FIRFHHFRFRD

AR EHE

| & RFRETIE

2022 (S04 EE

£30=







U3
ol
I
il

55180
1

2

10
11
12
13
14
15
16
17
18
19
20
21
22

23

EBPRRAA QIR C IR E
FIBFRRFAOIRROBER & SR DFE
BRI FIRITEAE - £ amBIIRZE > &2 - (EXCELLS)
BRI RIS - IO FFRIRtE > &2 —
BARI RIS - ERESmRtT Y 2 —
EE @ gtk - B EREEFIAMEE > 2 —
B ZE 158 L B BE =
RREE L2 —
FREABAR - HHEASTE - ST
HEFA - HFEHAZ
SN A A X— D VKR (ABIS)
B AR ITE B NRITEHE
ERRITERE
EIRERITEE
RERHE - EFHARESHK
FBRewLE
FRZEZICED B 1R1E

BUHFRSE

RIBICED B HEE
BREX2VTICEATBIOLA
G TFHEHR X RERESE

BYREBREE

20

21

23

24

30

31

33

36

40

42

44

49

56

62

66

69

72

73

78

80

82

83



24 HIEORARE - EEELE

25 FEMERBREM L —Z=2J0-X

26 HREENL—Z>J -2

27 [LEREE) - HtR & D

28 HARBZEMRAER AR 25

29 FAaFTINAFIY—=RTFOT T b TZRVHFIL

30 EHHEMNICK Rk Y FU—J02BBEATOD T U b (FHK)
31 HERHE SRR HE T O 5 L (ERRK)

32 MY CAOWMEHETOYS L FENENRNA OBEFMMMETOD T N (HIFEE))

FIE HRFAEEDEEICET % E R

1 ERREHED B 8 & ERRR
2 CNF TOEBFFEERHEEA ORISR
3 Suchinda Malaivijitnond #% (% 1 B ERLEMF L > % — Director) 1 & % 5T

FIE FRAEPFIZEIC & BHRKREPIF DA AR i

1 FAMEBEIRENRZRE OBIR S ¥ 7 )LIRZEERFT (BEE LR HIR) O 5T
2 2 AT LRI RIT R DI IRARRERFT (R RRREAEER ) D5

3 178 - KBS FENE > 2 — BLFRAEHVIERE (FHEEERIR) 05

FIVEE HRICHITZ2BMARIFORADER. BM

1 DI OTERMHESOMA Y £ FADKRICEITTEAEICDOWT
2 E FEREITTENMERB DRRRIC A | o RER LA IC D W T

3 FERERY S HERE - BBRR 0. ZEEMERMRED S DERICDOWVT

EVES BRIREFT - £ 2 —FOMIIEE

1 DF A IR F AR
2 FAR L RER ENEA ST R
3 ERER PR

4 2 AT LA R

85

87

89

91

95

97

98

99

102

103

105

106

107

115

117

124

130

135

137

139

143

145

147

150

157

163



6

itk eES TR - XEE V2 —

178 - RBDFRETE > 2 —

BVIER =EUZR b

1

2

7 FHBFRE BRI
EAPERET AN ZE R
BERER AR

2 2T LBET AR SRR
tRERHR - XRE >R —
178 - KB FEAE> 2 —

FMEREENBMEL > 2 —

EVIE B AR LRSF

1

2

HEFAAES & CREHARIC K DEELEE
SURTILE

EREFEMITIC & B BEEREE

BAOFRETOBGHEE

Y EREERRIRE

HIAEERRS L UHRSFFE RN

THE

2022 HFEMEEREMNL -2/ I-X PUr—k

[RERES). 7O b —FiEE

BVINEE B RA FHEERE

1

2

B AR AR HE £ R PSP iR AR Al

BRI AR

PEEROERRRREE (FI3HEFHERTE) (i) !

AL REF BHEEAN B AR HIE

E3MPEIR ISR ICR P EHOERBEICE T 2 MEE (RKE)

*1 https://www.niad.ac.jp/sub__hyouka/kokudai2023/3_ 2023 88 sizen_kagaku_ 7.pdf
*2 https://www.mext.go.jp/content,/20230323-mxt__hojinka-000028390_04.pdf

170

172

175

177

179

185

187

191

192

194

195

197

202

218

222

224

228

229

231

235

239

241

243

256



BRI IS

AR EOERIRRICE Y 2SR (PRSI 7 KA (i) 2 261
RFHFEF AREEABARZHRAHE
274

5 3 MR BRI IC R 3 EB O RIBICE T 3 FHERER (Hhig) ™

*3 https://www.niad.ac.jp/sub__hyouka/kokudai2023/3_ 2023 88 sizen_ kagaku_ 1.pdf
*4 https://www.mext.go.jp/content,/20230323-mxt__hojinka-000028390__03.pdf



5 ®H

(]

2022 FEFL BN iR VA I T u VERKSHBL L. a v 7RG 0 RN ARERIE R & Rk
IEEIHIR & 20222 H 24 HICiR&E 20> 712k 3V 7 74 FRCH 2T 2 FEHREROR/ZD
BOTIRED & L7z, Fillan FEREIHEMNT 32— T, ZREKOHFELB IOV 7 F o #ERIc Ly
ALY 27 LN UK R U728, BOK TR TEIOHIRNIZIEMES N E Lz, HAKEB
WTH, BB 54D & OIITE O AN Z RIBICHEM L, #HRXMNRIERPRLICED 205D %
T, MMV TD, BEOABMMEEREM ML —=0 7 a—-R3F I 4 v a—RDEDH
HERER LS INT LD, FERLIIES VYA P TOMRSPEBERMEHEH T 2ER 2L
720 BUE Z CRESTROMEIC X DFFEATNTD 7 7 A X =B LREBHITFTVE T, — /4T, v 7Ick
29074 FRBIHEFEL T, (LAKEEZIZ TS 3 2 FEENRYM LS8z MZic &b, sk
AR b E ol AR O g, FRICEBBEOAIC X D AN E W T S MBI 8B fE
HENTAET Lize SEEIIBUTIC X 2 BB NRS B RRIPESRE D © O BB DR, B L UH
BOMEIC X DRDYIENZ FTETTH, KEELKE, MERREEIH K e B Ed, ok
PHFEMA L FE ST 2 D EIEHAFT—HIE 2D ZOHRITE L TITE ¥,

2022 FEFEIE. WSS BT 79 3 E0FT (R ERAITE R 22, Z M m sk B R 75 5. 70
THEREIIEE ) AIEFICHEICD D, HLWHIRERSFEEZ TEE Lz, —HT. EAND
MRIfFZE % 25| LT & 2 E@MEREABIR. B X U9Ee P EREMEEIRE#ES| L CEmlEER0 24
DERHBGEETEFZMRE T, BRE. WEMZETIL. ZLOEFHAELERL THW 2 I
EHN U E T, AHEMAF T, b P OBEEHIBIRLLRO MBI TH D Z ORISR T
HHE P BIOFLENGRE T BMFE5E. FTLWERZEZ T,

MEEa I 2 =7 4 L OEBEICOVTIE, FERYE L OafEmEERE . Al v EmoEErimb L%
U7zo F/2. EMTZIBIBI R - BN AA RV ITHET Ty b 74— 2 DF 2N R X —
b U, BRI D ICHEEE e L TREOXENAE * v b =2 BB L. &I A
A =Dy THMi RO/ ET> TOWEET, T, EEEE URA REE L. EEifomibo—
By LT, REMEELZZTANIHEREE ML — =0 72— 2R LE Lz, I E RIS
MDYI2 7 0 Te 3 FRVEMSEIT & . MR L ARl OME T ORKREZHMB L £ Lz, 5%, #i
BORFICORNZ DD EHRFLTVET,

MR D & BRIED L < 72 2780, HOH O, BLXUHFEAA - LFEIMKZEE T, HEOAE
MR PO X LR ZFBICHMCE 2HAFMEZHIEL TTE E 3, ke dHEIEE - oIz Y. X5
L BEVHL EITET,

202343 A AMENITEAT TR WA F—






SBIE

EIRFRFRPROIIR EfFREHE






1 EEFHRFIOTEROBERC SRORE

1.1 2022 EEDERENFDORECEIE

2022 4EFEIZ, #5 A IR E RS - IR O B4R B 7
B AFRETIZEAT (AR i, ERI4EE 22 7 A
RO R, S & A E R - AR 0 R
F TR BIEB R T - 2 BTN E H R FICRT 5,

(A5l - N5

(1) EEEROFREE X T, Friizic, FFdEL >~
R—IHEZPI§5% ey ey 7 MR %
B BT, HRETC, BERIERO o 72+ v X —
O TRENEHE ) BRI L 7.

(2) SAEFTRIZ. 2022 FERTLFEOEH O T 202
%, HARIEMITHHEOMBEEEZERROKICKD.
2024 FEER & T 2EDEHTOFHEDTVE L 720

(3) 2009 4FFE X b Hffidf & 2 5 o0 T & 7= KAl JR i [C A3
2022 FFERTEFBREMZ 3, 2D, HfifEE
BEEZRERD, BHEHEZEROMEZZ ) TXED
BMER R DEE 21T o720 Bl - AFEWF - BANR - DF5EHE
BRI R O SRR RICIRE U 720

(4) TTMRI OEHEE © 2 1k V2 i5es &K C3LFEF
ABFZE. MRIE{RD 7 — XN — ZREE 2 HY T 255
EHAZ DIEE 21T, KRS K (B - A FEVHIEBUR) 12
RE LTz,

(5) 2021 FEfF 123 H EiF7z, MRIZRWE b, JEk bE
RHEOMREANCE T 25 2 HEtE S 2 TRHEERAITE R
WFZEERM (PTG B80%) ). BEEMESH oMb X
TIDTHEIZBRATRA Y P AV MERICE 520D
PP TP B st iiry (B RIERZ0%. e
KF) 1 & TAlRalEl BN RERF ST BT (R SBARREER. %
HEKXY)) OMEEED AL 72,

(6) EHFICERLTW3 MRL, & FHEMELRE DT —
ZEIERT 2R T 2 2 EHE LT, 20214F
FEICALE BT 7 — R RN — 2 DR - FIEROBTE - 7
DFNE S CE D #l e BE (Lt — %%, EZIE
HARSEAT) DIEBEID ARSI L 720

U - PH]

(7) BHRSF X o gy BRI R R AL > 2 — (IHE)
YMERt Y & —) OEANPAEINCHB XNz, FRic,
2022 4F R IR ZIR O BB M SRR 7 O TR 1
JLC. BMEEoEEl. 3MEROY - MeEL
HEEL 7=,

(8) MIEFHZEE L. SRk L7z 3STMRI @& A DR
FE LTz 2023 FEHEHICEAXNE FTETH 5,

(9) HBEOEEIC XD, MRS FES Wiz, LR
DX T 2 BSEEOREIL, 2021 FEITK 1EME -
72 DM, 2022 FE I 1.6 TH - 7z, ERHERED
574000 FHORMN G 2 Shi-7=8, £HEFO &
K 1248 T, 2021 BT H L TR 2000 77 FHEE N
L7z, KR ERBRAENTcD, V—F2 77—
TRNH L THIED D, ERERERAEL. .
XFEXERTREMG Lz 212, BIRE OHRER
E, TLR—& i, EBHEHICB TS, TE3RD
DHEIEE XU £l IBEOTF 4 =T 7Y —H—
DEIE XA TOH L WEEANOEH 2D 7z, 2023 4F
& DAL FE O BAURHE ORI 2 B2 2 & TR E
NTWVW3, 2023 FEDED 5 ORI, #1500 /7
ErHAEhs, 20720, 2023 FEEOEHFOEHE
. 2022 4EE A 5 X 512/ 6000 FFEML T, #1.8
BHrEEINS,

AL RIF ]

(10) BARSFHUX D EhY & IR L AR IS5 £ > & — (IHE)
YRt v & —) OILFEFHFIED 7 D OFIE D RNTE %
2021 FEFEICHEM L. 2022 FEFE I 23 HERFERE X N7z,

(11) BARREAFEMEOEAL TRERA LT, 4w
BIRIRTE £ > & — 1A X N IEEE 300 kV 0 27 5
A FBEE, RER 27V -2 7FEDH DD 200
kVDr 74 A EEHe z—he UCEMZRBL. 2022
R K D SEFERIFRFSE, JelfioNA A A X = v FRE
Wt L 72,

[ZEM A TE BN

(12) AT A oBIb DB 2 i i 2 #EtE 5 2 72
. IR - BUEDF - AR CE TR A D T X /2
D 2022 FEFE, CEMIR TR E K AAG L. RIRIE B D A
BEMEEZ2DDL Lz,

(13) 2017 EEITHAE L v FANKRELRE (D FR) LD
WA E &, 2027 FEFEE T HEMMHET D 2 L &
2022 FFFEICE L. BHHOFHEE 21T o 720

(14) F 2 7m >y ay R¥EHEFER (X 4) & O E
G LT, 20224, Filzic, Fadrrarvk
Y OENBREEME LY X -2 E0EHE. 20T o
RMEHET 272012, FagnryayR¥EREL DY
MZRE L FRET 5 2 L DERICE 72, BLITMOU
DERAIHHEE L. 20235 HICF 27 mrary R



WTHAHKIMTHON 2 TETH S

(15) Korea K#ZEE¥B - Yonsei KF BB - Yonsei K%
HEER DEFS R T L%, Wa> 7 7L > 2k
YR —=ITT, MHETHMEL 2. 2021 FEIZA > 74 >~
TORET. WHEBAfEIZ. 2018 FE D Korea K2 TD
FAELIRTH 5, #E XD 19 N\OWFEHE Y, 21 AD
AR R 7 - REBA, G140 FH3KFT L 7z,

(16) F 2 — b 7 Y REMERZEIZEE Y X — (FA V)
CDOEET YR L%, KA VITTHHTHML 72,
2019 FEELIRTH 5, LML 5. 6% (BEI2%4. B
H34. FEME1%) ZIE L7,

(17) FRRZEMIFZEAT - R KRS b MTENELsE R >~
& — (EHUB)(IHE# R A BRI L 0aFH > ~
ROV LEANATY v RJETHME L 7zo S0 5 22
NDIFZEE B K CRFEGED R L 720

(N - REBBH]

(18) MAHFEREBERZDH L Wil E L CHFHED
PRI DFEREC DWW T Dafkam & fkfE L. 2023 FEEH 55
AN BE SIS B 20 O — RKFNEATT 5 Z & DS
DUE Uze AmBAeR) - A BRI IOE, S i
BEsei N SRR g — 2 Y LTS %, fie
T, BRRIRZATa—ZAR2EL 2 L FOERAH D
EHEINS,

[IHEFEADHI]

(19) Breffisaspige oA A4 X =2 v 75k 3.
2021 FFPETHR T L7ens, BRAEHZE L 72 2 A0 28 Fadis
WH2E ORI A A X —2 > 7548 232022 FEREICHR
Rahiz, MBAEREZAKRE L LT, EEH. BLUL
E DX IBIHYH L LT 6 4ER, RIEEZEEETFHE O
72DDAR=IV IHEREMT B,

(20) T F T, HEKY - EHUB 125> 3 A
AYYy—2FvnY =7 (NBRP) =KR>H1) 24
W, 2EOIFFEEIC =R YL ERE L TE D5, 2017
EELOR, FHY 2 5 AR L. AR & o ftis
3T o TWRW, 2022 4EZ 1. NBRP % 5 MO #4EE
Thbh, 5%0EE. "WAEHUB & o%E| 5, £
WFANERZR AT MRS 0 EHEAFEE DRI LT, ISR
DTz,

(21) EHAIEHREHD TS TEEK 25, 20234
JECRIFERIMNZ 5, BRI - IGFERIEIFSE 2 > & —
(CBS) S B D 2 THEFK g T, 5%
P ARIRHNC O W T DFmsEA TV S,

[PESAEE - 1 & dif]

(22) PEEHEHEDLICHENT T, Frizic, FEEEEEHEY 0
URAI&E (FHEBE) ZELE L. F B3R b

L=y Za—2 &AL, BERRE L, 7
7—bETV, RDONZFELEE L, EZ LI
AR - HBUCHH R D > TEML 72, 2022 FEF 1%,
16 1 (84k) 32 A7z,

(23) BHIED & OBEFEE T, BHIR & [ 3 #E o’
T, RhE Z /i L7z,

[COVID-19]

(24) Fiflav F 7 4 LR (SARS-CoV-2) 1T & % BEYLAE
(COVID-19) %, 2022FE S, H 7k, FHIWFOK &
REDEPR U7z AHC S, BIMRERNC R > T, £
MrL—=>2Za—20BHMBAMKRT ZH S X5 %
Blah otz BARE L THREDIKLIZRZZNS DD,
2023 3 HICEBUFIc Xk b~ 7 ERfasHicE T 2 A
BELAThN, £/, 20234FE5 AICiE. H2EH» 658
SEICATH XN S RIABTH 2720, RHZ{LL DD
H3,

1.2 ERIIOFE. BiE. fFEap

AT, SCRE BN KA FEF AR O 6 FH D
WFFeRT & U CHRARR 31 1977485 A 2 HICAIRR S hu iz,
AFINE, ENME— O NMAERAEFEAIR - BED 0D
KHLFEF AR TH D NMEOAmTEE). Koo =
DIREMR IR . Z D7D O EFERIEE O E Rk Fiki
DEFEE T3, TirbH, AHHHE T PO oKD
B x 2 RECHFILTIHEL, Z0ODMEELERT
LW TH 5,

AER I EHRE R, SAHEMATRADOH LA D H
HEe LT EhTWna,

1. RN RICHF - Ml - 8E - ER L LD R
HEAEL . ZEMLC BV T AR DEBEZ SIS 2 2
L BFEE T 5,

2. ZoHEBUCH D o TSR —E MM & e ic EHE %
WE L. 4075R 13RS HEECH I LoD 7!
Y MREEHET 5, —77. i 4 OFIFERIBIFISN
LTd, TNEHEMIEIE I AORELEE T 2,
3. MR RICT 2K HOMAEDSME KD,
R DRSNS 2 HEES 2,

4. MESa 27 OEME £DRRICOWT—EM
M it zinz, M rey =2 b OFEMREKRE
ZHCHES AR EMBICT T35k E D H L
J 5,

5. [k EANA O E D NRIASHR 3 & L FEF % 2
T3, RO SENEE 2R,

6. MMHDLOEZ I b, HEIEE.



Feltirk O S EAFH A HERNCE 2135 5,
7. REFEBEBE DWW, BRSO T Az il
FNSATV, HWIFEEDOBERICE 12135 5,

COHLED ZHF AT, BEEL LT e FoEdm
FERE L Z DA DPER) 21T T3, FRYE X UK
Btz duine, o E O EREERY:, BRAEA Rl 2 e
5700, AHEMOHEE - HaEl o321k s
Nnd,

(1) 7~ v T L ~OLBFZEHEE

ARRRE. S0 Fo i, MRk BB, ZL TSR T AL

ERIC DTz 2% L~ OUCBWTHEN 58, A b v

TLLVOMREZE T 2 iz, 2B L NTEBIT S

SRR 2 BRI E L. AR = (KEE) £z o

A A (B X =X 1) Z RIS 2 Z e 28 1 offim

5%, ZOH1OFMOFTHE, ROE 2, 53 0fH

MOERD 7= D DHIHESEMF ¥ 72 %,

(2) FEFERI AR ZEHEE

ARRE. 2EOENFIRERZEZTD & T 3 EANND

R o AR & O CTHFERFZE 2 HEES 2 & & BT, Ffi

STV ST Sehtiag - & - 7— X RX— 2 « W5E

it - 2R S 2 2EN AR CiT s ez

W20 35, ZOHFEFM - HFEHFFEHEED 72

WERR eI 0 2HET 5,

(3) REEBEEE - HFWHLE B - FbH

RIS TFFER GRS - A mBRAseR - AR

HELOEYP, M-y a— 2B EEEHE

DRI & o T, EHFEI R AEBRA R E A & Kb

EREFMAEEBRT 22, ZLTEEDOKRY: - i

FEREEIAN e AM BT 2 2 v, HICZAKOM = (%

BE) & Z DA (X B =X L) IZDOWT O - FEEH

Ho8— b F—IEHRAMERBETEINC X o TREKD

HTFMEEERET 2 2 2E30Mfme 35,

ooz RTES T 5012 BHEDHF -
IR A 2y ZHTIED B A AT LTV RIS, R
LN ARINCHET 2 28Ik o THRERICHN
ZEMT 5 Z L DHIK 2 WIFHEBIAH 2R T 5,

1.3 SE3HATHBRARMOFMER. $LUE
4 BAFREAR AR O RHEA B AR - SRHEASHE

(1) %85 3 391 Ju] E RSE0] ] o SR SR

2019 FEH D, HIWAFEEFKR TRAIIBWT, RPN
FSTHR - AL G GERCRIUIR S . BGRE R R
F7o. R - BN RERHIE B 2B RIS EH 1R

U7 W& Z0fE, IR A O S I £ 2 TRIMiATE
MEX iz, 2021 FEEEDS, 25 3 HAHIH B AR ARG HET AR o
BERICH Tz o 12720, 202246 HIZ, 9 3R TRSIC
BU 2 EBCRIRE B L CEBEERE S 2R L.
SlalE, £ UTAERKTRED S O 72 72 R O FEHE
BT 2R R KD STz, Z DFHlfikE R % 5 8 B EKHR
BT 5,

ERCRI O FHI I DWW T, BAREH IS 2k C
F. THIEHE 1-1 0 FFOKHE R CTRE D BRI § 2 H
B, BXUzo o NKIEHT P T 2 HIE I
DWVT, Wihd 5] REITREEFEEET WS &
WS E O 2 T L 7z,

AFRHCBE S 2Tk, VNEE 1-1-5 ¢ 0 o
fi, #fk. > 27 o0 fRICHZ 28 LU BWTHEE
H72igE 2 T2 L i, FLLEEHECHEEL. &
t DERE L Z DA, FICZF DIREEDRIHICH ST %, )
WZOWT, 4] BNn798 % EiFTnd] 2w S iz 5
Bl £/, ZOHHORGTHEHIIBWT, (BhR)
¥ LT, BYIREAFIE - BRI OIZE, I Iamiseis
12 & 3 ZREMERMIAC HI 2R O = XOTIRes A OB, 2
ISR B3 258, BXD 27 ) 7 M BE 3 2 g, fli
S F TR FHEMICE S 2D BT 57z,

(2) %5 4 W H BB O I EEE - PG s

2022 T, AT EEIE OWIEEICH T 5 7
B, 2021 FREARCHIAE R - G Z SRE U 7z (A
2021 FEERRICIBEIE A)o B4 8. ZOFHIERE -
FTEI ORI TES R R T 2, TS 2 B
EERT 5 7-D0MEE] BXO THEFEFM - LRI
TEEHEEERT 2 -H0ME) KL TE, zhrzhld
TER L7

WFSE (ZE PR B 57 )

(2] ERENB O, HF - MK - Miant - 8y - 227
2 - (ERRI DB BETBIC BT HEBE R = R 2 R DR
BEsdRE I BT 2 IISC R HEE T 5. %7, PSR oS, 5
BRI DA, X 51 AHER L SRz & Bk 5 ke
Y27 ABOHBEEERT S 2 itk b, ERBEREOR D
b L RO ICR T 2 R T 2, X o0, K
RELEBRRLY: - AHRRIE ORERE 72 2 MR ORENC X D BEER
2 v OB HHEIISE DRI BT 2 )

[[13] BB BT, BERGIMIRIE S5 1% o B
HoEmWEERFEREMRET S L ¥ bic, 4B EE
S X DR E SR EOFEREN 2, Thbb, HTR
U Y O XD, BIROHEE - ZEICES LS 28



KEHH - REEBRIELAN D Fr L W R E Y — L3 %
BFEL . AmBIEIRCEM S %, R & DIz & D
MRIHEIRE D 7 — & R — ZAREEE O BB RN Z BT T 5,
XHREEHET S e FICK D, PRI FERE
) D i KR RE D PEfR 2 e S % o )

SEFEFIA - SERIEZE (ZEBRIFBE R 57 )

M21] @A AcBI 2EERY —LTH 5 ETHEM
# (Cryo-EM - 3D-SEM)., JE EBEMEE (Z6T - M%),
MRI(7T : Dual) IZDW T, 7 v 77—k L7 HdR D24k,
EWNH ARy b —2 e oz X 2150, BEEROEA
HRHOREFICE D, 2—F —DFfEEEEHD. O -
AL LAV & AffERIEE - fEIA L oL % T OZREE 2§
KL TY—LVARRZAIN=F B4 X =2 ¥ TR
ZHEET 2, Fho. BYERLFEF AL Y 2 —12o0n
T, BB ICHEE 53, ZREAMEREDRITD- 0
DHFT, HEE, B, ROANA )Y —20#MEITS
LIk Y - —FEEE D, HEFFFSZ #i7zC
FEWET 5,

1.4 ‘EIRKH]

ENL KB NIE (PR 15 B 112 5) OffifTic k b
2004 4 Az TRAAILEIF FARSEEE N B AR AR )
DRI N, AEBRXENI KSR MRLERIA ST, &
TRV, 57 FRIEARIGERRT & 20 B AR AR ST
ERER LTV 3,

AR O EHEEE X, FTRMEERHRICHEH L. 20%
HERZBO Y —X =y 7EFHBLTHDIT-o TV B,
20204FE4 H & W AR E @ e LU (FMNERE 105, Fi
NEEIF)., &b k{a3a=T 1 DBERENMXE 2
1K 28 2 7z, AEHINC BT 2 EE EE O EHEO & E 7
22007 EEIVSHL, TR - BENE - NFERHEYT
% 1% ORIFTR . SMEHT - FFUEEZ Y T2 140
WFER TR, R, ZATERREEY. B
FERRIEEY, LR - UMY, BEHEY. Kl
HEHYD6HDERBEDEITHT>TW\WB, 20134
i, AR ALERIE 2 (B R % BIFTRH#%) 25 B AR
FRFSHENE D SRR R E Sz, TR O
HE A OD b MR E RO LT O
SR ZHEE L TV 5,

IR CIE. ATHERE B R R RRE L. AT O E,
W OB SR OWT, E TR - 3 B AR
FHE 2TV, BFZERTOTELE K > TW B, 2 D sl
WEFICEOE, TRIFAITE - MR ER e RO k.

IRE S DRI IR 7= ARl « AL RIESE 2 D, JEE I
BOBBOFRDY —X =y 708 LIZFHEiRE R 2 1%
2 LIEBEE 217> TV 5,

20132 5, Ak, BlIFfRB L OWIFEE T8 D3 EHE
ZRELE D 3R HE 1 EIRE, EMANCHEL, 31%D
TR PR 2 MR U TS R M MRIRIC H 72 > TV B,
F7ey RUBRATRG R 2 P A 0 AR RE T I BT RIS
Rt EABPHER OBIN E FERFEZE LE O HRO
PBHEVREERE 2 A L EFREREL TW5 (FEIC
Ko T EN, BIFTRAZERZHDZ), 5612, #
REE R - B (SEREEISM). SHEBER ZH
L. EHFOEE PR EREDEBICOWTHLE-T
Wb, ., HERRO NEMNEREEZER 2RI,
EHEHOEEZITV, TRAEEMRZREE L, TR
REZIT> TV,

1.5 HRZTHEMAS]

HERFICBI2ERCERZD LIC. TROD LI
WFZE IR HRIE 5B 2 E =, BF5Ed & L [ER ST 2 HEE L
TW5, EHFOMFHHBASNL. HAEII 2 =710
HHS AR Z K DD 2 Z e 2 HIEL T,
HHSHR ST W5, 2016 41 KIE AR AR ER 2170,
ATFRFIR, 4 & v X — e BKINRTHRE ATV S (K1),
LRI 3 2 5 b O FAT B X R EHM 2 SRS T
B, ZALNURIHOMAZIToTWVWD, 4Ly X—IF
HEFIH - FEKFEFZEDT R — b 20w S EEHFR, MERT
DRV 2 R —E, Fheh, WRELETITERS. D
LT EHARIEMAEMEICE T 2D 0TH %,

M s > & — ) W HFRIRIH OB W& b - %
DR 725 HEFEIEHEESR) ZaE LHLFRFAA -
HFEAFRAGI IR ZIT > TV B, TEESEEEFRE) 2B
WTIK, 79V RARFNT =2 -0 A UHEFITT 4
L2 Z2—® Denis Le Bihan fi+:2P.I1. ¥ LT, 20174
E 6 2022 FEET2H6FICH D, BES MRID
A S 2 4E 2 U, TR ge SR =) ikl 4F
M EAEM E & ISR 2 D S L TWw 3 BEE
WFFCB BN - 2 2SRRI 5T - ST 28 S PR BT
R THEHNA A X =DV IR BHEELTWS, 20D
eIz, EHEE - 5K EBR e E BB e LTI
BL. mABRE TRFMENEE L —=2 7 &L
F v —1 ITBFZEHEEHHEL LT 5, [TRENEHEH
TE | X, BEECHOE Y E@BD Lo 7270 2022 FEIC
BElE L. #i=ic, FiEAPL 2805 e ooz 7 »
HEESE ) ZERIE LTz,



AP EZRT SRR AR

20224E11 AR

Pl

[(BFFRrELE -5 —]

—| SRR A

— AR H AESR BT ZE SR

— EBWRRPHEE

o B e e TG

Fi%eﬂ@mﬁw%%gw%m%ﬂﬁ |

- REEHRNIEFEE

(B2 &R - =]

—1 R AE R F IR AR
— A ARIRBRARRT

MIEEE - BAERERREN X
RS E BT 2 ER |
BRI AR K

IDMERYT IV EER # %

L 1

[

[

D F R RETREF #
L iR R RR 2 ERFT X
— AEKIER R ER T I

— SA AT+ F=H RFAREF *
— ZMEEREEHTM #
— BATEBRESETREM

S RTLBREHRER

{5 1+ 3o 28

HENBRILEIRE
- HE
Bl
IL$R
ERf%EE
MR
BrAESE
EPEE

— IR IR IR AR
| BRI HRE A
e EEGEEE |

|
|
kS R T LR ERF |
|
|
|

— HFREEr S —

— FHRHRRER X |
— NBREZH#EE |

}_

EIHTOTTOMNERE
— EREERRE X
— IR ERAENTE

— ZNAFEMIEEE

- BAEETAl - XIEE LA —

Ff‘%?ﬁ%ﬁi

ERBRERRARTE
AR IR R E
BEVRRIEE

1 1

ZIEBEERARRTE
T—HhATE

| EHRANE - FEE LA —

ERAEPHEMER

_{
YA LARNG 4 —BRE
| 78 - RBDFHITE 52— BIEFRESHWIERE
|
1

Ty b= EHEE

REFLEEEE

e ETE

—— BYEEARFRARR 42 —|

— ERBIFERtT 2 —

B1 APEEBTSERT DR

[ ®H=EHRa—F 1 x—52 =]

NAFTH MO RFETIL—T
(N AT+ =9 RFREEM)

BEAMERARIINL—T
(#ARE 4 IERRZRERFT)

DERA A+ S XLBIRHARTIL—T
(MBER & U FILERZEARM)

#H
XE
* 1

HYBARTHRA DAY FARERM
EEMRBMA =
EHBIRER V2 — L OFREHAEEM



IARSRERTIIS £ > 2 — ) TIE. SelmE FEEmEE - O
FHME S KO MRIREOREA XA =2 v &R ZIET
DY § 2 BEEFENA - LRI T 2 & - Stk
MEMELUEHRLTWS, £, EEHRMAERUER] Tl
T— 7 —X— FOEFHKE. MIREOFERZToTY
%o 2021 FEEITIE, #ilzic, BRAEYFNFIEEZH OV
DR 2 DR OMARZAT 5 T2 D TRERYIHfIE
RG] BT,

78y - KD T > & — ) TIBELRTFREHYL
T A VAR X —OIFH, MREEH L REEE R 07—
RZIWZHEDOWTHREEBEEZ T3 2 L L biT, Rty & —
HERY 2 fix - 50 - B2 RTINS OISEE D H[F
AT 2 2 Z2HANE LTWS, Aty &2—o HEE
TREHERE) T3 BEFBRIEE TV Z /R
LEEORFZITIRMEL TV B, T 4 L ART X —BF
] TlE, MBI 2=7 4 25D & DG TR
ZIWZHWBREEY A VZERZIT o THE D EAMTIEL
G L CTw 3, 2022 FE oM. EN 203 4. E512
HCH o7z, 2021 F T, RHERRMTE L TEIRR AR
MEEHE U TH 2SR I N7 T2 84 A RE AT
E X GBETREEY R COTEIET e L bic, 20
IO REBAEIEHEEZ TS 2 2 2 Ik » T, EIEET D
HHE L TEAEROBEEHL»ICTZ2 e 2HIET DO
TH 5,

MG - G R— ) Tl 7—h A4 7O - £
FriToTWnd, $i. EYAEMPHEREETE —5
—HDIEE) ZIERR L. SR O IR A SRS 2 —
AHOBERHOMBBM e LTHT 272, ERARE
FHEOHNICEHML TE e [y by —VEH=E] T
. L, BRI P 2 — XU AL R LB E Y b
7 — 7 GRS, W OKY: - BR8N T 5
B EEDOR Y bY—ZEHIIA T, HEREHE R
T57D, [ElREF 2V T4 =IOV ToREkE & B ITHE
WEHIZOWTHRAELAE ZHEEL TW 2,

AHEFOFEME & U CQIATR 1. SEEER 17, #H
% 20, Bh# 36, HEfiHEE 29, FF 103 ODERZ b AH B,
2005 D S RHEBIE R 2007 & D> & RHEHMERIT % 8
HERFH L, BE2RH b IR EB2HE L T0 5, KHBM
BT SR BEME K CRHEBRE IR, BHFE R
HEZED URAEBICH- 2B LT, 2022 FE XK
P14, FHEMZEZ 1 4. FHED#E3 4. FEFEE 1
%, FHEEME 24 ZRE L. R e HEE L 72 5
B HITEF TR T 2 802H Wi 1o, BhBdxe
HFMEE OHBRANBEORETH D EFIHFE
NZMRET 272012 WHIROEED R CRILTF TS,

10

RLUZRTRFNIR SRV, ZD7o, 2020 FFED 5%
LR OB EAL (TR O RHEBIZE DA 2421k, b D
WNIPS V¥ —F 7 xu—%E L CTEH). Bt
BE (RE104E), 7B T7RA ¥ MR & 2 HHERM
DL, BEFHMOBANI R I LD BERHESHE D
N—TF BRI ER T 2 2 21T LT, 2022 X, 2
D27 RA Y MY MBI EYERINZ3ANOEZE
P.I &3 25 ER I DTS B 217 5 720

2012 FFED &, EAFIELZHAOMGER T2 2% H
e LT, FEEHIREOBH»SEA SN, FHEHAE (FHE
Pz, FHEMERER. FHERIZ) 122012466 A2 S ATRE
BT U B, EEFIRED S B, HAHKE. I
BICHEFR T 2B CIIBET AR IEC S NS, Fo X
R B OIREICHED X MG IRROHMNLD 72D, —IE
HEOMABEME (BU%. #EEZ. B#) ~NOEETIGS
DG E D, 2015 FEE D & FHRAOMITAEME X
JRENY UCTHEERIZEAST 2 22 2oz, LA L. 2020
D O F T R A (FREORIM S Y B E 72
WAEET) 2B A S h, BROFEERH (IHEER]) 2 & 0.
MABE BB OB EMARIE. AaH. (HEEEL Hra )
DIHNEIFET 2 Z ik oTz,

FERIZERR O N ICZeR e SRR 2 HY 5 5 20D
PECHER S M, BRBIIRIGLERMT - R - & > 2 —ic A
LU CTHEN R 2175 e, e LTI 2R oIiTHD
XERHBHLREHECHETE, 2EOEIMNHE ORIREHE
OHEZEH > TV,

1.6 BAFIKR

HARAR TSN D 2022 FEE OEH BRGSO TH
BB, b RFERT. AEBZ & bH+1 T 27,089,823 FHHT
HH. £ONEEFANIHRE 1,347,738 FTHOEL 523D -
Too HEBELZNEDNEE L VHFE ISR LR EREL
LT, BE1NOBEIDRINTE 25, 2016 FEH
BIIHEERRILIEEREDA 1.6 %1272 D, 2022 FEED 51
I v ¥ a VEBIEREESA10% E ko7, BREE
WFFERERE ICIL 70 S IR LR E R E 0 o
HFC 27,283 THOE DD B - 72, EEEZMNEICHD
ZHEEMENFEDOEEX50.9% TH ., IEHIHMEAN
&% Db 2 2 ANMFEED56.6 %% (HFHTWS (ERRICIE
BHENEE PR EMARERRELEE BN B2
SIEFERBE ANFEPTHIN TV DT, AFEREEI
HIZKERDDOLERD),

AR RERBERED 2022 FEEEEE RN S 5D
AN DB & 53,668 THTH o 720 KEFAENDY
P—F7> 2% M (RA)KEEL LT27,928 FHZE S



L7
[t E B]

2022 FEE DAV E S OBIRIRBUI. FFHEE 31 1R RE
WFoe B B A3 (R ) 75 £, SZEERTFZE 30 1 (5 B S0ER
BEAA L M QST 5 & OEEFE, BIARARHRBELEERS 14 74,
HARE R ZE B 70 13 1 (HREED &), 2 ofth2 4
(NFRJSPS. BEFIRAEFEEEEERMILAT). T 8
FCch 3, (F1) 7B, L (EYERILFEF AL
¥R — AR v X =R R ) D 2022 FEEDH
AR E DERIRFKIZ 38.2 % TH o 72 AL, BFN
HEOHFIIHEML TV 3, 2004 FETIE. EHELNM
& 57%. MEMEEA3%TH > 7=DIH LT, 20104FE
DIRETIE. LIX UIRDEE B L HF BB D LR
L LTV 2 (2022 FEEIEE B A8 45 %, BRI ES
55%). WFMNEDRDOEIFIE, HREBFOHIZ KL
TBOYBHEFNESOWIMIFEL VWL THE, —H. &
HIFNCHERF L TSR EHE, BRUBIERORE, 2512
IR DMERR. RN R AN E S TEIALETDH
D, AN EEERMNETEREICR > TETW S,
(B ZR]

2012 FEMIETHET HEES (77 A7) b P HEK
S T i 1B {50 1 7 D 7 B e AR EEE R 1 R AL > R
T ) DRD SN, 2014 FEEICARIGIPEAEIT - 720 B
EC B 2 @E S MRI 2 FIH U OHEED 72 9,
AR R 2 B E LT W 2 IF5eREEE G R eIt sern. & F
ERLRYE, THEGEEIT /A, KBRS, EREE) 0 5
WZEHRE L EHE LT, FBEB KO AMER D7D D
v N — 2R DI T RIS S LIS 5
&AW RUT ARGERERT 221 X % b b R RIMESAE o R |
(2016 FFE- 2021 FFE) 21778 o720 20224FE S, FTHEZ
WAEL LT REC o BERE & WU AR 5% & ki L C 52
U7zo E72. 2022 FEORIETHE T, HiED 3STMRI D
BADTE L, 2023 FEFICHEINDZ I R o2,

BHRSE X D By B IR ILRIF A28 £ > & — (IHEN) 5
Bt > & =) IO W TAM OME R (fEdEm7) & L
T 2018 FEB XX 2019 FFEICTRILEI N, RIFOEKR

HHIHT® - 7z Specific Pathogen Free(SPF) 1t - 22 - 2
BHET LIz, D1k, HRERIL X LB & IR R A
H7et > & — 12OV TR ZOR (BRes b g 7)) NEET
W2 E 7 IVENY) D RBIBURT 2 TREERIIC = 9 5 Sl Bl
D & ILFRIFA - LRI 2 HEHE 3 2 2y OIS IR AL
DI (2019 - 2021 ) 21815 LU CTHMBMEE L H#H
HEL7z, X51T, 2022 FIC, MRER GBS
fior) TSEBRENYIE B ERE - HERIHAEEENY £— ML
FAin) 28R LT, VE— MeoHEICAI 72&Ho
Bl z1T - 72,

[(WFZEREm L it )

2013 R ICHFZE Issib 38 & b 2F 21 AFTOKR¥EB
& VR 23 [ K] FH R BE L B 2 IR RS SR O 72 8D D B B AL
BENTz, ZDFEEIE University Research Administra-
tor (URA) ZEH L. A OHILEITS b DTH %, 4
HFCIE, 2022 FEFEIX 8 4D URA #EHI12H 72 2B (Ff
MER 1 4. FHEEBIR 14, FED#E3 4. FHEMRE
1%, FHTEME24) L 6 BOH - HiliiRBE %2 20
FE B X EE RS THIE L, oeBimaad. FHMb. 2
ViR B, R, EREE SR, B RS,
S DI EHEE OB 4 72 EENC B W TR O 2
XELTWD, 2D XS B AMEIWIEEITICARAI R 7B D
7o TWB 7D, 2022 FETREENKET LR JE
MEEZ D XS L THER L THREIZ# L TWH L »
DERZHETD 5,

AT AN o - XU O FREERIE. 2019 F-H£:94,800
FF. 2020 4££:93,200 T, 2021 4£:100,800 FFI T
Hotze 20224MFEEIX, FEFHIC X2 NBBEOEMICLD.
L6 M AN TE D, 6,000 HTHFOEEHE 72 5,
E AT S OfilNc & b, EEHEN 2 EHEEE,
2,000 HFFBEETH - 72, 2023 FEITI. X 572 5 8E%ED
oA gh, MRNINTKRERFD VD, X5 IWE
FNCE L WK PRI NS, BR D HEHIED /20 DEI1H
Kdosis,

HH 2018 4FFE (FF) | 20194 (FH) | 20204 (FH) | 2021 4 (FH) (H8) | 20224 (FH) (%)
2Bt 87,030 15,283 30,437 59,355 (23) 99,832 (31)
I 606,080 577,000 530,900 519,700 (89) 547,300 (75)

ZELgE 399,991 467,061 404,833 628,664 (29) 928,144 (27)
HFEw 33,346 24,082 6,376 15,460 (10) 28,373 (8)
MNERE & 1 1,252,131 1,232,772 1,188,211 1,203,237 1,347,738
PRUNGE- 843,248 834,757 804,803 768,462 763,410

K1 HRED S FEHEOHR

11




WCBWT, ZL DB o AR DR 25T &

1.7 Twy>a>l Tz (BT 2558

AR, ENLR R NALRT o R i [ 32 R e A
7o 7R HEMEROHE VORI R - FhIEt

o TOERBIETS, (K2)

BEDFE LIRS

N
TR B MEHERS DB & ER N 72
—EOBREBFNAR

198041,

(1977~)

ABEMPAERTRE L7
IR R AW O STRHITR

19774 (RIE&EE) - 201048

LG
BROEERT
MGIURDFFAE D EEE

KFRB

s A Bt ARG
1990414 MBS R A LY v sy SRR 5 T B
HTEBORE O brHRANY CORREDFEE :
B
o
: ®
BAR L T o5
Bt B D ML TOBRRATMET S ERICET 2> S T ROBBEELD
B & 5 (B 5 A X BEOHH ZHTFEBEE S T L7 R o1
20004E4% o
FATER i A ’§
BB EET B PLBSEEEBROY A LR | $LENRE LrpnoEs ||
BRL7O L FraA0% || o x—2EELLEENTE || ORMEIICET 35805 |
7o
- - ITRY
<
2010&{,& WG+ 183+ - B U . =
wfEe- L s BARPRREESTE . L (4aY—]
(~2013) B BE 1R 1F 0D SESRROB 2% (2008 —2010)

2 AIRRLURES 1% T o e WisE

AR 2 o I E AR - H 1T ET T o R & AR
. S 3HAIAE L - IEHET Tk bOlE 7 XDk
SRR 28, LITD 6 oD R U T
EHEEL T/, (M3)

(1) BEBESTFEE - BIBIEEREMEN] -2 LTH ¥+ - MillaL
NVOMFEIC K B 55F - @571 H SR G-

TRTOMALOE = (HKRE) 30 FREOBZ L Zh 50
ko TXxonTED, EHHTIE. 20O
fEIAZHIEL TWd, RS, Fryal, LETX— £
P, BRREDHRER V7B, N5 DS THEEK
(57 T) DS & BSRE K U8 2 OB - HlHI X 5 = X 1 % fif
i, MIFASEEN A L. 2o DR - BHEIC X 20
RERHIIEIER 77 = X L2 fRIAS 5, £z, MRSRMIED 7
b - BRI E R IS T 2 ED T2 RV
L. ZOENERXR =X L2 RS 5, 70 20 TRE
WX BWETHLITT 5,

(2) AP ETEHESRT - MR N UL PRI — 322 LT
RV R Ty FEHAOVEMR & ZHE» S - RE -

12

ek~ DH -

AR PEHER? & IdrE S iU o B = 13, AR DB
REFELLRALAROB X IV TRD BEERKE 2R
7L TWwd, 2z, AHEMTEZNSD A= LD
RS S RER N ZTFVT WS, BT, BEERLE, 18
BATE), 3 X ORR - REEHETR ¥ 04K E T HEHER 0 &
EFEBKROZND DREERHECOMRH, ZL T+ 7R
RIERNE & 2 ORI, MR IR A D LA [ EL IR A%
e ZORZEORP, BX=—a—mr-2Y7-ME%Xy
b v — 2 R Y OIS X IO TN v Z DIREED
fRIA%ZE, Er LT~y 2RIy PEAVTITS,

(3) BRAFTEIERREMIN - 2 L C=R PV
2 & BN i E OHEEH D SN DA -

b F OEXHERED Z < LR Z R DI, BRET
HY. EBEPHIERD =R AT, BiaFlED
e~ —Ft v FEHVTOMIFEICS hE AR TY
%, FHC. B, PR, BRE. hE O, WM. E
BERREED) 2 & ORAITEAE. X o I3t 2KED



fRIICIE, =R Lz Vi e thoBREISE. EHid
B, & SIEMEA e OB BIRICEE S 2 %8R AIRT
Hb, TNBHIE, A—F VY UREIZCD LT B MR
X HEFRE 7R ¥ ORGP R OWRREMRIAC. Z DIGRIED B
WZDIRH % EERERGL L 72 %, IHERE (Y 7 b 7)) LK
i (N— F o 7) oL RRAREFIE, EHED
HEED 1DTH %55, KILATREZZ PG Ehit ) O BERERF 52
. EREHVIMANOWLEEFREIEDOTEIC X - T,
INEFEBRTIKRERRT Y TR252 5,

(4) FEEGERVTEIBRREMIH - LTk b5 e Lt
ZIZ X BHERED S 1 & D X HEXTE BN DH G-

XD EERMEIEDOZ {1X, b POKICBWTRICHE
L7zbDThh., LTI, EREIRTIEEHVT,
b FENMRE LRMFS 2R L T\Wb, FHZ. b Mgk
VJ 2 BERA ¥ O RRE RSP ZEEEM S, SEE. IFE.
ARERUCHREEN R E D XD GEREATE & 2 DRE
RLEFITOVWTOMZEIZ, b+ EHWEIHRERE 2
FoTOHBELRTOND, ThEHDIRFTCE->TR FD
ZIAEDLIEOWUIOXRMAT S, HITE, ket
+ DIFERE DM EAEF OfERAD 5. & + O RTEENCE T
BRI R R RIA S 5, ZD7dicid, KT — %
fRITEfT RS I 2L — a VIO REEZSBK D HEET

BZREDD B
(5) BT NVEIIBHFE - WREEPRESREMNT— 3 & LU ThiEE
FONEYZE B TSR & 2 IR TE A BEEERE o R I -

A 72 A BRI S 2 HE5EE LT < 291, JRABELERT

RHMAAALEMERED TNV, ZOM%EE, B TFH
XU Ty MRBBRTEAIIVICET 2 REREAE
AWTH#EDZ 2 22, B PORRBICEHT 2R RS
LADETW ZedRETH D, Zhk-T, 7F»
5t bOffkZ U THRTEENCE 3 B8 % 8B S WH5esTa]
REE R 5,
(6) 4XIeh - BB FREAA X —2 > 7 EBI%E P
HBIA X =2 > ZEDBFIC X 2571 « Mk - figkmlg -
Jih - A1 « HRTEBD 6 BEEZ > — ALV RICRISHEA
A—=DV -

BT, 27 - MIED S BK - ARICIE A PTRE 2R 25
4 X = v 7 %BEREE L CHERMITCE L TV B HE—
OIFFAKBETDH D, e MR & & 2 DA%z 5
TOLARADLMIAL, 216 DHERBREHREZ Ll
L OBEICE VT, O 4 X0 (Z2M + R ) 72 A
A=YV T #ED B,

NF - WELXILOTR RVR S FERVETAR R IV ERWETHR
(¢ e N1 %
| ] ik RS & L 1
| mERTONEmaReoRE | | wemanusmanwons | ||| BT RS ORI

FrRI - LETY-—OH5FER
AFevy— BE-GSRT
YV INDEHEHOMAE

JUP - —a—0OvRyRrI2—4

£ b ERVEHE REEFLEYERVERAR BEARE A X — 3> THOMF

? S \(; )

| — H| EF VAT S H AR S EGNT i

| mmeggmeeR® )| LI W I mecx—Smoms |

HoRN = =T ‘
SHEUOHS B - 2 TG/KO ¥ 2
#EEN ——
mE— =

Reloi —LLACDBCHEAN A= 2 :

J N\ 7,

BT il =) SRT A Bk HeA7E) (EARD)

X3 AHEHIEFTDIZED 6 DDA



2021 FFFE F T oHE 3T EENIc B VT, ki
DEDDHEDHT, KT, BEZ Y — AL RAIZEIHE
X = 7R Om kY KRBT — X TR - Hia s
Salb—a rEiioEZHEEST 2 2212k D ARko
BIMSEE D 0 AR O MRRA, AEIRomERYE - [BIE - AT
DFRBA. B & OMKmEE - B4 - B s o KHEAE BAE FH o
fRIAZHEE S 2 Z e R IChE VW TE R, (M4, K5)

F 7o, AN, AR BRI - MR %23 D 24
HINCHRRT 215N, ax 7 P 7R LTHEELDD
HDIeREE . EMHITD, RO MBI D7k
MO EBRERT 27-DICHBNCZHROEBR LGS 5 Z
LT E 2 3D-SEM BEME 2 E A L, R Azt
L7

X512, BERS (TT)MRI OARFER 2B L7, %
7o RERFOIEE) OE 7 — & (IMRI B &L U MEG) %
VT, LT OB O KBURETE 2 &0 B I D R @
FERERIRG & 2 P 2 Hfi s S EE L TETWw 5, MRI
%2 WO C AR R AR A A 2 B 3 2 MR HA AR [ 5
BERLT IV ARFNIT= 2 —a R VISR - Wit
Barey AL AEANE BRI L CEBESEHFEE
WA U ABERHC B 2 E S MRI 2 bW 4 X —
D ¥ T D@ AR ORI ER R HEE Lz,

2018 FFFEITIE. & D SR INARAE - AR IRHRRE O fREH O
eIz, KB T — X TR M Eams I 2L —> a

> HT O BAFE 72 ¥ ET R 22 W ST HR R O B ST IR P & 5R
L7,

2021 FEFEICIE, Hilzlc, 2B AT RA Y XY VIR
2 PLEHD % 2 M. FiOEENHIL T ORFEE H
B3, MHER L SR OBREMBICEREZ Y TS [T
RESRPERZEERMT) v whiEHEE & 277 ) 7 MR o BEREHRE I

i G ar e 2t i DI ETHCE ) S 0 vk 1 6 N - AVA DA /N
BARUEBZIINIRETEOMA b SE W e TRERSIHI
BRft =), T8 o @ ZToM 4 DT 2175, 2
B e AR BB RERRAT R ) 2 RROL L TRFZEZ HEEE L 7,

RO, 2022 FEFEICBItA X =55 4 AP A A - FRIET
EHARIC B\ T =521 B3 2 3HE oERIc T, b
D6 ODHEEE L TAMALHMIEL TWD, FTH,
IR, HERERE, BEEEMRIEOREICH 2 DT
H2BEWVSFERICLBHIRD Fie. AFEOAREIL, 4
BERED TEH MM O L K AL Z OBEFEIC X 2 RRE IR
WCHDZ e EERL TS EED % L & bz, BoHEiE
12 & BEHRT IR B OB E D T, 2022 41
OFFFLFEEE LTI, EmflEifst e AlF0 7R E
ZEDHEE T TR & B B & OV o [ T
e EfE Lo erBiFon s,

ErDHEREDEREIZR T -BARDERY <A (] : it gE DL — LL RIGIEAR)

ETILEY | ¢ HRECBEIETHTH-FEEE > | Eb =
o o T
A HRITE
FEE RN 4.& ................... _p ‘%ﬂ-ﬁﬂﬁ:ﬂ(ﬁ{*p&)b)‘
“r S5 | 2A-0E-BERTHEES ]

2 - RERELANILTO o

IIIIIIIIIIIIIIII’

EROME &R AR
I _ S5 T HMERB O
#ﬁlillﬁum)bfo)mﬁ . T f
H -2 F TALRILOTHE TR = =13
\lﬁﬁ!?owf%\ AT :
:

ETLEP(IVR, Fvb,. ERT HETFRELYE)

4k b OHEE DM AR B AT 2 HD A



V=LV RARXA=D v T ERRT SHRMET

{E{aF

123

‘&t (2002)
= y SRR FIAME
(2006) [71' PRAY.S

L
BEBT AME

ALy 544
__(1982) EFHME

[BFEF.

