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DFEB G L RO A2 R Th 5,
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[NMDASZ FWHUARNZE 2 13X U b & Lz B AR MEINR O ERIRIG I B3 5 MiEt]
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TR Z LD ET HGE T L —T IR VR =T KD Josep Dalmau#ifz & ORI LY |
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2013;12(2):157). Neurologyati (Neurology 2013; 81(12):1058) (25 L7z, & 5 lZJosep Dalmau#i%
EORERRIZEY . B RO LWIEHIK (neurexin-3 o antibodies) % % 5L L .
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[POEMSJEMERED Y U R~ o RISIEICBIT 2 iat]
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i 30)
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monocytes/macrophages polarization reveal novel therapeutic mechanism against stroke. Int J Mol Sci.
2017 Oct 13;18(10). pii: E2135.
(R T HFE)
M AR KOs o & 7 iE  (PCT/IP2017/031246)

[ £ 2 FEREIE DR T2 B & Lo F — L EFRTT L OS]
1) WF7E DB

% R EENE B % ot B T MEIR PR FE = DR OB, 35 X ONMRIR UL 5E 20 5 229856 D T B
HWE UTZERRIEZE 2 fike L 7. AEEILZ R EMIE LR 2 RS, hae PRI
D PEIRBEFICB T 2 WS 21T - 7.
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20014 HHED TV A BFSE T, 164F ] T200 5 SR 5w S & Wil L7z,
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5. Ogino M, Okamoto S, Ohta H, Sakamoto M, Nakamura Y, Iwasaki K, Yoshida M, Hiroi S, Kawachi 1.
Prevalence, treatments and medical cost of multiple sclerosis in Japan based on analysis of a health
insurance claims database. Clinical and Experimental Neuroimmunology. 2017;8(4):318-326. First
published: 4 September 2017. doi: 10.1111/cen3.12411.
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The innovative progress of neuroscientific research through the use of advanced animal models

Organizer: Joint Usage / Research Center for Brain Research
February 10 - 11, 2018 | Center for Integrated Human Brain Science (6F), Niigata University

Saturday, February 10 Al "g::;w
10:00 Opening Remarks Hiroyuki Nawa (Director, BRI, Niigata University)
10:10  Integral system by CAST/ELKS protein family to regulate retinal photoreceptor development and
maintenance
Chaired Toshihisa Ohtsuka (University of Yamanashi)
. Y ~ Molecular mechanisms underlying neuronal homeostasis
Tder, Kensuke Futai (University of Massachusetts Medical School, USA)
e Anayasis of Autism Susceptibility Candidate 2 (AUTS2) gene during development
Shibuki Mikio Hoshino (National Institute of Neuroscience, National Center of Neurology and Psychiatry)
Clustered protocadherins regulate complex neural networks
Takeshi Yagi (Osaka University)
13:10 Complement family proteins bridge over troubled synapses
Chaired Michisuke Yuzaki (Keio University)
by Mechanisms of activity-dependent synapse elimination in the developing cerebellum
Hiroyuki Masanobu Kano (The University of Tokyo)
Nawa  Molecular mechanisms for cerebellar circuitry refinement
Masahiko Watanabe (Hokkaido University)
15:00 Mechanism that arrests myelin regeneration in chronic demyelinated lesions
Chgiy““ Kazuhiro lkenaka (National Institute for Physiological Sciences)
~ Molecular machinery for controlling synaptic transmission
IE::;‘:: Susumu Tomita (Yale School of Medicine, USA)
16:10  Poster Session
17:30  Reception (Ikehara Memorial Hall)
Sunday, February 11
09:00 Unraveling the regulatory mechanisms for hypothalamic corticotropin-releasing factor neurons
chaiea  USing novel mouse lines
by Keiichi Itoi (Tohoku University)
masaki  Regulatory mechanism of sleep/wakefulness and memory
Ueno Akihiro Yamanaka (Nagoya University)
Molecular integration of circadian clocks in mammals
Hitoshi Okamura (Kyoto University)
10:50 Cell-type-specific STORM super-resolution of synaptic endocannabinoid signaling in the
cuied NippoOcampus
by Istvdn Katona (Institute of Experimental Medicine (KOKI), Hungarian Academy of Sciences (MTA), Hungary)
Toshikeni  Development of gene manipulation methods for animal models, mouse, rat and marmoset, for the
S#0ka  analysis of brain function
Kenji Sakimura (BRI, Niigata University)
13:00 Dopaminergic memory enhancement by two distinct novelty systems
Chaired Tomonori Takeuchi (Aarhus University, Denmark)
by Arc-haeology of learning and memory
el Haruhiko Bito (The University of Tokyo)
Tainaka — Axon growth and regeneration regulated by extracellular and intracellular signals
Michihiro Igarashi (Niigata University)
14:50 Paternally inherited transgenerational epigenome changes to understand neurodevelopmental
Chairea | disorders
by Noriko Osumi (Tohoku University)
Hionaka ~ Disease modeling and brain mapping using genetically modified marmosets
Igarashi Hideyuki Okano (Keio University) ( Contact noukyoudo@adm.niigata-u.ac.jp }
15:50 Closing Remarks Kenji Sakimura (BRI, Niigata University) L 025-227-0565
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Preventive medicine for Alzheimer’s disease .. [Neurology, Univ. of California Davis ) BRI -
T A OO BT R I - S T T o077 e — ) Prof. KWEE, Ingrid L. WS E+EA tEH
Screening for potent histone transferase inhibitors in Department of Neurological Surgery,

Biochemistry and Molecular Genetics, : g
the treatment of diffuse intrinsic pontine gliomas * | Feinber S(?'/]OO| of Medicine Assistant  |HASHIZUME, FUFRREMP |y s
iR ) F— 2 | kT AL AN AE B L E X OB ZHMEOM 9 . 4 Prof. Rintaro oL g -
E Northwestern Univ.
(V=AY = AL REFE)
Ca channel abnormality in an NMDA Receptor Dept. of Psychiatry and Behavioral
hypofunction model of schizophrenia s |Neurobiology, Univ. of Alabama at Associate  |NAKAZAWA, o [
NMDAS Z (B AR IR TR A R IBIE T 7L 12351 HCaF Birmingham Prof. Kazutoshi W B
RO R HE DREHT (T3~ REENR = 2K
Elucidation of the roles of chromatin remodeler in Dept. of Psychiatry, Univ. of .
neuronal homeostasis using mouse models s |Massachusetts Medical School, Brudnick Assistant FUTAL Kensuke |‘EAfiEs B
~YURAET VN, T8 NMERRI L DRI F R Neuropsychiatriy Research Institute Prof. ' WL
T O R (Y Fa—t Y KEAT ATV AT — L)
aRcets_eircl;nc;nnﬁgizwaay/r;;peecif;c dcoltlgcélegflgoaér:g Department of Medical Information
ity ~ reward-rt i .. |Science, Beckman Institute, Univ. of Associate &R .

behaviors via dopamine D1 and D2 receptors 2] ! Prof WANG, Yanyan |z Cpe [T G250
o onn o e AR e P N Illinois at Urbana-Champaign rof. 7
R—/$3U D1/ D2 A AR T DR E A R A2 E B3R ) A FEET s e S o )
i &% OB BT B DR 5
Neuropathological and technical training for Dept. of Pathology, Seoul National Univ. SRV
advanced laboratory works for brain bank # |Hospital, College of Medicine Prof. PARK, Sung-Hye (% 7vqe fifiE B3
TUAL I DI ORIFTR SR I L OB HIRE B AL it (IUVRKRFRK)
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MRI &Mt TADAER TOLARNHIREIC L S
TANAERDAIRAL

BEREE meadg D
BrEsmE ke 2)

1) [ESLI BT 18T B SR e e o R

2) R KM FERT I e RSB

MRER
MRT F&f: T A2 AJEFT T OffTATRME & LT, BIfERFFHE © 7 A M4k RIRFRLEk, SPECT, M7z & o
Ha s )T 4 —2HOTRENMTDODNLTWAR, ERZKY ST, SEENEMmO R EGHEOR
BN Z ST AN D22 220, BUE, TANAIEREISIE G2 33U THRMRIFZERT O &5 5 I 3,
S MRT 72 & Oy 2380 U 7o JE ] 2 B R O BEBE 72203, GBI L 28 72 72 fE 35 B T2 E
BlbBEESNG. S%IEGZ S HITHEOL, £ TADASEZ AT LTZEFNZ SV CTIE % Okt

2TV, AT O 2 YA RGET 2 TETH 5.

ABFREEH

MRI CTANAIREZZBOTLWER] TO T A
AIANEHZ L BRAEE R RIT, BB 150%LLT
THR R TIIRLTRALIIE AV, HFE Tl
FEEEE T A E=%U>7, MRI, SPECT#& %,
bR X 70 & DIEMER R ITRITIR A A AT > TWAH 73,
ARSI CII A TP ICER B S AL TV D 55 B i
Wi, MBS MRIBEZEMTHIE12E-T,
MRITIC RN T AMAE &2 L IERICHIERL
AL TDZENBHITHD. ZNHDZARTRI
A I L DTRTEEAMIL, MRIF&MECADA DT
FTHROWEICEB TEALOLE DS,

B. W 5k (fwdli ~DEE 2 & 1)

1. MRI f&M: CTAARERIT, fipifaEE s L CAMA
X, BT A, SPECTH&EZ P HE S
JRE TITV, ERiEE MR, 5% B i e d %
RSAFFERT C179.

2. THE YR CHEE N EMmAa B E L Ciodk
TV, BB A FRET5.

3. BRI LD CAMAESD

WML OBIRAEIEL, S RIREDT S
&R 5.

4. itk DT % L UIBREHE ICOWTHREIL, 24
MR EFEME TADAFEED OANR) 2R
5.

EE I EE, g MRT IS O W TR — M AICAT
DTN D TANAIEOITRIEE T 5 729,
& ATRBRI A~ DOBUBII L E 2N E b,
FLBMREIC OV TS ICHA L, REE2E
T REB D Fr % KBS L CHABFSE T T 217> C
W5,

C. FFFEfE R

2015410 H 2252017 4 12 A ETIZ, TAM
AHNERBEEF] 20 B2 BT YRR HHE R F S
RN LB HE L CCAD AN AR AT T .
ZOHYBITAIRAES L CEEEMEE, Smis
MRI ZJiif T U7 FEBE 15 BT, Z0F o 763
TIZTADAIEERE T L QD &5 N 5t
DOFEFTIZETZAT > TRV, BRI MRI &2 7
T 2Z &K AT U= fER O T, S S MR AL E o



tuber NEVEERRICHESR TX7=HDOMN 1 ], @E D
MRI TIIERD N> T B ARET TE D R TE -
HLOMN 1 FldH-o7-.

F T DIER) Tl FDG-PET b —#EIZHifTL
TRY, 5% OEMZREICEIVZEOFAEZ B
THTETHD.

D. Z£%

MRI [EPETADADTADAIEORGER ED
7=, IR EIZ L - C, TEXAETTA®
NERO#HIIAZ LIEDZ ENTEDE0NHRA
N&7ed. EE, MRI [2METADASERITIE, 94
ENEMRE NI 508, BFARC, B
FH 2 P9 D DIZERET DIEFIH D 72 < 720N, BH
ENEMIINTER, D DVIIGEE S BRI TS
AT D2 LN TE L7280, FEFITEE LR
VWS, HIEFRFA A OERITEL G R0, il
AR OFR 0 1Z L - CTRIE&FIC TANAER
NEENTWRWEAICIE, YR TADLAESE
2D EEFTET, TADAIBOTFRITRE
L5,

P P RIRBE ORI A L LT 1.5 7 A7
MR, BRI, BMIILRE SPECT, X' P T7 ¥ L%
ZEMR SPECT, R B A Wik RIRFReek 217> T
WABD, FILTH TADAEREZR Y IADIRE
BIBFIET D, 2O OREIZINA T, KUFZEHT
IZRRE STV D s IR, mifeds IRT, & 5
(2 TILFDG-PET 72 EDE X U 7 4 — A 1B
HZLTO, TANAVERBRRORELZ LiF5 2
ENRHITHS.

BUTIEGN IR 2 ICERINOoH D50, £
+CThD. L <ITMRI BEMETA DA DIER 3D
RNDTEEE BITIER A L TRFT 2T
ETHD. FTTANANBROTHOKRS, £
PN BRI A ERI A Z W, S%EM
THRABEZIL T, AR DX Y2 HREET 5T
ETHS.

E. f&5

MRT &t CADASEFI ORI E & L CRMFZE
AT OO S FEMIE B, s MRT, FDG-PET 72 £ DB
NRRAE DS, TADAIEL O T 15 DSEIZEE D 5 w]
REMERH D Ebhd. S%EMNZERLTED
U ERAET D TETHD.

F. WFZER R (Lo o+ 5 b 0)
1. FSCHEER

1. Masafumi  Fukuda, Hiroshi  Masuda,
Hiroshi Shirozu, Yosuke Ito, Yoko
Nakayama, Takefumi Higashi jima,

Yukihiko Fujii: Additional resective
surgery after the failure of initial
surgery in patients with intractable

epilepsy. Neurol Res 39:1049-1055, 2017

2. FRHR

1. 5540 [a] H ARFRE CT 22ie s (2017453
H3B»6 4R, ERET
IR ME T A AT B 2k A R I O
B ORI 2 L O
fEEN, ¥, &, AKER, GHEGH,
HrilngE-, HUSECE, BRREEE

2. HHIEAARTANAFES (2017411 H 3
A2v5 5 B, IARTH)
Il (U 9 25 PN AR B 1 A B AT L 7 (S
TAPADIEEMT%
fEZE S, ¥, &, AKER, SR,
HrlngE-, HUSECE, BRREEE

3. 5 AT |8 H ARERIRARRAE B R TR
(2017411 A 29 H/»5 12 H 1 H, ik
T7)
R T A h AT 3T B ok A T R RO
i AN cl iV Y NAY TR
it
B E N, B, 1, AKES, GG,
BESRCE, HEsEZ
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FIRVEEL TR B MR (PSP) DR KB FDRRE L
MFEHE PSP K OV RRIE FB L oD BEELARAT

WRiREE &m mD
BESHEE K0 wED N @2 e kFHE D

D) JCHIER R 5 B Sl P T AE Y BRI P P
2) IR SE L T HRERET 7387

WEEE

HEATHEREZ EVERRBL(PSPIIIFEMEIR R CTH DN, FIUIFE RN D IIEH & A T-F R b EIN TIN5,
OIVOIUL, FBAVE L= IR A AR & LR R A CHEA TIERE EPERRILE 2T L | IR B2 A0 1
B USEER . TR TR, B O MR P, 3 VB —hE 4 U — RO X 8 A O SR A (1) SR e s
MR BNHHZEa R U2, B AT 23t AT o722 A MK R T 77 47— /1285 bassoon &
1% /EY 9" bassoon (BSNIEAG D2 LA RHLF LI, SHIT, 4 F T PSP EERZKIL T B &%t
GBI T 2 TR LT L 25, T DK 10%I1Z BSN BinFZAb & FE LTz, BSN & a8 In 2%
L7 HEK293T M CiRit 5L, ZOBIE T2 I IV RNEEOX T E AN BT 5L MRS T, 2
DR RAEREZ T, BUEZOBE (LD PSP JHRE~D B 5>\ IR RIF e TH D,

