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Takebayashi H, Shibuki K, Direct Relay Pathways from Lemniscal Auditory Thalamus to Secondary
Auditory Field in Mice. Cereb Cortex, 28, 4424-4439, 2018.

(2) Nishio N, Tsukano H, Hishida R, Abe M, Nakai J, Kawamura M, Aiba A, Sakimura K, Shibuki K,
Higher visual responses in the temporal cortex of mice. Sci Rep, 8, 11136, 2018.
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The 9th BRI International Symposium
28 9 [l R A E AT HEMRUSEIES VRS A

Visualization of brain network and function

8 -9 March 2019 | Center for Integrated Human Brain Science, Brain Research Institute, Niigata University

DAY 1

Friday 8 March

13:00 I Opening Remarks Hiroyuki Nawa (Director, BRI, Niigata University)

Session | Chairs: Masaki Ueno and Hideaki Matsui

13:05-13:35 Transsynaptic mapping and optical imaging of neural circuits in the mouse visual system
Fumitaka Osakada (Nagoya University, Japan)
13:35-14:05 CUBIC: Whole-brain/body imaging with single-cell resolution using hydrophilic chemical cocktails
Kazuki Tainaka (BRI, Niigata University, Japan)
Special Lecture Chairs: Masaki Ueno and Hideaki Matsui
14:05-14:45 Spying on the dynamics of purinergic and monoaminergic neuromodulation by constructing new genetically-
encoded GRAB sensors
Yulong Li (Peking University, China)
14:45-15:05 COFFEE BREAK
Session Il  Chairs: Kazuki Tainaka and Atsushi Sugie
15:05-15:35 Multiscale understanding of synaptic pathology of psychiatric disorders
Akiko Hayashi-Takagi (Gunma University, Japan)
15:35-16:05 Applications for upconversion nanoparticles in neurobiology
Thomas J McHugh (RIKEN Center for Brain Science, Japan)
16:05-16:45 Modeling human diseases using human organoid systems
Huck Hui Ng (Genome Institute of Singapore, Singapore)
17:00-18:00 POSTER SESSION
19:00- OFFSITE MEETING / WELCOME BANQUET
DAY 2

Saturday 9 March

09:00-09:30

09:30-10:00

10:00-10:30

10:30-10:45

10:45-11:25

11:25-11:55

11:55-12:25

Session Il Chairs: Toshikuni Sasaoka and Manabu Abe
Development and application of genome editing technologies in the mammalian brain in vivo
Takayasu Mikuni (BRI, Niigata University, Japan)

Reciprocal activation within a kinase-effector complex underlying persistence of structural LTP
Yasunori Hayashi (Kyoto University, Japan)

Chemical labeling of endogenous receptors in live neurons
Itaru Hamachi (Kyoto University, Japan)

COFFEE BREAK

Special Lecture Chairs: Hironaka Igarashi and Takayasu Mikuni
Luminescent protein applications in research, medicine, and bioengineering
Atsushi Miyawaki (RIKEN Center for Brain Science, Japan)

Session IV Chairs: Hironaka Igarashi and Takayasu Mikuni
Revisiting memory consolidation theory: Is protein synthesis required?
Yi Zhong (Tsinghua University, China)

Homeostatic behavior of network activity
Yuji Ikegaya (The University of Tokyo, Japan)

12:30 I Closing Remarks Masaki Ueno (BRI, Niigata University)

No attendance fee required.

For inquiries or information
email noukyoudo@adm.niigata-u.ac.jp
call 025-227-0565
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TR B2 A3 T RE L7200, [EAEH 72 M D138 72
JTITHBTREEORMEE, PEREE kR~
IRREREREEA I LA T, FRARELITZTInA
RN BEH (AB42) XY, Uik 2 V& H (p-tau)
EVSTMRBEEAE DIV T T ARRENR,
NHDIERICEEE 5 2 CODIRIEL A L T
7o FRICERAEEORE X, AD WEAERIZE
PETDZEEMBIRHY, ZNFETOIHATHIERE
LV INPH Tl v M NS EOEliR VT 70 A%
RESEHZLT, AR SESNTEY, B
WP END A B 42 %2 p—tau 728 DA
BEADMANNLETDHZEE T T R BHD
EHEZR LT,

AWFZEORE D ERDRINNE, [TV A~ —fFH
Iz DF 732 INPH I3RS v M AIC L DIER

BRIZEPELDDN] ThD, T NA~ 5
(AD)JREREIE, TN ~D A B 42 OEFE (% AB)
FBE p-tau DUHE (FRFEAAEZ (L) ZFEL T
o

MM ZEHLRITINZ, TEAE O L E D AR DB
TREOILR, mfrH ZHEF L ORMHER D < 5
O MU Z R LT SO IR T D R 72 iR
Z £ 9 /K BA JE ( disproportionately enlarged
subarachnoid—space hydrocephalus; DESH) M4
HI7ZR R 2 W L AT IR S 2 T DMREIR IS
vEzlrsivic INPH B L, $iils v M AT
809% LA _F1Z modified Rankin Scale (mRS) M=)
/oD, LnLEAIREE, BX% 2 Hlo INPH
BED YU M AED mRS OUGERNELILRN
Fex lBEREETICE END AD BIEEAICE
HLU, JFJADNI #0728 T EED 82 B K7 i
W2 T 8 s - B BE AR AT 2245 BF (2 T, INNO-BIA



AlzBio3, xMAP® platform (2553 A4~ —A—{H|
EAEZ T, SCBERE, FEUCERF IR e A
F~—T—i2Wra LT 5, AD JRELDGHFIZE
H L7872 72 INPH O B IE B FAIE A ER T 528
DAFFED B ) TH D,

B. BFge5tE (fmBRi~ Dl E % & 1)

JIE R &2 K5 C INPH BB OB IS T o i
(CSF) 23118 K% ™ Luminex/MesoScale CHIEL,
INPH £ 40 44, FR)Fin 74.3(GEHERZE 6.6)7%
(SR UREIR S ¥ o MIFTE % ORERYGE 2D
&, Dy Tl E T 5, AD JHEOPHE TR
FENRINZ L2 DDA Z T2 T, xMAP HIEfE
IZEVBEIR T OV B L2 & B S EREE AD R EE
OFHFERE(LLT AD (DEE) ELCRIET 5, FeATHIE
X0 AD JHEEL A GFF % iINPH Tl p—tau IEE DD
v 7 EIT B L% 30pg/mL Hifk L7 HL TRIL T
WD,

R A R 2 b Ao R AN B 7 3 DRI N o 7 IR
FIND INPH BE O MNCHRE THROILE
BEWRIRE v MY 1 4%, 2 444, 3 kD
BEWTRIAZ T, T M ANCEDIER D
JE, #&i s OMRE T2 AT RTREIR O S A4~ — T
—B T 5% S HRBIIE Th D,
FETURRAMNIIBFEIT A 12, 24, 36 7 H 12D,
ENRERERTAN (MMSE, FAB) T, H % /EIE H LB
(mRS)D &2, iINPH grading scale DA% Fl| &k =
VRBA L,
AIFFUTNER 5 KPR MR E B TR A%
ZFTEY, TTITAREHILIZTEBL TD,
K RF IO R E T SCEA AT L, BFYE
DEB-TaT T LANEET L - RENEEFIED
L, IR E A TITVOME S SIS ISR
S, FEA~OSINTE B EEICESERSN
IZE TH ARFIRIT N2 e a2 B 2, EmIZTH
Baf E RIS L T2 nTng,

C. iFFEfE R

404, INPH HBFIZ T vy MEARNCEREESHL
7- Bl % xMAP® platform % AV CHRITE L7551,
p—tau & total tau [XFAREZZRD -8, A B 42 1 1HIE
DX RHY, B BB T-
fENTRE S,  p-taufEIEITRTO MMSE &DFEEH 1370

<, itk 1 AL MMSE S I MR (R2=0.
352, p<0.001) L, Tz R /RDIT L i
WFERIBIRR S RS2, £ZT AD IWEBFH DR
HFHOFEIELL T p—tau OHEFEHAL, AD JiHEHE
PAFEBREZE DD A 7% p-tau fE 30pg/mL I1ZF%
TEL, 2BEMHCHUBUFNT L=, INPH T 40 4%
p—tau fEC p-Tau=30pg/mL, 12 4 (75.5 (5.7)
%) & p—tau<3Opg/mL, 28 4 (73. 7 (7.0)5%) 25y
JEL, 2 BEM CHImRE AT/ o728 p-tau ¥ 11
4 P p—tau BE 24 44 C age matched control study
EATIRoT,

FE R, FRENHERE (MMSE, FAB) I, & p—tau BEC1fT
B I0SGEN GO, TOHBROHMERFSINDDITXT
L, m p-tau BEIE, IR FHI(3-6 72 H) ICdeEn
BONDLOD, ZOHER2IIKTL, 2 F1&1E1M
ATEVIR T, 3 A% ML CIEM T F A B 22D
AT 7= (MMSE, p=0.04; FAB, p=0.02), £7= mRS
WZBWTHIK p-tau BEITXFEHINGEGEN SO
DKL, & p—tau FEE, BN ELNDH DO DK
PR AT TR, MR TN 2 47 H LAKE,
AL TR EICHEEZNAECT, BITRHMIEIZEIL
TILMRER] TN 3 DAL EEZENHBIL, &
SR D ZEDVDIRNEIRFEF IZ BN THIITE 3
B HICITREHFRIA B ENAELT,

D. Z£

BEW S o M, B OMRIER MK T3 5122
T, Ak TIEREE T TS, 28@aMET-
NTNHZEEFEICHER SN TV, DXITE
p-tau BN —REHISGET 226D LT, BRHIM
DREBEDHERFS N2V DI, DFFET DR ZE MR
BOMATIZEAL D THAHLHELE 5, AD JER
ZOFFELTZ INPH 23, AD JRELOMEITICEY 3 Fi%
IITER D EAL L= DL E 2 505, A RIOf;
F0, B v M ARTO BT BT E
72 ENARESNDIERED HDOZWrClE, INPH Tk}
T HU Y MRF RN Rk 3 20% T3
HZEIITET, EROZMNTINZ T, MiaiOBEIR
HEMEOEHRIL, BE#T%TFHICAEHTHLZL
DR L=,

— 5 CiNPH Ol A A~ —H—IZBL L, 7
AR BERBEH TR H O KD DI
B FREDOBER ~DBATHDNNIZIT T ADE
EhML, EHEZR CHRONOBEIRD A AF~



— 1 — (I REHR AT OPL R PR T O & IR
AT DT, TV NA~— IR B e E T DARYLE
REIRNEVY B RLHD,

E. i

INPH B3 C, HITRTOREIR H p—tau 3 EE (
=30pg/mL) THHEE X, WEZHIZTINPH O
BRI ET R T2 DESH FTRAA L QN Th, i
% 3 A, 6 A OREETIE—FFZER O
DELNDN, 14, 248, 3ELRFEHLEBIZ,
AA 575377 activities of daily livin (ADL)DAK R 2332
DI, EUITREBEREIR TAZE LWL
Teo — 5, A&MERE (p-tau< 30pg/mL) T, itk
FBENOHENESNTEY, 1 414, 2 %L
ADL ZHEFRFL Tz, 3 B H T D ADL R T 23
ROLNTEHLOD, BIRTefERi RIS,
FIHOREIR + p-tau JEIZEY, v Mithk 34
#% o INPH 4 D MMSE % FlllL7Z, & p-tau ¥
IXAD JREE DO FEZEIRL, v MBI R IT4
IR E ST,

AWFFENZEIE, ] Alzheimers Dis. 66 319-331.
2018, doi: 10.3233/JAD-180557 (= T L7~

F. B ZE385%
1. FCHE
Madoka Nakajima, Masakazu Miyajima, Ikuko

Ogino, Chihiro Akiba, Kaito Kawamura, Yoshinao
Harada, Takeshi Hara, Hidenori Sugano, Kostadin
Karagiozov, Takeshi Ikeuchi, Takahiko Tokuda,

Hajime Arai: Early stage phosphorylated tau
measurement of cerebrospinal fluid can predict
cognitive function 3 years after shunt surgery in
patients  with  idiopathic = normal pressure
hydrocephalus. J Alzheimers Dis. 66 319-331.
2018, doi: 10.3233/JAD-180557 (IFF 3.476)

2.FEEFHK

LoE M, g —, KELOA, HiiF —
xMAP platform (ZEDIRATREK DOV (L2 7 E H
B VTR MR T R K BE B H O v MiTi2 3
R ORINEREE T LTS, B AR
PR 1T IR, filE,12.0ct.2018

2.Madoka Nakajima, Masakazu Miyajima, Ikuko
Ogino, Chihiro Akiba, Kaito Kawamura, Hajime
Arai: Early stage p-tau measurement of
cerebrospinal fluid can predict cognitive function 3
years after shunt surgery in patients with idiopathic
normal pressure hydrocephalus. Hydrocephalus
2018, Bologna, Itary, 21.0c¢t.2018

G. SN EEFE D HIRE - BEIRIL (P EEZ T L)
L. FFEF S
7oL
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L
3. DA,
72l



TRR 30 4 EE TR AN SE T
[ b tsh et Jg B TS FH 0D % R S R SR AL A
LRI - SRS &

R B B AL A MEE R R B B 1T D BRIR D B LT
8 PR 2 WIT B Y8 D 22 X4 PR RR BIE ~ 25 st 3k [ FE~
Japanese validation study of consensus criteria for the diagnosis of corticobasal
degeneration ~multicenter study~ (J-VAC study)

mEREE HHAT Y
oEotEE N D, NESF BRI, BRSO, MEPEY, miE B9 THER S,
& HEEL O, AP ILIEHE D, FESLBTIS S | RN O RKE—ER 10 /NEREER] D, EARE 1D
TR T 1, BUEERW, BNLE S, BRSBTS | PR 19, J-VAC study group

BB DE LIRS A BRI R, D TR R PIAT FE TR (s TR RE AR AT VIR AR
D HERE, VR RFERFRE FEFSRATIER MR - BAELE OFINE RN E R AR IERT
DRI R RFER v Z — MR NE S A ) V=22 2 — IR (Bl T LA N ),
OF NAFY Y =2z — O BHABZEER, PRERE AR EVIIERT SRAVE « IR MEERERTIE 0y
B OJEHRE R AR R, IR SRR BERR AR D 5ARTI AR R REATE ST R R Ao e P
BUSPRRIE, WENCH - MREERIIE o 2 — BRSO RUORSE ORI 1D R IO
Fofrel A 7 R M A [ R S A A AR R N R 22 0 B 1O DR eI AR T LR & o & — fhi N R

RS
973 B 52 B2 N R BT S JEE A% 28 149 (Corticobasal - degeneration:CBD) & 32 W & AU 72 IE B 8 W\ T
1 - AL - ERRB ORI 21T o 7, DOBEIZIIT H CBD DOFAEF#n<C M HI Ik O s
LIZIERI%ETH -7, DAEIZEIT S CBD DORAEFRKZENIEL CBD/CBS 7% 44%., H#EATMHAZE Bk R
28%., TV oA = —BUERAYE, RIERIBRAERINAE 23 & 2 8% T o 7=, FRAREME O B 13, 8%
REREREEE  ATRERERS S BMTIEE, N—F L V= X AN KITHIT U &35 CBS ORI

72> Tz, Armstrong FEHED LT 1T, 2EERF 43%, &% 63% CTh o 72, 5% P IIFEZW, BT,
EALHRAT OFE R 2 Bt B RERHI 2 0 iAI, T AT D TETH D,

AFFSE H )

KW B H I B A T GE (Corticobasal
degeneration:CBD) D Ef RIEME X225 T, KINL
B FE A IEE T (corticobasal syndrome:CBS)id—
HICEET, SEIERERGE & D2 LD
LM I T, £D7=® CBD DOERTZHIHIT
DO TEY, 2013 4£(Z Armstrong HIZ LY
CBD D3 LW ERIRFZ W EEE(Armstrong FE7E) 73
FER I TN, E DO validation study (2 L4
IR - BRETE LSRN I LIRS T
%, DNBED CBD B DA & % s LR
THOMNZT D E L BT, CBD EERKZH Lz
BIOWE FIRBL A ETT 2 Z £ I12 XD Armstrong
FAEDRLIE T L ORI 2 Mt L. CBD IZBE
HIFROEOERRFT A L. KV EEDOS

WEEIRZZW L2 BT 2 2 L2 HIEE T 5,
AAEFE L, JRHESFEIIC CBD & 2 ST 5]
DEFREBEZHENITHZEEBRET 5,

BAFFEHE (BRI~ ORE 2 5 10)
RIRITIFRELZMNCC CBD L&, &ix
T3 L OVEALFERIENTIZC CBD Th b Z &2
MR S IVTIER], FPIRSREL2 I & 1T 5 BFTER% R
(BARTRZ:, ERSCARRRIRPLE, [ESTAGfR - AR E
FEWFEE & —) Tl N U TR - RO
HDIEHZ LI, WELTFHIC CBD OR2Hr ik
(Dickson et al. 2002) #7290 E 9 nE R
T2, HBRFIC T MAPT EROF LR | F T
MEFLRASMEFICTYZAX 78y b
(WDIESEZHWTEREZ UONR S RRF—



75> CBD IZHET 20 metd 5, £7o2iek

B PER, %ﬁ%ﬁ FECRFES, W1 O
4. BORERIRZWA . FIERFOSERE, 2%
CBD Armstrong 2B HEDIHE | CBS &GT 7~
7V UEMEDIEH, NINDS-SPSP OIEH 72 &
EHRITEMICRET D & Ebiz, REShL T
% MRI Z JUREME R R EER 4 — A HE
TN REEAELT L, MR AR E RN OF
- AL, BE RS O ST o, R -
FEMOALDERE S L2, FBNFHEZ1T 5,
Armstrong FEYEIZ 35 1F 2 A ERIR A O EIE % 51
R REERETT D,

(BRI~ DALE)

AWFZEIE T ANEXtG & 5 EFE R R B
LfmERES) BIO Te N7 A - AR TENT

ZEIZ BT D fmERE ST A sy L CHFgE & FEi
T 5, AN ZRFE T E D AFHRITIEE L,
KSR AF BT RS L, fhooffF%e %%A
TR L 2oV, ARHFZE DT — Z 13 MaEE vTRE 22
%(ﬁ%é@ﬁ%@ﬁﬁﬂ@%)@¢ﬂ%%é
b,

Rk 27 429 H 14 B ENTIRBERERE R4 5 R IR
FefEl R EAICHE L, KRS, ABFET
WO BEFREL - fFdRoFEHICOWT, ZTEEN
DAMEIZE T 5 FEE L W72 < 2 & IR EE
T%étw HREOFH TR, £0
7o, THEHEND DORIWE DbE O K OBEE
ﬁﬂ %ﬁ@ﬂ%m@ﬂ%%ﬁfﬁéﬁé%%
g5 72 DI, Rk 27 210 A 29 HA— AS—
D ARG DN 2 8B LTz,

(oF5i5 % P

BiRF U CHEIE LT\ 5 CBD JREEZ B 78 44
DY, BHAED Y IEFIL 39 F T, FAERREEE
B 65.0 %, SECIREEEIF i 72.8 k. 240 5EI%
M 7.6 ETH -T2, ZORDLSIERNE LN
FEBNZ DN T R R 24T > 72,

(1) BB F(MAPDFENT (n=32)

AT 24T o 72 32 K © H T Benign
polymorphism 7% 8 R TR WZE I 7z,
FTDP-17 ® 1 ZR T A X —NHLHEDH 5
pathogenic mutation 25 1 i TFEH HAL7z,

(2) HALFFEHT (n=36)
36 4 H1 32 A4 134 FAIZ CBD & L THJE7R

L & Sz, CBD OFHM(37kD) & A9 5 A3,

T IV NA = — IR ISR LT R0 & 0 IS

HE U MBIDN 15 PSP /8 & — o Z ok 351 208 1 Al

Ny R SR Do T2 EF & 2 BlRRD T,
(3) B RN

3 EFITPRPTEEZ TN E T Ly R0 OREFIC
DWW THERIEES T, RIEFI O T LI
AT, MEERZHET 5 TETH D,
(4) HRB (n=35)
CBDGXEWQJ%$U%SiCBD@BSﬁ“M%
T M B E M RR L (progressive  spranuclear
;mmypmnzs%> T A = —BIERINE 8% .
ATEERIEERL R AE (FTD)8 %, L ¥ o —/ MK
6% T -7z, CBD OHMZWI Tlb L DIiT
CBD/CBS, PSP T% 4 19%, D\ TL U 1 —/h
{&J (PD14%. Dementia with Lewy body3%)7}
17% T o723, ZOMT VY A~ —FEEH
JiE 8%, FTD6%, RRHVE 6%78 & ZIKIZH 7=~
Tz,
Armstrong %—% B KRR OEIE (2
Z2/4088) 1. probable CBS 3%/4%. possible
CBS 33%/44% . Frontal behavioral-spatial
syndrome(FBS) 50%/68%. non-fluent /agrammatic
varant of primary progressive aphasia(naPPA)
7%/21%, progressive supranuclear palsy syndrome
(PSPS) 45%/86% T & - 7=, % 7= probable sporadic
CBD D1 43%/63%. possible CBD P JE S
1% 67%/67% T > 72,

D.E %

DHBEN kiéam®%ﬁ$ﬁ%%f@ﬁ

Bk oS L IRIERIESECTH -T2, £72 CBD ©
R X CBD, PSP 13K X 0 oK% < (FTD
DO REENFEL D Z A T 172> T,

Armstrong FEYETEFIRIFRUZIN 2 e o7z
AD-like dementia X 3E T 8% FELE L T,
VIHZWr 2 1Rk Izt~ CBD 2372 <. PSP,
U —/MER IR S T W ARG S
Motz ZRUE. AEIOBINHERITAFRNER
2N EICERRT S EBZ LI, EEO B
REHIZ, PSP Okl & Ll T 5725, CBD Tlddt
WATEND BRI HEL L Tz,

Armstrong FEVED R IIRCK O E & [F%E T
0 RN IECKIZEE X PSPS 234 < . FBS
IZIF% T, CBS. naPPA 2372 7ho 7=,

E.f 7

DMENZEIT D CBD JRELZ W O G RE 5
%ﬁJLM¥MﬁJEm%%W®mW@%®
¢WM%#%%$¢LtJBDW@ mmwé
ATRZWTERIE 44% T, SRMEGRABEREREE . T
Km\\~%//%xA%mﬁf_mm AT
IO LT D CBS ORI L 2T Do
7. Armstrong FEMEDJKEL L, 2L 43%, &
R 63% THCK E R TH o 72, P RIFIZH



A, Bs T, AT ORER LY, a vtk
VYR I =T T TR T G &l
FTETH D,

FAfFE 33
1R R

L

QEDFER
*I. Aiba, T. Shimohata, S. Murayama, K. Hasegawa,
Y. Iwasaki, O. Yokota, H. Fujimura, M. Sakai, T.
Yokota, I. Yabe, H. Takigawa, K. Sugaya, K. Mori,
M. Ito, C. Ishida, M. Kobayashi, Y. Hashizume, T.
Ikeuchi, M. Hasegawa, M. Yoshida, T. Komori, K.
Wakabayashi, Y. Saito, A. Tokumaru, K. Sakurai,

K. Nakashima. Clinical features and natural history
of pathologically-confirmed corticobasal
degeneration:A Japanese validation study of CBD
(J-VAC  study).
Parkinson’s Disease and Movement Disorders

(Hong Kong) 2018.10.7

International ~ Congress  of

GENHIAPEFED A - B&RDL (PEZ G Te)
LRI
72l

2. ZR ek
L

3.2 DA,



TRk 30 4 EE TR RN SE T
[ b Ash et g BHL S TS P 0D % AP B L [RIBTFFE L A5
LRI - SRS &

Boron neutron capture therapy (BNCT) 23¥&fH - 2B KIT TR OMKRET

WefkE ok 27D
WRsaiEE @m 22, w2z 2)

D) s R AR DRI R s 2) BHECEMRTERT MR R R

RS
BEFIEIX T2 THELS | FRITLE TH D, T OBERBERTRITEHIED 80%LL ETHDH, —H,

R o FEHVE T4 e 15 (Boron Neutron Capture Therapy: BNCT)idads 755 2 BV 3A A 72 IS ADC
hEFRE END &, RUBLPHFNRRIGLT VT 7R & ) F U ARBEREET D, Zhb
VAR 1 E Sy 0 Z < HWIRFED E Linear Energy Transfer(LET) i8R CREE AN 2 S22 4R A0 1Al -
BB S E 5, Fixid BNCT ZFRBIFMAEF IR L TITV, PHREZIERELTE7/, LirL, BNCT
BERTDHZEET TV, IO E LT, EEERERICHET, IMEMRIEREOE N L)
ST, MEMIRIERIT, BNCT 23535 L7=0), E2I3EREORCTH DO EH 6N TIERY, 4
B, FxidfEMaIa=r—ra Yy — e LTHEEIN TS, MlgshMaoF D exosome 73
BNCT % OMHE RIS B D EE L, BNCT %O E BRAH D0 EH/5 Z Lz Lz,
LAY exosome & D THIH 2 FIEZIT o723, 9 £ 0o 7o, KEEIIHIEEZEZ
THED TN,

A BZE H Y NGT-41 F 7213 GBM1 5388 i L CilE

) . . BEMNTLIE NE D )& in vitro TR 5,
BT - (LR A A C pde o) PR invite TS
TS THEL 15 2H~18 "H Th 5,

HWHEITRPTEHEDY 80% LA ETh 5 73, HllfuEeiR 3. BB N TV WRBIEIEME NGT-41,
s LET BSRIaHE Th 5 h v F et GBM1 % &4t U7 ESEE T L0 sli It
%&‘?ﬁ (BNCT) &:iofﬂﬁg@%ﬁﬁfﬁlﬁﬂ@ﬁi %’ﬁ— Xl % avi slice culture

MATREL 2o TPz, Lo Utrhiiemis  © exosome LRI L Gl - fARALET 54>
i< 2 E D TEPIRARDIRBT.5%) L 72> T L9 EBHET T Tl D,

WD, ARFE TIRBIEE D U BIEERE %I A T
LW ERRIE ISR 2 A V=X L&

exosome Z XA Z L THEMIT A, C. iFFERE R

R EHEAN D USTMG DFERRE 2o s o — LEBED
B. 5 (fmEm~DEE % & 1) exososome %, i lMEE VT, B o
1. BRI Z O (X #7212 BNCT) B 2 EBTE, Ll BREIEORH

TRET 1% . MBS0 T I2E £ 5 exosome & il 25 exosome Z N5 Z ENTE o Tz,
Hi. LC-MS TH 307 BT L, JERRGTRE &
g5, S HICHERE THEET S cell line

(NGT-41 % 7-1% GBM1) 12>\ \C & JEHRS - D. H5%
T BRI DWW TRERICTR D, MR BRI B SR & Zp | BEFE L TR
W=Dz, MR D IpinoTe, D=2
2. Exosome % HR&F X1 TR BEEEIRY, HEETRE & T exosome Z B 5 Z & 23 A



TholztE2bND, HmE s VTR F. BF3E3 3R (amims o+ % b o)