FRIFEHAI SR SBMRI(

2010)

R IERERE
F5x—2] BFEMEKE (2019)

| A x-SV /BRENS
b (2008)[&iRBERT]

BEBIBTT X FMRI
(2015)
s
nef OEELY  ———
(Q0BEEBAFE)

TR TFBRRREAMER
(2019)

FAY T LKFEME
(2021) [=a¥]

3RTEHEE

SBF-SEM

EFHERH
(2013)

300kv
7 74 FBTFIREME
(2022)

"

200kv

7 74 FEFEHRS
(2008 )

X5 >—LLAAX—I 27 %ERT 35K

1.8 Iy a2 HEFAME ICEYT 2EE

AEE, UTOZHRE T, RESLFRFFAKE E LT
DIvTayiERELTWVS, FHEREOREOREED
HEF AR OTEENL., HEE XD <D 2 HEF L
HRTBOWTIREINL TV S,

(1) KBIA X =2 ¥ FRRERFC X 2 ILRIFIH 52 5R

2 fEHA D RiE B o FIRFEH AT AT RE 7B 5 2 28D 3 7
2 Z (T) EEHE SIS E R EEE (dual IMRI). &5
% (TT)MRI (2012 FFFEE A, 2015 2 & H BAR) 72
CRE MmO ENEE TR E AT RNE S RE
NRWE R ORISR 2 RA L. HEFRICRAL T
W3, 25055 TTMRIE. BEEE OIS 7272
2EMBEM OIS D EI L TW53, £/, 2017TEED S
2022 FEE T, 7 VRAFRFNIT= 2 — 0 R VilEEHK
5 MRIFFZEFT - BiFFE O E 7 v 1d+ % EESERE I =
WAMEANZBHIZ e UCHLE L. SEBKAY R AN 5% % HEste
L7ze 2D &I b DIGFEREA X — 2 ¥ Zeliitkin & %
Ko MEFEFHFER L Tnws,

AARBERE A X — ¥ > ZHFEIFIFH FEBR O FEhfFE03. 2016
TR 31MF. 2017 4EFE 31, 2018 4EFE 36 fF. 2019 £
38, 2020 4EF 41 4, 2021 4EFE 44 #F, 2022 4EFE 37 1

15

Thotz, EHIZIMBENTHT 2 RIS o & E B o
MR NMBER D729, &G IRE{LEE %
WO TARGERERFSEIC & % b b RANESAE D fRRH | B3
. BEEZDR - IR0 & KSR 2 EA LT\ 2 5 HE
MOME Ay b7 =27 2B LT 2021 FE FTHEE L.
HERT Lo/ 2022 FEDIEE ML TV 5,
2B, BRI X D EEEE T MR O MR R ATREC
Rol-DITH &, MREKETOFHOBEIESIRES ., Zh
HIZOWVTIE. HFEAMAEBRAORMEMFEIL TN,
(2) —MBILFIBFZE - FHE R

M—idLmmse) ¢ 9EHE O MEHEILFATL) 217> T
W3 (EMFROFENERR 2 25K), 2odbiE, KM
D HHEOERS (1 mm FEE) 2B 2 MRS - MifayEEh %
FRTY 7R A LCBIEATREL Lz 26 FiliEE L — 5 —
PEMEE. MIIOMHIRGE PN T 0 59 FIETEIREE D REIRF IS A3
AIRER 2 eI SO E UM, MEE - MRtk o
BAR DB RIS 2 R THID THRE L L MK
NAHZEE TN Y. A E S WR - B L& E
DFHHBE SR FE RIS AH - TV 3, FHEIFLFEIFEICRE
LT, HNghafEic o mEEaIa =7 s D=—
RNHD & AT O FE AT RE 7R S 2 BT - FE L
EiT-oTW\W53,



2022 X 9 D Ot EH FIRF AL (St E - BEMEE o &
o YIS 2T E B W 7 HIRORRE - TEREO
AHULIRNT, T A VAT ZR—DIERK - ft5, BLXUEE
HAOBILFEAER, EIRES FEGKROKEHE Y 87D
MrEIC X BRE., RHEEER O 7B XA F 3 7 2 DR,
% RUEBIUSEMER I & 2 2 RTHDEA R — D v FiRMT, A
RIBENIZ A F 3 7 2D X 2 R0 - IR DO fRRE
fEiH. SEiE T VB OER, < v R - F v FOfTE) - R
#t - AEFERSEERNT) ML T2, 25 B, HR2EEIE. &
B O HFF R O A DT, B E IR R T
et v X —OFHEHFEIML e UTHE, EfiL 7,

e FEMBEOEY: - AV#ICH) T BTHRD
BT MR R % BB IRY FTRE R B BB R E (3
KILEBE BT EMEE (3D-SEM);Zeiss HH# Y igma 8 X T
Merlin) %38 A UHRIBIZLICHE L TV 3, 2021 FEERIC
. AMEFONEFEZ TH LT LW 3D-SEM D24
BEA LT, 2. 200 kV OKIRE THEMEE. Lmal
RS v & — A X N7z 300 kV OKIEE MO
P TINRZ ) == L, W R A THEE Y
WFZEICEBA L T\ 5,

(3) W= - HEEMFRER

EEDER KR - KB O 1T L T
2 ORWEERHEL, BEO L, FHREEL. RELT
W3 RERHE, LRAAMAEEERRZEH LT £
BORZHBEL TWS, 2022 FEE 1 28 FDOZERA. *
VoA VIER, LA VAL b ATYITA DA
7V FERICE D EfENL, ZhsZ@ T T2ED
RILFEIFIA - HFEFEOMEEZR D, ZHE T, B
RS DN E BIFFIC K D, Hil R Hoa)
HNCEBRL T &7, 2016 F D S XK AL A AR &
U CABRT O RSSO — 3R & L TR T DBz
R L. 2016 9 E ORI (JUNKZEZERHIX), 2017
FEEOIAT (RILKEE) & HEHEE (E)IRS). 2018 FFFE
D& EHET (B BHLKY). 2019 4 o KPR (KR
KF). 2022 FEDORAT (FINKFE) L EML TE, F
7o 2008 FFED B 13, FFERDEFML (ERDHEFEL, S
Elp & FEE ) 2 M 5 HT. i cEEmRER
FEREIE, B -2 PR L T X7 (202213 11
Z M), HLFEFHHFEOFEETIIR VA, AHCIERE
B VAR Y iR B L TH D, 2022 4FEEI3EE 52
\23 4> 54 VB X iz,

(4) FL—=yra-—2x

mE VEMBVEEBRRN b L — =7 a -2 Zhf#
L. 100 % Lo REOEFHEE - Kb - F5E4E.
BXUREOMEZ N L TEZREOEBRHMOHE - 5

16

217574, 2EOEFHAEEOERICHE 2 OFETHUY A
ATWS, 2022 4EE1Z COVID-19 55 7 I DIBEFE I 725K
DOEEIZE D, BERITHEDHWIC X b BB — 2
OHIEEREL, X794 va—2ADAEEEM LIz, X5
120 20114 KD TESFMEMEIE ML —=v 7 &L
IF v —) ERELTED, 2022FEI1Z, FH10E%2 4>
FA MSTHM Lz, T/, 2022FE XD, #Hikzic, B
WgEEmTo e L —=> 2 a—2) 2ib B
F oA M THEL 7=,

(5) =KRIFNFTaFANLFYY—2T0T 27 b

AN, EREY L LTO=KR Y FL 2 2EO KR
MRE IR T 2 22BN T2 =Ry P - F>a
FANLFYY =2 T aT =y by ORFEHE (2002 F
FE-2016 ) & 2 W BRI (2017 FE-) 2B,
NFETIC, BN 30 %83 IR &5 900 SELL 2 4t
ML T&ER, BEE, A S 0RIEEML Tz
W, BRI, RERBEBOFHEERE - b MTENELIFE L >
£ — (EHUB) &1 LT, RBEORD HNF BT 21
FEED TV,

(6) HKHi%

B6121%, 2014 FFEICHAKRBUNBEEE D b & ko ik
TE U7z THRBERAR 7 1 HE MR ST 7787 (HOKIN) S EF
72 O HAMIFRAERE & LT, FIRMcsms % & Hic,
2 E O L OKETFTHRE & DL FEI - B FFSE
& - BRE I F—%2XR/L TS, THEDI LAV
ke, B, BRI, X HICHRORERZTITTER
EELTW2 7010, HEZEEGEHBICERL TV,
(7) EIBERS

AFREFIE. 2018 A FE LUK, H A R 9 T 5% B 6 HR A
(AMED) OHE¥ETH 2 THHE 1 E R H#E 7 n o
Z 2 (EBE) ) o H AR (FFFTHEE TR & LT,
FHEDOHEHEII N T 2B EIT > TV, 2023 FEH
M 25 7-012, THFK) 2 OFET. SH%RoAmE
WZDOWTOBRREDThbI TV,

(8) WFFEHiEX > & —I12 &k 21T IR

2016 FFREIC TEXRoTHFEIMRBIAHEEY > 2 —) 2t H
Uk & b, s > & —) 238
720 WHEHHEL > & — 2B W TIE, THEFEEHEE S ) At
FRHBFZRCN T 2BuEbER O LTo®kEZ, %
MR | HY AN ARSI SE - AN 5E S R B T
R TN A A X =DV X% OFEHR & L TORE
. ENENRLLTWS, £, TEEEEHERRE) T
. SAAENE BEIZ PL 2 B0 EFE LRI 2 #HEE L C
W3, [REREEEZE ) &, ENMEBE OFFE 2, H
7 4 HIVHIESE R R U CAEBRIChRIANE L TEHP



NI FEZE R HEE T 2 & DF2H, TEEMEHEE S 2022
EEI, TRPPIZED S [l 7Tay = 7 MR 12
BRI NI I 2 =7 4 —DOFEIWD ANH L WYY
AT OMRERED R B T,

(9) FEBEet, 7 —2~X—2DHHE

Fetiaf & O AR BRI DY RE © T % B el C @ O i
BEMPMIETFIE, Y 7 by =7l MR @) =
EHAARCODOVWTOIEELWHEER L2 T — 2 R—2X
ftLY = 7% 4 P TRBELTWS, 5%i3. BROBED
i < 7z, AEHI ORI THIS - BRI 0@ 7 v
IV R L, FEEREAR, ERT— &, FRICEREIKTH s
MRI 7= R EIZDOWTH T —EZR—=2{LT 2 R0ED D
%, 2021 EFEICT — A RN— 2B HM L § 2 REGRM & %
BL. MRIT—Z2EHD7F—&ZX—2{LICE D HA TN S,
(10) JAHHES)
KEHFHAEBEOEBO OO LT, mHTOLEMHE
TR - BB BRE L R—AR—UDBHEEL, BT
T ZE (2022 FFEE, /94,000 T 1F) 25T WS, 2007 £
XD INRERHOEE 2305 EIF. URABRBS2HE L.
JR# 7 7 b U — FIEE R AEMINC R L TV» 3, HRE
AI2=T 4 DOARKRST, TR - B - BRHERM - /2
RELE - N EARAT T B A MBI FAEE 21T o T b,
2022 4FE1E. HAEHERE 100 FERaARITB VT, 4
HtoLRAMHAAREZHENT 270 FarIiF—%
B L 7=
Ty 33 TRERAE - EFHAEED
B ICAT5EH

ARG, ZOE 3 offid TEFHAEENK - B %
RlTiodic, 2R T0 77 221 T, UTORD
MAZHAEL TV 5,

1) MAMERABR LA GRIEMZERVERIRAE S e L
TORFGEHE

AT, MEMARFRER OB LT, 4
BEEFERI BRI E IR O KERHE 2 H», EEh
A7~y - VBELRAREL T2EERUEH
AP LT, SE—HHREREE 21TV, EENAER
¥ MEERE R ER L. 2 - L AME ARG L T
W3, AR EBICE 2022 4 12 ABE 33 £ o3
RORFGEDIE L TW5, BE2EOKFHHARE
EHEL TW2h, SMEORD D=0, 2018 FEED 5%
LA — 7V % v V%R e LT, RE¥EBOE R EZ LS
DOSMbAGEL LELHD 2EBIMH L TW5, 2020 FEE
513 COVID-19 DILRDEEIT I DA 74 VBflEL
725, BINFRLLAEINL WS, — 4T, H#FE1-3%4

1.9

17

DREEED N EN D 205, EBRAPAEMCINZ T, FAERH
HELZHAON D, IhoOBFHEITREE TR, 41
WD A72 & FEINS O WS B I %2 15 C E B Hy 4 2R
HMEEANDEEH ATV S, 5K, BHRREGED
IR DMRPFEEL 125, Foo A, REOK
FhiAE R R FRA AP RE & LT AR (2022 £
104), HE - fBEEToTW0 5,

FRFRAE IS Uy BRI O N2 TV, HEHEE
Biio7z L CHRBER D T2 ik, WIEEEZED
TERDIEEEIT> TV 5,

(2) HHEBZ KRR E

AFRRFIE. 2010 B X DRI VIR ORI E H T %
MM EERE BIET TIMRESBEREG T a 7o o) 188
WT, DB RO ME S (ERAEE. B S
W, MatRlE, EmERELYE) oS T, B
Tele IV ¥ 2T LERAER - FEfi L. DR MR
BEHEL TE 7, 2019 FED 5% TRV E IR MRES
a—2F L LTI TWS, £/, A0 540
ZHE I LT TREORITR. it (MR 25T
=B HIDEZ A TW5B, 2023 FE0 5%, BRI
Ui AT St S AN I (1 LR 1 E38) 20 2 — KIS
1752 2 e E L, AR R 2 EE0L,
S NBE SE E EIRA AR o — 2 ¥ 2 B, ZDHIT,
MR I G a2 — AR AMEEZ Tt T 5 2 L
DUPELTWD, ZOfh, HEREHI L TEDTER5
BREEAE 2 HIES MEEM T a7 7 4] 3, 20224
ETHRT T2 Z e E LTz,

(3) R2EBUEDREFHINI X

WK E ZLHAROKFAEDZ O ERFENME L
A TW5, HMED & OB AT, BARYASZIREHO
RS\, X5 ICHEIRELTH 5, L
Tk, K¥EBEZ VS —F 7> 2% + (RA) & LCTEA
L. ¥7. AEPRYSOHEEZZT. AEEOEYRY
KEPEBHENDRRERISR 21T o TV 5, MlRHN O EHREE
NBRR 2FERE S & ORGS0 & 3255 % E W
NCTEWT WS 23, 51k & b BEEEHIE O IR ORELR AR
ETH 5,

(4) B LZERBIEDOFEH

A E O LB TH B NIPS VY —F 7 20—
T B - MEERIC T ABLE L TW5b, F/. HE, A
NOEFIHFEHE 2N FICHRRNFE TV, FHBL L7
VY IEBEICK o TIREETVEL, MIABEOIEEIT-T
W3, ZOMDHAZ, HABOXIEO AR ST, HTFH
BREPSHOMANRE DL DL TLFHTZ L LY
F— a Y. BEXORERICANG B O 5



PRI LXBIHEO—RE LTToTW5,
(5) L —=VZa—R - LI F v —a— DB
MEFRIEEBREM N L —=> 27 a—2 ) 2EERMEL
TWd, Fio, BT - BOTF#MEMEE L —=227&
L27F»—dbBBLTVS, IOHITkoT, 2EDH
FMRE - KEBA: - FEHEORE - BRICEERIET
HWDOHATWS, 2022 FEEM D HEFERSASEEREGN
L—=rZa—2] & COVID-19 ®2&dEKIZ & b ER]
TH YA MVEfMGEHRILE LTEH Y T4 YERET DA
Mirbi, LW TER - ROFREHMEE ML —=>
TLUIZF v —] &k, AV A MTHEMIN:,
(6) DRI - TRHADEZE - BOE WO IS L Ak
DETFWFEE DTN
MNREFHEER ) 29I LT, AR —LR—Y
Do TAERERDIZIZHEZEZD LA IZOWVWTDIEL
WIHEROREGFZITO. TV DIFA=2—X] ZEUTH
B« ANFEREE - /N ERAR IS D R D AN IS H R D 2>
DRILFELTER, T/, MA@ & DI
2 TV ARG ZEMRNCBMEL., METE
fifl 2 <o [ i i B} R T 2 & D i IC & 2 AT REHTH R % B
T 272 IR RCEM - EEHERMA b Hfr O 43R
2 IRIEEITE R E REL TV 5, X512, Mo
INREERE D THIRHRZE ) . BRSO TR —8—3 4 =
YANA R =)V NOFIIRe, MR/ N AR
BEXG e Uz TEE 2 - — oY% 2 & 5|
I T, RROEFHRE L L TOFAED RN -
WHEKL TV 3,

1.10 SHEROBFECHRICETETIa Y

EHE L TW2EEHFEL L TURPETON 5,
(1) M8

BRRFOEEL, UHBERNERKESIEEL TV,
2022 FEE X, EB X OHEDL L 0BRAOHBZFTLD
WEHDD, 2023 EEDOMINIKREETH 5, BLARSE
DEBISHUES QEH ZeBRAEh 5720, H#ER
PHIERXA TICEEBZ A2 Fr e i, chgxTcllh
KHTBOMEBERREED 2 e PEETH 5,

F 7o, 2022 FF AR TSR IREFFENHE T L, 2023
FEELFEETEOB S Tbivknizd, URA OREME
BOWIELDRD B %, URAIZ & 2 IHENIBEC AR
I S TARAIRZDDE 2o TND T8, FEHOMMEHIE
BRAETDH 5,

BN OB TIXEAD & DR ERFHBIC L > TRE
PLERZETWEHZ LD %, EHIFTHEE, A
PHEDHEMNZVEEVTWER, FoEEIRV, &

=

18

B, DL L THMEZED B0, ZDHEITOWT
BT 2 BN D %,

Zofth, LEHOHEEDOE T 2 EmVEMEEZTE» Lz
PEAFEHE D ILRIFZE & FEhi T 2 Z 212 X BUNA, FrariA
DHEFIC DRI D S ORER D A S,

(2) BURDEAEBIRTIC X 2 WFEE DPHH

2022 FFERT, 2 N\OBIRMWEFBIREZMZ, /214
DIMOFERE I BE) (7272 L 27 n A7 RA ¥ b AV NI &
DAEIC D EEE) T 5, 2023 FERICD 2 EER
Wzl z, 2024 FEERICIIFTRAMEM 206 7 LRI L.
2025 FEERIITE HIT 1 BPEFERBEZWZ 2, 725D
WFFEERfIA S S B Z ¥ 1z b . HFZEiGEN DR R A3k <
oIz, AHEA2AKE UTEZERIAFLEHEES 2729
W&, BRZEEFIDS, BB REL TV e hRkdoh
279, L WERDEE L FRHREF O S LT
RoOHETH 2, ZOB. SHROEHEMRIRDIHIED 1A
PICOWT, BITEORREMBIE Oz 2. 7.
EEHESRETII 2T 4 DIERERVENS, T3
WFFEERF DR S B % HEICTRD TO L BED D 5,

e FEREEENRY LEMREEENICERTE 2
HREADIRE XN TE D, LI DT 2253 2 HE A%
Rz L T 270, B HEICHHF 2 ED S Z b
PRUCEETH 5,

7B, BT 2 THREPEAROEEZZ T MD T
H5, EHPIIEBERZOMEEEBE L LTWD 720,
MD OEFZHRHHIH > TLE S DIFEF L LRV, Ko
T, St ZORIRDVWTHEE L THEFRIEE RED 5 2
ERREYrEZ LN,

MBOEAT TRl Lz & 512, EEEke LTS%EL
WKt o Z D THIRFEE M2 E TS Z 2 1%,
b FITEHELED, KERTHEHNRAMEAS 222
RBH, ENTHRE, WROZEREZMERS 2 72D
FEERFI DIANTEET 72 U B 720, & 2T, SR O
FERMNC BV TE, B & D D AWEED Y A X 2o T
CrEEMEI L, THOAMEPREL DD b ZE RS
FEiERF LT Z kDN 5,

(3) BEFLRREBEDMENR

Bk, AHREHEROKFEBED N FERD B LT
%, KEBHE. B LUREREE S EFHEHEOERITE
HMOIv>aryThHaILIZMA, ZFNBi2H
BBk A\ 2 AT 2 REGEOS NG, BIFLEFT D
0% OV T ORRIEE 2 iEHEL T 2 2D b &
BHTH5b,

IHETYULIR. MMERREZILS 7E—LTE LD
12, KREBGEBN DIz DI — T2 F ¥ V%A, HANEAE



M DRBRAE, BIHDOEERIFONIPS A VX =2y
TEOEH BT 272912, FERND D 2 ELEFIEFICD
WTOMBPRETH %, F7o. EHANOFLMRIRIHE %
Fifs L w0 2 0 OB L Cid, ioss b x 8574
KEEBRAEDEIFICHENT, NIPS A > R—2 >y TOREFR;
B LTHRT2E0EMTH S5, X512, YOEI
BVREBHREERELY T CAEREICHEANS Z
NTEZ LD, TRNETRMORNWT P 7HEDEHL & O
BRMERBRT 2 bR DI EZOND,

KFFIZBOT, RELLSENT K- FOEDH -
TENREFREDEBICKINI L TW 2605 5, 45
Hcix. Bhic, BEE, VI —F 7 RAE Y bOKEGER
RELTBY, FLEFLREECHLTE. XDEHEDY
B—FT7IREY MaGEEZTWEM, £ 230
270 MBHRIRIAE L WRTIEd 25, BFH LK
B OB BB O X 572 2 5 E MG T 2 HEH
H5,

IHNETORITIE. FLOWIHEHMA»EO 2, 2
Eo TREREDMAT 25 —2AhZ L2 Hohs, 2O
R o b, W o BREA 2 B ko #H LD iFZeiBr
PETZZeNEENS,

(4) a0

HHRSFHBX DB FEBRAR 1 Tld, KHIBSUE & B ERTL i
Wiz XN SPF I EDE D72 OHBIGE VIR AR
W, HEEFARICHEEh TN, —, BFLDEAT
W BB 2 Tl BB ORI D 2RETON D
DD, BYORfFERIEFTbh TRy, MHRERD
MR B R E 2 5| Z R ZATD Z e DB ETH %,

ILIFHIX 0 3HFZEATE & MBI RS >~ & — T
LTWAEPICOVWTIE, FRREBERICEE > TR
WH DD, EHBMEORHFIFEIEL TE D, 20D
HOBEBENEATVWS, ZDH, 2 LTOA—N—
T RDOEND, Fiz, FAED & AT O R
o Rty Z—FHAFHXOAZKR L. ILFHXT
GIEENDME I U Tze 2 DR KRBt o> B 307 Fl 538 B 70 3R
R, BSEE R -T2 e dH D, HEMICIX
ZEOEBRHEAET 5, e, +—7> 37 25 Rig%
B, COXIWCEMEHT 20, DX 512 L THEH
D7D DTHEIER T 2 2D RRHIX B X O HREHAH
FEMOEE LR Ko TV 3,

(5) R

PR HE T 1T & 2 81 LW SRR o i 25 Y — L D B

AT 7 R=F e LT, EANRIFRDOERD A S

19

NZ2Ze2LbDDH, EHEFE LT, 5H%b. 20
E O RFBFEE R HT TV, £, & MK
TODIESTE e O, MOHET — XA X =2 > 7
T—=REDT —ARN—ZADWRL | ZDT —XOfFH D=
DD AL %2 Z LRI T — X iGN e OEEEED, 5
FIEEICKR S, IHI1T, FHEPFTIX. 7 FEEHIIL
T, AEVAEMEE (RFF) 2@ L., Ao MRI E{RE
1FEE ) D NMR BT 3E % W7z, 77O B3
ZETHLOIIROEMZEET L TE D, e AT rRE
RICHENT BN %2175 ZEPEETH 5,

(6) BBk

BEWCHESETFC Hac L7225, AN, FHYEEORK
EHUB %/ LTNBR Fu =2 + oHiEICH LT
W5, BT LOED HNEE, SEROIEINCOWTHEZ
Bt 2 Z e BRETH 5,

¥ 7. BIWFEER O AVEIRGE & 320 Th S IR L C
W3 7e, 20 HDOIHREEE 2T % Z L 2T 2D
WEEREZ 22 RDBN 5B,

(7) COVID-19

20224 D, SAHOE T, HHIIT 1 AHDE 8K L
BWUWERAERD A SNz, AR L THREDK LITR
RIZOVD, VA NVREGUCE T 2 AN EFEL, Vo F
ERLER L., ERBEROEMIED SNi/-d, Fiz.
BRI HAR SR 0 BREEREE IR 3300 F N 2B ATV
5ZrbdHb, 20204, 2021 FEEICLET 22, 2Kk
LTRHPREBBEEEMORL TV IELD 5, 20234
SHIZIZ, BUFICE Y, ~ A7 EHEsHCET 2 RE LD
frbh, F7=2, 202345 HICiE, F22806, A 71T
VY RFEOE S EANOEEMTONE HIAALTH 3,
L% 0 With a2 v FORHRICE W T, BRI EGE
TERSPEREMICHEELDDOD, HILWETHEH . DIGE %
ERIETE e PERETH S, anHHORBRCED, &
RENL Y TA VTHIICEMARETH % 2 & EHHK
X, FRUIEBORILIC ORI >TWE, — /T, b
L—=r 7 a—Z, FHREES YR Y A BRE D
HEFIHBSE -« SR - BFE S RO T LFIZDOWN
TiE, Y74 U TRBTUDERTERV, AU
DL FED 72 D OXE T DO FEID EEM: b IEH IE W,
S0 With a0 FORRICE VT, BRI ESR
RPEFEMICERE L, £/ A Y74 VOTERIC X D ¥EE
DR ZER D DODOB, BEROKEZWVH L WETH 4 Oxf
HTOIEHZEHIT 2 Z e PEETH %,



2 BARIFHIRERE - E@RIRERE Y > & — (ExCELLS)

H AR O B 72 2 AR L 2 HEE L. BB D #:
ZHEA, EASNORE - IR OWIFEE I 2 =7 4
DEHE - T K D, 20184F 4 HIiZ. BARIEWTITHER -
ARl EESL £ > % — (Exploratory Research Center on
Life and Living Systems(#§#5 : ExCELLS)) 2372 L 7z,
MEETW2 22?2 2w NEORIERNZ WO g
BRI T, Eami s EF OB A T L WEBRIC X
2 KB A mE RO RGES X O 7 71 —F 2 H
DA, EBIRDOHSE @ U THEMORNE L HfET 5 2
& % Hig U ERER 20 ety 2 LRI A - R ERFZE oHE
#EZHIE T %,

el 3 F%RE o> i@ ffiE% & LT 2000 £EFEICERNL X AL7z f
RGN FHA T Ry X —ICRBT HEBIMNA
T, [ 3HEET 2 & DWIFEE . B IARRIART 7T 70 2 Al
Rty R =D 20008 (T4 ¥ A4 x> AT,
ARX=I V7Y A4 T AGETE) ODMFEEDRSE L 7,
AR BEOE 18(N. ARFEAFIZ 7 44) (2023 4 3 H 31 HIF
) T, BIBFZEREBICIE 16 DIFFEZ L— T ¥ 4 DD
BRI 7 — T3, MIRBRETAE R E R ICIZ 4 D DOWE S
—T BT %o 0 THEIORFZERF) 724K 2 # 2 al4F
FICBIlS 2 T4 %), Foh s EREINETRIEOZE) &
OB ZFH AR TXEo), GREMENL Y Tu—F%
EHLTEmO T s &4 TREIKT S 5L %) &35
il L CAEMORGHRMOMEEY HIgES, o1, 5%E
B MBIIRT . X — TR T Z v b 7 x —
L, WL T T v b7 — 2 HERBL 72,

AR 513, OEER S 27 F LIFFEER P 23 Bl R FE
B DEER XA I X LRSS v — T2 LT, il
OISR D3RI R ZE RE IR - IRV R I — T e
LT, NA A7 4 b =27 RWFERRFIDSBIBRAFFE AR - N A

20

K74 b= RN — T LT, iRETEIRGERAS
WZEERT 2 O RHEHERUR 1 A 0S3RH Y 7 W — T
LT, ZMLTWS, AR5 FREE I % OHE 3
2 MR G AR f R A = - YR B S gL v — 7
3. 2021 FEEIWCERBENET L7 74 A BFHEBE
W, HEERFE 2 AN Uz 2. et T 7 v
b7 4 — ZHECBOTHB S W E-EamiEigwE >
0Pz MEIRFGET N — TR0 e o THEEL TW
%, e, Ay TEREHHIZ L — 7 Tld 2017 FEICE
A U725 7R SRR % B D 72 LRI SR 2 HEEE L T B,
2022 4 12 A ICHEERAEY ERE 7 — TITRHE MBI
BEL. N A7 4 =27 AWSEEM 2 OHE L 72, 2021
ERECHREOIR T AL — T FE L, 2023 3 Al
FHEBHBD BT L. DEER S 7 F VRSEERF % HHE L 720
2023 4F 3 AR BRI AR AR A 2 (WEL - AR e BR B REIET
G TN — TV IRHEBIED B U AR ISR SE R
BOHMEL 7o 2022 RIS, THE TRRAATENI R EZHAE
WHZEHERF &2 GHE U 22 8RR R AR 3R L. 2023 4F
EXDMEBIRZ o7 B 2022FFE XD NA A
7+ b =27 ZAMFERF ORAH L E A% A ExCELLS + >~
X—REHEDTWV 5,

2022 F I, BEEEOR TEE ST S & LTHY
6,900 H DR E %1572, ExCELLS —%3LFEFIFZE 54
. ExCELLS R (> — X%41)6 . ExCELLS #f
RERFSE (—i%) 1 1. ExCELLS ###5¢ 4 /F. ExCELLS 7
oY= MO, ExCELLS 2HEiRFSE 2 . ExCELLS
TG 8 1F. ExCELLS R4 RS 6 1 2 4747 L
THFEFFREHEAE L 72, X HIZ, ExCELLS ¥ Y RIW 4
% 20224F 12 A1 L 7=,



3 BARFHIREE - IDHFEImtE 2 —

3.1 2FEBEIRR

B ARBIAR SRS - o BRIt > & —13 2009 FF IS
FALEN, ZORRAR—I Y TF LA T LA VY
A TV AD2DODOMIFENTIRE S, ZIKIT DT 51EH)
BIT-oT&E 7=, 2013 4EE I TFH IS8T 2 Emges
B 2Rk E XN, 2015 FEICEFEENICT A e A F
0y —t X =ML Nz,

2016 £ X W HI D THAIK > 2 —RE2HED TV B HA
WEHED R, E#FET->TVE, A X—IVTHF LT
27V A VP A T ZADEFEICOWTIE, BN =
WP EAEEC TBFEO 7 LA 4 0 AR TS &
VA RXR=I VT4 T AMETHEMERES T X
AEmRIE > & — (RFF) %2 2018 HEEICAIR T 51 &
BHIAENTVWDE, ZOTEINES T, 20184F4 A T
FHRENA AH A T Ry Z— ] ZREINHEHE L. ¥
7oz TAEMmRIBERS £ > & — ] DRI X EE 21T > TV
%, (FEHICOWTIEE 1 2. 25R) Mo THREE
TOMMEEIEE 2T, 2018 4 A, TRty
T BLXU 177 XA AHEDEF) BFEEL. TiLd
EENEIT > T3,

2021 G 3 W EAR - TR I O R I D
7eDl 2022 E X D AR Z 7o, B4 BT, 2021
EED BH BRI > 2 — D8RIz oW T Dk DB
R, 2022 FEE bRk Nz, ZOREHR, (1) 4o
2FHE 82 2023 FEH HIF. TR LY X -8B X
CEPSEEM S > 2 — 2 REMICET 228, (2) C
NE ToOMREEILHERTICRD D FrizicxiIoh
HANIEHEATR (FF) D FIc, el Rl Ersen i7. #
DHEBEEF— L%, 7A MO T a—Y a ¥ TS5 A<YHET
P, R A X =Y Y TP e HIcE Z
& (3) IR AL AMFEREITOWTIE, HREFD
EFBT IR F Ay =7 MZEDOEE E R,
FIBMNHE T 2 2 e ST EhTw 3,

3.2 SEImICRIEAR D

M TRREOHME LT AT, 201844 iz, W
RIBOEIZ (7 TR ZEAe 1 6) 2 78R e LT,
Felm R AT e B 235 R LGB 2 G L 7z,

LB 7T BT B S By, ThET
HARZEOR I T L — 7 AV =% b7 b L, 20 i

WL =Y =R Yo LW RO HERICE D Z
NHHE L MR L T E 7, SRR s B cl, ot
ZOHDDOFRHEICET 2HFEHOFR L 2hICEO W
FrEEEOMBETId R < TFREAKE (12F) I Tn
205, EMmRERYERIE. O HAREE DA OH
JEFRDEMIE AR 72 b DIHEEE YT, e L
TOWHFZHERL. EMZX2) 2t zHNE LTEE %
HEHTW3,

2020 FFEICIZ B R AR S L AR & 3R
AHCBIZBIMD o TWb, Fie. 2022 FEICIEH 772
I EF Rl A R SR BL-D < AR o 58 FH R B BT B 7 2
DR JEERAY - PRERA R B SE & LT TS .
BIUENOERHERT S TR oFvd =7 MERD
RNEZRITO, FHEO LEGREZRE L, FEfiL 7z, £
W 51&. HZEERRHEMEBIR DR ZREI IR S N,

33 TISIAINATHERE

20184 HICHE L1277 X~ A F781%, 2021
JET3EMDIEIEIK X 2o T DM, BAREN TSR
JUNKY: - Bl ERY: - BULKY: & ORI CHiks X L7585
e T 79X~ Fary —v7 5] ONTHIEEZHE
WV, BB 2R ER R YO K T RERICER L
TZE7

AR &1, DEER > 27 I OVBFFEER Y o e A R R
MEHEZEL LTBELTWS, 2022FEE 264 HEKR
ERFLE R TTIRAINL Faryy —o 7 LB jE
L. I ZRIERERKEDF b % 2 & T, BEFEIGH
% B8 L 2 RG2S hize KRBT TIE. 2h
FCWHIEHE, FlmaBRENRBICES KRR 7
R~ DRI FICEE 3 2 EiE AR 2 B 5K 5 2 Bk 22 i
FEFE R CISHIIZE,. 75 X< RS CHRAE LAEKICHE 2
52 2570 FREOEE. &7 FREOEN T FORE, £k
RO - R 5 = 2 2 OIRIAN CEYIRICHE L 7= %
LT 7T X~ FAE AR E D B FE N R D RS O 1
SEOWFHEE R AT LT, BUFORERZEIRL 72,
F 7o, Fi RO BERMENREICES KR T 5 X< v K
OHEHEBFBTRONZHR OB HEEZBRT 520D
AR VIR U 7o IO LT RDBZET S
N3,

o TIRINA AR RIR T T A~ WH LI 2T
4 Y ERWPTERS N2 IEMERM S ) T2 ALK R

21



SR - AR R AR R LA - 2 FHEREET -
e 2 RIEKBIE L ORFIMFFRICEDFEE L. TSR
MR ICERE R &RE RS 2k~ v 2@k~
THASIZ Lz,
TIRINRAFaryy -7 AHERER (2H2H
WEBBflE) © 2>y —> 7 AHUSHFSE (5 358) & B
72 (1238 WIS 2 M HREp Thb iz, 4
EAD == BRERHBHS IS, FRCEY: - FEY)
RIBU 24T OILD D BERET & 72,

34 FOEBHREE

TR Y X —Tlk, 7R b4 Fud—3H0D
MATEZ I E 2. 2015, ROFHFL DT OHRE 217
5ZrxHKYE LT, MEEZMEE (Y 2REr T2
BB RAEENRT S, o BRECHET 2MELT-
Too Elen TIRAREMETEHITOVWTHRI T2V —F

22

TIN—TRH B BRI L R R T o 7. 2016
R, AR HEIH DI REERIETE L 72, 4B
D OIFV EODEAMRFINEIZD B L TV 5,

2017 4EFE, Wi BHAIREL > X —DRDF —< 22OV T
RRB X OWEI 21T o 7oA R, 2018 4R, #7712 50t
RI2EIZE 0, BT T XN AW EHHE LG
Ba Bt L7z, 2020 X, 7 =2 A 20 R 18D
WTC, T—=XP AV ADHE S 28 LVEARREIZOW
THEAZ DT TERETERZIENT 242 L THET%
fTotee T—RY A U ADGHISABREL 85 2 2133t
BRI NI, 2D, T—EF ATV RAZDH DN
HABHEOT—< kD330 O0TORHMBD D, i
R L THAHL LTORVIERESNE Z 2R o Tz,
2022 FF R, BB 4N BRI & > & — O UGH
AEHTEDSNTVWE I HED, FinHHEEEL L TOD
FEMRIEENI T bR o, 2023 FED 51k,
AHER D BRI AR AT O D E RIS 2 O NI Hi 2 FIRE
F—2r%ZEL ZePBEIERA TV,



4 BARTFHEERE - ERERERET > 22—

4.1 2EBRIR

H AR AW FE R - EFESEHET 52 > & — (Interna-
tional Research Collaboration Center: IRCC) &, 7%
P OR 2B 7 EREEOR D A ZHEET 2729
12, HREEEEOMME Y LT 2018 EE IR SNz, HE
EEEEF Ry X2 =172 b7 2—Yary IR
< YIRS (IRCC-AFP) B - 4 X =Y Y 74Y)
ERFFEE T (IRCC-QIB) @ 2 D DOERFIDHE X LTV 5,
IRCC-AFPIZ FAY DY v I AT TV T « 77 X<
WA E L OCREO 7V >~ 2 b v K% o E S FESE
1 oTHED. IRCC-QIBIZ 7Y ¥ 2 k ¥ A% v i
FErfThoTWwd, 7YV YRy RELDEEEIZONWT
. EBSEEES L > & — AL LLET O 2010 12 HRRRE
MHoeEtfE L 7V ¥ X b Y RF DM TR 7 E G E
TIHDIED. 2015 FLURE, BAEHO REFEANBEZ2H
D 7% o TEBEZ LML BT D fHAHED S, Bl
ED IRCC-QIB DIFFNI O > TWnWd, KiaTidEH
o5 ROEENCEZMES 5 IRCC-QIB OiFE#) 2 .l
2RIk S 5,

IRCC-QIB X EFHEIEM L > X —REHEDTWVWEE
BISERHE S O R CIEEI 2177 > TV %, LR R % A
O FBFENFHEZERDH#H G L TV 5130, AEROFHAR
—HER. 7O SERBEZ D Zh 2 IRCC-QIB
FRERELTVWS, 7V VR by REEENICIRCC-QIB
DYVIYUFT7 4 APREINTED, LFHMESY
VAT 4 AREFIEL TV S,

IRCC-QIB ® E#IEE & LT, HARIEWEHHEYE 7
VYR b Y REOHFIFIEICHERE T 2 FHEM B DJEH
2Tk oTW5, BHEIRCC-QIB Tk 24 DR E
MHEMIN TV, FEMFEBRIRZ TV Y R b Y R¥EF I
IR 3 BEREIIC B VT Y R F KD PLEB L O HRE

23

AN O Pl OIS 2 Z I BB SME Ty = 7
MCIEET %,
IRCC-QIBD#FE LD I v & a ik, XMHRDOEE - A
A=Y THEYPECETAMETH D, I TERE
W FER =TT AR =D T2V EOHEE
ToTEz, 20224F4 H &b, EHFHCEBWTEICMRI
ZRHWIMA X =2 ¥ W5 21T % o TWL A ITRTE B
BHIRCC-QIBAIRZHFHTET A otz ZHUT K
25%OEME LT, EREMFTTHICBIZ TV VA b
YRFE OHEERNA X — D IS E SRR T S
e MHREI TV S,

42 SEEDEE

IRCC-QIB OiEE WA X = > F 3 FIHES 5 /-
HOFAEEZHME LT, 202249 A2 LEEHMEDORITO
b, MHERB TV V2 b REEFRIL, #iEr o
HOREZITOIL TV 2058 4 # 5 Pablo Debenedetti
B OMRZAT o7z EHF L OIFEHFICHTD., 7
VYR YREATBNTIET Y VR b U HRERPER S
It (Princeton Neuroscience Institute; PNT) 23# 1) 72 i
HHREEZ N5 DT, MTNEERH PNLIZB W Tl %Z
fTo721F2. PNI® Mala Murphy FiE &, S#%0#HEIC
M3 2 BARZIT o7z Ty MTNEEZSPNIO PL Y
MD I =7 4 ¥ 7 %1T5 2 & THARRDATHEMEICD
WTHRET L 720

RE#FHH v F T 4 LV ARGEDFETIRCC-QIB D
TEEND KRERBELZ TV, KEANOEMA RN
WCHREE o TV B Z e 2 2. IRCC-QIB T 2023
F3IHICHARAAAERELE 7Y VX Y REOEF S~
RV LETV VALY RFACBWTHEST 5 2 ¢ 25t
HLTW3,



5 MIGHEIER - BVMERRRFBMAREL > X —

5.1 Y A—DEE

BRI E RS > & —1d, AR, Y
KO TR O BRI R E R EREY O EEH b
BIV)ESREIT S 120, BARRIAFSTHENE - Rl @ o if
PR TH 5, [t > 2—iF, PRSFHIX & (LFHXICZ
hEhE N, SR 7300 F 5 X — M Lo
BEZELZBDPETD by 777 ADMHRTH %, BHRSFH
X ¥ ILFHIXITIEE 2 NEEBY R L KEBYED D
D, YUZX+Fv b v—Fky b ZFRIFILRLEDIH
HHE 7I7VIVRHIN - XBH X TF7T7 49> a%
DRELENY LKEEY) 2 BB RE L. EBUTE ST 2, &F
eI BT B BRSO ES IS L. 2EKFEFD
YRR D 2 HEEF A E OREN 2 X €5
T r., RS EET 2 2 e ZHINC, 2019 EIC
HBTURE . TBERL Y 2 — ) o FAPNIER X
N7zo 2019 FREEICHHRSFHIX B YIMR 1 ORIE - HEEDITERL
L. 2020 FEORERMOSRBESI N2 LITED. B
BH1iE~v R+ F v M SPF (specific pathogen free)
fERE MR e 72 D, 2021 4E 3 H 1 H & b Rl 3 BRI D ffF
HHEIC KB EE BB LT,

[Flt > 2 —Cld. ENHNORAEHERETLE LI
PTRD LS. RIEMORMHIRBESINT NS, K, &
& - B LU BARSPIX BB 11X, ~ VR - 5y PEA
O SPF B R iE iRt e LT, RE - BEFORRE
Kz —fEdg—icay ba—L LEEE=E. MEYEN T
HEHICEBNEIMKr —YHOME 7 v 7, KAE
JERSURE L B F OB EINE - HERE, EREY O fFE
F v 7 WAEWERIREZIT S 720 O MR
AR PCREBEDHRE SNz, LT ANVANT X —
FrHOWTERLLBEFUEFHY (VR -7y M) D
22 - RE =, BV ORMHERRIRIERAT S 72D OIRAE
. SRR D & EEREIY 2 BA T BB S 2 M E
MRBEINT, MITNIEIFAET - - 7 v 7 EOWH: -
HE - WE TV 7, 1R 2R3 - EREICA T
M e, MIRIEE. 3FIIIITEINT 217 5 72 DA FEE
BRbsas 2 2 7 HERIA AR E PR E SN TN S,

WE - WEROBRKDORHUL, B - R - By s
I B BRI OES TG L, 2EOKFEEFED
HEFHAEE OFEEZ A LXE 2720, vTR Ty
FOFIEEICHR L CTERELRELLLILH D, I
W& b 2EORFEFEOLFEFMHMEE D, HEcay

24

0 — L ENTFBREOHC, B HOZENNICERZIT
ST ENTE 2,

7. Ry 2 -3, EEZHE T2 DEERM) 1
MAT, e r VEIERE) v TE7 18R EIR
Rt ) ZRGE L TV 5, JolinE 7 VEIIERE T, K
FRRBPETCRERT 2 L VEETFREET
NEW RIS L, SKRMATRCHT 2, 7 E)
PR BIREAT 52 TUd, FTRLICHE R L 7B R E B M O
HFEFAIZEE 2 EA L BB FHEE T VIV OITH,
R, MtkAREZ . At > X —ITBWTIERE, RV
TELEIFKR—-1T%, ALYX—TIE L¥X—-2
&y 7 OHFEIFUIC L D, BHS COVID-19 #4555 DFF
AIEEHTBNT, HFEEIKAT 2 2 L HRAIS
MRZHEETE 2 X512 27012, EiizEDTW\W2,

52 FTEHEMAZE (BMERXEFNBHAEL >

2—) ORI

2022 - X b A B O I [F R FH I SE 0 Rt & o H T
sHELEAITE (B BRI RA AL > &2 —) & LT
AR BTZE % BA4h L7z NOUS 2/ L CIES D & - 71
BT —<ICONWT, Y X—NTHRK, EERERTHEE
. HFEIFAFIEHRC X D ERPRE SNz 23 F % E
ML 720 2022 FFFE OB FFLIILL N OMD TH 5,
@5l 7L DR
BETFRET v b - v RAEB/ERL, EHEY, R
HISRER 12 H F 72 TOLENY) % BRFE.