A. HFFEHE)

DIVOIUTEOT, FIEEZ A T 5T YRR
T 0D 57 T A5 & ANFE MEMEA T A LR IERIBLE (5] 4 5t 52
(DGR & 7Y — MRAT | 36 L ORRRLR B
FRMT 24TV KB AR Tl Bassoon(BSN)I&E L 1%
FIELHE L7~ (Yabe I et al Sci Rep 2018), #1114
K b ME R O 1 o W T . JALPAC ( Japanese
Longitudinal Biomarker Study in PSP and CBD) &4,
ISz EEBIE D= = T L34 CITAFE
L. AR EFAT T 5 B AT 78 2 (O C I TR 1
PEFRIE K O B A et R L LT Sk S [F = A —
MFFRIZ LD A A A~ — T — B3 & B IR IEE D iR W
BE) (FERERE B R N Bdw) »NE
L THRY, LEE R FARREARS S I TWD, A
AV =T TR, $if. DNA 35108 RNA B
IRDIEIR G LRSI TRY,, —HHI R 4
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FTZEA HANCE T2,
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FIEE D5 DNA I[ZHOWTIE, R —2
A= W AT — AMiENT A ERE L7, L
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RIE LTz,

C. FFFEms 2
JEHEE RSP CEM SN AT RO A~ T,
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B THD,

E. f&am
ROFIAE L/ 8= 2 AR 2 R EIREL | B
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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
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fh 2 M R IE(ALS I TR = = — 12 > D
B 2R 28 PR IE 1 K 0 SEICE D B bl S 7n fh
BREMEETHY, =a—ay, U T2 ik
{b. TDP-43 B H % & {o i E bt B AR BT 5.
Fex X2 ET, b MEF TDP-43 L Z D C KK
HERBTHMBZT T ) OANAREZTaTT
V=LA ERM T CRE 2 —a UK T >
ke~ REE = o — 0 RIS S L
U “ig{k TDP-43 7% & F o REME O I HLREEEE
ERERITER IND Z &2 #fE L7z (Watabe et
al., 2014). EHIZ, BB X A LT T AfRWTIZED,
EHE X ONC KW DsRed/TDP-43 #l#a 2. 75 /
TANA = a—a NEERE S T e T T
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ZCARMZETIE, M2 T T ) UA NVAEFNWT
a7 IREICEST 50 TREAILREBL I
HZElck Y, EROFEERF) TDP-43 EEE R
ZHNEI L 9 20T L, 0F T b ALS Hif &
ka5 2 sicky, Boa v i E=FH
L7c ALS IZx T 2 8HlGRIEDRIEEZ B L C
W5,
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cords. XXIII World Congress of Neurology, Kyoto,
September 19, 2017.



4) PEARISEM, NERES—RS, #EMET, FriFEE
-, MHEBAZE, SeHSE(T, EHZ. HSFLIZK D
B = o — 0 UAIE TDP-43 BEEIR ORI H].
12 [BIEER A N L AISEFEARE. FR L TERK
2 (HFD), 2017411 H 4 H.

5) BEHET, HWRE L, ZREEL, AT
FEHEL, ALEH, EEME, Rl /e U7
IZ351T % ALS BE#ZE 5L SOD1 & [ DR ks D fiR i .
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Sei. 59 (3), ppl641-561, 2018,

DOL:10. 1167/iovs. 17-22716

Phenotype in the

Cornea.

Caterson

Sakimura Kenji,

2. ¥R
1) Keratanasell ®Di/IEERIEMERND A A >
DEE (R2EZ—%F)
R, I, TRz
5 36 [l A AP 222 201747 H 19
H—21 H - D
2) Determination fo the minimum enzymatic
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A WFREEH 1) DABY AT HEFLa) UR/ET T=2
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MTCL1 plays an essential role in maintaining
Purkinje neuron axon initial segment. / Satake
T, Yamashita K, Hayashi K, Miyatake S,
Tamura—Nakano M, Doi H, Furuta Y, Shioi G,
Miura E, Takeo YH, Yoshida K, Yahikozawa H.,
Matsumoto N, Yuzaki M, Suzuki A. — EMBO ]J.
36(9) :1227-1242, 2017.

Matrin 3 1is a component of neuronal
cytoplasmic inclusions of motor neurons in
sporadic amyotrophic lateral sclerosis. Tada
M, Doi H, Koyano S, Kubota S, Fukai R,
Hashiguchi S, Hirama N, Kawamoto Y, Kunii M,
Tanaka K, Takahashi K, Ogawa Y, Iwata R,
Yamanaka S, Takeuchi H, Tanaka F. Am J Pathol
188(2) :507-514, 2018.

Cerebellar ataxia—dominant phenotype in
patients with EKCC4 mutations. Doi H, Koyano
S, Miyatake S, Nakajima S, Nakazawa Y, Kunii
M, Katsumoto A, Oda K, Yamaguchi Y, Fukai R,
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Tsurusaki Y, Miyake, Saitsu H, Ogi T, Aihara
M, Takeuchi H, Matsumoto N, Tanaka F. J Hum
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White matter hyperintensities on MRI in
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Kimura K, Kishida H, Ueda N, Nakano T,
Takahashi T, Koyano S, Takeuchi H, Tanaka F.
J Neurol Sci. 15;385:99-104, 2018.
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Tanaka K, Nakamura H, Fukai R,
Tomita—Katsumoto A, Tada M, Higashiyama Y,
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eI RO ABEAIRT 7 I 0 27 = A K (ASPD) | D HEEIZ#]8 Thk%h L (Noguchi ef al. IBC2009)
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VWD 2 DDRE 2RI K ONERR AN AR D vl e
PEZHIN Tz, 2 OF &2 L U787 2 s i
FEA T = K73, FHTFE AR PR I SE
IRAN=ZALTHDZ EBNfR-T-2 13T~
DoTHLEEXTHY, T E TOFEKFINIIE
ft & OILFERFFERR 2 & HICHEIET VY
A~ —RICHE & TR MR AR % IS
HZEFRIFELEETHY, Fil-ryar =/
e UTHEIEERT 5 Z & & Lz,

ARFFETIE, 2 E CORFEMIEIC LD Fxn
T IV NA = — i T B MIZ LT E 72 NAKa3 D
BERERE T IC K D ARHISE RS A I fh oD ffg 2
PER B TR & TV 5 D0 & FEBUC BF N CTRGE
THELEHIC, £HEHABMITIEL NAKa3 ik
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DHANTE D o TWDLDOMNEREIAT L Z & %
HEjL 45,

B.BFEH¥E (fmBRi~DRE % & ie)
g%a%%éﬁﬁétwm\uTwﬁ%%imﬁ
(1) NAKa3 IZ#%94 257y hE 7 —F /b

PUEZERLL . T ORISHEEREET 5,
(2) illk® NAKa3 Hiik, NAKal Hiikz Huv7e

EE, JeaiiErddeEg L, BB DB

72534 Z IR E H ok % etk A W~ 3 5,
TN NA ==, R—F Y P, ALS 7R L
TR AR R, & DHIT, WERRE L L CIER N
28\ T NAKa3 ik, NAKol FREE D A o8 Bl
MWE I TNWDDNERREET S, WITLT, 7
L NA = —IRIZEB W TIL ASPD D537 & b
AEEITH) TETH D,

C. WFFefE R

ZHET NAKa3 Ry FIAEMFICH E 0 ICHAE
T DI DMREMEBICED S S 13EbhT
W T2y BB OWEITHENT, /N—F Y
VIR ALS IZB W T B 2R EHER)S NAKa3
R TIHERT D 2 & TEOIEMZEH LAk
Ml Z Bl &R Z LR THREEINS
WCE -T2, Lb, N—F Y WHOKIRERD
a TR LA DOEERD NAKa3 R 7RG
T HEALIL, ASPD 728 NAKo3 R 7 ICHEET 5
WAL EIFIER—TH D D, FrBNER L
PRERHNAEE D A F7 = R IR 28 e R 4L
R TH D Z EnER R ST,

L2 L7223 6, NAKa3 R 72 o0 Tk,
NAKal > 77 & & OMEEDR @V 2 & Dy
HRWHEN <, £HE LM TOERR )
DG EfRIT ST e W2 EDiE ST, F T
ASPD 7’ NAKo3 R ZITHEE L Oif M & L
THAN=ALE, ZNETTHRIN TR

ToBTIR AN = ALTHDLZ ENfiEoT-, £ T,

ARTFSE T IE BRI A TR ZS MR PR B D FB A i
ONIEHMIZ 3T NAKa3 FEH L o 45 A0 o3 5,
RN L. B MIKICEIT D NAKa3 Mmoo A4

PARERE LR RRIC R T D G A MiGET 5 Z & &
DI L, E9. PIFEEITEEEMEE VT
NAKo3 #f&ARL O ER CONMEMIH 5 & &
HiZ, b MIKT D NAKa3 EIRFUAE fEN 9
HZEaERHELE,
WIEEDOMRIZ LV | B2 Z &2 NAKo3 &
WA 72 PR N ET 2 2 & i > T E T2
(BeRa el ) . F70, MRSHIIaREIZ LV NAKal/
NAKo3 OFBLULIZIIN2 D Z03H 5 Z & 600
D, ZTNENDE BRI AE LT D O ) HLER
HEWeZAThHD, PUEDIERIZ DWW TIX,
NAKal-3 Ry 7O EEEET VI ESE R D
WY 72 FA 2RO, Z A KIGE ORBLR 2 Hv
THRAFRL, £ 7 a—F PR DIERICE T
Licb 2ATHD, FEKDDIZITHERI GO
HTPETHY . ZHEHWT, WRERE LG AR
BT NEEZTND,

D. B

EiRo Lo, o TIERICHEEZED S 2 &
NHET-, Eial U7z in situ OV RIZ. EiX
EREERCHLIEFREZ L Lo TZITIED LN
77o NAKa3 R 7N ED L HICEHb>THHD
DERALNZT DI X, Ty A ~—IHIc¥
F O PHE R MR B OB E B b b T
B ChHaRetEbH v BIE. FrEPUER % i
S L, BFEINE R ORI T T 21T T2 0
EEZTND,

E. ¥

FRo LBy | o TNEFRICHE L ED 5 Z &
N7, Bl L7 in situ O RIZ. EiL
ER P2 CTHLIFFREZ LT b TRITIRD bR
72 NAKa3 "7 M ED L HIZBb>TW\bHD
DERALNZT D2 EIE, TV v —IRICH
F O TR EEREBOREZW E b T
A Thraitbd v, I, FEROTULZ il
SEL, B HOR OB E W A2 TV o
EEZTND,

F. AR E (Lomss o+ 2 b 0)
1. 3R SCHER
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Distinct cellular distribution of alpha subunit
isoforms of Na, K ATPase in the mouse brain. (in

preparation)

2. FRRK

Na', K'-ATPase « 3 is a Death Target of Alzheimer
Amyloid- B Assembly : What Shall We Do Next
towards A Better Understanding of Na',
K'-ATPase « 3’s Role in Health and Disease?,
Hoshi, M., 6" Symposium on ATP1A in Disease
2017, Sep 20-21 2017, Tachikawa, Tokyo (FA7F
A7)

Na', K'-ATPase « 3 and Alzheimer’s Disease,
Minako HOSHI, The 15" International
Conference on Na,K-ATPase and Related
Transport ATPase, Sep 24-30 2017, Otsu,Shiga

T RUDTLRSTET NI NS~ —
BERF (201742 H 21 H) HHladwm
FEWRSEHTE L — (R KRS) (B

G. HBURA EEFE D HIFE - B&RIRIL (PEZ & Te)
L
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AR 29 A BE TR R AN SR T
AR e ek oy B T FH 0D 5 REVT RB S [RIATF ZEHL A

LA - 36

[FIATFFE e o 3

Gut microbiota DA AN MR EERE I KT TR

Bk il B D
WFEesyHE R (e 2)

D) AARER KRR S M NE 2) s R MR Ze it

WREE
I ZE 2 33 1T DA A IE 1TSS R REL A G L QWA ZEN RSN D 25D, ZO5E RO f| - B
IR H Bl L QO D — DI IBE S0 % 2 1E i35 Gut microbiota (WM #S) 230203, BLREAIZE
VT microbiota Ol 0 AR ZEI B OHE R 3L T2 Al REMEIZ DUV COMFSE I A S L ey, ARIFSE
Tl PUAEWE 2 2 B 0 # 5 U %R IS T 7 V2R L 24 1% O B 280 A X Bs L OMRiR A=
T ERAELT, fERIL, vehicle BEEHUAEME B G HEDBIIWNT NG A B2 25 RO R~ To ), FEFEY A XD
FRETCIL vehicle BEDMEE R Il bE 48.5% THHDIZKIL T, HLAWE & 5HETIL 57.8%& 19.0%DFFFEY A XPL K
ZRRDCND, RFEBR TIIR Mm% SMENCBIE LB E S A RIZB W CL, W COENAEERDR)-
7DD FANIZAZR AL T S R S S OISR (L35 72 I PABE COBB AT T A LN L ETHD

EBZTRY, BUEETH THD,

A BHFFEHE)

VTR ZE DBFZE S B I U C L PR ZERS DA%
RIEIZHRIEZNRE G LTV D RN
HINTWD, — LT, ZOREROHEICEE
B 2 B2 LTV D00, B RE 2 ET 5
Gut microbiota Th 5, AWFITITMGE o & Ak
WA ZEIZ BT A RAEDRIHE 2B &Mz L., fiEhH
THZENRHWITH S,

B.BFEG¥E (B~ g % &)

A ARER KR FE) EBR BRI IL S X | iisEE
Fe LT, 8HAE 1 0D C57BL/6] ~ 7
A&ERAWT, REERSH Y ara— L%
R A AL CHRRINENIRNZPHZE L, 4 5%
BICERREHREL, SMEMEEET L E LT
(T ORMMENAREAZEAT (MCAO BT L)), Li B O
(Immunity. 2015;43:527) I &S & HFLAEME DR
HaA KBS 21T 5., BEMICE
Ampicillin(lg/L), Neomycin(1g/L),

Vancomycin (0. 5g/L), Metronidazole (0. 25g/L) &
ACBPKICEfR L, 1 4 B G 26072, O&IH
RIS ZEE 7 L CHUEM B GO R IEIZ LY |
g SR AH Y 2 T U 7o, IR ZE L DU T,
BRI 2 4R, 7 2 WAL ICMRMT L7z, TTC
Geta ZATUN, TTC Yefa TYLfa SRV B ZE B 2 [
HERI iR L7, ook & BOEfEk, HSEE
BUCOWTIEE A JE L, £, RIRHIIMTEE
BHWPE L7z, 512, ME AT L2 4 K
. 7 2FFERBICHRTFI A T 2 L, mEE
T L7z, 7235, MMIERIIMEIESR (%)
= (R gk —xHalEk] X 1 0 0/ %HElH:Ek T
FHRE L7,