T2 L0 HHIROF v b A > TR S Hik 1. fmCHER
CEEFTHTETH D, 2L,
E. {35 2. FRFR
AR T exosome DAY 7 & b o1 — )L & fEST. 2L,
THIENTE o dz, KREE T HERUE
LAFSE 2D T L, G. IR PEME D HIFE - BEIRIL (FEZEETe)

L,



SRR 30 A BEHTIR M FE T
[ AR pfel Ty B TS FH 0D R R8T B (R T E LA )

He[w A

- SRR &

RNA-seq fENT & FAV D 55 AR & BETRME MR B R (I BT 5 0 1
DR - [FE

1)

mERERE Ok W
BrEsHEE M fRP. R fF. kA e,
SR RAT . e BEMED. el A

DIRBRIE R R RREEL A BEE . DR RN ZERT, P BV R AR Rl R

MEEE
fih 2 720 THRAFT 21T EPE LR B R B ORI & L iThn = R oRMEEARD 13 2>
T/ HEREL L 72008, F 8 &2 & ekl > & RNA Zfhi L. RNA-seq fi#ttT 217 -7, RNA-seq 71 7
VIR U TR, =27 2 U A BIFI T A T2, BJE & MR CIERE T 1 7 7 A Ln

RESERY BAEOBIGFOEBMR RSN,

LUy I L 72 Ahit B D R 72 5 4 o TV R D %

BIAEIRATIZ n=1 720D T, MEHHIAEZEZ LT OIEE L2 7,

ATFREH

AHIGE UL, EETR PR AR PR 8 e s M e B
DIEFIZ IV TERIS VD TR AR A K O3
AR ~ 7 AE T L OB KA RO
RNA-Seq AT L0 Fr Bl R BE o & [ E T 52
EERMET D,

B.WtFe 5k (i ~DORE 25 Tr)

HETRPE AR R P MR R DIR R ITIR
TR SV TN HHAEA DD RNA 24l HL
RNA-Seq FEATZATV N, 95 B 7y + DR R Z2AT
ST, 7238 AMIFELIHEG B K ONBE P R R
B B 2 OKRBE S TV,

C. WFFekE R

Fe RUE B P EETE ME AR A Aok I T T & JE
it U7 B O FIRRHEEARD 13 23 HEE
L 7=tk J2 i 2 G ek © RNA ZfhH L.
RNA-seq #47-7-, RNA-seq 71 77 VU —i%
MU ChHERL =7 = A B TR T2,
FERR I OFRER DD | FRE & AP DO T
IFRBELT 0 7 7 A NVDBRELE-TEY,
BHOBMLBTOEBN O, WfF L7

BLD R D9 o 7 VRO BLEEENT X n=1
72D T EHIAEELY BT OIFE Lo 7z,
B B RE & B RAL O B C OBAR FR BT I
FIfE 72 E VSR BT,

W T AN 0D 2 i O AL G € L TE 5 BN D B i
& DIEIEN R LI R BN o T,

D. B
EREEIHROD TP LX—DEE T, HHE
RRICAE T2 D720 TRAPT DT EDOW LV VE
HEAED T, FIHAERm S 7z, FITiE
RO RS, IEF#RS, BEEARRIC L D SR S
TWHDOT, RE L EE ALK TR FI8E
WEWRAZ LD EWFF LT, FIRENLIE
DOFFREDI3E, BTk 6 FMfm L TR, =
DR SR O FHEEE S LT FTREMED B 5
FRAGARRE DO MR T I FEN DR ARHRE B D
DT, BB 2 O KRR AR HE S D
RNA "M ETHDHEEX DL, TV A
WZIRA N H D X o I,

E. #E5
TR UM B =V & 1 5 R VT



BETHIND, BWET LOY T ILE T
RNA-seq #2175 Z L NEIC 2> T 5D,

F. BFRRER (Lamms BT 5 6 o)
LARCHER  (eilkits B0 H-RITEEZTAL,
1. Katano T, Takao K, Abe M, Yamazaki M,
Watanabe M, Miyakawa T, Sakimura K,
Ito S. Distribution of Caskinl protein

and phenotypic characterization of its
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Texture3D <float4> t: register (t0);

// Per—pixel color data passed through the
pixel shader.
struct PixelShaderInput

{
minl6float4 pos : SV_POSITION;
minl6float3 color : COLORO;
minl6float3 norm  : NORMAL;
minl6float3 tex @ WDGYU;

minl6float3 abab . ABAB;

// The pixel shader passes through the color
data. The color data from

// is interpolated and assigned to a pixel at
the rasterization step.

minl6float4 main(PixelShaderInput input)
SV_TARGET

{

uint w, h, d;
t. GetDimensions(w, h, d);

float4 tval;

// (x, v, z, miplevel)

float4 dr = float4 (input. abab. x * w,
input. abab.y * h, input.abab.z * d, 0);

float4 loc = float4 (input. tex. x * w,
input. tex.y * h, input.tex.z * d, 0) =
0.999999;

/] FEETLHEHE
tval = t.Load(loc) * 0.015;

float tvalx = tval. x;
float tvaly = tval.y;
float tvalz
for (uint i =0; i <200/%120%/; i++)

tval. z;

{

loc += dr;

float4 newTval =
t. Load (loc) ;

// lay cast

tvalx += newTval. x * 0.016;



tvaly += newTval.y * 0.016;
tvalz += newTval.z * 0. 016;
}
// tval = float4 (tvalx, tvaly, tvalz,
13

tval = float4(tvalx * 0.2f, tvaly,
tvalz * 0.2f, 1);

return (minl6float4)tval;

MRA Eife 7 7V Y 7 By = —&— (MIP )
D HLSL == — K

Texture3D <float4> t: register(t0);

//static float aaa = 0;

// Per—-pixel color data passed through the
pixel shader.
struct PixelShaderInput
{

minl6float4 pos : SV_POSITION;
minl6float3 color : COLORO;
minl6float3 norm @ NORMAL;
minl6float3d tex : WDGYU;
minl6float3 abab  : ABAB;

}s

// The pixel shader passes through the color
data. The color data from

// is interpolated and assigned to a pixel at
the rasterization step.

minl6float4 main(PixelShaderInput input) :
SV_TARGET

{

uint w, h, d;

t. GetDimensions(w, h, d);

float4 tval;

// (x, vy, z, miplevel)
float4 dr = float4 (input. abab. x * w,

input. abab.y * h, input.abab.z * d, 0);

float4 loc = float4 (input. tex. x * w,
input. tex.y * h, input.tex.z * d, 0)
0.999999;

//  MIP
tval = t.Load(loc);

float tvalx = tval. x;
float tvaly
float tvalz = tval. z;

for (uint i =0; i < 200/*120%/; i++)

tval. y;

{
loc += dr;
float4 newTval =
t. Load (loc) ;
// maximum intensity
projection
if (newTval.x > tvalx) {
tvalx = newlval. x;
}
if (newTval.y > tvaly) {
tvaly = newTval.y;
}
if (newTval.z > tvalz) {
tvalz = newlval. z;
}
}
// tval = float4(tvalx, tvaly, tvalz,
13
tval = float4 (tvalx * 0.2f, tvaly,

tvalz * 0.2f, 1);

return (minl6float4)tval;
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WK M DRI -5 < H OB AES) I
FATT HMIESR) A AR OB
37 KL 2018.12.02 BE KL H
¥ A (JIG)

G. FNEAEEME D R - BERIRTL (PEE AT
L. RS
7L
2. BRI 28 8%
L
3. Z OAth,
L

— 115 —



SRR 30 £EEEBTIR R FMUAT FERT
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\Z kD2 oI EEfT ., ERROY T
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SI7=28, BOLD-fMRI & Hp 284 L LT, il
BRth EIZIERBFICKRELSBEERBLT 5 Z &
(initial dip) 2RI Sz,

X 2:
PR %3 2 BT fE i
(fe) LR EEA{bE—
() o IR DORERR DS b
DAL I T HET,

D. B

TN L=y gy — A K DRI
=203 Vi SN @y il = I NVAP) ¥ o Y (AR
L, KFa hro T ZAGICKT 5 R 2 1
T BN, FEOBRBICEE L-BHE 7 E
/) (initial dip) 1% BOLD-fMRI & (ZHH &0
WZERRDEFHSTHY . L0 EEITNMRIEIC
BRI D AIREMED & 2 08, B 7R GAE 21T 9 121X
A Al L7z m-sequence HIIPIZ X A1 (flow
WE) DLEERVEATH D,

E. fm

AWFFE DB EIR R ThH 2 MR OB EICE
TOHHLWAEIRIZESE, T1 Zfkax H\iz fMRI
FIEOATREMEIZ DWW TR LT, MEFERIER 4O
TBZEEMDRNo T, AT Ty VITIRIE
SINTHBY, SBOFEITHRE L7z,

F. iF5e R &
1. 3RSCRE

HL,
2. P2 RFK

1. Suzuki K, Suzuki Y, Fukunaga M, Sakata
M, Nakada T. Entropy-based functional
magnetic resonance imaging, Entropy
2018 (Barcelona, Spain) 2018 4~5 H

G. ZNHORABERE D HIRE - B ERIRIL
B,
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SRR 30 4 EE TR AT FE T
[ b Pt g BEAE A TS P 0D e ) SR [RATT ZE L5
SLEFI - SRR S &

ARY X LDBIEFHRE~ T A L DT

WERFERL W B
WRNEERSL W @2, ©/ #R2)

1) B 5 RIS R « 2 TR R e s
2) BB ARSI - ARV — e L & — - BB SRR 5 B

MRES
AT & > TR OIRIEAZ THEE ] O TH S 24 BRSO AR Y X203, #EORIIH NS H
NG DT, MAORBHHIE L ELS V7 LTW5D, ZOMHAIE, B ) & LR Emic
WD ET, REIRFESNTEY, ZMlaEMmcis T, fx Ofia L~ L CORFHEETIC X
U XLFIENIEATH D0, MR OGERE THL 20U X LIRS D ENH 5, HELEIC
1L, &8 OG22 HE 3 2 TR 2312 X _E#% (Suprachiasmatic nucleus: SCN) I[ZfF7ET 5,
T2 1T SN IZHBLT S F AL F CRE L, V ALIRIETEEL ) v 77U b~ U ATk
HNZHRET H 7' 1Y =7 b (SCN-Gene Project) ZHEME L TV | A ENE, MR O RMEZEICER L,

T OMRARZEICE G T 2 BE T HZ~ Y AZER L, R U XAREOS T2 R LT,

A BFREBEH)

B DT~ OEEIL, HIRE Tl L7z AN TR
HDEIoTEY, ZHIT X D8 x OREFEREH
WEINTWD, MERFEEZ & B EAEFICEALT
b VT NI REFERZ A NOEET, MR
U X A, iR B 2% Circadian rhythm sleep
disorders IR L CWA, ZORELZHF LN
WNTREAT 52 L 2FAx IFENE LTS, D
HCHA T, MR Y XL0HETHY . FiED4
TOBMBY XA ZHET HHRLX L
suprachiasmatic nucleus (SCN)IZ7{:H L CTHFZE
ZHEDTND, ZOFTH, Foxid SONIZHHLT
LT EMABEFCEIVFEEL, U ALK

WL ) v T U MU A THEBERICHRET
H7a Y=V k(SCN-Gene Project) ZHEdE L T,
BER U R ABEIREEZE 0 4y THERE O Iz 2 1 %
HIF TN D,

Alal, SCN IZHBLT D FM~TF FRB LU D
SR, Z ML SCN IZRBLT D eiREICE 5
T 5 LB R HNDABEIEYE O SON Fr5ery /
JT U R REERLZEDITENY X AERIE

L. TOEM &S F L~V TR LTz,

B. WF5E 5 (fdlim ~DRLRE Z & L)

SCN-Gene Project 1%, AFDA Y ) —= 7 A
NZ T O—TTT 5,

1)~ WAV —=2 7 SINEZRXTT 7 kL,
Affimetrix GeneChip Mouse Genome 430 2. 0 array
R —RAT Y == T %175, AELLE
12, 379 HOBAR T D 5 b, TEMEWHE ., BEREA A
DZEEH 2IRA7 ) —=7ICEb Lz, 20D
2B, I BMEBAICATR o THRITL TV D DI,
BEREDAR A2, U A FORE STV 70 GPCR
BRETHD,

2) ZIRAZ Y —=r7 : SCN TORBLE ERF
FEBS2A9IZ in situ hybridization O F1E THER
%o ZhdE, HAAX BN EE 0. 5mm DERIZ O/
MR TH D720, ERROXUFT o METIL,
ZNLS O bREHZ G END T2, —IRA Y
U —= 771} TlX false positive MWD
ThbH, ZOERPEANFEILY, B (CT4)
L& (CT16) TEInFREIDAELMHTE D, =
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DOfER, B X ERZIZR < FHBLT 24 2000 &80
B AR L7,

3) ZRAZ V== T LT/ v I T U R~wY
ZDONERL, MR A7 ) —= 7 & L ClEln
L7-EW) OITEVRATIC L D U A LB Z k7=
YU ADREEAT T, TODOL, HHAOHRE =
Y hur—Ry 7 AT EEKT E D~ T AD 24
B U X% —» ALL ElChlzo THRET 5,

Aal, 2F OHIEOBR WL~ T A2 TR
<. SN (ZAR D TR EZIZIR B M O 58 W
SCN-specific CRE # FHWC, 2T 4> aF< /
v 7T MOFEICTHRE L,

AHFIETIT 5 B FEBRIT R T, AR FEY HE
BREE S DKREF TS, £, AWFETIT S
KA Z DNA SEBRICOWTh, RUER R4 # 2 DNA
EBREEARDEKRBEE WD, £/, WIS
\ZH 1T HENMY FEERSE O il B3 % AR (CF
i 18 A SCERF A SR 11 5) Z ST L CET
T 5,

C. AFZehE R

K2 —27y N T D SINBIG T DOWEEE KA A %
a—RLTWATZ Y% loxP A THEeA, &
L7 va Do Neo Btk & fri FlFl &8 A L
7B =T IRy A —EfER L, =L 7 bu
Rl — a3 EICKY CBTBL/6 <~ 7 AHKED ES
AR ~EEA LTz, 7 ay Mk PCR IEIC
X0 FFERES 2 A3E U2 BS a2 5858 L7,
T, AR ES M A MR ~TEA L, (OB
DFE~NEBMETHZETIF AT REE, #
Az ES O H HRBDEWNVEDOF AT T A L
o> C57BL/6 ~ U A AR EEHZ & TFL v v
AxfFle, Fl~U AL 2H T Cre 25T 5~
VAERHSEDHZ LT/ v I T IR~ A%
7,

I HIZ, SCN IZHBT H L HEMR 1. SCN
O b g THILL TV D72, SCN DOiEfs
FRBDPATEN Y XA LERE 25| i Z 30T
Thbd, £ZT, FxlL, ZOBEIBTD FL w7
AL 2T flippase 23 BT H~ U A&/
DI ETNeo ilHNEFRE Lo~ T A %472, &
51T, SCN-Cre v U XA L RZPLIH5H Z & T, SCN
R ) v T 0 b= U RAEER LTS,

Z D SCN FFB ) KO ~ 7 AR o, 2o

~ U AOATENY AL fEERESRAE T S
RN BELRFREDE OV A RTIRE, B DR, REAEER
HETZBWTEZlE L, ZDO®E{E 700 SCN D
TOMAWELZRET S, ZOA NI TV—%,
SCN (2R BLT D DBIEFIZ OV T HIT-TEY |
%< D, SIN FFR=a T4 aF ) v I 7y
b~ A E TN D,
PLEOTRTHED TWEHD, T ETIZ, SCN
FrEAVia HDHWEIVIb /v 7T o7 h~o &, ff
IBEFRA Via / v 7 T 0 b~ A FEERERE
Vib /v 770 =~ ZAOERPBET Lz, £,
SCN T kFa ) UFRER~T A G H
WRIEY T FMREEEMT DR T OMEEZE R
~UA, BHEY VEBEBERAER U A B
FRL, VALBREORELREFTH D,
ITENSEBR & LT, BIEE T, v 7 Hric
RS AT DT OMELZ L, RZAEERGTET
L7co AR, MPRMEZIARFIERTETH D,

D. BE

TDARNTTFVO—EHNWT, ZNET, Fxix
TR N T Ly v OZRIRTHD Via &
Vib DX TV w7 T 7 b~ AN, BEEER %
LRIV E AR U7 (Yamaguchi et al.
Science, 342: 85-90, 2013), F7=. SCN |Z1FLE
THEFEANTF R, £20Z/ KL, ERKY X
LB ERTZEERLNILTE T,

BpE L1k, HIRONICH DA, BREE O
Regt & —ZE LWk A SV, WERPEREF O RS
DIRWVIHFIA T, TOAR—BE, SEIE40H
xbebd, BEpliL, = MERITIZE S
Ty EZ7ThHY . FHIRICRIRSE R E
LI, £, REENMEMAICH < FEEE
Thov7 NU—7 ORIE, FREOEHIRY 2R
(OINZ T BEARBOECATE B IERIIE D KD Y
A7 I EF b TW5D,

Foxix, NIRRT E BREOKGFIOTNTH D
K2 F N Z OREREDORK CTHD &5 %
TW5%, LIEI, Virginia KZ2® Gene Block @7
=T, B~ U A EE 7R RFAREICEB <
L (CHMIZ L ICHIERELZAINE ST 5), Ein
YU AFEFREERTHET D E VD FEEHR
# L 7= (Davidson et al. Curr Biol 16:
R914-916. 2006), ZFUiE, FFZEA K & 2 A F AL [
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EEKTENVI, VIO TOERELRFETHD,
Fexld, FFEIC X D BREE & NIRRT OMEH 1)
AU, HEROREICHEETIT RV E&E X,
BN ViaVlibh X7V v 7 T 7 b~ A7
O, BRI ->Th, BERENEE 20O TIE
RONERRE LT, FEER, BMERZEREE T Ik W
T, BAMER~ 7 AIRESFHECEN LT 5D
DIZH LT, BEENEW ViaVlb X7V ) v 7T
T URAZOEFITE D N0 T
(Yamaguchi and Okamura, iScience, 5:118-122
2018),

E. f&7

BUE, BREORFIORZINEHE L TH, KR
RERESREEN L, S0 CE UL, REEY A
JIIECROVDOTIIRW), EEZXTWD, iEo
T, oo SINFFR e a T o at v, v o7
7 b= A Th, BEEE L NRMERGFOFIICE R
ZHT, BLE. BEETTH D,

F. Bfges#k (L5iafE4 o951 m)
1. FER
AL

L [F #: KEHEEFICL D AT rA R
HiE, 55 61 [m] A AKE IR PR AN AR
2> Current Issue 2: A7 1A RKK/JLE
NS R D ARTHEIEAE . SR 30 425 H 26
H-JPX%U— (CExD.

2. Okamura H: (Symposium) Molecular
mechanism of circadian rhythm and
metabolism in mammals, in XV European
Biological Rhythms Society Congress,
July 31, 2017, Amsterdam, Netherlands

3. PARSE) RS TR EATEN Y X A
%5 25 [ H ARKFEAEW P27 I R PRk
30 4210 A 21 B « RMRRSIE S0 AL Ok
o (RIR)

G. FIFIETEERE D HHE - B &R DL
L. R EUS
L

2. FEHER e
7L
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SRR 30 4 EE TR AT FE T
[ b Aot 3 B TS ) 0D 9% AERT RE AL [RIBTFFEHL L)

SERIFIF - SLRRFgeE S

FRREE] B D BEMEIC XT3 5 CBy R D& E| DA
WRRERERSL we D
WRNEERSL 55 1)
WRNEERS B 2)

WRNEERSL Wi % 2)

1) BRmRSERERRE SRR 2) BB eHT

MREEE
R, T E A R CBy ZBEN AR RIC I TIEL L, 1] S 2DORERE 2 4H - T 5 Al HEME

DRI TND, FEFEEEE TOMFR T, TANATRIEIZ X215 OMEHE 2 CB, A K%/ Lz
WIRPES T8 A B2 7T D0l LT % ATREMEAVRIR S A7z, K 30 4R EE I RIS 375
NRPER T8 A R 7T ) o 7O BRITE FO~ U A THRET LTz, AR T B/ A K
2-arachidonoyl glycerol DPEAERER Z KB Lo~ T AL CBIZARE XK LI ATY v v 77—
Fe-1ES CAL $ERAIR S T 7 2281 2 R M2 B HTE T TR Lz L 2 A 2 OB WA
B T AR 7 R LR U CRIFRE O > F 7 AMREOMRNRO biviz, L7z -> T, BHITE T

D~ AZBT HUEE CAl BB 7 A OERI A HIE~D CB Z &K, CB, 2B IROH E /220X
RN EEZ BN,
AFFRER B. Wie 5 (i~ E 2 & ie)

UTHE | CBy 52 AR 3 HAR A0 S 0D A48l e L 2 5% HERKZECL > TEHEN B FSE~ D
BLL,ZOMEZFE LT\ A ATHEMEA2 RT3 ST A&V, BRI, AR e A4 K

DL MEINTND, L2 L, CB A RO
REIIWVERLEEEO S DFERPBRESINTE
OF, MRS R ) v 7 T T b~ A& N
TS D72 N2 & h | ARSI 35 1T D38 H
EREREIIH D 2T o Tuvigny,

AMFZEV IR R FE T 0D e o] PR R d% . el
Wy BT LR T ST E AR
2-arachidonoyl (2-AG) @ JE 4 B #&
@%f
CBy ZBKIZON T, BInTHE~Y

glycerol
Diacylglycerol lipase a (DGLa) & | 2-AG D32
3;) é CBI N

A AR UL ATEVER . AEESAR R SERO AT
2TV, CBy AR D AR R IC B 1) 5 el 2

HONITHZ L EARE L,

2-AG DA DGLa % 428 T/XHE L7- DGLa
S IT TR URAERNREST T E A RO
SRR THD CBIZEERERH TRE LTZCB /
I T R~ RAERAW, MBS LT, Fh
O~y A LREOEATI~ T X% Wz,
IND DR~ 7 ADEES CAl PRI E
FiR, ROERFEMR 2 BRI T CHLDIAA, 1 H%ICH
HATEN T T v v 7 7 — IR &2 I L 72 RF D%
%%%ﬁﬁﬁu%ﬁﬁﬁﬁ*%@m%f%M%
AU 1T 20 3L 40 yREIECER L7, R
%%%Eﬁ‘éﬂil{ﬁi 0 PRI A ATz,
F 720617 LT, C57BL/6N % TP CB, floxed ¥
7 ADIEH A DT,
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C. HFZehE R

FEHBEFERAL, v v 7 7 — ORI X

Lk RPTESGEM OIRRIX DGLa / v 7 7 U
F~TRZBWTHCB /v 7T U MU RITE

WTHXRBEL i L CHE R EZITRO b e
Molo, EWIHEEFHER%, DGLa / v 7 7 U b~
T A D ey T Y B OO YRR 13 R W SRR AT &
LRl LT 140%IC A B IR S v7z, RO
IXFAER -~ 7 A L L CHERENBD DI
ehote, CBIZEFR/ v 77U b~ RIZEBN

THRFEE OHERAFED Hiv, 2 FFEOBIR Tk
Eiﬁ%f/‘i‘7%7£f$x_ ,m\fcﬁién B H A
ot

BIAE, CB; floxed ¥ 7 ADHAIMME S £~ F D
FREEZIT-oTWND, 5%, Cre v ALRBLL,
fENT G OENY) 2 VEH L CTHEATIZ T 5,

D. B%

WEAEFE £ CORFEIEN S, I A =V EE
HEARHME D B LML XD TAMARIED Fifi i
MCEGEE ZNEMES T B A R 2-AG # CB
SRR E CBy =R % L Calli LT\ 2% mlRENE
DATRIE S VT, ANAEFE ORFZE TS CA1 O R
PEICRT2NRMED e A4 R 7 F LD
BEFE L, BRHITEN TO~ T AITBWTH
B BIIRo oo,

ITEDOHAE T, CBy AR DIEMAITNER CA3
O HEASHIE OO e B8 1 2 P L T2 03, TS
CA1 O S PR B <0l bR [ JEURZ A e oD 4 e B8
WCIEEEEZEZR NV ERRESNL TS
(Stempel V., et al., Neuron 2016), L7228>T, Z1L
FCOLERPFEOFERBIETEZLDL L, CB X
BEZNLIENEMED T B A4 R 7T T
MRS N ORI X > TIEHA S 72 5 aTRetE A R
X5, ITHE. RNA Scope 1 & W9 EEED In
situ hybridization (2 X T, FFHEARGR O BLEE M
FFEAIIL T CBy 525K mRNA OFREELA RS L
LW ENRENTWEN, Hukz A=k
GBI LD AR S X7 OFBLARIZE L
THHRAMEOL 2R EN 2V, 5% IF
CRISPR-Cas9 % FI|H] L7z SLENDR L2 L5 %
YRR BB U T, CBy IR O FBL A
ZHOCT DL &I, B FE~r 2% H
VW KO0 BRI B BEREAT 21T O,

E. #&i
CBy Z AR DOTEMEAV I X ARRR [A] 1 0Dt F0) B A8 - 4171

Z AN, CBy ZAARIT X 2 BUEME DO I XE A4
R TH D AREM R ST, 5%1X CB 2R

TR DI B AT AT O 18 s+ R BV 2 O T
REFRAT S LT H D,

F.oFgegR (L4 sl 26 m)
1. FSCHER
7L
2. FEHRR
7L
G. ZNHIAPEFE D IHRE - BERIRIL (TEE T L)
L
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TERK 30 AR EEHTR K AN FE AT
(b et 3 B TS FH 0D 9% AR RE AL R JE AL AL
LRI - LR IE S &

=S MRI & FIVWCFEZRRE E A & O D B E KBRS O
B RIS RE L\ B 9~ DA 8

BigefgE sl gy D
BRgesyiig shAk M2 . um ik 2 M D)
D ESEERETEE Y 2 — 2 FHEKEMIERT
MRS

B D Rk EIRER IS L O ERRE B U 72 ATE R R O . I SR I BT 5 AW P HIRE L 3R 72
D, BRI ANCE BRI ARG EZ S5 2 L2 B, YEEATG AR5 E L, @ MRI
ZRT, ATENVR EERE T BRI L 72 AN E Jo L OWRRERI R ZE O B A IERBBMVICHI T~ 5, =ikt
MRT OREZFIH LTckkx 227 7' —F ki, — A7 BE R ClIf H © & e W ERsE I & otk
ZAREL L, TORIED A I = X ADOFFINEDIT 5 Z E MR TE 5,

PERCT > VIEHGSRAT (IMEOIRESE S8 D S %) - BERERY MR BT (BERERYFEIZDRE) ZFIH LT
1TENIE R O B3 2 AR R 2 JER BEAICHEH U S D BARR = (RBR & |2 35\ C right parietal lobe,
bilateral, frontal lobes., bilateral temporal lobes |\ZIF D PLEUFIED EEH T RNTED S,
Z DTS RIMBUE T OREEIZIVN T, connectivity OFEERIERE DMFEET 2 WREMED RIR S U7,

