University of
Massachusetts Medical School. 5-HT neuron-specific
tdTomato mice (Fev/RFP) were generated by crossing
lox-STOP-loxtqTomato and Fev®™® mice. Fev/RFP mice
were crossed with Nrxnl/277/37" mouse line to
generate 5-HT neuron-specific triple Nrxn knockout
mouse line (F ey Cre/lox-STOP-lox/lox-STOP-
loxtdTomato/Nrxn17/27/37f: Fev/RFP/NrxnTKO). The
Fev/RFP/NrxnTKO line was maintained by breeding
Fev/RFP/NrxnTKO mice with Cre-negative (‘o*STOP-
loxtdTomato/Nrxn179/27%/37%:  WT)  mice.  All
experiments and analyses were performed blind to
genotype. Transcriptome analysis: Single-cell RNA-
seq data was obtained from a recent publication (Ren et
al., 2019). See Ren et al., 2019 for the single-cell
isolation and sequencing (Ren et al, 2019).
Immunohistochemistry: All mice were fixed with 4%
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PFA in 0.1 M PB. Coronal 40 pm-thick brain sections
were stained with SERT. Electrophysiology: Fast scan
cyclic voltammetry (FSCV) for 5-HT release were
performed in the radiatum of dorsal CA3 and DRN. 5-
HT release was evoked with electrical stimulation (30
pulses, 30 Hz, 150 or 250 pA, 1 ms) from an adjacent
custom-made bipolar tungsten electrode every 10 min.
Behavioral assays: All behavioral experiments were
performed on male mice aged 8 weeks or older. Direct
social interaction test: The test was adapted from Hitti
and Siegelbaum, 2014. Each mouse was placed
individually into a standard mouse cage and allowed to
habituate for 5 minutes followed by the introduction of
a novel male juvenile mouse. The activity was
monitored for 10 min and social behavior initiated by
the subject mouse was measured by an experimenter
sitting approximately 2 meters from the testing cage
with a silenced stopwatch. Scored behaviors were
described previously (Kogan, Frankland, & Silva,
2000): direct contact with the juvenile including
grooming and pawing, sniffing including the anogenital
area and mouth and close following (within 1 cm) of
the juvenile. After 24 hours, the 10 min test was run

A30

.
: DRN
10 ¥ » DRN-1
‘v © DRN-2
© DRN-3
o . © DRN-4
Yo ro; © DRN-5
@ : © DRN-6
Ax © MRN-1
W ¢ MRN-2
Yy MRN-3
" & % MRN-4
e sk
e B
20 ¢
30
-40 -20 0 20
SNE_1
B aNrxn2 aNrxn3

Expression Level
Expression Level

0.0

BNrxn2

o
o

10 ‘ é‘é %
‘ N 051} LA
DAL OONL D> AN > N QB> N > B O N QDN
STTHRE A soaaw
Identity Identity Identity

Fig. 1 Nrxn expression in the raphe nuclei and confirmation ofj

Nrxn deletion in Fev/RFP/NrxnTKO mice. Single-cell

transcriptomic analysis of Nrxn expression in DRN, cDRN, and MRN

5-HT neurons. (A) Single-cell t-SNE plot of 999 Tph2-positive

neurons representing S5-HT neurons analyzed from a recent

publication. 11 transcriptomic clusters were correlated with anatomical

location. DRN, ¢cDRN, and MRN 5-HT neurons have six, one, and four

different subclusters, respectively. (B) Violin plots of six Nrxn splice

isoforms in 11 clusters. Each Nrxn isoform is expressed in cells across
all clusters.

Expression Level
Expression Level
Expression Level

o
o
)
o

il

again with the previously encountered mouse. Any
aggressive encounters observed between animals led to
exclusion of the subject mouse from analysis.

C. RESULTS/OUTCOMES: To characterize Nrxn
genes expressed in 5-HT neurons, we analyzed
scRNAseq data from a published database consisting of
over 900 single-cell 5-HT neuron datasets which
generated 11 different 5-HT neuron clusters from the
principal dorsal raphe nucleus (DRN), caudal DRN
(cDRN), and median raphe nucleus (MRN) (Fig. 1A)
(Ren et al., 2019). Transcriptional expression of six
Nrxn isoforms (o-, BNrxn1/2/3) in 11 clusters indicated
that all 5-HT neuron clusters express at least one a- and
BNrxn isoform (Fig. 1B). These results suggest that
Nrxn proteins are expressed in 5S-HT neurons in all RN
regions.