C. FFgefms

1. FHOKEZTmEEE HI2—H 6nl THEZ
ORI T,

2. PiAEWERE 1 4 BT~ v ADRFHRICE(L
(G702 ke BN o o 1 s 0 o Rl i
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3. Mtk 2 4 R OREZES A BT, R
M TRUE, HER S L Ozl nT
% vehicle #f & PUEME G HEICHEHFIIA B E
i ol (RE 5 32.01£4.73 vs 37.1=%
7.01 % of control, respectively, n=10) (GE&JE
¥ : 16.53+3. 79 vs 20. 6 6. 14% of control) (&
M4 ;48. 545, 70 vs 57. 80+ 12. 49 % of control),
MRV T, MR CHEZELZR O R )
>7,

4. it 72 R ORIZEY A X2V T, HlEE
LI CRUE B K ORAKIZ I8 C vehicle BF & B
VBB THCHGT PR BAEZRO T (BE
34.88 £9.36 vs 22.6 £12.21 % of control,
respectively, n=6) (FEJELZ ; 22.24+5.51 vs
17.41+4. 42% of control) (i ; 57.12+13. 22
vs 40.03713.98 % of control), AMVEIERIZIS
WA CHEZZRD 2o T,

D. %2

BWE LN L TCEEO B Y IMEANT D IE X
AN TIRHRER VW EDO—DTHY ., A
BOBEHEZFH L TV D b EHEERI NS,
EOREBI X 2R U o ojBRD 6 I, BuiRpEAE B
D 8 BINERET 5 &S oL, IHE LRGN
& e T U > »YER (intestinal
intraepithelial lymphocytes: IEL) 23ME R )&
DML 2 E ORI R LT A A >
ZRBLTND,

TS ORMIEREITHEE NS T Tldzd ., &
HORPEL AT LN BT L LiEH ST
WD, —HANTUANENTIREBIZRD & &2
DR WREITEME(L L TH CRERER Y
DRIEZ AL ST D Z ERbho T D, FEERIZ
Fx LB M AE KT D~ T RGE EEGHaO
HAHRENE L LETLZZEE2RA LR
(Nishiyama Y et al. J Immunol 2002)7%, Z OBIGT
JRE AR SNV EFFOFAME AR AE G T 5
LIV IEFILEND I ERDboTe, TD
B, IBNHIERE OZ LB EFIEICE (bR 525 2
EMHLMNETRS T,

—J7, WREZEITIEAE, MRIED —DTH Y |
FIERPRKESEHE L TWDHREMERSH D LD
W DHRNTI Y | WGP 5 0O 2541 A3 ik 1.
DY AT MIEET 5000 Lz, fiEmE %

2 R OB E L= % IS LT 7 LV A ERL L.
2 ARFMBOMIEIEY 4 XEB L O A 2T %
Mgk L7 1%, vehicle B & HU/EMEE GO
FICWT NS ABERELZRD o7, LinLk
MWD, 7 2WFM%OFHECIE, iAEMEE RS L
T BECHIZE A /N R T2, ARIEBR R ITIEA
B G i R E 2 N 2 1= FE B 72 Sl X B E
DIy T HIER L LT FEBOR TiX vz, i
APEHNCBIZR LT ZE Y XI2B W CiE, WRET
DENEEERLRNST-H00, MNICEAL
TS P i 28 & BISIEME LT 5 7 2 BT
BERELR-THNZ, Z0Z 8D, A
IARAT B PER T <, ZO®KIBAT HHER
72 E O Y M S BB LT D ATREME DY &
Do T DL RN T Y Mt X O
LHYA SIA IR ERREL, AW T
n—FZKY, SOITHEAMI LTV ZEn
ARECTHDH EEZ TV D,

E. fiim

1. PiAWE % 2 RO &G L2142 4 5 57
HRIXENIREAZENT & (R L. 2 4 RE[RI B4 o fikd e 5
VA AR LR A a7 ZMAE L7223, vehicle
BEEPAEDER GO L AE R ES
RO T23, T 2% OFECIX. BiAEY
Bh G LT BECHE 2 ZEY A XHE/ N2 780
77

2. REFRITIAN B G0BE FHEIEEZ I Z 752
Bi7p I X DR ED T HIER & Lo FERAR T
7202, BME A B WCIE, e
\ZHESES A XDENAE RO T2, M
S & B IZTEME(RT 2 7 2 BB T o
WREZ R D RN L B2 D, Sk, BIR
MR IC W TR LT,

F. BFFE3R (Laas oy 5 L o)

FRBR

MEEET IV~ T AZBIT LN~ 27 7 —
LI ral )T oORERNRHEE S LIz oONT
%2 7 18 A ARG RS Re 20164F 10 H |
& L

G. AR EME D R - BERI (PEZET)
L. FFRFHUS
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TR 29 4 BE TR R AN SR T
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[FIATFFE e o 3

fpZEME I RBE(ERGE 2R T 5 VGF O FFEICE T 28738

BrefEE i fer D

sy wm D,

s D fim B 2)

D i R ST D) HECEROTZIT FE A E IEAT 27 55 B

MREE
AHFFEIE, T AF OV ALS B OFFBEY 7V % AV C in situ hybridization 24TV, i~ 7F N
VGF ORI HE T CORBLEO L7 EAFEMICHRFTT2 2 L 2B E LT To 70, i A X
OYALS BEOFHEIZIB VT, VGF mRNA ORBNHER S 72, IKAHE & HEORENIC T 58152
To72& 2 A, VGF mRNA IFIKAE., FCTHEMATA K OEAICREL TWD Z ERHLNIR ST,
F 72, neurofilament heavy & DY LV | FBEATA 123V T VGF mRNA [TEH) = = — = (2R RAY
WCEET D Z ENRH LMo 7=, 512, VGF mRNA [P EE R 1T ALS JHE F T F L Cu iz,
PLEORERIT ALS JWREIZH1T 5 VGF OB 5 2R L Tk Y FBIICH 1T 5 VGF FBELE O T I3EE)pf

& VGF FEAEWU TR T 2 "TREMED B 5.

ABTFEERY
1y 22 #4052 68 AL JiE 13X (Amyotrophic lateral

sclerosis: ALS) (% FB L OV EE) == —1 >
PSR D DOMEF TS ZME . i3 D AR 28 PR
BTH D, K I0%DIEFNTIFESITH Y | # 10%
DEBEMEICRIET D L EZ BTN D, FIEMED
BRTZAR L LT, Cu/Zn superoxide dismutasel
(SOD1) BT DI Ak AEEZ ENHE SN
TEY ., BEFEH~ U ZERPFEICIH ST
Do R LE LCiE, Zv¥ I UERUHINEIEK T
HLINY = NVBIRT VIRV v —
DTEZREPHNEN TS, Wb AT
HMOIERAERIT 5 Tlidle <. X0 ARl
RO N EEN TV D, BEOHREITE N
T, M ALS OBFE B L ALS 70~ 7 X
DHFRAIZIBNT, WA I XTF FTHD
VGF nerve growth factor inducible (VGF) DF8EHL &
DD L TND Z EDRRBENTND (1),

VGF (%, HHED D IR O R i a -So e
TEAFE, AR, HEEONS WIS
BELL TCWDLWARYXTFRTHY, 7ratky
VI Ko THEL DERA e TF R ABIE
HE2aT5,

WEDOHIENZ LY | N—=F Y AJFRN T
b U7 & OMRENEE T WITKE L, VGF O3B
AN I RRGEER 2R LQ)ALS ET L~ T
ADOAEFMMAZIEE X7 3), Z2IuH X V| VGF
HRT7F R ALS (23 2R H O rTEENE
RIS,

BIfE, b MNEERERPIZIIT S VGF 0¥ Bl&E
KR AHE ATV DA, EAMBEII AT
0. JREE FIZEIT D VGF REUK T OJRIKIE A
Th D, ARFtTlE, fEH A LT ALS & OF
BV 7 V% T in situ hybridization 21TV,
&~ T7F R VGF OFBLHICHRHE T COFEL
OB EERFEMICRFT 222 BRE L
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TAT> 7,

BAFSET5 15

R RFEIFIERTIZ BN T, *HIRER FEMR
ZVERIE) B 9 B, I8 ALS B3 9 fills L O
EMAEA ALS B 3 BlOSARE - fE - lEgED <2
749k ((BE 4um) AER L, 70
(2B T, RNAscope®F3 K UM human VGF 7' —
TEMEHAL, 8 TTe b a— LIZRE in situ
hybridization #17>72, %72, neurofilament heavy
(NFH) & L4123\ T, in situ hybridization
T, LTOFIECHREGLEZIT >, PBS T
Wash 7%, 10% Goat serum (Z XV 71 v % 7 (2
. 1) 217572,

PBS T Wash # . Mouse anti- NFH antibody (1/1000;
SMI-32, Merck Millipore) % 4°C T—W s SH7=,
PBS T Wash 1% . Alexa 488-conjugate rabbit
anti-mouse IgG (1/1,000; #A11056, Invitrogen) % =8
T 1 KRS SE 7, PBS T Wash &, DAPI
(1/1,000) Z =R T 15 RIS S5 2 & THRY R
#1T->7-, PBS CTWash#%., 7/l4Aua~vy %
HWTE AL, BlEgidtE v — 9 —BamMss
(FV10i; Olympus) % HW\TiT-72,

C.HFZERE R
it NB LW ALS BF OFHEICHB W T, VGF
mRNA OFRBDZ R INT-, JKRAE & BB DK

ALS

Cotrol

VGF mRNA/DAPI

®A

MIZBIT 28851772 &£ 2 A, VGF mRNA [ F
BaERTA L OB AIZRIEL TS Z &3] 5
ot

Scale bar = 100 pM

¥

—"

Control ALS

VGF mRNA
INFH/DAPI

F 72 neurofilament heavy & DILYLAIZ D | VGF
mRNA ([ TE#ER) = 2 — v EERMICEET S 2
EDPH LMo T,

Scale bar = 50 uM

D.E%

Ao R LY FHEIZIHB W T, VGF X
PRI CHRBLL TV . ALSHRBIZBW T,
BRI OFEE R I B W CRENME T2
ZENTRBEEINT,

E. 3

ALS JHEE T2 1T M FHEI T VGF OIK T i%
EEE I B E O VGF A TSR L TR
. ALS DIk Z —7 > M LTHHTH 5 Al
YERDH %,

FAFZR R R (Laoamms o+ % b o)
1LFRCHE

2L

PR S
L

GENHIM EEFED HHRE - B&RIL (PEZ G )
LA EUS
L
PRES P TS 7S
L

(27 3CHK]

1: Zhao Z. et al, Vgf is a novel biomarker
associated with muscle weakness in amyotrophic
lateral sclerosis (ALS), with a potential role in disease
pathogenesis. Int J Med Sci. 2008 Apr 15;5(2):92-9.

2: Noda Y., VGF and striatal cell damage in in vitro
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and in vivo models of Huntington's disease.
Pharmacol Res Perspect. 2015 Jun;3(3):¢00140. doi:
10.1002/prp2.140.

3. Shimazawa M. et al., An inducer of VGF
protects cells against ER stress-induced cell death and

prolongs survival in the mutant SOD1 animal models
of familial ALS. PLoS One. 2010 Dec 9;5(12):e15307.
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[FIATFFE e o 3

5 RIRFERE D R T — V53 ¥AMENT.
7 U TEAEE IR LT D0 FIRE LR

BrRfEE  wm kD
Brgesss  fhim B2, mm mEd), Hm s, B w573

D) (SRS S S 2 2) R KT 2T ER S A TR 2 4 B
3) I R M SR T BSR4 B

WRER

L SARFERIE TIL 7Y 7 RN E AR SR B2 W OFREE & 72 > T D, 2 OE RIS AIE DG AR
IR T A M 2 A~ — T —TbH D Z L NA DT RSN Z LD, AIFZEIE
MR 2 KL L, BAKIZ L A S RHERIEDO AT — D0 AN T Z E 2 AN E L, Hi
KEFIAFFEFT IR E STV DG D 79 Fla L, TR o OBKRT —2 29 5 L3k, |
FX AR 2RI BT 2 B AR O RR % o AR L2 B BT L 72, ERR 30 4F 3 A RDOKESET, T
TEREGI B ORERFRAT D3 & T Lz, & OFER, MEERBEEMIE & 4 — 716/ MR ZEME ClXE AR o4
SBIRDIERE— NGO, T, ZRMEMIELL E—/MEFEOEIFIOFIE, a-—> X7 A0 DE
FEIZ X DRI MSAE AT O N DIEFIOTFER Y, BT/ iE B R,

A BFFEEEY

% R ZEHEIE (multiple system atrophy, MSA) 1%
IRl NN ZE PEIE D72 Tl 2 DR B THY,
YT HE O R AR NI RS B BN (glial
cytoplasmic inclusion, GCI) 23 BER B D v VIR
B2 S ~——L L THRBIN TN, Tex i
FAHHFZED D, GCI SAE O i I T8 L 95 B AES TR
PR AENT A~ — I —THLHAIEE T A,
L7z, &2 ORI R 52 REUEALL, MSA
\ZB1T% GCI TR D ZE [ « R R 28 B R A — %
BHSEMNZL, GCl & BT HMSA DAT — /0 F
WL D2 HIELT,

T, oYX ANt 57a—7%Hn-
GClDAA— U T HEH L, GCIIZLD MSA D4
e EZWHENBF T ChD, RWFIEIE, ZORES
JRPE DORRFEIZ VB, GCL D4y R~y 7 28
M CHENI T2 2 HAELTEY, MSA ([ZBT 5l
R ~DE A END,

B. #F e (B~ 2 &)

MSA SIREERZWTSH, Frik KN ZE AT IO -
BHINTCWADHIMREIR 70 Btz gl -, £
=, VRGN Do E BT, AR P

7212 MSA SIRBEZ WS DIER] (2~3 Bl HERIS
B) X RIZEDDHTEELT,

AHFFE DI R /G L7209 235K 5] 235 5 B g,
BEIR 7 e ha— LInBYANT v L, Z DGR %
FhH, BEHELL7-, MSA DOEREZWIILIANCIE, #E
K B ZEVESE (SND) , AV — 7 48 /N i 25 i i
(OPCA), 725N Shy-Drager SEfERE (SDS) @ 3 7l
WM T BTN, T MSA-P (SND (ZFH2Y) &
MSA-C (OPCA [ZFH ) 123 FAS LTS, ABFSEIS
SDS D3EIBRES N2 4 PEICBIL TH GCl bt
LT ETHHIEND, HFFEIE0 MSA 2H12-D0
T TN ERIR 2T & ek D 3 T BN PR L,
PRI AT o T,

SR R A (A E RS N PR EE AR DT T 4
Ty 7 JORGAEARZVERL G RPN 72T ©
RYAERL) , GCI 2V o —3 X7V AL DRI
M CHEH U7 BN R Tha s YealitifT) . A
MR BRI ITD GCl O BIHEEZ 5 BRI
ERMITL, FIEFNCOWT GCl E'/T VXL~
FEVERLLT=, SND, OPCA, SDS ORI TIE
B OT —2EEREL, B TVER, G- /NKR7
EORFERODEIRICI TS GCl OFRREFIYZSE 2
— BN, 2O TEBNZ GCl /87—
DOEFEE, FIRRID AT — VA E LTz,
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AWFZEIEHR R FE A MR AR A S (T
F5 2322) L NTEM K FMMEEE R B S KR
H5 3211) DIEGREIS TS, RUFFEICBIR 57
SNTOMIRE I, ~NY R E S (2013 FET7 55
UHET) RO N3 G b3 5 E R RICRE 95
fBFEEr ) CPRE 26 47 12 A 22 H) 0> TRIFSE
BENE LT, ARAFECLE, SEARMES R RIS RS X,
BB BRAFR DA GE A 1F A BRI, TR BRAE AR DO
ZERIFH— ROV T ORIEZ LETEHTREY, 7o
ZDORENYEZED BICE A THHL DL 5
b,