(122 B & IR FEA A gE 2 > & — el 7 LV EIYIfE
B ATHE) - RS TR > & — BETREBYIER
B, PHRERHEBR
@~v R+ 7y bOfTE) - 3 - A FEERERRAT
EH - EBREFLEEDITYR - Ty FOFTH), AEHE
REM RS 7 X — & 2 HIE,

AT~ 7 A TOfFENT 2 FINCATO, BTIEE 24
FIXUAT o@D,

(FRtfr I EH . $H2Y)

(A) 158, %% - RO 2TEOFEA — 7> 7 4 —
U RERER, EZRE TR AR, SRR KGR, v —
& - ay FERBR, 28N AR AREAER, S0
BR. Morris /KR FRER,

(15 B EIEIEFRF AT v & —E T AEYRE

RUfEAT . ATE) - G PR & > % — 2 e A TR RE

fiEtr s, LB B

jall}



(B) EBIFZE LY L, R, HEFTOR = 2 —
B UAEEL, R SO R 4 — L KR Y 0 MRS
FHozHl
(HE4) R4k > 2 7 ABIFARFT, RIERE0E

(C) BEfTBFIC 51 2 BATH, 3L ¥ — NI
(3H2) A5 - PAYISR IR MR ZE ARPT, SEa

(D) EHATHIFIc B 50k, IRES. E 7

(1H2Y) MfRA=BERE AR, Bk EE%

(B) i~ v 2 %2 W7 JHREA 4 TowDIERE - MEEER
MRA X — > ZFHAL RO 2 72 D RER TR
(HHY) DIBBR S 27 F LB, Pa H#0%

(F) MBREZ Sy FEBEZH W~ Y XADIRERE
TR gt
(CEENE iU e T A N=F € 1 €

FMERLARMARAR LI —ZNREL-XRM AR, EFEHEDHE

S BFTRA

R MR <$::::$>

Fid e 3378 T 2% G &%

BYREXFEF AR 2—

=

SERLCTER

HEFIAHAFE

o KF - W2 HERES
oRMEE ) i— T
'5?%%;;2%@ Y - 1958 S HRETURIC & B
g 7
OERNNDHEE @ 45— BE IR
IHET IL =

@ ETILHYRIEEBEITE

V(") L%

U —DFRME. AMZERRALT
A FRBAWR T &

BF2#TLALUP

=3

53 trH—-IlEITZRESMEE. HEFA
MEROBEL. UE— ML

SRRV EE AR 4 R R R (AR R N S R 4))
¥ LT, EREEEER - XREAHAWEEHY €— b
{LEARRR AR ERIRS ., EREOT> VY v F X v M)
b EEFEIFIA - RS & LT oResRb, X &gtk
AR - EFEFFEORRIIC & 2 HEFERBE O EX 5 72
Hic, EREYEEEROBEL - V' — MR OERE
W - T DV — MUEHEES 2 720 O FBEHF O
iz D7z,

FRAFMARREZEC T B FREBYOD
EREZDORBEFBHBEWE
2EXRFRURMEES IR

25

>

AFHEICKD, B2 0F L EERIC. BEEG - B
G REZ W A 7P VBB 7 — Y 4 8 (46 BH77). HRH
BT L —Y3A, SR —YOBERTZ 5
HRVE— I IXFOATL2EAL, WEEHOHT
ft. VE— MbZHEST 2, £ VI XEFEHEBGE
HEDIMMT 5, THUTE D b b & Oz b E R (KR
W3 2ZLT, FEFYOA ML ADKBEINDE Z L b
a3z, v v RENMRE Lizifie LT, £HE2HE)
178 - LIRS BWE S X 7 4 (IntelliCage. Neuroscience,
Inc.) KU In vivof A=V Y 7 &AT VI 22T 4 7 A
¥ A7 A (nVoke, Inscopix) ZEA L. EET — XBUGOD
HEk., BEMLEHEES 5,



2023 FEELIC AL FEIRFSEICE A U 7= #%. 2024 FFEE X D
HVERHRE & D ILFEA 2T 2 TETH %,

54 Tt AR—EEIFDEHE

541 EREYORERER

(1) /NI R E S BREN Y O WE Y

BRSFHIX K LR X TR E X h 2 EERENY O E
RMAYFENREEEEZENE LT, MARCETo~Y
AR L THEZ, £ 2Nkt &= (k& —
DI B B EFNCRBE SN TV A EHEE) THEINT
WERYURA, Ty MEXNRIC, WAEME=XV YT E3H
HIC1EDHETITo 7. REREKAE LT, v~V AR
TANA, HYEALTANR, T ZRFRT A VA, R
BRERRAE T A VA, fifivAd a7 7 X<, 74P —H., =7
FaXYFYAALR, FRIaYRE. FLERTH. &K
ESWUMIER, 2 L 1. BakiRRAEEE R, Al A ER R
AYany x—JE 2 fE (H. hepaticus 3 & Of H. bilis).
HILENRER, BB X OINEFEROBE 21T - 72,
HASFHXDE=2Y ¥ FREHFBE~ Y X 1324 T
Holzo IWFHXDE=2Y ¥ ZREHBIE~ Y R 1221
E7v F2UWTHo T, BEREABZ 120 TH o7,
Tl B THNTIECE T RAD 2 ) =07 v PHE
10T Hotz,
(2) VB ORI & E AR B2

Zoftuz, FAFEEBRENY OBIERE ¥ —RIEREZE O
Rz iED =, 7 NVDEARICIB YA LA, $L L
FBE AL Z(SRV), $IIKET A LR (SVV), Sk
BERRT A NVA, S THIFEE Y 4 VA, ERIFFR Y
AN, BB, FRRHE, FILVER THE. BRIE. 7 X =N
TS X CEHERGENS R TH 2 2 2R L7z LT
A L7z NBR(F & aF gAY —2) 056 HES
NBZRFMTONWT, b X2 —ITRAL, #2ER.,
BMEZITB W ThRRE - BEMRE 21T o7, 2022FE0 5
F. MEMRE G ERTIT SR Ui, 2022 FFEEIXEF
TR VPV 12BEOMEMRE L MRRE L E ML 72, £
7o. FBEEETORTO~H 7YV (465H) Xt e LT,
WRIEBAEY) DM & IR E IR W 21T 5 720

542 HRiEEFDEE-TIH

(1) FARSEHEX

BB, SUETHEK X, 2021 E3 HCEIOfE
ZRIGA L 7225, VRO PRI B 2 IRIBEFIEAREA
£ BZEPED T X — 2 —FHEEE, AEREGKEE T
DOFEDIT X B, MK v 7 KRS & B 3K,
TTREVEIHE X v F R A VEENC & B, TR EHER 7 7

26

VEEICX AWM Y. AR Bbh s RS
U, MISEITo 7. B2 Tid. BB o) 71k
BENC WV, BEEOME ZFE 1L L0, SEAKRE
iRkl U7z, £720 BTHH2E LD, BEHLIC
X2V IVEEABEDIKE > 7 6 DKIRIRHKELE
DT, 2SR E O = 7 X EH 5 DKFH
Y, RARTREAPELTEY, BREIENLETH-
Too EZEFKICB VT, B - BEH ORI ED
FELTED, 94774 0bED, RACEHILEZ
N3,

(2) ILFHX
ZERRARKEE R RA 7 —h 5 DRK, HIEER A ~—
24 v FARE, WRKEERDOBMEFEIZ OV THIEZ
fTolze FT2 B SDMKBADD -7, HRDOBE
DB 20FEHEBMZ, T Ro OB ELITLE R
HEMHEZTETVS, SHRDEXMNCEF 2D 2 HE
D5,

543 #EE=
B EFILFRA AR > 2 —FHZ LT, LT
(1)~(3) BB I % Efi L 7zo

(1) FIF#H#EE 2

BIASFHIX & IFHXIc B VT, ¥ TRy X —2FIH
TEI-V -G LT, HRFHHE#HE SRS
FRIME#HE % COVID-19 05K ¥ LT WEB Bifi L 72,
RN v 2 —FHDDOHAI, EH Fhix,
ERPHEHCE B CTERBIEB X CEEFELF AR
YER-FHFIETDH 5, Ziith, FEMTOEEHEEE
ML, ETHRICABEEHS 27 28 80— FIgk 3
AZBRFA Uz, BRSFAIFH#E ZHME L 134, 1
KRFEBHEZHE BB (IFAHHE#Y ZHE BT
104, IIFEB#HEZHERI8HTH o7,

(2) =V ADWMY PNEEGHE =R

Bl =T 2 Fy FEPLE LT, MEREHRL RET
I B (RO, BRI, REIRR S ). M, R E A~
DEFFEERZHML TV 25, 20224EF 11X, COVID-19
DB X DB HIEL 72,

(3) B EBREZEE R FHHEE R

BV ERZERERAZREASMEZERD Y L#EY
21 OFEBANEZ. VILOFAICES 2 HE,. EH. A4
Ro4 >, BEEEEEONE, - BRTPH RO
~ OREFEZET & LD MIEME, BEAWEE & A8k
WEYYET, %l (web BIflE) XAF 334 TH - 720



544 EMBEEALEEFICETBHME

(1) WAEYBRE O - FEEM DD A

¥ X —EPH 1 ERICERE X TV 2RI —
VAT LT, MRIT-oTCERRAEI v /7 TE=XY
Y IEEEE T 5 AT REMEY OB 0% D
BZAREMD B B, % 2T, RISy — Y ¥ AT L DHER
BT 7 4 VR —RBRE L. MEY > T X 2 MAERE
FIEZDOWT, ICLASE=XR ) v by X—rHEiEL /-
MR EED T,

(2) MFERETR DIRBL O BB BRER 1 B 5 2 Mt

t v & —Tid, BTN Z Wz~ v 2 OERIER
EZFELTWVE D, H2HRMDO~ T RAICE W TSI H
RVEH IR E 5 72, 22T KO IRAEFZES
LxHME LT, MoOBIE;E WEMHEZOIEOFEE
FIZOWTHRET L. REIVERERSAETRIC & D IERBHE L 7= (5081
ZEBTHE LBRICHRRCEFZEOND L 2
DL 7=,

55 FinETILEIERZEDES

EETFEREE 7 AENIMER L LT OBERFHEE
WOCIEFCHE R R EBRMRL e LT, IR EmRlETEIcE
WTHIHE N TS, ETVEVIER D -0 DFEA T
MiOFEIZAFEL CICTHEE L, YKL 72 W EER AL
fit%l % & ¢ guide RNA(crRNA: tracrRNA) & Cas9 X
VR E R AR ESHfCEATE2 TS/ A LD
ERE OIS % LA Z \CUIMiT & 2817 /7 L HRERA
(CRISPR/Cas9 ¥ 27 &) BEHINTW5, Kt T
NVEIYIERE T, %12 CRISPR/Cas9 ¥ A7 AD & 5
R OBAMEEAICHRIK L. NTEBEFERE L7V R
BXUO7y MAKER Y X7 212 X D T & 2Kl
Bz LRI T AEBE - R E 2 FE T4 DM IR
HMLTWERE Y 71280, BIETHREETNLVEYOMER
Feffi e RE O E ICREET 2 2 e @ L. YRS
DFBIIKESEMLTE

FHEHLFEFHAAZIETIE T v P22 Y 2O IZBWVT,
PRI 2= T (Te) @I/ v 7V N w04
¥ (KO/KI) BofE e WS TE T LBV OBFEZ X
‘LTS, 2022 FEIIAEFI 12 F D EGEITIB A, &
17T RHOBETFRESY Z - v MRERL, HFEE
TR L 72,

27

5.6 ETILEBMRFEERNEDEE

RUR Ty hOITE - G - AESREETO— IR L
T, 1H#, H - R D 3~ ROTEEHEE, &
fEATEEE & W THEE S 2 L 2 ORfFIc B D 7, BIK
NI,

(1) BEEHETEIOF M D 72 dIic, F—TF > 7 4 —IL R,
2Rk, TREIKIK D BB Z T, ¥z
MR E L EA L, Eio. 28 - SCIRBEETE) O P
DIDIT, B—& - 1y N, ZENERERIG, RSO
. BV RIKKBEDBEEEITMA T, il iaN— v kg
DEELZEAL., ThHEBORELEITo /2, X HIC,
PRI - ERUERIEHE O 72 912 Y Fki & 1 2 MRl
DD 3F 2 N—DFEBLHCHEL., %L
1To70

(2) 2022 - FEIHT 72 (T B X 7= B B IR [ R 2%
¥ 2 —OFHEHLFEF AP LT 24, 72, M3 5%
BN OITEfEATREE L FRIH & LT 2, A3z h2 iR
X, THBIEHRBEICOWT, ~ Y ZDITHRHMID 7=
DIFFEEHEHE L 72,

(3) Ml 3 BRI % RIS~ v RfTEN R E O RS %
FfE L. fMTEE OB 2175 v (26 20). 178
fRNTRERE D TR R T L ZEE A L 7z

(4) PN & MR E D RAEBEA: & MR~ 7 Z1TE)fig
W52 - 1582175 e, REMT D= v ZTEfENT O
P —= 7 a— XOBMECHIT THERZ1T o 7.

5.7 tt=&EBk

IS S, TR L BT B S 2 Tk
EOWHEIHIC. BEERO B L DB 7 U — L2
LCHmE B AR TR Y X — 0K REE B
LT BURD (1)~(9) OHAE#E T o720
(1) BIFEATSM & OWEShCHEE L 7= 1k v 1

HAEBRBYY 2 GT#E, BAAEE), SEEFHE
il E2H (RE). ICLAS - EISERERY 2% T = &
VY Sy &— (FE). NPO EABEERRIGEE ikt
He (AR, B A (REAIRR), SERBY s
A (RS, SRR (BE). AAEHAH - EREHR
2 (BT B) O FERBIY & B S8R BIGR L 778 &
DRI BV TIE L7z, 7o, BEAKY (B2802) 0
s, WO CIEHIE - [ERE BRI L (825509,
PEERAY (BEHIT) CBWTES L7,

(2) B ESHIEE A R DMt
SCERRIER, BAENIE, KD S BRI NT



2 B EEREAE S (R EE IR R R 2020.5 A=
A ICDWVT, A=Y xR LTOBY)EEILmEE
AEHOHIEZ DX LT, REEEHREERR®,. HA
EBREYIY2. NPOEABIY)EBRBEGRE EEH R RO
HA M2 - EBREY SRR L 0EEO NI, SGREY
H - BAEYEE - BWKES - REEOBGRE L a2 E
FAVA

(3) SEERENY) & BB RS 2 H1 7 IR AN 5 &
MEHRNF T Z v b7 4 — L DR

TDETEER % FEME L T 52T ORI (19800 #%
BE) ZRGIC L T, BN EEBREARTE#T M N EREN ) A 2 R
EAEEUE MR & AR O W THNEIMGEE 2 1T 5
7o DOF A A, REZEN S DERAICOVWTO Y
7y b7 3 —LOMEED XL T, HAEBRIVERP L
HRPEESE L WA L 7z,

(4) SRR BE 5 2 HE D FE L

AERRREICBE S % B3 (4 - HARERBREY 2, F¥E
T XEHREE, BEL  F aF AN XYY -2 70
VES/S NI AP A NIt S S 3 Il = /A VAN
L INEREEHEE D 7= D D AM OB K & TEH. EiiT
FESAM © 2021~2026 L, FHET  ORGEE ST B O iy
B BRE. OBREHOMGEL. OBEBM - L= >~
FUVORRELIRE, @arvHiLT—ray)O ki
R 2 SR L 7=

F7o. 20224 12 AT, MBI FRY: - B FRYR
HIRHRONEGEE 2 . HAZRENY Y2 - B EHIchy
T BHMBIREEHE - TME - FEE UTHEML 2.

(5) HAFERREY Y - WHEREOTE

202245 H 19 Hiz, % 69 Bl HAEZBREY) A2 (Il
B)KBWTHERBEZE LT,

(6) HANRHTOMED)

HAE MRk O O EBREY) D B2 M ICLAS 7Rl
WKBWT, EREVIB2ORFTEERB Y L COEEH %
fFo720
(7) N=F %LV 7V T 1 — 12T 285

IR — D 2 W FEBREY e B FEERICE T 2 IEL W
BHREZEMRLTHLS I ZHMNE LT, X=F v 1
7VT 4 —1EROME E HARREY Y2 L #EEL T
fFo770
(8) 1TEL & D IEHsHA

XEREEE, BAEGEE. BRMOKEAR. BREE L O
T, BEBILEEARTEHROME EEBREY) » BiYER
(B3 2 AEBMREERIEE O R, THIRAHDO 75 v b7 —
LR OCBRIER D 720D 7 ¥ 7 — FRE IO W TIHRR
fariTo 7,

28

(9) bL—F =BT X R

ERFENL T AL ) R—= a YIREFREHWS =4 72
b OHEEHTFUCE D, L — 7 BT X ERREE OB R
21T o7z

58 tUH—0DFHFE

5.8.1 HEFIFARIEDOHE
tr&x—TiE, RiRL7 X 5122022 E &k H HEF A
Wge % Baga U, SEFEFI RS & HEE 5 2 72 D I B2 B
FERIi D BEA LIze 2023 FFEIIFTACREA L. 2024 5
2 S FEFI AR T %, BfE, RO 58
R CEPIEER 21T 5 2 e SR INTRD 5 TED,
B EEE S HFAFAAEREE Y X—NTITS 22
SHNFECE D e BbNd, Lo L, EBUCHHT 25
FEMMEDE L AFFS M OB ET H %,

582 ABODRER

LR —ICBI 2V OEFERZE S Bl R R
DWVWTIE, BHNRABTRDIREICH D SefEE DRI
WKHoTHERIToTH, WEENDLRIMPHE S
W FHETIE, FEZMFC OV TR T 20ELDH 5, &
Teo BNRB O BHEMZT S S B o B HII R Z
. BBO—#HE2ERDD T i HMIB OB KD 5
N5, 2022 FEiEZ, COVID-191 & > TZ LK O EIK
RELBZRERME L a7z, BV k2 X KB R/
TBIIIES R o72h, BERKERABHE BT,
2023 FFE 4 H & O I FHIXICRHEEM B 1 03 A E
N5ZeDRE-oTVD, LL, ZNTH T EREER
T SR D ABMREZED TOIBELDH S, KT, #
B2 HENZ, SHRERL (FE2HY) 21k Ta2To
¥EBrtr2—D NBTITS DI, SR BITmA
THREEFIBEOHREMNPBETD 5,

5.8.3 HERRDBUERVER

2021 FFREE X D, BB L 7IARSPHIXENRR 1 TlE, K
NXEXFERMEPHL 2 ERD, ZAZHIIHIE LT
EH, SHBRBDBRIGL TEETEZ &D MG 0%
TWe b, B 1LICBVTIE, SHEZICBVWTRAK
EPH ARV ePHOr BT, ZOMEERA
WCIRR ST B Z e DRBETH %, ETz. BWH21TF LT
JEe N EREOME - ERifi e L GEALTWS2, F
28 DM U T2 O RIHE LB, SUEDRET
Ho, e FERFOFHBIIEMAFAETNNHETH 272 L.
HAEFNFABTREED L XD EA-THE D, ZTHICRAIIR
TR L ik & L7zl iud, o e o LFEFE S D 5 &



ENTERLRD, Eiey BETHE LTV 24HAAA
DHAVLVORBEDO—H%E L > X —THE T 5720121,
EHEE., TSGR EORBEIVETD 5, B2 DR
BT, ey r b F—2%75 BT, Fe FERE
HOME - B U CRERER., sifoMa L7k
THEERZITo 7255, 20224EF, 2023 FEE IR &
o7z,

FREIC, (LTI L > 2 — SR 20 FEF0H L, 2%
HORERIC X 2 RSP, ThcHET 2 Bbhd

29

Fx RTLYOREDPMRINTED, WEEZMETT 5
BN DD, DT, ITFHIX & > & — DR
ZIHMEICT 2 Z e AT H 5, K, EREY ORI
ZRELTEDY, HEDLSIRXITY R Ty PRLTRW
DY S WD TR T Z2RDEDRD 5, iz, RIEITHE
LT, B EY ARy EES 5. B Yt~
R — « BTVEWINISE SR E - & 7 IVENYIIR S SR AR &
DIRE D ED RNV ETDH 5,



6 MFRIBERLEHEE

2013 I 7 Ty as kg3 IC X D 2 E 21 AFTD K
5 K ORFAALFRA B FUATIREEE D 72 D D E &
DB XNz, Z DFEEIX University Research Admin-
istrator (URA) ZEH L. fAENOEILZITS D TH
D, SCERRIEEANEE L7z 30 BEBIIC X 2 7V ¥ 7 i
R, BHAREHZERME O ERIR S 7z, HRFHE (2018 4R )
BT SFHli 2 THW .

AHFCR, BIFfrRZEIEER, KERZEIZERICHKE
L. WRCEhARAAE Y. FEAEHE Y, i RBE Y, RHiE
4. ERGEEEY, BaFRSEEY, B X OEEEREE
2 (2021 FFEEICHTER) ZELE L. SHY AR TR E
(BIR) 27T 5 L & T, Wi REs X oA
EMAPNEERMNEEFHL T8HD URA EBICHT-5
B (Rran#d% 1 4. FHEMEZEZ 154, FHEB# 3 . K
7R 14, FHEEME24) ZEE L TW5, (M7)

FHRHE M RHEAEEEZ C R B R LE L. BT — X
N—2CEDE IR ZIEH L B OR DA - 554 %
IRt L. PHEBBE & & & ITHBI O Sl B RE. G
FEOERZIToTWD, Eo. IR ZFRICHE L.

ZANCED W TEE TH O LA, SHELFIFFZE D
HRFEOMFIII T2 2 e biC, RO Y H1T-
T3, BPEERIEY ISR RZU% L R R B R BLE L.
BER, B XN -BERLFER AR > 2 —oFHE
HFEFI RN DR EHEE L T 2 RHHE IR
B FHEEM B2 A0E L. B OB X CHFZERR
DHERLT TV M) —FHEHEITo T\ 5, EHFFEIEHRYIC
GRHEEMBZEE L. 50 & OMFEEBANVREDF
MEICEHLTY YA by T =R EfToTW5, FEFHE
YR, 2022 RSB 72 ICRHE B R BB L, PEH
o, PEMT L —=r 2 a—X0EMEICED
HATWS, Zofth, MEOEIHEE, BLEFASEHD &
D THAHIZ OHEMAE TR L, EHEF O
FNERIIC R EREMRE R LTV, 20 &5 RIEH
AP s TRAIRDBD L K> TWD, 2022 F %
TSR R E R E DM A T 5 2 Z L BRI
ELTED, SLHREEDP LDV R— 2R KRB0,
2023 FEELE, YD XS L TEMBREOMIEZ MRS
BZOHNEBELFETH 5,

AL TTooE oo I
EEHRE £BFMEAR HARDHECHEKIRE 20235110
| ($HxEA]
oD - o
" (£8 (FE#%8) [Z& (ORrRA) ]

(REBA .

22 SHTIER

RIFE N =

’ HHE DRAR 2

— ] EEY - N2 OENNHEBRRE.,

(RIER] [?i%@} I ARBRE LIS 2 CERES E~ORE
— LSS TRARIEER & il & EAMEHHOBILIC R 78S
M 55
FRAES o

—[gﬁﬁﬁ}— agmmr || AUECH | U smema | S@RERN - SXEEREL, SRFEES L O
BEER
s HE A = ERPYETEE
PRER H mee mm ] Rame TR | pemmemoss
. = — BYERRELOES
iR =) FBXER RIS HBRRBYER® > £ —%0E - REOHE
SERRA
—— R—LR—JER
48 7 s H REA H w5xEs REREEDER, TN ARRORE
—[ IRERIBY J» FHIER iR AT = oY R ORE A
RILTRE
BEHPIA
—_— i EmEoE(. ST RoE
|t i o £ sa—n"Y¥—2 a Vi
—{ 8% }— AR B HEHMA AEARREOSEXE
NIPS InternshipDHEHE
BHER N -
_{ﬁﬁﬁﬁ}_ =HERT HR BRLRASEORE
Al =i . .
—[Eggﬁ]—- wmz— we 0 oA ESRMORE, DEA L—=27 T R0EH
ORI WAL o3

30



7 MREHEE -

2016 4F 4 A, HEFEIFHOTZEHEER, 25T =,
NBR/(National Bio-Resource) S3EH#EHESS | FREHEIEMST
(2022 IR T m Y = 7 MEEER ), ERRE
WIFREDS EIC X D5, THFTEE >~ X —Hik
SLENTz, 2022 I FELOTEE 21T o 720

7.1 HEFBHASHES

HEIF B e SR, R ER AR & L C4ER
FEWFSEATAE S L FEF MR OHEEZH S5 . BRI,
AR ZE D FE AR LZH 10 L TRIET = 2% Tk
PHEHMERNTE2HEDO, WbiEaryy oY =i
BEERI-F e ZHNE T 5, 2016 FE L D, HFEF]
MO RNEEHICZOMWEDEEZHGL T2 d
12, F—baR=I ETEHEHMLTWVWS, 2022FFH, K
BLUBEOHEE D S DRIWELEIHIE LTz, F .
HEFHFEZEANT 2 22 B LT, 2016, 2017,
2018, 2019 EFZICARA\BAME DIFLR % HARSHICRIME L
Too 2020 4EFEE. AV T4 VB RoTb DD, 2021
EETIE. FrALBAME & ALK IR AR ST AT (IR
B VOB BU%) 12T 2022 FF IR, FRALBAME 2 EMRAE
B (R - ILHTEE BiR) 1S THEML 7.

7.2 ZINMAESZESE

(1) AEFERREEARF & e, 2016 45-2021 4R & THEE
SN HAAN ISR (CEMT Y SR ESRIE ) o0k D
THD RMAALAITAR—D U ITHBET T P T+ — A
(ABIS)) FHHEZHY L TE 2, BFE 6 FROIIRIEEINT
T EEWVEHIIICEED F | FINAE RIS (SAIRTRIE Y SR
FIBIERR) TN A A AR =DV TR T T b7 4 —
L (ABIS)) H¥EY LT2022EE X W Hie e A& — b 2Y)
Zrligh, ML CHEERHEY T LI hote, £
DT, AFIRX, JCEEMEE. B M. AR
HEISAE B 2 F O 7 el RN SR R 12 L, AT X
EEF, HE AR FE ROFEMOY R—F%21To
TW3, 202246 A 3 Hicid, EmblEsfHEiRac
BWT, MOEMFFE SRR FEE e OFEZ XD,
EMBELAT Iy v T r—o TXBIHHAS - Fov o247
YRIY L) BAA Ty FERTEML 72,

(2) MdtHZeREFRE DRI R 2 D35 & U CEERZE 2R
72 LTz Tahi) OMEAIMET Uiz, 2016 5., B
PHERLAE T B D AN RIS 10 S L TRk R

31

BEITO DO HEA IR Ty =2 2irb b
F. EMTREXRE I ZORGREHD L I kol
2022 FFFEIE, BTEAMTHIEANST 3 RHIK.  ZEA AR IR 5
(A)4TEEL, SNZEFEIRIIA (B)6 fH, o —> 2 a v b
HEE L TERRIRES) & MITERE S DAEIRIC & 2 SR Dl 7
5 Df#EK  Internet of Brains (IoB)J. JST CREST 4
K= VFery v 7Y 27 AOFKH L IEREMORIN A3
SN, TS IAY ) IR OEE O REURE: - ST 75
R r 2R LT, YRV L% 12H 14 H-17
HIZAH Y I 4 VITTEML 7z, BV p.211 ZR)

7.3 NBREXEMHEE

ABEE A R¥Y e MMTEIELEE Y & —
(EHUB)(IHRE#EREERERI e bz, F>ati
NAAY—=2FmY =27 b (NBRP) [=hr¥n) 2HY
L. 2EOMFEE ICEBRH Y L O Z21T>TWw5b, NBR
HEMERIZ, COFXEOEHEMOENETH %, 2017
R BB TR AR RIS ATIC AT XA, 2019
D A 5 OV L ORREIIE L Uiz, 2022 5
. FHEEE oMY, BN R FEMRE O R DO HER,
REOMBEREO—EOM LICE T 2 BHAEER{T- 12,

MENEHEARE

MEREEE I, ENOMREE DI NT 4 AT
X 2MAOHHEE HINE 375, 2022 FEIZIEHEHL R T
BIfThbhiar o7z, ZRETREICH D EENRIEE)
DRV ZEEFZ T, T2 22 b Uiz, AHIHER
RETOD, MIEMBREOFINEENS & W5 iHkam e i
F2. dfick b, MIEPERERBD S e Y s
MEEE ) BRI SN, EAMFEEZRETSD 5 —
DDNiEE LT, A TIE, FiEEEcoRY>a vz
Ro 7o F FAHC CTEEANICHEEH 2175 Z 2 &7
REL 322707 KA Y MillEDBEHDILKZED T E
Too 2022 FFFEIE. PHHESEBEZ (JUNKYE). FISEGABA#
& (BEHERY). N RIERBEE (ALEERY) 2. 71 R
7ERA Y XY VERIZX DIEEW VW T W5,

7.4

75 EFEEHAEE

EFCEBED TR, AENE BB RIHE L TE
55 3FORRA HEE T, EFEEENIEOHEEE H
e LTWwa, 2017-20194F D 34ER]. Denis Le Bihan



##% (NeuroSpin, 7 7 ¥ R) ZAHENEFBER M OER L
UG WFSEIE B 21T - 720 2020-2022 FFEED 3 F RT3,
5| %%t =, Denis Le Bihan 3% (NeuroSpin, 7 7 >~ X)
o5 B2 MOTEB 21T o 72 20224113, & T ORISR
REIZPBE 3 2 H%AERY MRI FBRICRE 3 2 RO MR & &
DF DR LTz, 2023 FEH 5 DRI 3 4EH
3. Andrew Moorhouse {#1: (University of New South

32

Wales, Sydney, Australia) ZAEAZBER e LTI R,
BEZHED TV ZEPREL TV S,

ZD &S ITHIFEEEE v & — &, HEFIHPZER, #HiE
T59 b7 A —bITKBA R IHi R, TR
N OBHISITFENT T ORI OMERE, el 7 m Y = 7 NS
(EI B 2 % HEE 3 2 THEl &2 S50 L 72,



8 FHREAR - HRHAGTE - S

8.1 FL®IC

AR, TRED RREHIEETHhI TV 5, 3. @
A NEREHEE, 2015 FEE X DR SN DTH 5.

1. SCESRIEE AR NG B 21T & % 3
(a) HEAERE DR EEN T % 30
(b) R L EEHHR o 3701

2. SMEREHA % 2o 7= E O AT

3. BREBEE o 8 ) L

4. IEHEMB O EREE

8.2 NERFEEIAFEAFMMEERESLU
REREXIE - PURSHIBIC K 25

ORISR BTG B 2 KSR -
(49 5 BRI & 3 TR ST 3 720 O LB DR D
1%, EARRERRRR D (RIS 5 X 22 7 4 —
R (EMFFHER | HA I AR | AR
SRR, MBI, RIS, UL <
ARHTIERIT, PIRAR TRHEIZ) A3l & 7 - T
TW3,

(1)2019 4 B2 0, 55 3 S0 01 4 - POV B o0 4 42 H i
BFeB 70, 2020 HEREIC N 5 KRS X OSCHRIES
DEN KRN FHIE BRI & D RSN 3 44EH DR T
BEAUC 30T 2 SPIATAINC FY THISC ST ). T -
DA O BIRTIE S, T E R RIS 0
3 MO BIE MR LRI U7z, 2021 SRR, 0047 5 RS
& B, AR OWKICET 2SR CH S (HHSH
S5 B RO A0 BTSRRI % 72 AR
R R IR ORISR 5 3 (ol BRSO
B 5 FTAAS SR (447 ELE T IETA) ) 2SR 72, (580 RS
B b D%, SRATIIT 2020 EHERRICIBI L 72,

(2) £ 7o, EAFHE ) GHEERLAT5. B30 h
%o AR (2016 FEE-2019 4 ) DI T (45
3 A LR (TR 28-31 ARE) 12 15 5 ST 0 St
BT ISR B L. 2020 4R SCERIEA IR
U7z, 2021 4EREIC, (1) DA 5 M & 2 (e
BRI B S 2 SRS I (4 48 EE T IRETA) ) % B
TR, % - BE B LU - HELSORKE NS L 5
BAMIORIAERT D 5 T4 3 Mr 0 E IR (4 47 Hi
T 115 3 T O RGN T 2 IR 2RV,

33

MRZE OBRMEDD D%, sBEHIifF 2020 4 BRI 18
L7z

(3)2021 S I3EE 3WIDBRAFEETH D 2022 FFIHH
BRI TR I X N B, A G I X 20
%%« HE ST 2 OWTIR, 4 ERDEREE D
L7z TR B X THIFEERUKAERIE) 28 L.
AEEBTREAHMER R A ZZ S % &5 REFRZ(LD -
7B Ee TERRIIEE) NORLBMERD 2 ZLiTk
DRCRZE L, ERRNICET 2727520z b
Thot, THREEE R T, RFPYCESUE - ARG
WA 2 T B ORI RS = (55 3 B B
WM TR B TEERNEIE—EEL ) OERZITV.
2022 4F 6 AR U7z PRET. SGRVES BN R E
NiHiZ B2 R 3 2 125 SHAHR I BRI (R 2 36
WHEARICB T 2 MEE ) ZIER LI U, £ Ol
D3, 2023 4F 2 HICEW e, (BBVIIER p.261; ZBVIIES p.274)
Z O QAR OMFICE T 2 T VT, (Bhizm)
¥ LT, BYIREAFIE - BRSNS OIZE, I Imseik
12 & 2 ZHREM SR R 0 = JOTiRAs A O %R, 20
IMHEREICRE S 298, oD 2 ) 7 RN BE 3 2 ifF9E. iR
O F TR FHERICE S 2HED BT 57z,

(4) 2 ET, FERIC, BHEEOQFERGHHE % EKY:
BEAFHIZERICIRH L TS, 4, BEEZ
DERFE B L CEBERBEFTORAIIKRD v
kol PIEED 2022FE S, 24EHD 2023
EE S OERETHE DIERIE T DR - e

8.3 FEAHIOHRIAEEDEREICDOWVWT

2022 A & D A OB - FHEAGHEHAR O 5
AN T B - HIEHE O SREDIRD iz,
FEWZH 7o TIE. FELORMNTHE o THIM MK OB 2k
Wbl 2MEEITS 2. BARRICIE. BABROREE
Yav-yTa YO, ZNE TORERITHliRE RS
ZESE Z T BUR M. BEWEMBO RE LSBT 28
FIEDNETH 572, BHEARTRIIC T4 omEIEHES
FORHEIEMEIEE ) Pirb B D EEHD 51X,
FAFREIATR (4R & ARIZERS 3268 () B EB & LT,
BB & FULRHEHERIZ D 4 7 — =2 LTSI,
KB D572,

ENL AR NGHE R B O TICRiE <z TEN KA
FEOMMKUCEBFEMORELFICEHTIV-F2 77
=T8T B TR F RSN O M €



D RE L) BT 2FHRICH D &, SRR A
BIEANDMT 5 28 4 BIHEIE AR - HHAGHE O RE DO MG 0K
Y783 TRPILFEF FMBIE AN Ok, ROEBEBO R
B LIS 2105 272020 FEIClD 2 5h, 2021
6 HIC 5 4 R I BRI 380 2 K2 A F R RE
BEAAHAERE A 2SHEE LTz 2021 4E 7 AICES 4 AR
A% - G DR R 2 SHREEEICIRI L. BRI S
ZEAICHS U THET Lz, HHIEREOFRES L S H
FHHEI DR % 2022 4 1 A Uz, 202243 Az, Sk
BRPEREIC X D84BTI R & A, BEADMER
U 7z AR TSR] X fz, BAKTE L7258 4 oWl E
R AR BN, TR & R B o 2021 4F
FERRICHBER L 720 AR IO, #1988 L O FFI T
U A EADARL T, ZOHHIEE - hHAGHENC I -
T, 202244 AP 558 A E#DBth S iz,
THFZCICBE S 2 BRI ZENR T 272D 0fEE ) BT 54
HOECIE, U TE L7z,

M[12] AFE5E O, 71 - MR - MIASRE - 8E - > X
7 L - AR OBBEBIC B VT, KEEEX B = X 4 R UK
PEREHIRE B T 2 HTU e HEE S 2, F 7o, FEJER oo RS,
BEM O, X 5ICI3MRR L B R YR 21
RES A7 LABOMEEEBERT 2 Z ik b, AmRED K
DILH L IEEEOMERHCE T 2R EHET 2, X5,
B RN - MR ORERE 7 2 AR ORI K D
PREE?: & QBRI FEIFFL O FB R IC Bk S 5.1

Zo LT, FHiifEEYr LTI T2 L=,

[12-1] TERDOEREEICBY 24 MBEROEEEX H =X
L), VEKORSER - TRERRH - HEES 2 7 A DRI IC
B AEREHEMER D X =X o), TEKOHEHERX 5
=2 LDWHEIC X 2 HREHS ) @ 3 2DHIFITHB W T,
PAIR S LTHRR L, 5 4 I BESHE 2 e
B B 2D Topl0 %im X DEIA % 12.8 % 2L
ko, EBREERCOEIE % 36.8 % RICHERS 5,

(18] RIS T, BRI S S o ¥
P O B A A AR A MR T B b L b, S BT
512 & D BRE R RPE ORI 2R 2, ThbB, BT
KB L DT & D BIROHE - ZEICHFS LS 5
B AHI - BREIR R O L L A iR g Y — 1%
BB L. ERRPETIRICET 5, (58 L ot X
D MRIBEESED 7 — 2~ — 2 B FA I % 5
2. SCHAMG R HEET 2 2 L2k D, b FROTEL M
BB O B KSR O B R (BT 5, |

Z0 LT, A LTIERER LT,

34

(13-1] THERYIFBEI SR fEAT O E PR &2 Mk 3 2 ZE o
B, 2o FEF AR LT, K
RENH BB G AT 2= O R BE R B D E B L 72 2 [FH]
AR O FEMIR 3 HF 2 ZR T %,

[13-2] T EFREEHEEICH D N2, F7= 72 SHH T o H B 1
TERAT G DBAFE) B LT, 26 4 MR BRI e
AT D RS /T AR B S B AR 3 L LR R
T 5,

[13-3] TMRI B4EI55E D 7 — & X — ARG O FLAEFAIC
B3 255 (CBIL T, BIROERE RIMELI7—
ZR—ZDFFM, B 2T A, MOESBGOHK%
"RT %,

[(13-4] Te P ROIERe P BREEHY O ERHERED X 5
AL ZOEMKE) OFMRE LR LTH
KLU, 4P EERB2KCE T 2 Y% CH o
Topl0 %X DENE % 12.8 NI Fic, EREHEFER D
&% 36.8 %L, FICHERET 2,

MHERIF APFZEER S 1coWTld, UTRZEE L7z,
M21] A@mklAcBIr 2 EELRY —LTH 2 ETFEM

# (Cryo-EM - 3D-SEM). A BEMERE (Z0 1 - E5).

MRI(7T : Dual) IZDW T, 7 v 77—k L7 Hds D24k,

EHWN Ay b7 —2 v oI X 2100, BEESROES

MWFIFHDOREFIC LD, 2=V —offFEEELED, 7T -

AL LAV 720 & AfERIEE - fEIA L~V % T OZREE 2§

W LT =L VARZIN=F 24 X =2 7]

ZHEET 2, T, BWERLFEF AL >V 2 —12o0n

T, BB ICHEE 5T, ZREAMEREDMRITD- 0

DGR, Ll B, RN ) Y —XOEEEITS Z
LIk Y - —oFfENE D, LR E#iTZIC

FET 5,

ZOLT, FHEfEEE LTI 2R L,

[21-1] 7T-MRI O [FFI I O FFHIME 75 % Z R 3 %,

[21-2] 3D-SEM %7 v 77— b L. 5 4 #AH HAZHIR
R -y —oFIc#t T2 Z eick b, HFEFIA
IR D IME 15 1 2 #ER 5 5.,

[21-3] fAHZE % & LRI 3 BEMER & F o 7 3k AR A
D EF O FVME 6 L L2 KT 5,

[21-4] BEFRILFEF AL > 2 —2FH L 72 2LFF
FWFEE B L. WHEE OFMEMAEEE KL LT,
55 4 B B E AR O 6 4ERE T 20 %L E o SN & AL
T 5,



8.4 HEIEMD R

ENEY R N N e R SR O DY | - i1 (= S
1993 X W BEfTHbA TV S, EAMIIX2 DDONED
B S N TV 253, FHliNE OFEMIEIRTUC G U T2k
LTW3,

ZD 12, MEMRROTEEZHE L, BER O
H e FRJUROR (TS 22 TH 2, 20224FH D 2021 4F
Fizgl &k E. ESVE#E 14 (Suchinda Malaivijitnond
##% (Chulalongkorn K% (& 1) #5%. & 4 BN BRI
Frrk— 7417 &) RANREHESE & LT, 11421
HB XU'22HD 2 HE, BIRSFHIX B K LTIz T
F U4+ TRMIEEHMB X S L — 7D Pl O
I X BT 2R DFHE 21T 5 720

B9 101F, ANEEHIEIE 12 & 2 BFFEERFT o AT 5
%, BlE, 3T L — T DG ZIToTH D, Zh
ZRDWIE T IV — 13K 5 R IHREHE 2 321 5 Z ki
5, 2021 FED S, FEiTiEEZ RE L, BRI
BT, BAZOMEE 2 0 L ST HEEIZOMRE 1O D
b2 S L TH D, 2022 FFEE S FRRICAT o 720 SMERRE
i %, 1AFEERM 7= D ENE#E 24 (ML dEZez o
Wz 14), BAERE 12 AL LTwa, END

EEHiE OFUC BV TR, BAREHER, HAMREER
FERFOREERICHEE 2RI L T 5, 1B OSERET
fiE B L Cld, BB ZERL. ¥2FTKRkHT2H
MBI L TV 3B Z 220,

T 7o, ASBEMAZICB VTR, ZRE TR G
DERGIFRL 725 X 5. FINOMEHREBMESFN/HHL T
WEEE S04 RIEENCOW TR L, ¥ b E o=
WMEERT. AHOFNEELZ ECRMFMIZER. B&
CEESFRICTERL TV, MRICEBI 3 &%
TEOREOER L #F) O OVWTIE, BEZ ki
DI TIEWGFIZOW T Z R FEHE L TE2h, 14
TIRHERBNAEDS ZIIEED SRV, 2020 FED 5,
A 3-4 % OB MBI EF I, Th 2 M TEE
DEMSBHOEAEZK L TWARLEE, 5EICIEREET
—KFBEEL B LICEH LT,

8.5 MIEHEME DE ARG

2016 £F 4 ISR BAEWB O FEEFI2 s h iz, B
HE LT, FROBMEEROMBORRENE, 541

35

DIVLFEIEV T A REPBETOLNT WD, ZHUFEWE
NERERHHARE L 2 D, IABERE FEd a0 Ta
TOHIZ, WHEIL. ) O EERHMHIEA 2015 FE L b
BA XNz, 2016 FEFED SIIERDHIE D 5 DED B
FOAWMERORVESIGER L TE L, A#REOS
B FEYIDICEND EFEFHMEICRE S 230E ) 0¥EHE
BERUE L. MO, GERCRI. EEER. SEEFliR
HEERREH L, ZhCE D ST %17 - TE /2, 20204
FE 7 & HiAARRAE ARl (FEAREICERB Y M EE A T 20
EEG) B FE -2 THhE T, $H5EKRD ARKHIE.
EEFIRE 2 W5 X0 2 iz, Bz 2 iR, 6%
FEht - PUE LT\ ehs, 20204EE 2 51F, Hi—LT10H
HHRE HOMIMTIMES 2 2 21Tk o7z, 2022
b, 2021 4 10 H-2022 4 9 H O R O #2170, FFA
DHEE L7k 2 AT, 20224 10 A O AR o 2448 H A
DEREEIT > 720

8.6 MABEWMEDTHEFREER

AEFEZEAT TR, 2002 £ ST Z & - T 525,
2004 4 HDIENMED . W O OEBERET, BT
DIEAFNC 7 o> TV 2, EHEFOEMFENE. XN S
oz, MBI, BBICER AL EIESEE L. EHD
HH XN BUROBE T EED R VA, HH
ROGEE S EUNF 723 Z ED VTR, B# D%
AREHZSFLIAL EDTEHETH I LITR->TWVS
(20204 6 H 26 HfY),

2022 FEEEE. AABHEE XROEEB 5 4 (AN 3 44, 7
H28) 1T X DRSNS EHRFEERZBERICTBWT, 6
% (B4, REEBER 24, REME3S) 0%E L
1To7z. BEMRER, CEEY R b, BIEERT S K
O OmXANE L S%O FaE L, AR A ATA L
REDWFSE - BE B L CEBNE. FEhE L LR, AR
B K CFERFICBT 2158, AFRFRUERICES U7
KB, SHOXF Y VT RRICETEER ST REDP LR DE
BERZZERCHRN L, ZERIRE S hERNCHE
D& EHEF KM EE ARG e L THRES N
FEEME T EAN IR U, HFEFHAEADOE#K, #L
WIS EF O BTE. FiEdfi oBAFE. AT E N O Bk
ZERLUT, MEMTHNTT 21 IS LEEZITV. 5
H3HICDOVTE, T HITHRRERB KUOERILEZITS
FHRE, A 74 THEELL, FEZBERIZ. Zhbd
DEERR LTRSS L.