While numerous studies indicate that Nrxns
regulate fast neurotransmitter release including that of
glutamate and GABA, no studies have tested Nrxn
function in central neuromodulatory systems. To
directly examine the role of Nrxn on 5-HT release, we
generated 5-HT neuron-specific Nrxn triple knockout
mice (Fev/RFP/NrxnTKO) and measured 5-HT
transients in the DRN and hippocampus using FSCV
(Fig. 2). The specific deletion of Nrxns in 5-HT
neurons was confirmed by single-cell RT-qPCR. 5-HT
transients were recorded in the DRN where 5-HT
neurons are highly clustered in WT and
Fev/RFP/NrxnTKO mice (Fig. 2A-D). Electrical
stimulation was applied at two different stimulus
strengths to evoke 5-HT release in acute brain slices
containing the DRN. To confirm that electrically
evoked FSCV transients were mediated by 5-HT
release, the selective serotonin reuptake inhibitor
fluoxetine (FLX) and action potential inhibiting
sodium channel blocker tetrodotoxin (TTX) were
applied. Importantly, 5-HT peak amplitude was
significantly reduced in Fev/RFP/NrxnTKO mice (Fig.
2C). FLX caused a similar increase in 5-HT transient
area in each genotype, indicating that Nrxn TKO did
not change transporter activity (Fig. 2D). Next, we
performed FSCV recordings in the dorsal hippocampal
CA3 region to determine whether differences in 5-HT
release could be detected in a distal region receiving 5-
HT fiber projections (Fig. 2E-H). We observed robust
suppression of 5-HT currents in Fev/RFP/NrxnTKO
mice and no genotype-specific differences in response
to FLX. Taken together, these findings indicate that
Nrxns are important for 5-HT release.

Next, we analyzed whether Nrxns are important for
5-HT innervation in brain regions that receive 5-HT
projections by analyzing SERT-positive fibers (Fig. 3).
We found that SERT fibers were reduced in the dorsal
hippocampus and the DRN of Fev/RFP/NrxnTKO
mice relative to controls. Interestingly, no differences
were seen in the projections to the nucleus accumbens
and vCA1 indicating that SERT inputs are not globally
altered. These findings suggest that Nrxns selectively
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mediate SERT-positive fiber area depending on the
innervated circuit.