C. Fr7ufs R

AWFZEDRE: & LT MSA S 79 42 U 2
T o7 U, ZHSIER DR T — X 2L L
FEPR IR, ROBEE S 2 R - S5 & & b
2, BAHEMICERRZWEZ 3 WAL EE LT,
Z OfEE, FEFIOWNERIL, SND 28 ffil, OPCA 38 {3,
SDS9 i, A RE (REIB 25 de) 4 il & 727,
ZNS OFRENZHWT, AV 5 Bl D~R— AT
AR R BRI T2 ) Vb a - X 7 L A
V DFPE Y ORERNERL L Z O RN 2D,
f% 30 4F 3 H RO T 79 FIlAE DT — & & FS
U372, BITE, 3 AT 31T T GCI DO E/ S —
VEITHRTHAHH, FRFERTE SND & 0PCA
TIL GCI HBLORRIGFHI S E N 2 — v e Bip D
RN OoH D, —J7, SDS JEHID GCT Xl o>
2R L B B A A T DN B o 72,

)7, AFZEOFEHRILAORRE LT, £5%
HERIELL B —/ MEIFE O S OH 2 2 ] LS,
F77, a-VX T LA COEFENHIEIE - ITEEE
FEIZH 2 < AT TWD MSA Bl s &ni,

D. &%

GCl JERDZETE 2 — 210, SND 35 L T8 OPCA
DZENENIZEADOHRW AT — VNS5
AREMEDNEIVN, F£72, SDS & [EA D GCT Z5E 4
— & EDAREMERE <, JEAEE & HITHL
SND 3 L OV OPCA & D LR 21T 5 BN B 5,
GCT DG HAT 235 LR IS AR SEEL L 72
BB, AR E OXFHIC LV, MSA Omifg
TEZW, AL, WHIETT R 2 & O E D Al e
2D bDO LRSS, S HITHEBICAN L 723K

WL B S e, GCI BfbzRine 4%
TEFREONFHEIC BICHAIRE & 72 b,

% R EMEIE LB —/ MEIRIE, B ENZE
MSZUTAHELSDS, AWFZETIEZ o FE AN IAFT
DIREFIDS 2 FIPR LSHT-, —DOIRENH N ED
KD 7B A LIE LT D OB,

% SRR ZEAMIE |2 33 1T D I D 2 PE 1,
PRI - VER, U —7 < 18 - /NINCR, BAH
RN ET DL TH D, T, AIEAEATEL M
JIE (frontotemporal lobar degeneration, FTLD)
MUK A2 L, Arsass - filgagE EEx2s
Te) FEIBIC U VER(L o v XL AV BEOREE D 3
RO BIAREFIREN B2 E4, FTLD-synuclein &
B X (Aoki N, et al. Acta Neuropathol 130:
93-105, 2015) , AWFZETHYFEHEEIZ Y VFR (L o -
ST A VGRS IE RO GILAIEF DY,
Aoki HOHERIE—EHFALIL T, Ll bR
Bl CIXRRFVEDFIEN RBE CHY, KA
BRI MERFTH D,

E. kiR

SND 5 L TVNOPCA TIEXZENEIUC[EA D GCT D ZE
Y « BFRIER S 2 — o BFET D,

F.WF3ERE (Lamss o+ 5 60)
1. ARz
L

2. FoRE
L

G. FEIM BEFED HRE - B &R (PELZ B Te)
L. Frar s
2L
2. EHHT Z8 8k
L
3. T OAth
L
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CADASIL « CARASIL £ 5 /& &2 U 7=/ N ER TR R IE DB R

WERREE R Ed D
Wrgesyiig e B D ik mE2) bR BT S N )

D ESrEBmmmiiget v 2 — bRl
2) [ EEREIIE — FEENED
3) KRR AR B
4 BRI SRRy B

WrEEE

RIS PEFRANSE CTd D CADASIL (cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy), CARASIL (cerebral autosomal recessive arteriopathy with
subcortical infarcts and leukoencephalopathy) [ZK/NILE DOFERER) « AEER N Z DIFRED — £
ZIRT LEZ HIVTU S, CADASIL, CARASIL OJRTREMFH, HrllRFEOBRFEIL, AF Mo f A PR AE,
Z L CIf A B O A GRS 235 H8D TR T LY A~ —RIEBAE O IR AR JE IS 1 5.

AT 2 1%, C165R ZH NOTHCS FBAR T~ U AIZOWT, CADASIL E7 /b~ A& LTCORMAME
WAl % & & bI, Hirdl W&aT-KE (Htrdl KO) <9 ZZOWT, CARASIL EF /L~ AL LTOH
MMEZRRGE LTz, 2 ORER, 1568 ZH NOTHC3 A5 TE AN~ 0 AU CUIMM ML & C A B 7R S 13
LI To i, Hirdl KO~ w7 A X AR~ 7 2T LT, ML RO &, IRER T HE O B H
~ENT.

Htrdl KO = 7 A3 CARASIL PR HVE DI EMEHT ICH N RET LV ThHDH L EZ b,

A HFEEH 1. FEEREWY

i i, 4 BE S 1 X b R ENC 1 D = KRR O —o CADASIL DET I~ R L LT, (455K ZH
Th 2 RIS, RAEIC LD ENH# - ZE-& 0 NOTHC3 BAn B A~ T A& Lo, *HEEE
REEORKOFINTH D, T, MEREDT IV LC, 1E% MTHC3 BB T8 A~ D R & LTz
YN I ~O B G- R XL, MAE MR EE CARASIL DEF /L~ AL LT, Hitrdl ¥El5F
~ORLLEESTND. LavL, MEMERIGE KB (Htrdl KO) ~ 7 AZER L. X ToH)
WFGEDRERE & 722 DN, T DL NI TH D Y T E N B AR A gE v X — B R
DGR T8 DWW OZEMETH D, = HEEATHEEIN, KRINTEZHNETHD.
ZC, H#{n ¥ CADASIL 35 X O CARASIL %
ZER S I MR AE OIRIEZ B D c T 25 2 2. fivdf e & o0 I E

EERBEBE LT, AWFEEBHME LTz, 18 # AWiD C455R Z5HE NOTHC3 Y& {n 8 AN~ 7
A LR NOTHCS i B AN~ A, BILUN16 »
B.#WFFE ik (Bl ~DOEE 2 & Tr) HERD Htrdl KO <7 28 L OB AR < 7 2 % fif

Frizz. Wiffiid v —%— 2~y 7 v i Et

— 117 —



(Omegazone—2; Omegawave ff, HAA) ZTHIEL
2. BREMZ2%A Y 7L TEAL, L% VT
UL TTHEEF L7, bregma 2>5 2mm ZMAI, 1mm %
FadtsE U2 EAR Inm O % Bk & L TRk
EL, A OREMO-EE % sk LTz

3. bl BR Tl BE D F AT

16 » A Htrdl KO <~ A3 L OBAR <
ZANZHOWTIIINTEBR PARBE B T L7z, ~ o7 &
@D Bk WX a-chloralose (50 mg/kg) ¥ L O
urethane (750 mg/kg) DIFIENE 5 CTiTo7-. A&
ERHFE DL, sh _fRbiRFEE 10 HERA S,
L—H— 2~y 7V i it g+ S T i 2 ik Re Y
WZHE L7,

C. Fsefs R

1. fiin i s O FE

C455R ZFE NOTHCS H&fn - E A~ 7 A L IEH
NOTHC3 FBAR T HA~ T A & O TR A &
REBIIR SN —JF, Htrdl KO~ 7 A
[ RE Ry S = ol DR S = 0 1= /8 -
LTz (p < 0.05).

2. AT B T 0 RE OO s

a —chloralose B & Rurethane FE: T ClE, /=
Fe 7T A GRT DN — 2T A ORRIMHTEEIZ DU
T, HtrAl KO v U A L BRI~ 7 2D CHER
ERERD RN ST —F, R ADOE 5%,
Htrdl KO ~ o A%, B4R~ 7 2|20 LT, ki
MEOBMMBHAL L TRV, Wi SOs Mo R
AR I (p < 0.05).

D. B

2009 4F, HiE KT CARASIL OJf K& (s T
HtrAl BARTHBRE S, Z0%, EINSCHE
7% SRS [E C CARASIL OB SRR E, AR
VR oD 1 PERRAIE K & & do B VA PE 1
B 2 BB D I RE AR B SCTRIRIE B R I 535 2 &
NI EN, THEFTETEHEZED VD,
CARASTL 2331} 2 i ZE D FIERE T 1T A 72 R I
T DN, 6PN LA BE R 0 28 1 A3 R 45
ENTERY, MBSO RS BAEEBEORRE
BEFFICESBEBE L TWTWAAEERNE 2 b

TS, AFEICEBWTS, Htrdl KO <7 2T
Jibd L B O P TN %, i RO O B ASER
HHT.

AWFSETlE Htrdl KO ~ w7 273 CARASIL OOYHE
ZEBLLTWD Z &SRS S 4, CARASIL DR
LRI AT VB E 720 9 5 Al REMER
IRENTZ. ETAETVIXCARASILIC E U 57,
RAEVEDIREBMRIHICL A THY, 670250
TRINMELEZ BT,

E. #&am
HtrA1 KO ~ 7 A% CARASTL S2ZRHE D5 HefipT
WCAERBRET LV THD EEZ BT,

F.WFFERE (Lamss o+ 25 0)

1. CHRER
Uemura MT, Thara M, Maki T, Nakagomi T, Kaji

S, Uemura K, Matsuyama T, Kalaria RN, Kinoshita

A, Takahashi R. Brain Pathol. (in press).

2. FLRE
L.

G. ZNEIREEME D HIRE - B GEIRIL

1. RIS
L.

2. FEMB G
L.

3. =D
L.
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[FIRFINER R PET/MR 3£ 2 e T 7 7 AR D VEIRRICBE 5
TR REER RICKE T2 T — & INERIRIT FHE DO BRSE

Bigefike AR HL 2)
Brgsm® o Y, we meY, mA BE2, HHE i)

1) fm B RS R R B R A A e aR, 2) 4 B R ST ER A e B R Je e w2 —
8) Ha e ENTE RIS B E 2, 4) K B ST RSB B R,
5) B KA SR TS A M AE TR 22 1 o &7 —

REE
AWFFECIX, [FIRFIAES PET/MR 2518 2 VN C & b AQP-4 PET JIZE & [FIREIZ MG BN O FHEI 2 MR CfT
I BRIZ TR MR COMMBERERIETE, MTIER TS ORE(LE T o7, AL, Fix oG %
MR TE-MRS % IV CHREIRFHY 2D E BRYICHIE T~ 2 FIEOBBE 21TV, £ OMEREFHI D 72 9 12 AE #2598
FERREL (£ TMS) 24T - Tz BR O ML PR b 2 HE U TRl L 72, 2O, MRkEEWEThH L7
NHE I, TE I UEEGLI)R y =T 2/ BEE (GABA) OREEERY I E 2 W4 TE ¢ STEAM # & LCModel
MAEDETIT) 2 LT, HER LB IORFMEERENR TR LD Z ERbhole. rIMS & LT
QPS {EIC THIfMER L OBUE O LA b 2, £ OBED Glx, GABA DIRIER EOE{LZRE Lz L 2 A,
Z IR - (L E R RN 22 b 2 B8 T X, AQP-4 PET LA DE D Z & oA RIR ST,

A BFEER

BB RZABR LT D e N AQP-4 PET 1D
M7 S N5 &, B MMIZEIT S AQP-4 ~ >
VY TNRREL R, BRx IR E T2 T DK
N T 5 WS TV D, D AQP-4
PET 7% % [RIRFIAERY PET/MR 258 2 F T T 208,
AQP-4 PET 7 & [RIRF I 24k 2 72 iMTEEh 2 MR 2 FH UV
TRIFFIAE TX 5728, BOREMEZFHMET 5 2
EWAREE 72D, 2T, AW TIX AQP-4 PET
LRIFFICAT 9 & MR I X 2 IMEEREIE B L OV
DOFFNTIEZBIFT 2 Z £12 X0, AQP-4 PET FEA]
RRICHUE ICFRIRFRE dS X O N T SRR %
WBETHZEEFEHMNE Lo, AEEIL, fxo
R & W TE-MRS % U CREIRFIRY 5> 7E iy
(ZHIES 2 FIEOBR 21T - 7.

B. BFZE 5k (Bl ~DORE % 5 1r)
AWFFETIE, MERSZER KPR THID T
FRE ST [AIRREET PET/MR 3@ & VY, 2 ¢
VB RKETRRASE ST MJE TE @ STEAM 3 —74r
A ETERENTY 7 N =7 T D LeModel % #H A
B T N O E BiTAN 5 % e LT
F 7z, RAERAZEBEMEE TMS) (XIFEE
e MK E ORI A ST 5 FiETH
0, N FE e AR oA PR R IR A~ DRI IS &
AT\ D, BFEME 4 BRRIEE (QPS) 13RI
iz X 0 BWisE 9/ e (LTP/LTD) £RZhH: o> w[¥H
P ZFETE, I & DRI 2 b
e EnG. 22T, AEEo S 0FE
DIAE DI & 2 Wi b2 DR 21T >
7-.

R, v — A A8 Biograph mMR C
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HY, 12 Fxr 2O~y Raf vz L.
MRS @ —74 v A, FEFRIFFEZRAICHE SN T
2B RED B S X7z STEAM % (TR = 3000ms. |
TE = 6ms.) ZH\, 7 — X fEHTIE LCModel & F\»
724 L7z basis—set 1%, BAREN LG SN
TE=0 HO LD ThHho7-. R#Wx N-7tF L7
ANRTGXUWENA), A4 b=, alr, 7
JLE I UGy, ZVE I (Gln), v T B
i (GABA) % T 0, QPS Jif THIFS L OMET T4 65 4
PR & CREFFFIZHIE L 72, LCModel ODfEMTHE H
1% QPS JIE AT O S CHERE(L L, ST
ELUTCRHMIE L7, b8, ARFZENFICBE L CTo
[REE2 G- EHANRT T 4T 54 (B, 24.6
+5.87%%) TV, FaNT ORI THLEDORE Z1T
STAFITHY T 5 /8 —UGEEEF (ML) 12 QPS &
ATV, QPS HiffL T/ ML BT & bl ML (B F I 20mm
x 20mm x 20mm 0D 37 J5 A D BELCMEDR A 3% 8 L T MRS
ZRRREIOICINE U=, QPS XI5 (LTP) KR4
ZiHE T 5 bms. [MEO L O @QPS;,) &, ]
(LTD) A0 5B A 35389~ % 50ms. [BIFE D & D (QPSs,.)
IR TH 1B OWIM A2 BV CThafT L7, 72l
ARENF IR FMEEB S OKREZH TN D.