A FFEEB

FEREERB LON D P ERBRE BT
TR IR E L, il L oM E b - Tk
AN ETHEET 5, 2O ORREEFEICIIMIEER
W OFENTRBRENTWDEN, BRI A E
TR AWM FEHGEILIIR TS D 2, ERESE MRT O 4F
PRI Lizkix 727 7o —Fikid, — e
REG Tl T & 220, BRI & o %
AREL L. ZDOFIED A A = X L OIS
L ENHIRFTE D,

AAFIED BHIL, HFEEH S E LRI, S
MRT ZHW T, MR EREO FH D 21552 L T
H b,

B. W% HiE (fFRAEI~DEEZ & 1)
[E S R B EEN I v 7 — e = A DO B

(AU FRCH BEFITTEE 2 — L) ka2 L.

e E OAE £ I RED e R FT R (ShD
W ERR) OFEPHERSNEBE LR LT
%o FHEER 2R, MR RIIINA T, &
ZIS UT, ATEVERIME, S S OB R

21T 9,

WIS INE CREEER . D IIERRE) &
REE M- T, A INEREIE & — I H)
L. @35 MRI & W TGS 217 0 . @R
Gt E % (T2R, 3D Eifg72 L) THLND
i A TR 2 FEYE I L C L BEBERY MR TH11E . HEHK
T Y VEGE O A AT 5, B L7
T — Z T S AT B AEATE A VT R
FEEH LB L, FEM AR T AR T 5, {EIAE
BrZM &z TTZ N—TRMT 24T\ BRI K 2
FLEZ T 5, BICERRM 72 TEP R R R K
OEMEMENT & OB A fiftT 3 5,

TR OWRBRE NI ESINFE OAHEZEBE L 1
FMLLNTHR T PETHY . FiE - fEREICH D
BTV, HEDRHIULET TR E 7213 T
Do Flo. HEEO T OIEY)OWE K AIE L OIE
HL722W, RIS, ARt o
—ICHBASNTWDOIFEE Y I 2 b—4 [BrT X
ZF MR LN —a AT A HER LR
BARBRZ 0 U CALZ AR &, 22 THIER K
Ba1T-72,
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C. FF7ERE R

SO ERERE 5 f1 (14-18 7%) & i % [F]
U< L72IERHREE 7 61 (14-20 m%) & DERKET
R EYEH T > VBRI DR R & DX AAT
VN, right parietal lobe, bilateral, frontal
lobes, bilateral temporal lobes |Z331T A HLEL
R D B T RREE O BT,

ZOFRNG, TRICRT & O ICKIMBEE T R
BB W T, connectivity OFEER) R N{ELET
HEREMEDN R S T2, ZORERERNE 2 S
WP ERBRIT DI RIS A G2 D T L AVUR
ST,

05
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T T
| el
T
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= LI S
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jud
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01 b T T T T
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FIK1 PHL U

Regions of intarests

D. B%

ZOWRE O | S DI ERERD 5 2 D I
OB RIFTT Z EDNRB I N, D DRk
FED, D HE L THRZ TV DL 2R R
M (aRiEEiEe, BOLIEBIERE e & OMRERY
A ORIBESCMBERER) D A 1= X LRIIZS 78
DD AMREMEN D 0 | BT L EENICH KEE
HOHDHLDENWZD,

E. i

a2y b — VREL b L C right parietal
lobe, bilateral frontal lobes, bilateral
temporal lobes (23T 2 AKIEHURHE D B Pt A,
NS, RIMEETOMIEIZE WY T,
connectivity DIEZERYIH MFIET D ATREMED
RIS,

W A58, B BE 2 & o 1o R EREEE OfE
iz i, kA 72 BR TA U 2 IMF8 W IE O FEAM
AN = X LDORIIZ OB N D ENHIFTE 5,

F. BFZE3E3R (Lias 9 % b o)

L. FCFERR
1. Developmental abnormalities of the brain
exposed to childhood maltreatment detected by
diffusion tensor imaging. Yamada K, Suzuki Y,
Okuyama M, Watanabe M, Nakada T.
Neurol Res. 2019 Jan;41(1): 19-25.
doi: 10.1080/01616412.2018. 1522413

2. FoREK
L

G. SN EEME D HFE - BERIRDL (FEZETe)
L. FEF S
7L
2. BRI 28 8%
L
3. =Dl
L
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SRR 30 £EEEBTIR R FMUAT FERT
[ RbgreRie i B RIS ) DB REPT RR S [ JE L)
EFEFA - EFETERES

MFEA] ALS ICBDLABEC Y = R T 4 7 AERFOER

WrefEE e oD
Brgesyig mmo D frm fee D omim k2. me s 2)

D igakpks Eoame 2 SRk M

MRES

ZAVE TIZ ALS B OFREF o dfghis R, SR AHBEE X X DX X aF AR A URBOWD
B OMSh O ERVSER SN TEY . I E & ALS BIEDBIENRE S5, Fo, UM ALS
FIEIZ, B RRBRER I L2 = X7 4 7 AZbEET 5 B2 bid, THLETIT, ALS
BEBKICBWT, T2 2T 4 7 ZARWFD1OTHDH~A 2 12 RNA (miRNA) DZEE 2 FH L, ALS
BRI CHEE 22BN BTz miR-5572 12OV T F OIEREIG D 1 D7 SLC30A3 THDH Z & %
R U7, S4FEEIL. REKEERHATH D miR-5572 O ALS (2B D& EI 2 MEt L1z, 255 SOD1%® 1
{57 %8 A\ L7z HEK293 I 35\ T BRI, BRLA b L A~—B— B8 /NARA h L2 ~—
J3— LR SEERT C . miR-5572 3B LR LT, £72, miRNA mimic AT XV miR-5572 % iE
FEEL ST T LA B VA NMEIRA B U RIZ K DHBESEN L VBN LU 7=, LA E XV miR-5572
%, ALS (ITBWTER L X7 EERERRICME S . AN A B LTk 2 B8R 71272 5 Al REMEAS

TR X T,

A FFFEEW

PFEME ALS FEIEIC, R RNRBREER T2 X 5
TV RT 4 7 AR EET L EEZ BN
%, ZHIVETIZ, FEMFO ALS BERIKIZB D
T, TEV 2R T A7 ARFD1OTHH~A
21 RNA (miRNA) D28 @)% R L, ALS #IRI2 T
W 7 HEINASRE 8 BT miR-55721225\W T %
DORERIEASF D 1 D0 SLC30A3 THDH Z L & A,
ML, SFEIT, REBERPTH D
miR-5572 O ALS |28 D& EI & Mt L7z,

B.WF5E5E (Pl ~DRE 4 & 1)

AWFFRIL, HRRT, IR I KO B3R
KFMEZBEDKRO G LTSN, FkEMk
ALS DJFIRE R D 1 D Th 5 SODI T2 v
/X7 @ mCherry Z @A L7z, SOD1 & > /X7 %%
B9 DRy & — AR Sop1 (Sop1™) | 28 FA

SOD1 (SOD1%%) ~ 77 & — % HEK293 HH A IZ |
Lipofectamine2000 % vy, —i{E 2B {s &
A LTe, B AL, 24, 48, 72 FFf# % D SOD1
%ESEARZ IN CELL ANALYZER 2200 2T, HEZ&M
IR U7, 70 [RIREIZ miR-5572 388l &,
fEA N U A~—0—388L & (HO-1, NQO-1) . /M
KA NV A~—D—38l& (BIP, CHOP)% V7T
JVZ A I RT-PCR IZCTHIE L7z, F£72. miRNA
mimic (Negative control mimic:NC, miR-5572
mimic) % HEK293 HfRI —i@ME I B s 8 A L,
WREFEHL S, B{EA N AFFEAIE LT, @
FRfb k3R (H00) , /AR b L AFFEEHIE LT
V== A v LUE LA SE & WST-8 assay
I THIE BRE A b L A~ —H— (HO-1,NQO-1,
GCLC. GCLM) . /Niafk A kv A~—H— (BIP,
CHOP) \Z >\ TCIX Y 7V % A 2 RT-PCR (& Tl
E LT,
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miR-5572/U6 ratio

C. i FEfE R

5 HL SOD 195 5 A5 1~ %38\ L 7= HEK293 i
BWT U EHERTE D B R T 48 REFLUEIZ
B EA L (K1), &5 SoDI™riE A 72
RFRZIZB N T, B{EA b LA~ —F—D HO-1,
NQO-1. /NRRA kL A~ —%—@ BIP, CHOP
ODEEREARBEOLNE (K 2), 7.
miR-5572 %8B35 e SOD1 R Y (= -8 N 24 B[]
U EIC EH LT (K 2), £72. miRNA
mimic 3 AIZ XV miR-5572 Z IR B S 7=/
JAlZ T, BAEA b L AFHEEH D H0, 50 pM AL
WZBWT, MfasER L oL, BkA kL=
~—H—® GCLCHEN miR-5572 mimic 12XV
B L (3), FERIC, Mafksx kv
2FEHIOY =H~ A 0.5, 1 pg/ml ALE
WZBWTH, miR-5572 BB L - T, Mk
FERL VML, /MIEA N A —T—D
BIP, CHOPFEERH miR-5572mimic (2 XV AEIZ
#EL7 (14),

B{EAPLANY—71—
HO-1 NQO1

24h 48h 72h
Times after SOD1 Transfection

INakR FLANY—H—
BIP CHOP

-

24h agh 72h
Times after SOD1 Transfection

o

mSOD1WT ESOD1 G85R

BIP/GAPDH ratio

.
p<0.05 20h  4sh 72 20h  ash 72k

Times after SOD1 Transfection Times after SOD1 Transfection

X2. ZRs0D1=RE A £ MDmiR-5572FH. HIFRANZ ML

Y—H—DZE{t

D. B

25 5L SOD 1R SBAR 1%\ L 7= HEK293 Hifaic
BWT, EBEKEK, LA ML Av—— Lk
. MR A ML A~ —h— ERIEEKIT T,
miR-5572 LN EH LTz, £72. miRNA
mimic i AIZ XV miR-5572 % B FIFE L S B 7=
Flz T, BEA B LA, AR R L RIZE D
HERLZEDS X0 #N U7z, AR Y | miR-5572 13,
ALS IZBWTERZ LRy BHERERIZFES |
ML A R L 2Tk 2 IR 1272 5 Al Retk
VNN 3 (W e

E. 550
miR-5572 DFSRE L L C, miR-5572 1%, ALSIZX
TR Y R BHEIRETRICIE S . MlaN A
b L 2Tk DR T2 e D Al RENE D R X
ni-,
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SRR 30 £EEEBTIR R FMUAT FERT
[ RbgreRie i B RIS ) DB REPT RR S [ JE L)
EFEFA - EFETERES

FHEESIC BT 28R B L O R+ ILEL F 2O B RIS 53T

Wity wA EMD
WEoEE Es Ea D
WEsHE =vE BT/
BrEEsEE N 2
WroenmE HA e

1) BemERICE - MREERITE o 2 — 45 TR B Y
2) B K RN
3) B K - BT SR HE R

MRS

MFEHI T VY N4 < —J{AD)D 7 TR ERT 27 I v 4 F BT F FARDOMALBREIC D W
Tk, 2D ) A7 BEROHEFED RKIZFDThV, HEEE DX, y 2 7 L X —YEHARIHES L 25,
Z207u 77 —XiEEEHEST S a0 AR EAZIH T 2WEEZ R T WNAENES T L LT
ILEI/FAM3C (interleukin-like epithelial-mesenchymal transition inducer or family with sequence similarity 3,
member C) Z[AE LT\ %, ILELIEERICE L~V OREBRZFED 253, T dhilin e & b Il s
%, AD MTIRFEBRBVBHETH Y I AR FBRL ~ v LB L Tw7z, ZORTRIE, MK ILEL 5
WA AR EREDOY A7 TH Y, ILEI L DOUIEDBYIA A HEEAR VL Z DY R 71Tt d 554
===t LKL 2Rtk 2 /n ks 2. AMFRERE T, Wz BRRAREUR 2 o 72 i 2>

S HFEL . SEIERT AD IS K3 B RO & I L 72

A BFZEER

TV A~ —JFAD)IZ AT 3 B ARIB I IRE
DEBRMBKD LB 7d FRAVEFIE D Hi B
2> b DRI N A BEETH b & ORI A
INTE, LrL, TREZEZRCTL
INBT v FBTF FAPDMHNERIC
DWW, Z OERFEHIZSLTL b EATES T,
VBRI IIFG] AD &S A5 5 En
FHERHLPICENTE—F, bt ks
FIEMRHED A 71 = X 17 & DFRNT IR ZAFE )
THb, £72. AD TR EMICERZ( S 2
DY OERDEHICHED SNTE =P, U R
IR FORRE LR TS BAABE LN T
AT

HEE# O 25FEE L 72 ILEL 138772 7= BERE S 1
FAM3 A= X—7 7 I Y —IC@THWE v X7

BTHH, APP-C99 28 AP FEA % b T IERFR
N S 2 R 2 R E T 21EMEIC L D AB
W EIEI T2 —H T, y 7 L X —iEEC
Notch ¥ 7' F MEEIZHEF L 7\ 2 & 231H 5 2
IZ 7 o 7z (Hasegawa H, et al.: Nat Commun 5:
3917, 2014), TLEI (ZF4E D F L ELRE A & drfiX i
FERICHE W THRMIAIC IR L Tw 2 23, Eix
THREEM I L & b i d 5, T 6,
AD H#i D AR HEREL <~ 13 ILEI L~ v i
MBI L T 7= (Liu L, et al.: Neuroscience 330:
236-246, 2016), Z X, HIESICHES ILEI Jk
DN AP EEATUHED — R RIRIK & 72 0 ik
WAPEROER & 72 2 AlREMEZ REB L T %,
Hi% . ILEI L~ D3l 25 Ap S 72
WLZDYRAZICHT B2 NA v —h =l D
AlREE. X O IR IHBRE I 35 TN ILEL i1
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T T 5 Z Lot AR EREICH T 5 T HiRy Sl
L L CHOLT 2 AREEZ R L T b,
ARHFETIE, FBEESRE B A 3 Bl 3 LY
MIEH ILELE ATV, BERNODO AT~ — T —=
S RERE E O R L O BT A D H T
X0, ZOZWMERICBE T DREEETIT T,

B. i FE 1L

(1) ILEI OREEEREZAIREICS 29 Y 4 v
7 ELISA L% ST 5,

(2) FBRFIRBTARRARS R (2253 O
HET240Kk) 22T 2EBEFDI b,
NIA-AA ZWr L A 7= 3738 0E (50 1), 4%
FERRANBEEMCT) (50 #) . 36 K O RS EE]
(50 B) Zxfg & L. i M OV Bl &
BT 5,

(3) Mg 3 X OMHE#EHE - o> ILET O H#IE 134
BERRFMHREREE 2 —T1T 9,
ILEl % G85%3 2 8 By 2 A\ iz |\ ke
ELISA |2 L 0 @& 21T 5. AB4o - AB42 -
& taus U > FEAL tau 72 & ILEI BEE ORI
TE % FR R e CHM T 5, Zaub D
B & BEA DA S~ — T — 5B A R 0D
P LR BT 2 D D LI LY ILET O
WY BRI BT DA AT,
7p¥s, LLRICBI L Cid, W ERR T R O
BRFACT TAZXISR LT HEFRME] O
MR EBRAGRE CTh 5,

C. R FEAE R

() ILEl 0® A2 b =7 %325 2200D
T/ 7u—FAfiREFERL, chb 2R
72 v F 4 v F ELISA {£1C T ILEI &% ik
Hize ZOFFEME, HERE, HHEREE
A3 % 2 & T, ML ILEL EER & L ChE
AL 77,

(2) NIA-AA 2 2w 72 95800 (10 451),
FEFREMER] (10 B1) 75O BMEFBERETE 2 BRI L
Too FTo. WAE (10 1], 72.5+5.25%), MCI
(10 B, 6591183 k). FEFRFNAERF] (10
B, 66.6£6.0 %) 75 MHEZEI LT,

(3) LRt #ER Y > 7 v ILEI - A4o
AB42 - #& tau - U AL tau OHIEZIT o T2,

FE . ILEI i & AP42/AB40 th36 K OA tau fE
O AE R IEFHBENR MR SN, £,
MAED ILEIEIZ DWW T H, AERAENRIE S
NHZEns, FrFHEEIT -T2,

D. Z£

fFEEBEREIR AB42/AB40 LEIS X U%E tau fHIZD
WTIHER LW AD OBZMERNRBI I T
W5, ARG DI M RIS ILELEIZ DT
D & OMICHERMBENHER S 17z,

I ILET OFE R % b &2, FraFtHREZ 1T -

7o BT, RREL —HEE T L, B0d TE ILEL
(2 B L, JEGI & B0 U 7 MRGERR R & S [RIAF4E
& LCHtAT 28R & LT,

E. f&5m

Bl - MAE ILELfEICBA L, T Ay A = —Ji
E OEE M E R X Nz, HiICERE
925 LFERFERREIZ 3 C L IE ILET E & O
IRHTE R ZRFET 2,

(B AR 0

Liu L, Watanabe N, Akatsu H, Nishimura M.
Neuronal expression of ILEI/FAM3C and its
reduction in Alzheimer's disease. Neuroscience
330:236-246, 2016

Hasegawa H, Liu L, Tooyama I, Murayama S,
Nishimura M. The FAM3 superfamily member
ILEI  ameliorates  Alzheimer's  disease-like
pathology by destabilizing the penultimate

amyloid-p precursor. Nat Commun 5:3917, 2014

F. Bf5E3%3%
L BRSCHER -

Nishimura M, Watanabe N, Mitsuishi Y, Hibino E,
Nakano M, Liu L, Sugi T. FAM3C in Alzheimer’s
disease. A risk-related molecule and potential

therapeutic target. Neurosci Dement, in press.
2. FRFER

RFEFR
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G. XN PEAED I - BERIL (FEZEDL)
L RIS CREREICBEE L 72 k5 7F)

(1) EWNFFRF A FERE 2018-177844
Aff; 201849 H 21 H
SEUAE - FEATIEA, My
RS« W R RS
RE B MR 2 VT2 MCT 2 ONBREVE O 1l
W5k
(2) KEFFF FFES 5 US 9,649,360 B2
HfF ;201745 A 16 H
SIAE - PaRTIEm
HFEE - W ERRE

— 136 —

& H ; Pharmacological composition for the
treatment and/or prevention of disease involving
abnormal accumulation of amyloid 3 protein

(3) EWEEF  FFFE T 5 P6296995
HAF ;201843 H 2 H
TR VAT IEAS
HREE « WEERRF
BEH 7 IuA B AR ENREICERT
DEBOIRH K O/ ST T8 O E HEAL R

FEH BT Gk
B

2.
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SRR 30 4 EE TR AT FE BT
[ b Aot g B TS FH 0D 9% AR RE AL [RIBTFFEHL AL

SR

- SRR &

BURTERDONTF FIEBEAIRIC & 2 A RETTEIFH IR O A

WfeEE L =il
WzoymE e e, w2

1) 4R KSEBRESE SR SRRT 2) BB RS RT

MAEEE
PR TERIAAET DT F RIEEERRE, ARETTE) (R - OKTTE), MEATE), HEIRTERD) 12k
W, D TEEREEIZH - TV D, Th b Ol 2 (a2 % 2 IV TRIEL
AREEATEIN ED L I ICHEI SN TWDONHA LT 5, TNENONTF RVEEHMPE R 258
LA RB ST LB HEY T AZIER L, VA NVART Z—L OMABDEIZL > T, FFEMRD
FRREENERIE - TRENAE Z R L. LT & R EM 2 O TREBRIRENC OV T S 02T 5,

A FFEEB

BUR FHICAEET 27 F RIESh IR L, A
HEATE) (FBE - JUKITE), M1TE), MERTER) (<
BWT, o TEHEREH ZHS TS, Zb
OATENT, 2 TOMRREEDRAFE S LB R E )
TOBFIEI DD, FEE OMFRRIEE) 4 18\ R
ZS RS BE CHAET 2 H 3 8> o 72 72 DI WP 5T
DHEA TV o Tz, TS SN TOLEEY: -
WHIBR T 72 & O EMROIGE) &2 N B0
TECE D HAMMZ L - T, T AIRBIC e > TE T,
Z 2T, ARFZETIE, 2D OEA AR FERD
ARTF RPEEAMRRICEH L, AR L~V TR
RATEIN ED X ) ICTHE S T2 DB 6 )
2T D EERBD, TNENOTF REEME
PR AN X R CTH D Cre U B —
¥ (Cre)X°, Flippase U = B —=¥ (Flip) =%
BT 5BEFHE~Y T AZER L, VA NVAXY
H— L AEDED Z LIZX o T, FFEMROIE
B EA Rk L, AR EEIC OV TH ST
Do

B. RS (el ~ORiE % &)
RIR FEICAFAET D, A L% o PR 11
Flippase recombinease %34 AiE{n A~

7 A (Orexin-Flippase ¥~ 7 A)Z MW T, A L%
VUMBRRRNICERBE T RBEEFET S,
Flippase [IA V¥V U BETIZ/ v 74T 5
LT, EfMZBBLHEMEAEEKT D,
Orexin-Flippase ¥ A L 4L F 3 AT
D% TR Cre Z2 R4 2 EiIn A~
7 A & AR E BT Bigenic v 7 A EAERT B, Cre
KRB FRBLEHAEDED Z &L
T, 702 2 FEEE ORI H 2 OBIE1 &5
BHIET 2 Z ENTTREIC 2 D, Y@ nFE A 0=
WIZ, Fyrin K72 (ChR2) 238 &4,
REEMRRZ N TIEMAL L, AL v oMb id
PRAEATH Z & T, FEEMRNLDOATI L ERIC
KT DA VXL MR O SRR E B S ST
HZENTED, £TIE, 7EF AU AAFEME
PR AYIC Cre 238819 % ChAT-Cre ¥ 7 A&,
AT = U EHMER LT L (MCH) MR 1T Cre %
FEHLT 5 MCH-Cre ~ 7 A GABA {EBhMEAHRERE S AY
|2 Cre 388195 GAD67T-Cre ¥~ 7 A& W T, %+
AUH OFFRANE NG DA TIR A L F o iR
BWTEDXLIRIERHEZTRTONIHONTH L
MIZT D, ZRHDIZEIZE > T, ALF a8
L & Lol & 2 OEfEREEAH 5
W7D B ZBID, AL F 2 AR T REIR 7
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PRSI 72 E 8k 2 7o RRBITEVHEIN IR b o TV D
ZEDHBNTED, TNLNED L D Akl
k> THE SR TV D DONNHLMNTAR D
LEZBND,

C. AFZehE R

L% ARRIEE) A2 OGRS TEIEL T 4
5 EHEEEND v L AMERNBG IS 2
L (Tsunematsu et al., J Neurosci 2011)., F7=.

SHBR T2 AV CTRICTE LS8 2 & '
RS RRfE L CHER - BOKATEN DS L L, F722<
Ro722< 7252 L2 LML TE 7 (Inutsuka
et al., Neuropharmacology 2014), Z#uLiZ -
TAUF ¥ MBI OIFEE N & D X 5 ICHER
HEEZHE L THDDOMNCHONTHLMNI R -
T&/, £, AT =V EERLE Y (CH) EA
R 2 BRI TER LT 5 &0 7 & L AREIR
MO LV AMEREZFERETCHDHLZ EE RN L
TH Y (Tsunematsu et al., J Neurosci 2014) .
MCH %23 L AREIRFASINIC B - T D Z & &R
LC&E7, Lo, REICHEIRTEEZ FHH 7 2 45
BAZOWTIZ 500> TV, B IS ) v
L L ERR 2 A9 2 g & U Oz i, MR
(NAc) . PAZRATE (POA) . WP {AIHE 25 5 (RMTg) 72
ENFESINTETWD, SlEFRA 1T, B
¥ (Ventral Tegmental Area: VTA) @ GABA {E@hi4:
RS 2 o L AHEIRFASI B> T D 2 & &
B & 72T L7=, GADB7-Cre ~ ™7 A @ VTA fEIKIZ Cre
IRAFBNC R E S X7 T 5 hrGFP Z J8 81
57T kT A VA (AAV) & JRFTEAN LT,

VTA @ GABA VEBh PR (VTA-GABA) i B I FE B &
Bz, TORE, 215 O EIR R BRI
B2 Z &N TWV D MEERICHHR 2 5B IC
BHLTWLZEDRHLNIR-TZ, T1D
VTA-GABA Ff#E D A BRAVLENZ DWW TH & T
5721z, {LFEESFTH HIEME(L DREADD % i
AL, hM3Dq ZHBL 7=, hM3Dq DOFFFEAYY
Y RTHBHZuYE L —N—FF% A K(CNO) %
~ 7 A ZHE LT, VTA-GABA #ift 2 iE Mk S 87
LA, U AORBRMAEA L, oL L
RN BHZ L2 RWE Lz, —H L ARERIT
AL L7 hyo T2, RIC, VTA-GABA #H#%1EER
ZHA L, ZOIREZ Y THIfET 5 2 & 23lA T,
GAD67-Cre ~ ™7 A VTA FEIKIC Cre {KFEMIICTH

e CrRRETEEN 2 BN 543 F Td 5 ACR2 (Anion
Channelrhodopsin2) Z 3¢ ¥l X 7=, VTA 82
TrAN—%RAL, BRI ERS L T,
VTA-GABA ff& 2 il L7z, / > L AREIREC
VTA-GABA F#% 2 | S u7-~ o A IXE 6 IR B
L7223, L ABEIRFRFICHIHI L CHREEE L7220 o 72,
NSO Z Lk, VTA-GABA HREIERENA /o L A
REHEL WD LEZRLTWNS, SHIZ,
VTA-GABA AR DIEE) & EIRTERE & ORISR Z I 5
MWZT DD, Z77A4 =T AN —%H
W TN AR EE I 2 I E L7223 5 VTA-GABA AH#RIE
B2 TEEk L7, GADB7-Cre ~ 7 A VTA FEIEK
I Cre IKIFHIC NS O LA Tl —HTHD
GCaMP6 A FEHL 425 AAV & JJFTEA L Tl S 72,
Y7 7 A N— % RIFEEICHA L CIEE RE e 21T
9 & VTA-GABA R DIRENL /7 o L AREIR 2 &
WZ EDBH LN T,

D. BE

VTA-GABA fik D TR B HRIEIC & > CHERRTERE S 42
b, BEARTEHERAEZ(LITIE UC VIA-GABA ffif%
DIEB LA NEL L TN, ZRHDT Ehnb,
VTA-GABA F#&IEEN Y / o L A REAR 2 48 L T
HEBEZBID,

E. &

I DOFEE NS VTA-GABA #%1% / > L L
IRZGIET2EBERMPRTHL Z LR LN
roi-,

F.FZEHEER (Liis o+ 5 b o)
L. fRCFER
Nat Commun 9: 2048, 2018.
Sci Transl Med, 10, 2018.
Front Physiol 9: 832, 2018.
Neuroscience 386: 16-23, 2018.
eNeuro 5, 2018.
Cell Rep 24(8):2191-2195.e4, 2018.
Sleep 41 (9), 2018
Nat Commun 9(1): 4604, 2018.
J Physiol Sci 69 (1): 65-77, 2019.
0. Cell Rep 26: 1033-1043.1035, 2019.

= 0 0 N o kW=

11. Neurochem Int 126:11-18, 2019.
12. Front Behav Neurosci 13:50, 2019.

13. Nat Commun 10 (1): 1391, 2019.
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10.

11.