We investigated the behavior of adult
Fev/RFP/NrxnTKO mice in a variety of assays. Basic
activities, evaluated by locomotor activity, rotarod
performance, and open field, did not differ between
Fev/RFP/NrxnTKO mice and Cre-negative controls.
To examine the role of Nrxns in 5-HT system-related
behavior, we next assessed social behavior. WT and
Fev/RFP/NrxnTKO underwent a direct social
interaction test to examine naturally occurring
interactions between a subject mouse and a juvenile
stimulus mouse. In trial 1, the stimulus mouse was
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Fig. 3 The absence of Nrxns in 5-HT neurons decreases S-HT
fiber density in specific brain regions. (A-G) Representative
100x images of SERT-positive fibers in the nucleus accumbens
core (NAcc) (A), nucleus accumbens shell (NAcSh) (B), dorsal
hippocampal CA1-3 subregions (dCAl, 2, 3) (C-E), ventral
hippocampal CA1 (vCA1) (F), and dorsal raphe nucleus (DRN)
(G). The images are maximum intensity projections of 21 z-stacks
across a 7 um z-depth using 0.35 um z-steps. (H) Quantification
of the area of SERT-positive fibers revealed that 5S-HT innervation
was altered in specific brain regions in mice lacking Nrxns (n =
3-4 mice/genotype; for each mouse, 6 fields of view were
averaged for each region). * p < 0.05; unpaired two-tailed
Student’s t-test. Scale bars, 10 um.
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Fig. 2 The lack of Nrxns in 5-HT neurons reduces evoked 5-HT
release in the dorsal raphe nucleus and hippocampus. (A, B)
Electrically evoked 5-HT transients detected in the dorsal raphe
nucleus (DRN) of WT (n = 6 slices, 3 mice) (A) and
Fev/RFP/NrxnTKO (6, 3) (B) mice during perfusion with aCSF (left),
SERT blocker fluoxetine (FLX, 10 pM, middle), and action potential-
blocking TTX (1 uM, right). Top: representative CV plots of the
electrochemical current in aCSF, FLX, and TTX. Middle: average 5-
HT transients under each condition. Bottom: background-subtracted
3D voltammograms (false color scale) as a function of time (x axis,
20 s) and voltage applied (y axis). Note that TTX completely
abolished peak transients indicating that FSCV measurements were
mediated by action potential-induced 5-HT release. The expected
oxidation peaks for 5-HT in the CV plots acquired from WT and
Fev/RFP/NrxnTKO mice were similar. FLX application prolonged 5-
HT transient area which verified that the FSCV transients detected 5-
HT signals. WT and Fev/RFP/NrxnTKO mice showed similar
responses to FLX. (E) Peak amplitude of 5-HT transients evoked
using a 150 pA or 250 pA stimulation train (30 pulses, 30 Hz, 1 ms)
in the DRN of WT (gray) and Fev/RFP/NrxnTKO (green) mice. 5-HT
release was significantly different between genotypes (two-way
ANOVA: genotype main effect, ¥ p = 0.006; stimulation strength
main effect, p = 0.0004). (F) Normalized area of 5-HT transients
recorded in the DRN before and after FLX application. 5-HT transient
area before and after FLX was significantly different (two-way
ANOVA: drug main effect, ## p < 0.0001). (G, H) Electrically
evoked 5-HT transients detected in the hippocampus of WT (n = 3)
(G) and Fev/RFP/NrxnTKO (n = 3) (H) mice during perfusion with
aCSF (left), SERT blocker FLX (10 uM, middle), and action
potential-blocking TTX (1 uM, right). Top: representative CV plots
of the electrochemical current in aCSF, FLX, and TTX. Middle:
average 5-HT transients under each condition. Bottom: background-
subtracted 3D voltammograms as a function of time (x axis, 20 s) and
voltage applied (y axis). (I) Peak amplitude of 5-HT transients evoked
using a 150 pA or 250 pA stimulation train in the hippocampus of WT
and Fev/RFP/NrxnTKO mice. 5-HT release at each stimulation
strength was significantly different between groups (two-way
ANOVA, p = 0.0268; stimulation strength main effect, p = 0.0085;
genotype main effect, p = 0.0008). (J) Normalized area of 5-HT
transients recorded in the hippocampus before and after FLX
application. No differences in 5-HT transient areca before and after
FLX were found between groups. * p < 0.05, **** p < 0.0001; WT
vs. Fev/RFP/NrxnTKO: # p <0.01; aCSF vs. FLX: ## p < 0.0001.

- 243 -




unfamiliar to the subject mouse. After 24 hours, the
subject mouse was re-exposed to the same stimulus
mouse (trial 2) (Fig. 4A). Social investigation was
measured across both trials and as a reduction in time
that the subject mouse spent investigating the stimulus
mouse in trial 2. We found that Fev/RFP/NrxnTKO
mice spent less time exploring the stimulus mouse in
trial 1 (Fig. 4B) and differed in their investigation of
the stimulus mouse across trials (Fig. 4C) compared
with  WT mice. These results suggest that
Fev/RFP/NrxnTKO mice have deficits in sociability.
Interestingly, one of the depression tests, the forced
swim test but not tail suspension test, revealed
increased immobility behavior in Fev/RFP/NrxnTKO
compared with WT mice (Fig. 4D-E). Importantly,
other tests addressing learning and memory and
repetitive behaviors displayed no abnormalities in
Fev/RFP/NrxnTKO mice. These results demonstrate
that the absence of Nrxns in 5-HT neurons impairs
social behavior and moderately influences depression-
related behavior.

D. DISCUSSION: Nrxns regulate the release of fast
neurotransmitters such as glutamate and GABA by
coupling Ca?" channels to presynaptic release
machinery. However, their roles in central
neuromodulatory systems have never been addressed.
Here we provide evidence that Nrxns control
neuromodulatory 5-HT release. We found that the DRN
and hippocampus displayed > 40% reduction in 5-HT
release in Fev/RFP/NrxnTKO mice. Fev expression
begins in the embryonic stage, therefore the impact of
Nrxn TKO during development should be noted.
However, compared with the robust functional deficit
observed in Fev/RFP/NrxnTKO mice, the structural
deficit identified by SERT-positive fiber density was
moderate (< 25%) suggesting that the primary role of
Nrxns in the 5-HT system is the formation of functional
components important for 5-HT release.