9 HEFHA - HREHAR
9.1 HIE

ABRRF TR, — LIRSS, SHEFEZL. HER. B
B FEEE . ROAEREEREA X — > > I FRIRI R % 5
MELTW5, R21TRT & B Y BEZROILFHFEHITTD
N BEBBEEEET TN D, 2022FEEH 5 OHi 7z IE
file UC. B &ETRILFRIR £ > & — DA 172
MBRE Nz Z 2w, Rk 2 2 —12B W T B FHEF[E
MEEEMTL ko7,

HARPAR R T, FEFA - LEFZ0CBE 3 2 3
D OBEE R UHEBROEIRICE S T, BARKAIF
FIH - FEERFZEHHE S 2 7 4 (NOUS) 12 & 2 £ RE
MR EINTWS, NOUS TIEHGETOHFEDRETH %,
AFECE. SEFEF AV B2 HEE S 2 70 o 2
D LT, 2021 FFED HHEFBRDONEEHEER S Z
el $TRENOEEFEMAELNRET2HD
TH 20, SHRITIIND B DISHEADIIE S & D TR %
HED 2 BN D 5 (BUKTIRIBIIRE 2 BHH T E R 0VE),

2021 FEREICH| & E, 2022 FEFICB VT an F o
MEEH T E R o T, 2O—) T, EFEFIAFIEDZR
ITICRIE T an MO E 2 R/ NRICHZ 2 720, H3EF
B E— MERHIEZDA > 54 b N4 TV v Kb
ZREMINCHEE U7z, FrC. 370 b= 2 HDAABRERE
THEMBEORSFH TR, BIEEFORE. HRIGHH D
7 4 —H ADHEFE, ROH T - F—RENRDZERT v
FiIZBVWTY - MEEEB L, BEREE T,

—AREERR

—IFLEIBFSEIE, RPN OB ZEAERE O H s & 25, Fi
NOBIZ F 7= Z BT e HFE L TITO MR TD 5, 2022
FEEIXEEIT 68N FEMI NI,

9.2

9.3 FHEHEAZE

— AL FERFZEAH, FrA S & O REEME % % U T HEE
EBHE OIS Z B - 25T 201U, B EF
Rk, R BFE OB E X CHEMYMENA T — <%
WETBDHDTH 5, 2022 D & XY E FH: FF
W5et >~ & — ik FH UGt FE R #7212 2
K— b L7eo 2022 B HEME L R EIIL T B
DTHb, BB, 2021 FEF TITEML KO
Mz oW TIX, HREHM 2021 D p.35 2B Z &,

36

9.3.1 HIBMHIRE LHESEE

(1) et B TR O EY: - AV EicH
PIMHZEZIZ U & T 2 Rl o BT S = H
W, EEEO—H NI OMERE - TRREMRT 21T
5o ¥y 378 b — 2HUAARGERE T EMET Y W
T, BT EMBEARE TR 3 ROTHBEREIT
5o NHERHEBIZ (BRI FREEFEEFT). & EBI%
(HHRREIERRSTERMT). KEFE BEER (BMIZREIFZTERM)
HHEY L. 2022 I3 18 AR X L7z,

(2) 2T EZ F W 7 MIlIRERE - TERE O AR LT
TR FRET % Fl W 7= BOBBEMBTRIC X D, in
vivo B & tVin vitro B} 2 HIEA > 7' F I RERHM
R RE D BEREMNT 21T 5 0 "B EHEBIR (AR IEH MEFE
WFFEERIT ) Ko ORTBREBAZ (RPSRERTHI - St > &2 — -
ZHFHEMEEE) BHHY L, 2022 FEEE 3 23 FE M X
Nz,

(B) VA NANRT Z—DIFH - it 5, BIXUORREANOHE
ZFE AR
FHAE B OEIR A IR B REIRE 2 ATREIC S 2 WA TIE Y A L R
NI R —DRWPHHD Y 4 VAR T & —DH[FRFHF
2175, Elz. BXRBEREZHAS T 272D, v Hh D
Frev—tty ME FBREFVICY A NVARS Z—
ZRHWTERFEZEAL. HERYEN. AHYH. 178
SEHIENT 21T 50 /IRHEBIR (1T8) - K& Figfr & >~
R— + DA NARY Z—BAFE) B L OREEEIT (K
SR T LMRFEERFY) AMEY L. 2022 K 17 35N
TN,

(4) B RET FEESROREHE L RO X 2 RE
M2 & & v BEEE R KR L, HEDH
BEICE DR E R EERET 5, £/ HORE
MEE O H AR OERHUE DO RIE 17 5, REHEE
(AEPRBERZEERFT) 2342 L. 2022 FFEIX 2 R A3 M X
Nz,

(5) BEHERE X Y RV B XA F I 7 ADEKT
A F U F v I - REREDREMEE X > R 7Bk, K
WFYA Y ENEDTFTHZ e bz, RITKEFEL
WIS L BREO BN A L 2 RS, Z OB Z 5 &
LT, in vitro BEHRZ AW BXEEYEB X UE4EHE
FOFIEIC X 2 EGEB KO 2T 5, AREBIR (M
FERER FIITERMT) 234H L. 2022 FFFEIE 2 fF 3 FEfE X
Nz,



(6) Z RUEBMBAMIRIC & 2 2 H0THEA X —2 ¥ J i
MERIFE L2 )UE BRI S - OISR 2 A H
L. EE 30T - R - 20 - @R EREEIC LD, £
RV X 172 8% G0 2 M MR A FARRE o & B 7 ]
BULIRT 21T 5 0 IRAZEZ (NA X7 5 b =27 ZWHSEH
F9) 23EY L. 2022 R 2 fFAEME S 7z,

(7) FFETREN & A F I 7 A DIENTIC X 2 K50 - FRRE D
TR REMERA
2=y bRCER, JRATSENL, BRI, SR, fMRI,

MEGFDZEEOFIE TR Lzt b B OFRES

A A F I 7 R L B - REREDRRRE & OBEZ

BIS 22 2, FHC, IREN. AL 0o EFEOMHESH)

KA F 7 RO & IEIBEN N L B RER O Bl D

BAT S ALHEEZ (FREX A F I 7 ZARFFEERFT) A3HEY

L. 2022 FFEE 8 AR S 7z,

932 IMERLRFAAEL > Z—HREL MK
pak

(1) Jedie 7 VB O/FE
EETFRET v b - v AR L, AHYE X O
R EBICE AR E T VEIM R R T 5, 2021 &
T EEMARRE Lt ESE DEAR TR
ETVENYOVER & AT - PERERVERIENT ) & LT
FEML T E e ERHEBIR (B B IR L RIF A5 v
& — - Selin e TOVEIIER S 1TE) - KD TR >
X — - BETFREEFYERE) SHEHY L, 202245 E13 12
HErFEfE iz,

(2) *U R - v bOITH) - G - AL FRREARAT
EH - FRBEFALEZELIYR - Ty OfTE), AR
REB LU AT X =22 HET 25, FITEHE LY
FIUTDEBD, 2022 FHIFEET I HIERE N
720
- [HEh. FE. RECED 21T o (LB BIZ)
- EFREHOE L, HEXK. RENCTOR—=a2—
o VIEEL MR E AR 4 —L KRB Y OMRRE
B (FEBEIR)
- BHATEI MIc B 2 HAEITEH)., =2 X —HBEOFHH
(EBBIT)
- BHATEI MIC B 2 K06, IR, e (B
i)
- B~ v R % W7 IER BRI 4 RoTDHRE - TERIEER
MRA X = > ZEHAL DI Z F WV 7o DFSREG TR

37

(PEHHAR)
-ARRE S Yy MEBE W< v X DIREEL
PEfRAT (B K HUR)

9.4 WEL

eI 3 #&RE 0 H T AR BRAE R ST T O BHAE AR BUEZEHI L T
W3, HEDOYREIZEZD ., DS FRT, FERIFH &
BEICEREA R R > THERIh B Z e s, JE
WICEARTRLREERITTbN S, IHAREZEL L
TH7 BRI A BB E TREEMEE THA sy
FER L7201 20 (BARFICOW TR, s 2021 ©
p38EBMMD Z ), 2022 I 28 EMI NIz, 2
OFHOFEZLD, TRTOMERD +> 54 VB
HHVIFBHEZ DAL T Y w R E R 7223, &
HRZICEMD ZHHEEICL > TESIMLPTWEREY
Rolrdb&EZIbNhb,

EEYHEFOMEE I 2 =7 1 NOHBK. KFED
HEERILADEIRO—BR & LT, JIE, MX AT
AR R OBME R L T\ 5, 2022 FEIFHER
THEENKFCBOTANL 7V v REH#L 7z,

95 ERFEMRER

AR O LD —EOEB b THE2K 2 720, it
DIFZEE 2 A U THRERIC X 28R R 2 ML T
W5, 2022 FFEIF 1S BES Nz, 2 0 F RN OEISH
ELT, IRERDA Y A4 VRN EBE L TETED,
BN 6 DB IN% G LR T WK E E TV 5,

9.6 HEMAHEEN X—2 VT HFEIFIARER

2021 FF I EHIIEEE (MEG) O #&ER I A3 1
XNTz 2 B IR (R IC O W TR SRR 2021 O p.39
SR, ERBEEEA X — Y ¥ ZHFERFERIX, 2022 4
FE 2 B g IEIREEE (MRI) & W 2 HERFAHRLD A &
ot 3TATEB2ALTTRATEE1AICE ZHLH
FIFRRS 2 #k6E U7z 2021 SRR ICH | & i =, THEKNERD
IEMIBE=eBZ) v TEEREICHES BERUOZ XV
F—IREBOEGHE (FTMITERE)) Vv 200ER
ARERE Lz 2022 X 3T D EME iz,

MEG DOHSEFIFIZFELL X 7228, 2021 4R & TIHUS
L7277 — R DEMXIRIE, — BB e LTk L 72,
2022 FEFEIZ 5 A8 S AUTELY LTz,



Tk S SRS

BN

RIS e | e | R | DL AL wmaem | armiem | P 7E
HEBFF HEE W= RIS T 528 FIF S5 BETAN

2007 FE

PERTFE 33 27 26 13 19 7 125
HEAFEZ AR 212 109 415 47 62 16 861
ket T RAL D 9,307,802 5,136,620 | 12,109,940 1,799,060 2,047,140 | 1,318,506 31,719,068
TR T R 6,059,270 2,721,340 | 10,575,860 1,678,080 726,960 420,160 22,181,670
2008 FE

PRARFRL 35 30 25 1 13 15 7 126
LEWR SR 184 124 495 11 36 62 14 926
ket T RAL D 9,355,910 5,118,530 | 11,926,400 750,000 | 1,959,040 2,975,440 | 1,060,446 33,145,766
THRES A7 RE 4,500,000 4,200,000 - - 650,000 650,000 350,000 10,350,000
2009 FE

PRARTFR 37 37 25 1 14 16 7 137
HERFFES AR 186 114 422 21 42 53 17 855
R e 8,663,280 6,272,913 | 12,079,660 750,000 | 2,225,400 1,922,024 938,140 32,851,417
THREon E AL ) AR 5,400,000 5,550,000 - - 700,000 550,000 350,000 12,550,000
2010 FE

PRIRPFEL 43 32 22 2 21 19 6 5 150
HEFFFESIAR 165 127 365 13 73 75 18 14 850
ket T RAL D 8,456,670 7,617,008 | 10,788,180 750,000 | 3,422,100 2,995,060 912,740 | 750,000 | 35,691,758
R L] 4,950,000 7,156,000 - - | 1,050,000 750,000 300,000 - | 14,206,000
2011 EE

PRIRIEEL 41 43 23 1 19 26 7 9 169
LEWR SR 187 151 386 10 76 98 17 14 939
ket TR 8,654,774 8,714,130 | 11,982,360 450,000 | 3,035,450 3,759,700 | 1,246,160 | 450,000 | 38,292,574
THRESL B 7 R 4,950,000 6,942,000 - - 850,000 950,000 350,000 - | 14,042,000
2012 FE

PRARTR 44 44 21 1 18 33 - - 0 161
KSR 183 158 356 15 70 130 - - 0 912
R e 9,246,760 | 10,541,760 | 10,127,680 750,000 | 3,250,714 6,314,550 - - 0 | 40,231,464
THREA B AC ) 2R 5,700,000 9,952,000 - - 900,000 1,400,000 - - 0 | 17,952,000
2013 FE

PRIRPFEL 34 53 20 2 17 26 - - 0 152
HERFFFESIA R 173 190 298 19 58 92 - - 0 830
ket T RAL D 7,372,710 | 10,697,270 8,793,860 | 1,500,000 | 3,007,200 4,375,910 - - 0 | 35,746,950
THFES BB 2E 4,950,000 | 11,302,000 - - 850,000 1,200,000 - - 0 | 18,302,000
2014 5E

PARTFEL 38 73 19 2 10 25 - - 0 167
HEWR IR 190 256 339 18 36 84 - - 0 923
ket TR 8,150,230 | 11,399,190 9,433,630 | 1,500,000 | 1,537,080 3,941,860 - - 0 | 35,961,990
THRESL B 7 RR 5,250,000 | 11,602,000 - - 400,000 1,100,000 - - 0 | 18,352,000
2015 FE

PRARTFR 41 79 19 1 9 25 - - 0 174
KSR 195 266 314 21 34 88 - - 0 918
ik RAL R 9,944,400 | 13,911,750 9,236,490 750,000 | 1,566,320 5,663,804 - - 0 | 41,072,764
THFES T AC DA 6,000,000 | 13,252,000 - - 450,000 1,200,000 - - 0 | 20,902,000
2016 EE

PRIRPFEL 39 62 20 2 10 31 - - 2 166
LEFESIMAE 166 224 336 23 37 125 - - 3 914
ket T RAL D 8,080,732 | 12,438,562 9,644,230 | 1,500,000 | 2,007,150 7,899,924 - - | 300,000 | 41,870,598
THFEM TR AL D FE 5,850,000 8,850,000 - - 500,000 1,450,000 - - 0 | 16,650,000
2017 EE

PARTFEL 35 63 24 0 10 31 - - 0 163
LEWIR SR 150 229 334 0 32 110 - - 0 855
ket T RA D 7,400,060 | 11,073,600 | 11,364,680 0 | 1,751,230 7,331,686 - - 0 | 38,921,256
THRESH B C 7 AR 5,100,000 7,940,000 0 0 500,000 1,400,000 - - 0 | 14,940,000
2018 FE

PRRTFR 45 60 23 0 5 36 - - 1 170
HFFFSIA R 150 239 360 0 16 136 N - 9 910
R i 8,767,948 | 12,256,860 | 11,291,560 0 759,350 8,690,858 - - | 150,000 | 41,916,576
THFES T AC D AR 6,099,000 8,492,000 0 0 250,000 1,700,000 - - 0 | 16,541,000
2019FE

PARTE 37 65 20 2 7 38 — — 0 169
RS MAR 113 228 315 45 23 145 - - 0 869
ket T RAL D 6,320,842 | 11,016,452 9,427,840 | 1,500,000 | 1,264,420 8,089,802 - - 0 | 37,619,356
THRES AL RE 5,120,000 8,770,000 - — 350,000 1,700,000 — — 0 | 15,940,000
2020 EE

EESINGE S 51 71 21 1 — 41 - - 0 185
HRFRSIAR 130 218 333 17 - 173 - - 0 871
ket T RA D 8,588,070 | 11,221,720 9,959,520 750,000 — 710,849,790 — — 0 | 41,639,100
THRESH ZE e 7 RE 7,290,000 | 10,211,450 - - - 1,900,000 - — 0 | 19,401,450
2021 FE

PRARTER 52 75 28 0 — 44 - - - 199
HFFFESIA R 136 239 459 0 — 199 — — — 1,033
R v 9,583,750 | 11,135,440 | 13,141,630 0 — | 13,718,890 - - — | 47,579,710
THFES TR AC 7D AR 6,890,000 | 10,345,000 - 0 - 2,200,000 - - — 719,435,000
2022 FEE

PARTE 68 76 29 1 — 37 — — - 211
HEAEZIMAE 184 231 201 14 - 148 — — — 778
ket T RAC D 12,095,460 | 10,303,660 | 12,726,750 750,000 9,505,030 45,380,900
IHFEM A FR 9,026,000 | 10,500,000 - — — 1,550,000 — — — | 21,076,000
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13.6.1 Tibingen KE (Fa—EY5 >, RAV)ELD
ERZM

ERIHERE DI X H = X 2 B2 By LT, E

PRAG 72 B & R LR SL H e HEE T 2 7 0,

Fa—E U F yRY (M) v BTG E 2248 L (MOU
HENEHH), 2 E T, 10FEL bz, DIFos@ED .,
PURY Y LB, BHFEMAE LR, EEFEEZITo T
X7,

B 2012482 H 25 H e IR B e
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EFAIL) 09 a~Zz, M TERERERE )
gavz, THENLEL T,

M 11 KUCM-YUCM-YUCD-NIPS & v EY W
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FE9 4. 2021 £EFE 6 %4, 2022 4EFE 10 #4) DRl
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D, X DRHEILAEYE. T Y EHE RS
& O EERIGR & NI 2 RO E AR D 5N TED.,
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National Primate Research Center of Thailand
Chulalongkorn University

Bangkok, 10330

Thailand

Professor Junichi Nabekura, Director General of NIPS
Professor Yoshihiro Kubo, Vice-Director General of NIPS
Professor Atsushi Nambu, Chief Chairperson

National Institute for Physiological Sciences

Okazaki, Japan

7t January 2023
Dear Profs. Nabekura, Kubo and Nambu,

First of all, please allow me to thanks for this opportunity giving to me to visit NIPS. This visiting
program is an extremely memorable experience for me. It is not only a good chance to visit the well-
known established laboratories and the outstanding research team which have had strong
contribution to physiology and sciences, but it is also once in my life-time to interact with all 21
principles investigators/representatives and the members of each laboratory at NIPS. Apart from the
perspective in science, | very much appreciate for their warm hospitality and friendship giving to me.
Please pass on my thanks to all NIPS principle investigators/representatives, staff, and students who
welcomed me to visit their laboratories, exchanged their knowledge and progress with me, and spent
time to have a conversation with me during lunch and dinner. Last but not least, [ very impress for
an effort of the executive of NIPS on improvement of the institute in any ways which I could learn
during the entrance and exit briefing. In the future, if I can be any help for you and NIPS, please do
not hesitate to ask me.

With my warmest regards,

(,,_S- 'cala?w\‘\“\ﬁ(ma(
Al

Professor Dr. Suchinda Malaivijitnond
Director
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Thailand
Email: Suchinda.m@chula.ac.th
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Declaration

This report is produced based on my two-day visit to 21 laboratories of National Institute for
Physiological Sciences (NIPS), discussion with Director General, Vice Director General and Chief Chair
Person during the entrance and exit briefings, communication with Pls or representatives of each
laboratory, and general conversation with Ph.D. (Japanese, Thai, Malay, Vietnamese and Chinese)
students, and young researchers during two-day lunch times. Additional understanding of the
institute was gained from the NIPS website, year reports, and printed documents provided by each
laboratory.
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Preface

NIPS is an inter-university research institute for research and education on human physiology. NIPS
has three major missions including Research, Collaboration and Education. For the Research, NIPS
aims to investigate the mechanisms of human body function through the cutting-edge research
focusing on brain, nervous system and homeostasis, from the molecular, cellular, organ, organism
and society levels. For the Collaboration, NIPS aims to be a national and international research hub
through the collaborative studies with domestic and foreign researchers. For the Education, NIPS
aims to nurture the graduate students and young scientists through the Ph.D. course in physiological
sciences of SOKENDAI (The Graduate University for Advanced Studies), annual NIPS Training Course,
and NIPS Internships.

As its function as an inter-university research institute, NIPS is operated by the research community.
It has a remarkable founding beginning which is clearly distinctive from other institutions. From its
establishment in 1977, NIPS is now 45 years old. If compared to the age of a human being, it can be
considered middle-aged. The institute can produce outstanding research with international
recognition. It can stand in the forefront of the world's leading research institutes in physiology.

NIPS comprises 80 academic staff, 33 technical staff, 28 postdoctoral fellow, 42 graduate students
and 86 supporting staff (data in 1st April 2022). The Director General is the top executive of NIPS
working under the guidance of the Advisory Committee for Research and Management with the
support of the Research Enhancement Strategy Office. NIPS is divided into 4 departments, which are
sub-divided into 19 divisions, 4 centers and 1 technical division.

Under the leadership of the Director General (Professor Dr. Junichi Nabekura), the Vice Director
General (Professor Dr. Yoshihiro Kubo), and the Chief Chair Person (Professor Dr. Atsushi Nambu),
their dedication, enthusiasm, and commitment to excellence of NIPS continue to be nurtured at the
highest possible level. I am impressed with their accomplishments, their skill, and their judgment in
dealing with the immediate challenges faced by them, especially the current situation of being
shorthanded for financial support and staffing. I also am impressed with their thoughtfulness in
identifying and assessing longer-term challenges and carefully considering their options for
addressing them.

Concerns and Recommendations

[ am optimistic about the many strengths of the NIPS that include leadership and support staff who
are experienced and dedicated, and who are committed to making the institute the best that it can be
with the cutting-edge research resources. Though I commends the leadership and staff of the NIPS
for their accomplishments since the establishment of the institute, there are some issues of concerns
that could be improved for being a better institute. My recommendations are arranged based on the
three missions of NIPS as follows:

1. Research

Research in NIPS is a bottom-up integration from molecules to individuals, i.e., genome, molecule,
synapse/microstructure, neuron/glia, neural circuitry/organization, behavior, cognition,
homeostatic regulation to social behavior which from a combination of both in-depth and broad
research. [t also provides further understanding of the fundamental mechanisms causing diseases, to
enable new and improved treatments for the diseases and the symptoms. Importantly, NIPS has all
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levels of laboratory animals starting from lower vertebrate (frogs; Xenopus laevis) to small mammals
(mouse and rat), and non-human primates (marmoset and Japanese macaque), as well as the study
in human. Although the main research theme of the institute is focusing on neuroscience (basic
function of brain) but it has begun to expand its research base to homeostasis. NIPS has many
advanced research equipment/machines and special experimental tools such as viral vectors and
transgenic mouse and rat. The dignity of NIPS is the research collaborations with world-class
researchers under the projects/programs, for example, of Japan-US Brain Research Cooperation
Program, Brain-MIND beyond, and Advanced Bio-Imaging Support, which leads to the outstanding
publications in Tier 1 (up to 17.5% in 2021) and the FWCI value of about 1.25.

Concerns and Recommendations

1. Although the research focus is to understand human structure and function, it has no official
collaboration with the clinical study or clinical facility.

2. NIPS has no state-of-the-art industry-academia collaboration mechanisms. This is frequently

encountered in many renowned research institutes including in Thailand. A translation of knowledge
gained from laboratories to the pharmaceutical industry is lacking. Although there is a central unit of
the institution that performs this function, the work is not in a proactive manner. The existing
mechanism of the industry-academia collaboration is in a way that is waiting for the industry to come
in contact. It is not easy to advertise the outstanding knowledge of the various laboratories in the
institution to targeted biotechnology and pharmaceutical industries. The person who should take
this role needs to have the business knowledge and the scientific background. The personnel should
understand how the fundamental research output could be applied to the pharmaceutical outcome.
He should have a network with the industries, should know how to pitch them, and more importantly,
he should act as facilitator to help the NIPS’s researchers to deal with the paper works and intellectual
property. At the end, the NIPS researchers can continue to do fundamental research, and their
research results can be converted to be subsidiary financial support to the institute.

From my two-day visit to the laboratories, I could see that they have many research results that are
waiting for someone to pick it up and translate to the pharmaceuticals, especially research in
laboratory animals. The institute lacks the connection to the clinical facility, possibly in the form of a
Memorandum of Agreement, in order to bring the research results into the clinical trial.

3.Viewing from my perspective of the director of the Thai primate center, I found that the governance

of NIPS is still unclear to me, such as no clear mission, vision, goal and year plans. The benchmarking
with world-leading institutions such as Cambridge University is not clearly identified. The
organizational structures with too many divisions that overlap in their research theme and the names
of the division does not reflect to its activities might cause confusion to researchers who want to
connect with NIPS. Human resource planning is another issue that needs to be considered. NIPS
should internally create a stimulative work path that supports the dedicated personnel, such as a
promotion from Assistant Professor to Associate Professor and Professor, respectively.

2. Collaboration

Collaboration at NIPS is through the shared facility with free of charge of advanced
equipment/machine such as 3T Dual MRI, 7T MRI, MEG/EEG, 2-photon microscopes, SBE-scanning
electron microscope, and phase contrast electron microscope.
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Concerns and Recommendations

Most of the collaborations that take place in NIPS are based on personal relationships, especially for
research conducted in institutions. At present, NIPS has MoUs with some institutions abroad.
However, there is no any special privileges of personnel coming from agencies under MoU, compared
to agencies without a signed MoU with NIPS. Therefore, both national and international collaboration
should be made to be more concrete, and if possible, a system should be set up.

As for Chulalongkorn University, NIPS currently has an MoU with the Faculty of Pharmaceutical
Sciences or at the faculty level. Thus, NIPS is not widely known to other faculties that also have the
Department of Physiology such as the Faculty of Medicine, Faculty of Dentistry, Faculty of Veterinary
Science, and Faculty of Science. In order to expand the cooperation that has existed for a long time
and be able to use the full benefits of Chulalongkorn University, an MoU should be raised to the
university level. So that the staff and students from other faculties can share the MoU, and NIPS
staff/students can access any facilities of Chulalongkorn University, for example, library, dormitory,
and internet.

3. Education

Accepting Ph.D. students through SOKENDAI (Graduate University for Advanced Studies) and
accepting graduate students from other universities are a good system to build a good scientist.
Students from many countries and from Japan came to conduct their Ph.D. research at NIPS.

Concerns and Recommendations

1. Having the opportunity to talk with students during lunchtime, I found that they were from
Malaysia, Thailand, Vietnam, and China; however, I did not see any students from Europe and
America.

2. Currently, the institute has a limited number of Ph.D. student and postdoctoral fellow. Although
there are activities for undergraduate students to attend at NIPS such as short-term training or trial
enrollment, it is only for Japanese students. For international students, the institute has an internship
program, but it is costly for NIPS, thus it becomes highly limited. With an online technology that has
been dramatically developed during the COVID-19 pandemic and people frequently used it in their
daily life such as zoom meeting, | recommend the institute to hold an open house event via zoom
platform, in English version, for foreign students starting from FY2023. It is a cheap investment and
is accessible easily. Based on my two-day visit, I found that all NIPS staff could communicate well in
English. Using a zoom platform, it can separate the students, who are interested in conducting their
Ph.D. program in some specific laboratory, into a separated zoom room, and discuss with specific
professor and his/her team directly. This will increase the opportunity to recruit more foreign
students to NIPS. It will also indirectly publicize the institution.

4. Some significant concerns that supplement to those three missions

4.1. Laboratory animals

The institute's strength is its own production unit for transgenic rodents for use in its research
according to the research question or according to the needs of researchers in the institution. Being
superior to other neuroscience research institutes, NIPS has its own non-human primate (NHPs;
marmosets and Japanese macaques) facility. Besides, the use of endemic Japanese macaques, which
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are counted as pest animals in Japan for research purposes, can mitigate the problem of human-
macaque conflict to the country.

However, in this strength, there are hidden weaknesses as follows:
1. Using the high amount of budget to maintain the colony of transgenic animals and NHPs.

2. Use of Japanese macaques as laboratory animals might encounter with some problems. Since
Japanese macaque is endemic to Japan, researchers in other countries have not been able to replicate
the experiment. Therefore, data sharing between NIPS researchers and researchers in other
countries might be difficult. One main reason of selecting animals for experiments is that an enough
physiological and anatomical background information of the animals should be in place. For example,
we should know how the normal functioning of a particular neuron is, then we can tell what abnormal
is? That is the main reason why the NHPs used by researchers around the world are rhesus macaques
(Macaca mulatta) and cynomolgus macaques (M. fascicularis) because their distribution is
widespread in the world, only next to humans.

3. The institution currently does not have any international standards for animal care and use that
would serve as a tool to protect the institute from the animal right groups. Because the animal right
groups that opposes the use of laboratory animals are everywhere around the world, and they are
very active nowadays, especially in invasive neuroscience experiments. At present, although the
institute has not faced such a problem, it is better to take precautions before problems arise. One way
to ensure that the institution can be internationally accepted by other agencies is to apply for the
AAALAC International accreditation. This will also extend a possible collaboration with foreign
agencies, especially in Europe and America that the use of laboratory animals is restricted. In the
United States, for example, researchers with the NIH grants can only conduct research at the
AAALAC-accredited institutions. Looking at the current structure and organization of NIPS, it should
be very difficult to apply for AAALAC International accreditation as a whole. This is because the use
of animals is not centralized in one place. The initial step is to organize and to operate the central
animal facility (a main part of laboratory animals at NIPS) following the “Guide for the Care and Use
of Laboratory Animals, 8% edition” published by National Research Council of the National
Academies, and apply for AAALAC International Accreditation.

4.2. Public relations

From my point of view, the institute is still a bit weak in public relation making the institution less
well known to students, researchers, scientists and industries comparing to RIKEN, Japan. The
institute may need to do more public relation activities such as exhibiting at various academic
conferences and publicizing when NIPS personnel are invited to give talks in some conferences or
symposia.

4.3. Financial crisis

At the current situation, the main source of budget (52%) for the operation of NIPS is from the
government, which has to be shared with other institutions under the National Institute of Natural
Sciences. In FY2021, an estimated annual budget is 25 Million USD. Approximately 60% of the
government budget is spent on personnel salaries. Looking back about 10 years (compared to
FY2011), the budget has been decreased by 20%. This is an inverse picture with the growth of the
agency and the economic situation where the cost of living index is rising around the world. On
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average, there is a cut of about 1.6% of the government budget per year, which is in contrast to the
acquisition of many expensive equipment such as Ultra-high-field 7-Tesla MRI, Dual 3-Tesla MR,
SBF-SEM, Multiphoton Excitation Laser Microscopes, Megnetoencephalography (MEG) and Super-
resolution microscope. In particular, NIPS requires a large amount of budget to operate and maintain
these equipment/machines, especially the cost of electricity. Having a policy that no fee payment is
needed for a collaborative research, this leads to a huge burden of the executive to earn money for
this expense. Therefore, the institute must consider the cost-benefit balance of acquiring new
equipment; the access fees for institutional equipment (such as identifying MoU and Non-MoU
agencies); and the depreciation of the equipment/machines and the building itself.

During this Japanese economic recession that government cuts research funding, the institute has to
have a back-up plan or risk assessment, if it has no longer support from the government. Because
now many research centers or educational institutions around the world have started to have a policy
to support themselves, such as setting up a start-up company or enterprise or having an intellectual
property registration unit. Stimulating the principle investigators to seek for external fund, especially
from abroad, is also necessary.
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1.1 Professor Philip Eaton
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(William Harvey Research Institute, Barts and the London School of Medicine and Dentistry,

Queen Mary University of London, United Kingdom)

I very much appreciated the invitation and opportunity
to review the laboratory of Professor Nishida, provid-
ing me the chance to understand further the work of his
group within the Division of Cardiocirculatory Signal-
ing at the National Institute for Physiological Sciences
(NIPS), Okazaki, Japan. I met with Professor Nishida
on Thursday 27" of October 2022 in Sendai, when we
were mutually attending the 12th International Confer-
ence on the Biology, Chemistry and Therapeutic Ap-
plications of Nitric Oxide. Indeed, Professor Nishida
was one of the Presidents of this world-renowned con-
ference and it was impressive that he and his colleagues
could deliver such an important conference in these still
challenging times as we emerge from the COVID-19
pandemic. This in itself highlights an important role
that so many international scientists of different career
stages benefit from immensely, and Professor Nishida is
to be highly commended for supporting our worldwide
community in this important task requiring so much
dedication and vision.

Although I was already familiar with some of the work
of Professor Nishida and his team, he helpfully de-
scribed to me the structure and makeup of his lab-
oratory, which I was previously fortunate enough to
visit in Okazaki. During that previous visit, I had the
chance to discuss science with his staff and students.
They were very enthusiastic and passionate for their
work, which was abundantly clear as they explained
their various projects. Indeed, some of these studies are
still ongoing and I discussed them in quite some detail
with Professor Nishida during our Sendai meeting, as I
will come to below. It was also evident that many re-
searchers have moved on from the Nishida laboratory
and are now located in various laboratories around the
world, illustrating very convincingly that training to a
very high level is being provided by Professor Nishida
and the NIPS. This important achievement should be

congratulated, as it crucially provides the next genera-
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tion of scientists that will take the positive influence of

Professor Nishida and your Institute forward.

I learned that Professor Nishida has dual appointments
and to support and maintain his NIPS-based laboratory
a post-doctoral Fellow and two students were seconded
from his Kyushu University laboratory. Importantly,
Associate Professor Akiyuki Nishimura provides signif-
icant leadership and administrative support. This is
an excellent arrangement and allows Professor Nishida
to use his experience and skills to deliver enhanced re-

search and productivity.

Multiple Important Programmes of Work

Professor Nishida explained he has several inter-related
programmes of work that broadly relate to cardiovascu-
lar health and disease. His group undertakes basic sci-
ence studies that define mechanisms that contribute to
myocardial dysfunction. Importantly, there is a trans-
lational side to his studies, with important drug dis-
covery work aimed at increasing health in an ageing
population. Below I summarise four of the important

projects that we discussed in some detail.

1.

tions and diseases

TRPC3/6 channels in cardiovascular func-

Cardiovascular structure and functions are regulated
by neurohumoral factors. The Nishida group studies
receptor-activated cation channels TRPC3 and TRPC6
that are activated by PLC-linked receptor signalling.
Although these two channels may be expected to have
redundant roles due to homology, the Nishida labora-
tory’ s murine studies revealed significant differences in
their respective physiological functions. For example,
they found TRPC3 positively regulates reactive oxygen
species (ROS) signaling via a Nox2 during complex that



promotes mouse myocardial atrophy. Intriguingly, they
found the anti-asthma drug ibudilast inhibits the for-
mation of the complex and protects against myocardial
wasting. This translational aspect speaks strongly to
the connectivity of how they are taking basic research
towards new therapies for patients with yet unmet ther-
apeutic need.

In contrast, they found TRPC6 activity promotes
baroreflex-dependent cardiac positive inotropic effects.
This is mediated by nerved-derived norepinephrine ini-
tiating myocardial Zn?t influx via a l-adrenergic re-
ceptors, enhancing cAMP-dependent cardiac contrac-

tility.

2. Redox-dependent alternative internalization
(REDATI) of GPCRs

The mechanism(s) by which GPCRs are not inter-
nalised by GRKs remains unclear, but the Nishida
group made a breakthrough in this area. They found
P2YsR is a receptor that is not readily internalised
by ligand stimulation and, notably, they demonstrated
that isothiocyanates found in green vegetables trigger
this to cause anti-inflammatory actions. They clearly
demonstrated that isothiocyanates modify Cys220 in
the intracellular third loop, which is followed by Lys137
ubiquitination. This REDAI mechanism was shown by
the Nishida group to be conserved in GPCRs.

3. Reactive sulfur signalling in the myocardium

Although cysteine hydropersulfide (CysSSH) is an en-
dogenous nucleophilic biomolecule in cells, little is
known about its biosynthesis or physiological func-
tions. The Nishida laboratory very excitingly showed
CysSSH forms from L-cysteine, catalysed by cysteinyl-
tRNA synthetases (CARSs). They also showed CARSs
catalyses cysteine polysulfidation that regulates mi-
tochondrial biogenesis and bioenergetics.  Further-
more CysSSH was demonstrated to negatively regu-
late dynamin-related protein (Drp) 1 and so mito-

Indeed, CysSSH caused abnormal

cardiomyocyte mitochondrial hyperfission, resulting in

chondrial fission.

early senescence and cardiac vulnerability to hemody-

namic stress. Crucially, they found cilnidipine attenu-
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ated adverse events, again, as above, providing a clear

translational direction for this important work.

4. New technology to evaluate multi-level inter-

actions

Traditionally the heart is simply considered a muscu-
lar pump, but it also functions as an endocrine organ,
To
understand this complexity, the Nishida group is de-

releasing hormones such as natriuretic peptides.

veloping new methods to comprehensively analyse sig-
nalling molecules released by the heart. They hope
this new technology will help elucidate connections be-
Their

inventive approach will establish if heart-derived pro-

tween the heart and different organ systems.

teins are transported to other organs by specifically la-
This

contemporary work may provide valuable new insights

belling proteins synthesised in cardiomyocytes.

relevant to cardiovascular health and disease, consis-
tent with the overall ambitions of Professor Nishida’ s

laboratory.

Research productivity

During this review period, Professor Nishida and his
colleagues published 27 primary research papers and
eight reviews articles, many of which are in world-
renowned, preeminent journals. This is an outstanding
achievement, and this brings high visibility, to not only
the Nishida group, but NIPs as well. This is further
empathised by the presence of this group at national
and international conferences, which notably Professor

Nishida has helped organise as I mentioned above.

The future and summary

What is abundantly clear from my conversation with
Professor Nishida is that his work is not only at the
forefront of international level research, but crucially
that there is a lot more to come. I am confident that
the current projects in his group not only address im-
portant biomedical questions, but also he will deliver
these to a high level by publishing their findings in top

tier journals.



In summary, it was very enjoyable to spend time dis-
cussing the world-leading research performed at the
Nishida laboratory based at NIPS. It is clear that he
contributes very significantly to our global research

community. Of course, to deliver the ambitions of
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Professor Nishida will require sustained support from
NIPS, which I recommend should be provided at the
highest level because this will undoubtedly result in
great successes and so help maintain the great reputa-

tion of your Institute.
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2.1 Professor Leonhard Schibach (Ludwig Maximilians Universitat, Munich, Germany)

To prepare this report I was kindly provided with a
written activity report of activities of the laboratory
and access to all published materials from recent years.
I also participated in a zoom meeting on November
11, 2022, which included a 60-minute presentation by
Professor Sadato and an in-depth discussion with Pro-

fessors Sadato, Koike and Fukunaga.

General overview

The Division of Cerebral Integration (DCI) / Depart-
ment of System Neuroscience was established in 1999 to
study higher brain functions focusing on brain activity
related to cognition, memory, thought, behavior and
emotion. As such the laboratory is one of the first ded-
icated cognitive neuroimaging facilities in Japan and
has been at the forefront of using and developing state-
of-the-art cognitive neuroimaging techniques. The unit
engages with and serves an extensive network of institu-
tions and collaborators in and outside of Japan. Since
the beginning, the laboratory has grown consistently
and provides ample opportunities for research train-
ing to Master and doctoral students. Furthermore, the
laboratory is also very well connected internationally
and has an impressive track record of welcoming over-
seas researchers and post-doctoral fellows via positions
funded by the Japanese Society for the Promotion of
Science (JSPS).

Research focus & achievements

In terms of research focus, the division has been a fron-
trunner for the investigation of the development of hu-
man communication by means of neuroimaging and has
contributed extensively to studies in the field of devel-
opmental neuroscience by focusing on social skill de-
velopment and its neural bases, but also social neuro-
science by focusing on cross-brain mechanisms of social
interaction. In terms of methodological advances, the
division has implemented 3T as well as 7T MRI neu-
roimaging and plays a leading role in developing these
techniques as well as others such as high-resolution

EEG and fNIRS further. Building on the success of
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initial studies in the division, a highly sophisticated 2-
person “hyperscanning” MRI setup was created that
includes two 3T MRI machines, which allow for the
concomitant investigation of two persons, who can in-
teract with one another via a live video broadcast sys-
tem or other forms of mediated communication. Based
on these ground-breaking achievements, the investiga-
tion of the neural correlates and mechanisms of social
interaction have been at the center of activity at the di-
vision in recent years and have yielded completely new
insights into the neurobiology of social interaction.
For instance, in studies that allow two persons to ex-
change facial expressions while simultaneously under-
going 3T neuroimaging, it was shown that right in-
ferior parietal lobule plays a critical role in forming
shared representations of actions. Other studies have
focused on the importance of mutual gaze or ‘eye con-
tact’ and their underlying neural correlates. Here, it
was found that mutual gaze is associated with activa-
tion in the cerebellum and anterior cingulate cortex, as
well as greater functional connectivity between anterior
cingulate cortex and anterior insular cortex.

Studies of social contingency conducted in the divi-
sion have focused on the coupling between one’ s own
behavior and the effect that this may have on another
person. To this end, a joke-telling neuroimaging study
was conducted, which demonstrated that self-relevant
responses activated medial prefrontal cortex (MPFC)
and that making others laugh resulted in activations of
the ventral striatum, an important component of the
brain’ s reward system. An advanced psychophysio-
logical interaction analysis demonstrated that MPFC
activity gates information processing between sensory
areas and the ventral striatum. When using this par-
ticular task in a group of persons with an autism di-
agnosis, it was shown that MPFC and reward-related
brain responses were attenuated in autism.

Another series of studies focused on the important
phenomenon of gaze-based social interaction and joint
attention, i.e. the sharing of experiences across per-

sons. In addition to using gaze-based social interaction



tasks, the division also used a language-based feature
recognition task, in which the initiator of a social ex-
change verbally asks the partner to pay attention to
a particular spatial location or object feature, and the
partner directs their attention accordingly. Results re-
vealed pair- and task-specific cross-brain synchroniza-
tion of the right AIC-inferior frontal gyrus (IFG) and
right superior temporal sulcus.

From a scientific standpoint these elegant suites of
studies described above serve as excellent examples for
an impressive body of work and publications generated
by the Sadato lab and demonstrate the importance of
studying real-time social interaction and to do so not
only in single brains, but across interacting brains. Re-
sults of the studies have consistently been published
in medium and high-impact, peer review journals and
have, thus, made a significant contribution to the rele-
vant literature. Moreover, the technologically creative
and groundbreaking solutions provided by the division
have been an inspiration for the entire field of social
neuroscience, which has taken an ‘interactive turn’ in
recent years to focus more strongly on real-time social
interaction. Clearly, the Sadato lab and division has
been most influential and a trail blazer in this context
by conducting studies, which demonstrate cross-brain
effects to be relevant for successful communication and

push the frontiers of a truly social neuroscience.

Research environment & collaborations

The Sadato lab is part of the National Institute of Phys-
iological Sciences (NIPS), which is one of Japan’s lead-
ing research institutes. NIPS has a strong reputation
for scientific excellence and is also recognized interna-
tionally for its high quality research output.

Professor Sadato provides excellent scientific leader-
ship to the lab and encourages a collaborative style
while setting an outstanding example for work ethic as
an inspiring leader. Overall, the lab consists of a very

hard working group of individuals, several of whom I
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have had the privilege to meet personally during pre-
vious visits and conferences, who are scientifically cu-
rious, extremely well-trained and interpersonally kind
and gracious, embodying a collaborative spirit of scien-
tific investigation and exchange.

The Division is also actively involved in training stu-
dents and provide access to fMRI for researchers from
other fields.

In addition to the important contributions in the
field of social neuroscience, the division has also im-
plemented a cutting-edge high-field MRI system (7T)
and have used it to implement novel neuroimaging tech-
niques, such as non-BOLD layer-fMRI. In addition, the
division has also been part of big data consortia and
have contributed to big-data analysis of psychiatric dis-
orders. There are also important links to other strong

neuroimaging programs in Japan and world-wide.