C. B Fems 5

QPS & [RIRFIZHE L 7= 8B 7% 38 AL (MEP) HRE
1%, QPS;, TITERMBIMZRL, QPSs,, TIEAE
(ZHIE ST, MRS CHIE L 7= GABA 2 EE (3]
PRI ML Gl QPS;,, THEIZIL T L, QPSg,, TIEHE
IR & > 72, 7238, KO ML TiX QPS,,. ¥
N QPS50 DRI CH EREAIT 23> 7. MEP
D kL GABA OZMKIZB L i, AEZRHE
(r?=0. 4249, p<0.05) NHE. STz, Glx FEEIX, #l
P ML T QPS;,, TR MM 27~ L, QPS50 Tl
HIME T 2R Uz, 72288, RO ML TiE QPS,,, 35
KOV QPSy,s DR THERZ(IZ /2D 572, NAA
FERECIE, M M1 TiX QPS,, THEIZIKF L,
QPS50 TIEEAIZ 2o 72, 7033, ORIl ML Cix
QPS5 B L VQPSsy, DI T CHE R EbIZ 72 o
7=.

D. %

AMRFCIE, QPS FifT1% ORIl % i
41 TE-MRS & LCModel DHHZA ¥ Tkl L7-.
FORER W TE-MRS & LCModel OfHAEHH

TIFIREBE TR R E L & 8 /R D IRFR]
DFRFETCHIETCEZ 5 Z E¥bolz. E£72, QPS
FIE A G- Z 7= RIS ML 35 2 OVSORHBEI M 2 38iE L
THIET D Z & T, HEEELOE R - RREFAH]
ENRARETH D Z L LRSI, AFEERND, QPS
WA T BT DA R AL F Y AL I Fr ) 72 6 D
[T 725 7203, FETT I C o LTP #58 CILMEP
DL KA, GABA DA E KT, Glx OAK T,
BLONWMOFERIKTEABIZE SN, 72, LD
PRI C D MEP O R HNE, GABA OB KK, B
FOGIx O RBERABIZE I, 2 b OMik
BB ZE LY, WL h QPS 12 K DAk el Mo
YL ZIUSHE S R LA TH H Z LM
TR X Tz, A RIBA%E L7 Bk CRIFR 2t b
FELER A D ENARETH 272, vk
AQP-4 PET & [RIFFICHIES D Z & C, AQP-4 PET
DT — B IRR M RALFHI R BLE T TE D
ZEWbhols. 2, [FIRFRER PET/MR %
BAEHAWTZGAOIEFITRNFIRERVGSL D
DTHY, (& NOMRHNZ 5 2 CTHRIEE) %
AL S EAE O AQP-4 PET & FHEREAY MRT 35 L O
MRS DFAEOHEHENARETH D Z EE2RT D
DTHDEZZ L.

E. i8R

[RIRFINAEAY PET/MR 2578 % H v 72 AQP—4 PET Y
£ L MRS Z O 72 AR O R [R] B 22 28 W] 6E
ThodIEVNRIN, SH%OMNT 7 TR )
RE 0D G (2[R REE 8 (2 & 2 AR AL 22 i ST A 2 n
DL ENARETHD Z ENRBEINT.

F.WFZERE (Lo o+ 2 b 0)
L. CHREK
L

2. FERRE
L

G. SRS BEHE D HIRE - BRI (TIEZ G T)
R RE D kAL
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LA - 36

[FIATFFE e o 3

T I NA IR T B~V TFFIv T AT —Z DA FRNT

BERHEE % £k
Brgesiag N 22, H0 2, dig maL b

D RWRKZE KRR LRIR 7 MG 2) BRI AR s TR 27

MAEEE

TN A =R BETRIE D OGO N ERS T~V T A I v 7 AT —Z ORI L DT VT
A~ IR RE DIRNT AT 5 o MMAFFEAT - BB THEREMRNT 700 B (MPNEEEdR) CRRMT S 7- ik W s iE Y
AD (LOAD)BFEFIMAMIZ BT 2 —HREZR(SNP), = B =3 ZRI(CNV), mRNA BEEB L~ A 7 1
RNA BEEDOKET — X 2 W TIIT 217 9. TN ENORIET — & Z W B—dlfigiric iz, /v
FTAI VI AT =LA T+ <T 4 7 AL DFETENENITEE ST 21TV fa 726 BT
EEET D, ST — X2 LART — 2 X—REWET 5,

A. B
BAMNERNE G357 Y A ~—JfH(AD)
JHE Z B — O FRAT N X 0 Bifig9 5 Z LI AR

BETHH, T/ IITAR NIV AT YT I R,

S LI BT IAPET 2R KRBLA T — & &
Wo e /LT A v 7 AT 2SS DB
b5, AWFZETIX, BHEEICRIT L 7Rl —B%# 71
JEFIZ 31T %5 mRNA BELES L~ 1 7 7 RNA
OB ORI T — 2 1Nz, —HiFEZ A (SNP),
a B EZHR(CNV)D T — & % FHWTHIT 297 5
ZElzky ., XoEmC AD RELCEES 50+
WRAY =2 A ZRET D, MATHEFET — 4 R
L. MR T D120 DT —F _R— R 25
Do

B. WA (fBlm~DhE 25 Tr)

mRNA °~ A 7 1 RNA O¥EHL L B4 2
SNP Z =% 7212, SNP6.0 7 L A 12 LV H|
E X7z SNP 7 — X Z JH | expression
Quantitative Trait Locus (eQTL)f##HT #1795, =
FUZ LY SNP & mRNAB LW~ 1 7 = RNA
DREFRER G NTT %,

mRNA o~ 7 1 RNA OFBL L 4%

CNV Z il 57212 SNP6.0 7 LA 1Z L 0 H]
TE 72 SNP 7 — & & Uy, a B3 i@ in
F IR LTV S A plink Y 7 R U =
T EHWTHET %, 2 8% & mRNA B X
U~ 7 v RNA O3B EOMBBEMGREZ R H
L. CNV & mRNA BXU~+ 27 1z RNA ®
BE 2B 52N 5,

EAI v I AT 2 OGN Ry NU—2
ENT ATV, A T D F /AT = A
X —EaTERET D,

BRI OBEIRTEH & EiR oM 72 ARy 1
T2 ERE L, BRI ART — & X—
AERESET A, S BT — X OufLY —
T D,

C. WFgefE R

WA FERT « SR T-HEREARAT 70 B CRENT S 7z
LOAD & ZEee 71 FICHIE S N728) 90 J7 D
SNP 7 —# & RUBEREICI T 250 - 3 M
Ar(MRNBE, RSEECE., ISR THIE S
#915,00038 15 7-(#988 )5 7' 1 —7t » F)? mRNA
LR O TR BRI BN (eQTL) i AT %
1T>7=, eQTL fifHT & 1% SNP D& L - Th
DI DOHBLENZENT DL 957 SNP &R
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TORREFRDFETH D, HliZm o
— FIZAUEERIIME OB T OB &I
WL DLHEEZ LN, COBBTPEELZ
T2 DMNEFRD 12D eQTL fiTIZEH TH 5,
AMENTTIL SNP T —H 5 QC 2R TR LK)
60 5D SNP L %188 T 71 —7 & v h DEILTFE
BlED 2T eQTL fENT 24T > 7oy fEATIRIR—
YetofR FIZENLT D SNP Efn (T e —7+k v

MDD BN TIToL, ZHUEHFFIC cis-eQTL fi#HT
ENEEI D, cis-eQTL f#ATIL 3 MM Z L E4LC
2 71 BIEMRNT L721E, 3 hr—)L 33 fil &
LOAD 38 #illcERHb Li=7 — & & >~ K TOfffT
HbITo Tz, MHT ORGSR, 1 AL 1 77— % &> B
[ZFVUNT 8,000 HLLED SNP &l s T-DH W IZHE
HERE, t HEE, Wald REIC L5 p ) &R
H L. #FEH 7 £8 2,000 1724 EOBIGRZ HBREIICE
HLz,

T2 TRICHETIA B 2BRE RO 2720
\Z FDR JEI2 XY p [EOZEREMIEETT 77,
FDR #fi1E% p f<0.05 & 725 eQTL % it L 7=f&
REAL L 7 — & & v MZBWTE L% 15,000
® SNP L BIETORfRERSITHZ ENRTET,
271 BloT—4ty N THEMEALIZIB W TR
A E7R eQTL B HEOMREZ T 5 72 DITHE
GFHBE U v F AL METE T2 E 2 A,
F T OMMERNALIC Il U CRUNE IS BE 3 5
LT RENBIZR ST, F£72 LOAD 38 ffloT — X
o N TIEE AL TR 3,000 DREFRE HLH3 2
ENTE, MNEEICKT HEE T v
F AL MET T2 EXTF 2N Ly Ry
SRIZ BT B EERE N oo T2,

D. EZ%£2

T IV NA < — IR DOFIERF D 1oL LTt
BIFRHEZ LN STV D, Z AU AR RS o
WINEEORELDTND L T H N BENR
WIZU Vb END Z & THWICHEA LEER
EERTHEHETHD, ik X UEAICK
STHORE LD LN TWIEMNE TR EITAFLE
TERLS YRR X EZIND EE
Z BTV D, IEH e R RR Tl iR b
REDRFE I 2 R EEERITI X T T
0T T Y —=LRIREDE R LRI & @
THfESILDA, AD BEMMTIXZ OBERENK T

LR X7 ORENMEET 5 2 ERHE X
s, Slla 71 flor—2ty FEHWT
17572 eQTL f#HT CITBLBRERV 2 &12 3 DD
i@ U CfvNE ICBE T 2 8BS T3 A E &
N7z, F72 LOAD 38 floFT — %~ K CIIRN
BEIZBWTH X7 BT 581234
FELTHEY, eQTL @ AD OIFRFEF~DZ 58
TR STz, A% eQTL 723 o7 o 7= SNP R03E
BT DEBA~DFHIZOWVWTEHITHRTNL
TETHD,

E. #53%

AR ClrE— B CTHIE S 7z SNP 7 —4
BT RBT — 4 2G5 Z LT eQTL
FRNT 21T - 72, 85T 7 8 2,000 J7 L4 EOBIR %1
BNCEI LTz, &2 bfEEaE R
BAfRAFhH L7ofE R, U NE 12 B 5 8 s R
RoF XY RICEE T D BB RN oo
77

F.RFZERE (LamEs ol 60)
1. SR SCHR

1. ZH ERFE. 4 BI5L. (2017) TAYNA Y
—WDONRAFA T ~T 47 AENT.
Brain and Nerve. 69(7):835-842

2. HT Pl R #Fn RH fR(E S5 B,
s BIEA. M R (2017) TV NA v —
OB FH Y AT AR E S
28(7):754-765

2. FRHRR
1. Z5#h TERE, JR &0, BRI A =T O3
g B B = N & e BlEL, Ty
A ~—IREE ) v a—F 4 TR T
s OGRS AT, % 40 [B] A A>T
MRS, WP R— T A TR, fhE
R— FET AT, M EESES, fE
PR, MRS Lo, 2017412 H 6 A
() ~9 H(L)
2. Kt IERE, wOR UL PN &, Py Gl
TV NA = — GWAS T — % & 72K
U Yo = 7 f#HT, 55360 HARIEYS
TS, A)INESLERE - ANA 7T 0
TIWRT AR, 11 H24 H (8&)~11 H 26
H ()
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Masataka Kikuchi, Norikazu Hara, Mai
Hasegawa, Akinori Miyashita, Ryozo Kuwano,
Takeshi Ikeuchi, and Akihiro Nakaya. The
prediction method of deleterious variants for
Alzheimer's disease using chromatin
higher-order structure. Alzheimer's Association
International Conference (AAIC) 2017. July
16-20 London, United Kingdom.

G. ZNHOBAEEME D HIRE - BERRTL (TEEETe)

L. RS
ML,

- R AR ik
ML,

il

ML,
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LA - 36

i&DEI

H HEEICESEB ORI DOAZHA

FRFEE P D

BFoesyig Rtk 2)

D) guamksy BESEIZEAT SRMaES S 2) HE R MOFZERT o

T 2)

g REDTIE T > 7 —

MAEEE
Torx DTN, & 20T &R 20N 6 DRIEA IR I IRIECHIRNICAE L 256038 5, 2D X

I THEEE |

WaBI/olzb A,
bf@ﬁuiﬂﬁéiﬁﬁW%ﬁ@#

VI <ATEY ORISR II AR 22 S 20,
FIZ2APRIEENCEH L, BHRREIRHOZ A IV TOWREIZED X 1
EERAME L, ERGEE R Z 725 TV SR E OfikiEE) 2 fMRI
R A G R OMMEIR BV, BHlARX A R/ TR IR 9 #EN T
MRBEDOEN G HZET 5 LK 10 Baihbiohsd Z &b

% 2 ORI, SRR [ %
B > TN DRI BT 5
TR L, FRMET YA 2 CRE

Mole, LTy CEBBAMGATOMEE) 2 & OIZFEFNCHRET T 2 B ENH 5 Z LAVRR S iz, £ 2T,
SR BN 23 R A2 3 2 i O W FE B 2 T3 2 2 o 7 WIEEh A~ DB e i ~7 & 2
A, EEFREAEE TORMNR S ROMEW R HD Z LNy,

A WFEBH

o2 X HBICH D OEEZRE LITHE) 2 341
THIENTES, LML, ZOLEXEKLTWD
FEIN 72 B B, TTEIBAARTY & 0O JEEERAY 72 ik
RO E2Z I TR SN, WbiE “Rtdh
JORMB” THDLAREMEIRIBE SN TWND AR L
Emﬁﬁﬂ B3 2 it JL \ IR 72 503 2

o T CAMETIE, BHEEIZET DM

Oz RS 2 72 ITEIB AT O B 172
M%@_%HL\Em@ﬁ@@&4iyﬁ®mﬁ
WZEDE b TWAENEHEMNIT 5,

B. B H¥E (Bl ~DRE % & i)

AL FE K FMELE B S ORKRB L OE
R e MaBE B2 ORRE =T CER
L7,

A B ESICESATE) O E & LT
THHRZ A 27 TR 72D Bl ER)) (2h
R0, EEFOX A I ICETAEKICER L

TR L7z, #3230 & FIC L 2 EfkEE) 2 2
ST TEBIZ2> TV AHBEOMIEE % fMRI Ti
ML, &M CHER Lz, BRZRZA I 7 TE
AR 2700 5 (free timing 5o1F) & xRS
e L TERENDHERHBICIE C CER A2
L5 (cued timing §:ff) % ZEfi L7=., cued
timing §& CHRERIMEZ 2RT 574 I 71T
I3, free timing Zeff: THIERE DN ET 2 J6 Z 7 o 72
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EBV BH:E X e i 58 i V/\°H§®ﬁ§@ﬁ%1‘§ﬁ% 7% PD-1 XU PD-L1
DEE

BEREE 2w R D
Brgessias  —hr ml wm o dntml) Am gD wim 2

1) BRI SR B 2) SR RN SE AT

MREE

AR D 2 [AIAFFE C Epstein—Barr virus (EBV)BEw# PCNS VU >/ S o> G [EIREREARS 12 >V TR T
AR 23 B9 5 PD-1 (programmed cell death-1) BXOZED U H o R TH 5 PD-L1 OEE MG LT
BBV BoEfl & BEtE] CIIMEs M NRE S 22 5 Z L 2L M LTz, ZORREZHE 2 TA RO T
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glut—1 HEEERON-L)E I EBY BREFITI% 2. 09+41. 04 (00 0, +1:2 4, +2:3 4], +3:5 f4i) . EB f&kf <
1%2.4541.94 (0: 24, +1:0 %5, +2:56, +3:13 %) TH Y, MEMICABENA LN >T, flam
EBV BHd PONS U /il & BBV VRG] CAEMFRIZER DD VD3 £ O 2 TIIGHE AR O 75 T3 <
EBV D1 F 50 OIHIAE 2 iz,