It is important to consider the mechanisms through
which Nrxns influence release events and the specific
sites that express Nrxns to control 5-HT
neurotransmission. In the hippocampus, approximately
80% of 5-HT varicosities are extra-synaptic, while the
remaining 20% form synapses. Given the
predominance of non-junctional specializations, we
speculate that Nrxns reside at 5-HT release sites that
lack a direct postsynaptic target. The ability of Nrxns to
couple with release machinery triggering 5-HT vesicle
exocytosis and their roles in  postsynaptic
differentiation at synapses are yet to be explored.
Decreased SERT innervation suggests that 5-HTergic
Nrxns contribute to fiber formation, regulate the
abundance of SERT itself, or that inefficient 5-HT
release requires less SERT as a compensatory
mechanism. Indeed, sparse pan-Nrxn deletion has been
shown to blunt inferior olive neuron climbing fiber
projections in the cerebellum while complete removal
of Nrxns at climbing fiber synapses did not alter

climbing fiber axons but impaired synaptic
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Figure 4 The absence of Nrxns in 5-HT neurons impairs social
behavior. (A) Direct social interaction test using the same juvenile
stimulus across two trials. (B) WT (gray, n = 13) and
Fev/RFP/NrxnTKO (green, n = 13) mice differed in their investigation
of the juvenile stimulus across the two trials. Both groups spent less
time exploring the juvenile stimulus during trial 2 than in trial 1 (two-
way ANOVA: trial main effect, * p = 0.0099; genotype main effect, p
= 0.1616; significant trial x genotype interaction, p = 0.0479). Sidék’s
post hoc test identified a significant genotype difference in
investigation time in Trial 1 (** p = 0.0041). (C) The difference score
of the interaction time across trials was reduced in Fev/RFPNrxnTKO
mice (Student’s t-test, * p = 0.0479). (D) Left, Fev/RFP/NrxnTKO
mice displayed increased immobile time compared with WT in the
forced swim test (Student’s t-test, * p = 0.0302). Right, no difference
in the number of immobile episodes was observed. (E) Left, WT (n =
12) and Fev/RFP/NrxnTKO (n = 12) mice showed no difference in
time immobile in the tail suspension test. Right, there was no difference
between genotypes in the number of immobile episodes.

transmission.

E. CONCLUSION: The observed deficits in
sociability and depressive-related behaviors are
relevant to ASD which often presents with co-occurring
conditions. The forced swim test was performed
following the tail suspension test and it is possible that
Fev/RFP/NrxnTKO are more susceptible to stress
rather than despair-associated coping responses.
Overall, the behavioral phenotypes of
Fev/RFP/NrxnTKO mice are milder than that of null
Nrxn KO mouse lines. Both aNrxnl KO and aNrxn2
KO mice display social behavior deficits, elevated
anxiety, and increased stereotypic behaviors. In
contrast, no abnormalities in repetitive behaviors were
found in Fev/RFP/NrxnTKO mice suggesting that
Nrxn TKO in 5-HT neurons has more selective effects
on 5-HT mediated behaviors.

Our results reveal that Nrxns expressed in midbrain 5-
HT neurons are important for maintaining the
presynaptic molecular function of 5-HT release sites.
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Further investigations are necessary to decipher
Nrxn-mediated 5-HT release machinery, examine the
consequences of Nrxn deletion in raphe nuclei-
innervated circuits in other brain regions, and address
whether 5-HT therapeutics can improve behavioral
deficits.
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Abstract

In order to understand circuit mechanisms underlying neurological diseases, it is important first to understand how
neuronal computation, which is impaired in relevant disease, is achieved by synaptic and circuit mechanisms in
healthy state. In collaboration with Prof. Toshikuni Sasaoka and Dr. Manabu Abe, we aim to create several mouse
lines in which a single subtype of retinal bipolar cells is genetically labeled. So far, we have successfully created
Igfn1-iCreS-KI mice, in which type-7 bipolar cells are supposed to be selectively labelled in the retina. We have
plan to create Sox6-iCreERT mice to label type-5A bipolar cells. With these mice, we will test the effect of cell-
type-specific manipulation of neuronal activity or gene expression on the retinal motion computation and eye
movement reflex. Specifically, we aim to understand how retinal ganglion cells compute visual motion by
integrating excitatory inputs from retinal bipolar cells, and how impaired function of retinal bipolar cells may lead
to impaired retinal motion computation and pathogenic nystagmus. Interestingly, dopamine receptor 1 (Drd1) is
expressed in specific bipolar cell subtypes, including type 5 and type7 (Farshi et al., ] Comp Neurol 2016). We aim
to understand the role of dopamine signaling in the modulation of bipolar cell outputs for motion computation. This
project would provide key insights not only into the basic functioning of retinal circuits but also how impaired