Conclusions

The Division of Cerebral Integration led by Profes-
sor Sadato is an internationally recognized, highly suc-
cessful neuroimaging laboratory. Since its foundation,
the lab has seen an impressive development centered
around the idea of studying neural development in re-
lation to social interactive capabilities. The division
must, therefore, be considered among the world-leading
neuroimaging groups, which works at the highest sci-
entific level across a broad range of neuroimaging ques-
tions and is strongly connected to a network of inter-
disciplinary partners at the national and international
level. In that regard, the division has a strongly col-
laborative outlook and is in charge of providing techni-
cal support for advanced research using magnetic res-
onance imaging for other institutions and is hosting
training courses and conferences. Taken together, the
Division is a leading institution in the burgeoning field
of social neuroscience and continuous support is highly

recommended.
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3.1 Professor Melinda Dwinell (Medical College of Wisconsin, USA)

Laboratory Evaluation on November 14, 2022

It is my pleasure to prepare this evaluation of Dr.
Hirabayahi’ s laboratory in the Section of Mammalian
Transgenesis at the National Institute for Physiolog-
ical Sciences (NIPS). I met with Professor Masumi
Hirabayashi and Toshihiro Kobayashi on November 14,
2022, through an interactive virtual session including
members of the lab and collaborating colleagues. For
more than twenty years, the Hirabayashi laboratory has
been performing impressive, novel studies with notable
recent publications in journals such as PNAS, Scientific
Reports, Nature Communications, Nature Cell Biology,
and PLoS One. The recent work presented by Asso-
ciate Professor Masumi Hirabayashi and Associate Pro-
fessor Toshihiro Kobayashi during our virtual meeting
included inspiring work done through the core facility
to generate genetically modified rodents and projects
using cutting-edge approaches with pluripotent stem
cells and unique rodent models for organ regeneration.
During the past 5 years, the outstanding achievements
are evident by their scientific contributions, the collab-
orations within academia and industry (private compa-
nies), and the remarkable publication record including
33 manuscripts, 2 review articles, and 2 book chapters.
This research group, consisting of trainees (postdoc and
graduate student) and technical staff, run an efficient,

collaborative program with clear overarching goals.

Significant progress included the following:

1) Ongoing service to the scientific community through
the generation of genetically modified (GM) mice
and rats used in biomedical laboratories in Japan
and abroad. Techniques used to generate the GM
models include pronuclear DNA microinjection for
transgenic models and CRISPR/Cas9 or TALEN
systems to create knockout and knockin models.
These models have been used by investigators in
Japan, Europe, Australia, and the US.

2) Blastocyst complementation for organ regeneration.

These incredible studies demonstrate that a) inter-
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specific chimeras can be made and b) combined
with blastocyst complementation can generate or-
gans in organ-deficient rodents. This approach was
used for the development of a functional mouse pan-
creas in apancreatic rats and the development of a
functional mouse kidney in anephric rats and vice
versa. This method has been established and ap-
plied for pancreas, kidney, and thymus in inter-
species rodent models. The laboratory initially cre-
ated rodent models missing specific organs through
targeted knockout of specific genes (Salll, Pdxl1,
Foxnl), followed by blastocyst injections of PSCs
into embryos from these specialized rodent models
lacking specific organs, resulting in the complement
blastocysts developing into chimeric rats with func-
tional stem-cell derived organs. Since the initial
findings were reported in 2019 (Nature Communica-
tions) demonstrating the development of mouse kid-
neys in anephric rats, the technique has been used
successfully in the reverse (rat in mouse) and is be-
ing extended to large animal models. As these tech-
niques are further refined for use in large animals,
the exciting possibility of human stem-cell derived
organ development could improve the shortage in
organs available for transplantation.

Demonstration that gametogenesis in non-mouse
models has been successful using rat pluripotent
stem cells (PSCs). The goal of this project is to
develop approaches to make gametes from pluripo-
tent stem cells. The strategy builds upon the pre-
vious achievement, the blastocyst complementation
for organ regeneration. The first step was to gener-
ate a genetically modified rat model lacking sperm
and eggs. Subsequently, novel rat PSC lines were
created to induce primordial germ cells for germline
transmission. PSCs were injected into blastocysts
without the ability to produce germ cells, resulting
in germ cells in the chimeric rat derived from the
PSCs. Following this success, the approach was used
to introduce mouse iPS cells into the rat blastocysts

derived from the gamete lacking rat model. Mouse



sperm and spermatid were present and functional in
the rat testes. Images of the functional testes and
healthy pups can be seen in the 2021 Nature Com-
munications paper. These results in rodents will
allow further testing of the germ cell potential and
factors that could enhance or impact in vitro game-
togenesis. In collaboration with a private company
and academic institution, this approach is being ex-

tended to rabbits and pigs.

The novel studies described above and presented dur-
ing the laboratory presentation are cutting edge and
very elegant. Manipulation of the mouse for the devel-
opment of gene edited models and use of mouse PSCs
for a variety of purposes has been available for many
years. Translation of these approaches to other species,
including the rat, has been technically challenging de-
spite the similarity between rodents. The work done by
the Hirabayashi research team is breaking this barrier
through a series of carefully designed, well executed set
of projects aimed at developing approaches to overcome
limitation is areas such as organ availability for trans-
plant and in vitro gametogenesis. The team is very
productive, the studies are well designed, the publica-
tions are comprehensive and published in high impact
journals. The studies highlighted during the review
demonstrated that the research group has both short
and long-term plans on how each finding can build upon
the next set of experiments. Careful proof of concept
studies were performed at each step, supporting the
reproducibility of the results both for the Hirabayahsi
research group and other scientists planning studies us-

ing the published results.

Professors Hirabayahi and Kobayashi are leaders in the
field of mammalian transgenesis. Their ongoing con-
tributions in this area have allowed many labs, espe-

cially labs working with rats or large animals, to use

approaches previously reserved for the mouse. In addi-
tion to developing novel techniques for developmental
and reproductive biology, they create rodent models
for colleagues, external laboratories, and industry. The
labs are well equipped for ongoing experiments, includ-
ing molecular biology, cell culture, and micromanipu-
lation necessary for embryo and pluripotent stem cells

(PSC) manipulation.

The published body of work during the past five years
is notable. As mentioned earlier, the publications rep-
resent the work done within the Section of Mammalian
Transgenesis and with collaborators within academic
institutions and private companies within Japan. With
the easing of many of the COVID pandemic restric-
tions, I encourage the team to extend the collaborations
with more distant research groups. Presentations and
interactions at conferences worldwide would allow for
networking and initiating additional collaborations. As
noted during the virtual meeting, the team has strong
partnerships with private companies, and this could be
an area for future collaboration and extension of their

findings to additional animal models and applications.

I wholeheartedly recommend continuous support for
this group and very much look forward to continued
scientific contributions by the research team. If you
have additional questions or need further information,

please do not hesitate to reach out to me.
Sincerely,

Melinda R. Dwinell, PhD

Professor of Physiology

Medical College of Wisconsin
Milwaukee, Wisconsin, USA
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HHNTWS (Owan TE et al., New Eng. J. Med., 355
(3): 251-259,2006), Kic. BERMEIAMEIC HFpEF dis
WRIRE NI Z &, BEREN O 22 HFpEF AR-IER
ZRETZIE00. DARZAHIERE L LTHRR 2058
DEFEE 2D, ZAUSHBE L - EfEged RE SR L T
W5,

DEHIRILF—RBICEB L OBHBE -
B8 D FREIERRAT

BESMEMOREBEIIFICHEZ UL, 4K - a2
TRV NLORE T 5 v 7 2% @EE KT
2%l L. Mra R RE2RBEERE 2 %
WEOBIHICEIL T2, MEEIE X 2 &, DIl
A 7N a =R 2 B0AA, v a— Xz X b g
R#EATORYES, TAVF—EAEREHERLIS T
%, L L. FftREmiiE ba>y RY 7982 N L

1.2
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DEOERIEHIFOEB Y & fADISRICATIZZICDWLT

THSHBREANONREH S 7 F2FEL. PHTABOE
R A XTI K 208 (BI) 25| & 2 3RHK
¥%, ZDRH, I ary R T OmECKEL /S
WHERES 2 Z Y HEFpEF OFF - IGEICEETH 2 ¥
ZONTWS, Za—RALD & 4F RS~ & A3
A4 v FEEIHERATE LT, TCAHA I L%2N LT
ATP FEAIZ BT acetyl-CoA DHEE L 23 L E Vg
. MENLEETRISOMERTHZ=aF 7 I
TT=YIRXIVLAF R (NADH) R 75877 =0y
X7 VLA F K (FAD+) B3diF oz, filZiE, v R
BWTI ray PV 7ELED MPC(mitochondrial pyru-
vate carrier) X ¥ X7 B DO RBENHD T 51> TR
FIDAERAEIE S % Z & (Cluntun et al., Cell Metab.,
33, 629-648, 2021; Fernandez-Caggiano et al., Nature
Metab., 2(11), 1223-1231, 2020). M _EOD lactate ex-
porter monocarboxylate transporter 4(MCT4) ZHE 3
5T, Ee rBONHYTDH 5 FLIED HHH e
S, WHPDIERIfl S 5 Z & (Cluntun et al., Cell
Metab., 33, 629-648, 2021). NAD+ D% E R HIEKAT H
b=aFr7 I ReHRET 5 THFpEF RDOAED
B XN 5 Z & (Abdellatif et al., Sci. Trans. Med., 13,
eabd7064, 2021), PHEINTVWS, ZabiFWVITIUC
b, DI Fay P 7O Y (L EHRR T2 2k
PR T2HEETH D, HFpEF DLAHTI ba v RV
7 DRALHI Y YL L NLDME TR LTV Z e idkEni
W, xR EZEDTHEBOWSE I L—TFE, Dffiz bav R
V7R 4 v FRRITFERE LT, I tary U7
DMEEHEMBCERE LEMEZEDTVWS, I bay
FU 7 OMBEIZEICOH - MG - 0ff - EEREHED KT
T THEICHREINATED, IhHZIERICERT 2
T ARedI v R 7y MDD R ML RS
g, TROBLFHOHELE - BIEENNEE 2 Z L HIRE
20 % (Nishimura et al., Sci. Signal., 2018), ZH
WA T, MR OB DhEdfioREIC LD, Hi
2R D & BEAE & N B ELIRER T A3 DI E B
BEIE VWS LWEREEE P EYE T AL THS
Mz, B ZBRE S 2168 (22 V> RX) 0
BN A L RENTETWS, 2D X512, K5
R — R DERRE LG O R R, DIROH TR
D¥fE L BFRISHICKECEIL TV 3,

—F. BEOMOBHEREXZ ZHEMTHRE L H
EBLTW2HD, HEOMAKE TR NI T — 2%



MAEL, T—2ZR=2{F 272D12F. 7—XDEHEML.
ThbbEEREDH EABRELE L EZ NS, HlZIFBC
7 DERNEZ W HHER D2 WS Z 2T, #
ERIZIRHAREL 72 o T3, L L. [A UAHMHE S
THote LTH, MK OE RN E TS %
CHEPBNBENIENZLAETCTED, T—ZR—2
L2 NDBENELTVWSE, ZOMEERRT 3
—DODFiEL LT, BILK - TRMFERBIZ D 7V — T H3hE
HL7o, MEETORBEEZRAL, 73U K
B S AT IR Z B 5 2 Befft (ST X 2R o — AR
W) 3% %, BEEDD 2T —E2R—-ZAEREET 572012
F. AL Y =y PR ENEIEE L, EEED
EWHEBSWEM G2 NHBRETH A5,

1.3 k£ LiPSHIRBROFHMRECAILG /1R
= AWTHRZE

t FODIKIET Y R - F v O TERERINICIZIZIE
FUT®H2bDD, DD 5-10 &5 72 ¥, HEEH T
DEVIZKEZV, DIMEREETALEYICE X 2 E R
bREVLD, BYEFREEOMYLZ HIG L 2%
MEIA < ED SN TS, BIZE. b b iPS HHAE RO
A (hiPSC-CMs) I3 N AR DK & 72 2 HERG 7 ¥ %
NERFOZ o, EEBOREWIHEHIHELA TN,
hiPSC-CMs % # DS EITHEE 7RI, DI 7 %o M
B A DI I IEE ICEMTH 2 -0, FEDIFS
I —7TULaFHINRVWEIEEETHZ DD, H
WOMMEEHWTHE NS T —XIEEENE . KE
ZHDIZT =X R=ZEPEATNE, 25 LT —X
ZHEHAT 5 2T, BFEESCHBIREEORIERY X7
ZPHL. BREHEOBREICT 4+ — RNy 73 30N
HREMINTETVS, X HIZ, in vitroBIFEE TR
D7z DIZFAFE X N EEMEEEF v 7 Organ-on-a-Chip 13,
MEROFHEEE TR R 2B~ A 7 ik B
VB AR - ARG AT S Z e AREETH D . K D AR
WGEWIEERREZES Z e N TE %, BCKEETIERVS
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B ZOMFRICIM Y HATED., 3XIChlaMERESIm b &
KITHEA TV D, 3XTThEOBEHRMELH M OVWTIE
SHITEEL RT3 08D %55, hiPSC-CMs & AWz
Organ-on-a-Chip f@HTH7 13 05 F 9% D FE R I M EEARTA]
RTH?5,

1.4 ITURRY—LH5BETOHIERFZE

IVRARY—L2iE, Te b EEEZBELTRZEIND
RERTORE LERIND, EE2KDFEKAD 10 %
MEEHERTH 2010 L. D D 90 %A BB T2
FER 3 2 ATREME DS —INMERVE R D FEDS A Y R 7 DFE N D>
LRI N Z 2iE, AMEROBEBEMZANFEICEEHL T
5o T ARY — LR ZHMHET 2720, WEATIITa
FLRHBEZHODI KRR T -2 2EHLTWEH, Zh
ZIRNT T 5 720 DM (BER) 25B WV T W R WO DEL
RTH 2, FHKRY - REEANZEZ L E, BRETOBRET
WEOEARBZ I EEMACKIETHEELMIEL. Ch
%E T D DILFEYE O LD50 i T @ E % ian
TH5DTKHL, ERHPBEBINS 22 TOVMHDRER
TYRZFHET 2 EEZREL TV S, DEICBNT
H, AULABEREOSY ATH X b L RITHRT 2 EHME
DRRZZeHHD, ZOFKEE LT, AR FLRR
HEBIRE L Vo BREER PG T 2 Z e 2REh T
%, WAIERE, REHETYEONEMERH - HEWE
& UTE < @RE D (MEE 73 2 DU R 5 7250 F
) OL Ny 7 ZATEMEREZHI - L XL TA X =
T BEMEIDL L. 2O fli DDA b L AL
My OMHBBEGRERLODOH %, BERTOERNZE -
ISE 5T % B RANC IS 2 B R A X —2 ¥
R EREE L, fIRD” basal” IREZERBMITRT Z
i, T ARY — AR OFREZ I TR, BRI
£33 2 TOEYOEEECHIER - FHERE @2 HiES
T U ANOVADEBNC S EIRNT 25 ORMBBZTH A5,

BB S 7 F VSRR PAECR



2 & FERHITEIREBOMRBRICHEI T Te B LA ZEIC D W T

21 /R

ARBR 2 EEBE L. BESLT 2 850 (A X -2 v 7
Fefti) o HEHFH, BROEMEE - BERYESE OFE DR
NEFEEN 7o T0d, [WWVEBTRETWIHREE
FRARIEA X — D CRdIclF L. 207 — X 2 KAGTE R
TS 2 2 2T, HITHBENOREMTEZ TV A ER
ZRlZICHEZ 572 TRL, ZOMDKRBEFRZHEE L.
ERBERE THRER Y bY—2 D8R8 ¥ LTIEZ 2 2L
DATREIZ IR o TE T WS, AMZNRE UMD f
ST KL EFEDORERIN DS HE S M RO 2R
BAET KD BRA RS RAGHERE. RIS RREIBSRE DA X
N2 X510 TE, BEREFERNTIIMN & kX
(MEG). BKIMFRANTCIERY b v v WiEHs (PET). #
REMIRESUILIR NS (IMRI) & EARIMRSETE (NIRS) 257
HARETH D, Zh o DFKIE. IHRBIMHEREA X —
VITERMENT WS, Fh. HE Eh LMK EE525 2
LI XD PN EBREIEE 5 2. BN OB & 72 500 D FERE
PRED L VIIMHIT 2 22k b, ZOMRER X h A
VWA B MR (FEEH ER ARG SRS (TMS) SR BH & A E
MESUEREIE (tDCS)) DR D EA TV 2,

2.2 FfcimZEEm

ARXR=IV TEMDOELWERICE bRV, BRRT—
ZHERRNCINE X NS X512 D, ZADRERkD MK
MR 7 7 —F06, RKEDOT—X%dH LIkl R
e 17— 2R 7 o —FADiER2IETRER
N oTWb, 7—XHUFE, WHRIZERR T X —
Z—ZMH T 20805 ERUHEEMAFETH D, Z
CICHRIKFLRNWA X =YV F 4 = ZDOEEN
DPENT EDoTL %, HIZIE. B M X=I Y FFIK
D1o5TH5MRILIE. BAMiFHc L s@EEHte &b
Wy ARX=I YA T ADFMEHIC L Y REXh
LY F=RENEADDDH D, — . T4 THA
IV A 6 BIREEATD 5 F A& B S % 72912,
lba—<oA"fFnd—] WO HEEPEAIR, B
DOFEBERICHEDZ b b OFEEHIEN TGS 2 e %
T, ZOENR—E LTak— ML H 5, UK
Biobank project \d EHAH{ A 2 EEFE T, 2006-2010 12
D} T 40-69 D HEE N 50 T N ERGIC, BIEF. MKE
K ATEEE T — 2R Nz, ks e LT, B
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EIERDOFIRIC BT 2 BIET - REOMHAEIER ZH 5202
T 57912, 1077 AT neuroimaging & cardiac imaging
BRIACEMT S Z e ek b. BITE 44,000 % DR MRI G
HrEfmEn, #ITHTH 2, AHTHFEH DML
BRIICEE S 2 2EHE (ZaFLE) ks S TE D,
ARXR=I V7DV Y IPHREEIND, ZD XD RI5EHE)
MICEBWT, 4 X =Y ¥ 77— &% biomarker & L THE
LT B EHRATHD, A XTI A T ZDHE
HREEEZON %,

R AL 22T BV T, KE @ Human Connec-
tome Project (HCP) TIIMMtEREE GR D KB L 7— &
N—Z2DWHE%, EU @ Human Brain Project (HBP) T
IFEREEE I X 2 EEGES (ICT) £ 2 18 L 7= 7ot
BEfpzEDTE D, MR - B2 HEE T 2 H0E
DEFE > TW3, HIZKE®D BRAIN Initiative Tl
FEEIEE DR Z B & 3 2 FEdhi OFFEICEF L T\ 5,
HARICBWTHIKERESR v vV — 2 02K RIAE H5 3
FF T Y 2 7 SHETHTH D, T HIT, 2018
o, THIEAYEFRI R FTHERE 7' 0 275 ) (EIREIN)
MhtAE N, BESHFHZHRATWS, ZAUd. FHNE
OfFEF T aFrTay 2y b OREEIEDO T, EER
(Rt E XD, 94 727 —JIKEBL, EEPS
P K T OMEWTH) 72 MBS EAT- © - - JF b b+ RRJERERM
L v b DRHREE O MR L LT ORI 21T 5 T
DRt - B ORI R, BN AF DO EBIAMIT T
WiHET 27027 b TH S, EFEPHIFRZAVER & 0
KN —7"2 (G2HEHLE) ZHY L Tw3d, Zhazhilic
e BRI 0 1A ) 7 AR B B AR E R SE D 7T [ 1R 2 D W
TERT %o

FEHEE 8 2 R 9 2 b O [al g O A RE B R IZ 0 ZH C
B %o FEMPRERIE & W5 BEEAD 7 71— F 1213, geno-
type 20 5 ¥ $ % 2>, phenotype 2 & HFET 2 212 Kl
TZ 5%, AiElE. b M CREERET 2 FRE—>EEFRE
<~ ZAREH-SER L~ T 22— >AEETHN
X 512k M TR (nonhuman primate; NHP) T
M$2, 205770 —FThb, MHEERIEICITER
BIEFHAEEGELTWS 2 ITMAT, fFRLE~Y R %
fEAT 3 % B D biomarker(phenotype/endo-phenotype %
BOT) BN T D3, FEHPE DJRREREIIC 35V TR
ZH7o LT3, MMEEMNEREHFTH LI E o
BT MIXR S % phenotype 2R 3T 3 Z 2 IR
WD 2DTH2B, —7/7. BEFEHZL PR L



T. phenotype ¥ L TOEEZW % (ATIick b) HFITE
ZHIE L LT oRPHEERER & % target endo-phenotype
& U CEMEMRERES 2 FE L. HE g2 B RE TR
VS 77a—FTH5, [FIEEHIE 12 X 2 REHIEH
% HEE L 7= B HlE S0 O BAFEDS, 1T o T BT 2%
&2 NHP N BT 2 CHEADDODH S, ZDT T
n—F T, k& NHP ORTO, [FEOMHFEMEHHER
SNTVE DR E R o TV B D, FELNLTO
MRS RATH %, EERM G271 —7&, BEDT
TR —F BT SEEL2ERTH S, (1)NHP ful=1#
fH, (2) MR, ORI EZ D 5 & W 5 HlE 2 B -
TW3, EEM 7Y 227+ G2ick b, HHEREORW
ETAEYITH 5IE L P BREUCE T 2 BIEKIEELAM 2
KiFwES L, HHE2Y —RFLTW3, BEIIZIE. (A)
BB ER TR 2 DT RIS BT 21T AR E
DFEIZ, mentalizing network ¥ mirroring network M4
AAEHZHLIC LT, (B) BIEHIERAE X L T D working
memory & BEARELZ ZhEZNH DAy b T—=2 2 LT
i U LSRRI K 2 JRFTAY 72 [F AR E AT O 22 T I
Fv b= OEERER I Y, [THOERICE S DFEN
% ”Chemogenetic fMRI” % NHP IZ B W THEZ L 7z, (C)
BREIOGREZN, (LR FEZ AV, MREE)
ZALeTEZ LR D 7256 FT Z eIk Lz, (D) BRI
(LB IEATFEZ V. KRINEE O IR E D IRZE D
—J7 A DN & 2 DB D INTEE) & ITEN D22 L 2 BfR D
J5Z I L7,

[ ERARVE R D 2124 72 o T, [AIFEROEMICE L
T ZEFEZEE X Z 20 DWIE LD RICEE- DS W TIEIE 2
BIRL, U AZ MR THREEREZIAS 22 L TE X,
SRR BRI W AN CEIBIRIER £ LTS
TeIzid. EIEGEREIR D NHTH 5, HERE=HFK W
SHHRICZTIE b MREMBICERZEB L, BYICE
5 & =7y MEFGEROEIRICIZ 3@ D ER 5N 5,

1) b MERED SEEFEA

b MEET, &2 OMEEREEA, EDOXIITERL T
D0, OFH2D L SEYETANDISH%Z B3
W&, BUHEERFT R & BRI EHET 27 0 —FThH
%, REBaR—FF—& ¥ AlEMiZHWEE MIZBIT S
BEAEMEE D RIEICHEDWT, Bic B 2 MR Z RE
TEIEHARETH B, AIFMIC & 2 BIEEERFEIZE
BT, 59R0E. BEERIRS G K 2B HRIRE
HILL TH D . FEEL ORI OITENRFE O FBIETHih
THdZehs, BIRIPBITShRVWEICH S, FEED
PEREMERERHICIANT Tld, b MIZBOLTHBEERAEZ 7 4 — K

Ny 7 UTHENEENRER 27 7a—F 2 HICH)
YNz B T 2HREIEBRICN AT 2 HESEETH S5, LHL
BHE, ZOREBEREICENT, &8 Z DA A
532007 ZOWTORMMI NI THS . ERE
BEaX DN AFERZERES 5, D% D, HEKDAA
DT ARNETH 5,
2) b b EEED S BIYEEEA

FE P o B I HUE X 2 BERE (1 21X ASD 2B
200G Z D & F A RAES)) L HE T 2 EEE L b
BTSN MRIC XD L, BWIcEIT 2 Z20M
FEEICAANT 2 Z e & D, FEOEEME 2 52123
%, FRFEZTR MRS B W IR AR < h 3
ZEDHTHD ., KPS EEI R T — X0 6. B
FEIT K BN T ZADIR N R V. S 72 5 Bl 2
L. Z DfEt %t IH B o SR AR RIC X o T
(RIS 2 MRGLE (validation) 372 & W5 %5 XA ADVEET
H5,
3) BiEE D & b AR - BEA

— HENW)E R OREEENED D F 50022, HEo e b
[\ (Z ORERER 2 L LTOERE) A2 WS MDA D if
FENRE 725, BB, FOEOMREZ R T 2 (2 7 [E
) 2B CRIE L. ZDRBEREE I TV 2 RE
DIERZFHE T Z 2 X 5 2iEE L OMHRAMEZ @ T 2 7
Tu—FTH%, 1)-3) 138 U CTERMHFMEDOHEKD L
HTH 5, B =HAE - BERESO “HREMN 25512
T 572D, resting state IMRI &= &tr A4 X — ¥ FfiFkT
AR RDFHMTH %, Resting state IMRI 1357 E [H
EEWCEEPEZ DB TH 205, KE MEEY & DRSS
IS EETH 5,

23 FREZE

PR B HIRENC 1800 7z (Bl AR A B 2 5 18 D IR AR SE D
E WA RN I KRGS 2 72 O #klig & LTUUR 1)-5)
DJER L MARNERPRBETH %,

1) NHP (2 Bi3 2 [ s ERdii o @ b
DREADD %t b AD#EMH b EMINIEXAIEETH D, I8
BICHANDOAREMEZ D TWE P, —HTX—F v +D
BENREL 122720, BIEEEEOK DAL, FIEEHEAE
OMFEZEHTHE LoD TV DEXDH 5, il
EER L BEY D PADBH D NN— R E WS
Fizid, TMS R tDCS 12 & % 2 7 FtlAREHIISE 2 2
X o THREREE 24T % £\ 5 2272 H T NHP TOAHI
H% b Mctranslate 3% Z & SMFAIRETH %,
2) b McHT3EEaR— T —& - [BRHEED 6 DB



BRI
ATHEMMc X DY hEh-BEREGD THEDT)
WETH D REIER, EERR AR 25755 2 R EH
Hb, T TITHEMEL IR, FOENZE A 7-H75EEED
WEWDD B,

3) ZNSEFERDUF B 725D MRI &A1 U 7-FE R L i
ERETetERiE 2oy =8k - (KEREN
e D50 DWIRR XAHHEHES) 2L TH D,
=D MRIRIGHEAN (B~ NHP & $12) ZHifge LT
W5, b MTE EERHAECRE 0 a3 — L oifi—
L EB L, RET — XINEDEADDOH 5, NHP D
MRI #8122V T, Intact brainiZ b b HCP i<
32 71 b a— VRGE L BTN A, MRI
W& %t b - NHP BB 72 ERREE A &
EBHRLOO® %, EIRREELMNAZ 7 NHP MRIIZDOW
T, AEFFICBWTTTMRI 2 HWTETHTH 3,
Stk EERICES oMl - 7/ 4 - MRIO 2D
<~y ¥y 7uY s b (Big brain, BICCN 72 ¥) 124
YV 2EREMOMAE - 7/ o=y B 7%, MRIWK
X B HERERS &« HRRTE & OXGAT T & RS o MR
YR e BRI BT B 5

4) NHP 128 217855

NHP 1281} 2 [\ OEREDKR ¥ LT phenotype &

ReroD X5 EHT 221E. & FO phenotype & D

TISAHFIC BN TEELARMBREETD 5, KT, K

U B1T % phenotype 1 RIHEAEFICEE D 258

BHEZL, ThoR D XD IERMBNTS 20013, 5%

DETRDRERE =7y b TH %,

5) F—&~R—21{t

NHP © 7 — & R —=2{bic oW T, EEEME

57 2 @B A 70 Y =~ | (PRIME-DRE:

https://prime-re.github.io/GCW2021.html) 2% » %

M. T — ZEUG e HH IR T 5 IR LA

HiETH D, TROBMIITEHTH 2, NHP 2B

J2ZNETCOMREEDILLEZD L, EHBALL

72T — %% (PETH)EAERTWSDVRETDH S

(Bl BRI R E RS 7 0 2 = 7 + NHP_ NNP:

https://brainminds-beyond.riken.jp/). 7 — X OHH

oW, 1) BIEEDF — X IEICHT 3 EF R —

Ya R EEOEMR (| HAEOMERMTIC XS

WA Om ERE), 2) 7T —2EEFOMMEA [F—%2<

F=I XM O (B THIREEA ) or TR

RSB 72 ). 3) B XU Z OFii R DAl (77— X HL

15 AT O R RBUR 7 — 2 AR O B i 72 &)

PARAIRTH %, THUIERRINT ikam S WS C

WBHIHT® %, FHTRMBIDIA DS 2 Nk U &
LT 27DITHHATH D, ZDRDIIFHEEMOEE
BIfRZEEC Z e RATRE T2 %,

24 HEFBHEE L TR D NIHIE - #
& - A\MBHF
1) fil

AR UET B EMEPEDOEEBICB VT, R -
BRREA X — 2 ¥ 703570 F - Ml - AR S RIS 2

FTHHZINTED., ZORXEMIIEE 277, BED
ZHRL - WAL S CICEG TR O @B X D,
flél 2 DIFFEREBIIC BV TR LB i - EHZITS 2 &

WIREEC 2 o TETWV 5, BRITIRHONF ML, &
WE. MRIFZEA L, EaklAmisiaomH I m
TEMEF 21T - T 2 RAHLFEF HEEZ R e L
T, BHED - FikA A=Y v 72 EA LTV 3
ENEERER T T v b7 — BB LT, A
A=V VI EZBEBL TV ZEDEETHLDA
BHET . AX=IV T VWO Iy T —XENLIBE
—FE—MEEEBR WS —HDIE ST K4 L E e
I BHETERARETH B, X512, (1) THRE &
5 BVES OEBRHLMAMREE R T 2. 20X 57K
BV TIE, EEEEE IR HEDERERH S Z ik
2 720 DENHHNEE L 732 5 o EIFFHHERFL 2 MEITHD
AREARNCHED 2701213 BNICA X =SV 7 TF—2D
FARTBRZE - I - AT OIS Z TR L T T — 2 R—2 %
BERLTWL Z R HETH %,

WEOBEHE LTI, A XYY 72N LEBE—F
H—MEEERE WS —EHDOWFH T X4 LA ZAREICT

27912, MRIZHEDHETEA XA =Y VI T7—REE
Bifhiz X 5 ICRELT 2 7D DY EE - T4E 2 A
Bl - B EOEIEICIZ T, 25 LTELND K
RO T — X %M U CRE 2 il 3 2 BORLE - G
HEr ORFAEEZITOHRRMET 2 2 e pE T on 5,
TN 0 FE BRI 38 WD TR ER PRI N B SR D 7 —
XPEHICEBINOODH %, BCK THEREEFTICRE X
NTVW3 X5k, e rolexRe L, W - T4H,
BOH - WiEHEE. 2 UCTEGREE  BIRREF LT
LA X = > ZEMBFICIR DT X 57 T4 X —
Vryrtkya—] FEIEALT, HREZHENTED,
ZORBVEPND L ZATH 5,

2) HREREE i

MR ZHME LT, kb bk P ERELRRE
D7z, TTMRI BN LB ERES 2 1 VR OE(E -
ZEIANVEET S, BT oWENERT 272912,



11.7T D - HEE A MRI OEMEA L Eh 5, KED
T — X DA - RFF - FHE X HITE T — 2R — AR
DERFEMERAD 7 72 2d, SHROEELET
H3,
3) AME K
BEfF o L RIA RN 2 Clmigts MR 3 %58
B O PR AT, BAfiBAFE &2 & o 7 X7 At %
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HEEE L, EEES MRIZEME S 5 & & Hic, AREh
5 KREBOHEBT — X Z i ELARNICH D 5 T2
FIXETE 2 A\MEENT 5, X-ERREENLE LT,
TR AP EIR NN ERZHRE T2 )
2 B b L — = ZFICE T 5 ERI R A 2 (e
T2 ern¥Eihs,

DHERSERIEERT EREREA



3

ZheEEig (ES M, iPSHifQ) 3 4EAKD D & w 2l
fei 724 2 Z 90U RE & SR D SEFERE 2 M Al 2 7=l T\
Z DR G2 U H BRI 2 78 D S i5eas g A
WED SN TV S, AETEZREMEFHMIZ FWT, 2o
7z 1 DO Ml TERER 2 KRR X 5 & v 5 e
Rie3 e oTE 2 LHEMEOERE . 2B ORRREMIED
MR mRME 2 & 2 i O FRIC O W TREDFA &
RIS %o

3.1 HBRERICEITZEEERER

AFEMIE R OB ERZIEA 2 L DT E 2 M
—OMBIETH b, FEEDREICA U 2t R A FEM AL
(Primordial germ cell: PGC) 22l § 5, MWAIICE
WT PGC BIEBGMARSGRTRICR MY TS X b &
N 2 i SR EOMRRER E LTEL, 201K,
AEEA R UMERE 2 h e o SCRAEIE D & RS - O
FeWwo BT MET 2, T OAFEMAZ HERE N
TEZREMEFHINED SED T 2 e TEIUE, REFEOIR
A7 B8, MR ORE,. H o VIdAEER L L. P
¥k - BRI - R CIRIAWTENICRE L HERS 5 2 e A
ez, RABENTHED XA mMiai 1
faL NV TRKEB & CERFEEDRE 2 b o THEICH
RERHMiZ 2 Z &6, RIS TRV H D Z/ED T
WEEDID B

ZRelEEriE 2 & oA TEMEERICB W T T L4 2
A= R o TR D O L DId. FHEEKY: O R Hm AL 2
RoiZ L5~y 2DZREMERMIEZ v PGC KAl
(PGCLC) D MLFAERDOFETH 2, PGC D {Li
BelBENCTHREIICHEBS 5 Z e Tolt#Eshi
PGCLC &, HETHIUIKEHEA MET HAUIIIEAFSIE
§ % 2 e TERENERFEAICHF ST & 2 HRE 720K .
PIFzfE e 2 ZehmEh,. lBED PGC L HEAER
IR IR Z 2 23 5 521278 o 7z (Hayashi et al., 2011,
2012), ZOHMEEAEROMIEICE D, IhETEKRTIE
L ABTED N DREET 5 5 7 PGC %, SRR ICIHETH
AIREZ2 ZHEMERR AT & KBTS S 5 2 L AVATREIC/R D .
AIHRFN BT 2 X =X L DRA K E FiEL
7o RO PGC ALK ST, TRTOMEZ il
BEANTHHT WD HADED SN, vV A TIEPGCLC
CAFERRIC B 5 SCHEIE & OIS REORRICE D K
FEAB X UINFERE TOTNTOBELRBEENT
FERTE D &S ICKTHAMBAFELEA TS (Hikabe et
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PEERY MRS - Bes D ZEEMFMREHD S DIERICDOWVT

al., 2016, Ishikura et al., 2021) , X 512, FERITHED S
PR U T A BERR O SR S & & ZREME Mg 2 &
SHEFFE D RIREIC 72 o 72 (Yoshino et al., 2021), F7z&
AT EREFE LT R EL2RT Sy MTB
WT PGCLC O LB ERMBICHII L7z 7 v FTIE
ZHEMBHEOEERHBICBV T Y RICENRS Z
25 AT 2o B T YT B THRME A BED N X T v
EHIBLNT WS, LAL. 7 v MEFEHIRIRAE ORI
X, MEOFHEREIZE LT, 7 v bTHZREMHINT
H HAEARFEICEBAT & 28872 PGCLC Z#A 8T &
% Z L DEEIHE 17z (Oikawa et al., 2022),

< v A2 X 5 PGCLC O 7MUAERDHFE S N1 W
HEIWMDHEENTEDON L PADEHATH %, EHES
7 v YRFED Azim Surani BIEDO 7 — 71k, v b
ZHEMERHIIE D & 813N PGCLC 2 0L E T 2 ik
ZHFE L7 (Irie et al., 2015), BERZRNDIX, Z DOLEE
BROFMAICE Y~y R b+ CTHEIBEMIEDO X =
RALTENDD S ZEMFEELD IR o[ TH 5, Bz
3. A - I EE LR Z RO SOX family B+ O
—DTH 3 S0X21E, vV AZEWT PGC DHERFITARA
RT, 2D/ v 2779+ (KO) w7 ATIEPGC OFEEZ
BOUERDBNS, —/HT. & PGCLC TidSOX2 D
FEH BRI TE L D D ITKO ~ v R TASEMIZ 2
LB R RBI 2 R & 70 SOX1T A EFHEBLL TV 5,
SOX17% KO L7zt F ZREM#EMAZIE PGCLC 12K 47
fbcEhrnwz e, ZOWRES~Y YA -k METKEL
B s Z e MBI N, AT, & PGCLC ©47
{tFERZH VT F PGCREDEERF v b7 —2
X Z OHIHBEHEIA S 222 D205 % (Kojima et al.,
2017, Kobayahsi et al., 2017, Tang et al., 2022), 7zt
F PGCLC %72 27701k » AL oD ED S, <7
R DOAFERRSHFNL & OHIEEIC X D TREHEAT, HE A
fi E THEAATREIC 72 > T % (Yamashiro et al., 2020,
Hwang et al., 2020),

—77TC, B RO AFRFHFEEL-t + PGCLC @
AR EANCREETH 2 Z e h D, ¥ MTEWET
NEYIOIER b ED LN TEZ, VR Ty hWwoik
BRI O T b RAEVIHOMDI R L% &
5 ZeBASNT VDD, T OB - IEF M 0¥
RERY 7238 WV & IR T SOX2/SOX17 DFEF 2 —
WIERBED & 2HEWHBENDY D 5, 2 D7D EEHEM
HNOEE LTH=2 AP NREDERBITHD Z &



(Sasaki et al., 2016). 7 &2 v¥Xbb rORBFET L
ELTHMATH % Z &h45h - T &7z (Kobayashi et al.,
2017, 2021), ZHSEMWIMEZ FIW, B L BERERTHT 2 Y —
F7 7 b e LEHEROMFAER X I = X L0, b b
ZIITDHE LA REYNC T 4 — PNy 7 Eh, EiER
RE. HB5VWEZDICHICEDY 2 Z e I h b,

3.2 MBERMETAICK 3EEBOBEE

ASERIIE Tl 1 S OEEMEMEREE T TO TR TE
2553, A - AR 3 2R - Z AR D BRBEMIIE D 7R 1S
i < BEHD 5, SRV S BABAEICHHTE 5
XD BT RLMEER EE S I3 ERE L i K& X - BRI
TRHEND D, BEBENICBT 2 EEICIIRR DS 5,
COMEE WIRS % 728, B DR TGSz 1F 2 IR
TR HIFAFE S iz, ZREMEER QISR TEA
SN s L RFEAICHER - FE5 L egofMidicatTtE 3
FRXIIEREEZ RO, ZOXF X ZIEMAEZFIH L. BIRH
e 2 RIB T 2 B o IR ZREMEER IR 2 TE A S
52T, ZREMEMREEROMEZ/ED H3 2 2T
=%, 9 108/ Z OMBIMTEE L BT o 7k
WX DA & HEIRF HINEEHET (B - SRR RLIR
) 6T ZRNT Z v - ZREVEERHEAC 1R O N1 5
WZHCH L TLUK (Kobayashi et al., 2010). % < Off%t#H
Ak MEGHEEANDICHZ HIE L T2 ED T E 7,

FADIN—TTRIHFTTT A Ty b BFEHT
DIRBRIEMHSSERICE LTI R Z B L. 2% TR
(Kobayashi et al., 2010, Yamaguchi et al., 2017). B
(Goto et al., 2019), ZEJfiHfd (Kobayashi et al., 2021)
TZORINZME LT E I, D7 —7b 0, B, fii,
D7 ¥ IR IRISE R 2 2RI ICEIS L TE D,
D 10 R D THAMANTE HR L TER, —/ T, illds
HAEOHE 22X X FBBICED 2 X I =X LD
EDONTE Tz, 2HHDHRN L Ml HFT 2 &
W5 F X ZEHYIORHED S MR T OB & F X
TERDEA. 2 WVI3EIEITHEST 2 Z e BRIk
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7z (Nishimura et al., 2021, Zheng et al., 2021), F7z#l
fagt e BREREADZ PLRARIEL TR = 2%
EZLTLES FAr—MlazfiFEs 270, H#i7KF—
> ZMEH % & 72 5§ Bel2, Bel-xl, c-Bmil, Myc 72 ¥ Di#
RFEBRFEHIEZ 2 THFX 70EEGOTUHEZ T
%<, b FOZREFRMIEDIEASN Y Y RDORAT
AEFERTREIC 72 % 72 E RN R S A 5 5 (Masaki et
al., 2016, Huang et al., 2018, Zhu et al., 2022),

T HIIKRAEYORNT b - ZREEERHIIE R O i
ZED HTHEDED LN T VD, KA PERZEYL L
Tid, BAROKRZ X MCHIERIEL . ZETHEZIS
HKETHEMOFEEL TWB 7 XBREHERME LTHOY
LNTW5, 7XDHE, BRHEIZY B THREVIES T
BRVERRT 208 LKW, Rl L w2
00— 7 ZERERDFE L TWD Z e b, FIEHE
HEANDBEGTR—T T4 v 7BLOT 7 MFEENL
ZFNOHROMEBIERMBAIRETH 5, EBRIC I E TH
i, B, . 7R RO I T 2B ER S
TEDH., IO REEIHITRT, 7XDIEERDOEIEKZ
M7 iRl se ik CIEE B ROMEESES NS 2 &
PRENTWS (Matsunari et al., 2013, 2020), %75
EOWHETIE, L7 R b= RBETF o EERIIE- b
b ZREMEREE ETV2 2w RREMO ME I EE
REETEREBLE 7 ZOMBIICEAT 22T, 7
ZMEOFTE FMEDFEICKI L7z WH HEDD S
(Das et al., 2020), KA LEEN 2D, DWIZZD XS
BRI BIEMNCIZ D DD H 2 Dh b LRV, —J5 T,
HERE CIIZ e (LB e BEEL S 5 Z
¢, BEMROFEEIROEEELZZE LI T2, £
HRICHEA S b M SRl R4 12ih - TR
BREOHTHIEFITHTL L TV 2 2 X EEH R AT 25 B
THDZr. REFEDBZ W, ILVIERZN S DFRE
% Z T, BEFMcE e MESR RO NEIIN TL

2K SFD XS BAENR-TL 20D LA,

BETFUEHMERE  PWERE, FHEE
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1 OFHReEEMIREE
11 HESEESR FIRITERPT

Two-pore channel(TPC)id, BHIZY YV — LTV
FY — L EWRET 2 IREMEZME Nat F v 2L TH
%, TPCIETY RHA b= R ED 6 DM/
BOMRICEERZEERZLTWVWS, TPCIXEENK
ZWAFAYF 2L 77 I —IZHIET B EAHNL
ZlH 7=y FHIZ2D08L WS 2= — 7 R e
D, KX A YI(DI) X PIP, &z, DINGREEARANC
FELEE ZH O, TS IEHEEMSEELS — b 2l
3 %, FRCEBMEAICBWTE DI OEN >3 — R
X4 ¥ (VSD) D 4FHDAY v 7 2 (DII-S4) 23 RE Rt
V¥ —r LTHD & EI 2R3, £i. £TPCH 7
ZA T2 00PN L TERZIGEEEZEHEL TV,
TPC OVLAREFEBHME SN TV S P, ZOHEEICD
WTONFEIAE TR VAL Z W,

AL TIE, TPC D DIL-S4N\Y v 7 ZDREEZRLICD
WCHA R BB T 21T o 720 £3, DIL-S4 24
KR TFTT7 L L7=TPC3 ERMRE LT, F v 2 LEWM
& HOGHIE 2 [RIRFI2AT S IEALENE N EOGHIEEZ 1T 0.
DII-S4 OB R E (b & i@k U7z BOEZEL DT O

ETOEE (F2) Iz, 272 Dyl © b sz
HEF (F1) E57%, 2BEODOTHS Zehbh o,
& 512, DII-S4 OARAMIIN OB = 2R EDAET L &
B3 &5 RERK (E447R/F14E) T, FLIZHIGT %
HZANDAZAEL D Z e 2 R L, BIRRNZ 21T, &
DERRIFI DAL 2@ MEMTHIEEEZAET. £z
Z DIEHIZE AR ¥ R T DIAD PIP, #5512 & bR <
EST2HDANEE LT, YLD TPC3IZEIT 2HHR
&, DII-S4 X PIPy 7 — 7 4 ¥ 7R’z “Bai/z" i
REZMATVWSEZEZRBL TV, HWT I ORI
D— M E S 72, PIP, 17D DIEBNMAKTF DV
TRA T THDTPC2IIB 21T o7z, ZDFER,
TPC2 TIHFAERICBWTZ S Z d DII-S4 23 PIP2 & —
T4 YL RREIREICEE(L IR T WS Z L A
ST o7 (K1),

Do, TPCIcEBI) 3 PIP2 KA S X CREN
TR OEZ I ICoWT, BUcEBEMEZ BT 2 Eo kD
MR 72 DII-S4 O EZHASL M T 5 e dic, ZDH
724 THOENEHAT 2MENET LV 2RMET 2D

fHR. DI-S4 DEhE X, F v A VBHRALEL 2HEEBEMN  OTH%, (Shimomura T et al (2023) PNAS USA)
b
(a) (b) VSD1 Vs o
1.0 G-V 5 VSD2 ';l %% <.' Q .1 %i)
' /{/W GEHALIRRE) B EIRAE V& K7 7
0.8 VSD.ZM= ® ®
N o(qu&ﬂm) ; / Phew.g
IR \WE q 1 1
04| ‘
S § /
g 0.2+ g ! S J ©
S ool &A/((( hRAHRAE Q! :I %i — Q’ ..J %ﬂ
024 | | (PIP{RTFIEE— F) ®'d ;
-100 0 100 200 (E447RIF514R
Membrane potential (mV) 2B 70)

S HRHI-C DII-S4 O F) & % [t 3 2 301 (H

TEMELIREE ”

1 TPC3 ® DII-S4 I3HRIRER © 3, (a)TPC3 BT 3 RENMEE FHECHTIEORER, BER (O
VIEEA (F1) L. B (F2) 33, FLICHISs 28 %2 k&

W 1
A

\ﬂ""'
S~
.