12.

13.

FERR

(LR E gL, MERRFEEERER . TR AREIcB T 5
F LR oofEl 12 B HARRERERE
HREEESS D 2018.5, HURC

(sl MEIRTEEAS IC R T o4 L v

DI, B4l B H AR RS,
2018.7, .

(o F 5L B IRF AL K. Role of cholinergic
neurons in the septum on the regulation of sleep
and memory. % 41 [A] H AR 2R,
2018.7, fh=

Yamanaka A. Regulation of sleep and memory.
Joint symposium of 10th Optogenetics Research
Conference and Second International Symposium
on Brain Information Dynamics 2018. 2018.7,
Tokyo.

(L & 5L. Study of regulatory mechanism of
sleep/wakefulness and memory by optogenetical
neural activity manipulation. %5 91 [A] H A&Z4:{k
FRRE3, 20189, HUER.

Yamanaka A. Orexin and MCH neurons double
ablation mice. Isolation of effect of orexin using
orexin-Flippase ~ mice.  7th  International
Symposium on Narcolepsy, 2018.9, Beverly MA,
USA.

(i EEsL. PRI T L) AARE RS
(CEDREIR SRR O, FEiEZ7E= 2018 FL
15+ 778 O HAR B & [R1 AT 72 00 3T 2 B ~ D
77 m—F,2018.9, [,

e EEsL, MEIR & FOIE 2 3 2 AR I Eh oo
By & FosR. 5 8 [IAEPRARIZURT - 4B K
FEFARMERER S R T T A, 2018.9,
Zay=,

e EEsl, MElR & FOIE 2 i3 2 PR i Eh oo
PR L Rodk. RERRTE I T —, 2018.10,
B,

P EESL. 7 7 A N — L 2R 2 VT
MEARTEEE & SR O A I = X LR, 5=
BV PR T 4 7 AWFGES, 201811, =
Il X7 R AR T

Yamanaka A. Neural activity manipulation and
behavior control by using fiber-less optogenetics.
National University of Singapore, Department of
Chemistry, = Research ~ Seminar, 2018.12,
Singapore.

P EEsL. ARTEEEYR & BEIR R & O 727272
5 BfR. % 3 B Cortin Conference,
2018.12, 4t

irh &L, B 5 2 (VTA) © GABA {E&EhE

FRFRIL /> L ABEIR 2GR, SR 30 4
FE R AT ZE i S [ R L RBFgE & TR X T —,
2018.12, k.

14, (L9 EEsL, MEAR FESR G L sC B o i B o
DIREDTEENRLIR AR, SRk 30 4R A Al
AR FEE AR L ARREEDMREE
T EM OATEN HERED R LR, 2019.1,
& L

15, (P E gL, BEAR T R e 0t O B RE AY [F] E
55 92 ] A ARSEH 22 2019.3, KBk

16. Yamanaka A. Adeno-associated virus vector
micro injection into mice brain to reveal function
of neural circuitry involved in the regulation of
sleep/wakefulness. FAOPS2019, 2019.3, Kobe.
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SRR 30 4 EE TR AT FE BT
[ b Aot g B TS FH 0D 9% AR RE AL [RIBTFFEHL AL

SR

- SRR &

MRI fatt T ADAER TOLZARNHIREICL S
TADAERDARAL

WKL meEs D
Woesins  fEHEs2)

1) ESLRBEEAE TR P RRBE AR 2) BB RCERNAT LA AR S R

MREE
MR f&ETADAER] COMETREM & LT, BIERFFM €7 ANk FIREFCEk, SPECT, MMREEIXI7ZR &
Bx e 2T 4 — 2O TREMTDOA TV, EEEKRY &N, FEENBEmO BRI
EICINEEZ ST BHAEN DR R, BIHE, TAMNASMEREISIE RGN I TIBIFZERT O 8 % B I &,
5% MRT, FDG-PET 72 & DA A B 00 U 72 SEB] 2 A8 R D BEFE TS, IBIRAIZ K D8 7= 22 G A5
LNTIEGI bR SN D, SRBIEFZ S HICHEL L, £ CTADASE 21T L7EFIZ W TIET
BOBEEITV, NATREO L2 RFAET D TETHH.

A BB

MRI TTAMNAIREZ RO IRVER TD T AN
AANBHZ XD FRAEHE I, BETLHR50% LT
TERF A CIXR L CRAFEIIE 220, YBE Tl
FRRIE T A M=%V 7", MRI, SPECT f 1,
bt 70 & DOIEHER LT RITIR A AT > TVD,
AHFZE CTIIAMAIFFE AT IZ AR B S AT D i 2 i
¥Et, m S MRI B &,
glucose—positron tomography
(FDG-PED)ZBINT 52 L128->C, fiTRic R A7
WTCAMDAE RZ I IEfEICHEL I T52
EMHBITHS. OO AMIRTRAIZ LD
ATEEAR 1, MRIFEME CAMNA DL T 15 Dk
ICHEBRCEAL 0L b,

Bfluorodeoxy

emission

B. 22 51E (MEE~DEE 2 &te)

1. MRI FEPECAMNASER]T, HRTHRA L L CME
X, EBME T AW, SPECTHA % 158 |
JUFRFETITV, SRSy MRI, &5 B s,
ZIIFZEHTC, FDG-PET %818 KFIE M
ARBETIT.

2. VEHTIE YL i e CRE IR EE A B B LRk

ATV, BIBEREZRET 2.

3. ARG LA AR (2 LD TADAE RO
HEE TN EDOBIR AR L, ZMARIRA DR M
ZRHili 5.

4. g O ¥ 1% LOIBRFEIH IS OV TREIL, £
HIRRALRT A & TADAREMED OS030 2 e 78

o

BRI EE, B MRI, FDG-PET [ZoW ik
— AT AT DI TV D T A D AINE O RiTREAR
Thorle, L ITmBEm~OEREITHLE 2V &
Bbhd.
FBMBEIZOWTITAREICHAL, FEE25
T IEB D I AT L B JE T TR 247 > C
VS

C. i FefE R

20154E10H 752018 4F 12 A £TIZ, TA
AANVERESREB] 24 B3N T Y Be L BTiE K215
IR AR L HE L CTADAINEHRIEZ T o7,
ZOIBAN TR A & LT E N R, E
MRI & Jitif TU7=AEBE 22 BT, ZodF o 12 FIT
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T TIZTADAIBRZRE T L TN D, =5 FE N
SOMHTIZE T TR, Bl MRI &<
\Z 7T TAZERATUIIERI O T, FEEEm LI
O tuber DEVEEICHER T2 008 1 41, B
® MRI TIEERO B S T-FR IR AT D a8 T &
72b DN 1B, ERFEIE DR E TR CTIRA D
BERMNLY  HIRICHEGE CET2b O 1l -7z,

*7- FDG-PET 742 fif 7L CHY, ZDrH1
B TR A 22 L O |8 3 T A AE B T,
FDG-PET 1Z&0 45 NRNAISEZE O AR T 23380
DAL, M T EMORIEL LI E —FL, UIBRTT
IZE STz AHOIEFIEREICIVE DA AL IR
FTHTETHS.

D. B%

MRI [&: T A A DT A AN O Rk o
7=0IIE, IRRTREIC L - T, TEXBETTAn
WEROHEHHZ LIEDZENTEX DDA A
&7, EE, MRI M TANASERTIE, 54
ENEMBEENLENCR D0, BT, BB
P2 RET D DOIZEET DIEFN D72 720, BH
ENBIIINET, B DVITTEERD D BN TE
FAFLERT DI LR TE D720, BEITEWVD,
BRI OFERITEL S DN, HTaraEm
DRI L > THEBHIFIC TANAVERNE E
IWTWRWEEIZIE, YR TALVERTZIZ D

ZEIETET, TANAANRDOFRIIAR 2D,

PR REBE ORI A & LT 1.6 T A T
MRI, AdRE, AMIMLIAE SPECT, XY P T7HE %
ZXAK SPECT, R &7 A ik [FlRFRek 217 > T
WDD, ZILTH TANAERER Y IAD 72 VVE
BINFET D, 2D OREIZINZ T, WMAFIEET
(R E STV D M FENIE R, milleds MRT, & &
\ZFDG-PET 72 EDEX VT 4 —%Z BT HZ LT
D, TAPAVERBRBROWELZ FIF5Z LA
Thb.

BIEEGN IR 2 ICER S oo dH 503, £12R
+aTh D, L ATMRI BEVETA DA OIERFIH D
RVDTHZ S BITIEFZ L TRFT 2T
ETHDH. ETTADNANBOTHRORE L, F
TEMT R BRI N FLVERI N 2 W T8, Sk R
T EBIE LT, INRTRAED YL REET 5 T
EThHS.

E. #& 5

MRI FatE T A AJEFI ORI & L CIMITSE
FT O 8 FERM I R, mifdds MRT, FDG-PET 72 & 3B
IHREEDS, TADAIEL DT OEIEMN 5 Af
REMER S D EBbhd. SRIEFZEREL TETD
MM EREET D TETHD.

F. BFZe3 3R (Faams o+ % o)

L. FCFERR

1. Hiroki Kitaura, Hiroshi  Shirozu,
Hiroshi  Masuda, Masafumi  Fukuda,
Akiyoshi Kakita: Pathophysiological
characteristics associated with

epileptogenesis in human hippocampal
sclerosis. EBioMedicine 29:38-46, 2018

2. WZESL, HH i, AKESR, GHEEGH,
lnEr, REBBCGL, B EHETET
AU T PN RS9 % 1 A A R I TR 5 2 0D JIk
MmEZEbORES. CLHFFE 401 61-66, 2018

3. WZERL TANAANBHRE OB (Ri).
[ 720 491-498, 2018

4. REZEN : RSNV O HES K.
Hris e %5 574 5 1 1-9, 2019

5. EEENAT, KA, WEEL, BAMEL,
K@, RN, RO, JIINIE, Bt
3212 : Posterior quadrantectomy 23H %) C
ol HIRETANADILIEH. No
Shinkei Geka 47:349-356, 2019

ERFER
55 77 [8] B ARV kR e (2018 4R
10 A 10 B 12 A, fiEh)
IR E T A h AT T B 2k A p R IR
4% O R i i 28 A b DA
W EL, (FREGHE, B, 1, AR,
BUSIBE, =2

2. %5 52 M EATANAFES (2018 4F 10 H
25 A7~ 5 27 B, AEEEH)
T AD AT TRIE L 72 I IR 1 3 A o &
PR DA A — T it
L E s, AL, B, B, AKEES,
R, BESEE, KA Bk, A,
FEFSEZ, RiHBASE

3. 5 48 [A] H ARG RARRR A SRS

(2018 4 11 A 8 HH 5 10 H, HAUER)

— DN
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XD VEPE=HY

WL ESL, WM, 3, BARTER, kG,
BB, e

G. SR EERE D HHRE - BERIRIL (FREEETe)
L. RFaFHUAS
7L
2. FERER e
7L
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SRR 30 4 EE TR AT FE BT
[ b Aot g B TS FH 0D 9% AR RE AL [RIBTFFEHL AL

SLFFH - 3k

FIRME

[FIBIF e 7 5

HEITHAZ EYERRE (PSP) O R K& s T DIER L

IFEME PSP K& O #% %% 8. L 0D B EL AR AT

FREH
BrFE 9€D HEE D

1) bl Ko R SR S e fo 5 B

PNl
iy

—g
Ve AT

PO BN R

2) BRI SIS T REARAT 2245 05

MAEEE

EATYERZ EVERRE (PSP MAR R TH DD, FAUS

DIvhiuL, BATAFZEZ IVINFENE PSP L2 ST E DK 10%12

F RN O RIEE & A T-F R HESN TS,
Bassoon (BSN)i& {5 2 & i8b 52

a2 R UMRE LT, BSN&IG 0862 A8 AL HEK293T Ml CRigtd 2L, ZoEn+21{kick
OARTEMED X7 E AN ER T HIELMERI I, ZORERAER EX T, LFEFTEEL TR 2 5B 2% 51
BSN B AnA AT 2 Ehi L= 25, 258 f1]H 29 41l(11.2%)1Z rare variant Z58s 7=,

A BFZEEH)
bivoUTsolr . FIREZ A T 58 THEEZ B

T D 52 F M) & ANFEMEHEA T A I JRRSBIE 3] 5t B2
(AT &Y — DRAT | d6 KOV B RHY
FEMT 24TV RIS 754l Bassoon(BSNIEAE 14
A& L5 L 7= (Yabe 1 et al Sci Rep 2018), #471%
B b M RR L2 2 W T id . JALPAC ( Japanese
Longitudinal Biomarker Study in PSP and CBD) &44
TSR EERB O Y —2 7 AT CITIELE
L. BAKEFRIFE B ST SR 2 (2 C T TR b
PERRIE K ORI B At G L LT 2 ik 4L [F = A —
MIFFEIZ E DA F ~ — T — B & B R IE D fiR W]
BE) (WFZEAERE FRRY N %) 25E
HINTWD, Z O, M BIRATIEZE TIT R
BRIEEMIE OB W EER &2 BT Th
% Japanese validation study of consensus criteria for
the diagnosis of corticobasal degeneration; J-Vac
study (FF7E0FE NHO HA4 i EFbE 2E5H0 1
Fe ) IZB W TR T T oA A~ — I — PR %
HoTWD, ALHEE KPR RS Z B DORFFEIC
ZELTEY, ZNHOMFZE TR, #Eik, DNA 35
J U RNA B BRRIF R EFEICERISh TRY, —

BICHIR BT AL T D, AMFZEIT JALPAC BEDY
J Vac study ([ZEERESNT-MAEZ FITHRELT,
BSN BinFZAEROAIRRBIZE G- T M E L T4
T80, Brizlp Ad~—h—% /T 2&
Z HENZSE T 5,
B. WFE 5L (fmPhm~DRE % &)
AWFFEITAE R PR M E B st
o2tk i PR ZE B AR S DM FETH D,
JALPAC BXT J-Vac BFFE TEHRESIL 258 Hifk
TR BB & FER LT,
C. B FERE R
258 BilHh 29 1] 11.2%Z BSN i& {5+ rare variant 73
fERBSATz, EDOHITITALHFIE R CO AT
THHEE3U7Z P3866A, G3627V, R3146C 28 B3 E
EN TV, ZOfE RIZFATHELITIT FARD RS
RThoT-,
D. B
BSN AR F 0 HRIFRE41D BSN & FIARAEAR T
JT 4T =T piccolo B HELRICTEETHE KA
PIEThD, FHBRATIZCBWT, ZOBIRF ¥
DA NRF—IIEICIR I 5T AN HEESN T, &
TR DR B PIT BLCId, B A o T
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PEFRELICFELL D33+ 4V — M N EFEL tufted
astrocyte RO LIV TRWIENG, EITHEEE Lk
WREL LT BB 2T RTF—LE 2 HIDD, FeATH
e CITES T ML L %E&%%$ﬁéﬂt%%m
B A AERIGUTRIT LT 2 A, 44 DB
wf&@%@>xt/xﬁ£#m®%m10_h6@
B2 3T E T — 2 — R TR
b\%of%&%%?ﬁih@%ﬁf%otoaﬁ@
H[FEAFFEIZ IV NTE rare variant 23 11.2% 238V TRi
HER, ATAFEE R ORE R THHZE RS
T2o RHESNIZZE R DL P3866A 28 FIZOW T,
BIG 2L BALERINT N BSN s 1-& 5
AT BSN B F 238 AL 72 HEK293T i T4~
VR B A EREL ., Ba AL A LTI T
ANEHEDZTE AN L AFET DIEN RIS T
DN MDIE BN DN TSR DS HER ST
W, A% RSN E B OJRFEPEO MRS, kA
PR DT A2 BT,

E. &

258 514 29 4] 11.2%Z BSN i& {51~ rare variant 25
RS2 EOHINTITALRE R F COHATIFFE TR
HIE 72 P3866A., G3627V., R3146C ZE B3 & £ T

Wz, ZORERITEATHI R LI ZIEFREDOFE R ThH -
77
F. B FESER

L BRSCRER

Yabe I, Yaguchi H, Kato Y, Miki Y,

Takahashi H, Tanikawa S, Shirai
S, Takahashi I, Kimura M, Hama Y
Matsushima M, Fujioka S, Kano T, Watanabe

M, Nakagawa S, Kunieda Y, Ikeda Y,
Hasegawa M, Nishihara H, Ohtsuka T,
Tanaka S, Tsuboi Y, Hatakeyama

S, Wakabayashi K, Sasaki H. Mutations in
bassoon in individuals with familial and
sporadic progressive supranuclear
palsy—like syndrome. Sci Rep 8; 819, 2018

2. FRFER
Yabe 1, Kato Y, Miki Y,
Takahashi H, Shirai S, Takahashi I, Kano
T, Fujioka S, Watanabe M,
S, Kunieda Y, Ikeda Y, Hasegawa M,
Nishihara H, Tanaka S, Tsuboi Y,
Hatakeyama S, Wakabayashi K, Sasaki H. A
part of tauopathy may be

Yaguchi H,

Nakagawa

caused by

mutations in bassoon. #5 59 [A] H AfHRSE
TR, FLIR, 5/23-5/26, 2018
G. A EEHE D HRE - BEFRIL (FEZET)

L. FEF S

oL
2. ERHT G288k

L
3. Z D

L
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TERK 30 AR EEHTR R AN FE AT
[ bt g BEAE A TS FH oD e ) SL [T ZE L <)

He[FFIH

- LRI FE R &

By a v lInECk? ﬁ%%ﬁﬁ%% F"—g:]ﬁﬁf VIE (ALS)AH BB B R D
iz |

WRAKERL EH D
WREERS WA BAE2)

1) bR R R BT R - AR
2) BREMBFIRRT - 59 X VREES T

MRER
i ZEE M B LIE(ALSIC B 1) 5 EEh = = — 10 U fIE N TDP-43 SR 2 W ET AR+ %E %
HIEL LT, = —rrBIUO~ U AFHEMIEZ TDP-43 BHEIREARET MITR L, #M#az oA L
A& WS 3 v 7 IS BES FREO IR HIC L 0, TDP-43 EHERTEALZHIH] L 5 % 2t L7-.
BoNlfRE e b ALS SIRBNICIS T D8 a v 7 INE 0 TREOFREL L RG22 L12 X b, ALS
ZRT DR 3 ZINEEFIA LSRRI OB R 2 B L T 5.

A. TFZEE®Y

hZEAE P R LAE (ALS X B = = — 1 v
HIR A 2R SRR 0 BEICE D e b s 7 4
BREMFERTHY, —a—ma, ZUTIZ) B
{b TDP-43 & H % & te il E i R HEL3 5.
Fx I nE T, & MEW TDP-43 & Z D C Kl
FaERBTHMBZTT ) OANAEZT T T
V— AHERF T CHEE= 2 — v UORIET v
ke~ RER = 2 — 0 ORI XS L
U Pl TDP-43 % & To AN EE M O i B R AR
ENERITER S ILD Z & 28 L= (Watabe et
al.,2014) . I I\, B X A LT T AEATIC LV,
1EH 3 LN C KMt i DsRed/TDP-43 #l#x. 75 /
TANAl —a—80 NIRRT T
vV — ARHESI MG-132 &4 % &, DsRed B4
TDP-43 GEEE R DS AIE AR 2 (2 T8l L, f e o>
e & & HICHIISEICE Y, FR1FE Lo RN thkeeE
Bt S 28285 Lic. Z ogERITY &
f2{t. TDP-43 % & Lo AR D BRI E ) 0 & 72
0, BEEETDMIIRICHY A E A, R E & BT
JaEcHRL, BEV—RE L THETLIZ L%
iR L7= (Ishii et al., 2017). —J7, ALS & &iefh
REMWEBET VT LB a v 7 INEDE
FEEERIHEERNEE SNTWD. £ 2 TR
BT, 2T T ) A NAERHNTE Y 3 ¥
JINECEG T 0 FREIEEHSEL 2 LI

v, EOEERY TDP-43 EHERTER Z2 4 L
D DIENT L, BEE T b ALS FIRFI & el
THZEILKY, A a v I REERH L7 ALS
WX T B ETHIEEIEDRRE A B LTV A5,

B. B 51E

b MNEFE721EL C KBrA (208-414) TDP-43 &
& H1Z DsRed #FBLT D277 ) A VA,
BIXOEY g v 7 nED~ 22 —HIHIN+TH
% heat shock transcription factor 1 (HSF1)& & 412
EGFP Z BT D/ Z U7 A VA LEEAR T v M
IREA AN 1464R SR = = — 12 LT & HR YL X4,
a7 T Y — LER MG-132 A f L CRIE
DsRed [5G TDP-43 BESE R Z R S E72z. 2 b
BRI~ & total RNA A 34 L, Agilent SurePrint
AW cDNA ~A 7 a7 LAk 0 K IR
M OE& -7 B & 7@t L, EGFP, TDP-43, HSF1 i
Haz A NAEGDOF I L DA BB DFBL
&R 7=. HSF1 ##az 7 A VAL DEER
FERRAMHNZ > TRBELO LR 2B 8510
E FRIERBEIE 2 RT-PCR (2 X VW EGFP X7 ¥ —|Z
rua—=271, 1464R filafH k== —ra T k
T AT =73 g LT TDP-43 BEEERTEEAm
hR 2 B EBAIEE TR L 72, —#8D cDNA (2D
WCITHHILZ 7 A VA ZERL L 1464R IR = = —
0T A R S, BEBER RS L OV = X
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o7y NTRAT L.

C. HFERER

MG-132 IC LB 7 a7 T V—AESE T CTE
W3 LN C K TDP-43 fil# 2 7 A LV A & 431k
Za— 1 DGR R IR X 5 &, DsRed SREGED
FUR 72 MR B AR AR ST A 7228, HSF1 A
2T AN ADIEY K0 BERTERITAEIC
Ml &, VoA X7 vy h TR Y Uk TDP-

43 % &1 RIPA AREEME 0 OZFBH 72080 258D 7-.

cDNA ~ A 7 a7 LA T CIX, HSF1IZXD 2
L BB R 285713 64 {8, HSF1 (2
& 2 RTINS > T 2 5L RICHHLD 1
AT 2BEAX3BFERESNZ. 205260
% TIZ 38 BT HEMIZ O\ T TDP-43 BRI AL
PHIN R AL 2 75 2 Fh AW I3z 7
ANVAEERL L TRET L, #i7zREfitgee s 1
heme binding protein 2 (HEBP2) % . L7-.

D. &%

cDNA ~A 7 a7 VAT %2 FnRnnn & LT
HSF1 O FHtICALES 5 TDP-43 HEE AR HIK 1
ZREETHZ LIZLD ALS OHFRIBEIEDORF
BT T & 72, BUE, R FI2 DWW TR EL
BLORBERRIT 21T\, 2 7 A L R Z AR AE
UM EZITo TV 5.

E. f&im

7 v MR =2 — e VR AW
7~ TDP-43 BHERIERRET LICBWT, B g v
I INED~ AL —HlHIKF Toh 5 HSF1 OFEH] /2
EEEINHI B A2 388, cDNA ~A 7 a7 L A2k
Y HSF1 O FHCALE T 5 Hiiz7etilis & LT
HEBP2 % L L7-.

F. WF5eses

1. FCFER

1) Niimi N, Yako H, Takaku S, Kato H, Matsumoto T,
Nishito Y, Watabe K, Ogasawara S, Mizukami H,
Yagihashi S, Chung SK, Sango K. A spontaneously
immortalized Schwann cell line from aldose reductase-
deficient mice as a useful tool for studying polyol
pathway and aldehyde metabolism. J Neurochem
2018;144:710-722.

2) Moriwaki Y, Ohno Y, Ishii T, Takamura Y, Kita Y,
Watabe K, Sango K, Misawa H. SIMPLE binds
specifically to PI4P through SIMPLE-like domain and

participates in protein trafficking in the trans-Golgi
network and/or recycling endosomes. PLoS One
2018;13(6):e0199829.

3) PEEHFZ. B T A VR E N T ZEE
SRAEAVIE TR S O FIEE AT O fEH . Medical
Science Digest 2019;45(4):191-194.

2. FERER

1) BEEFE, SR8, F/ARIZEM, R
¥, FOFHEET, RIEAZE, Semsett. Bloa v
JEE RISy 112 K B TDP-43 Ml Bk (I R O #1
HRE. 2 59 Bl H AR FRFEMRE, v A b
FLIR (FLIRT), 2018 425 H 23 H.

2) PEEFNE, IR —ER, PACRSER, FHEE
F, BEEET, MM, SRemsfT. Boa v
JSFFNZ & % TDP-43 AU BESE AR O T Bl 2h A
5541 B B AR RS, P ERR Y (f
ifi), 201847 H 28 H.

3) Shibata N, Niida-Kawaguchi M, Masui K, Kakita A,
Watabe K. Excessive soluble iron stimulates microglia to
release glutamate in ALS spinal cords. 19th International
Congress of Neuropathology, Keio Plaza Hotel (Tokyo),
September 24, 2018.

4) Watabe K, Kato Y, Sakuma M, Murata M, Niida-
Kawaguchi M, Kakita A, Shibata N. HSF1 suppresses
adenovirus-induced neuronal TDP-43 aggregate
formation in culture. 19th International Congress of
Neuropathology, Keio Plaza Hotel (Tokyo), September
26,2018.

5) A EEESC, JIWRE(E, =HE, R, K
Rz, WHAEH. FEET Inf FR) =a—n
/3F —TTR E61K DMFEANVEREFF OMFFE © 7 I m A
REEEEREDRFET. 55 29 [A] B ARAE MR P T AR
&, X 2 FE (FBIM) 201849 H 7 H.