activity and connectivity of retinal cell types may lead to the visual disorders.

A. INTRODUCTION ES cells derived from C57BL/6 mouse line.

(The purpose of the research)

Yonehara recently found that spatially asymmetric Culture medium for the ES cells.

wiring between type-5 bipolar cell types and ON

direction-selective cells are important for the visual ICR mice for implanting gene-introduced ES cells.

motion computation in the mouse retina (Matsumoto et
al., 2019 Curr Biol; 2021 Neuron). In order to Methods

genetically target individual type-5 bipolar cells for First, targeting vectors to generate knock-in mouse
manipulating activity or gene expression, we aimed to lines were made by DNA cloning and recombinant
generate knock-in mouse lines in which cell type DNA experiment. Next, the targeting vectors were
specific promoters are connected to Cre recombinase. electroporated into ES cells, and the cells were cultured

under the drug selection. ES cell colonies which were
survived under the drug selection were screened for the

B. MATERIALS AND METHODS correct homologous recombination. After the ES cells

harboring the correct gene insertion are confirmed by
Materials Southern blot or DNA sequencing, the ES cells were
BAC DNA constructs for containing mouse Sox6 and microinjected into 8-cell stage embryos of ICR strains
Igfnl. by the micro-manipulation. The microinjected

blastocysts were transplanted into the uterus of pseudo-
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pregnant female mice.

C. RESULTS/OUTCOMES
Due to the pandemic, Yonehara could not visit
BRI Niigata University during 2021 to discuss the
plan for this collaborative project.

During Global Collaborative Research Project FY
2020, to label type-5A bipolar cells, we made a
targeting vector for making Sox6-mtTA-KI mice,
in which mtTAwprepA-Neo cassette is inserted
immediately after ATG start codon in exon 3 of
Sox6 in the mouse genome. Endogenous Sox6
gene is disrupted. However, we have been failing
to obtain chimera mice due to potential embryonic
lethality. Therefore, we have been continuing to
make a targeting vector for making Sox6-
CreERT2-KI mice, in which CreERT2wprepA-
Neo cassette is inserted immediately after ATG
start codon of Sox6 in the mouse genome.

To label type-7 bipolar cells, we made Igfn1-
iCreS-KI mice, in which iCreSwprepA-Neo
cassette is inserted immediately after ATG start
codon in exon 1 of Igfn1 in the mouse genome.
Endogenous Igfnl gene has been disrupted. The
cryopreserved sperm has been shipped to
Yonehara and the live mice have been rederived
from the sperm with IVF. We will use
heterozygous mice for experiments.

D. DISCUSSION

F1 heterozygous mice for labeling type-7 bipolar cells
have been successfully established. Frozen sperm from
these lines have been transported to the PI Keisuke
Yonehara at DANDRITE, Denmark. For labeling type-
5A bipolar cells, new strategies that do not use mtTA
should be evaluated to avoid potential embryonic
lethality. For this reason, we will make Sox6-
CreERT2-KI mice in the future project. In case we fail
to label single cell types in the retina, we will change
the strategy for generation of genetically-modified

mice for target genes (e.g. use of Cre or CreERT or tTA).

E. CONCLUSION

Generation of F1 heterogenous mice for 1 strain has
been successfully achieved. Through Global
Collaborative Research Project FY2022 we aim to
complete the analysis of visual function of these mouse
lines and generate a few more mouse lines to label type-
5A bipolar cells

F. PUBLICATIONS

1. PAPERS
No papers published yet.

2. PRESENTATIONS
Not presented yet.

G. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS

1. PATENT
Not applicable.

2. UTILITY MODEL REGISTRATION
Not applicable.

3. OTHERS
Not applicable.
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