=,

=

) BV LA

D. DIL-S4 AR ER T 2, (b)2 BH O VSD(VSD2) OHESZALICHAE LT 5+ A ORIEEE D 2 % —
Lo K7 XA NEA & VBBILEFERT 5, LEANXPIP2 IEE SRR, GHNIESIREEL RS, FRPUAEIXE47 &

F514 %085 2 REETH D, WA TIE Z ORETOF v FOVERITEN & g,
X NBR i EMHEERNC & D@ FRRENZEL SN2 &, DIKCPIP22MEE Lt 2ICHE

E447R/F514E ZRE A2
MBS,



1.2 EKREAZEERFT

AEARIERFZEERT Tl > F 7 B D HlfER RS % BE & 5
WL, ZOMEERFEN YD X HICLT “TADA i
EFEOYF I RER R SR TOrEHL2IZT S 2
rEHEBELTWS, BRIk, BREDSFEELR (1) TA
W ABEE Y > R LGIL & 2 DZAK ADAM22 & (2) %
LI MMOVBIEEBMiERERZERE LT, ¥ F T RBED
FI A D RRIAE X 7 OWEFEIC X 2 > F T RAEE DR
RERSS O fRAFICEY D FHA TV 5,

HHATERL R TA D ADH LWHIBIE “ADAM22 T
AP ARE” DIRFR

ITFEORIEZ SO, 6, MEETI & > 7 E LGIL
DREBER T X, BEEMEMEEETALAR, LREE ST
WHAZERRE T 5 H ORISR 25 ST
DL o TE ., LGIIEZRIZBL T, T
WHE R EAEE (B SMAIRIBEIE TA DL ABFITB T
100 FE EOZRIME SN TNWD, £/, FILGILH
RGO RIZ, B ERZEMERKZ DT 8 H1 NMDA %2
AERTURER IR T2 HFHICZVHETHRE ST
%o —/7v RHIILGII O%ZAEK Y LTADAM22 % R
L (Fukata et al. Science 2006). 2016 iz~ ¥ F
KD Lehesjoki &+ & OHFRFZFEIZ T, ADAM22 &R
TFREENTOEEGHUER (2 ODBIRTFRICEL LA
REeHT2) AT 2RO TADABEENZRE L7
(Muona, Fukata et al. Neurol Genet 2016), Trio fi##fr
DFEFR, ADAM22 ZRIIANT SR TTA»AIERE
AT LGIIZER L IZELZD, ATHESKTETARNA
ER B RE R o7z, S HIT2019FITIE, o7 L—7
& D ADAM22 ICZERZH T 5 3D T A D AEBEIEH
(homozygous Arg896*ZE52) A3y & 117z (Maddirevula

c.1312C>A

c.[247-21179_390+8515del]

et al. Genet Med 2019),

ZDk5RBERT, FAIIZADAM22ZR D) TIRER
fRBH$ % Z 1. LGI1-ADAM22 E&KD > F 7 2 55E
FIGRENE DRI D203 % £ & 2. #i7z7% ADAM22 A& %
ZRENRNCHEE L. ZORERBOMHICIDMHATE
Teo ZMHI AR, 17 » EOBIRFE. BRIRE & o FE B
ZHED T, ADAM22 OREHEARELZRD LHEAENT
nIEAREREE T 5 19% O R ERS Y (B) Bro
TAPARRERS 2 R L, TADAM22 TA»AMIE] &
WO T RIRE D EERIB L 2s TRNTOREFICB VT,
HEHATETADADED b, ZROMEE (ADAM22 X~
R G DERERRE OFERE) 12 & - T, FEERE, AW,
KAKZER, /IR, IRARTE R & D Z R EIRHYR
BNTze TNETICE DD o /25 13FHD ADAM22 A %
&2 RVE (K 2) DWREfRT 21T o7 & 25, ADAM22
RUNVED (1) AR, (2) EBEEOET, (3) M
RETORBET, ALGILVFH Y R ofiare, 2L
T (5)PSD-95 @35 & > ) 7 B ¥ DIEEREH, [TADA
HRIE ] OREBRA I =X LTHE ZEBHLLIZK 572
(Knoop MM#, Maroofian R#, Fukata Y# et al. Brain,
2022), AfERIFE MZBWT ADAM22 TA D ABKEE &
WO LWERESHEZRE L. ZOWREBEZHL 2T LA
TEETH? HIc, 2L OEBEHKE Y oX AR L
THEBRNEEZONDS, 5%, 545 ADAM22 %
BOBRCMERBITCE D, TALAREDOARSL T, H
PR, FRREE ORREBMFIHICEITTVWEL Y, F20 &
. LGI7 7 2V =@ 3 5 LGI3ERZH T 2R
B, RMEHHRED I 4 F I 7IERE 29 2 BEPHAREE B
HTHROTHE XN, LGI3ZRORREHME > 7 0L
FEREICOWT RIS LTV FETH %,

c.1744A>G c.2576+1G>C
€.2077-2A>C

€.2433G>A
733C>T

C.134SG>A1
C.
c.1421G>T

c.1202G>A c.19150 A €.2396delG| ¢.2686C>T
EE B R EE E@ | HH' ' i %}S”%}
PDZ binding
1 233 435 445 529 676 718 737 757 906
o 2 [ |
Pro Disintegrin Cys EGF ™ |
p.T578M be p.S799Ifs*96u
p.L83_K130del p.C401Y || p.C474F p.N582D p.W811* | 4p.R896*

p.P438T p.G448D

p.H639N
p.C694Lfs*7 or p.V693*

p.E859Dfs*2
or p.N838Lfs*35

2 b FTALABREIZEITS ADAM22Z 5

148



1.3 D FIEEHIERFT

AR FREEVIFEEFT T, EFBEME 2 VTS
Ml NEE OIS Z iTEE L, ZoMiED, S
EEZ IS 2 e ZHfEL TV 5, BRI TR, ET b

ESS5T 44—, TULA MRS T T 4 —RREDEELEG
MR 2 WS 2ok b, ZXOTD BHEE R S5

KO =J0TciiE %z MRS 5, TR, 774 4AEF
MR (TITAN KriosG4, JEM2200FS, JEM2100F)
B XU Cryo-FIB SEM(Aquilos2) TH %, ko S
i e lAaEbE 2 2T, BERZ VAV HEEKRPY
A NZRF DB GRS, B X N E O
BEIHOPITT 5,

A Ko =39 4 V2R TG RGEBTE D SR

AT 2 =Y I AN RZENORREDG| ZALKD ST
REXNIHEOE_THEAENERYA VA TH S, BEHL
TEEEZS A (RIRIREB) (L8220 Z2DHDD
oIz, RIFETIE. X Ry =T AL REEGXE7=
TR =NONEERE Z L ICBETHEBECHE T2,
IZ& D, ZORTFEEGEREZ TN, fR, KK T2 &
T AREOR F2AET 2 2 LA TER (3).

K3 XFw—H%vA0 RG22 M%D 7 X — A Hifg
Fh oD T BEIM R 5,

FIAT 2 =Y A VAT, ZOs 4REEOKN T % H
RRCHIBSMC B T 2 2 e 0 . 2o OFEIR R T
B 7 74 A BTHEMBEREN TR ZHCTHS 2L
7z (K4).
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Nucleoid

M4 XFo—HDA4ILARDY 54 A BTHEMEEERNT
WIEMNT. DNAZ LRLT (7£) £ DNA ® b i (F).

. AFa—FUALRIE, ZOHTE () HE
DR R H a7 e LTHRETER SN (E ).
S0 & o 2 AT T B Y (B) 1. BN TEmS h
UV A LA DNA 28D TWDAA(F ). 20k, 5B
EIRRT (F) 12725 2 23D o 7z (Watanabe et al. J.
Virol. 2022),

PRIANRAH TS RORGEDSE

EHMW THRAED R Y 4 L ZD—D2H KT 4 L 2 D%
(BT ¥ F) OMEE 7 A 48T BRI &
DS CTHID TIRE LIz, fR. RV ANZRDA T
FoZERE, —HEO7 I/ ME> LOMEFHTTER
HOBERSE, L7257 —FHERT 2 b o (M
5D1,28), /2. H 7> FOREEDEGHITIE, KSR
BEICK > TERRICERT 2 4 DD (Hypervariable
region : HVR) 23 LT3 Z ¥ DS 2272 o 72 (K
5 D HVR1-4), ZL T, 203 i, KRR Mg
YOEERES T I VBOIZL ALDRET B LHEEX
N7z (K5H D k), (Miyazaki et al. J. Virol. 2022), fiff
TR KD, FRT AN 2T BIHEHELT 7 F 20D
BT E K& I 2 e ifF a5,

. HVRa *r\HVRI
/i N \-\"\. 2 ;”.‘T\;*'\ g\HVRs
W -‘/’\g’@fﬁf?ﬁi\ﬂVRz'r )

SMAY

X5 HRIALANZADH T FHEE



2 H{RiREeTE A
2.1 HHBIAEIERRZEERPY

FURRIN

HRRSETEF Tl EROEEED L L A% BN
V7 HREOBLE» SR T 2 2 R HIEL TE D AW
IR, RRGEE M e R EE O I %2 F] 2 MRS o
R, GREIRRE CRE RS IcT A 2 e R HE L
TR ZED TN D, FREHEIR, 1) 558 L HlE
T BT MMM E A My 7> ay (URTI)
DN & 2 AUCBEE T 5 b R H MRS o T
2) LAY 7HEREICB TS MY EAL T —TIOER V37
B7oXa)r773)—0OBEEDOMNT, 3)>avya
UNIEZETINE LBGE N Y 7 HERE 2 H 5 Ml &
O PR BEEEECBY 2 EEOMHATH 2, 1)
RS % 2022 FEDERZENT 5,

ru—7 4 YRE LRI E 78 L T %%

RNV T HERER F] S MRS ST H 2 TJ OTE RS
CHEBEE D F LNV TCHERT 57201, TI /MRS %
FERBERVARIBETHE70—T 4773 —0OK;
# LA B0 2 BERERRIT A3 R B 720, FERLER, £
PEHACAREDIC S Db 53, 7 u—7 4 YIFRITR%E
LTWhDH, EEDZu—FT 4 Y 2EATHILI2ED
FERER T Z TR X B 2 Z e T & 3 LMD KR T
B3, TIOWAER T 2 121%, #ifE L7z TI2EKRT %
RN I E LIS ETH B, & 25D, BFED L
FEHIIEMICIZ T TIRZEL D7 —FT 4 YOS T XA TN
FBHELTTIZERL TV Z 25, ERDZETI,
ZOMER DO TIICEHIZZa—T 4 YDV TRA Tk
—OfZ 20, H5WI—OFBIHIX &, #ik0ED%
fRNTS 2 K D BIFFE L AT R R o 72 T ORIER RS

572912, HEMTE. TIHRTHATHRD K #HHX
N3 MDCK #ifg26. BB T2 FER5DD 70 —7F 4
VYT RA TOBGTELERET 2 Z 22k D, #EN
IZHBEEEMNIC S T & KRR U7 552 E I (quinKO A
Hel) ORI B SEER T TR LT 2019 FRICHER L 7z,
DI, quinKO MR IR Z 3 32 L kb2, fF
B/ —7 4 ¥ 7 XRA TREBRKE quinKO HfEIC
HALTTI ZHWK T 2 FERE2ITo KR, 2022 £
FTIRMUFZIHS T L7, 1)quinKO A O/ERIR Il
BLE52D7u—7 4 E, Wb BEMTquinKO Al
HNCHRH XT3 Z e THRIEENR TIZERTE 5 Z &,
2) ERMIRIC B WT T Z BT ERwra—7 4 V47
RATHFIET DI, 3) PR b ABEHOTF v 2L
B a—F 4 % T7X2 4 X ENENHEMTF v 2
LR SO TI UM TE S 28, ) BITH XV R0 H
ZO-1 ¥ HHEMEHTE W —F 4 YERKTHIELW
MBI T 2R TE S Z L (K6),
DL EDRERIE, quinKO Mifgss TTJ a> 7 > Mgl
LT, Z7a—74 v+ 724 THOHEEEOR RS
0—7 4 v TORRREMOBEROMBEL Y, SHOD
TIFRICE DD TERRY — L2 I ERT, R,
)@ﬁ%ifU%ﬁ@ﬁ%R@K?D—?%V&ZOl
EREORADPRLETH 2 e Ot e @ L. TJRHFEHE
ki’ah‘%%ﬁf:foﬂ%ﬁuﬁ%ﬁﬂ‘\?é HDTH 5, quinKO Hifd
IS L — T e ORI D AHSI LTV S

(Fujiwara et al. Ann NY Acad Sci, 2022; Gonschior et
al. Nat Commun, 2022)

MDCK@H (LEMIH) o . VO-FAORXEREE IR AL A
LRSI BALh
= }%E';jsz/j TIOBEHL i
S )

HO—TA4UY T AL TR DM EeE
RO ITRATDEBEOHER
HA—TAURFOBREEHOESR

6 Zu—7F 1 RK AR
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2.2 HRIEIERAITERPT

TR B TRP 5 v 2 VIS Z H T URARIZE -
IR - BEMURNEZ A - PRIRARE O 53 FB%AE o b %
BHTW53, ¥avyavANTZHVLREFRAX =X 4
DIRFT 1T > T\ B, H T ARLEED A BEIRIR Y B
&2 TRP F v 3 UBEREDHE(ICBED 2 T b D T
2, ¥/, @A -BE -TRPF v 2 LETFT—< ¥ L%
FFRZIToTW5, 2022 FEIX 13 MOMLRERZIT-
7zo LURE. ERMAARRTD %,

I TRPA1 OIRPHLIREBMEZ IRE T 2 7 I BOFE
B O TRPAL X 32-34 FE 0, I O TRPAT 1349 22
EoEMURERELZ AT 2, BRICERT 0y &4
~HCRTICAERT 57 A T H DO TRPALO 7 X/ AL
F| D LLsH & IE AR B BHE D R E B D 2 7 3 K
TUFYIE—F RXAL D2ODER T I BEFRE
L7zo BUiOWTRPAI TR I DI NVR I VY 7 ¥ =
v OBTEEATER S ., BEORAMMES S -6 3 hTn
% £ % z iz (J.Biol.Chem.2022),

FEr=T ¥ 7 OHEBGERBEICH DO TRERENETHZ
ZELEEDZTFAA=A AL

HARTER TR A 2 BIcAER T2 5 O LD 4 &
<~V v 7V ERAVWT, ENEFNOOA X< v 7D
SR E 2 X, TRPA1 O#HRE ¥ OBIfRZ AT L 72,
EIRICHBUCIEE L TRD ORE TR RITE 2 /R 3/
F¥. TRPA1 OREICEMELS @ CHERFENTED, &
IR B TENIC TRPAL 2B b o T3 Z e h ok
(Mol.Biol.Evol.2022),

TRPM2 OIJERZIER AN T T L VY VEEL T X
NTWVWBZ e EHA

T WIRETIEME(L S 2 TRPM2 OIEHE( IR, #
RN AL ST LBEEDNE VR 725 Z e Do Tz, &
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7. TRPM2 2 PKCIZ &> CTV VBE{LE NS Z ¥ H5ae
D, VVBtENE 7 I VBEEE L, 207 I JBEA
L+ =2 TRPM2 DAL > 7 AREGTRAIICE <. AL
v 512 & 5 TRPM2 OEMEAGIRE RE Ol 228 %
5% %2t bB5HITH o 72 (J.Physiol.2022),

T avdaUnINZERFS T 2 IREREP O E
2avyavnNTONZEIIe R TY Y /Gq/PLC D Nk
TTRP F ¥ 2 ADEMHLT 2 Z e BHILNTWBEH, %
DIEAEX = X s oV TREERAE LA TRV
Motz WREA L7z 2 7Y a v N oMM EE 5 HT
Biiolze A, NS Y F /4 RENERTZZ
ZHRH L7, Zho OIRERHIYNIHEEE L R 2 Ek
TEMEAL U BRETEAC & 2 M 2 08 e & 58 L CiE %
HRS 2 2 RS 2IT L. HREDERIZERLE OH L
WE T L Z IR L 7z (Sci.Signal.2022),

P avyavnToOREERICED 2 FEAERHEETFD
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TRP F ¥ 2 VD%  FHEEE 7 £ OREBERH# I L - T
TGS 520 2 o BRI FE P <o i FE R A 1 VS M e
OIFEMR O EE KELZIT 2 Z kb, REAR#MYE
AT A IREANRBEETREER CEbZ tEZ LN
%, WEEERRIGEE O R D 2 BRSNS N YR DK
BE2ARORBEZE NI 3 2 CRIEZEZEZDE,
ERDIREERICEEEZ D0 T e ZRHLTVWS, %
Too IREZECHEMABZ ARV TH 2 IEHDEK
LIRS AT 2 e 2R L, ZOBREDPEET S
FEDEBRICHEMNCZ S RIS Z ., fEoREE
M SR R HIE T 5 v, 2 L TIREZER DR
RERZ(LX B2 2 ZHLPIC LT, TRBHIZOWTHIX
BROMEREED TV 2,
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BEFITIE. FIROFIIESRELEHIEH T 2 9 FHEL
JRABRE R 72 & Vo HEIMEEAEH OS5 b & 2012
L. Z0% N @RS IO 720 5 BRI O fsR % H
LM ZITo TN D, SEEIE. 2 =— 2 2 b
EROFHMENRBY CH 2 BES FICEH L., KiER
A U ARHCHE Z 2 B D T2 S H{b/KEAD Sulfide
catabolism DI b3y F U 7 OMEEEEB XL
B2 E s 2 2 e 2 A Uz, BERMARNEZLT
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1. @77 OIH 2 At U 7200 BUH-E LB

AR, ERE T & PHEN 2 PR E R OB 72 - 72
WRERBDERN D B K & CFE SNz, Zh 6@
STEIEROMENRBMY L Z R D BT ORZICEN
2 =— 7 AR R RS e T, XU EY R T A
VHIBHICE D AE N D T 8 TR Y7 EOIEESRHE I
WEEEZ %, HT 0 — 7% OOV T o
DT 2 OBICRMEYTH 2HKEEA X =
¥ IR B EM RN Lee 2D EE WL
EE2 TNV ZADDETIEERESF5 5K EAD
Sulfide catabolism BMEEXINTWE Z e 2R L7z, i@
WED FOMBIX I bay N Y 7 ZREER T (Drpl) O
ATA Vo4 FO@BHRENEMEHE T LTI Fay
RV 7 ORESHRE X CLFHMEO RHELEZFET 3
ZrEHALPICL (KT
2. B U7 BB 5712 & 2 DI o e i P R
& ZOBEFILH

RUNRTEDITNERF A MBI RDIEERL Fy
7 ZIRIFMBIER R D 1O TH D, ARV EFF v

mEAH
BHiEa T (supersulfides)
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Cys-SSH
TiEHE (FRE

{LAES &2 > 7 B LHMIATRES N T VWS H DD
DARE L OBEMIERIHTSH 572, I ba v R Y 7 EEH
53 % Drpl D2 X7 4 ¥ 644 TIFELEL 7L & F
AU Lo TINVEFF LBz s Z e THHEDIE
HrecHET 2 e 2 /AL, vV RETAB LUY)
REEZOMMILE 7L O ITICB W TR 7L & 5 F
NEDrpl DINEF A LN LU THEMA ML RIZX S
IharY P TERESERBSICLHRAEENET S
xS (K1), Drpl DY A7 4 ¥ 644 FIZ
BIE(LR VR FF b W o T2 I EWEHINA S
e THEMESIHE N 2 5 FE T N2 RIRKFEOEHE
Re DT IaL—a @i oLz,

3. DI EEKCI T 2 TRPC6 F v 3 VO 2E 0
fiti

KRYIME DPAZEIC X > TIEFHICMEISTER LR 25
RAETEERREE L, N2 RN e 3 2 16ENFH I
203, M & b BRCIE NEASREAME R L T 2358
ZOIRENREFET 2 Z 2 ZREETH - 7=

A lF, ME RIS REE LT3 28K ES
F v FL R AZETRPC 6 1% H L, TRPC6 F ¥ %
VSRS, I8 N B ARAE I B R 72 < MR M #% O ARAETE
REZPRBIRZ I EYYATHLRIILE, 5
12, TRPC6 F v 2 ABHEEEZ b oLaohr s, R
F R I % o MR [FIE % de & 58 < {23 5 1-BP W72 L
CoLEYIEIMZOEEKEL BEX T2 2 2HS
M L7ze —H. DEFHHID TRPC6 F v L5 Zn2+
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2.4 EhE - AR ERIBIAZERM

WEINE
MRFFRERFT T, AR MIE R MR B D 2 R - AT
FEREICHE R Y TS 21T o TV 5, AEEIZLITOWSE
ZHERE L 72
1. BUE MEEFH% Nosl = 2 — 1 21T X 2 1CHHI RS
HEPTIE. S E T SR N Z Ao i AR R
A3 AR 2/ U CORMAHB O 3 2 Hil 3 2 2 & 28
LT LT E, WEEEETIC, MTHEY A LA L —
P —TdHBRMIERFEY A VA (PRV) ZHWT, HKT
4% D Nitric oxide synthase 1(Nosl) FEHHAEHHAE
(Nosl = 2 —w v) B EIEA. BEfaIHEANRSH T 2
ZrERMLIz, ¥512, Nosl =z2—nw U2SHHEAAET 2
MRERHICED L Z e 2 R L, R GCaMP &
fiberphotometry i£% W T Nosl =2 — 1 > DIEE %
Nz ZODHER, Nosl =2 —n > DIEEIPERICE L.
R T S 2MHY X2 2FT 22/l L7z, 25
2. ZOBEH Y X AR EFEIBRIIZFIC & > TIHK L.
ZAH LT, BEOAEEZITOETHER Y X LI
ZALI3EA 072, TDIZEH B Nosl =2 —n Y OlHY
ZLEHABICFEBLTWE e EZ 505 (K8),
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2. BRHO X 287 BAHI B 3 HUR R P
SF1 =2 —u > O

R N EBAE I HIE% SF1 (steroidogenic factor 1) FEH
Za—nmrid, RMEHEEONE - BEEAHZHE ST 2 2
e, HBEMOMETHS 2o TWd, A, SF1
Za—n Y EEEL L RCERT, it x> s
BRHNCRIETEHRE, [MC]phenylalanine % FW TN
7zo [**C]phenylalanine %~ 2k & h —EHETA ~
Za—Yarl., B RO X7 HIZRDIAE
N RI&E, MfkicEEN 2 7V —oD [M“C]phenylalanine
¥ Z D specific activity 2> Sk &% > 7 B OBHEZ FAN
Too Fio MPEEMEREL R4 VRV Y EEG L, 4>
AV v OMHBEEHZ#NT, ZORER, SF1=a—n >
EEMAT 22, A YR Ve OMEMEAICK ST, R
WHFICBWT X Y X7 EO 7R IHlE s 2 235
Dotz, SFl=a—m i3, WEITEHOHEB L HRHKL T
W2, SF1=a2—m 320 X5 RITEFHEBICEE L 5
A D RAEFHCBIfR L TV 2 ATREMED D 2,

3. BURAPEBEKCRH=2— 0 -NPYfilllck 28
PERATE) D P

LI, R, BURTFHEHEMCRE =2 —1 >
(AMPK iEMA CRH = 2 — 1 > SRR L REAT I % il
THIeEMELTWS, Fio FEE, 2-7FF> 70
a—2X (2DG) ZEENIIRG T2 . 2HD7La—X
k%251 =k L. neuropeptide Y(NPY) = 2 —u1 ¥ HE
ML T FfR%O AMPK iR CRH =2 —n > %
AU THRIK(LYIEI e 2 B 2 Z e 2SI LTz, AE
. BERICERSTT 2 NPY = 2 — o v &8 27z,
EERICHES T 2 NPY = 2 — 0 U 271 AAVIC X 5
THM{EL, 2DGIC& 5> TE D NPY = 2 — 8 Y HE M
L5 2B EFTNT, ZOFER, D7 b AEFTOM
IR D & BERKICES T 3 NPY = 2 — 1 > 28 cFos 216
MLT 22 e b otk ZO=a2—mrOHT, K
(NTS) 7 5 ZFERZICIET S 2 NPY = 2 — 1 > 2GR EY
W2 & o GERINSIEEL Lz 8 24, 30 3 LI Kb
POBIATEE 5 Z e 0o 72 (K9),
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NPY-Cre ¥V X
X9 ZEFRUESTT 2 IEENPY = 2 — 1 > OXEHIE

4. WEBIAKEROIPIEFHIBERE

3. ICERLHD XS W =RKER (W5 - IBH - & V87 H)
DEFRATEN DN, B & IEE O REAF I IIHIR T 5= 554
CRH=2—mY»ME57F 3%, SHMTIE . 2TO
BYNC L o TRERZEPHISNZE X I Y BLIZDWT
IENBEHI DA AEMEE LTze YV AEEX I Y BIRZ
KRBT 2 RENIREERLTHZOREZERY
LAERWA, ZOTYRIZEX I Y Bl ZHEIERIE 5L
R cRBICEENEIE T 2, 2 022 [E1E IR
FERREMBYBRICEI D Aok k22 b, R
HEREMREPE X IV Bl ORBINCHE T2 Z L 2R X
Nize RIEZ. E R I VBl ORANCHS T 2 RO %
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HRTzo ZORER, BREEHEMD =2 —a X IV
BIRZIZK o THEMILT 2H, ZO=a2—nrZ2ERY
WKHHls 22, EXIVBIRZIKETH-> THIERED
HET2 2 RHLE,

5. K PMBEFEHKCRH=2— 2 YD Y U RNA
i

MR NHEFECRH = 2 — 0 V& REKD 50 ACTH
DHWEIET 2720 T BEIHIZF ISR T, &
7oo HEFT TR O gL TER 2B & i L
Too TO T 2R MK NERE LI IIFERENIC 72 5 CRH
Za—BYPHREETLIEERMT S, £ZT. YVA
ORI EERCRH= 2 — 0 v O ZHEEEL, > >
NV RNA & — 27 2V R %1Tolcb T4, HUKTERE
R CRH=2— 0> 2 KEL4DDI 53R (FFAR—
ABCD)ICHETEZ Z WL L 7572, RER,
INBDTFTRAZ—DHT, TRETH LN TOVRWHTHR
I IAR=DIZOVWTHN, ZOfER, 75 RX%—-D
WEIONRI V= a—m > ThD, REEM®R, > F 7AE
e HEE T 2 EEFHESERB LTV Z e 2 AT
L7zo 72 Wnt & 7 FVEEE 7 F &3 RANCHB L TV
B2 ahol,



25 OFHREREZTARFT

7= B 3R ER OB - a v 7 b 2 LT, 2012
FIZF— b =4 (G) KR FER Lz, GRETIE,
TOHRAFFE R M NS 2 B O RIGE T MO FELE
T, B, A R LR G RIER ORI
NAHHRBC KD o FEE O REEEg A7E ML Uy AR B
ZFREOPREMIER (CNS) 2 ¥ ORPEIMEICBNT /L7
FLF U 2% ATP & ¥ O EEYEL UL X 0. FE
AL O I N 2 MR AR X L, NFKB i LT 5
31IL-6 7> 7HEEINDE, ZOME, BREESID
FEHA KD BAKBE T MiassEm L., g
DHEANDORAOTD 3187 — + DR . ARk R
I RIEMEREDFEE N D, G KPHIRR & LR RE A4 5
BRICEEF 2 DT, 77 FHREEFLERTCld. iz
G KFtoFA ., B G K ORI 7 g 2 13 U
BT 50 FREEORIAZ BRI ZIToTWwa, BUR
WL T 2 X 512, 2022 FEIEHFHHO G KA TH S &
FRAE G RO ZRE Lize F72. 2017 FICA P L AD
FlERICR->TELZ TR MLV RG RS 2 LD
2022 FREIE, BMEZ ML A THCRERERERTH 3 SLED
HHEST 20 TRV TR EFHR L.

1. 33@PRIOE G K

BIET Y v~ F. 62, RIEMEMR R E o RENEET
. RSN EANFMEICRIENEL B, Zh o DH
REFIAL S 20 T LT NEBREG K 25
R U7 IL-6E5mED T gpl30 D7 I/ BRELIC XD,
IL-6 A7 D STAT3 > 7' F A3 gl & 752 5 F759 = 7 A
DR D EBIENC IL-6 & IL-17A 2% 53 % & MENK
Mo 1 AR MESFRIRE T IL-6 7 > I DEME(L L. AP
12 ATP 2SBBEPEA XN %, T ATP A 5AER T % HE5h
§ 5 e, BREMREEE L. B 7 FAnLs
Hiir o THREO e r 7 7 ) VIGHNEMRE
U TR O BEEMRRICEET 5, S 512, SOMERE
e & ATP 23 S 4, FOn Il BT IL-6 7 >~ 7D
TEMAEAR b, RIEMPMEEI NIz, a T —5 ViR
RETNVLTHAROBREDPHRI N e 6. HERR
iE G R W& GERRYET AL RS RIEATE Z 2 Bk 4 IR
BICHBE L 72X D= AL TH2ZAREMELH 2 (K110), (J
Exp Med. 2022. 219(6), €20212019)

2. 181 R b U ATHOREEBIHIES 257 FHERE

REENZBHORIBREOLHETY 7= F—F X (SLE)
TR, [IEER 2R SRR L — 7 X (NPSLE) &
MHEN 2 EAEDIRREDS B - T2 25, Z DIFIED 77 TR
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BHT®H o720 2017 FFICZ R LIEOBYET L TH S
EBEH OREEREHEE T A ZHVTHRE L LS
2, M —Eo I ) YHUREZRET 2 ARG
CD4+T HIRIDFAES % & ZLEE T SRR 2 FAE
LZRWERED Z b L ZEATTH, MR N bR %A e
DIEMAL L. MR T /A7 FLF Y Ui S i, K
OFEE M T/ NRIEDFE I N5, RIEIC & D EA
SN 5 ATP I X D BUR FEE NI - Bz s iE M L L.
RGEFRE TS RIEENL OIETE L, RIS EAHEZ /1 LT R
LERIE. DIMOERR, SFEIFHEEINS (AL R
G a1 FA7zBlk, 2D &5 R1EMHER L AMB NPSLE
DIFRERUCEI S § 2 DTV WO RFBEIL T, £
TARTREROTRIE L7z, BER ML AARIZ, E
WU A TIEALEEE L 720, SLE €7 LTk
L gAY ¢, NPSLE BROBHIGIRATEI 2388 Lz, £
7oo WOIRTEERTEZE TRECER LI 2a 7y 7Hh
5 IL-12/23p40 A EAE S, MM Z &M U 72,
B DZEbiE, 1L-12/23p40 FRRIFUAIRL 5 CTHIH| & L7z,
¥/, @EHEPEIED SLE B3 ¥t T, NPSLE 8% T
. BTV U R L RIRRICHEIR 11-12/23p40 IR E D3 EiE
THY, HEAEEDREN L D/ NEholzZ b, b
MZBWTD [FARROFEIERME B G L T 2 ATREME AR
XNz, 2O DR S, SLEICEBY 2 idEATRE 3
za ) 750 b L RFEEMED IL-12/23p40 FE
413, NPSLE O#i7- 2RISR & 72 2 AlREMEDY 5 5 (X
11)o (Ann Rheum Dis. 2022. 81(11), 1564-1575)

R

T o7 BN AR

-
-

q

;

O

>
le:
-

fnd
e

&
R
ATP For

P 2§
o
STATSL//ir

GANA-

By
& mEHA

NF-xB

STAT3
IL-6+IL-17A

Y

ATP Z&
P2RX7

-6 7>7 JEG MR

10 SERERIE G R4t



2EETIVUFIM-FTRAEFI
AIRIETERRIRE

HiRzEe
) A >IN

BRADBIAR R TED

12/23p4053i

UFRAERWERZHEDS
25 TUFI M—FX (NPSLE)

. a8
\]] BB > 5 — O +>-12/23pd0iRE L R

b /z MRIRTEERTR B DS B8

11 18R b LR THOREREIHE S 5 0 F i

156



3 BEREERIFEMIEEE
3.1 ERIEREEFHEMREF]

MEP T, FEE - FEEB X ORI X 2 ARE S ORI
FHRFEREIC O WT, KA X = v 7R BRI Tk
HEEHAOTHIEZITO £ & b2, MAMREAREEZ Y 7L
2 A L THIE T 2 F O BAFERAMIIEN ClL < A LSFT
H % KCC2 OFBIMIEAELA %2 W TITo T\ 5, 20224
WELAN DR & HEEE L 7z,

1. 779 7 Z2FH U 7 m 5B iR R & BRI i 72 1
DA

REMIEEEGEE TV~ 2 DR EEEHER (1214 H)
\Z DREADD > 27 2 % FiwW TR E AR 7 2
et A b ORYIFOEMEL & RN R RS gl 2
HAGDEZ . 20RO D REBEORBIFRED
Fifot L 7eo JRAEBISERNICHIBICH AR TN F 7
ADERLRENZ DB D 2 Z e DL 72, BT,
PRI B ETRAIEAMRIRE T X b aY A4 +oiEERE]
S L. R0 RATME: A EDE L LR &5
WA IEE O R ORERRDE & N iz, BECERIRER T
HENTW2 20/ERIEEMAGDE S 2 & THRNZIE
PR DGR RGO N2 AR Z RS e N TER
(Takeda et al. Nat Commun 2022)

2.7 o RIS 31T 2 BLR AT D BT 8 O R AR T2
ZenfIapk

FEIEINC BT 2 L HRAHRE R B& O #E BRAKAFE I 72 A 2
PEKDITENC G 2 2 B Z IS 2720, HREANI
X DB XN B EITE O FFEIEE & RBRRIERAT 8
ZRMT Lz (FoRBHIBE L 5B D S 2B EOR
L 7RI L. SRR VEITENCRR T N 5
HiTE R RS, FEHD~ Y 2B VT, KB TENIER
3 BER DI T RIS L 7278, 4% 3k 5 18/
DHEEFBEZTo/z 2 A, XBITHOREIHFZ L
Too BUATRWNZ I EMBRIITHERZITo 23
A TDHA, 1HEABERIIZRETE OFEBRMERD EAH L TH
D\ ETE D REBRIE R LGS E R D FED R S 7z
(Narushima et al., J Physiol Sci 2022), Bif£. #E#EfTE)
LR OYID B ZI2oWT, kit KM ERER& IO
WTE/ 7 3 NS 2 ISEDHEZBE L Tw 5,

3. MR 2 S22 2 iRE Il i & LB
RMfiAC IR B S 2 KM ERTEHATER (&, & Aok
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HECIL TOEBEESEH ATV 5, RN OEH
PRLEOFIHOEE EZ 52 K5 1IXko7p, HRICH
% THHEMIE RS O HiEiE) S VERUE) & R2%
SBARHTH B, 22 THEAEX, vV RIBIT 2L ERRK
WREEELC 22T A X =Yy 7 [ERGHNTFEE A
Hbht, U AREITICBT 2 B MiiEEa— K33
FEE ORI ER ZFET 2 e TE, THITE
DWERTIE. 8 O FETEBNMR R 72 BB PR & - T
MR e IR RO 2 e h o EEIES L. &M
RG22 S RN & 2215 % [HE& DA s R S iz

(Agetsuma et al., in revision),

4. 3707V 7 OEREE TE DI ZE R B

A SEMIfETH 2 I 7 a7y 7 I3 EME R 25 % B
LTWaH, B ETED XS RIERIEENLZIN TS
DEHH o TORN, AHIFETIE, Ca?t 4 X =YY 7iC
X o Tl 4 DIEFHA X b ORI RHEZ I L, 3
a2y 7O Ca?t IEB ORI, HLEUE. JEECS A, JLEGH
e ¥ o zER 2R it 2 bz S BINCEN T 2 2 ki
BRI L7z ZHUT & o T, 2R EOMREAIERIRED 75
RIC & o TREICHIEE S 2 ATREME 2 7R L 7= (Horiuchi

et al, in revision),

5. MINEAL A4 A > % R 22BN B 2 5 72 3 D Fi BBl B 5
AR

IHF TN D pH23FEE - FELR Y OBICZE S 5 2
LFHI STV, BEEDFHAIT KRS 73 A RE <o 2%
SRAEICZ L, S VR - 3 70 B MRS B K
PHICED XS CHETILEANT 2 2 XRETH -
Too MERFNE. EBHERN TR S THFE L7z CMOS 4 +
YR UHOERIEHE LT, =7 ZMADHE DAL LK
RIS DFLEREAM OMEF R ATV, BHRIEIC X 2N pH &
L ORFZERRENT 21T o T b, IHIZ, 7A At A b
TEENC & 2 pHZAb & @S e o B#EIcOWT, 7R b
a9 A MEEOFIEEE A DE THRE 217> TV 5,
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28T

BTEM T Z4 Y EY RICX2EKRKNAORES X
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3.2 REBRILEHITEF

R IE LB AP Tl KM EIC BT 2 KR
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HIC B 2 MREIBIERE A F 52 eI nT
W3, ZO%, 77— b= a—arD%  FHIIAEIC
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WK, EBMICBI 277 L — =2 —m Y ORER
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<y F LTV (K12), 4 X—2 ¥ 7 e HERLIER
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TEHZLRRLTED., ZOHGHEICHER 70 — R
HIERERZ D EZ N5,

—RBEW 6bJE= 2 —1 L OREIE

1
Aﬁmnhh&k

2

ML s i 1S P s By
Ahqﬁﬂﬂn&

MAKAAL M AN LA

6

Abhsamd il NNANMMA

0.32

0.64
10s

159

A ot A — R e g

2 INFIF

s A s -

XA K G X+ %

e ol e AP el Rl e bt

PR X+ %

Direction / Orientation

—RHEE 6b B = 2 — 1 > ORI



33 NAFA T+ b= XEHZEERPT

FEURE IR BT R T MR R BRE L 2B D A X —
¥ 7 FEOBRFERE U T, MRRER O W E B 50 AT hE 7R
2T B B RGO K - pRRREIES . ARIR
U R 575 Y DA GHERED BIFE R © 5 T E g o Hfgx H
el 7
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BZMRR EMICRIEL, IO hoEE 25 O KRS
ANV X LEHREARZ, BEIRFEEEY A 27 L0R0E 7,
iR, 1TEIY X4 2o 25 DR 24 K o 4L FFRE &
T %0 B X EREH 2 FE oM e 22 D
BL 7Y 7Hila» oI, 2y PV =72k LT
WBERETEAR FEBHY X2 RTEEZILNTWVS,
MBI ETIRHBDEA X =2 ¥ ZEHIEZ T
L, HRX LRI BT 2 MR AL S T AP
BUOHY) X2 %28HE L TE, HER, MlENZaS
A4 R A MEANEERND LS Y LA F EDH
HY X L&t 2% 70y =7 b2 RTHTH %,
¥ 7 EN A SEE (B) ORI E 5 1 TIFLE o ZIREFSE
PEMLTWS, IIFEF v R ROBYNICKIRERE %
WREL, MRS S To#YEERFEZEAL, V7Y
NAAR—DERFEFZIT-o TV B,

2. TR =V I T 4 A7 4GB O BB &
GyEdnil

KA INETRAY =V T4 R HEHRF v F
W M S A T A DRFBICHD AT
T, OETFHOCRBIS T A0, 2 oREEBII YL >~
ZDEHARy MIRRBINE 72D, MHERICHERY Y
A=V ZHEY T L NFEWER IG5 2 L 23] HE
THb, ~HATERIRATAEZE, =KRUT 1 ALY
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¥ AR— VR L OO A T RITTH IR T S,
HESRIE N FEMBERICDENTH D, BES AT
LAEEE O T MR X D 3 BIRRE S OCE T 00
REZEIT 2, RFHII=0TA A=Y Y JICBWTHH
MrFiES 2 2 eh o, REESHFEME - LEFHZE
C. I WY FEHORL RERRR T OMMTEED =X
TLEIREBIS It I N, F e, AEEIZERBUIE D EnE
UGS, DR, IS T — XN DIRFE AR T
NDBEEDHERIC X 2 EEEZ F v VA VBIS e EH L7,
AEZHFLES X O R EMICEH L. Mildr®_o%
=TI A b7 TABRERITo T2 ZORR. EH M
Rz 1D 3 Z 2 &L, f4 ORI/ NEE O =XTH
REEF AT 5 Z 2 TP Lz (Kamada T. et al.,
Sci. Rep. 2022),

3. P=— FVEMEIZ ATk X —2 v
ZIEDR%E
EREBCZO XY P =213 KREETXAF I
BT RN E WV, ZDXIBy MY —VIEE)
ZHES 2791203 ZOMHEE%E 3TN, L b H—
MO DREETE =X —F 2 0E DD 5, AFETIE. 1
KD 2IEFHEMBL S X7 L TRBICHER T % 2 EHERK
LEZHFEL 2. MEROHFOCEMBIDHA TWVWDE 7 4L
R—F2—7 D1 EINEBEZRET 2720 T, 1EDH
L —¥ —EDEEKT, EX 200 u m U LEOEARKIZ
HERERIRHCRE X2 Z e N TE, X512, H-line
~ v ZDEWPLITIF OER 2R D 3 RoTHEiE % 1 [0
EETHHIT 2 28Tl Lz, £REZH 250 um
D2V AKMEEZMIIR 7 4 2128V, ML
Hlo Ca?T B % 7.5Hz ORI 7 ERE T L 7 (K113),
(Chang CP, et al., Sci. Rep. 2022)
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3.4 SHBRAEIEREN AR ER

2 A O] B B RE RS2SR P PP AR SR R O R MR & 2
D 7 MR X B AR AR EREH O ICT A e R EHW
LLTW3, ZD1DHI~ Y ADITENC D75 % (R
W53 3270 7 il oA BIMEE R MG 5, FICH
FEEIEE O HT b AT A ORERS S ICEH L. Tk 3B
FLi-hn 77 4y 7 BEMEE AW TCHIET 2 (X14),
2022 F LU R OMFE & HEHE L 7z

1. 77V 7 il o 4 PREERE AR

(a) I7uva2 V7
CNETRAZIZ 0l ) THEES F 7 M %
e RHLTED (Wake et al., 2009). P2Y12 > 7'
T & D s T2 OMER LS B, Z DB DRI
HEZFETT 5 Z & 2 LT E 7z (Akiyoshi et al., 2018,
Badimon et al., 2020), FIZREIC X b MAEKBEIFTICEHE
BXNYIACREMNMER LTI 7027 ) 725, BiE
DOHEL S IHGEMRICE < 22 d R L7 (Haruwaka
et al., 2019),

S O IHREENT 2 U BRI ER R 0 R\ EVHT S

1. JUPHR D4 B REAREA

(a)3hnyvyr
A UkE FTAEROR T ATEM
~
-> > A
Ay — > : g 2
Wake et al., 2009 Akiyoshi et al., 2018 BRI
Badimon, Wake et al., 2020
IFTABEDEN &R PIAND/EA °
LB RE :
BIYFTA KR
> CLDNSIC &3 &
NIUPRBL B
= &N Kk .’ 2
Ay MIEEE
FALOYA FE%;&

Wake et al., 2009 Haruwaka et al., 2019

14 ZA0iEEHBRERT L

Hashimoto et al., in revision

TV 5 (REREOREN), ZoREKEOrEMEIC
ESLNEIRY TR TP

HBI WAL LT, EHICTDEEEDHREIC I

oz 7HEEREE T 5 Z &AM L 7% (Hashimoto

et al., in revision)s.