G. MM PEMED HFE - BRI (PEZETe)
BA=L/4P
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SRR 30 £EEEBTIR R FMUAT FERT
[ RbgreRie i B RIS ) DB REPT RR S [ JE L)
EFEFA - EFETERES

oA UIBEEAREBERERLETFD ) v T b~ XDERLE ZDRE
BUFEAT IS KON ALS FRIEIZH51T B BB D fRAT

WRfEERs FE Sh D
WRAoHERSL W BK2)

roesrisE K4

prgs 2 3)

D) gEmERKS EEe 2) ek WIS SWERERESH
3) gHEKE JMETFERT  MIRTRHRAY

MAREE

X ARIRERIZI T D 7 T 2 itk (KS) FESH OB RE

AL AT, WAITME~ 7 AR T 51K

ifR b KS D 4341 % R10G HUIRIZ K D Yl CTRfFT L= & 2 A, B O parvalbumin B RGHE
JAORY =a—vaF Ry ML THEET DI EBbhroTo, T8 KE~ Y A& H i
Fric <, iR~ 0 AOZEBNTIEA Y 72 Reth A MIHBT 5 GleNAc6ST3 (F721% Chsth) 23
KS ORifig{bz K& K Ho TNWDZ ERHL N E o7, SBICEHLIIRIE~ T AU THOKS DX+ U T
BoRIBEIITFaS T AT 7 B —PDO—2THDHPIPRZ THHZ EZHLMNT LT,

A BFFEER

i End 2y Kaf FU6pE7 a7 4
2"V 71> (chondroitin sulfate proteoglycans;
CSPGs) 0T A v LW o o ffiflasb~ N U > 7
AL 87 B ITMRE & FeE U TR ORI &
HEFFT 2 & 3Lzt & DML ORI &) & 11
Hil 2HEEZ A L T 5, CSPG 13 7o ik i
DEHIZHEL TR =a—aF Ly b
(perineuronal nets; PNNs) & FEIEL 2 5185 %
TERLT %, PNNs IXHEEL DR B 53 0> & 70 5 Fid
Y. IMOFREDESFBORS & LITHE S
L2 EB BTV D, LRTOAFFEIZ I8 THA
D CSPGs DT H /37 B X protein-tyrosine
phoshatase receptor type Z (PTPRZ) @45
TA YT+ —2ITo D phosphacan THDH Z &
NHHINTEY ¥/ Z® phosphacan (21X = >
N A FURBETE T Tl 77 & Uiz (KS)
AL TVNDZ ENMESNTND, BIZZD
KS Efifiid~ v 2 DYFHOREDOEEF I I 1)

DA IAPEIC LT CTH D Z ERRI TN D,

— TR~ 7 ZADRRIZ BT D KS D 45An-oi
BEIZOWTIIARBZ2 SN0y,

77 & CREERESE (KS) 1% 6 (LI HiFRIEAT & FF
DO N-TEF NI /Lat I (GleNAe) & H T 7
h—Z (Gal) PR HI\ZE R > -1 Z L TED |
HifRsL 7 a7 4270 J o Z ARG 5 ELSLIEH
D—=D2ThD, VU ADMDIEERIED—DT
B DRI T KS TR B O m M
B L INTERY | KS &Rk D 5 s is
FED—>TIH D GleNAc6ST1 (FE 721 Chst2)
NEDRE 2> TNDZ ERFEINTVD
DA~ 7 2R T D KS ARSI B b 5 F ks
BERIIRHTH T,
ARHFFETIIMNZIS 1T B KS DRERE & & DA RkEE
FROFFEZAT 9 L AL~ T A KS D34
G YEAL SR T i A D TCTRENT LT, 7288
FRE~ T A& TR~ 7 AMO KS Gk
\ZELT 8 D KS B RliliESR O R E 2 il A7z

B. WF 451k

KSIZHf9- D HiiA & LC, mlileib KS 129
% 5D4 L ARKREA{L KS (2 &35 R10G & VT
BT R R 2 A Z T a T 4 U7k
12T KS DA & AL FHIMEE % & ik~ o A
ML CHEHT L 72 KS B RlER DIREIZIEL, KS &
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B B 2 BESH R RIS B R OB T R~ U
ADRIZIEIT D KS OFEE T AX Ty
T4 U TITTHR, FE LT KS e d 5=
THE N BT R CHEE L 721
LC-MS/MS {2 TIRE L7z,

C. WFFERER

HFEREDO~ 7 AR TIXEAERLKS 1233 2 BL
KTH D DA T VRN T F DR ST
WS, A~ U AR TCIEIER IZTRV T F L
LESRTW o7z, —J7 TIERiEE(L KS
\ZXT D PR TH D RI0G (2 K D FH Tlaakis
~ U AT H YA RO & [FFRE D > 7 U H
/ol b, A~ 7 A TIL GleNAc
(2D AERERAEAG DS B D IKEER L KS BFET D
ZEMHBLNE T o T IEMRRM LTI L DR
HrT., Z®RI0GIZED 7 F L% PNNs % J& [
\ZHESET 5 parvalbumin BEOREHIRLIZ JRTE
L. M clde < Mo BRI S LT
ZEDBRRER~ U A EET D IRHRER L KS
IXPNNs IZJRTET 5 Z Loz,

WA Z DIERRERL KS 13 & D X 9 7 igiinfs %
FICXVAERENTODEDD, BT XKEBE~T
Z Fe AV TRRAT L 72, KS @ GleNAc TR & 4
1T 9 HEHBIE R X~V A T4 D 5
ZEDPMEINTEY, 204 FEOBRZZ
NENKRBEL TWDLBEEBETER~ T ZADKIZD
WCT = AX T ayT 4 72T RI0G Bk
T NOEA R E T A GL1eNACBST3 (F
7213 Chstbh) (ZFBVNT RI0G ¥ 7 F /L34 L C
BV, F7-GlcNAc6STL (F7-1% Chst2) & D
FRE~ T A TIERRICS VT FARHEELTW
Tl EMB R~ DU AMTO KS GRIZHEIT D
F B BEBRR IR TR 1 G1eNAC6ST3 TH 1 |
—HB GlcNAC6ST1 DFHHH D EvvH 2 L
Hinkipol,

FE~ U AU TKS DERi %215 27T ¥
VR ERFIET DL il & R10G TR
TR L . BN 2 o 0 By E N Y
VAR LT LC-MS/MS I TRRNT LT & = A B
~ U AT KS EffiZ 51T T D CSPG Th 5
PTPRZ WNa 7 Z XV ETHDH T ENbnoi,
PTPRZ 1IN DD T A V7 4 — L0 DN,
PURDREENEND | KS (Efifi 2521 TV % PTPRZ
135D T A ) 7 4 — D phosphacan 79>, 4
FAPTPRZ OMIfSS KA A T D Z ENH 5

nE7poT,

D. B£

A B DOWFFETHUR~ 7 Z DI & KS DMFEAET
DT ERHLNE o T, Kk~ T Z[EO KS 1
AL~ U AR S5 X9 72 @hiEa b
KS TiE7e <, Gal IZHRFEEARDS S AU TUV7RU MK
Wit KS TH LM, ZDEMiE=Z T Ha 7 &2
R EITIAERE O T iz b KS OfEfi2 %
17 CU 7= PTPRZ & % WML phosphacan TéH 5 = &
DR ST, SR D KS A RIZIE KSGal6ST (£
721% Chstl) & GleNAc6ST1 (F7-1% Chst2)
B> TWDH A, Bk~ 7 A Tld G1eNAc6ST3
(F721% Chstd) BEIZED > TWNDH Z &0 b,
ZID OBE RO L0 RAERFOAED
KS BEAHESINTWND Z EORE I,
Ak~ ZMMD KS ¢ PNNs & [RIREZR 55 Af % o1
L $h#i~ o A TIL KS DA R & BRI 0% T
ICAHBEA B D Z LB, KS 2% PNNs OFERR E SR
D—2D2THY, ZOEMBEAW O hu—
MG LTWDHZ EnEZLND. b hORK
TAERE RSN K B2 %7
PTPRZ/phosphacan N{F{ET D HE 95 M EAHH
ThHYH, SHBOWIEPLETH D,

E. f&m

B~ 7 ARGV TARBREESL KS 2AMFEET 5 2 &
DHLMNERY . F-Z2OEEREREERIX
G1cNAc6ST3 (F 721% Chsth) . KS &R &5 1F 5
a7 XN E L PTPRZ/phosphacan TéHh 5 =
LRI ol A% KS ORE~ 7 ZMIC T 5
BEREZFEHT L, KS D2k & ALS 38JE & OFHEI %
AT,

F. Bf9e38 3%

L. FCFER
1) Narentuya, Takeda-Uchimura, Y., Foyez, T.,

Zhang, Z., Akama, T.O., Yagi, H., Kato, K.,
Komatsu, Y., Kadomatsu, K., Uchimura, K.,
GIcNACc6ST3 is a keratan sulfate
sulfotransferase for the protein-tyrosine
phosphatase PTPRZ in the adult brain. Sci. Rep.
9, 4387 (2019)
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SRR 30 £EEEBTIR R FMUAT FERT
[ RbgreRie i B RIS ) DB REPT RR S [ JE L)
EFEFA - EFETERES

REBEET N U ADOMAZWE VX7 BD T 0T A — NENT

WRfEERL KA #
WRAEERS SRE #E2), Mm@ 3

D) JhERESmSAE 2) dRARESRIEEE 3) HHBREMBFIeET
WrEs

TEEND 1 D Th H RLEDBEICHRE SN DERDPARLZEETH D, REEEIL, AEOREEN
15~20%IZ8 L OVRIEORBNEHE L > TWD, TDd, NEBEEHHET DMNG THE O
HMEHLMNCT DI LIFEFICEETHD, ZNETICEE b= R—RXI v Vo &S T ED
MR EME DR LZEOFERICE G T2 Z LWL NI TWD, F23TF RO EEDE
ThHhiH=a2—aXT7F RY ITIHMAZERARH L B2 LN TN D, & 2 CTARIFE TIIRLZRICEE S
THH LRI EDREEHIE L, WREE O~ D AN S VI B, v~ 70X A7T U
EEHWTENR L, BE&5a CRE - E&T 2 ERAOHEELHLI., ~ TV RAMEDO~A rasx A
TV AEToTZE T A, K260 FEOMN DMWY X7 BERET DI ENTE T, ETMAZUW
BRI B O—IE. BRI X o TR O BB EIN 5 55 B A 15T,

AFFFREH

mA AT, ALEERH S D& W
ST RMER AR D BEENEMLTEY, £
DFFERE T ORI N EE A L 7o o TV D,
RLREELI D DT, f@HE A L ITIRN O
RITENN B2 LEZEZ LN TS, 2T O
(VTG IEWE 21X U & T Dk~ 22NNy
WH U RTBEHEEH L TWDL I ERTHEEND,
T ZCAMETIE, BIFRREE N O~ T AN
W X A - TERT D ERIEEZ LT
HZLEERAMET D, ZOFERIEELZHVT, IE
W~ AL FEHEELZRITEBET LT AD
NIy 5 v R E e el d 5 2 LT, RO
FIEREF OfRBICH G- TE 5 LB 2T\ 5,

BAFFEGE (B ~DRE 4 & 1)

1. A4 7uF ATV VAL D~YT REBED

RPN I6 & o 2% 27 B D EY
TRTOEYERIL, LRRFICBT 288

EBRFIZET DRI - TT o 72,

8~10 i D A4 A D C5TB6/N ~ 7 A DRI
FMZ LT, A R =a—F(=A a2 b))%
HIATe, HA Rh=a—F DAL HEE
MODEEDTD, ~ 7 A% | HEET 5, €
D%, # 7 BRI OEN 7 v —7 (=1 =
DY A RIZELIAR, XTTF R~vAfr7a XA
7 U AE{ToT=(Fig. 1), BHEO~A 7 aXA
TUVRALFERY, V) ORI Dk
RIZT T, v—X—Rr 7 %AW TREENN
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(BT A X L 72, R DAL, Low KF ¥
#%(1 mg/ml BSA, 140 mM NaCl, 4.7 mM KCI, 1.2
mM KH>POq, 2.5 mM CaCly, 1.2 mM MgSOs, 11
mM glucose, 15 mM HEPES-NaOH, and pH 7.4)}
X OVHigh K* #A{Z(1 mg/ml BSA, 95 mM NaCl,
59.7 mM KCl, 1.2 mM KH,POy4, 2.5 mM CaCl, 1.2
mM  MgSO4, 11 mM glucose, 15 mM
HEPES-NaOH, and pH 7.4) % F\ 7=, High K* &
ROBER X, BT 7 0 —7 OJF ) ORI &
B orti L, S KRS I S D Z N
JEOEINE B E L TITo 72, FIRIT 2
pwl/min TITV 30 3fE oA — h 7T —I|Z
X oTHEL,
2.% U AR DN Z 37 B DRE
NRTIFRvA 70 AT Y A Ko TEIL
L 72k % LC-MS/MS ¥ A7 A (EASY-nLC
1000, Q Exactive, Thermo Fisher Scientific) T/ 4T
L. Discoverer 1.4 (Thermo Fisher Scientific)% H
WTH T EDREEIT 212,
BESH R E W2 R B ORIET,
RIPFIEE O/NFEER AR R EIIRE
07 A I A —] BBV LT,

C. WFFeRER

YU RAMENO~Y A 7 a XA T RIZES
T L7z Low K* ik, High K'Y RICHE £
NTWDE NI Bx, BaEothdsz T
263 FREARIE LTz, KD 2 ™7 HIX, v
TFNEINEZ Z HNDBOKET X JBO T T
AR —%T I Kl E AT\ e, Leho
T, DR EQRIELIEH VNI EDE 135y
W T ETHDZ ENTRBIND,

4 E#EE (GOTERM_BP_4)

Term Count % P-value
protein activation cascade 21 95 3.6E-21
peptidase inhibitor activity 41 18.6 1.4E-14

fibrinolysis 12 55 4.8E-17
blood coagulation 23 10.5 1.0E-16

B\ E DOHERE (GOTERM_MF_4)

Term Count % P-value
endopeptidase regulator activity 31 14.1 1.2E-23
peptidase inhibitor activity 31 141 2.4E-23
protease binding 1 5 4 4E-6
serine-type peptidase activity 14 6.4 5.4E-6

Table 1 BEUREIZE ENSF I\ BEDGOfEHT

Fo, BE LI X7 EOEFKIELY GO
T CRE Lo A, urr—E1 el
H—, MR, MIREERE - SRR Lo T
FICR BN X R EREL GER TV
(Table 1), LILANL, Tyt Toriy,
TT 4RI F bWV T2RLE 91 b
AUb 6 FERET DI N TE,

RIZ Low K+ ¥ & High K™ &R DRETE% D
RN DRIE L= Z o a7, 17
EEOBZIZ7:% PSM fEAY, High K" ¥IRIZ
Low K" &N HEI 0 2 7ofES, WinL iz 4
VRN 8 FEME & o 7= (Table 2) . PSMEDOE
FHED AL 10 i EToO X > o378 1%, High K
WRIRIZ St 1T & A BB Z RS Te o Tz,

D. &%

VT AMGENORXTTF R a4 T v
AN Lo T L7230 B [RIE S vz 63 i
D& 7 EPSM E=2) & | LLRTICFE L2
~ 7 AR S X7 D PSMAED AL 63 FlikE
(PSME=18) & bt L= & 2 A, 21 FfHD Z o
RIBOBNIETH o712, 2 FEHDO X Ry
BERRS>TWDHD, ~4 70X AT 1) A
2L o T, Bl & TR 72 B MRS Sy & R T
TTCWDHZ R TE, 2, BUNLEH
VRZEE, MES RO E B REL
Ha o Tu=,

Lo LR B, BRI RIECHE SR
BT 220 RIENREZEENLTND Z &
5. BT L 28 E» D OIREN A+ Th -
lEZBND,

F7-. High K" EROBEG % O BINHRIZ & %
NTWALZ RSN =a—aXTFF R
Y (NPY)*C I H ke phi% S 78 [K - (BDNF) 1%, 4 [l
DOEBRTIERIET D ENTE R0 o7-, Low
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K" ik % High K" {EHRICHI 0 2 5 2 & T,
Hi-lcREsNnND & 37 E(Table 2)H 55
728, NPY <° BDNF 2 S e o 7= D,
~A LA T VAR EDZ DAL
RNMENZ ENFERD 1 >ThHDEEZLND,
S XX TEORINERE BT 520, BT
Ta—7 OMER IO, SEHTER O
ErTRTHVLEND S,

E. &0

~A I AT VAL ST, EHREET O
~ 7 AN Ry E R, [FET D HE
BRADN—RAERESLTDHZ LT TE,

LL7ent, RIETEZ X7 HoRIX
A THY | Fkx RFERFROLBIZE T,
FESND X R EOEZ T Z &0k
D HEND, REHX R EO R L%,
REFEERI O DOBRBET NV~ VA LIER~
U A DRGNS 78T B D LR 2 AT
U,

FAFERER
L

GHM)M EFED HIFE - B&ERIL (FEEZET)
L
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SRR 30 £EEEBTIR R FMUAT FERT
[ RbgreRie i B RIS ) DB REPT RR S [ JE L)
EFEFA - EFETERES

MREEE T 2T T — 8 OBREMRET

WRfEERs AN D
WRaEERSL Mg B e 2)

D Fig F#EREERE 2 BB SRR E R B R I 4y 5
BEES

T I ZEGEREBE AR Y CRBEORKO—Do & Siu, 2013FICHe 2 1FBFE O HIZERIZB W T,
Neuropathy Target Esterase (UL FNTE)DIEMESMER FH LV AEICE WD & 28 L7c, NTEIZAH# D &
AW L VMR EZ S| ST AREER S D &2, FTHESIICL2EAKEZBR LD,

AN T NV EXRKE) C—HOAE ) VBV THEAGKROIAEL R T DI L o7z, £72, NTEX
2 — N9 2PNPLAGEIZ FICER OB LA (ataxiax G Te) PITFHE SN TWDZENE, b MEE
FHAY U AR IO~ U AR E 0 ZBIET DR 2 CRISPR/Casdikiic D LA ERK L | RotaRodfi# A

R°Open Fieldff T 72 £ OATENRNT 2 3 e RFMU A fRHT9° 5 2 LI2 & 0 Hi%iE(aF ORERE

Wol-, =D

i e, BULTFHIE~ U 2 TIIBESEEIEO 272 6 PRI DBD T,

A WFEEEBY
INETITHESILTZER NTE O EZEBL R0

PEH DA IS RO s BB~V 22 R L,

T DN ASEAERERIE I B DI R
e UGN o RSN R g o VeVt ol Al E d
2T SH NTE O TR RICBIT DI REME
WraiToZea BET 5, 70, Fx IXAHKY
-NTE B EROFIEDPHREEREZ K TS T 5D
EUVHIGERDOB LT, NTE-H Y A RO %
AT AL — oD HEEL LT, — 7. AU
IR R BE OSERINITISIT D NTE OIRILERAT
VAl B SO EHE A S TS,

B.WF%E5E (P ~DRE % &)

WEAEFE ECIZeh NTE RZE B~ ADMIZ,
CRISPR/Cas9 <A pnpla6 25 Fe~v7 A (25 B
VT R) EAEBCRFAG T, SFEEL RO
ECEIOIZHPIDOE BRHARNL LT, REFTTA
BAFZIIAT v 2D ZRUZ Ko7z, REVE
Mroot  ATENENT 121X RotaRod i HT (Med
associates Inc.ft) . BT Open Field fi##T (60cm
x 60cm. 15min #H## . Duo Mouse (ZLDRAT) &

iz,

HESPICEL T, KIBEICEFEHS Tt
N NTE (Z2W T, £971%L, MS: LCMS-IT-TOF
(Shimadzu) LC: Prominence Nano
system(Shimadzu) 12 X 0 f#fr L 7=, 3fDA
WYL % SR ST = AH 7 ay MENTS I Phos
tag Gel (B 7 A /L AFYCHE T 2E) 2 Hu,
NTE #iff (Santa Cruz #1: G-4) I2&0, FiEIZL-
THEMLT,

EULy/ES NS (i ik de = e S AP e 3 T
EEEH L, RERFOKREEGTED, £
7oy RN AZEH ST TV E< Z Eizon T
ITHR R T I KO R F O M Z B 2 0 &R
ZFTWD, 2F, ABFZEICIR T DFIEEF T
R,

C. B ZeHE R

NTE-GH% Y AT 2 B L T, £91%
BEIRBINTE IZOWT R Y T U i7" F KD
[FE Z gl To D3, BRI B E LT R R34S
Lo tz, £ZTY VB {LIREEDE W & B
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5 BRKE) N P& LTl R 2
Phos-tag 7 V& W CEAROBH 25 4 72,
fiE & L, DDVP CRREHEDE TR >
. =7 F A VIiConTED T~ EI
mHTZ 7=,

t b NTE @%8~ 7 22O\ Tk, LA H
ELIEEIIC, BETOZ AR AT L (v
> I N AGEGRER R E O —2) RN~
AN e NMZEB L TWD Z L E2BR LT,

~ 7 A NIE (pnpla6) Bin AR ~T R~
A A RATEAE DFFHT TIE— A I RIS B O (R
TROEESREDIK TR G D03, SRR
HLOEREZGEERSZZ Lk, EEPL
(I 2 7 X/ BRAZHAAR C I NTE TR T o1 T8h
T CHLB AR A LI L TEDLRNDIZ
XL, 2X7VAF R, 4X 7 LAF FRER
72 ETCIENEGES 7D L < IXNTE OIEMERMK T
THEMMNEERINDS & &b, AT
Kmr—%nuy FREETHREOE AR~ o 22
LA TRAEASEWER Y LI LiIdBlE ST,
YL BEIET R TAT rllZBE <~ 7 ZOFRTH 5,

Fle~T uER <~ T AMOZRL TIL, 5D
L ZARER ZOMARBE S, T
TAT a BN AERIOBE R E 7o TnN 5,

D. BE

NTE-FH% U L EE IR DRSNS 5 £ <
W2 T2 B DWW T, A CRMEREDE &
IhTEsE W TR RN 7T v a ) v RS
7 —EBTIEH Db ODOEIIBINHE SN TND
DT, AEOFERITHAW-EEoresOMERED
R T o7 & Bbivd, —JF, Phos—tag gel
TOBEARBITI~TF A TR LEZL DD,
DDVP TliE 9 £ W o TEHT, 24 Phos—tag
gel ORAMNEL LR, 727208 94 L&
EEWETHRE L CEBNERNEZNS,

bk NTE @FB~ 7 R2HOWTIE, RERE
D6 DERFEWEOWIN 72 EI2O0W T, B MER
ETNE L TCOFMRHIRFTE 2,
~YUARERZER~ T ATIE, HEHOMH
FIFEDELEZABEDOLNT, ZHUIBERD =
N a V) I T R~ AORR L —5
T 5, BEFHOBRETOT R =T RI2L5
HOMNE S NEBUEHTT TH D, £, 178
FRFTIXH AR O AR L12b Ko TEIET 50

TIRNIREER72 Z S I3FEm T 7203, »
Thb 2-3 HDOEERGAF~DHIME 2 8 T Ehi
L7z, fik. B FEROEBEID O TH
PRI IO E L B X TnDH L) ThDH, &
DL N VLETH DN, D
0liver-MacFarlane JEfEEE . Laurence—Moon JEfE
f£. Boucher-Neuhauser JEEHREEFEA Db N
BYREBOET NV L7052 E 2L TV D,
U I N AJEERE & ORR CIEB TR E~
T AZHNTOARKEY o BBEE LTI L
720,

AR ORFEEREICL DAY 2R A
& DL DORRFHIHT T2 22 B350 H A7 h
STeOT, JEFRREMICHERBREZ E L O T
Do

E. 550
UTICAFEORmER~<5, 1) BE&SHr
28D NIE-A# Y S EEERBHICEL ko
e, BHEOAWKY 05 b~ T FF BN
TITEEKRORENATE Tz, 2) B~
7 ADFERNBIE, v U AR CYEIER T DM
TRRERE I B2 KT LT D Z & VHIBA LTz,
3) FIWOERBEEEDGELNRNT &
O, ary_Xyva ) v I T v ADY
AERUL, BAICRIT 2 Yi%Eis T O
DEIMEDRIB S N7z,

F. BF5E%83% (LA 1B 5 6 )
LEmER

2l

2. FRFE

1) FrEan-1-, HHIES AL, G,
KA —. DR, SGHE ., AR - A5
U AT K DA E S EA T OfEBNZ A T
52T M AARBARRREESSFINES
2018.7.7-8 =&

2 ) M 13, Khampeeraphan Ramphai | JFEAEE
AR, P, TS, MBS, K
FEE . EAFRMTEERE O QL tiEE HEY
& LT SRAMRIR 72 0 o — N BIHI oAl
92T MHABRKERETTSFINES
2018.7.7-8 —E

3) FaffBAnF-. FH AP IES | ARSI
KA —, g, JEE . AR © Ak
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4) RFHE, DOEER, BREAnf-, AL, K
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BB~ 7 AICBIT v U AKRER SBES
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TERK 30 AR EEHTR K AN FE AT
(b et 3 B TS FH 0D 9% AR RE AL R JE AL AL
LRI - LR IE S &

TT D=2 FRINNE & i R R R R L E
U ER{L TDP-43 LV BRI 2T D RN E AR

WeRESE I kL2
BresE ke mA B3, mm mxed
DN KRR S ik B e D) B i A e i

PELERIFARNEL DPHE NI I TR B4y 17

MRES

B0 F T =L TDP-43 A/3F —NIAET 57 7 KO/ 3—F 0 L GRAVE (G-PDC) & ZEiiE M Z2
{bJE (G-ALS) . BX TV G-PDC-G-ALS & HHEGI D IR 427212, 544 G-PDC & G-ALS, G-
PDC-G-ALS & i3 LV 7 1 ANk (G-con) DR - FHEIZ 3515 2V R4k (p-) 2V (tau) S0 Yt 5
ADOICRETFHIRASE JRTE . R R, TOREEMRIT LT, 77 L EIEFID p-tau T LIE G-con
BELOG-ALS T3 %, G-PDC B LN G-PDC-G-ALS A TIXZEZRD BT, p-tau FERT o
JREERIT, FatE FI I TR 72 81 BHNDIER] (Stage 0) . D ERO BT ASES  RbkEZ, IR
B, FRIBEREIE FEZIZ R H15 Stage 1, MIBEIELIRE R RPKIAR L k512 2% Foo | AiTga%E, BHTHIERE
CILEEZ, BUR, FE B LOE g 2 B ORI L3255 Stage IV £TO 5 B (Stage 0 - TV) 1253
BT, p-tau BEPERT LI, Stage 1 205 11 £ TIFFAE DI FRAEZ L (NFT) THY, Stage 11 TiX NFT &
ALy RO CToh o7z, Stage IV TIEZABIZT AR A R BT i (granular hazy astrocyte: Oyanagi K, et
al. J Neuropathol Exp Neurol 1997) EHELTZ, AD LHHZ L7277 LEIERFIO p-tau BEMERT RO FIL, (1)
ALy RINZLNZE QUERCRTEARE ST L . KM &I B 2 IR TAR U O eR ~ O R 3813 C
BV, 5 BFEOAT— N3 ToDIE, (3) AT — IV TIE T AR A RO BT AL (granular hazy
astrocyte: Oyanagi K, et al. 1997) NEEGRDOOLNLHIE, B BT 6D, 77 LERERFIE AD X, FILL 4 Ve —h
3V =R DZTT AT 3 — LERER 7 & T DETA T —ThHN, 77 LEIEFIE AD O p-tau [THRAR)

(R D AT =X DI Lo TEUTZATREMEDS DY | TN A 5870 DR U THERR L T,

A BB

2 FNF =L TDP-43 A/ F—NHAFT 5
B TH DT T LD/ S—F 2 Z8HE (G-
PDC) & ZEAEMEMI SR EE A LAE (G-ALS) D3 Tkt %
i35,

WEAR FE D BTIR K I 78 B L [RIF 92 (#2907) 12 &
D, VAL (p-) TDP-43 DNtk A% G-PDC,
G-ALS }; 1" G-PDC-G-ALS &0, 77 2 A% R
(G-con) , HA NHTZEMIBHEEL MEAE (J-FTLD-
TDP). HA A ALS (J-ALS) . H AR AGRAVEZFED
ALS (J-ALS-D) , HAR A%t (J-con) T, HFH#H 34