A BFEERY
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) 2 EYA TIX PONS U v S ERIEIZ 35U C Rl —
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U »oNfilE & BBV BEVEGIC T4, RBAEE R EAEY
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H55 « FHRRANEI O A ) = X A& RHT 572012,
pmirGLO vector {2 SLC30A3 {5 1~ 3 -UIR & 7 &
—= T LT VR = =Ry X — R L=, =
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T, miR-5572 AN ERERINC SLC30A3 EAnTHn5. - Hl
RGN 21T > TND %, SLC30A3 BIGTD 3’
-UIR #27 @ —=12% L7= pmirGLO vector & f\>
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I L. B CIEZ OJREIZ DWW COBRFE S T Tlde, DE D | N AR %FED U R 7 ZR|IC
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BWT, i CEHEREHZHS TS, Zhb
DAFFEAINL 2 AR « FEPLEAR % & VD T
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522D, TRENOTF BRI
Az Cre UV = B —E (Cre) ° Flippase U =
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TIET7 24 KB (AP) FfE. LBD Tida- X7 LA > (aS) Flh. ALS TIXZ V2 3 keI GHE
CEFON TN D, —J7, BEA N L ADTHICALE T DS T OFE;Z O TI oI 52
ENTNDLIFEAR, £IT, AD ifif5. LBD m#kiEi KO ALS HlOH Bk A4 AT,
phosphorylated p38 mitogen-activated protein kinase (p-p38 MAPK), phosphorylated c-Jun N-terminal kinase
(p-JNK) . Nrf2, NF-xB. p-IKKa/B. poly(ADP-ribose) polymerase (PAR). apoptosis-inducing factor (AIF),
OH-dG 3 XU ONE-dG O R {E4 S sl L F RN ARAT L 72,

AFFREB

AD, LBD B LT ALS OJRREIZ R Db A b
L R Ry O JRAE & S kLA 2 o0 % MRk L
BT TR L 72,

BAFAGE (W ~OlE % &5Tr)

e IS BT 2 B O R E 13 b A7
B 2 HF 7RIV 2, AD (n=3) 5. LBD (n
=3) RtkEAB L WNALS (n=3) FHEOHR/L~ U
BE T 7 ¢ B S 6 um RO Z{E

U7z, ISR EBT 7 ¢ HKLER
p-p38 MAPK. p-INK. Nrf2, NF-kB. p-IKKa/B. PAR,

AIF, OH-dG BX W ONE-dG OF N2 UTxt4 DhF
BYURZE 4C T MRS E ., G SR PEY %KY
~—EE A RIE TR L Ge s A —
B HUEBIRE (B350 n=3) Chbigl7,

CHFFfE R

p-p38 MAPK, p-JNK, Nrf2, NF-«B, p-IKKa/p I,
AD 55 LBD kAT L OV ALS FHE D E 1S
T A ha¥ A hEFEMEI 7 a7 ) TIZRE
LTV, Nrf2 & NF«B (Tfifaszic, ot
JAE I JRAEL Tz, PAR & AIF I3 AD ##f. LBD
kA B LY ALS FHiO =2 —nu » OHfiflnE &
HIRERZ I JRIE L C U 2, OH-dG 3 X O ONE-dG 1%
AD V55, LBD WAL L OV ALS B == —n
V. TAMaY A FBIOI e Y TIZREL
TV e, AFl— o B ClE, s OffiTine
OFRPEEMEIZZ L <, NFxB [3Hifa& I8 T
Y

D.%%%
70 TIZEWT, p-p38 MAPK & p-INK (T 4IE
T FNVERASED, Nif2 (T8 A b LA
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WIS TWHZ AL TW5, flaEo
NF-«kB Z4#% 3% IxkBa (% p-IKKo/p (2> TY g
b4, ENIATL THE 2 O RIE(EEMEBS 1O
G2 REET 5, AIF (37 VARSI ==
— NI Z D MNEIE N —H F N ARIZBA D T E A
BTV, Tabbh, F 2 il L0 5y
R VAR AR T DN T LT
IV IME S IV CHIBE NI LT Vo DA A
U= a—a MR E R G R A TR R,
RKEO—BLEREEATHER, IFaRITE
TARER THEIRAEL TNDA—I—FF R
T =AU EIEBERINTRE AL T UL AT = N M
TERLL . ZHV03% N DNA 2 B8 ORI B2
BFHRENECD, THEINEEEHTIIvavk
# OM< poly-(ADP-ribose) polymerase (PARP) 73t%
N TIEMET 5720 KiED poly-(ADP-ribose)
(PAR) MEEWNTHEAZIL, BNMGHIE ~s4—
N=Ta—F 52 L2725, MIE 0D PAR (33
ha RU T HMEZRIFE L CI =2 RU T O PN A LR
PEAFET DA XU RUZ 72— AIF ZUIWTL .
f B ERES & BNE1TL T DNA % long-scale
fragmentation £RZFTYIWr3 5, ARWFFEDHERIL,
AD. LBD BEWNALS D=a2—nL 38— ZF AT
TOHIRSEIZ > TV D ZEE/RL TV 5, AD, LBD
BLOYALS BT AT A ZIRFAETRIIVET
TESIVTWRWVIR RIFFROFERIT T NV ZI D
WA ST HEREASNIILIZEE 25,
OH-dG & ONE-dG 7% AD, LBD BXW ALS D==
—a LTV TICERB L QO EH R, RERICBITS
FRAL AR ADFAENTCHEL TWHZEEERL TS,

E.f55

AD, LBD B LT ALS OJFH TIIfR{b A kL A
DILEB L O TR 7 FVIiESIT oS 7
VT ORIEY 7T NE=a—a DRty 7
FDTCHEDH S TR 5 1=,

FAFZERE TR (Larams cBT % b o)
1LERCHRE
T,

2ERRR
1) Shibata N, et al: Soluble iron accumulation makes
microglia to overproduce and release glutamate via

aconitase 1, TACE and glutaminase C in ALS spinal

cords. World Congress of Neurology 2017
(WCN2017) + 2017 429 H 19 H - 1THB

G FEFED HHRE - B&RWL (PEZFTe)
1 AP TS
L
2 EFIHT Z8 bk
L
3. Dfh,
L
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TR 29 4 BE TR R AN SET
AR e e8Iy B T FH 0D 5 REVT RB S [RIATF ZE 8L A

LA - 36

BERCEAREIRE (stage V) |

[FIATFTE e o 3

TNz B fih e AR SR AL IE D

B PR R R B R

e 5 N (Y
WoesiEE e T 2)

Fi BIE3). PEED iz 4). /M

b)), /MR FEW6) . BRI 2R 1)

D sipospsrmbiemibe el 2) st AR EERE L 4 — RN
3) BB KEMRTZEIT 4) A (R 5) (BN RhERE

rREE
TIV (tracheostomy invasive ventilation) Z & A L7234 . communication stage V (totally locked—in
state) (22D U A7 DEvy, FEIE 1 AELINOFIRG] 8 il 2 it Lz, 1EE = = — o > Ol e il %
L. TV A= ARSI R S e o 723, NCT (neuronal cytoplasmic inclusion) X9 T
IERI = 2 — a2 U PSMI B I HEL L. FO5F1E stage VICE S T-JER & 5@ L TV, £ 7~ stage V
CIIAPRAIRMLE OIRVRAE T D A Y — 7, 37 CIT NCL 23 B L Tz, (IZREE Tl ALS-FTLD
THA SAVTWIRZE & LB O AL ITIRZE 28 B & AL, Btk IZ & NCT 23 B L T, #Ral oD KLy ALS
FIOFNNT R B ER = 2 — 2 VLS OIREBRFAET 26172385 0 . TIV EAIZ L - TR RLI< &
HE = o — 1 LIS ORERBETEL L, stage V IZE D A[REVEN B D, NCI OIRHYEZITIHAIZ LD 2
ROWREMEN D D, FETo, Rl ILRE O NERF TR & U CRHM 2 MR S HIHAE ThH

DAREMEDR ® D,

A BFREEE

A ZEREE R SR EAE  (ALS) TiE, A TR gk
FHHIOK) 13 BOFEFIT, FMRA & & D 7 EhEE
PRTEAFEL L BUTE DA B) T Bt TR MR E AN GE
(BJURIERES) stage V. 522 LiADIREE :
totally locked—in state) (2725, ZD X 97
FEGIE, FIE 2 LA MR 8REEE 29 5 6173 %
WZ L WA ER) = 2 —m LM B
B OB BUR TR, ERERERRIK, /NIMH )R
(ZEPER TSI, ZH 5 OFFAEITE A DENT X
L CThHDL Z EEH LM Lz (Hayashi K,
et al. Acta Neuropathol Commun. 2016; 4: 107),
S HITRIBOF FIE 1T ELINOIECHIT S L
TIV (tracheostomy invasive ventilation) 7YE&

AZINTZBEEITIT stage VICWEZB U X7 3 E W

HETH, KFZECIEENL OB EZTHETDHZ L
T, stage V THONDFTROFRHEZI 5002
THZEEANE L,

B. BFZE 5tk (Bl ~DRE % 5 1e)

FR I EIRIFSCAT. ASIATRRINEE D ALS F 5 {51
AL, BIED G LIPS T Lz, EFE
F173 TDP-43 DOlFEM: ALS B3 T, B H2v7eid
BEREIR =0, MmO E Y — FOR LR 8
BlE g e LT, WEPIIRMET 21T o 72, 0L
OFFFEHEB ., 7V A — v A Mg NEHE

(neuronal cytoplasmic inclusion: NCI) % -
A TN L 7=,

Z O 5 B SR R ANE (2 NCT O 5 %
Nishihira & @ type 2 @ 6 FEFNZEE L CiiEE.
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RS SR, (SREERT RO, IEERR, 5 R R
T. ATS BE NCI (2o C b 25l 4 2 7=,

C. B gEms 5

BVE S il 2otk 3 B, B 62~83 K CTH
ST, FTFEIRNIRER A A 4 1], Mgk 3 1], 228K
1l Thot,  MHEIX 930~1510g FH
1259.8 g Brettschneider @  TDP-43
pathological stage I II~V T& " . Nishihira
50 Type 1 28 2, type 2086 Bl TH -7,

ALS & L CD¥HZIL, Bunina /IMEAS 6 5l TH 5
AU, BFITCHERERTA . F TR AR %
BRES T A= ANRHZ LI,
& spheroid 23R S L7,

HEHh= 2 — v VA TRV T R O ERAL T
P LE I X STl o T2 b DD stage V
OERETH D, WA, UK TR, BE.
BEMEERIR, /NI IR (REZ) IZIZNCT 28 HHEL L
TWe, WINHAETHD . NCT OZFIZEHL

TIIREREITHAONRD ST,

—J77C stage V il Tl AY AR ML 7 D it
WIREToH D T A Y — 78 TIL 7 4 7C NCT A3 HH B
LTEBY., TORIIMDOEN & X720 - 72,

Type 2 @ 6 BT j:Brrak NFT stage 1% I 75
[T C, MEEMRIZIL2ETY B2k TDP-43 [tk
NCI (pTDP-43-ir NCI) & AT8-ir NCI 23HHEL L.
IBLIFITIET ) A= R e o Tz, HEX
JEICIX pTDP-43 NCT 1% 5 31T, AT8—ir NCI |4
TNCI BAHEBLLTEY, AT8-ir NCI IZE @B H
-, pTDP-43-ir NCI |XE @ DAMANZ 3495
ffms R o, BmkiEciL4pTcr Y A—v
ANFI B, pTDP-43—ir NCI X4 T, AT8—ir NCI
L5l CHhR LN,

skein inclusion

D. B2

PR 1 AR DI T, EE) = = — 1 VRIS
BEOEVEOI L L CORMAE R L TEBY, &E
B = o —u U PAMTIE, TIV EARTTH > 72038
WZNCI SHBLL TW e, ZDZ &Ehbid, AWF5E
D REGAFNTIR I D DIREIL R D FEFR % Ff > T
W RTREMED B V) | B = 2 — 1 LIS~ DR
PERIZ, EH =2 —a VIR ENEEIZ > Th D
136 E D DI TR WATREMENRIE S LD,

T4V — 741 Brettschneider & @ TDP-43

stage CT% stage 11 TH Y. HEAIFEHEI2 5 NCI
DHBT L LTI nETCITbHREIN TN
25, BOE 1 AEDOBERETIINCI OBICKED W R
BLOEER, BUR TRE, IERERERRIR7R &1 stage V
T EEOMFMIABE R H D12 H b 59,
stage V BlD T A4V — 7 B3RP AE ML 7% DR
HALE LTHMN > TWD, TOZ EMMBIXALS I
BT 5 NCI OFF ORI ERITIHEIC L > THR D
AREMEDN R XD,

Type 2 JEGICH T D MBERLIL X viEA &
TDP-43 & OBYE# A2 #4395 L T8 BBEFEV S, B
ROMADBLETH D, Ll #&iH 1 FEOR
FEEEIS T 2 fEb 2 VW EFITH ALS-FTLD T &
HTWBIREIZNCI B LT\, £72. Zh
FTHAE O 7o S i DRI L 3RS SO & R
@ pTDP-43-ir NCI 2HEH L TV | KD F
ALS TIEEE T AREWETH D Al & 5,

E. &

PRI O FUNMEIT TIV 8 HA S, #amas ki < &
HE) = = — 1 VDA ORENBEL L,
IZEDWREMD B 5,

stage V

F.WFZERE (Lommss o+ 2 b 0)
1. 3R CHR
2L

2. FERR
World Congress of Neurology 2017 9 H =&
o5 68 [ H AMRIN B2y 2017426 H UK
ICN 2018 Tokyo (&)

G. AR EERE D HIFE - BRI (TEZETe)
L

— 199 —



TR 29 4 BE TR R AN SET
AR e e8Iy B T FH 0D 5 REVT RB S [RIATF ZE 8L A
SLFEAA - SLRMFTE RS &

EENHIENC 1T D RIMEERE B — 3 I AR E R OB REMT

BrgefEE  AE e D
BFgesy g dEEeE 2 opR D

D) KEERSERSE . AEARERTIeRt MR e e midessre  D/EmEiges
2) B MR BRI g T

WREE

F— 2 U RGBT AU E Lz~ 228 LT, ETESOMT 21772, F— 33 U RIR
DIR DI A HH| R4 7 Vv (Dox) KIFANCHIEI TE 5~ 7 2 & AWT, DIR DREHAEZ LS
EAT~ORBEMNT Uz, T8 E LT, v UV AOMESCETHE LRI CX 5 AT v 7 kA —/1 3k
BAMEH LUz, ZOfE T~ v 2 CHKHIIRZ e L 72%, oK 28 & L CEfT S8 %, Dox £ 5-Ai.
e B RO T % CETHREOREZ <, #5252 Dox IZL 5 DIR ORBEAMIC LY 2T v 7R
A — VRO AR BHE R ENRED b, EHIT, XV MIRERE~ DB L T 2R & LT,
20cm BROKIEEZIT o 70, ZORE T, HAKFIBRF O~ 7 22588975 20em SEDFEK DIZEIET 5 F
TOMRIAZHI L7, f55. DIR HELNMENZ L2 L o CHlBRERE & & & IO 7 bh T