(b) AV IF> FayA b

BRI 2 B LD IS B o R IC 5 L, &
AR

[SEg—3

BBl b 2 22 20 TFHEMEE L B
ZHWTHHS 22 L7 (Sugio et al., submitted),

2.R/0 757 4 v 7 EMBE O

MR e 770 7 MRS X 2 [ #& 7% Rp 22 ) v R A B C
BEST 270, kuro7 4 v VEWEHEZEE Lz, 20
E=YOFiiilankia
N2
2 EHHS 2T Lz (Okada et al., 2021), Zh e BEKE
DN D 7 — 2 2l A EDEANBRNEE DOE A %2 il A4

SEMEE B o HIC X 2 R AT R B A ARG
AJREIZ L. /A ETF LBV TE OB S

T\ 5 (Tanisumi et al., in preparation)s

2. RATST4vIBEHEDESE
b)AVIFY FAYA b
#REDORH
ﬁ ‘f
@kﬁ%
R 5 5 AR T‘
. e i A B
iy ' &
7 R AEE BT
< HHT B 4BR
P B
-
BFE RS A T

Okada et al., 2021

Sugio et al., submitted Tanisumi et al., in preparation
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4 TR T LRFFEIZR A
41 RANTEIFEMIBTRIIRF

AT FE AR AE I ST P Ll 2 BUER A BE O A%
BREZIHO 2T 270, =RV FLEZET LI T2
R EHEAEL T2, FRIIKT —<iFk. OB ED
B ERILEIC 31 2 KM B EEER O i, @B L
5 DRI TEHALIEC B1F 2 KM E - BB N HEREHIEY
DFERA, O SIRAAT B 7o+t 2 BB SRR TE O MRS O fig
BH. @i#HE) Y X 20 BRI O MM ORI, GO/
I BT 2 GBI O g, Ot 7 2
7 A DHERE (A aBIRERTL > & —3BH Y ) LW5E 7 L —
7 - ERINFHE SR & 0El) TH 2, SHFEEITO LB
U, FREZA2AERA - ATERE R 2 L7 2O LI
BOWT, 22N OMRIEE ORI & Wi# 1l 5 2815
FEEZI S22 L7 (Ninomiya et al., Sci Rep)s

SEDFHTMEDNRE RPN QeI L1X, Fh
ZPh RO @ uy =27 F THWS 720128t -
TEI P L ==Y 7% To Tk THZ, 2007 m
Yz 7 NTIMMTERRE R E { B2 500 (OTIdHR M
RYEHRE, OQTIRHANHMNEAMT). wIhod
NThH, DXL & LR THEOEE N E L L,
ffERDITEIERE E= R — L2V WS R ED &
Nize FHTH L QDITEI X —2iE, BAD I N—TH
2016 412 Science Advances g6 ICH#HE L7zHE AR Z b
Z DIERE= R L (FVE) OFTEIRHE & BB T,

IV — AREOME, $1Q-1-E0 3uIcHEL T,
HTR2C, MAP2, APOC1 DZEEMHER XNz, AT,
MERBICHESE, FLQe I NIBRADBERICH S Z
EDHLME IR T,

P Q eI OMRIEEIREZHLICT 2720, &
a7 MTBWTIERN E UKD & B — g
ReREEh & T B 2 G U 2 DA, xHHREE L e
THILQTiE. MEMGESEHFTE & ARIRTEERTE 3BT 5 2
FJ—=a—nYOEHEPERIEr 5, 37 —=2—n1
COEEE KT 5 X B I o —IIHNESEE R R AN
LWz (K15),

FUT TR, SRR T 2 0B, PIRETEERTE
YR UEEIME P IC B VLTI LTV, E e
WHIBTEERTEY & B — % 3 AR R & o [FETES) (=
E—L Y R)BHEL TV,

ARFFEE =R F L ET N L T 5 —ROREGIFILT
B3, FREBITHARZ - 2B LUAKORREZ 2L L

WENY 7 7 AR ERHEE L, BRA - ATENRE O R A
BEDS 7 A5G RN O — I E I S 5
L7zo HARMWHERBOREE L L TOMRERERE R
FEOIEL NEEET I AOMNICHENT T, 25 LF
BREA» LGN 2HAROEEPERETHI L EZD
ns,
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FBOBETICS L OWRIRIERT 5 5 RIS B 2R L0, I E RIS SR,
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4.2 HFD T LEARERR

Wiz > 27 L LTI A, RIME - RIMESER - /MK
REPHALTEL 2 itk > CHEEEZa> bo—
ALTWBE XA =X LZOWT, BRI > hiEE AW
TR AR FAP I TR 15 & RS A Rk 2 A S DR T
L LS LT3, £, Zh o ORKEEIEHREZ KL
7 PR OEFEEFEOREAEBEIH ST L, X S5 IIRIARIE
ZHFET Sk HIEL T, EREST - REOKEET
NEE W TIZEZ{T> TWb, BERNRFEE: LT
. 1) REMFEERLE Ful & U 72 ks o il 221y - 48
HLRMER, 2) EEERE R THNICRINEL R & tAE TS
B2 lirs 5 I & 2 RIS OREREMAT. 3) KK
BIEREEE T LEY D S MG 25T 5 2 Ik
2 IRAEAEPRARAA, 4) KIMEEMRIEEE T VBN IRE
MZ 2 Z e &k 2IRBIERME. RETH 5,

2022 FITHR L 7Zm X2 s %,

® Darbin O, Hatanaka N, Takara S, Kaneko N, Chiken
S, Naritoku D, Martino A, Nambu A (2022) Subthala-
mic nucleus deep brain stimulation driven by primary
motor cortex y 2 activity in parkinsonian monkeys. Sci
Rep 12:6493 doi: 10.1038/s41598-022-10130-1

PR=F VY RIE B8 3 AR T R A 2
i3 5 2 eI &k o T, RER, SEE), AR & 2R S
IR CH 2, BEBI60EETIFI00 NI A
{, HEIttZOHRTIIRERMHEL 72> TV 2, WK
DHENC BV TIIFEYBIED BRI TH 555, KEBICHKIC
Epartrao—An#L {5, ETHOREIHL T,
FRIR %72 & D B R AR A 2 A U ey 19 1 78 U
20N 2 2% PRSI (DBS, deep brain stimulation)
PHITH 2 (HATSH 2000 & D @EERIREH ). L
L. R DBS (& 24 R [F] UGRAEE & SHAE TR Z 1T 5
e, FHADEII & 2RO, A FWE
MiHE (B~5F T8I, NP & o TR T 20 ED D
%) COMENRDH D, XD BORIBITIEDRFEN R0
TW5,

INETOIERS, =% > Y IHTIRETES, S
DEFERDPBEERNET RO H I8 T 7 a v
7 EINB 0, EFFHMHIKEE (B 12k s . HIR
TREOTEE Z NSHNIRIEL 70 v 2 ZfEfRS 5 & )
DHET 2 edbhroTWie, £ 2T, EHIEED O
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FIEREMH L, 2SN THIKE TR DBS O #l#
SREECHIMAEE 7 o > b — LU, SR L s—F
VUREIBRTE 2D TRV EE X 72, AT,
PN=F VY VIRE T IVHILE OGS E O RIS
FSW7 DBS ORI ET - /20 £ 3B E D 5 5B
KOFEFRZITV, DK S RESHEINCEHEL TV
DRI 2 A B~ 258 (80-200 Hz) iR 23 BE 8
LTV Zedbh oz RIT, BUR TR EM % if
AL TESHMEIT- 720 2O, HMICHRETD LED I
[ o CFZ2 I T HEET 2 &, IERD E OREK
ET D00z, BHRIPORETIE, wo< b LhrF
ZHIEE D o 723, HERI o DBS(IX116 /) % fin
Rl TAH FRERAL-RMIEED XD oTz R
HEBRE O > = 2 WOl % b £ 12 DBS ORIl 7
A—R (BEXHE)Za>Yba—1T25L5 1Lz
2 (GEGEDBS. K164). SRR e FEE, HEIcko
TREDELSFZMIEE L5k, T SNIEEIR
ERT bbb oz, iz HEE IR T
F2/3 YT 2 bbhoT,

NS DRERD S, SEIBHFE L7z, ) H 0BG
WCEE T 3{E512H 0% DBS DRl I X —&Fa v b
0—LF 3L VHRBIEDNEDDTHENTH S Zhb
Moz, ZHUudk MEFICHICHTE 2EMMTH D, -
F Y URRICHS 2 DBS DR EIZORA S T L AHIFX
N5,

EHRERIDBS (k5

BISEDBS (SEREF)

BRI

RR T

K16 fEkoEsER DBS & SRR L 2868 DBS
= F Y VIRTIGEB L E D & OEFHE T HOWERAN
fiTtrmy 23N b 0, EHERT, #A DBS(K)
. BRI 24 BERE, 8L L C—E O RIEERE. 48
EOBXKHEES X %, ZOUPRERNFTOTrY 2
RS I iICE D, IBENRERET 2 EI LN
3, ZAUTK L., EISH DBS(H) 1&. JEEIEE 2 & T
BARRICBEE S % 4 >~ 2 ik (80-200 Hz) O M#EEE %
Bk L. ZACHE SV THIR MACHIBZMZ 2 Z 21
&b, EHRRCOAT O Yy JRRIRT S Z e TE 5,



@ Hasegawa T, Chiken S, Kobayashi K, Nambu A
(2022) Subthalamic nucleus stabilizes movements by re-
ducing neural spike variability in monkey basal ganglia.
Nat Commun 13: 2233 doi: 10.1038/s41467-022-29750-
2

F2MILYZET 2 L5 EHNZ. EROER D,
DSBS 22 ICUNAE - kg 5 2 e ic ko THBE
NTWB DY, Z DTz DI KRB B EBNES D457 D3 IRF 22
HNTHEE ISR 2 N TO 2 R EH D 5, FEBNEF & AH H RS
DD 5 KINEERLD Z OEE T O LRI D - T
prEZOND, KINEEEA Y bV —2O—HTH 2
IR, 153 2 e xtfloF RN X 4 (RHEEEE))
ZHIFE T, . A—F Y URBFIIBVT, HUK
TEEADEE % DBS 12 & - CGEBREELFEMNEE 2 Z
EMTED, ZD &S IR MUUEFHIENCR B o
TWEH, ZDEKRLZENI S Tl

CNET, MREEE ITHDOBGRZFANRS 72012, ik
B2 AR S 2 (LB (DREADD, ATHY
TR DR ORI I X . £ O EIRICK R
NCHi &S 2 Al 215 L, MilgND > 7 zqr LT
FEIGEN % PR £ 721340 3 5 ) AR E . 2 DT
FAZENTVE, A% TS DREADD ZFH L. HURKT

17 SR TR X 2 EFH DT L

B O FRIEE 2 N & IIcHfil X 27 & 20 L OfTE D
ZAL RS E) 2 F R 7z

T3, VA INLART X2 X o TR DREADD %
BT =R PV OHR MR S &, S EH3%E
BRI X L 2 Bk 7 2 BRI AR U, £72. %
DI, FIIAMEEHE X, BEICF2MITEF A
BIENTTR D T e DD oTze KIT, IR FLH & 1585 &2 %2
. KIMEE RIS T 2 I E RN ET O 158 % 72,
PR T HIHI LT 2358 2 JIfl L niga T, AR
NETDHREE) & LB L7z & 2 A, MBI O5REICITE
bD37e 3 o 723, GBI SR — > OEEDS, MK FALDHIH]
ENTVWEHEIWRKT 22 ehbdrolz, BT, ZTD
HREE O LN, EEDHS T TERELRo T
3z b, FHEEEH O ERNHRIEEINZF L TnE 2k
DD o7z, PR MEOHIFIZN S Z T, WEERNEIT
BERLUZWHREEBIOZ(bA R =, FHMEET 25 iz
LTW3EeEZHN5,

NS DREFIZ. IR MRS KINE A% O Hi ) % 2 fb
XEZZIED, WOLREHEEHL TV Z L ER
LTW3 (K17), AW K D HIK T O EE i
RS 2HEDHEA, —F 2V UIFHD X D BWEED
BHFRIC O N5 Z e XN B,
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4.3 fES AT I XERFREFT

EFZEERM T, AR O S, B T
DIEHHIESR & 7 — & f@t. BORE 7 L2 HERNTAT
57 —FITk D, MIEEEHORE).. FH, 05X, U
TEMFEOIFE X A F I 7 ABR O, F8H. HE).,
S TERSBE ICRE D 2 BRI BE U C R 7= 3 1% E| o fR A
ZHIEL TV S, FHC. bt OINEZE OSSN JE
REKABIC XD EonFERT — 2, H20IE HEF
W22 T1F & AU R R R R R E L8 o i g 7 —
RDEAF IV AFHEBEET MMEEIToT WS, ¥
Tl OER. W, BERL Y O BEEERESR. NS
% s 2 ARG S L IR & ORIFEEREHHNC X D #i
AR T — 2R HIET Ty 2 7+ 2 EEGIHE L 2.
2022 FEICHIR L 72808 e 7 VR W fgE e LTOUR
RIS %,

Yokoyama H, Kitajo K (2022) Detecting changes in dy-
namical structures in synchronous neural oscillations
using probabilistic inference. Neurolmage, 252, 119052,
doi: 10.1016/j.neuroimage.2022.119052

TR kR 2 D 7= ARt S B o IR B & » b7 —2 D

Bt L L oHEE
bk ORA - I - BB ORMEEE S R 7 A L~LTIE

fu#d

N\
BiAERY D~ DOTS N, oo = F (o, xﬂ ;

I E O MAMHRIAR v v — 27 ORFIFRBINZ X A F 3
JALBELTWS ZEDNEL DR TRINT VS, L
U, B EOMIEIES 7 — 2 2 VW, oA HE RN
Ty b7 =2 DOREORFBZLZ K S B3 5 ik
WELHEL SN TOWRY, 2 THEEAIREI FRDET
N EBERNA IHEERMAEDE S Z 2k D, MHFY
Iy MU — 2 ORFRIEHE S O ZARHEE & fERANTAT
SFEEFE L (K18), BEFETEEMT—255
FohsiitHe., MERBFRETNOTHIT — & & Hig
LTOBRNRET NI 4 v T4 YT %(TD, ETLD
32w MU= IEBE DRI X —RDOHEFSME L FRIME
Kullback-Leibler divergence % TR L, & »
N = OECRERHE T 5, BADDL o TV ST
TLTHEZOLNTVWE T —XTETLVOENRE D EL
WET LI LT, IOICEMEROME A —7 >
T —XEHWT, ERANFREORKEMHEFEA Y v —2
DEAINCEE U 7 2 s HEE W L 7z (K118),

SR 2O LS RIRBINBZEBFETAR-Z M, H5
WiE, F—=& U 7 VR EFEORMFEIC XD R, AR
BB OMEN2 T — T 21TV, BRGSO IR
XA F I 7 AEH U BlRTOAERERLIER O
fift, X I RS ERE ORI X A
I 72 OO BiE 3,
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HHlF— %
2o )
R W «‘%{2&37 v/
N 14 ’ﬂ"

Change point MY TIRIBTRSA K

Prior : V' (ug, Zx) = p(K)
... BRI OLLE
Posterior : NV (fig, Zx) =p (K‘ %,F(d),t i K))

¢ 1
-~ iz%w

N (g, 2x) ]\;glx. )
o 1
K~ N(pg, Zx) K N (g, Zx) v O
e e & KL divergence
[ Dyt (W (115, Z) IV (e, Z))

mowiin o 1AL

LV IVE ¢2

Egsmay FYhI—IDTALEE
Dyt (W (7, Z) IV (pee, Ex))

[ Assumption : “FyhI—JiEEOZ(L " = “EFNFEEOZL " |
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BRWTFRT—2DT7 4974 71T Z
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4.4 DIBEIBFIAZEERR

I AR B S BT R IEER P = 2 L ¥ —R# 0 &
L% e 5% 2 MHBHEA X — > > 2 (BSEERT MRI) % Hol
12, REEIH S S350 & & O KINHERE & B O K&
FNCHERS 2 2 #BIELTWS, AEQREL LT, K
AR ORI ICE 3 2 2 D%, SFEICET %20

=R

DY (R & o —AMERE) 2 H T %,

(1) Febels A E O w4 (Hashiguchi et al.
2022)

PIFR R OAE AR T B 2 RERR e, BB
Hah, BAMCEREN S, ZOMRIIREESHEE
HIRES L EL b o TWB D, ZDIRIEIC D 2 ki
BWEZBH SR TORY, BREDREEFROMEIH
DI EN R R U, RO EREICHF G L TWw5
ATREMEZROE LU - 27 e ntgac. [F CHRERZ v
7o IR e e A7 1] & R R I B RE 2 AT H OO KR RE ARG S
SR 2 Bff U 7ze 1 PRI O IRE R RESS TRk LR T 23
BDERVWHD, HEIVEFEEPEVDDEEHNHDD 2
DR SBREE LTS 5 2 & T, SInE TSI
Xt U C BRI TR & 2 W ERICB W T WD
5 0T U7 RERFREAIE & R AT O IR R Y 90157
R, &SNE 0 OHHERERIITc X o TR oM
Too TD57 R L BIBRINR O IR & DR 7 & R
RERIEEE DR & U 7z FfseE AR RN R I 2 G BT
NHIRTEERTES, WK, GRTERE (AIC) K/ sh, T
HEAE (IFG). FEHTE/NE, RIS ATV, H AIC
L IFG OiEENE. MkHLR A O RS & IEDOMHBN & -
7z A AIC IEHRIF OB T 2 Z e 356 T
BO. GIFGRE A7) —HcBRT 2 Z e Ao
TW3, Lo T, AIC THE S-S RIKGRRE »
HIEZk TR R o bk, A IFG TITOM 2 A[HEMEA S D |
D AIC & IFG DR R O IEfERHIHICHF G LTV 3
E AT 72,

(2) FEHIFIIRE ) DR (Miyata et al. 2022)

e FRIBE . MR Y X 2080 X 2 5E 8 [AH (R
FFEA) ICA R TH 225, REITFRBENDOMAZ L 2D
FRAEBIIC OV TR L A LRI ST WiV, 22T, Bl
HEB FEHNC 3B 2 IR T HIRE ) O tHEEFHES & 8 A2 %
B & 222 U 7z, SEBRTEF 1 EBE 72 & O IF—IGEE
A THIRES DIENEICHHBE 3 2 EHE LM TS % L R
FELT, BEE18HEMRIC, FRME. 7V REM, 5
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YRLDIEEOHERN R v a /) — A HEE Xy TXED
FERERTRL S IL IR B (7T) Z ML 72o THIREIZ, X v
TRAIVITER= Y TANY FOHBMHEBICE Y
TRHE SN2 PRI ER L2 BV CEME U 72 Tl /5855
EensE R (37 bbb, THIERD R NHERE ) 12X,
X tBa/—AOHIZIEMIZZ v T LT W, Tl /Bt
. TR ELES R OTEE) & EOMBEH D W
BRI A THIRE ) OMAEZFHHT 2 Z LR Eh
7oo THo ORI, HHEEBRTE SR Y X688 —
DR FHIE TV OERICEISG LTE D, ZoiFEEHE, E
T CREREEETFPD - DICERER, ETLVORES
RS % 2 8 2R 5,

(3) AR O ML (Nakamura et al. 2022)
KEEPORAIZ, R, NE. DFEOAR—E L L THIRE
Nz, Fxid, ORI R-NER—BHR BT 5 &
flOE LT, EERA 22 %2 05T, BERAY B PAIAR R E
Z W TR RSN BI§IEIC K 258 21T o 720 5
&, BOPRWZ R LErEWZ R Lz, 24
WKOWTHESEENRIAX Y M 2T 3HORGEE W
Teo XARDYEEMRGE GEGRENE L —HT 258). BE
AR T30 B2 PRI 22 Ja D & B, 7 AN T 3R B2 PRI At 2 4
Mgz, XROBBERNLIGE. HERN L OFMRITHE
L. SEM7ZOFIT RN ZEME 8z, 2D X512,
XMk E NEDR—BUI R AR D FERPELERTH D .
XARICHAF L7 CHFIC X » TIBIEX N5, fMRI DfE
R XR-NBEAR—BIIRIT DR E X 2 T4 Ty
Y- THEHETH D, FEDOXURTHIGEIN-NEER
BHLTWBZehbhrol, ¥z NE-OFARTEMIR
. FEERRERR T 2MMEMATBR I, b
DARFSROMEAEAE, WA SMARTSER TR E. Al
SHIB, A7 S RE & T NI RTEE AT R E o R R % & e BHE
2y NI =ZIZKRAE, ThH ORI, RRNERED D
D2 DODRLZAFAMH S 27 208, HEEA Y bV —
7% U CHIEAE THESATWE I L2 RTHDT
B3,

(4) AHEGEES REEEDO PR (Kasai et al. 2022)

XA T 4 THEE (L2) 12 X 230, — BTk
WRPEL, 24 T4 TAE—H— (L1) DFHB LTS
SRR C IR ANIC B B SO KR & A4 A H 3R
DPRBENTWVWD, LH L. L1EEHE & L2368 O SGELE
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BT MRERIICOVWTIE, RERRORMDED 5.,
PERELIRIR, SR 2 fEREE o b= 2 — v R
YLTEFAMEL, FULAARBEOTH (EE T L) %
AT 2 THIRSLEERCTHMHL S 2 2 eh b, 1L
EALL/L2 D FERFERTDH 2 LARE L 7ze HAGER
i & HAGEE LB 20 R, SHEMICIELWH
AFEDBE % CIIACA AL X & 2 BERER MRI RS % 524 L
7oo IELWVBIEZ BIRT 2 72 12id, SURIEIFEIE D o
KR O ET VIREN R 70t AR ETH 5 e
E LTz MY LT, ZMEE MR TR SRR
EENI'— T ZHA LTz, L1/L2FIC X 2 BIFER
TR, SREELEOPZE 25 m M T aTEEE LS, Bt
BN, fRRIRZER, AR /MM U CiEMEE
SNz, —77. SBEERLIEOMEERE LTHION S K
THIEEEE. L1 XD ® L2 Tk b BEEFREHMEZRL 2.
ZO XD, EEGREREIE. SEICHUEL 1298 E
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WHBWTH L1/L2 £ %25 223, AFKIIEELEL
g€ 7O PR AR/ MEEHES BREE LTHIRZ 228
WD LI/L2 DEE 7T VRELOZRZHE L2b DT
Hb, ZORRIE. SERERGEDNETE 7L D HaE ICKAT
L. ZRHEMHEDaI 2=, —>ary2@ECTEARMT
HET2Z 2k o GEREINS 2 W IRFUTHEHE S 2,
EEAMIETIIHARENTOMWEDIREVIEL MY RES
BIEWZ 2 2RENz, a3 a=sr—ya VHEADIE
T UEOMEEHO RN Z b2 RE L. HEMEHT
SEANDBFECIEEF LV Z2HHAT UL, 22D EHED
FHRREERMETEZ 2 FHIINTVS, LEd-> T,
L2 2% D EiB% 5 3 HIAN O WSRO R WY, JE
ETVDOFBIBIFTH D, REIZNELRDE, 2DKD
12 SHERERGER. L2 HBICiR 2 Z vk B )IHE
TR LTHET 2220 TE %,



45 REREBHIBHRIAFER

R FRAITE R & 2021 4 9 HICHHICBIER X iz
MRIWZ X 2~ v &> ZHHZE 2 HE#E L TV 2RI TH 5,
202248 H X DML EMEIE L. DAL BIRA I
TSR DOREEIEA TV B, 2&%@0&2022@&:5%2%&
TR INGHMLD DB IWMEHNT

1.0gawa S., Takemura H., Horiguchi H., Miyazaki A.,
Matsumoto K., Masuda Y., Yoshikawa K, Nakano T.
(2022) Multi-contrast magnetic resonance imaging of
visual white matter pathways in patients with glau-
coma. Investigative Ophthalmology & Visual Science,
63: 29.

BEZE FEHEGRF MRI 35 X V& &/ T13HZ Fw T, &N
REOIE 1] oD WL I RAZE AR I (BISR - BLIGHR) D DY I S s
WM Uleo fENHIERE Y O IR 21T o 7R, i
B TIWITIO MRIGHITET S, BRARERNIC BV T
BEMEMNROND Z e 2l T, —TTHBERICBEWT
ERM T1FHINC BV TRAFEEGNI R FE R &7z
Moleb DD, FLEERFA MRIGHIICB W I BEFEEEZ R
L7z 2D Z Eid, MRAREIC X o THRIKFRICE T 5582 F
TREMDET 2 Z b, SBERTAEL 2 EMEDOREIIHR
THELLZENL B 2R BT 5,

2.Miyata T, Benson NC, Winawer J, Takemura H
(2022) Structural covariance and heritability of the op-
tic tract and primary visual cortex in living human
brains. The Journal of Neuroscience, 42: 6761-6769.
BE b o RERFORE I, ERAOHTS 3
(ERLRE R 2 B DD B0 JATT 2 SEHRINHIZE (Andrews
et al., 1997) Tl&. B FPO—RXHAEHFORKZ I L HKDOK
XXMM RENT VS, AR TIIHER . —REEE
OREN . MERMICBE W TR SN2 2R REES 2720
178 %4 DIEE A D 515 5 N7 HEAERT MRI 5 X Uﬂfﬁ*ﬁ@ﬁ
#HMRI 7 —% % v b (Benson et al., 2018) % 73#7 L 7z,
Z ORER, HROMMMEE FRERGT) & —XERE D
RIEFE L ORICIGN 2D HHEHHNC AR 2 B O HBIBI R
ROz, £ OMBIBRD R 2 FHHISRMFICBNT D
XN Z DG holz, EHIINERT —ZD5HTIc
D, HRE —TBETFOMGICB W TRIZDOHEN RS
N2 ennhrolz. TORRIZ. b b O—REHEE D
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A%ﬁ‘fﬂﬁﬁ%ﬁ“?‘fﬂ]ﬂ’f‘]ﬁﬂ%@ﬁ’fﬁ%“@% 5 R DMENE
—HRIE L 2 BN Ko THEL 2 Z e 2Rk T 5,

3.0ishi H, Takemura H, Amano K (2023) Macromolec-
ular tissue volume mapping of lateral geniculate nucleus
subdivisions in living human brains. Neurolmage, 265:
119777.
BEEE SMARIRIAR (1ateral geniculate nucleus; LGN) (&7
RIFMOIESLUEICEE S 5 iETH 5. LGNIFZK
Al U CTARMIIEAE (magnocellular, DR M fEIK) & /Milifg
I (parvocellular, LU P#HIR) 22672 b, Zheh
HIREZAE S 2 L AESUERISE - EEISARTSE 0 SIS 5T
BoTWd, LAl MEKRMIZEWT M - P i
ZEHAIS 2 R TR L TR0, AR TIEMTV
% (Mezer et al., 2013) ¥ PRI 2 E @ AIAEE MRI G
ZEZEMW. b+ LGN Ot z177k o7z, % O
B, MTVaEthicEowTe MR MaEE - P i o
MEZHETES . HE SN MBEE - P DAL
BRI T -2 —HT 5 2, HES N MERE
P i D5 E) % IMRI TEHAIS % & ERUEBZEWIIITHIS
DTV B HHCEIRME & — BT 2MRBEEND Z 2 HD
Motz (K19), 2D Z 2iE MTV §HAIZ LGN O N7 A8
ZHES 2 ECAATHL L 2RRL, SBRLGNO R
(R e bt DR - SRAMEHALEL o B 2 R 5 2 BT 5%
Wit SN2 Z e pifFEs s,

MTVETA| 0. 10 mm 0.35

MTVICED LT Y&bbhtLGNﬂuu

A AP Y

TR T —3( BlgBraln Amunts et al., 2013)

HERDDw
<+ iA ®&A >

19 b MAMAUBRIRIK (LGN) 0 E &2 MRI G (Oishi
et al., 2023), MTV &Hll{E ( REZ) ZHWT, M
PHEBOMEZRD 3 & (F). FEERNT — % (TK) &
—HMo» ERME NI,



5 MteEEtRl - XEEVH—
5.1 ZHFEMERE

ZHTHEMIFEE T, BIE 3 A D 2 TR SOLEME
L2RD2NTHNFMA A -V VHEMEFERLCE
D. FINADIFEIFE 2 HEAE L T2, Friczh g T,
FITZE % & HICHEE T 2 72000, HHRRIEHMTH % 2
HFHNFMA A= ¥ BT AT LOWELED
TEi, ZOWEMEII 2 EFEMENICHCEMHELRE 2
HAAATE D DT, MG DA = 7 MO REZ 1) T
. IFHEOEEIERR T FiEMIREEO A bz ATREIC
25DTH5, BIfE. ZOREZHWEFREL LT,
MR C OB S T8 G X Y 7 EOWEMELA X —
Oy R LM B 2 MUNERG X Vo7 EIEME
ARXR=IVTERTOoT WD, ERBEETIC, £i252
BEDOL—F—12EVA YL —HF -2 2T LDEELE
IO, A X=Y v 7% LD NEZHAEYD 26l
I X BIEMEL R TREIC T 2 - D DTSR 21T > T &
Fedd, ZAUTINA T, MBS EHIERTRER & > 7 EH 5+
RHRFOC S T B BT LEANHERT 2
S LTV 5, SEERFFDUCEES 7 F 15 F ok
FIRIN L, BB—3 F TR RV TY F T RDOMNREIT K
U7z (Shibata et al. 2021, Ueda et al. 2022), i
Mz T, RBAZHET 2HHEFRET Y'u— 7 ORFEICD
RITLAVITTF Y R4 bD IV VR LRI OBG
EHLIC U SHROERME LT, HREWST% 2
HF-Re 3NFECRAMNICEE LS ¥ b, RiElbse
72D 3§52 T, Mila. JFRETV. RO FiEER
FBoXR—FT B Xo THIREMRRED B L 12 250 18
REIAL L TVL,

52 BFBEMERE

BErEMEECTEaxZ I ABTADOI 70 b —
LA BRER B FHEMEE (SBF-SEM) #E AL 1 HT
BEKD & TH o R G 2 BEICERZ LT 3 XT
BHELZIToTWD, . EHEBEOME I V-7
F. 2 FBEMERIC X 2 AEARINBIEE (in vivo imaging) &
ATUM-SEM & % WE ATUM-TEM % > — 4 L R IZH A
BbhE - BB W AR EHE G T — X
M TR E DRFRE SR v b7 — 7 B 21T o T 5,

*1 https://www.xnat.org/
*2 https://bids.neuroimaging.io/
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53 EREEEIRHRMENTE

A AREREIBIRARNT = T, (DA TRAISEET & LT
1BDTT7ATIMRIZRAT L 2BD3T A7 MRI > 2
TLEEHLTED, TN OREFHEEZHET 22 2 D
T = R=ZABEELHED TV 5,

HHFE e b2 RETIIIFREHMA X - ¥
7 Wt %% T &, HCP(Human connectome Project) %
ADNI(Alzheimer’s Disease Neuroimaging Initiative) 7
LiIEkSns, ZEXY T4, ERE-EROMEE LR
I, ZHIRIEFRIOWDHWY 3 Big Data ¥ FEEH 3 K
B 7 — ZEEDED S TW 5, —77 T, AR
FEAE DB, RHISINEE A3 R 72 3l 5D T 4 7 3
12 K 2 IMHRREEHR ISR, HEY & 3 2 BERECHEE IR L
TBDRATH 5, LRIERERERTETIE, Zho’
fidE U CEd 2 ATREC Uy XIS 25 02 52 F B S A AT
RER T — AN—Z2DMRZED TN D, 2022 FE I, B
A7 +—<v b2 LTT 777 PAX YR —FTH
% DICOM 7 #—=< v MZHERML, 204 YKR—F, EH
b, ERLE, 7 — & X—21{t & Z Dk EE#E A AT RER
open source platform T# % XNAT* %, AHFFEIC iriE
LU TEALERZMG L, £/ B P MRIT—X%
b LIz, EREMMERFE T K 3 % NIFTI (Neuroimag-
ing Informatics Technology Initiative) 7 + —<» + D
FEJEHT 7 7 4 LSRR MERIHE © & % BIDS(Brain Imag-
ing Data Structure)?>~\DOZE#Z 7 1V 7 b &KL 72,
ZHuE. DICOM %6 NIFTIAD 7 4 —< v hAHr,
XNAT D7 7 A VEEERE (e 7 b /HRE /2y
Pav/Axx Y/ VY—=X/T 74 N)05BIDSD 7T 7
ANVBEERE (e 27 M EBRE /vy a v /T &
B 7 7 ANV NDEH R &L, b 2B, AR
FiE3 %37 A7 K07 7 A7 MRI(magnetic resonance
imaging) 2B TIE L EEEX YV 7 4 DI MRI 7 —
& (&R MRI(T1, T2, T2*siHE{%), HEEERT MRI(Z
FHIF: resting state IMRI, & fEFRE: task IMRI). #E8L
MRI(diffusion MRI). MR 2<% } 022 ¥—7 1) %44
L. BB, RETEMINCHHALERS 7 — 2 X—2 0D
ReHET,



1991 41 BTi A BB SEHRIEEE A S TLBk, i
KFED % K OMRE LR L. WREE 2 B 7o 3 [ A
W5 21778 o T &/, HFERFFRISHEZF R RRZHE L
B, AEFEPRE 30 4EICh T o THAZRNE T 2 IBLXIF
FeiRk T o 7225, MiRBENEIZ OB EC. MGET O LR
IR THOMEIC X D, 202243 A% b » Tl
BASH & 72 D IMREIFEFRIFIAHRFZE DT L, ZAUchEw
2022 FFREE, RN OIMEERK 7 — 2 25 LTV 258 E
IEFFIAFR e LT AN Tz, BEIERLE %
T L% < Pl IR RAY: © oI T
V. BETEET OREE R IR BN O A BRI fRIC D W THA
512 L7z (Sugiyama et al., Cerebral Cortex 2022),

5.4 RRIIMMRRKRERE

LT ETld, MR O > F 7 ZURZEOBIE - Hl{H
B o AR [ B D B RE RIS & ENREHIT DM 21T 5 &
Mz, AN OIFEE & O HFEFRE Z ED TV S, 2022
FEEIERD B - MENEZ LRI T,

AT E) % HE S 2 MARAIC B 2 KCNQ F ¥ 2 LD
F— X3 NC & B iRET R

K =83 > (DA) 2 L7z > 7 MEE DRSRER 2213,
EE PR ORELT | ER T e s TN,
THETIT, BERIFRSEAR (RI2A4%) 128 W T DAIX D1 24
K& LT PKA/Rapl/ERK Mg > 2 F U 5ER
AL CHOBEE S EF. W ikiE Lzirgh e
S 5ZeeliE Lz. S DA X 2 ERIFRS AT
DEEHHIHEEZAS 22T 320K F ¥ 210D
—fTH 3 KCNQ F v F:LIX 3 2 DA OBEifEH I
WTHE L7z, ZOFE, DIRAERT =2 + %57
% ¥ KCNQ F ¥ oV ET A X, Mo 5K 5
HERE Nz, 2o 0RRM, ERKICX > TKCONQ F +
D Serdld, Serd76 3V VLI N D Z itk - THE
CTWaZeZRl7z, 61, KCNQF ¥ LDV~
Bt a h 4 VHAFE U - AT B B TR R R
EHOTWR IRz, ZThoDfERIX, DAWCE?
KCNQ F % L D EHEF A3 A AL 0 F8 K CRe 1 % 7
HiL. WETEIZHIE L TW 5 2 2 2R F % (Tsuboi et
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al. 2022),

5 JESERHINE O B B R RS &

TREBNE (M2) 20 & —JGEENET (M1) N\ DFE & RIEE I,
ITERER R CICB VW TEELRZE ZH-TWS, M2D5
J& IT BUSHEIRRIRIE, Bk A4 R EHEIFICHF L TWE 2
RIS T WS, SE, M20 58 IT Mo gsico
WCHHHIC#IT L7z Z ORISR, 5B IT Millid 2T d
D, 1B < ST % IT Ml B R F A ol
BFTRT 7 ANHRIZD | EThkA REEIRE L TW
2Zrbbhoi, 5. RATEEICEWTIT ML
D F T AREERERNEH X 4 T ITHKFE L TV, 2hb
DFEFIX, M2 7 & BN O TER I IS 2 HHEFIC
FoTHERD I Z2RET 5 (Im et al. 2022),

TR —NOBENT I 7 BEAERETOEEN © Mk
ST FNEERDBSE (FEFIIE)

BT I BEEIR (excitatory amino acid trans-
porter, EAAT) &, #EEHIAEA & HH & A7z BB ARz
WE N & 3 VB (Glu) DRI ZE H, FFEARE Z R0 2
WCHAS S E S & & I, B Glu D BLEREM D & Ml
fx (RS 2 %E2Fo, TNETIZ, 7y MKRAT A
AEARITBWT, IF o THlifISERAIC I 3 2 fik
K724 FEAAT4E. AEFHREDOL X 7 —L (50 -
100 mM) i & D Z @ Glu s EREA T TE L, B ERHER
EYVH Glu O > F 7 ZHMEZIH T 5 2 & 2 AL T
W5,

T X7 —N®DEAAT HRETTEER O 7 FHIEE 2 &
MPICT 272, MRANT 7 F AR 2 Y T TR
TR K 2 a2 T o720 =& 7 — VD EAAT 845R1EH
&, & 87 H % —+ C(protein kinase C, PKC) fHFH
3£ GF109203X % & N2 PI3 & - — (phosphatidylinos-
itol 3-kinase) FHEH wortmannin iZ & D iHK L7z, —7A.
PKCEBIFE AL R —L T2 7L (PDBu, PMA) I EAAT
HEHRERIZFED bR o7z, X 7 — LB EAAT O
REZ U T 2 EH O RBUCIE. PKCIEMIRETIED %
DD, ZDEMEE TR RERTIEIRVWEEZONS,
PKC . EAAT tXREDHITEHFEME DAt IcBID 272 &, il
B2 A EATICH 2 CHEE L Tl M B2 ED T
W3,
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6.1

178 - KD TNt X —
T IL AR B —FAHEE

TANVANRNT =%, MEEEE L TS 2 - DIFE
WWENLERY —LTHh, FiT, 77 /HfEY A LR
(AAV)RZ Z—2 L v F T4 VR (LV) RT7 X —HIH5EH
XN TWwb, RIFFRETIE, A AVRIZ X—2 VRS
X —DREFHURDHEIINTEY, BERIZIGLTYA
NANRY Z—DIRMEEIT S Z 21T & o TIHAMGE Z Htk
LTW3, £/ HILWI A ILARY R—2 2T L DT
. REE MR 2RO A BIERE IS B U 2 Ml > 7' LR
ENTREOBEIRIHICHD ATV S, REFEEIT. XD X
S BRIREEI 21T > 720

(1) FRHSREMAT ICE R 7 A VAR Z—DfRHIc X 2
HFERFZE D HEME

T ANANT X =%, WREREMAERITT 200
HARY =N THY, EFE ZOBREIELEHE > TRT
Wb, RIFFRREEZ, X7 X—a7e LTOEREZH-TE
b, ENANOIHEED S DEZIGU T, AKX A TD
AAVRI Z—H 2 VI LV R X —DiMtETv, H[HE
e HEEL T3, Zh s OHFIRFEDOH D 6, REE
. 15O BFER SN ( BV 8 2 b MO
FEBVIEER &AL © BFgE. IR Y (1. RIS X CHLFEF]
MR & 2 348)) 28).

(2) BREMA - BEHS = 2 — 0 VI BT 2HlaN > 7L
EEEROIEMARIEIC X 2 Hi 72728 — % > Y VIRIREIEOD
R

HED LMERIHEHN TE RF—RI V=2 - DE
M R=F Y VIREFERET 5. L-DOPAKGE, <—
XUV RO ERIBEIED DM, SRR - BE G
= 2—n > (Drdl-MSN) @ D1 ZBERICEEZ G &
L. BITEFHY LTORFAY T 2AHT 5, AWZETIE.
X DREWEH O I WVIREIEZ ST 5 72912, L-DOPA
DIERRTH % D1 ZHEERD R THARET 2 PKA > 7'
MEERDWEE R ERIAA D, X TVAAVARI Z—2 R
TLAEAMALT, X—F Y UREFILS Y AD Drdl-
MSN THEMIZ PKA ZI1EYE(L L 7z (PD-PKA v 7 ),
ITEI AR 21T o 72458, PD-PKA =V X TiE, »$—
XUV URDIERDIWE L, IHIT, YAF AT DI
L7zo %72 PD-PKA <Y 2%HWT, Drdl-MSN 0#%
FETH D, M ORMEBEMLD I T D 2 LEMEETIC
BWT, BIFEK I, KM EER T 2 &SR L T

172

KN EZE 2 B KM EREA D AN 2B L 72 & &2 0InE
BT U722 25, RIRREORBEMEZ Y RK— T 2R
MiE SNz,

6.2 EILFIEFERE

E NAMITFFERERE 2> & OIS L U CERFREEY) (=
TR, Ty N OEREHES 2 b, FrElfEREm o
F. 72O NIGEIEFHREEYE AW FA S - FEE
G RIT o T W3,

(1) FIATEARED Cas9 X 7 L 7 —E DT YN —JEHEH
Foxnl BInFMli 7 VVERZHT 2 7 v NEBIOMFER
MRS 207

T ) BRI DNA ZASHYIW % 352 3 % Cas9 X
V7 —¥%, 7723 FDNA, mRNA, H2W\WEX >
RIZBDIKTT v M CRISPR A4 RRNA ¥ ¥ 3
WHEMIEA L, Foxnl IR FEOM 7 LLEREZHT S
7 v PRI OERRE R L. ITEAES TFO4ERE
RIZZAN7HERXE mRNARXTFZ X3 FDNA KX &
DEL, MWEREFEARIIMRNAR TR Y RIERXS TS
Z I FDNA XK XD @ED oz, BIETRMBHTORE, W
TUNEREPET2HEMOEAEIEXTZ A3 FDNA KX
T 25%,mRNA XT20%, X X7 BIXT64% 12 o720 X
VRIZBELTOTUNY =R T L VER RO
MBIOEHICD o L S FEHMTH D, THEY /7 LHHE
Tt 2R HE—INERNCABETH o 72 2 L L E S
5T, KR Foxnl R FEOM 7 L VIR B
NHEJ(JEMFEASSES) 2 MMEJ (v 4 Z akEn o —i
NHRIEFEE) DV T ZHETHEREIN TS D, DNAX
JAEIRIE Cas9 VIKTERAL A & RIS O 3 7528 LRz
Sk yEHETEREE R, MUE, Cas9 X7 L7 —F
DF YN —JFREE CRISPR 4 FRNA X kv MITL
TeRYRTBE (VKRR Z LA TaT4v)icdiul, %
(F72T0 7 L VA BARERIC D 7253 - 72 (Goto et al., 2023,
Mol. Biol. Rep.),

(2) ZHEVERRHERED & MBERT R BLIE T (RS 7 - I0F) 214854
TEHTE % &k Siciud, RN ER A O
B RKBIEREREDEEDAL ST, b N OAFEERICD
H{CTZ %, ZZTRABAEE, 7v MIBWTEZEENE
B & 3T OAFEMAL D IR T & % ha 7 AL GERIRE O
SEFEEBAFICH D AT, T A GHEEE TR



AR 2 TR T E 2 B FRE T v FEHWS Z
TZ v MRICEB T 2 MO R ETES X CEIB
FREZNZIH S 212 LT &7 (Kobayashi et al., 2020,
Development)s T 6 DIE#RZ b L12. ZREMEEHHIIT
H 237 v+ ESHildz AW THHOMRIEA R Z in vitro
TEFENICHET 2 Z & C. wmEAEMIRO 7Sz
fTolze ZDFER, 7 v MESHIlE» SEKRKEZEOLY T F
A MTIEWHIIIT® 2 =¥ 7 F A MROMIIEZZE TR
AN ER IR AEFERIREIC 796 T = 2 5B R ORI L 7z,
FHCZ Y 7 7 2 MO 3 LEERE, [k~ v 2 TITH
NTELVHEHBEE TR, A7 21 A FIERIC X 277
B2 AT 2 i, WEP DR IZITMEHLDH
Ylsole, EHITHEE L 74 R AR SEMIIE A3 (EH 7 Bl 2
ENTFETE 20T 2720, AIEMIRIES v b OH
AAFRERICIERE L 72, 3 2 LS M2 m e L
BFERPERD SN, FonErd L 3E Az
7 v MRENGINANBEMIZNE 5 2 L R EF R o N

(Oikawa et al., 2022, Science)s D & 5 IZZREMER
MR & in vitro T LFEE S 7 dalEAETEMILAME (A3
FIWEBTE 2 EW RS T2 EARIRETH S Z & &R
L7zDid~ v RZ RO TAMEL D TTH 2, Tk,
NETOHIRNEE R~V 2 DL, &2 W0ifthoH)Y)
FADJSHIC & b Al E B X OCEREFEAICS T
B2 A Te X T = R 2 D AR R0 T Y 75 B iy D B FE A
Bz e ifrEns,

6.3 ZHEEEEHKEMRITE (E7I/ILBYMRRE
Y|

RUR Ty bOTH) - ARG - ABESRERTO—BRE L
T, 1EEL. 2 - FRRICED B~ 7 R O TEIREN & 75 R
WriEiE Z W CHEE S 2 & g2 0 BfIc 8 D 7o, BRI
WIFA T2 5L 72,

(1) HEEEITEIOFHii D 72Dz, A—F > 7 4 —IL K|
AR Tk, EFIKIK DB E IS Z T, HizicH
ASREBEEZEA L, 2. F - s TE 0T
flio/zdiz, a—x vy B, ZEPEERLIS, 245k
o, BV AKKBEDOZLEBIMA T, FHlia—v
AARBEORBEEEAL, ThoEBEBORBELEIT- 7
50T, MEERE - ERUERIFHE D 72 D12 Y TR &
HAMFMD 72012 3 F = o N—DRIEB ZH 713K B
L. ZO#BEEIT- 7,

(2) 202245 ICHT 72 (2 Bkh X 7= B E IR AL R R R gt &
v R—QEHEFFEFAMZEE LT 20, 72, FiR3#%
BN OfTEIEITEE L FEFA e LT 24, Ehzhdx
REh, TRHHEREICOWT, <7 ZADITEFHED
72 DU 2 HEEE L 7=,

(3) FEIR 3 MBI 2 0 5R1C ~ w7 RATEIREREE O RAER
B L. MMTEBEOME LTS v (26 B2, 178
AT FERE D TR 27 L% 5K L 7=,

(4) AT & TR E D RAEBEE 2RI~ v 2 1TE) i
Mg - $REEAT 5 e, REMT O~ RATHIFT
D F == 7 a— 2D THEFEZIT - 7.
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encodes the step-by-step planning processes for goal-directed motor behavior in humans. Neurolmage, 256:119221. doi:
10.1016/j.neuroimage.2022.119221.
HIZENR T 270 D0fTENCBIT 2 THNERET 51 MTTATERT 51 TTAZEHRT 51 Lo kitBEoZh2h 0B, b
 HSEHIE OSBRI O 272 IR BEE T2 Z L 2R LT, Z ORERIE. HEBIRTEF AL U igd & — O TEIFTEERE 2 E B
EETVWEZERRET 5,

HFERFZEE © SR —ER (BB - R EREM S v &2 —)
Ito S, Miura K, Miyayama M, Matsumoto J, Fukunaga M, Ishimaru K, Fujimoto M, Yasuda Y, Watanabe Y, Hashimoto
R (2022) Association between globus pallidus volume and positive symptoms in schizophrenia. Psychiatry Clin Neurosci.,
76(11):602-603. doi: 10.1111/pen.13465.
AWFE TR, FARIEE SR & U THRBERO KR & iERFTEE 2 4 — L (Positive and Negative Syndrome Scale (PANSS)) & @
B2 AN, AHEIRAE 2 BIEROEIEE ¥ ORMICIEOHBEDNH 2 Z & 2R L7,
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HEFFEE | Wl —ER (EIEMH - tEER L 2 —)
Koshiyama D, Miura K, Nemoto K, Okada N, Matsumoto J, Fukunaga M, Hashimoto R (2022) Neuroimaging studies
within Cognitive Genetics Collaborative Research Organization aiming to replicate and extend works of ENIGMA. Hum
Brain Mapp., 43(1):182-193. doi: 10.1002/hbm.25040.
ARRFNE, FEHEZDENZ ML FE NS T 5 % Cognitive Genetics Collaborative Research Organization (2331 2 f#FiH|
BIAFRICOVWTEL D7D DTH S,

SRR ST )

HERFZEE PP RBIEEAT, HIHshA=20% (FRHEERRE)
Tsuboi D, Otsuka T, Shimomura T, Faruk MO, Yamahashi Y, Amano M, Funahashi Y, Kuroda K, Nishioka T, Kobayashi
K, Sano H, Nagai T, Yamada K, Tzingounis AV, Nambu A, Kubo Y, Kawaguchi Y, Kaibuchi K (2022) Dopamine drives
neuronal excitability via KCNQ channel phosphorylation for reward behavior. Cell Rep 40: 111309. doi: 10.1016/j.cel-
rep.2022.111309.
RN TEIPB AR & |l 2 BAEI T & 2 AL O MR B VT R =03 VRIS X - TY Vb I N2 BARIFED V 7 4 F v 2
NVKCNQ2 itiifilig o g 2 &, WMiTEi 2 (g€ 5 2 e 2Hohic L,

CBIRFUELTPH R E)

HRFIEE: & BREESIR (BIRE EEE)
Kazuki Y, Gao FJ, Yamakawa M, Hirabayashi M, Kazuki K, Kajitani N, Miyagawa-Tomita S, Abe S, Sanbo M, Hara H,
Kuniishi H, Ichisaka S, Hata Y, Koshima M, Takayama H, Takehara S, Nakayama Y, Hiratsuka M, Ilida Y, Matsukura S,
Noda N, Li Y, Moyer AJ, Cheng B, Singh N, Richtsmeier JT, Oshimura M, Reeves RH (2022) A transchromosomic rat
model with human chromosome 21 shows robust Down syndrome features. Am J Hum Genet. S0002-9297(21)00470-5.
doi: 10.1016/j.ajhg.2021.12.015.
MEOREBRTERM 2 ANT, X7 IEOREICEDZ L b 21 BRAKE T v MCEAT 2 22X DA THD TR Y ViE
ETFNVT v FOERICHEIIL. ZRETRET NV ATEBRE SN TWRD o 7/ M/ NED STITE ORI ICEE D B 2 Z & 2]
5HIT L7z,