&% p-TDP-43 fup Yeta L | P& HERa Y & DB
AR LT,

ZORERIL, (1)G-PDC TlE pTDP-43 [ KN &M%
R AFFAN DR EITAFIEL . Lvb BB DA
JADOIHI2HT HE THALD B2 E, (2)G-ALS
T FLEE =2 —a TRON, J-ALS EEAZHY
IZHEMICHIAETHY, (3)G-PDC-ALS &1
I ZRIANER X G-PDC LRIER T, ZAUTINZ FHET
1% G-ALS FBLWNJ-ALS EFRIERD p-TDP-43 73705
Ni=Zk. (4)J-FTLD-TDP & J-ALS-D &I3RiSHEEL
IFEBED p-TDP-43 1% G-PDC LVHHE Th 7273,

— 155 —



JMERE~DILNIE G-PDC L0593 -7=2 8, & R
L. TDP-43 A/ 3F —DHTT T AEFEFNINZNLL
TR B P AT A A2 M Lz,

AR FE DR FTIZ LD . G-PDC, G-ALS K& O} G-
PDC-G-ALS &0, G-con [ZB1F DV R (p-) &
v (tau) S5 Y e fh e T RO K - BB 31T DT fE
FHIFFE TR, EREXE R L, Tz vy
NA<—J5 (AD) L HER L TZ 7 D BIEBNZ BT 5 p-
tau DRy BT LT,

B. B HYE (Bl ~DEE % & 1)

G-PDC 13 #I#:f1, G-ALS 9 #|#41, G-PDC-G-
ALS A0F 55861, G-con 8 IR FIDR/L~ T [
TERT T4 ARSI TR 34 fETOD 6 71
JEU) F % p-tau (AT-8) SafE Yeta L | ZDRMERT 7o

SREFHURHR E REA IR L, B oo e R iR
NEMFTLTZ, 72235 34 FHAIGE FTIXVEREE D L [H
fFgE L [Rlkk, RTERBERCE & B8, EBEFRE &
FE. IBEIERE & A, RBIREE. #os. A
Bk, UK, NE. Rtk WS, IR S
PEEl, BB, RMAKGEEPRIK AR, BARAR R
B, HHERRIR, JREZ. RN, R AR
fERE, MEMEERIR, & MRk, JEBEMEREAR, T
FV =T, BRIz, FRERTA &%
., FHAETH D,

C. WFFEis R

(1)p-tau BHIERT R, G-con LN G-ALS Tl
#C. G-PDC $L 1 G-PDC-G-ALS &l Tlx%
BB LIz, (2)p-tau BAVERT ORI, 2
PESES] (Stage 0) |, MRS, RPkEZ, IRERE], _EATEAR]
EHBZ DB DG T LS Bbiud Stage 1, IEH
TENMIER S RAKIR, F gk s I 8o | AL
SRTASE RV, HER PR, . JEREOR I TR ENE
BT Bs RS s Stage 1T, ZIVHD ERO AT
FAMEEL ., BEMEICAL YR30 HID Stage
I, fIBREEL AR B 1E] RIS MR I 2 D
RAITEATE, BHTATE VB LILERE, BUR | MG KL UERE
WP HEBEDOGYERT LA 55 Stage IV £ T
D 5 B (Stage 0 - IV) (253 1T BT, (3)p-tau Boitk
AT R, Stage I 25 1T ETIXFAL DIRRIFRRHEZL
{b.(NFT) TV, Stage Il TIE NFT &AL v RAMGM:
Th-o7z, Stage IV TIEINOITMZ T ARaHA D
k5T A (granular hazy astrocyte: Oyanagi K, et al. J

Neuropathol Exp Neurol 1997) RNZEGROHBILIZ,

D. BE2

TT KEIER & AD Z OO X v AT — L
TDP-43 7 /3F— & OFRRIE B A T 2 O bl T
L. ZUTA YT =BT T NEIERF L AD
TIH4VE—M3 UE—FTHY, 4 VE—NE-ETH
DHETTVEAZ R0 BB B A A MEAE . W SR
FERGRAE S, £/23 VB — MNEARTHDE Y
TIMEIR & X2 TR R 52 8 TT
L BIEFIREIZ G-PDC 35 X Y G-PDC-G-ALS A )f
BlZIZZ < O NFT 338 511508 AD &3 # 7
D ZANBEE IO THDHZ L, F72 G-PDC
& G-PDC-G-ALS & 0flZ 1% p-TDP 23 KK R &
DHIE LT HEFIISREIFET HRIE, 72
ENS 7T NEIEFIIM O ¥ A4 3F— & TDP-
43 FXF— L IIRIERRE N 72 HIRBHETH D
CRfRINTE T,

AN L0 77 L SREF D p-tau DN HE
JERRR DML D & 7 AR F— LT E 2 B A 7
HDOTHHZ LR LN LT,

WEAEE D 7T A SHER] D TDP-43 (2 B9~ 5 [
WRGEHRE SR & RO FERE RICIFERET D &
G-PDC (X% p-tau & TDP-43 % it R34 lz7
L7=BRTHY . G-ALS X J-ALS & (X XBIH sk
IRWEREBETH D Z L, G-PDC & G-ALS [TH77
HIEERTHDHZ L, G-PDC-G-ALS & 0#1X. G-
PDC & G-ALS 2% [&fF L7z B THDHZ &,
N GNE 72T,

7T LESREFID p-tau BEPERT ORI, (DAL
YRINZLNZ L, QRS CHTEAZE R ITHE L, KK
BB LIRS 2 IR TR U TN R ~ D RSB
T 5 BEDOAT =T (0-IV) 1231652k, (3) A
T = IV TIE7 AR A~ i A (granular
hazy astrocyte: Oyanagi K, et al. 1997) N ZEGEH 5
NHZE BN EFbib, 77 AESEFIE AD I, [FIT
{4V —M3VE—RDETT AV 74— LERERAK
FETDHETAINT—THDHN, 7T LEIEFIE AD
D p-tau [ FARARNC IR D AT = XL E->TALT
AIREMED DY | I RN 2 e 2N CHE R L T
7o
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Mm@ E R FCRIE L, % 10 @i 225 17
W i F CAEARRRIE T1T72 o 7o, IRERGESE) T,
RTEERITC & 0 BEERER) & i 5 24 U 2 RilkE
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AR ZAIMATIC X D EGF #5030 ¥EE
DFEBIZ G 2 D8, FRIZ R— R AR A5
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K E D& XA 3 B ISRz B8 T
. BAM< T 20D GPe =a—nm b TR R 5
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(Caskinl) ® in vivo COREREZ I &M T 5 2
EERHME L TBIRoT,

B. B4R 5 1A

Caskinl O FRAEAZ B BT T D7 OITF
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B, 1120 BELIFRIZBNT, ~TaBIWHRE ) v 7 A~ AL HIT Rotarod test TREREITIE
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7= (Chiken et al., Cereb Cortex 2015),
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SO, PRRTEEIAN AL L 72 IO el & B & 23T
L7z,
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FICHELTEBY, DIR 2/ v 7 X7 0452
LT, FOMRIEENC L Z RITT 2 EnBE Z
HIVD, ZFDT, AL TITATENER O pif
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Thod, SHBERDLITEHEREITO, [TEIOER
B ET DUNEN D D,

(2) DIR / v 7 B0 Az X DG Eh 2 L
DIR-KD ~ W 2 Tl& Dox # 512 X V) #hfki% )
DSTUE L7 fEI S O B av7z, 7k, DIR @
TEME LI TR L D BB 2 m D 5 L E 2 Bl
TE7N, SRIOBRIZZOZEZ T LITFET
LI, Ll DIR B"EL<EIHL
TWVWAHMERERER = 2 —a It = 2 —
2y ThO, DIR /v 7 XA XY ZOIEHE)
DETTHZEIcLy, LLANERE LTI
BTN EE D AREMENR B 2 b D,

F 72, QAIM-MRT DR TIT, Fro kA Trb
FISETEN RO, D X o 2k

FFIZLE DB DONIARHATH D,

E. f&m

DIR #/ v/ Xy 352 Licky, Eih
REOE TR, fIBEZIICD E LM%
ORI CHRIEEh O TLEN R STz, A% ExR
LHPgE & EI, DIR OREL O L, KK
R OBREFRBLA = XA E ST D40
ERH D,

F. BF3E3 3R (aoams o+ % b o)
1. 3R
L

2. FERRK

NN . TEERTEEMK A~ o T R
VRT DJFEE L Z DI, Hi AR E 2 R
BB, HTE, 2018/5/28

Osanai M, Tanihira H, Kikuta S, Fujiwara T,
Homma N. Whole-brain activity history
imaging by quantitative activation—
induced manganese—enhanced MRI. Zfil| H#h
HHSER T A TP =T U U TE Y R
T A 2018, &HE 2018/9/10-12.

/NI 22, Multi-scale and multi-
dimensional analysis for unraveling brain
functions. A% 30 4EFE 5 2 [B] KAMILE
HERENT e, REAR, 2018/11/23-24.

NN . R—=2 0 DI ZRIK v &
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R UK R RO L RIR A st
s OB X 2 BRIEME O R
TS ORI, Ril, 2019/3/15-16.
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MREE
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A L7z, MRI_EAUPED TRBERIE R 2 A A EEE PEREARE CAr A ), 11 EBI 2 BRI RIEE Az
PR T AR S KD T A I FL gk CRIE L, SRR BIBRE AT U7, BB M DGR, TAMAFE
TR AR T RBIR D H 7225 @ RICHBS b & i, KRBT IZ BV Th, TADAIRE~—T1—
LEND B DS 22 GRO LIV, TRPEARER 2 D MIERE TAD A N3 B R AE A K &9
HbO LTI, FEREBEENRIZAL, MRk TITEEEE O gliosis DANBIEEES I, RELFHIZALRZ LN L
DRI, SRR, MBS TAMATEIEMFIZRAMR L, RIAD A TR ICH TADAR

FEALTWDEER LN,

A FFFEEW

SRANEE VB PEMITEEE CANA DT T, fE3E MRI
IR DRSNS T MEEEE T A A D HIZ
VTAE DGR OMEHRIZ LV T DOIFEEII S )
L 7pole TmHRIARIER % 1 5 MITHHE T A DA
VDD, ZHETORE TITFH TANAIEICE
RSO RT & STV, SRAIEA IS
i L, ARFIROXNG L5 DH% AFHE
THZEDRMESIND LYo T2. L,
R IE R 2D MISEEEC A A 1, B
PWrEE D, ZOTAPARAEITRIZHGO TR
72, 1R EHED D b, BRI I3 E E i
Thb.

P TIATHIIELY, R AR 2R R AT O
R, TOFENEEIMGITRYAED Z 2D FEHE L m =R
(ZEENTEY, RO TANAIR AN EE
I o T D EARELE STz, ARWFSEINIE

KRR F-THR T AT oA Rk R R K%
PESMUSEIE CAD A JREBIE RIS, JEWEF, 7B
R[AEBR), 3 L OYR BRI 1% 5 (R RO AT 2
1TV, ZOIREZHSLNCTHZEE BRICL T
D.

LA R O BRI, 18BN OD D WA B
PHRSNDH OO —EDFF BT LIE72<, K
ThD. HERTE TN 28 SRR TR
B U795 BEAH R 2 8T 18 R A AT JE AT as T L
FRBR AR 2 FEOIEAZE T A A NIZ BT DR EE
MLRRARDT Z2 R A AT O SE R e 2 Rl L7z

BB

2013 4F75 2017 ARITNAR B R e s R -
AINnh e B — TR, IREA T/ SRAI R I
(2R L7 IEEEE T A A DT, SR T
I 96 BilDHH, MRI _E R HIMED TRk AIE K
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ZEOMIBAZE CAN A LR, 11 EBIZ RIS
7. TRHRIRIE K )1 X MRI T1 5857814 % Free Surfer
Software (Version 6.0.0; Martinos Center, Harvard
University, Boston, MA, U.S.A.) Z W TIRFEA
HELRE L. BRT —&# U TUIRIEYIRE
fn, TR, TR, BAEERRE DR
FIRRFHIINZ, [A— BRI Z KA MRR LB 2
RAZATV, MRI EORHRAR, W5 ORFER &
TIAuTA¥ 7 )Va—A (FDG)- Positron
Emission Tomography (PET)IZ XA & OV
R TOMBERBT ARG LIz

BB RORGETCUR, TRk JE R B i 2
FAREL, BHECMNIE T R EARIEE N BRI K DM
BB R C O SRS JE B AT G S0~ © T A AR
ErELE L.

JHELERIRRGET T, MPE T bR B A
B R STATIZ A L, BIBR S 4v 7= PRI
SHIEMRIR 28, RPA, ME OB T & IZFH
AR IR B IR 21T R o 72

AWFFRITNE R e R i m B E B O AL
2T TERY, TTITRKREGTOZ TES .
KERE NI OB G CEARAT L, BFgE
DRBY-TaT T LANFEFTIEGRENRET LD
A, A X EE A TITVME S B eE B R
S, WFEE~OBMIT A B EEICESE AR
WZE o TS AR R I L7202 &’%{EK EH 2 CIA
BEaiG ETHFEIZSINL TIEV .

(OR 577 EE S
DRBEATIE R 2 FEMIERSE T A A ) DB ENCED
SAEHEIRZAT ST BT CAnASER] 11 f,
YN 34.9 7% (range, 23-57)& %522, AT HED
TEAR IR BT LT,

FR PR O R ES1E, ML 1768.6 mm® 725
2486.4 mm® (F¥J, 2051.5 mm®) THY, &ML
1503.4 mm® 75 2471.3 mm® CFE¥J, 1789.8 mm?)
T, A RHIARIERZFE L2 (p<0.01).

F& AEE B2 1 2 512 focal impaired awareness
seizures (FIAS)3FE O B, 8 B(72. 72 FD H #)
FEDS, 1EIC 0 B #E RO BT, BTJRAEIR
ELTHEARIE, BHEMARERZ Z2L2H0133
il (27.3%) Tl o7z

fsbE A (FDG-PET) OfE R TIiE, 5, RAkE

B (T D i bE RHHE T 23807275, WMSM-R
Uy AT — LR A LA RE R RE B AT T
MEREMERCIE), TR MR, TEE ),
BLOTEBIERA | £ TOHEAB THRZN, EiEkE
OB ST
TEAE T BRI LD B M B M Fe gk L, CTAd A
FAEEAEEAN I RIAR D 72 5F, @RITHEED
BEN, EI RS EAENT ISRV TE, TAD
AR~ — T — LU T B S5 B I R 5 23
FIZEL<RHLT.
BT 11 SERIE TUTRmPHAIERA i T L 7=
3 BNTMEH OIBR, 7 Bl ERANIES (T 3EE
BAFZBEL, Z2UNEHITU-. BHENEMmES
FOMIT H I 28 KV R HRAR NS D T A AL D Fr
Ziddlz 1 FEFNIRPIED ZHDOUIRIZEE DT,
UINLDNBARIEFNT TAMNAFIEO UENTR
DILVT, 12 7 H RIS OB IMYIERE M TL7Z.
B RYRELEE LT TR IE R A LD I SE 5E
TADNIE, WIFFEVEDAERRD T 29.9 % L
BLIE & IR LB CTh o723, FINETO
RT3 EL R (S 5.0 4F) Tho7e.
JEMRRDOIFBLFT F.1E, non—specific mild gliosis 3
B (27.3%) DA TBHY, E Dt o> 555 BEF 1) B4 T
RIFRD LN eh o7z, R YIRE T T L7 3%E
B D FS IR FRAT FLIXV 9 uh  non—specific mild
gliosis 231, subtle granular cell dispersions 23
SIS, RGP TR b7z,
) 26 - H (12-47 » H) Ot FE IR Tl
(81.8%)1Z Engel’ s classification Class I, 851(72.7%)
THCANATEDREN FIEE Th o7z,
A RS TR AR KA MIEATE TANA LT
BRI, RN TADARIERTIZ
IR, RHIED A TR RITH TADARA
EAHLCNDEE 2D, EIRBL R IE
AR LIEZ R &9 Db D LT EEZRD), i
EHIRAFSNT.

D.Z%

FABEBEIC OV TR EDO IR TIE, Rtkikz
BT TADATAEIE, B2 R AEC B A%
FERE R E T HERESNDN, Fxr D) —X
Tl 27.3%CEEED, [P IARE I A PEITEEEC
AIPA T, ZLITRIKIRD O FVERE BRIz EE

— 188 —



57, BHESOIIEREL T TEERT D, 2
Fex O T FEE T, REZVb T LA

FEINBD T AP A DBAE DI % FRO HIL TN,

SAEHEWE TILR CTOSRER] CTHE IS kT 2 L8173
VB TCHoT=M, FO%OFRGE T seizure free 215
e Zemob AR R Z fEO I BEHE CTA DA
RIS ERBAR D W5 23 TADARA LIRS T
HEELTD.

JRBLERIET 61T, ERAL L7 RmPkIRIRIZEA
E OIERFTEE T I3 72<, UIBRS VIR AT A
%, %7~ non—specific mild gliosis ZZRH DD IR TIH -
7=, FWERIZB VLT, non—specific mild gliosis,
subtle granular cell dispersions &JFEL LTI
N Th-oTz. WEDILETIE, FLTANAFKITT
B 72t 2 R o R IER O HiZiT MRI ]
BCEFRIIRIMELDHY, ZOZENDMROE
YN S S S {45 0 el e 4 Y D QAN £ =3
IN5.

A EID Y — RIXEIIE B DD 72 Mg L7 o
7oy, PR TRHMARIE R A MIBAEE TAD A I
KLU TEOITERIE A CL, TANARALRD
JRRDFEHBMEATHHEE Z BT,

Fox DT — XTI TR B IE R A LD (I SEEEC
Ao, RPRAR SRS O 5 23 T AR A
EEZ LN, BRI CIIIEENE
R LD B2 B i SR gk S EE G, CADATRE
Vet IRZ R E L, YIBREHA R ETHDICAHT
ot FTFHTIE, RUIRDH7220 9 G~
DOUEENE T, EAL LR OV 2 U017E, <

AAFVEZRIFEIL, AT DRSS 71 DR AEZ LR
ZENH R SRR, BED gliosis DA
DBESNT-.

FAFREREER (it 55 0)

L3R
Hiroharu Suzuki, Hidenori Sugano, Madoka
Nakajima, Takuma Higo, Yasushi limura, Takumi
Mitsuhashi, Keiko Fusegi, Akiyoshi Kakita, Hiroshi
Otsubo, Hajime Arai: The epileptogenic zone in
pharmaco-resistant temporal lobe epilepsy with
amygdala enlargement. Epileptic Disorders 2019 in

press

2.FRFR
Hiroharu Suzuki, Hidenori Sugano, Madoka
Nakajima, Takuma Higo, Yasushi limura, Takumi
Mitsuhashi, Keiko Fusegi, Akiyoshi Kakita, Hiroshi
Otsubo, Hajime Arai: Amygdala is not an actual
epileptic focus in temporal lobe epilepsy associated
with amygdala enlargement. 2018 Annual Meeting
of the American Epilepsy Society, 2018/12/4 New

Orleans.
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REIELFED AN =X LNERHT % & R,
JHREE T /LTI G D4y T HERBELE 2 fifhT L |
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B TRAT - B BEIN TS, The
MayoRNAseq Study (28 TiX, 7T/ A ~<—

Knowledge Portal

i & Ede 276 JEF OMITHEEIZ 51T D HE R
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(Kidana et al., EMBO Mol Med 2018) .,

S DA EEICB O TIE, MNER O
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RSO TR TIR, HFEFRCE LTHE L
TWD KLKT 2Bz & 0 FEERICHR SIS
NTWAT—XOREIH=D, Loy
v 7 s T2 EBG UNT 21T > T2 T
FEAIC ZHORTAEW V., SgHEAE D TREFE T,
G Se L DT 5 7= SNP DIRIE D> & F DR B Ofif
WMET, XM AL T H~T 47 AZEME L=
BRI 2 TR TE S &, Bk 7efgir T —
B R—R e ZHORTAW T,

D. BE

ARFFEIZ L0 BARN AD B BN Iz 5
WTERS BV KLK7 mRNA BB DK T2, K
K AD FEEEHIRRANIZ IS T DB T RBT — Z X
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amyloid pathology in Alzheimer’s model
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MR T < 77 sEI A B HH S, MBP L DMR AR & b iRV B#E 2R LTz, 2 OB R
PEIZDONWT E DIZHRFTT B 72012, IMOENLZ & (BEER FE8. RE. /NMK) DA F AL g%
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DIREHIR T & MEARERE 2 0] 0 H L, DNA
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Abstract

Gli3 is a downstream factor of the Sonic Hedgehog pathway, and its main function is to suppress Glil/2, leading

to inactivation of transcription of oncogenes leading to neuronal differentiation. We have previously shown that

Gli3 induces neuronal differentiation inside the nodules of desmoplastic / nodular type medulloblastamas. In the

present study, we set out show in which molecular subtype of medulloblastomas Gli3 is expressed. Nanostring

analysis to determine molecular subgroup and Gli3 immunohistochemistry (IHC) were performed. Furthermore,

the public database R2 was analyzed for Gli3 and Glil expression. We found that Gli3 was highly expressed in the

WNT- and SHH- activated subgroups. Glil expression was high in SHH- activated medulloblastomas, and

suppressed in WNT- activated subgroups. We found from IHC analysis that Gli3 was highly expressed inside the

nodules and Glil/2 was activated in desmoplastic areas of SHH- activated medulloblastomas, whereas Gli3 was

diffusely expressed in WNT- activated medulloblastomas, suppressing aberrant Hedgehog signaling leading to the

WNT- activated morphology. Thus, we conclude that Gli3 is an important factor associated with neuronal

differentiation, determination morphology, and good prognosis in WNT- and SHH- activated medulloblastomas.

A. INTRODUCTION

Gli3 is a downstream factor of the Sonic Hedgehog
pathway, and its main function is to suppress Glil/2,
important transcriptional regulators involved in
activation of several oncogenes such as Myc, Cyclin
D/E and Patched in medulloblastomas. We have
previously shown that Glil/2 is expressed in
desmoplastic areas of desmoplastic / nodular (D/N)
type medulloblastomas and is associated with enhanced
proliferation (Bar et al., Am J Pathol, 2007, Ref 1),
whereas Gli3 induces neuronal and glial differentiation
in medulloblastomas and D/N type medulloblastomas
are overrepresented in Gli3 positive medulloblastomas
(Miyahara et al., Neuropathology, 2013, Ref 2). In the
present study, we investigated the expression of Gli3 in
the molecular subgroups and found for the first time
that Gli3 was upregulated in WNT- activated and SHH-
activated subgroups, with different distribution within
the two subgroups.

B. MATERIALS AND METHODS
31 subjects undergoing surgery for newly-diagnosed

medulloblastomas from 1982 to 2010 were enrolled in
the study. This study received approval from
institutional review boards of Niigata University and
Oita University.

Histological and immunohistochemical analysis
Surgical specimens were fixed with 20% buffered
formalin and embedded in paraffin (FFPE). Sections
were stained with hematoxylin-eosin (HE), Gli3, NeuN,
GABI, YAPI, and B-catenin.

Tissue microarrays (TMAS) containing primary
medulloblastomas obtained from the Department of
Pathology, Johns Hopkins University School of
Medicine, with institutional review board approval
were created by the Johns Hopkins microarray core
facility (core diameter 0.6 mm). These TMAs, which
had previously been molecularly subtyped, were sent to
Niigata University and stained for Gli3. Positive
staining of tumor cells was scored independently by
two experienced pathologists. Histological analysis of
medulloblastomas was made by multiple experienced
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pathologists at each institution according to the 2016
WHO classification.

Nanostring analysis

RNA taken from FFPE tissues of 31 medulloblastoma
cases were sent to Hospital for Sick Children for
Nanostring subgroup analysis. Specific have been
previously published (Northcott et al, Acta
Neuropathol, 2012). Analyses registering a confidence
of less than 0.9 were considered poor representations
and excluded from the analysis.

R2 analysis

The Northcott cohort of 103 medulloblastomas in R2
public database was used to assess the expression of
Gli3 and Glil in the 4 medulloblastoma subgroups.

C. RESULTS/OUTCOMES
Immunohistochemical analysis revealed that Gli3 was
Nanostring was considered reliable (confidence >
0.9) in 28 cases. Four cases were classified as WNT-
activated, 5 cases as SHH-activated, 4 cases as Group
3 and 16 cases as Group 4. Gli3 was positive in 7 out
of 9 (78%) WNT-/SHH- cases, whereas Gli3 was
positive in only 8 out of 19 (42.1%) non-WNT-/SHH-
subgroup (p = 0.1145, Fisher’s exact test). R2 database
analysis confirmed that Gli3 was significantly elevated

in WNT- and SHH-activated medulloblastoma (Fig 1A).

Glil was elevated in SHH-activated cases but
suppressed in WNT-activated cases (Fig 1B).

A

Fig 1. A. Gli3 and B. Glil expression in the different
subgroups determined by R2 database analysis.

IHC analysis revealed that Gli3 was elevated inside
the nodules of D/N type medulloblastoma. Positivity
for NeuN was seen in these nodules. Gli3 was
expressed more diffusely in  WNT-activated
medulloblastomas and HE sections showed a clear cell
morphology suggesting neuronal differentiation. The
pathoclinical characteristics of the different subtypes in
terms of Glil and Gli3 expression are summarized in

Table 1.

Table 1. Summary of Gli expression within the various
molecular subgroups.

D. DISCUSSION

Until now, it was not clearly understood in which
molecular subtypes of medulloblastoma Gli3 was
upregulated. In this study, we found Gli3 to be
upregulated in WNT- activated and SHH- activated
subtypes through Nanostring analysis.

Interestingly, Glil was also upregulated in SHH-
activated medulloblastomas, which routinely show
D/N pathology. Considering that the main function of
Gli3 is to suppress Glil, it was difficult initially to
make sense of these results, but we now understand that
Gli3 is expressed in side of nodules showing neuronal
differentiation and Glil/2 is highly expressed in
desmoplastic areas with are proliferative. We have
previously shown that Glil is upregulated in
desmoplastic areas of D/N medulloblastomas (Bar et
al., Am J Pathol, 2007, Ref 1). Gli3 was considered to
be more diffusely expressed in WNT- activated
medulloblastomas, shutting off aberrant SHH-
signaling causing a WNT- phenotype.

Taken together, Gli3 is a key factor associated with
neuronal differentiation, determination of morphology,
and good prognosis in medulloblastomas.

Preclinical studies looking at phenotypic changes
after Gli3 overexpression in medulloblastoma cell lines
and treatment studies analyzing the effectiveness of
Glil inhibitors are awaited.

E. CONCLUSION

We found Gli3 to be highly expressed in WNT- and
SHH- activated medulloblastaoma. Gli3 is a key factor
associated with neuronal differentiation, determination
of  morphology, and good prognosis in
medulloblastomas.
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Abstract

Inosine monophosphate dehydrogenase (IMPDH) is an essential enzyme in the production of GTP. We have

previously shown that IMPDH2 is highly expressed in malignant gliomas, and that pharmacological inhibition of

IMPDH using mycophenolate mofetil is effective in suppressing growth of glioblastoma. The role of IMPDH in

epilepsy has not been thoroughly studied. We present preliminary results of IMPDH immunohistochemical analysis

in hippocampal sclerosis. IMPDH2 was positive in areas with relatively mild neuronal degeneration.