DRV ST,

ATFEEH

RIS LS — % 0 Y R ORI &
720 EEEREICB S LW A Z e LR TW
Do =X UIFRIE R— N U ORZ MR T
FlEk Z &, BTORENINEEZ 72 5, K
JERZICIE, RS, HIBERE &I D RFED R —
R VAR B R B D R (A B RE SMFLE L C
WD, ERORBTHIEC ED X 9 I2FHE5 LT
WD DMIARBZR S DL, RIS TIL, B
FAMIC RS D F—,33 U2 KK DIR OFERE %
B 52T D721, & ORI FAURTF I
HTxd~vUAEFML, EE) - HROTTERRE
RO EREWE - T 2,

B. B G¥E (Bl ~OR g % & i)

R B JERE MR AR D TELAZ S 2 TR % AR R A1
FafEix, F—/XX U5 BR DIR Z R SR B9
%o AHFIETIX. DIR OEREZHI ST B2

(2, Dox 1T & 0 EHZRARFRARIE O DIR FEH % il 8
TELHavFavaFfN ) v I F TSI A
(DIR KD =7 &) &M\ %, DIR cKD = 7 &%,

DIR Bn - KB~ A% _X—R|Z LT, % ZIZDIR
WAL 7 1 — F (2 L0 B AR R
HYIZ DIR OFEBLA FFELT 5 X 2 IZ/ER I TE b,
LvbZ OFHL Dox G L Il T& 5, L
75T, DIR cKD ~ % &2 TlE. Dox FEL 5B
(Dox—) (ZIXEHEFEAFRGMAZIZ DIR 235881 L Dox
P (Dox+) 12725 LiHLT 5,

Z D DIR cKD ~ 7 ZNE[TIEE AT v TR A —
VBT T, HEERE AT 5, AT v
KA —E, B— 2 —BENZ KV [Ef5T 51 —
VT, KRR 2 L 7=~ 7 A CHOK 2 8 & L
THETIED, Al RaIZBEGEEZ B 500
W7 A NEITV., ENTETELS T TEITRENE
HEEEREOFEIE & L CRRIIL 7=,

F7o. WINREEEE~ DR LTI 5720,
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20cm FOKIREZAT - 7o, ZORETIE, Fa7k A
— S DOBEICRE SN TWARITHAHIR G 0~
7 AZ NI, AZ— MR BRI E T 20em
O BEEE ORI ER ] 2 FH0 U7, EEhEgeRIC X Dk
E~OEBEZIKLS 75 2 & T, #ieiiE~o
W O M A T,

S OFTENERE Tt~ v A SH K HIER & it
T, v U AOREFREEIZITFICREZR/R D . R
FAARTH OB T R Z i L CRak L, [BliE A X
%o ETORBRKE T RF ISR O 5-1% 12
TR S, v U A~OBBEE R/NRIZE DT,

(O S

Dox #5-Hi (Dox—), #HH (Doxt) LU
T (Doxt-) DEXA IV T TAT v T HRA
—VIEEIZ X DI T A R B T o 2GR, Dox #%
HH®D Doxt~ 7 A TORBAE 72 AR T 23R
HR 72,

[AERIZ 20em BROKFRBEIZIBW T Doxt~ 7 AT
D HPAZE TR IR I ASFE O AT,

D. &%%

AT TIHRA =T L DHIET A R TlE Dox+
O DIR FEBUHRIFICAARIR T35 bz, AT
» TRA —VRNEIL, EEREEEE & &b TR
BReb 2 OfRSRICET D ek En s, £
Z T, K0 R AL L7z 20em BROKERE
ZAT o721, Dox+ CHHE 72 ARIR TR B,
TR EERE OFETE 2 RS DR R AT,

INHDZ LD AT Y T RA — VAR T A
MBI DFERIT, FUCEDRERETICL S b
DOTIFEZRL . WHRERROIK FIZL D boO%
MREVWEZZ BND, 4% KV EBERIC
Bt L7-RREEIC L v . DIR S RHERE ~D Bk
BIRD Z LR E R D,

E. &5

Dox #4512 X ¥ DIR 3B Z ML L7z DIR cKD <
T ATIE, AT v T HRA —NIET A MIBIT 5
BGEPABIIKT Lz, —4 . Dox #&E-HiR LY
eIk S+ WA B E DIR DFEB L TV D
REETIX, XHEEE (AR~ ) L OEITRD
DIV | DIR FBLOAA A EEERE (B

HLTWLENRBINT-, 72, 20cm ARKGRE
IZBWTH Dox LD~ w7 AT I TR
REICFEENEE TWD Z & 2oRR4 55 RN
LN D, AT v TR A — L ETORE R
TR R I K D ERBI TV D Z &0
HEhs,

DIR cKD ~ 7 ZDITENEERIZIS 1T 2 KB,
HEERAEIC X D L D00 & 2 WIS REEE
IZED DO, FEHRREFNISHOBETH
5o

F.WFFERE (Laoamss o+ 25 0)
1. R CHER

G. AR EEME D HIRE - BT (PEZ &)
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TR 29 4 BE TR R AN SET
AR e e8Iy B T FH 0D 5 REVT RB S [RIATF ZE 8L A

LA - 36

F—RI 5

i&DEI

BB FHRES U RADBRRFITEIT D F =3I ARG OMET

gefkgE W D

By e 2 | BT mED

o D)

1) i TR EGBL TR 2) BB MR S AT B R B S R 5e 45 15

MAEEE

R— R U RIER T SE~ T AD,
EEh RS LET D R—/3I D1~

inotz, —F, EBENEDT S F—I2D2

AR DO R— 33 B L OF DR O & &
ZRIEDIR D/ v 7 T b~ AT, =33 U002 b
SZHREDR) D v 7T v ATIE, K=/

b 24T > 7,

R CTH D REN=Y VIS LT, £72. DIR OFHE KX A 7 U 2 (Dox) £ 54 A7 B il 1)
T&H~U AL, Dox OFEHIZ XKD DIR OFRBUK FIAF L CEBENBD L, Dox FHOHFIEIZ LD
DIR OFRBLOEIEIZ X » CTHFICESHESEINM L7, 2O L5 ITEBEDOZ{LE DIR / v 7 X7 DR

EEDIFEDRR SN TN DIZH b 6§,

WERF D F—_3 0 ZOREWICI

IZRD 5

ninotz, LLEOFERIE, DIR BHEOE(GIZHE Y EEEOZLIX, FA T TATEIHBLT

bHZ LEREEL TV D,

A BB

R =X 2 U F HARAR R SR O RO Bl A £
THMRIBENE THY , N—F 2V PR ED
PRRE RS R— " U iR R O REIER T 5

ZENMBNTND, EEERICEHEG 5 Z &0
HHILTND KN EEEZOF T, R—/33 PR
IR E -SRI I E L T D, BRERIR
IZiE, R—=32 2 DI ZFR(DIR) & & DE B %
MERLT D APl & . R— 33 2 D2 25K (D2R)
% OB AT DR O B de o B
72 7% 2 ORI NRIE L TV D,

DIR, D2R NN D /) v 7 T 7 k<7 A
(DIR-KO, D2R-KO), BLUDIRD =T 1 3}
NV w7 Zy < A (DIRKD) T, SE#hEO (L

DRO LN, ZiuL, RA R FTRCEBITS
VMDA, AT RES DU
ERE T T AN RIBER ED T 4 — KXy 7 il
HZL BT VLY FTATO R—r83 VO
RFOENRENZEZ NS, £ TR BIX

F—s33

HERICRE O H D F—/3 I URFEREE T
2{’\7‘72@@?*{4‘ BT D K=" BLUOZ
DREW & ER LT,

B. BFZe5tE (Bl ~DRE & & ie)
EEIEMENT % DIR-KO ~ 7 & iEEhE N

DI DRKO ~ 7 ADRER~ 7 A DRRGAR Z £

M LTz, MEEERESTA X, BE N 7HEL

7ZOBIC, T K= B X OFoRHY
%, HPLC XL F Mg Lo TERE L7,

DIR ®a>F v ativ/) w7 BTk
tet—off AT AEEA LT AEZHW=, F
oA 27U (Dox) & 4 HHEKES LIz~ T
Z (Dox+) TIE, MM D DIR 2MFIEHE Sz
LAULE TR L, SRS T 5, D%,
Dox Z & /W iEHE DK% 3 HiH 52, DIR &/
OB B S~ 7 2 (Dox+-) (X, — @M EE) &
BTN 5, 2 Dox+~ 7 A, Dox+—~ 17
A, BEO Dox FxH-~ 7 X (Dox—) DR ZE £
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ML, BEEToE )T I %2, FEOHETE

= L7,

C. B gEms 5

DIR-KO IX, K=" v BILOZORBEY T
HHTUE FaFxy 7 = = LFEEE (DOPAC), R N
=V U HVA) OWT I b AR L OF B
ERRO b oz, —Ji, D2R-KO ~ 7 ATl
F—,33 2 DOPAC 1IZEDLBRWE DD, HVA [X
L3fFIZAREICEML Tz,

DIR-KD = o A%, iEB) & OE(LBIZE ST 3
B (Dox+, Dox+—, Dox—)[HlcB W T, F—X3
DOPAC, HVA IZH ERZITRD bR -o Tz,

D. B£

)y I T TR AOHRFIKRICBITHE ST
S EDOENTH S D2R-KO (238 T HVA 2585 L
TWDZERHGNERST-, ZAUE, BREEIC
BIFDH =" OMEHENTTEL TS 2
EEFERLTND, Ziux, F—33 UmkicH
OZHRRE L THEHRAL TS DRAKIEBLEZZ
EIZXY, 74—y ZHIERELE LI &
raézE2oN15,

DIR %/ v 7 B2 Lz Dox+~ 7 A LiEE) B3
W35, FD%, Dox #HZE1EF 25 (Dox+-)
&L EMIEBESEFICENT 5 2 EnD,
DIR DWW ERIET DA LD AT =KX LNH
LT ENREEIND, AlEl. DIR-KD @ 3T,
WK b DT 77 I BT bR o T,
ZDOZ LB, DIR ORBEOEIZ K L EE) &
O e B IE, LY FTATO R—s33
RHHC X DHE T2 <, RA b7 A THRE
LTWDZEMNERBR SN, 612, MEE
T DIRBEERINENC I T D B A B0 72 T
TiE, DIR ©/ v 7 X0 N2 L DR ORI
ETOEBIT RN SN2 o 7= (Chiken et al.,
2015), 2O EMD, EEEDORA N TR
ZBT D F— R VEZ DO E D FTREME NS
ZHiD,

E. &5

DIR-KO ~ 7 A TIXE /7 I vV EmDOELITRD
bR olz, —747. D2R-KO <~ 7 Z Tl HVA 28
L3 fFIZHEMLTW=Z &, R—33 roft

AEEEATIE L ZE X bz, £72. DIR-KD =
7 ATIE, EEEOZ L Z RT3 RER ORRSIRIC
BT/ 7 IVEOEITRD SN2 oT,

F. BFFE3ER (LaamEs o+ 5 L 0)
L BCRER
7L
2. FEREK
oL

G. FEIABEFED HHRE - BRI (PELZ B Te)
L. Frar s
L
2. B ek
L
3. = OAth,
L
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SERK 29 A EE TS K S NATE R AT
[ A 0% 75 B JRTE A D I ER RS RE JL R AR 4L A5
e[RRI - RIS E
TR ARR I B Scrapper 2 T A4 a )V )97 T UM ZADVERLLRAT
BEfEE xE B D 2
Moo EE ik

R %t 2)
At ) 3)

D mmERY 2 EEERASE 3) A

MRER

SCRAPPER [I##% S 7 7 ZIZJRTE L. $fsiEME A ORI b 5 2% F 2 E3 U H—E T
&5, Scrapper Bin Tt/ v 77 7 K (SCRKO) ~ 7 ANEXRBIETH 5728, A TD SCRAPPER 43
T OWREZ T TRIT CE 2o Te, & 2 THMNIRR R 27 1 3 F L KO (cKO) ~ 7 A % {EH
L. ZOFEMZRBEREMINT 21T 5 2 & 2B L7z, AMFEEETCIZ, arTo4vat /v 77U b=y
DT D floxed MDY X —ZAEGE L | FAHL 2 ESHIRAK LV ¥ A T~ U X E{EH LT\ 5,
FEAEE & Tl floxed Bl 228 L, FI Mo~ 2anEo5n<TBy ., BHAER I A N—w 172 L
DB L0 FFEAERR A B SCR-cKO ~ 7 A DAER 21T > T D, Flo, AP G Cre fHHE X BE
RERBT D RTAN—~ T RLDORZRIC LY, SCRKO ~ 7 R ZAERL UMENT 217> T D,

ABFREBEH

Scrapper ’R¥a~ 7 2 (SCR-KO ~ 7 Z) |IE
INEW BIZFmEL . R O B N
DUFRFIRZE PP A D ZEfi & - 7= BB
SN 55, SCR-KO ~ 7 ZRRIT IV TESE) LT
VD 53 D RIE SRR VR IR B O 1 > D
ICRDEEBEZBND,

SCR-KO = 7 A%, 2 < OEENAEH PFEFRRE T
BT 5, £, FEFEH A TV OIERNZIED
PPN Z L )3 D SCRAPPER 7884 BX I BT
HREEEEL WD Z ENTRHRIND, AR T,
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F. JFAERER (Limms BT 5 6 o)
1. mXFE
1) Sugiyama E, Yao I, Setou M.
Visualization of local phosphatidylcholine
synthesis within hippocampal neurons using
a compartmentalized culture system and
imaging mass spectrometry.

Commun.

Biochem Biophys Res
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495 (1) : 1048-1054 (2018)

2) Miyagi M, Fukano H, Atsumi R, Suzuki H,
Setou M, Yao I.

Distinct spatial localization of three
types of phosphatidyl choline in rat buccal
mucosa identified by matrix—assisted laser
desorption/ionization imaging mass
spectrometry.

Medical Mass Spectrometry 1(1):2-9(2017)

3) Koga K, Yao I, Setou M, Zhuo M.
SCRAPPER

Spontaneous

Selectively  Contributes to

Release and Presynaptic
Long-Term Potentiation in the Anterior
Cingulate Cortex.

J Neurosci 37(14) :3887-3895 (2017)

2. PR

1) Matsuda T, Fukano H, Eto F, Yao I.
“Analysis of rivastigmine distribution in

the brain by imaging mass spectrometry”

75 36 [B] H AGRAE P2 PR =

2017/11/24 ANA 7 7 0 7" ZFRT V&R (A

JIER 4R

2) Matsuda T, Fukano H, Waki M, Takei S, Eto
F, Setou M, Maki T, Yao I

“Brain  amine neurotransmitters are
comprehensively visualized by matrix—free
laser desorption/ionization imaging mass
spectrometry using a unique photocleavable
derivatizing agent”
the 47th annual meeting of the Society for
Neuroscience 2017/11/14 Washington, DC

(USA)

3) Eto F, Matsuda T, Setou M, Yao I
“Alteration of amine neurotransmitters in

Scrapper—knockout mice brain visualized by
imaging mass spectrometry’

the 47th annual meeting of the Society for

Neuroscience

2017/11/12 Washington, DC (USA)
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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 JIVCPE
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

We have developed candidate small molecules,
which effectively facilitate the water transport of
AQP4 in living mice brain [2].