A. INTRODUCTION

Inosine monophosphate dehydrogenase (IMPDH) is a
rate-limiting enzyme of the GTP nucleotide synthesis
pathway. We have previously shown that IMPDH?2 but
not IMPDHI1 is upregulated in glioblastomas, and that
glioblastomas are dependent on GTP as well as ATP for
proliferation. Furthermore, we have shown that the
IMPDH1/2  inhibitor = mycophenolate  mofetil
suppresses growth of glioblastoma in vitro and in vivo.
However, the expression of IMPDH1 and IMPDH?2 is
not known in epileptic brain. The objective of this
research is to the find out the expression, distribution
and role of IMPDH1 and IMPDH2 in epileptic brain. A
large amount of energy is generated during a seizure,
but it is not known whether GTP is produced.
Preliminary results are reported; we first performed
immunohistochemical (IHC) analysis of IMPDH1 and
IMPDH2 on malignant gliomas for control setting, and
then stained in hippocampal sclerosis.

B. MATERIALS AND METHODS

Surgical specimens were fixed with 10% buffered
formalin and embedded in paraffin. 4-pm-thick
sections were cut and stained with hematoxilin-eosin
and IHC was performed using the following primary
antibodies: IMPDH1 (WH0003614M1, Sigma Aldrich,
St Louis, MO, USA), IMPDH2 (ab131158, Abcam,

Cambridge, UK), phospho-GAP-43 (our custom
antibody) and synaptophysin (27G12, Novocastra,
Newcasle-upon-Tyne, UK). The specifics for IHC are
omitted at this time.

Pathological diagnosis of gliomas and
hippocampal sclerosis was done by AK. Staining was
performed by MO, analyzed by AK and discussed
together by all investigators excluding YF.

C. RESULTS/OUTCOMES

First, two glioma cases were stained. One case was
pathologically diagnosed as “glioblastoma, IDH-
wildtype” and the second case as “oligodendroglioma,
IDH-mutant, 1p/19q co-deleted” according to the 2016
World Health Organization Classification of Tumours
of the Central Nervous System.

IMPDH1 was negative in  the
oligodendroglioma case, positive in some areas of the
glioblastoma case, where IMPDH2 staining was weak
(Fig 1). IMPDH2 was positive in both cases. The nuclei
stained positive for IMPDH2 in the oligodendroglioma
case, whereas the astrocytic projections were positive
in fibrillary portions of the glioblastoma case (Fig 1).
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Fig 1. IMPDHI1 and IMPDH2 staining of gliomas

These findings were consistent with those of staining
done at University of Cincinnati, suggesting that
IMPDH1 and IMPDH2 staining is robust.

Next, we sought to look at IMPDH1 and IMPDH2
staining in a hippocampal sclerosis case. IMPDHI1 was
negative in all areas of the tumor, whereas IMPDH?2
was positive where neurons were still present (Fig 2A,
C) but only slightly immunopositive in areas of severe
neuronal degeneration (Fig 2B).

A B (o3

IMPDH1 Synaptophysin

IMPDH2

Scale bar; 100pum

GAP-43
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Fig.2 IMPDH1 and IMPDH2 staining in hippocampal
sclerosis

D. DISCUSSION

IMPDH is the rate-limiting enzyme of the de novo
purine nucleotide synthesis pathway and a molecular
determinant of the fate of IMP to GTP synthesis. The
human genome encodes two different IMPDH genes.
IMPDHI is ubiquitously expressed, whereas IMPDH2
is expressed in proliferative states. Both IMPDHI1 and
IMPDH2 are known to be upregulated in various

cancers; IMPDH2 not IMPDHI1 is upregulated in
malignant gliomas. We have previously shown that
pharmacological inhibition of IMPDHI1/2 using
mycophenolate mofetil suppresses growth of
glioblastoma in vitro and in vivo.

The role, if any, of IMPDH1 and IMPDH?2 in
epilepsy is not known. A large amount of energy is
generated during a seizure, but it is not known whether
GTP is produced. To determine whether GTP is
produced in the epileptic brain, we decided to first look
at IMPDHI1 and IMPDH?2 expression in hippocampal
sclerosis. Preliminary findings suggest that IMPDH2,
but not IMPDHI, is expressed in areas of where
neuronal degeneration is not severe. Professor Kakita’s
group has succeeded in determining the exact location
of pathophysiologic alterations responsible for
epileptogenesis in patients with hippocampal sclerosis
using flavoprotein fluorescence imaging. Further

collaborations could determine the anatomical
relationship between epileptic focus and GTP
production.

Furthermore, if IMPDH2 proves to be
consistently upregulated in hippocampal sclerosis and
other epileptic states, pharmacological IMPDH
inhibition using mycophenolate mofetil could be
candidates for the treatment refractory epilepsy.

E. CONCLUSION

Preliminary results of IMPDH1 and IMPDH?2 IHC for
gliomas and hippocampal sclerosis suggest that
IMPDH1 and IMPDH2 IHC is very reliable. IMPDH2
may be expressed in hippocampal sclerosis and
warrants further examination.
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Abstract

Detection of visual motion is fundamental to the function of our visual system. The first stage where
visual motion is computed in the brain is the retina. Dysfunction of retinal motion computation is linked to
congenital nystagmus, a severe eye movement disorder of humans and mice. In collaboration with Prof.
Toshikuni Sasaoka, we will produce knock-in mice for genetically labeling retinal bipolar cell types, which
play critical roles in retinal motion computation. We will create 3 mouse lines in which cell type specific
promoters are connected to DNA recombinase or tetracycline activator (tTA). The obtained mouse lines
will be transported to DANDRITE Denmark where PI of this project will analyze light responses of
labeled cell types with two-photon-targeted patch clamp recordings and two-photon glutamate imaging,
and then test the effect of silencing these cell types with chemogenetic tools such as DREADD on the
retinal motion computation and eye movements to gain causal relationship between temporal dynamics
of individual bipolar cell types and direction-selective computation by direction-selective ganglion cells.
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

Yonechara recently found that spatially asymmetric
wiring between type-5 bipolar cell types and ON
direction-selective cells are important for the visual
motion computation in the mouse retina (Matsumoto
et al., unpublished). In order to genetically target
individual type-5 bipolar cells for manipulating
activity or gene expression, we aimed to generate
knock-in mouse lines in which cell type specific
promoters are connected to either Cre recombinase or
tTA.

B. MATERIALS AND METHODS

Materials

BAC DNA constructs for containing mouse Sox6,
Chrm2, and Slitrk5.

ES cells derived from C57BL6 mouse line.
Culture medium for the ES cells.

C57BL6/] mice for implanting gene-introduced ES
cells.

Methods

First, targeting vectors were made by DNA cloning.
Next, the targeting vectors were electroported into ES
cells, and the cells were cultured. ES cell colonies
which were positive for the targeting vector was
selected by drug. After correct gene insertions are
confirmed by sequencing, the ES cells were implanted
to adult female C57BL6/J mice.

C. RESULTS/OUTCOMES
Yonehara visited BRI Niigata University July
2018 to discuss the plan for this collaborative
project.

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. We will use heterozygous mice
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for experiments.

To label type-5B bipolar cells, we made a
targeting vector for making Chrm2-iCreS-KI mice,
in which iCreSwprepA-Neo cassette is inserted
immediately after ATG start codon in exon 3 of
Chrm2 in the mouse genome. Endogenous Chrm?2
gene is disrupted. We will use heterozygous mice
for experiments.

To label type-5C bipolar cells, we made a
targeting vector for making Slitrk5-iCreERT-KI
mice, in which iCreSERTwprepA-Neo cassette is
inserted immediately after ATG start codon of
Slitrk5 in the mouse genome. Endogenous Slitrk5
is disrupted. We will use heterozygous mice for
experiments.

D. DISCUSSION

We will test the genotypes of the generated chemera
mice by genotyping by PCR. Positive mice will be
crossed with C57BL6/] mice to obtain F1
heterozygous mice. In case we fail to label single cell
types in the retina, we will change genetic strategy
(e.g. use of Cre or CreERT or tTA).

E. CONCLUSION

Generation of targeting vectors was sucessful. We will
continue this Global Collaborative Research Project
next year to complete the generation of mouse lines.

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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Abstract

Late onset Alzheimer’s disease (LOAD) should be prevented rather than treated when cognitive decline is

established. We have clarified that debris clearance from the brain can be profoundly affected by water dynamics
through the aquaporin 4 (AQP4) system, the astrocyte abundant water channel, and that perturbation in the AQP4

system plays a role in the pathogenesis of LOAD.

To seek out application of newly developed AQP4 modulators for LOAD, we will utilize high-throughput in

vivo MR method developed at the Center for Integrated Human Brain Science, Brain Research Institute for

screening of drugs. Next, we will perform detailed animal studies to assess these effects on an Alzheimer’s disease

animal model.

A. INTRODUCTION

The purpose of the research is to seek out
applications of newly developed aquaporin
modulators for Alzheimer’s disease in human, we will
take newly developed high-throughput in vivo MR
methods [1] for selection of candidate compounds.
Next we will assess the effect of chronic
administration of these compounds on an Alzheimer
mouse model.
[1] Igarashi H, Tsujita M, Kwee IL, Nakada T. Water
influx into cerebrospinal fluid is primarily controlled
by aquaporin-4, not by aquaporin-1: 170 JJIVCPE
MRI study in knockout mice. Neuroreport. 2014 Jan
8;25(1):39-43

B. MATERIALS AND METHODS

We will use high-throughput in vivo JJVCPE MR
method developed in Center for Integrated Human
Brain Science, Brain Research Institute for screening
of drugs. Candidate drugs will be administered
following best effect protocol. Then MRI experiments
will be performed on a 15 ¢cm bore 7 T horizontal
magnet (Magnex Scientific, Abingdon, UK) with a
Varian Unity-INOVA-300 system (Varian Inc., Palo
Alto, CA, USA) equipped with an actively shielded
gradient. Normal saline, 0.2 ml, containing 20% of
H2(17)0 is to be administered as an intravenous bolus
injection at the 75th phase (10 minutes after the first
scan) using an automatic injector at 0.04 ml/second.
Data will be analyzed using software developed at the
Center to assess the efficiency of water metabolism.

C. RESULTS

Utilizing wild type and AQP4 knockout mice, water
entry into CSF is smaller in AQP4 mouse[1]. AQP4
facilitator TGN-073 decrease a relative concentration
of H2(17)0 in cerebral cortex[2].

[[]Nakada T, Kwee IL. Neuroscientist. 2019
Apr;25(2):155-166. doi: 10.1177/1073858418775027.
Epub 2018 May 25.

[2]Huber VI, Igarashi H, Ueki S, Kwee IL, Nakada
T.Neuroreport. 2018 Jun 13;29(9):697-703. doi:
10.1097/WNR.0000000000000990.

PMID: 29481527

D. DISCUSSION

From these result, astrocyte seems play important
role in active water transport in brain. Water transport
in interstitial space can be driven by the active
transport of water by astrocyte[1] Also we filed the
patent in JP, EU, US of the compounds formerly
developed in last year.

E. CONCLUSION
We have clarifies water transport mechanism in
brain.
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F. PUBLICATIONS

Huber VJ, Igarashi H, Ueki S, Terumitsu-Tsujita M,
Nito C, Ohno K, Suzuki Y, Itoh K, Kwee IL, Nakada T.
Visualizing the Distribution of Matrix
Metalloproteinases in Ischemic Brain Using In Vivo
19F-Magnetic Resonance Spectroscopic
Imaging.Contrast Media Mol Imaging. 2019 Jan
6;2019:8908943. doi: 10.1155/2019/8908943.
eCollection 2019.

Fluid Dynamics Inside the Brain Barrier: Current
Concept of Interstitial Flow, Glymphatic Flow, and
Nakada T, Kwee IL. Cerebrospinal Fluid Circulation
in the Brain. Neuroscientist. 2019 Apr;25(2):155-166.
doi: 10.1177/1073858418775027. Epub 2018 May 25.

Huber VI, Igarashi H, Ueki S, Kwee IL, Nakada T.
Aquaporin-4 facilitator TGN-073 promotes interstitial
fluid circulation within the blood-brain barrier:
[170]H20 JJVCPE MRI study.

Neuroreport. 2018 Jun 13;29(9):697-703. doi:
10.1097/WNR.0000000000000990.

G. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS
1. PATENT
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WA HEE A Th D,

(PCT/JP2017/008485:777
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Abstract

Homeostatic synaptic down-scaling reduces neuronal excitability by modulating the number of postsynaptic
receptors. Histone modifications and the subsequent chromatin remodeling play critical roles in activity-dependent
gene expression. Histone modification codes are recognized by chromatin readers that affect gene expression by
altering chromatin structure. We show that L3mbtl1 (Lethal 3 malignant brain tumor like 1), a polycomb chromatin
reader, is down-regulated by neuronal activity and is essential for synaptic response and down-scaling. Genome-
scale mapping of L3mbtl1 occupancies identified Ctnnbl as a key gene downstream of L3mbtl1. Importantly, the
occupancy of L3mbtl1 on the Ctnnb1 gene was regulated by neuronal activity. L3mbtl1 knockout neurons exhibited
reduced Ctnnbl expression. Partial knockdown of Ctnnbl in wild type neurons reduced excitatory synaptic
transmission and abolished homeostatic down-scaling; while transfecting Ctnnb1 in L3mbtll knockout neurons
enhanced synaptic transmission and restored homeostatic down-scaling. These results highlight a unique role for
L3mbtl1 in regulating homeostasis of synaptic efficacy.

A. INTRODUCTION

Runaway excitation of neuronal circuits induces
epileptic seizures, leading to other detrimental
consequences, including neuronal cell death. Neurons
possess homeostatic mechanisms that compensate for
activity perturbations and maintain the excitatory and
inhibitory balance (E/I balance). Synaptic scaling is a
specific form of homeostatic plasticity that maintains
proper neuronal excitability via bidirectional regulation
of synaptic strength of a neuron. Both excitatory and
inhibitory synaptic strength are regulated by scaling
mechanisms through changes in the abundance (scale)
of postsynaptic receptors.

A number of molecules that bridge the induction and
expression steps of homeostatic synaptic down-scaling
have been identified. The majority of these molecules
are synaptic scaffolds, kinases and phosphatases that
directly regulate synaptic function. More than 10 genes,
including Arc, Homerla, and polo-like kinase 2,
display altered expression levels upon an increase in
neuronal activity, and are critical for the expression of
homeostatic synaptic down-scaling. Importantly, the
inhibitors of transcription and translation dysregulate
homeostatic synaptic plasticity. These results clearly
illustrate the critical role of activity-dependent
transcriptional and translational machineries in
homeostatic synaptic scaling. However, the roles of
epigenetic factors, particularly chromatin regulators, in
this plasticity is relatively unknown.

In this study, we demonstrate that L3mbtll mRNA is

primarily expressed in neurons, and is decreased when
neuronal activity is elevated. Knockout of L3mbtll
causes a reduced excitatory synaptic transmission in
primary neurons and a lack of homeostatic down-
scaling at excitatory synapses both in hippocampal
primary neurons and organotypic slice cultures.
Importantly, L3mbtl1 protein binds to the transcription
start sites of Ctnnbl and Gabra2, whose products
mediate homeostatic synaptic scaling and inhibitory
synaptic transmission, respectively. These results
provide insight into the roles of a chromatin reader
molecule in synaptic function and neuronal
homeostasis.

B. MATERIALS AND METHODS

Animals: All animal protocols were approved by the
Institutional Animal Care and Use Committee of the
University of Massachusetts Medical School and
Niigata University (PMID: 29398357 and 29034317).
L3mbtll mutant mice were generated previously and
backcrossed with CS57BL/6 for four generations.
C57BL/6 mice were also used for RNA sequencing and
primary cultures.
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RNA Extraction and RNA sequencing: Total RNA
was extracted from hippocampus or hippocampal
primary cultures using RNAqueous Micro Kits
(Ambion). Sequencing libraries were prepared
according to ScriptSeq v2 protocol following rRNA
depletion (RiboZero, Illumina), and run on single-end
50-bp modules in Illumina HiSeq 2000.

Primary culture preparation: Primary hippocampal
cultures were prepared from early postnatal mouse as
described previously with some modifications (Futai et
al., 2013). Briefly, hippocampal neurons were
dissociated and plated onto coverslips coated with
poly-D-lysine and laminin. Neurons were maintained
in B27 supplement containing medium for 14-16 days
in vitro (DIV).

C. RESULTS/OUTCOMES

To date, over 40 genes have been reported as regulators
of homeostatic up- and down-scaling in hippocampal
and cortical neurons. Because the expression of many
of these genes changes during induction and expression
of the scaling, we hypothesized that chromatin
regulator molecules, whose expression is altered by
neuronal activity, contribute to homeostatic synaptic
scaling. To test this hypothesis, we performed unbiased
transcriptome analysis by RNA-sequencing of cultured
primary neurons after induced homeostatic down-
scaling.

Hippocampal primary cultures were prepared from
C57BL6 mice and homeostatic synaptic scaling was
induced by applying picrotoxin (PTX), a non-
competitive GABAAR blocker, for 15 hours at DIV14.
Total RNA isolated from Control and PTX challenged
samples was subjected to an unbiased transcriptome
(RNA-Seq) screen. RNA-seq was performed in
quadruplicate for each treatment and the results were
highly clustered into two treatment groups. Using
stringent criteria, we identified 1150 and 689 of up- and
down-regulated genes, respectively. Importantly, 12
out of 246 chromatin regulatory genes showed changes
in mRNA expression. In particular, L3mbtl1 and Bazla
mRNA expression were decreased and increased to 30
and 631% of control value, as the top ranking down-
and up-regulated molecules amongst chromatin
regulatory genes, respectively.

If down-regulation of L3mbtl1 RNA and protein is part
of an essential switch to induce homeostatic synaptic
down-scaling, then L3mbtll KO neurons may exhibit
smaller basal synaptic transmission and lack
homeostatic plasticity. To test this possibility, we
prepared hippocampal primary and slice cultures from
wild type and L3mbtll KO mice and compared
amplitudes and frequencies of miniature excitatory
postsynaptic currents (mEPSCs). Interestingly, we
found that L3mbtll KO neurons showed smaller
mEPSC amplitudes than that of wild type (Fig. 2A),
suggesting that the lack of L3mbtl1 reduces the number
of AMPARSs per synapse. We then studied L3mbtll

deficiency in homeostatic plasticity by application of
PTX. Most importantly, L3mbtl1 KO cultured neurons
failed to induce homeostatic down-scaling by PTX
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Fig. 2 L3mbtl1 is required for homeostatic plasticity during activity
elevation in hippocampal primary (A) and organotypic (B) cultures.
Mean mEPSC amplitude of control (DMSO) and PTX-treated
neurons from wild-type and L3mbtll KO mouse cultures. N = 11-
19 cells. * p<0.05, **** p<0.0001, 2 way ANOVA

treatment, whereas wild type neurons could induce
down-scaling (Fig. 1).

Furthermore, genome-scale mapping of L3mbtll
occupancies identified Ctnnbl as a key gene
downstream of L3mbtl1. Importantly, the occupancy of
L3mbtll on the Ctnnb1 gene was regulated by neuronal
activity. L3mbtl1 knockout neurons exhibited reduced
Ctnnbl expression. Partial knockdown of Ctnnbl in
wild type neurons reduced excitatory synaptic
transmission and abolished homeostatic down-scaling;
while transfecting Ctnnbl in L3mbtll knockout
neurons enhanced synaptic transmission and restored
homeostatic down-scaling. These results highlight a
unique role for L3mbtl1 in regulating homeostasis of
synaptic efficacy.

To further extend our findings, we have decided to
elucidate the role of Bazla in scaling and animal
behavior. Drs. Sakimura and Abe have started
generating Bazla flox mouse line at BRI, Niigata Univ.,
in summer 2017. ES cell lines that carry floxed alleles
have been established. We expect to generate chimera
mice within 2 — 3 months. By using the Bazla flox line,
we will generate cell type-specific Bazla knockout
mouse models during the upcoming grant year.

D. DISCUSSION

It has been considered that neuronal activity elevation
induces a series of transcriptional regulatory events that
alter chromatin structure, leading to a long-lasting
effect on gene expression. Our results strongly suggest
a tightly controlled L3mbtll signaling pathway
specifically activated during activity elevation and
regulates homeostatic synaptic plasticity. Both
conventional KO and acute KD of L3mbtll in
organotypic slice cultures blocked homeostatic down-
scaling in excitatory synapses without altering baseline
AMPAR abundance, indicating a critical and cell-
autonomous role for L3mbtl1 and its downstream genes
in synaptic down-scaling.

Ctnnb1 (B-catenin) has indispensable roles in many
neurodevelopmental processes including migration and
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synapse formation and maturation, as a transcription
factor and a synaptic scaffold molecule. At excitatory
synaptic sites, B-catenin forms an adhesion complex
with N-cadherin necessary for synapse formation and
maturation. B-catenin KO neurons exhibited reduced
basal excitatory synaptic transmission and a lack of
homeostatic scaling. In this study, we showed that
Ctnnbl is necessary and sufficient for L3mbtll-
mediated regulation of synaptic strength. Whether
additional L3mbtl1 target genes are involved warrants
further study.

L3mbtl1-mediated transcriptional regulation

The three MBT domains in L3mbtl1 protein compact
chromatin by binding to mono- and dimethylated
histone marks, including H1bK26, H3K9 and H4K20.
In heterologous cell lines, L3mbtll forms a complex
with heterochromatin protein 1y and retinoblastoma
protein, and contributes to repression of E2F target
genes. In this study, we identified the in vivo binding
sites of L3mbtl1 in the brain. Our analysis of genomic
occupancy suggested that L3mbtll localizes to open
chromatin sites associated with histone marks for active
chromatin. Two genes Ctnnbl and Gabra2, bound by
L3mbtll at their promoter regions, showed reduced
transcript levels in the absence of L3mbtll. Taken
together with previous reports, the data suggest that
L3mbtll acts as a transcriptional activator or repressor
depending on the gene targets and cell types. We also
observed that the binding of L3mbtl1 to the promoters
of these genes was abolished by PTX treatment,
indicating that upon neuronal activity elevation,
L3mbtll protein dissociates from chromatin of target
genes. Therefore, we suggest that L3mbtll regulates
basal expression of the Ctnnb1 and Gabra2 genes, and
further, that the activity-dependent dissociation of
L3mbtll from chromatin may allow the recruitment of
other protein complexes required for gene expression
upon activity elevation.

E. CONCLUSION

Homeostatic synaptic scaling is one of the most
important regulatory mechanisms of synaptic strength
that prevents the detrimental consequences of runaway
neuronal over-excitation. In the present study, we found
that L3mbtl1 regulates basal excitatory and inhibitory
synaptic transmission and homeostatic down-scaling in
excitatory synapses. Our ChIP studies identified
Ctnnb1 and Gabra2 genes as activity-dependent targets
of L3mbtll protein. Ctnnbl expression is reduced in
L3mbtll KO, partial KD of Ctnnbl causes a lack of
homeostatic down-scaling, and transfection of Ctnnbl
into L3mbtll KO neurons restores homeostatic down-
scaling, suggesting that L3mbtll controls synaptic
strength through Ctnnb1. Our results highlight a critical
role for the activity-regulated chromatin reader
molecule, L3mbtl1, in homeostatic control of synaptic
strength and adds to our understanding of epigenetic
mechanisms of activity-dependent gene regulation.
Elucidating the roles of the other chromatin regulator,

Bazla, in synaptic plasticity coupled with our results
presented here will provide a comprehensive view of
epigenetic regulation of gene expression in homeostatic
synaptic scaling. During the next grant period, we will
first perform establishing cell type-specific Bazla KO
mouse line and next start generating Bazla knock-in
mouse line.

F. PUBLICATIONS

1. PAPERS

a.  Activity-induced Regulation of Synaptic Strength
through the Chromatin Reader, L3mbtll. W. Mao, A.C.
Salzberg, M. Uchigashima, Y. Hasegawa, H. Hock, M.
Watanabe, S. Akbarian, Y. Imamura, K. Futai. Cell
Reports, 23, 3209-3222 (2018), PMID: 29898393.

b. Mice lacking Kensl in peripheral neurons show
increased basal and neuropathic pain sensitivity. C.
Tsantoulas, F.  Denk, M.  Signore, MA. Nassar, K.
Futai, McMahon SB. Pain, 159, 1641-1651 (2018),
PMID: 29697531, PMCID: PMC6053330

c. Inflammasome-derived cytokine IL18 suppresses
amyloid-induced seizures in Alzheimer-prone mice. TC.
Tzeng, Y. Hasegawa, R. Iguchi, A. Cheung, DR. Caffrey,
EJ. Thatcher, W. Mao, G. Germain, ND. Tamburro, S.
Okabe, MT. Heneka, E. Latz, K. Futai*, DT. Golenbock*.
Proc Natl Acad Sci U S A. (2018) Aug 20., PMID:
30127003, * corresponding authors

2. PRESENTATIONS

1. Invited Symposium Speaker, The 8" International
Symposium: The innovative progress of neuroscientific
research through the use of advanced animal models,
Niigata, Japan, Feb. 10-12, 2018, Presentation Title
“Molecular  Mechanisms  Underlying Neuronal
Homeostasis”

2. Invited speaker, UT Southwestern, Texas, April
16, 2018, “Epigenetic Regulation of homeostatic
plasticity”

3. Symposium Speaker, Symposium on Heritance
and Etiology of Neurological Genetic Disorders, Taipei,
Taiwan, June 13-14, 2018, “The proinflammatory
cytokine-meditated neuronal homeostasis in mouse
model of Alzheimer’s disease”

4.  Symposium Speaker, The 41%* Annual Meeting of
the Japan Society for Neuroscience, Kobe Japan, July
26%, 2018, “The proinflammatory cytokine-meditated
neuronal homeostasis in mouse model of Alzheimer’s
disease”

5. Invited speaker, Penn State College of Medicine,
Pennsylvania, September 10", 2018, “Regulation &
dysregulation of neuronal homeostasis”

6. Invited speaker, Penn State University,
Pennsylvania, September 12", 2018, “Regulation &
dysregulation of neuronal homeostasis”

7.

G. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS

1. UTILITY MODEL REGISTRATION

2. OTHERS

None.
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ABSTRACT

In collaboration with Prof. Sakimura and Assoc. Prof. Abe group, we have made progress in making
the dopamine D2S conditional knockout (D2S KO) mouse using the new RNA splicing and Cre-loxP
recombination method. Professors Sakimura and Abe have generated the D2S KO chimeric mouse.
Prof. Sasaoka group has obtained a D2S KO chimeric mouse from them and is in the process of
breeding the mice to produce the D2S heterozygous mice. In addition, we have analyzed the role of
direct pathway neurons in the striatum using dopamine D1 receptor (D1R) knock down mice by
behavioral analyses regarding motor activity and learning functions. Furthermore, we have established
the condition and protocol for studying the neuronal properties and excitability of three types of striatal
neurons in mice using electrophysiological recordings in corticostriatal slices. This collaborative
research will lead to a better understanding of the role of D1R and two isoforms of the dopamine D2
receptor (D2R) in regulating motor activity and learning behaviors and in neuropsychiatric disorders.