[2] Huber VJ, 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 Mar 20. doi: 10.1097/WNR.0000000000000990.
[Epub ahead of print]

D. DISCUSSION

We have developed the AQP4 facilitators. These
molecules can be effective not only LOAD, but also
diseases having something to do with brain water
dynamics.

E. CONCLUSION
We developed the first AQP4 facilitator in the world.

F. PUBLICATIONS

Huber VI, Igarashi H, Ueki S, Kwee IL, Nakada T.

TGN-073 promotes
interstitial fluid circulation within the blood-brain
barrier: [170]JH20 JIVCPE MRI
Neuroreport. 2018 Feb 27.

Sakata H, Itoh K, Suzuki Y, Nakamura K, Watanabe
M, Igarashi H, Nakada T. Slow Accumulations of
Neural Activities in Multiple Cortical Regions

Self-Initiation

Aquaporin-4 facilitator

study.

Precede of Movement: An
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Event-Related fMRI Study. eNeuro. 2017 Oct
30;4(5).

Natsumeda M, Motohashi K, Igarashi H, Nozawa T,
Abe H, Tsukamoto Y, Ogura R, Okada M,
Kobayashi T, Aoki H, Takahashi H, Kakita A,
Okamoto K, Nakada T, Fujii Y. Reliable
diagnosis of IDH-mutant glioblastoma by
2-hydroxyglutarate detection: a study by 3-T
magnetic resonance spectroscopy. Neurosurg Rev.
2017 Sep 27.

Nakada T, Kwee IL, Igarashi H, Suzuki Y.
Aquaporin-4 Functionality and Virchow-Robin
Space Water Dynamics: Physiological Model for
Neurovascular Coupling and Glymphatic Flow.
Int J Mol Sci. 2017 Aug 18;18(8). Review.

Suzuki Y, Nakamura Y, Yamada K, Kurabe S,
Okamoto K, Aoki H, Kitaura H, Kakita A, Fujii Y,
Huber VJ, Igarashi H, Kwee IL, Nakada T.
Aquaporin  Positron Emission Tomography
Differentiates Between Grade III and IV Human
Astrocytoma. Neurosurgery. 2017 Jun 21.

Shimizu M, Suzuki Y, Yamada K, Ueki S, Watanabe
M, Igarashi H, Nakada T. Maturational decrease
of glutamate in the human cerebral cortex from
childhood to young adulthood: a 1H-MR
spectroscopy  study.  Pediatr Res. 2017
Nov;82(5):749-752.

Takado Y, Terajima K, Shimohata H, Nakayama H,
Watanabe M, Okamoto T, Ozawa T, Nishizawa
M, Kwee IL, Igarashi H, Nakada T. Sleep Apnea
in Multiple System Atrophy of Cerebellar Type:
A 30 T MRS/Volumetry Pilot Study,
eNeurologicalSci. 2016 Oct 11;6:6-8.

G. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS

1. PATENT

Int. Patent, filing No. PC-23387
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Abstract
Malfunction of neuronal excitatory and inhibitory balance (E/I balance) causes Runaway Network Excitation in
the brain that induces epilepsy and neuronal cell death. Neuronal functions are associated with epigenetic
mechanisms that regulates gene expression without altering DNA sequence, but the association of E/I balance
with epigenetics still needs to be addressed.

Based on our preliminary data from next generation transcriptome profiling of activity-induced neurons and
mouse models, we have proposed that the chromatin reader proteins, MBT (malignant brain tumor) and
Bromodomain proteins, play critical role in homeostatic plasticity.

In this proposal, we will elucidate the epigenetic regulatory mechanisms that prevent runaway excitation and
maintain E// balance by generating mouse models. Alteration of neuronal homeostasis underlies many
neurological disorders, including epilepsy, autism spectrum disorders, schizophrenia and Alzheimer’s disease.
Therefore, elucidation of MBT and boromodomain protein-mediated epigenetic regulatory mechanisms will
provide a better understanding of the pathophysiology of neurological disorders and will likely identify novel
therapeutic targets.

During the last year, we have started generating Bazla flox mouse line. Bazla is one of the bromodomain
proteins and has been suggested as a risk factor of neurodevelopmental disorder, William Syndrome. During the
last grant period, we established ES cell lines. Currently, we have been working on generating Bazla chimera
lines. We expect to obtain F1 line by the end of 2018. By using this line, we will generate cell type-specific Bazla
knockout mice lines by crossing cre reporter lines. We consider that elucidation of Bazla function can help to
identify the pathophysiological hallmarks of neurodevelopmental disorder.

A. INTRODUCTION

Runaway excitation of neuronal circuits induces
epileptic seizures, leading to other detrimental
consequences, including neuronal cell death. Neurons

Importantly, homeostatic synaptic plasticity
requires  activity-dependent  transcriptional  and
translational machineries. However, the roles of
epigenetic factors, particularly chromatin regulators,

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.

in this plasticity is largely unknown. Over two
hundred chromatin regulators have been identified in
mammals and are sub-classified by function (e.g.,
readers, erasers or writers of histone modifications,
etc.). However, to the best of our knowledge, there are
no reports describing a systematic analysis of
chromatin regulators for potential roles in synaptic
scaling.
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Recently, we demonstrate that L3mbtll, one of
the chromatin reader proteins, regulates basal synaptic
transmission and homeostatic plasticity. 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 novel
insight as to the roles of a chromatin reader molecule
in synaptic function and neuronal homeostasis. During
the course of this project, we identified that a
chromatin reader molecule, Bazla, is increased its
expression in an activity-dependent manner. Bazla
has Dbeen suggested as a risk factor of
neurodevelopmental disorder, William Syndrome, and
elucidation of Bazla function can help to identify the
pathophysiological hallmarks of this disorder. To
further study the role of Bazla in synaptic function
and animal behavior, we have started establishing the
cell type-specific Bazla knockout mouse models.

B. MATERIALS AND METHODS

Animals: All animal protocols were approved by the
Institutional Animal Care and Use Committee
(IACUC) of the University of Massachusetts Medical
School and Niigata University (PMID: 29398357 and
29034317). L3mbtll mutant mice were generated
previously and backcrossed with C57BL/6 for four
generations. C57BL/6 mice were also used for RNA
sequencing and primary cultures.

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 I1lumina HiSeq 2000.

Primary culture preparation: Primary hippocampal
cultures were prepared from early postnatal (PO-1)
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
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
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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.
Multiple genes previously identified as neuronal
activity-dependent, including Arc, Bdnf, PIk2, and
Homer1, showed a significant change from baseline in
our transcriptome profiling, confirming the validity of
our system (blue symbols in Fig. 1A). Importantly, 12
out of 246 chromatin regulatory genes showed
changes in mRNA expression (Fig. 1B). In particular,
L3mbtll 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 (Fig.
1B, blue symbols).

If down-regulation of L3mbtll 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 L3mbtll reduces the
number of AMPARs per synapse. We then studied
L3mbtll deficiency in homeostatic plasticity by
application of PTX. Most importantly, L3mbtll KO
cultured neurons failed to induce homeostatic
down-scaling by PTX treatment, whereas wild type
neurons could induce down-scaling (Fig. 2).

Furthermore, genome-scale mapping of L3mbtl1
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occupancies identified Ctnnbl as a key gene
downstream of L3mbtll. Importantly, the occupancy
of L3mbtll on the Ctnnbl gene was regulated by
neuronal activity. L3mbtll 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 L3mbtll in
regulating homeostasis of synaptic efficacy. Currently,
we resubmitted these findings to Cell Reports (See
section F. Publication below).

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

A primary neurons B CA3 pyramidal
[ cControl CIPTX neurons
ns
s 25 e - 30r ::'—'_
" ns
‘é 20 = E R
8 ns 8
= e 3 20¢
= 15 = =
£ g
g™ S 10t
w W
v &
£ E
T WT KO WT KO

Fig. 2 L3mbtll 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 wav

grant year.

D. DISCUSSION

The number of neurotransmitter receptors located
postsynaptically is dynamically regulated through
many different mechanisms. 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
neuronal activity down-regulates the chromatin reader
molecule, L3mbtll. Hippocampal primary neurons
prepared from L3mbtll KO mice showed a lack of
homeostatic down-scaling and reduced amplitude of
AMPAR current in excitatory synapses. Moreover,
L3mbtll KO neurons in organotypic hippocampal
neurons specifically abolished down-scaling without
changing basal transmission, supporting the
importance of L3mbtll in homeostatic down-scaling
of synaptic strength. Our ChIP-seq and ChIP-qPCR

studies identified Ctnnbl and Gabra2 genes as
activity-dependent targets of L3mbtl1 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 Ctnnbl.
Our results highlight a critical role for the
activity-regulated  chromatin  reader = molecule,
L3mbtll, in homeostatic control of synaptic strength
and adds to our understanding of epigenetic
mechanisms of activity-dependent gene regulation.

E. CONCLUSION

Our discovery of L3mbtll as an activity-dependent
chromatin reader that coordinates the homeostatic
control of synaptic strength raises the intriguing
possibility that other chromatin regulators and their
downstream genes are required for homeostatic
synaptic plasticity. 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 establish Bazla flox mouse
line and start crossing cre-reporter lines to generate
cell type-specific Bazla knockout mouse lines.

F. PUBLICATIONS

1. Activity-induced Epigenetic Regulation of
Synaptic Strength through the Chromatin Reader,
L3mbtll, Wenjie Mao, Anna C. Salzberg, Motokazu
Uchigashima, Yuto Hasegawa, Hanno Hock,
Masahiko Watanabe, Schahram Akbarian, Yuka
Imamura, and Kensuke Futai, Cell Reports,
Resubmitted

2. Luciferase shRNA presents off-target effects on
voltage-gated ion channels in mouse hippocampal
pyramidal neurons, Yuto Hasegawa, Sucharita Saha,
Georgia Gunner, Jenya Kolpakova, Gilles Martin,
Kensuke Futai, eNeuro (2017), PMID: 29034317,
PMCID: PMC5635487, Published in 2017

3. The inflammasome-derived cytokine IL18
suppresses amyloid-induced seizures in Alzheimer’s
prone mice, Te-Chen Tzeng, Yuto Hasegawa, Daniel R.
Caftrey, Elizabeth Jeanne Thatcher, Weniie Mao, Gail
Germain, Nelsy DePaula Tamburro, Michael Heneka,
Eicke Latz, Kensuke Futai* and Douglas T.
Golenbock*, *Corresponding authors, PNAS, under
revision status

G. PRESENTATIONS

1. Symposium Organizer and Speaker, The 40"
Annual Meeting of The Japan Neuroscience Society,
Chiba, Japan, March 20-23, 2017, Symposium Title

“Epigenetic Regulation and Dysregulation in
Neurodevelopment”
2. 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
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Underlying Neuronal Homeostasis”

3. Invited speaker, Brain Research Institute, Niigata
Univ., Niigata, Japan, July 14, 2017 “Epigenetic
regulation of homeostatic synaptic plasticity through
chromatin reader L3mbtl1”

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

H. APPLICATION AND REGISTRATION
STATUS ON INTELLECTUAL PROPERTY
RIGHTS

None.

I. OTHERS
None.
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Abstract

We have made progress in three aspects of our collaborative research project. First, in collaboration with Prof.
Sasaoka, Prof. Sakimura and Assoc. Prof. Abe group, we have made progress in making the D2S conditional KO
mouse using the new RNA splicing and Cre-loxP recombination method. The process of making the construction
of targeting vector is going well, and the targeting vector will be soon transfected into ES cells, which will be used
to produce chimeric mice. Second, using conditional D1R knockdown and conventional D1R knockout mice, Prof.
Sasaoka group has discovered that the time of eliminating D1R expression affects the behavioral phenotypes with
respect to motor activity. Third, we have made progress in establishing the condition and protocol for studying
neuronal excitability in KO mice using electrophysiological recordings in brain slices. Together, we strive to make

contributions to a better understanding of the neurobiological mechanisms of DIR- and D2R-mediated

dopaminergic transmission and their roles in neuropsychiatric disorders.

A. INTRODUCTION

The dopaminergic transmission in the striatum and its
projection areas plays 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), which is mediated by the dopamine
D1 receptor (DIR), and another is the indirect
pathway (projections from the striatum to the globus
pallidus), which is mediated by the dopamine D2
receptor (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
DIR 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
A multidisciplinary approach is used including

molecular genetic technology, behavioral tests,
immunohistochemistry, and electrophysiological
recordings.

C. RESULTS

Previously, we generated D2L knockout (KO) mice.
Our studies have demonstrated that the D2L KO
mouse provides a valuable model system to enable us
to begin to investigate the distinct role of individual
D2R isoforms in the mammalian central nervous
system (CNS). However, if we also have D2S KO
mice, this series of research would be greatly
strengthened.

We are collaborating with Prof. Sasaoka, 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 D28, as described in Hayashi et al. (Molecular
Brain, 2014, 7:44). In this way, before Cre-loxP
recombination the mice will express both D2S and
D2L receptors. By the Cre-loxP recombination the
exons coding D2S and D2L will be changed to the
mutated exon coding only D2L.

Prof. Sasaoka group investigated the role of DIR in
motor activity using conditional DIR knockdown
(KD) and conventional D1R KO mice. They examined
the motor behaviors of DIR KD, DIR KO, and WT
mice using the balance beam test and open field test.
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They found that mice with D1R expression eliminated
at the adolescent to adult stages displayed hypoactivity,
whereas mice lacking of DIR at the initial
developmental stage displayed hyperactivity (Okubo
et al. 2018).

To study the modulation of neuronal excitability and
synaptic transmission and plasticity by D1R and D2R
isoforms, we are working on the condition and
protocol  for  performing electrophysiological
recordings in medium spiny neurons (MSNs) in the
striatum. Figure 1 shows action potentials recorded in
MSNs from the striatum of WT and D2L KO mice in
response to the injection of depolarized currents using
whole-cell patch-clamp recordings. This procedure is
necessary for studying neuronal excitability.

a. MSN (WT) b. MSN (KO)
Bsl

-89 -87

mV mv

D. DISCUSSION

In collaboration with Drs. Sasaoka, Sakimura and Abe
group, we have made progress in making the D2S
conditional KO mouse. Dr. Abe has informed us that
the construction of targeting vector is going well, and
they will produce the mutated ES cell using the
targeting vector. We anticipate the process of
producing chimeric mice will be going smoothly using
the ES cell.

The study by Prof. Sasaoka group indicates that the
time of eliminating DIR expression affects the
behavioral phenotypes with respect to motor activity
examined.

We have made progress in studying neuronal
excitability, and will work on establishing the
condition and protocol for studying synaptic plasticity
in KO mice using electrophysiological recordings.

E. CONCLUSION

In summary, we have made progress in three aspects
of our collaborative project, as described above. We
look forward to continuing our collaborative research.
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