A. INTRODUCTION

The striatum and its projection areas play an important role in motor control, reward, and learning. The
striatal efferents are divided into two main pathways: one is the direct pathway (projections from the
striatum to the substantia nigra pars reticulate), which is mediated by D1R, and another is the indirect
pathway (projections from the striatum to the globus pallidus), which is mediated by D2R. Two isoforms
of D2R: termed D2L (long form) and D2S (short form), have been identified in the brain of rodents and
humans. Our research proposal is focused on delineating the role of D1R and individual D2R isoforms
in motor and learning functions and in the pathophysiology of neuropsychiatric disorders such as
schizophrenia and Parkinson’s disease.

B. MATERIALS AND METHODS

We use a multidisciplinary approach including molecular genetic technology, behavioral tests,
pharmacological assays, immunohistochemistry, imaging technology, and electrophysiological
recordings.

We are collaborating with Prof. Kenji Sakimura and Assoc. Prof. Manabu Abe group to generate D2S

conditional KO mice. We take advantage of the new method using RNA splicing and Cre-loxP
recombination to produce the conditional KO of D2S (Hayashi et al. Molecular Brain, 2014, 7:44). In
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this way, before Cre-loxP recombination the mice will express both D2S and D2L. By the Cre-loxP
recombination the exons coding D2S and D2L will be changed to the mutated exon coding only D2L.

C. RESULTS/OUTCOMES

Previously, we generated the D2L KO mouse. We have demonstrated using a multidisciplinary
approach that D2L and D2S indeed have differential functions. Our studies also indicate that the D2L
KO mouse provides a valuable model system to enable us to investigate the distinct role of individual
D2R isoforms in the mammalian central nervous system. However, this series of research would be
greatly strengthened if we also have the D2S KO mouse.

Profs. Sakimura and Abe group has generated the D2S KO chimeric mouse and they have given a
D2S KO chimeric mouse to Prof. Sasaoka. Prof. Sasaoka group is in the process of breeding the mice
to produce the D2S heterozygous mice.

Prof. Sasaoka group has analyzed the role of direct pathway neurons in the striatum by behavioral
analyses regarding motor activity and learning functions using the D1R knock down mice and
morphological analysis of D1R-expressing neurons by the whole brain transparency technique using
the D1R gene promoter-GFP transgenic mice.

To study the modulation of neuronal excitability by D1R and D2R isoforms, we have established the
condition and protocol for performing electrophysiological recordings in striatal neurons in
corticostriatal slices. The figure below shows the morphology and firing patterns of three types of
neurons recorded in the striatum of wild-type (WT) mice in response to the injection of depolarized
currents using whole-cell patch-clamp recordings.

Medial spiny ncuron (MSN)

Fast-spiking interncuron (FS)

20 mV
_I 200 pA
gj 100 ms
K6 mV — - —7

D. DISCUSSION

Profs. Sakimura and Abe group has successfully generated the D2S KO chimeric mouse. This ensures
us to be able to produce the D2S conditional KO mice in the future.
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Prof. Sasaoka group has performed the behavioral analyses regarding motor activity and learning
functions using the D1R knock down mice and the morphological analysis of D1R-expressing neurons
by the whole brain transparency technique using the D1R gene promoter-GFP transgenic mice. This
study will contribute to understanding of the role of the direct pathway in the striatum.

We have established the procedures for performing electrophysiological recordings in three types of
striatal neurons — the medium spiny neuron, cholinergic interneuron, and fast-spiking interneuron. This
enables us to study the modulation of neuronal excitability in WT and KO mice.

E. CONCLUSION

In summary, we have made significant progresses in generating the D2S conditional KO mice,
understanding of the role of the direct pathway neurons expressing D1R, and establishing procedures
for studying the neuronal excitability in the striatum. We look forward to continuing our collaborative
research.

F. PUBLICATION

1. PAPERS

Eunjung Min, Sungbea Ban, Yanyan Wang, Gabriel Popescu, Catherine-Best Popescu, and
Woonggyu Jung (2017) Multispectral scattering properties of brain tissue. Biomedical Optics
Express 8:1763-1770.

Okubo T, Sato A, Okamoto H, Sato T, Sasaoka T (2018) Differential behavioral phenotypes of
dopamine D1 receptor knockdown mice at the embryonic, postnatal, and adult stages. Int J Dev
Neurosci. 2018 May; 66:1-8. doi: 10.1016/j.ijJdevneu.2017.11.004.

Kazuki Tainaka, Tatsuya C. Murakami, Etsuo A. Susaki, Chika Shimizu, Rie Saito, Kei Takahashi,
Akiko Hayashi-Takagi, Hiroshi Sekiya, Yasunobu Arima, Satoshi Nojima, Masako Ikemura, Tetsuo
Ushiku, Yoshihiro Shimizu, Masaaki Murakami, Kenji F. Tanaka, Masamitsu lino, Haruo Kasai,
Toshikuni Sasaoka, Kazuto Kobayashi, Kohei Miyazono, Eiichi Morii, Tadashi Isa, Masashi
Fukayama, Akiyoshi Kakita and Hiroki R. Ueda (2018) Chemical Landscape for Tissue Clearing
based on Hydrophilic Reagents. Cell Reports 2018 Aug 21;24(8):2196-2210.e9. doi:
10.1016/j.celrep.2018.07.056.

2. PRESENTATIONS
West Virginia School of Osteopathic Medicine, USA, June 2018
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I LD RS2 Z OKGRIE. REH
W RAT ST LRI BT X X7 B X
IGTH D, FFE, 2HVE Ubab KIE~ v A TEHE
IRiE M A EFIC L0 EBSE L 72D (Tatsumi et
al., Nat Commun2011), X 5|2, FEEFEEN Ufml
RIB~ T A%, BETHHE KN BB O PR AL SE 2 1
ST /NBEREAZ R L, A% 1 HURNIZETT D
(Muona et al., Am J Hum Genet 2016), L2>L.
URML & A7 AOAEBEEIB L O MER LD
BEIXIZE A EARAREE Tho T,

T, JEEERB LT T AT A—T 1%

MAZIZ, RN DOBRDZERIZENT TTAhAL
/NBRE 2 P O BARMEREREE ] ORI & L
TUBASEAG T DEE~T G RERZFEL
72 (Muona et al., Am J Hum Genet 2016, Colin
et al., Am J Hum Genet 2016), F7=, FiL5UBAS
I EBUR T PEM IS SR TR DA B IRV ME TR E
HDHNVIEEEHR TH D Z B R LT, REH
ORRE LT B IE, BERE R RN UBAS L ARTZE
UBASTEAR T % F5 - T ¥ . UBABOD BERETHGS 237 g
FIEIZBAG-9 25 Z LD BT/ > 72 (Muona et
al., Am J Hum Genet 2016, Ishimura et al., Febs
Lett 2017), ©F U, URML T A7 L DOFEEE R E M
JRAERIEICBA G35 Z & A E% T %, The Exome
Aggregation Consortium® 7 — & ~X— A/ 5 il
DANFEN DD IRVHETH LN T V7 A
THEBICEEE 52 9 DUBA/NY T > b3 FF
FELTEY, BARAND/NREFEOFLED TR TR
INd, £Z T, AUERE T, A TORMD
EEMEEREEEZRERET 2L &b, £
L FHIfEAT 36 K OB AR T ZE ~ 7 R DT 2
il (Z UBABIZ 22 52 % 5 O T8 s 11 8 122 7 75 8 S A A
OfFEizIBD Z E 2B E LT,

B. WFZE5E (i ~DRLiE & & L)

— 231 —



IRt IRV NSy N A Ve S SN Y VA NTERTES 4
o L oRFRICE Y, TEEOREEE
+TCAMA) R LT EARNNEBE
\ZBIT % UBAS DBIGTERAI ) —=27
L

2. AARNFFHOERY X7 G OREEIEERE
72 EDEALFIIRIT 21T O

3. ERNABELRIULT VA EZRESOBIETFUE~Y
A (74T RABETHES L)
UBASY M < 7 2 EE A CTh D, 2D~ U
ADRBMEN 54T D, Flo, ¥ EF TV T =
VEINZ XV UFSP2 OMSRENF 7 L g b~
AEAEH L, UBARY T < 7 R L Rl S5,
UFSP2 DR BULTIZ LV UBASM < 7 ZADF
BRI EIE T 5 DB REET 5,

4. URML ¥ A7 LD 2 6 CTE T KO#
X, JRIERIEICR S L 9 21 ¥ v oRs g
MRFEETH-T-Z L12h b, BIKENZ &
(2. KER & X7 )N URML & 449 UFSP2 %
KK S 72 HEK293T Al AR Bl R URML & s
%% UFL1 3 X OV UFBP1 Z RS S8 5 &
URML & EFFER LT X v R BERHET D 2
LA R U7 (Ishimura et al., Febs Lett
2017), EESHIZL Y URMI OEEORE &
URM1 fEAfilZ K D HERE A2 B 682 T 5,

C. iR R

IR S IRV NSy N T Ve S S AT VA NT=RTES
25 & OLFEZEC & 0 B R E B
ERFORAARDZRIZHB VTS UBAS DA%
FE Lz, 72, 07 « 77 A P ILEHHSF
72 « WF2Et o ¥ — Fowzan Alkuraya %,
o7y DRFD Geoff Woods 6 & D
HERFFEIC L 0, UBAS R A H T 5 HEE L
BROJER Z T BEZ RO OHP R LA A X
DEBDZEZDS UIML & 5\ MT UFCL DRE
BRTEREFEE, T0OERICE Ml
W& 7 ~D UL BRI+ % = &
Z R L7= (Nahorski et al. Brain 2018),

2. HARANFHO UBAS ZERIG815 T W DRERIE
PEZBIE LA SR, TEMENA BICERW RS
ThHZENRPLMNIR T, BEHROM
faz AT, BILEZET Lz,

3. 74 r7ry NANBETREINZFUEEE
Th D Ubad™ " < A%AEH LTz, BIfEE T

ICEBRDNHER SN D, (EHEA
D Ufml ~T a1 AR & Ubab "
Ufml”™~ 7 ADfEH ZIT> T 5, £, #
EX VT 2 UM LY UFSP2 ORERENN A~
LB~ AOEHICEALTIZ, #—4 T4
VIR B —% ES MAEIZE A U CHRE R #
27— DAY ) —= 2 TEBD TN D,
4. FOLHNEFRGWEET O BTEZ 1Et & DF
BIHTRRENT D> & . FT Bl URML OAZR) & X7 g
& LT X ORIEICHRE Uiz GRS iefn
i) URML (2 K DE%EFR X DIER 2 fED 8
L L biT, ZDOEMENL A IRE LT,
D. BE
ISEE e ER O I V— T, Bk, AT =
7. hE, F L THARDNET AN ANEREBRE
IZBWT URML ¥ AT AR 586 FRED L R
ZRIETHEEHIZ, TNOLERIZLY URML 12
L DHMNIER & R E~DREE BT D
TERH U, EER, B H RO U
VNFERICB W T b URML AL DD D3R S 5,
L7 -> T, BEMBEANORER & 787 E D
URM 1B 2N &2 2 EDNAKRBED TS - 158
WZDRNDEEBEZLND, BEHF L RTEITHE
L 7= URML [Xfif%ss UFSP2 IZ X v Uirans = &
226, UFSP2 OFLERIDALE BOTER - TRAHED
Al & 72 %, F3E, UFSP2 O /RICITHINLN DOFEHY
B RGO UM OFES Z NS ® 5, 5%,
URML 3 AT DO FEFIZ X 5 /N T A D A TERKIE
DAIFERERINZ UFSP2 23720 5 2 IS & MRGE L T
WS EDRH D,
E. 550
AKIRTD UBAS BHEZFT D /BT E R
MEEZRAEE L, D UBAS ZEREILTEMD
BERITENH BICIRWZ E 2B BN L, £z,
FEREEERELFHFOTRBLIOAAL ZDHE
BOFZHE UL & 5L UFCL DR EBIG 2
HBERE, ThOOERIZX VRN v 378
~O URML i EEST 5 Z L2 /H Lz, &6
(2. HTHL URML OFEfg# 78 e LCliER X &
[FlE L7,
F. BFFERZ (Laasis oy 5 b o)
I
Nahorski MS, Maddirevula S, Ishimura R,

Alsahli S, Brady AF, Begemann A, Mizushima T,
Guzman—Vega FJ, Obata M, Ichimura Y, Alsaif HS,
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Anazi S, Ibrahim N, Abdulwahab F, Hashem M,
Monies D, Abouelhoda M, Meyer BF, Alfadhel M,
Eyaid W, Zweier M, Steindl K, Rauch A, Arold
ST, *Woods CG, #*Komatsu M, *Alkuraya FS.
Biallelic UFM1 and UFCl mutations expand the
essential role of ufmylation in brain
development. Brain 141:1934-1945 (2018).

1. Huber J, Obata M, Gruber J, AkutsuM,
Lohr F, Rogova N, Guntert P, Dikic I,
KirkinV, KomatsuM, *DotschV, *Rogov VV.
An atypical LIR motif within
UFMl-activating enzyme 5 (UBAD)
interacts with GABARAP proteins and
mediates membrane localization of UBAD.
Autophagy, in press.

2. FRREK

1. Ishimura R, Obata M, Kageyama S, Daniel
J, Tanaka K and Komatsu M. A novel
approach to assess the ubiquitin
-modifier 1 (UFM1) system in cells. EMBO
conference, September 2017
Cavtat-Dubrovnik (A" A % —3&3)

2. fRbsEEh, MESEE. MR TURML &
ffilC X %5 CYBSR3 OFEREZSHR| 5 11 [AlA4
— h7 7 VW5 - 2018 4 11 A - #I]

(R EAFRESR)

G. A EEME D HIRE - BRI (FEZETe)

L. FraFHUAS

ML,

2. FEHH B

ML,

3. A
ABFFERRREIL, AMED AISE 7 — A & — [ X R0 g
EfRGR UFML VAT A EFER) &35/ T
AT AMERIEIRIRIEDERIR | O —Br & LTk 3
Do
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R R F AT FERT
FUMTFERT & DFERNELS BTG - ERFEESRIHREE

Rk 3 0 4EJE

A. WFERES - TRy BT — 2 I X DIRRBIIED A ) = A I
— H AR R, WGP % 2 T U 7o MR OSR REARRR & T BUIAIRIE DB 2 BHE L T

B. Wi5EfEE  FTEERY HEEGEHRE e #2d%
K& <P &=

C. WHEOERIL

IIETIZ, BARRZI Lotk x BRIELE R VE O WELZ T L, Er b=
VIS UIBRE DIFFARFICEEZE CTH L Z & EOIEHALD ROER RO T 7 s
EREENT L TWAZ EERALMNE L, #mCFF L7z, (InoueR, et al. FEBS open Bio,
2018)

I HIZ, AR ERAEHED D20 review 23 accept 4L, L, FET L —E
HEWGTERF & DR RE, EITICEEDL S Z ENEESINDHEHILEFRNVE OB ERAEL Tk
D, M. RO T T T IARZEDRIED T2, T, /NEFTREdz., R R,
BT & LR THT 21772 > T 5,

D. #WFFERF (ELHELICET5 5 m)
1. R

1) Inoue R, Kamimura K (corresponding), Nagoya T, Sakai N, Yokoo T, Goto R, Ogawa
K, Shinagawa—Kobayashi Y, Watanabe—Mori Y, Sakamaki A, Abe S, Kamimura H, Miyamura

N, Nishina H, Terai S. (2018) Effect of a neural relay on liver
regeneration in mice: activation of serotonin release from the gastrointestinal
tract. FEBS Open Bio. 2018 Jan 31;8(3) :449-460. doi:

10. 1002/2211-5463. 12382. eCollection 2018 Mar. PMID: 29511622 PMCID: PMC5832978 DOT :
10. 1002/2211-5463. 12382

2)Kamimura K (corresponding), Inoue R, Nagoya T, Sakai N, Goto R, Ko M, Niwa Y, Terai
S. (2018) Autonomic nervous system network and liver regeneration. World J
Gastroenterol. 2018 Apr 21:;24(15):1616-1621. doi:10.3748/wjg. v24.i15. 1616.

2. FEFFK

1)

2018 DDW2018

AR

NRENVT 4 AT yar8 HLERELFRBORBRE—HELE - FFiBMOMAE DR E—
iR e e VT )

H AR L DT, M, IOl Ry U — 27 25 LIZFUIBRE O A A 1 =X
NG 5
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2)

2018 42 [A] H AT 2= =

VURTY Y A 10 [HFER L BaSFEEE

EATEEM, A THEBRHRER, FHET

R EBICR T 5 A AR IC L A EsR % v b U —27 OB 5
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R R F BT FERT
PR FERT & DZENRDEME - R EESRILREE

Rk 3 0 4R

A. PGS - 2OV AT S FTEIMRI IC L 2l b T 2 MMEREO A &
Z I HED < HEHH 7 RE MRT $Rig ik D 3281

B. #fEfESE BSR4 HARBER (L) Wt  HEHET
K4 er R i

C. HWFFEDHEHIR

S EOHER

[LWEEE OFRE A R LT, 7725, fEx RO NMR EZICHBW T, Na Tl HiZ Xk
S TREFHREOEHPBIH IND Z L 2R LT,

[2)ARRNEIFZE 2 23000 & LT, H30 4EFE AMED SEitztill « BEHREEINICISE L& 2 A,
PR &= (FRFBMHE 131 11, BRIRIESR 7 1),

xR, FE 2, BCH—8  Z2E I E® 215 28800 NMR o A= fH A%~ oD Je B
&R OFTEEAL Z AT LT D MRT D BHFE

https://www. amed. go. jp/koubo/02/01/0201C_00008. html

[3] JE45 L7- AMED ©'& & %15 T, ffx ARD NMR %E1E % MRI |Z upgrade L, H-MRI {23
BoNnNsdZ L EMER LT,

KAEFEDOFHE  BIE, ZOREEOBEBOMGEE DR L, FRFIZ Na-MRI ~EBIT 5,

D. WFERE (EELICET 5 5 M)
1. U

1) fex K - H3r TR A A — U0 VB R A A —2 0 7 hE, RO
o7 A KFFE 2018-036934 ; SERK 31423 H 1 HEHFE
PCT ZABHIZ 181 CIEWNHEFF O upgrade

2)

2. FERFE

1) HEZ, PEmEFE, B, 4 AR - 23Na-MRI (2 K D EKN Sodium O FGIR
I AT e AT LR - I A BE S S BRI GEHSS - 2019 42 3 H 12 H - T ER
EHNTITESEIVPAPZS

2)
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R R F BT FERT
PR FERT & DZENRDEME - R EESRILREE

Rk 30 AR

A WRIERREA - WFIEAREEA SRR OB E Y - BERERORENT D LD, B MR R O W
IPEOPRBREIWRETHIT T /L ORESE

B. #7EEE FTREESEA H AR R T 2%
K& WE #E2

C. Wi
TR IR LB B R B A 3| S LT, TSR o TR AR S5 LR
WEE TS, KT —HTH, SATHIZICB T, IO RS O BR% T AL, fiin]
DF — 4T % T BT ALY (Ito et. al., 2015). ZAVED, EEOTHIERDT>
EIMPCH % CV B B R O BB A (L RS RE L D RBR A ) T T 7 /LT B LA )
Ut ZHEZT T, ARFE CIROMEs~E L F OB/ R i AL A R oh 72

[AAR D]

FHI S DI FE E TG DN BR A R T RIE T VOB LT T a Ty T EED D
T, MR EHROARNT, $15F T — 2 DR B B LI BB AR b, AAEE I 6 DI
HUfz. BT, I — 2 TR T B3 TSN b ORI 8 L L CRAFS LA [ R1E
DIFEN TR THY, ZDF —HDF 4 DI MEET 405 MRAFD T AR LT, B
B FAEIC AUV TIRR RO B R Ch 5. 7235, BIRRH DM, HIE O RIRH 5 A
BRI RATEA T,

[ o RE]
BT =2 OT 4 DY NAETIEOMNL, FER L2 BfET. 73 XAOK#EL
ZHED D, FFFOHBZEDIZOL, FREREMLREREITI> TETH 5.

D. TRRIZHDHLDTHLETHLORD HLEITREH#HT 5,

a3 (Rt I35 1 o)
1. U8R

1) bRt#EmickoiEL

2)

2. FERFE

1) bRtEmickoEL
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R R F BT FERT
PR FERT & DZENRDEME - R EESRILREE

A. WIZERES © HRESIEICEN T~ — I — DRI X DI OFEHE & JRAED
=Wt~ v B Z ORI

B. #F7EfEE pEMEA EETSR Wean 2%
K4 sk &%

C. WMFROHEIRDI (Bl E TOERRIL & S5O R LIC O\ CREHE T 5,)

Wk 3 O4EEIZB W TR, JRREA I T 2 o e o A RE 72 PUA O RFTER L OV in situ
hybridization 7' 0 —7 OIERZIT > 72, /MaAEA R L AD~—T1—0 U UERfbiuiRs &
BE ORI~ — 1 — % RTT 52 ENTE 7, £/, MAFZERTO B #Edz & ot
RBFFEIC L0 dt~—H —ORBIZIC, MBI EEZITO., RIgHRER% GFP 12 CTHi
HT 5 2 LIEkTh LT, JRiEiH~— b —O/MEREEO M Lz i, 201 94
e XX Matd 5, ek, k3 OFEIZHE LIZLL FORM L, Dst w7 AD =X
YRR SE BN D AR SE & & O KEAHIC IS 1T D Hi T 7 F BRI BE 9 5 SN L [RIRF 526 S
T D, BAEEITIL. MIFFERT & OILFEFI R LA L DD TFETH D,

D. WERE (EHELICET 5 5 M)
1. U

1) Hossain M.I., Horie M., Yoshioka N., Kurose M, Yamamura K. Takebayashi H. Motoneuron
degeneration in the trigeminal motor nucleus innervating masseter muscle in dystonia

musculorum mice. Neurochemistry International 119: 159-170, 2018.

2)

2. R

1) MkiEFH VT Rat A oo ke khe - i E 123 —
2018.7.21. FE KFLIHFEAT GOk BB )

2 ) Nozomu Yoshioka, Hirohide Takebayashi, Establishment of a new animal model for hereditary sensory

autonomic neuropathy VI by conditional deletion of dystonin in the peripheral nervous system.
541 [0 B AR RS 2018.7.26-29. fhF= o iar g — (fETH)

3) HMY, MET RIHRRICBTDdystonin& s 8oy PN LD BAGPERGE M B it = o —n
RF—6R DT T VB DOWEST
5 124[0] B AT F RS 2E I ES 2019.3.27-29. KEAYE GFig)
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R R F BT FERT
PR FERT & DZENRDEME - LR EESRILREE

Rk 3 0 4R

A. WSS T L& BIRE R T D R R B i B oD i RH

B. HFEAEE EHREL  ASUFER W4 HEHGR
K4 HiE sobl

C. WHEOHEP IR

[1] AR EHRNC X 2 FOMBEHEERH OO, MEFZEFTIC B CHREEEA I %
IToTW5, THREROMREMEZTCT A AN v a UV ETH TR, FOMREE
HEEEOBELZMRETT LI L o7, BERIZIE, F8E L (pointing) ZLTW5
FOEENERINT- XL, FTIEIRWHRMEZE ORI (KA NMERESNZE
X C, MZEMEEICEE T 5 EFREHEEN S (e.g., Nobre et al., 2000) 73
RHOMERETLTCWD, £io, BEREDHKEAORTRTE 2 BT 5 L T2 D
M X (IESLMEINZDY) ICK - THGHEENMNMICENELDLIZ EHLMLNATWNSDT
(Peelen & Downing, 2007), FHIOWTHINNRHTITE D0, IESNLERSLOHE
17729, ENLOFLAN.OFTHRIS LOVEELFET 2R IEVRS 50T
TWRWDT, ZORLHET 5, SRIIVNETNREOT — X 2E L, OWa1T
ITETHD,

[2] FANZXIG L LI DB R CIE, MEREEICSIEHE FLE L ORIFFHERICE S
HARAEBEOFEICETHIERNTET L, TOMREEZFEESTHRELLZ, 49 612,
LRI EBR CTHOW O N ATERREZ BT L CEM L, S LORENEE®E D 12
HAREBEEZFETEZLI L, TOMRIIRAEFAETHLZ L E2MRL, NMAT,
FRESEMESEN CHERBEZFET A RITITEZEN W2 LA L, BISLOREN
RN I TREADORRTH Y, S1%, BRETVIZW,

I B, FICRLTHEEORINCET e bITOI T, BEHE BSOS KE
MOBARZMFTT 258 E LT, IROWIEDHIENICIT 5B ORI FE DB G
ST, T7bb, SEIERREETIRIC, S EIERBEIEOEHEZMAE DY,
IROEDNEAFFE L TH b oTe, TORRE, ZMBOMRNZ 00 63, FNHE N £
MDA, RO EFFMICEOM N ENEET L LB broTz, HEOFTY
B, ELICEBNEEIZEELZGER0T VI ERMONTWDDR, EAEEO MR
NEDMDH AL DTN ED X D ITHET L0 FbroTELT, FHLWARL
EERD, TORRITFETHREL, 3) MEEFTHD,

(3] FEHWEY = AF ¥ — 2 BT 2B ORERREORGT bl S Thi,
WEAEFT X, JE1TAFZE (Novack et al., 2015) DEERTF1EZFKEE L 7= FipOnise 2 Flie
L, SEEIZZORREEZFETRE L, 2) ZOFERTIE, BERNOY = AT v —
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MW 2~3 IR DFEET D L WIMEELRT =X FELNT, ORE-oE D LARWER
ERol=l, ZORKNIEFERNE LD T VAT v —DOA BRI LIZND
TIERWVWnEEZ BN, BRI, VAT y—ldgFE EbicHVLND Z &N
2\ GELRERLHRY TRV 23 5), T2 T, V= AF v — LRIFHIEF 2 #EnT
Lo OHROY =2 AF v —BRIZOVTRGT 2 2 & & Lic, BREMIZE, Y25
r—¢ EHITHWL A ARG L, DOSRICHEE LT WA )~ X (R
GE o PRAERE) ONRIZEH LTz, A/~ FNITEMEICET AR E G720 (I2E 2
X TERIEED, V2 ATFy—LRRHIEREND &, Vo ATy —RNETEE (&
EZIE, BOMTTZE, 1ZE8HOMENE72E) OBfEZET 2O TiHanne FHlS
Ni-, EBROFER, BAELRNLA /)~ bRV = AF v —OHMZIT 5 & 5 I
RNFITR LN ol LvL, 2R LY 3 IEDTNY = AT v —HiE Ol
TR <, ZORHN Y 2 AF ¥ —BORBET IR THLZ LR broT,

D. WFERE (EELICET 5 5 M)
1. U8R

1) BEDOZFE - AHF Wb - FERE 2, 3 mEOY o AFy—HRIIBITHAE /)~ b
NOFE B HIEREEFESEINI®HRE (BFER), 118(437), 71-76, 2019 4 2
H1H

2. R

2) B R - BEOTE B, 2, 3RICRIT LYV = AF v — DR AALH
T 82 mIkes, 201849 H 26 H, fliA.

3) FrEsudl o IUHEM. IROFIBICHTHEOMEDRE  H ALY 82 [HK
2 201849 H 27 H, flH.

4) Niimi, R. How hands and faces guide visua selective attention. Psychonomic Society Annual
Meeting, November 17, 2018, New Orleans, LA.
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