1.2 HEFBHAEOHEAN TR L 7oL EHAR

CER T FREGETFZERRM)

HFERFZEHE SRR BT (BMKRY)
Nishizawa Y, Watanabe T, Noguchi T, Takizawa M, Song C, Murata K, Minato H, Suzuki D (2022) Durable gelfoams
stabilized by compressible nanocomposite microgels. Chem Commun (Camb) Oct 19. doi: 10.1039/d2cc04993g. Epub

ahead of print.
FEREPEANA R 0 R F O/KIBIRF O =& E 7 SAAEEHMNES 77 4 —ICX DL PIT L,

HEIRFZEE O | B CRIROKE)
Chihara A, Burton-Smith RN, Kajimura N, Mitsuoka K, Okamoto K, Song C*, Murata K* (2022) A novel capsid protein
network allows the characteristic inner membrane structure of Marseilleviridae giant viruses. Sci Rep Dec 12. doi:
https://doi.org/10.1038/s41598-022-24651-2 Epub ahead of print.
BERVANVR “bP—Fa—vANR" ORNFHELZBEEELY 74 A B FEBETHIALZ,

CHERl « P TRIEE R ZE IR

HFEIFSEE | FEEM (ERERERER  EERRHERENERE) . #EHEE (Division of Endocrinology, Diabetes & Metabolism,

Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, USA)
Yoshida Y, Shimizu I, Shimada A, Nakahara K, Yanagisawa S, Kubo M, Fukuda S, Ishii C, Yamamoto H, Ishikawa
T, Kano K, Aoki J, Katsuumi G, Suda M, Ozaki K, Yoshida Y, Okuda S, Ohta S, Okamoto S, Minokoshi Y, Oda K,
Sasaoka T, Abe M, Sakimura K, Kubota Y, Yoshimura N, Kajimura S, Zuriaga M, Walsh K, Soga T, Minamino T. (2022)
Brown adipose tissue dysfunction promotes heart failure via a trimethylamine N-oxide-dependent mechanism. Sci Rep.
12(1):14883. doi: 10.1038/s41598-022-19245-x.
NE . BEfRIEEOBEAERRENE T T2 L OAREE T VICBOWTLEREME TR L, W tglio et E B 3 &
FiREEmE 2 e 2 A L7, Z oEEMENHHEE & OBEEDEEIICI trimethylamine N-oxide 25885 L T\ e,

CEEREPEFEERFERRM)
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HEEE | NRE—BIR & OEFIFFE (ILBKE - BEFARZER)
Danjo Y, Shigetomi E, Hirayama YJ, Kobayashi K, Ishikawa T, Fukazawa Y, Shibata K, Takanashi K, Parajuli B,
Shinozaki Y, Kim SK, Nabekura J, Koizumi S. Transient astrocytic mGluR5 expression drives synaptic plasticity and
subsequent chronic pain in mice. J Exp Med. 2022 Apr 4;219(4):€20210989. doi: 0.1084/jem.20210989. Epub 2022 Mar
23. PMID: 35319723; PMCID: PMC8952801.
TA w4 b SEREHE S L& I VO —#EORBIC X 2 B MR O IR O
BHEBET LTV RCBWT, 7R MaH A MBI 2 58L& 3 VEEZERDOFEB D KN E 5 — KGRI I B 2
REEFEHERICED o TWE I 27 A b4 MERINCRAZANKREZ ) v 7 &4 v &€y 22 VT L 7%,

HERFZEE © IS —FBER (BIOKS: - BEZER),. HAFRER (BMREREERE Y X —)
Tabata H, Sasaki M, Agetsuma M, Sano H, Hirota Y, Miyajima M, Hayashi K, Honda T, Nishikawa M, Inaguma Y, Ito
H, Takebayashi H, Ema M, Tkenaka K, Nabekura J, Nagata K, Nakajima K. Erratic and Blood Vessel-Guided Migration
of Astrocyte Progenitors in the Cerebral Cortex Nature Communication, in press
7 A b et A b HIRINE BN RFIELE X s X A = X b D
7 A had A b KRMEKEAEAEICIFIEE OB IND X =X 8220 T, U RREHO 7 X b a4 NBEIOREE 5
L7 7RAPad A MIMAE IR BE L 7 X AEHBHz RnRE L, 2hzifilils s 07z oLk, R
WBIAERA A=YV TRAVWTTZ A aY A, FPOBIZDS 4 T4 X—=I Y I THZIT o 72

CHUEE N EULBEESE AR

HEME RN B F#A. KT W2 B (BBERKE)
Osanai Y, Battulga B, Yamazaki R, Kouki T, Yatabe M, Mizukami H, Kobayashi K, Shinohara Y, Yoshimura Y, Ohno
N. (2022) Dark Rearing in the Visual Critical Period Causes Structural Changes in Myelinated Axons in the Adult Mouse
Visual Pathway. Neurochem Res 47:2815-2825. doi: 10.1007/s11064-022-03689-8
< U ABRRED I TV VIEERSIGEHORBERBICKFET 2 Z L 2L IC L,

HERFZEE @ K | B (RBROKE)
HirayamaT, Kadooka Y, Tarusawa E, Saitoh S, Nakayama H, Hoshino N, Nakama S, Fukuishi T, Kawanishi Y, Umeshima
H, Tomita K, Yoshimura Y, Galjart N, Hashimoto K, Ohno N, Yagi T (2022) CTCF loss induces giant lamellar bodies
in Purkinje cell dendrite. Acta Neuropathol Commun. 10:172. doi: 10.1186/s40478-022-01478-6
REMHEF CTGF 2K 2 L /MM T F > Tl OBHIRIGETRENRE IR e 2wV AZHWTHRII L,

QOB BIEERIFERR M)

HEEE | ALEREEIR (HEGEFEREARELEE O A A PR AR R R )
Nakazawa E, Fukushi T, Tachibana K, Uehara R, Arie F, Akter N, Maruyama M, Morita K, Araki T, Sadato N (2022)
The way forward for neuroethics in Japan: A review of five topics surrounding present challenges. Neurosci Res., 183:7-16.
doi: 10.1016/j.neures.2022.07.006.
PRI, AR EDSAMRHRICED LS BB EEZ 20 2T 2 %M TH . BRIBNINTH IS EHEOD.
EIRFNN T A4 T2 T 4 7 4 ORI NIz o TWIRW, AREE TR L Bt oS 2 % 2. 2020 FRO HAR D
WEHOMEZ 550D Py 712 L. ZhenoBUROME & IR, HRIANCHER TN EZFEICOWTRGE, BE2To7,

CRREZERING R ZEAR )

HLRIFFEE © /NIRRT, S OGS asan, SEHE—RRERAT, 5)IFE G EM, PEER R EERERKY). MITE B (R
KE). BIRFEH (FREHKT)
Ogawa S*, Takemura H*, Horiguchi H, Miyazaki A, Matsumoto K, Masuda Y, Yoshikawa K, Nakano T (2022) Multi-
contrast magnetic resonance imaging of visual white matter pathways in patients with glaucoma. Investigative Ophthal-
mology & Visual Science, 63: 29. doi: 10.1167/i0vs.63.2.29. (*: equal contribution)
PEAGE MRI 38 X B &M T1EHIZ I WT, MNEEEGNC B 2 3R - SBGROMMIFEREZE 7 Lz, RV TEEVS
NO MRIFEET S, MANFEEFICBOTERERF C BR2ENME LN, —H THREERCBVTIERMN T1 2B W TRNFEESNE
REH R 2EP R oML ro7-d 0D, FREEEHA MRIGHINCBWTIHMEERH & B 2 EHEZR L 7.

HEMIE | STHAREEPFRE, ANMERME, Wk —= R (s Emomsns), Bl LiE8ox GEFFIERKY), REfR
FHEZET (RBRKRE)
Morita T, Hirose S, Kimura N, Takemura H, Asada M, Naito E. (2022) Hyper-adaptation in the Human Brain: Functional
and structural changes in the foot section of the primary motor cortex in a top wheelchair racing Paralympian. Frontiers
in Systems Neuroscience, 16: 780652. doi: 10.3389/fnsys.2022.780652.
BRI FRE LB O 7 2 ) — bR HRICHEEEN MRI B & O3S MRIGHAI R 1T o 7o Z OFER, —JCEETT O B HEBOKRES X O
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TEITHHRRE & LI TR EVARED 55 Z e AL 2T o 72

HFERFRE - KAGEEILE (University of California, Berkeley - THHGB SN ). KEFEER CGRERY: - (BB SHIHEME)

Oishi H, Takemura H, Amano K (2023) Macromolecular tissue volume mapping of lateral geniculate nucleus subdivisions
in living human brains. Neurolmage, 265: 119777. doi: 10.1016/j.neuroimage.2022.119777.
MTV % (Mezer et al., 2013) & FHEN 2 EEME MRIGHIEZ HV, b MMIBSRIEOMEBREERHZ 3 7 2 5 MRI&E %
HOWTITR o7, ZOMER. b MR O KHENE IR & /MEIIRESA MTVEDEWIC Ko TR TE 2 2 & MTVIEIZ X -
Tkl X 7z KRR AEE & /MERAFEIRIC DWW T, MHFRER T — & & Dl IMRI 7 — & & D Hii 72 Y2 & o TE DY DT
B ZeDHLNITR o7,

GRAR T SET MR E)

HERFZEE: Rt B8R (BN REERHESETE)
Hochi S, Ide M, Ueno S, Hirabayashi M (2022) High survival of bovine mature oocytes after nylon mesh vitrification, as
assessed by intracytoplasmic sperm injection. J Reprod Dev 68:335-339. doi: 10.1262/jrd.2022-053.
FABYRAY T aTNARETHZ AL MR L 720 & REARZREINFOAFER, IBRIEFEERICHESWCEHE L 72, IERIEE
B> 27 LTHEE OBRNZRE T S EMIER 2 EH TR 47 RMELENINFICKIZL S 2 A0 2R T X7,

HEE: L EFHE, LB BAMEER. RN ETEER (BB RERE A G RAETR
Inoue N, Hotta A, Goto T, Hirabayashi M, Uenoyama Y, Tsukamura H (2022) Establishment of embryo transfer in the
musk shrew (Suncus murinus). J Reprod Dev 68:340-344. doi: 10.1262/jrd.2022-003.
REHFETH 2 Y vy a v 2 X ITBWC, RIEIREL, FIHIIEREE (RIS 2~4 Il £ T). B X OEBHEO BRI 2 i
MFBIRESI L, ZAUCE D BIETFHIEAY v a v A X IS TORMEEZ 2 3 TE 1,

HERFZEHE: M —FEEZ (ERY RERREAEMBIEZER)

Chen J, Minabe S, Munetomo A, Magata F, Sato M, Nakamura S, Hirabayashi M, Ishihara Y, Yamazaki T, Uenoyama
Y, Tsukamura H, Matsuda F (2022) Kissl-dependent and independent release of luteinizing hormone and testosterone in
perinatal male rats. Endocr J. 69:797-807. doi: 10.1507/endocrj.EJ21-0620.

FARTFVBEF /v 77V b7y AV, BTEZ ZHAEEROMNFT A AT ViRE FREFARTFUNGFEET S 2
. ZOEAIE GnRHE =2 —u YiEMLE M LHBEE R 2N 5 2 2R Lk, FARTF X 2R N — FEREA—FE R
EOWEMALD, TAPRATRCEBMOMESLETI S LTWD Z EAREE iz,

HFEIFFEE: Prof. Surani MA (Wellcome Trust/Cancer Research UK Gurdon Institute)
Tang WWC, Castillo-Venzor A, Gruhn WH, Kobayashi T, Penfold CA, Morgan MD, Sun D, Irie N, Surani MA (2022)
Sequential enhancer state remodelling defines human germline competence and specification. Nat Cell Biol 24:448-460.
doi: 10.1038/s41556-022-00878-z.
Fa BLHIFFE L2 b ES #ilds o aaEAEME (PGC) MMl 0t ER (Kobayashi et al., Nature 2017) ZHWw., Z®
HEARERE O, & I RMICER T 5 PGC R~ DO MLEEICR 2 BIEFHIHX 7 =X L 2H 50T LT,

2 DURIULE
2.1 FE34EIEARFHAZEERE (NINS) > 2RO T L

FIB 2022469 A 25 H (H)
B N4 7Y v KB (LIVE ARG RS —BAE —iE#EE)
[EEICOVWTEZ LS Emh bt E Tl
FXOBE NG EAL (AARERAEE SBE)
BELY VAo RETHEE S LOHAR
Bl BE TR (ABSUEHTRRE E L RIEEeE 2580%)
FH2: A RO ERHIBICE D DFET, X RO ERBHIIFERED ORILET X
RS B (JUNKFRERE AT ER8UR)
A3 b N ORRE - BB
ERE BEAR (BARIAWTSTHERS LRI 20%)
W4 THEIEEDF ¥ ) T RADDIT
KRB BTG CGRALKRYE Bl R /HALKF R BEERISRR 20%)
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AR IRA BT (BARET I AT R CHEE AR RHEHEEIR)
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2.2 FE35EIEARFMAEREE (NINS) > 2RI L

HEF : 202343 A 12 H (H)
BT L N4 7Y EfE (UKL HEE /YouTube/ = 2 = a Bjjl)
(BRDOHICETAREIIE L 13 fh 2 ]
Mol )IIE Eid (BAREFHE HMER)
A 1 RS BT RS~ B R OB & Z DR~
FEHESE (R oe B e ORI #RPR)
W 2. [BLZHTHOTHERE L BRELSROE RS
SHERLT (KEFTK[RFT SUE - BURIE FEHRE)
W3 XU T I v 7 ORI L Al
RN (BN ERSESEEER I R)
W4 K7L 7 (R——71L7) L FHRKTH
S — (RIS RlE BT | 5K B E0Y)
5 IR T T XY OARHEEN | Z2RBRO ~ Y T —
R E (RIS RIESAT NV A IFSEES 204%)
NAINVT 4 AH YT ay
AR D BOREMT (BARREISNE  IFPT A RN
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23 REPEHFEFBAEES VR L2022

HEF : 2022410 H 16 H (H)
BiF : N4 7V » bR (A EETREERE/ YouYube/ = 2 = o BjjjH)
[(BIEoR, R X TE2ZRK]
FRERE | HE TR (RELFEFAEE®RS 2K - B EREWRRT FiR)
KERE | 7% RE CCIRZATTRIRAER)
<FRiDF>
W1 BERT V7 ORIDIHS 22 L2 BEREKDEN
FelRE ERE (SRS RIGTEMAE HE2U%)
HH2  ToXx =) RN O KEROBEREA
Ll 2 (FHEEBSETIRT 1)
M3 R TE, KBRNDOREDOLE~FH BT 2 EmFEdE~
¥ T (7 A FuAL FuY—ty & —/ENRKLE FHEBEA)
A D RF e T — 2R
i B (BRI 2U%)
Dy INUTFH OB
PIE B (FEN PR TR SRR /&P 5 2 7 A EBILS (QUP) LR E)
NRANT 4 AHy>ay
Al RRE JE (BEETREEE $=H)
SRV AL LRI ERE, (LR 2 SR ZE, i B RE B
<FHOH>
1 TIRITOBM ERMOH
KT 56T (RRLERVETICRT / ERAE VAT [ 7 BRI L > & — RHEBIE)
WE2 LR oA ET~EmRE Yo L5 IcEE T UV LD~
TH &k (WEWBERARTRT BU%)
3 L TYRLY A HS L NDORBROYLER
fRE Bt (ENEREIEAT dE2ER)
HHA  HARANOF AT ZBE 1948 FEFED F VI8 S
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RANT 4 AHyay

A= REE EE (RHETRERE EXA)
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HEE © 20224E10 A 6 H (K)
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VR ANIE 25 3R i WAL (Al
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FERE - BEHE | PR e (REEXY BIRE)
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tyaryl TZHERERT ZFREREICHT I HA]
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HAR BIL (BROKZFRE xR —F 4/ R=> a3 VKA FHEEER)
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tyTar2 Twrx—%@EAHECXMEOREEE L T
77V F—& NEJE (BARESHERE I RIHEEAR  RHEBUR)
RAY R b (ATHIE)
iR R GREBERBEERYE a4 N— a VHEERR  20%)
H BT (ALRRSEmMBIARNTRAERER Y B E £ o & — Rl > & — K /%)
NSRS QUNKY: A=Ky =a—1t 70 - TxAF—EFHEMEH (WPL-I2CNER)  #i4%)
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251 FEHR - BERERE BRS VRO DL
International Symposium of Brain Projects,Brain/MINDS and Brain/MINDS Beyond

Brain Circuits, Dynamics, and Functions/Dysfunctions

Date : Friday, June 24, 2022, 9:30-18:30 (JST)

Venue : ONLINE

Organizers : RIKEN Center for Brain Science (CBS)/ National Institute for Physiological Sciences (NIPS)

Support : Japan Agency for Medical Research and Development(AMED)

[Opening Remarks] Shigeo Okabe (The University of Tokyo)

[Session1] Brain Projects in the World and Japan
Chair : Toshihisa Ohtsuka (University of Yamanashi)
Shigeo Okabe (The University of Tokyo; Brain/ MINDS)/ Minoru Kimura (Tamagawa University; Brain/ MINDS Be-
yond)/ John Ngai (National Institutes of Health; US BRAIN Initiative)/ Katrin Amunts (Forschungszentrum Juelich;
EU Human Brain Project)/ Mu-ming Poo (Institute of Neuroscience, CAS; China Brain Project)

[Session2] From Structure to Function
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Chair : Masahiko Watanabe (Hokkaido University)
Jeff W. Lichtman (Harvard University)/ Li-Huei Tsai (The Picower Institute, MIT)/ Guoping Fen (MIT/Broad Institute)/
Hideyuki Okano (RIKEN CBS)
[Session3] From Circuit to Cognition and Disorders
Chair : Shigenobu Kanba (Kyushu University)
Conor Liston (Weill Cornell Medicine)/ Makoto Higuchi (QST)/ Kiyoto Kasai (The University of Tokyo)/ Mitsuo Kawato
(ATR)/ Matthew Rushworth (University of Oxford)
[Session4] Toward Next-Generation Brain Projects
Chair : Tetsuya Matsuda (Tamagawa University)
Trygve Bakken (Allen Institute for Brain Science)/ Lin Tian (UC Davis)/ Anne Churchland (UCLA)/ Atsushi Miyawaki
(RIKEN CBS/ RAP)
[Session5] Discussion
Chair : Kenji Doya (Okinawa Institute of Science and Technology)

[Closing Remarks] Minoru Kimura (Tamagawa University)

252 EFM - BERKESRE BRS VRIT L
MRS D AT & B X O TR & G - MR ORI E B
- B e 7= AR REBLOBICHRATEL Ty —aF 2P v — -
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Hefe - BULAEWISEAT BRI v 2 —
HARL AR ARt
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HFIEANIC & 2 IBERER v bV — 27 OREMIA  ME BB (K
FEA - ERREEIC & 2 b b OIKIKEE » REOMERIREBROMIA AN B (E)IIKF)
T—EAN=ZAZEH LB FREET N~ —Ft Y D Deep Phenotyping ¥ Kz (BLARFSLRT)
7 — 2 FHH N OWIRF L R : International Brain Initiative DikA  $H4 B (PRERFARNT K BERE)
(v > ar2] Ol e NDORNRZ %<
PR L HEZ (ALiERE)
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FEANFE -
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PR ANH T (B)KF)
WS & D2 IBSREOEER ey = (BEURE)
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AR

M12H17H (+)
(10:00-18:00]
s—vTay b BEL 7oyt
TEHARTRE ) & RIFERE) DIRIRIC X 2 A DI#I5 5 DRI Internet of Brains (IoB)] ¥ Y RI VA
MadbwEo - Fay=r MM ©H BK (ATR)
Otyyarl-IoBAY&—T7xz—2A
MoB A ¥ &2 —7 =2 ¥iF 5 H— (BHEREKRY)
BHREMNIRE o fc= 2 — 1 7 1 — NNy 212 X 2 tHERREIS AT & IZarh o BB ORRREIRIIE. A+ B — (BEIEFREARY)
MR R AT E DRSO  ERR OB b L —=> e =2 —n U N Y T—> a3y HE EH— (Sony CSL)
DY HROEEGRN R MEEN - EAMRE 2 2B (REREKRY)
7 AV — MIAH DDA FRAES) FE A% REKE)
R REO XA I 7 AR P I UREEDOX I =X L wRFE /MR F (Sony CSL)
Q&A
Oty>ar2:-IoBIFRLyxy
MoB X kv =7 ik #HBKH (777)
ity b v —2 2B s EmE B RAM (7 2Y)
T TGO S WA 7= HE BRI O E M BN (BRI S IHZErT)
HERA IR MRES A F I 7 2Dl KIR B (BEKE)
Reinforcement Learning for Al and Neuroscience ARULKUMARAN Kai (77 %)
Human Augmentation/ Human-Al Integration J&AS ffi— (FFEKY¥)
VR ZE TR fElZ2 W HREEE /it 388 (R TRAREE)
Q&A
Ot v a3 - loB a7 il /MR BB I
MoB 2 7 Hiffi/ MUEREEANBHFE) 1% PR 25 (RREEEER SIS
ANLHHERHUC X 2 Bk e DO PaR 3255 RAUEREE ERR S IISLAN)
HHTE FERED & O RBIRAREEEETITF RO My =¥ RETIERE)
RERBMI OBEFIGH iR B (KIRKE)
TJLFTTINTLY bu=g R EEH UKREBMI oA BEA B (RERKY)
B DRGSR BN 2 BRAE U 7 M2 38 BMI ORFSERITE i 7T (KIRKEE)
Q&A
Ot v avdq - HBEMREANHZE
MHmEREMHRE 213 @F RK (7 77)
AT XM Trusted BMI-CA EE D70 OFFEMiORR e FElE  &H BRK (7 7%)
Trusted BrainTech/BMI Ot #48%4H Moonshot IoB OB Y A KA 75 (EHEREBAY)
PHEEEY (neurolaw) OHKIR-7 LA > 7 v 7O - P - 7—F 7 7 F v  BM £E (BERBRY)
Q&A
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TAADY > ay
BadbnwEo 4 RK(ATR)

@I2A3H (1) 4554 b4~y b [RERE]
(14:00-17:00] A4 7'V » Vi @ BIBRFEMHEF v > ¢+ Zoom
15k KHSHE7+—24 Moz eid, Moz id MAEHoMms L mH
K - ARHI % X2 5 MO TBTEE AT U4 &S (KBKE)
I E R % HEAH D #2145 % Brain Computer Interface #IE B (KBKE)
6 AT S Dita 2 & Ak e 8= (R KY)
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a—21 "=V ZDERNRBETR e ¥E - L RITEIwT
H# :20234E1 H 31 H (K)~2 A 3 H (£)(Z#BEUZ 1 R~ 4 HETEIRA)
P @ AL HT
Y SRR, EHERT EERLFEFAEL > & —), ILBET (ZHELMHERENTE)

2—2 2 THERH 50 in vivo MELETIIR
FR 20234 1A 16 H (). 1H23H (H)~1H 25 B (&) (ZH# A0 1.5 H~2.5 H-CRRT)
B kY 54 > (F3R). R (52)
SN R, MR, RIRIRE (RS 27 AFTEHM)

A—R3TRFGA AR F 5 TR MRIES] - > F 7R - BT
HA2 : 202342 A9 H (R)~2 A 10 H (&) Zi BRI Y E & 2 & M iRk o _LIRE)
LT A TRAF
Y SR E. TR —ER (RERFIMIEE R ET =)

a—24 754 FBFEMNC K B & > B OB TG R
Hf2 1202341 A 16 H (A)~1H 19 H (K)(Z#BEHE 1 HE~ 4 HECERA)
SRR L AERERE - AR v X —
Y AR (ERD PRSI - AmAIREE L > &)

=25 S TFNMRBED T4 T4 X=T ¥ 7 v HHRE
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2.17 F 52 EEEHEE S >RSI L —Frontiers in Primate Systems Neuroscience

A=A
Hi © 2022811 H30H~12H 2H
BT ZOOMIZ & 54 > 7 4 Vi
Session 1: Sensory integration and action (chaired by Saeka Tomatsu & Taihei Ninomiya)
Talk 1: Kathleen Cullen (Johns Hopkins Univ, USA)
Talk 2: Masaki Tanaka (Hokkaido Univ, Japan)
Talk 3: Reza Shadmehr (Johns Hopkins Univ, USA)
Talk 4: Jeffrey Schall (York Univ, Canada)
Talk 5: Tadashi Isa (Kyoto Univ, Japan)
Session 2: Motivation, learning and decision-making (chaired by Atsushi Noritake & Masaki Isoda)
Talk 1: Ilya Monosov (Washington Univ, USA)
Talk 2: Jacqueline Gottlieb (Columbia Univ, USA)
Talk 3: Okihide Hikosaka (NIH, USA)
Talk 4: Gouki Okazawa (Institute of Neuroscience, China)
Talk 5: Takanori Uka (Univ Yamanashi, Japan)
Session 3: Social cognition (chaired by Akiko Uematsu & Masaki Isoda)
Talk 1: David Pitcher (York Univ, UK)
Talk 2: Jerome Sallet (INSERM, France)
Talk 3: Taihei Ninomiya (NIPS, Japan)
Talk 4: Olga Dal Monte (Turin Univ, Italy)
Talk 5: Luca Bonini (Parma Univ, Italy)

2.18 Korea KEEZEB- Yonsei KFEEZFER « FEP- £IBHH SR> VAR T L

S URI Y LEXA ML Basic and Translational Research  in Biomedical Science
HIF © 202343 H29H-30H
IR | = R A P e S
A A - BRI A o
[Regular session (R1)]
Hosung Jung (YUCM)
mRNA transport, translation, and decay in adult mammalian central nervous system axons
Hyun Jung Kim (KUCM)
Single-cell transcriptomics reveals the mechanism of glioblastoma evolution
Hiroaki Wake (NIPS)
Toward understanding multicellular circuit dynamics
Hee-Jin Kim (YUCD)
New horizon in clinical anatomy - Usage of the ultrasonography and its strength and flaw
II-Joo Cho (KUCM)
Microsystems for neural Interface
Eunee Lee (YUCM)
Reduced neural discrimination of social target in the mPFC of the animal models with social dysfunction
[Regular session (R2)]
June-Yong Lee (YUCM)
ROR a enforces stability of the T-helper-17 cell effector program
Ji-Hwan Ryu (YUCM)
Distinctive CD39+4-CD9+ lung interstitial macrophages suppress Th17-mediated neutrophilic asthma
Rie Hasebe (NIPS)
The Gateway Reflex: a novel neuro-immune crosstalk regulating tissue specific inflammatory diseases
[Young researchers & PhD students session (Y1 Rm1)]
Mingguang Cui (KUCM)
LAUNCHER: A single-component, light-assisted uncaging switch for endoproteolytic release
Hiromi Ueda (NIPS)
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Molecular mechanisms for metaplasticity in dendritic spines of hippocampal neurons
Mariko Yamamoto (NIPS)
Neuronal activity regulates the enhancement of the connections between fast-spiking interneurons and pyramidal
neurons in mouse visual cortex
Yongbo Seo (KUCM)
CSF mediated radial glial activation induces CNS regeneration in injured spinal cord
Eunju Park (YUCM)
The three-dimensional culture model of endometrium
Seung Ju Seo (YUCM)
Reconstitution of 3D microenvironment for improving cardiac maturation
Seung-Jun Lee (YUCD)
The role of MAST4 on spermatogonial stem cell self-renewal during spermatogenesis
[Young researchers & PhD students session (Y1 Rm2)]
Bo Kyung Yoon (YUCM)
1C metabolism as a therapeutic target of chemo-resistant gastric cancer
So Young Kim (YUCM)
The role of nuclear PD-L1 in senescent cancer cells
Jiwon Park (KUCM)
Meningeal lymphatic drainage in Alzheimer’s disease and ageing
Jaeho Lee (YUCM)
Investigation of the role of NLRP3 inflammasome during neutrophil infiltration to the inflamed mouse brain
Kanae Ogasawara (NIPS)
Neural substrates of performance failure under psychological pressure using a 7T-fMRI
Makoto Hagihara (NIPS)
Gamma-band phase synchronization mediating visual information integration between the cerebral hemispheres
Yujin Kim (KUCM)
Long-term wireless neural activity monitoring system with wireless power transfer
[Regular session (R3)]
Jee Hoon Roh (KUCM)
Recent updates on therapeutics of Alzheimer’ s disease
Suhyun Kim (KUCM)
A de novo mutation of an ATP1A3 gene and its functional role in a patient with rapid-onset dystonia-parkinsonism
Akiyuki Nishimura (NIPS)
Regulation of mitochondrial energy metabolism and cardiac homeostasis by sulfur metabolism
Jinhyuk Bhin (YUCM)
Genetic makeup underlying anti-cancer drug response
[Regular session (R4)]
Yong Taek Jeong (KUCM)
Osmosensory regulation of feeding behaviors via hypothalamic AgRP-expressing neurons
Takaaki Sokabe (NIPS)
Differential role of rhodopsin-TRP channel cascade in multiple sensory functions
Chena Lee (YUCD)
Salivary gland diagnosis in a perspective of biophysiological functional imaging
Hyoung-Pyo Kim (YUCM)
Essential role of chromatin architectural protein CTCF in the three-dimensional genome organization
[Young researchers & PhD students session (Y2 Rm1)]
Takahiko Egaw (NIPS)
Proteomic characterization of ABHD17B, a depalmitoylating enzyme, in the mouse brain
Eunhye Jeon (YUCM)
Targeted kinase degradation via the KLHDC2 ubiquitin E3 ligase
Sota Hiro (NIPS)
Long-term organellar Ca2+ imaging of master circadian clock neurons
Hyae Rim Kang (KUCM)
Characterization of Cyfip2+/R87C knock-in mice modeling human West syndrome: neurological phenotypes and
molecular and cellular effects of the variant in the brain
Eunha Lim (KUCM)
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Spatial transcriptomic approach for brain metastasis
Ji-Young Kang (YUCM)
Extracellular vesicle mediated delivery of NOX4 siRNA for targeted therapy of cardiac hypertrophy
[Young researchers & PhD students session (Y2 Rm2)]
Jea Hwa Jang (KUCM)
Single cell transcriptomic atlas of taste buds and surrounding epithelial cells in circumvallate papillae
Jiyeon Chae (YUCM)
Human taste bud organoids recapitulate in vivo cellular diversity and functionality
Soo-Ji Park (KUCM)
Targeted mutagenesis in mouse cells and embryos using an enhanced prime editor
Minyoung Lee (YUCM)
Therapeutic genome editing in humanized mouse model for adrenoleukodystrophy
Da Eun Yoon (KUCM)
Precise base editing without unintended Indels in human cells and mouse primary myoblasts
Chang Liu (NIPS)
Structural determinants of the direct inhibition of GIRK channels by Sigma-1R antagonist

219 FEHHERFMRER OIS A

202393 H17-19 Ho 3 HiM. BHIBAME 2 Zoom 2 k2 A4 7V v FEK
REE | EFERIR. WP REREEZTR TG | mabEER
Ken-Ichiro Tsutsui (Tohoku Univ)
Roles of medial frontal cortex in the regulation of mood and motivation
Shigehiro Miyachi (Kyoto Univ)
Multisynaptic neuronal connections of the frontal cortex and behavioral control
Masaki Tanaka (Hokkaido Univ)
Temporal information processing in the cerebellum and basal ganglia
Fumino Fujiyama (Hokkaido Univ)
Morphological re-evaluation of basal ganglia network
Masayuki Matsumoto (Tsukuba Univ)
Cortical and subcortical contributions to different aspects of economic decision-making
Takafumi Minamimoto (Natl Inst Quant Radiol Sci Tech)
Nonhuman Primate Chemogenetics: Current Status and Future Direction
Jose Obeso (Univ San Pablo-CEU, Spain)
The subthalamic nucleus in Parkinson’s disease: An option and opportunity to impact on disease evolution
Kaoru Takakusaki (Asahikawa Med Univ)
Posture-gait control by the basal ganglia - brainstem system
Hirokazu Iwamuro (Juntendo Univ)
Clinical interest in the subthalamic nucleus
Thomas Wichmann (Emory Univ, USA)
Neuroplasticity in Parkinsonism
Thomas Boraud (Univ de Bordeaux, France)
The adaptive value of probability distortion and risk-seeking in macaques’ decision-making
Makoto Osanai (Osaka Univ)
Multiscale multimodal analysis for unraveling brain function expression mechanisms
Yoshikazu Isomura (Tokyo Med Dent Univ)
The basal ganglia predicting and responding to action outcome
Kazuto Kobayashi (Fukushima Med Univ)
Roles of Thalamostriatal Neurons in Learning and Switching of Behavior in Rodents and Common Marmosets
Peter Strick (Univ of Pittsburgh, USA)
The Neural Basis of the Brain-Body Connection
Atsushi Nambu (Natl Inst Physiol Sci)
My life with the basal ganglia
Kazuhiko Seki (Natl Ctr Neurol Psychiat)

A neural mechanism of sensorimotor transformation in the spinal cord and brainstem during voluntary movement
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Yukio Nishimura (Tokyo Met Inst Med Sci)
Progress report to Prof. Nambu
Tadashi Isa (Kyoto Univ)
Global dinsinhibition and massive plasticity for recovery from serious neuronal injuries
Minoru Kimura (Tamagawa Univ)
Cerebrating achievement in basal ganglia research by Atsushi Nambu
Masahiko Takada (Kyoto Univ)
Forty years together with Prof. Nambu (Nanchan)

2.20 CIN-NIPS-Asia Pacific Systems Neuroscience Symposium 2023
FEREFa—ESTYRBOS VRS T L
HF (AR © 4> 4 b2t > 54 > T202343 A 10 H~11 HICBf#

Liping Wang:Representation of Sequences in Human and Monkey Brains

Joachim Bellet:Decoding rapidly presented visual stimuli from prefrontal ensembles without report nor post-perceptual
processing

Pablo Grassi:Naturalistic violation of expectations reveal hierarchical surprise responses in the human brain

Anna Levina: Intrinsic timescales in the cortex and how to find them

Andrea Burgalossi:Head-direction cells and hippocampal memory

Daisuke Koketsu:Working memory tasks for functional mapping of the prefrontal cortex in common marmosets

Andreas Nieder:Dopamine and cellular mechanisms of cognitive control in primate prefrontal cortex

Oxana Eschenko:The role of noradrenergic transmission for saliency signaling and perception

Assaf Breska:Cerebellar control of attention and its cortical dynamics

Satomi Chiken:Altered dynamic information flow through the cortico-basal ganglia pathways is responsible for Parkinson’
s disease symptoms

Kazumasa Uehara:Age differences in cortical network flexibility and motor learning ability

Sungho Hong:Multidimensional cerebellar computations for flexible kinematic control of movements

Julia Loschner:Ambient noise reveals rapid flexibility in marmoset vocal behavior

Atsushi Noritake:Impaired social reward valuation by chemogenetic inhibition of the primate prefronto-hypothalamic
pathway

Birgit Derntl:Pregnancy and the brain

Peter Thier:(Keynote lecture) Toward the neural basis of joint attention: studies in humans and monkeys

Mayu Takahashi:Saccade Trigger Brainstem Circuit — Identification of Inhibitory Neuron for Stopping OPN Activity at
the Onset of and during Saccades

Tatiana Malevich and Fatemeh Khademi :Dissociation between superior colliculus visual response properties and
short-latency ocular position drift responses

Yong Gu:Neural mechanisms underlying visual and vestibular self-motion perception

Aristides Arrenberg:Motion processing across visual field locations in zebrafish

Ramona Siebert:Encoding of dynamic facial expressions in the macaque superior temporal sulcus

Hiromasa Takemura:Retinotopic maps and their relationship to white matter tracts in the human brain

Zhaoping Li:central-peripheral dichotomy in vision: its motivation and predictions (such as in visual illusions)

Atsushi Nambu:Somatotopic reorganization of the macaque sensorimotor cortex after accidental arm amputation

3 EREREMAEICKPBEZLFEE

3.1 ZEEMTHEREZITOIAEARRE & OHFERE

CHHEbRRE R T T EARIT)

HFEIFHE © Bowie D RO L — 7 (McGill University,Canada)
Brake N, Mancino AS, Yan Y, Shimomura T, Kubo Y, Khadra A, Bowie D (2022) Closed-state inactivation of cardiac,
skeletal, and neuronal sodium channels is isoform specific. J Gen Physiol 154: €202112921. doi: 10.1085/jgp.202112921.
In vitro #HIR % W 72 BN EE FHOERDEIES o finic & b DFRREMKEE Na®t 7 v 2L Navl.4d ORI %55 10
A, D Nat F v 3L & D b, FAREERBONEHELIKBEICA DR TVWI LItk 3 2 2SI L,
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CHEARRRITFEARFT)

HFEFFE © Evgeni Ponimaskin {1 OW%% 7L — 7 (Hannover Medical School, Germany)
Wirth A, Labus J, Galil DA, Schill Y, Schmidt S,Bunke T, Gorinski N, Yokoi N, Fukata M, Ponimaskin E. (2022)
Palmitoylation of the small GTPase Cdc42 by DHHC5 modulates spine formation and gene transcription. J Biol Chem
298:102048. doi: 10.1016/j.jbc.2022.102048
B TREGTPHEX V87 Cded2 DL 3 b 4 L L L UL (stoichiometry) %, AARERFFEEFITRIFE L 72 APEGS % Fiv
THISIZ LTz, 2015412 Alexander Wirth BFFE EAVERERIFZSHFNCEIEIRI L. HifiE R 2R TR HRTH 5,

CERIE R PHEFEZ TR

HFEIFFEE © New South Wales K% - BE¥W%5F  Andrew Moorhouse #E#1%
Cheung DL, Cooke MJ, Goulton CS, Chaichim C, Cheung LF, Khoshaba A, Nabekura J, Moorhouse AJ. Global transgenic
upregulation of KCC2 confers enhanced diazepam efficacy in treating sustained seizures. Epilepsia. 2022 Jan;63(1):e15-
€22. doi: 10.1111/epi.17097. Epub 2021 Nov 17. PMID: 34791657.
FERZ—EFIET 3 L L CHRIEMICR 5, X AR LIZOWT MM O BRI BLE %1213 KCC2 DREEE - EERETICX 2
GABA OMEEDIR T HE SN TV 5 7o, MERRIMIIEAN 7 v —1 4 A Y HEHER KCC2 0 B M T O HB %2 DREADD
THlfEA BE# KCCII-CAMKII-tetO v 7 2 Z W THET 2 B 2o 7o, MEMINEOEREEIC L 2 KCC2HBUK N2 T ny 7 F
3 MR EOEEI RIS, SBIEEO X -7y P LTHIRFE R 3,

CUIBER > 7 F VSR

HF#EE © Philip Eaton #4% (KE + 7 4 — > X 7 U — K%,/ William Harvey BH5ET)
Nishiyama K, Nishimura A, Shimoda K, Tanaka T, Kato Y, Shibata T, Tanaka H, Kurose H, Azuma Y-T, Thara H,
Kumagai K, Akaike T, Eaton P, Uchida K, Nishida M*. Redox-dependent internalization of purinergic P2Y6 receptor
limits colitis progression. Science Signal. 2022. 15(716):eabj0644.
AVFAS TR =MUEWFTAT IV =2 HOIRAT ) ==V JWCED, AV T 5T T 7 0 RANY Y TUAAL VY FATT 2= b
72 ¥ OBBEM RS LB IRINICaNL Y MEA L. NELT 2 G X ¥ 7 BHEAIZHK (GPCR) SFEET 3 Z 2 2 Hiz At
L7zo Baton BUZHHER L P IAN T + 5 7 7 AUEZHNT, L Fy 7 2EZE GPCR O —D P2Y6R DSHEDICANV T + 5 7 7
Yeanlby MIHET 2 2 e THRMEL L. P2YSRIEMIIZ X 2 Ktk 7 F vz BIcHlifl g 2 2 & 2 il NV THEREL 72,

HFFFE# © Supachoke Mangmool ##% (% 4 . Mahidol University)

Oda S, Nishiyama K, Furumoto Y, Yamaguchi Y, Nishimura A, Tang X, Kato Y, Numaga-Tomita T, Kaneko T, Mangmool
S, Kuroda T, Okubo R, Sanbo M, Hirabayashi M, Sato Y, Nakagawa Y, Kuwahara K, Nagata R, Iribe G, Mori Y,
Nishida M. Myocardial TRPC6-mediated Zn*" influx induces beneficial positive inotropy through -adrenoceptors. Nature
Communications. 2022, 13(1):6374.

DD BREMRIZEMIHEAR P S END /L7 FLF Y V2 AT 2 e TOHIEZ 5 ST, ZO—HT, /A7 F
L+ Y2 BHF 5 GPCROBIFEOE W a RER TR PREKRTH 2HECOVTRRAHBEI ATV ARD» %, TRPC6D
B2 AR e BREE R E AR B $ % Z & % B L7z Mangmool % & OHEMZE2E L T, a B K EN T 5 TRPC6 F v )V
DIEMEALDH B ZAKS 7 F A ORIFNCEE L Tna 2 2 RH L 7z,

CERY 27 AR

HFERFZEE © Arvind Kumar 4 (R = —7 > £ TREREE) fth
Chakravarty K, Roy S, Sinha A, Nambu A, Chiken S, Hellgren Kotaleski J, Kumar A (2022) Transient Response of Basal
Ganglia Network in Healthy and Low-Dopamine State. eNeuro 9 doi: 10.1523/ENEURO.0376-21.2022
FaDA—F Y VHETNVHYOMERH 7 — X2 ICHEOSWTEHREETAZME L, KMEEHRORIG, REHRK, S—F Y
IRAEIR & DERERBIFRIC O W TH#IAN Tz,

H[FEIFEHE © Olivier Darbin 1+ CREY v 27 7 8= K52 it
Darbin O, Hatanaka N, Takara S, Kaneko N, Chiken S, Naritoku D, Martino A, Nambu A (2022) Subthalamic nucleus
deep brain stimulation driven by primary motor cortex y 2 activity in parkinsonian monkeys. Sci Rep 12, 1 DOI:
10.1038/s41598-022-10130-1
R=% VY UIRE T NIV O KA EEENET O MREIEENIC AW T, SR FTRUICE SR E A 2 2\ S 558 T B R ) o 1k
(adaptive deep brain stimulation, aDBS) ZBFE L. 7R D#HE DBS L N2 25, PRVEMBEEETRVWAIREZ RS Z
eBbhrolz,
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32 TOMOEREFERARICK B ELHX

CEERBER S ERFT )

HFEFFE © Henry Houlden L D5t 27 L — 7 (University College London) 72 ¥ 17 » [E DT E
van der Knoop MM, Maroofian R, Fukata Y, van Ierland Y, Karimiani EG, Lehesjoki AE, Muona M, Paetau A, Miyazaki
Y, Hirano Y, Selim L, de Franca M, Fock RA, Beetz C, Ruivenkamp CAL, Eaton AJ, Morneau-Jacob FD, Sagi-Dain L,
Shemer-Meiri L, Peleg A, Haddad-Halloun J, Kamphuis DJ, Peeters-Scholte CMPCD, Hiz Kurul S, Horvath R, Lochmiiller
H, Murphy D, Waldmiiller S, Spranger S, Overberg D, Muir AM, Rad A, Vona B, Abdulwahad F, Maddirevula S,
Povolotskaya IS, Voinova VY, Gowda VK, Srinivasan VM, Alkuraya FS, Mefford HC, Alfadhel M, Haack TB, Striano P,
Severino M, Fukata M, Hilhorst-Hofstee Y, Houlden H (2022) Biallelic ADAM22 pathogenic variants cause progressive
encephalopathy and infantile-onset refractory epilepsy. Brain 145:2301-2312. doi: 10.1093/brain/awac116.
17 > HOREKE - b MEEEE L OHFHFEICE D, TALARBEET 3B 4 7B ADAM22 Db FEREZHER L2, HiHC
I9FDBEBEIAZRML, SEROSFREZHSL L. ADAM22 ORRERIBDOIEE & BH X A DRER & OBE M Z I & 21
L7z ADAM22 TADAMERGAE 2 W 5 T L WREDEEZIRE L 72,

SR FHEERI TP

HEWIFEE | MARK HIZIWER (V7Y 5 KE)
Chihara A, Burton-Smith RN, Kajimura N, Mitsuoka K, Okamoto K, Song C*, Murata K* (2022) A novel capsid protein
network allows the characteristic inner membrane structure of Marseilleviridae giant viruses. Sci Rep Dec 12. doi:
https://doi.org/10.1038/s41598-022-24651-2 Epub ahead of print.
ERVANLR “b=Fa—TALR" ONTHEZEEELY 74 A8 FEMEBCHRIAL 72,

SRS R 22 R

HEWFEHE - Martin Lehmann & (7 4 7= v vy FEEAYF, F A V), Dorothee Giinzel BI% (¥ v U 77— - NL Y V[ERK
¥, RAY)
Gonschior H, Schmied C, Eva Van der Veen R, Eichhorst J, Himmerkus N, Piontek J, Giinzel D, Bleich M, Furuse M,
Haucke V, Lehmann M. (2022) Nanoscale segregation of channel and barrier claudins enables paracellular ion flux. Nat
Commun 13:4985. doi: 10.1038/s41467-022-32533-4.
FX INVERE I 0 —T 4 VBT RA TR, MOV TEA T HBELOOB ML TXA Moy 72 arZ2HRLTWE I %,
EFRGEEMEEARTIC X DR Lz,

QLI F2ER AR )

HFEFFIEE  BRR HBI%. THEE FEE S D7V —7 (MILKY). Laurentius Huber Associate Professor (v—Z btV 7 +
K21 45 &), Peter A Bandettini Section head & ® 2V — 7 CREENEARFZEAT : KE)
Yu Y, Huber L, Yang J, Fukunaga M, Chai Y, Jangraw DC, Chen G, Handwerker DA, Molfese PJ, Ejima Y, Sadato N,
Wu J, Bandettini PA (2022) Layer-specific activation in human primary somatosensory cortex during tactile temporal
prediction error processing. Neuroimage, 248:118867. doi: 10.1016/j.neuroimage.2021.118867.
77 2% MRILIC X % layer fMRI %W T, R FRIREMEIC BT 5 b b —RIRPEREEF (3b ) o RN 72 fil B o> 138
RPN, T2 SOEBERE TR, 3SbFORES LR THEIAEIN L., RESCIREERM X D ST CiE)
PRED o7z, RELEBOFEHED S, R FHERZELIHIC SV T 3b O ER RN BN T 507RE X h iz,

CRAERRAIHEARBTZEERT)

HFIMFEE : Jonathan Winawer f#i+: (New York University). Noah Benson f#+: (University of Washington) Miyata T, Benson
NC, Winawer J, Takemura H (2022) Structural covariance and heritability of the optic tract and primary visual cortex
in living human brains. The Journal of Neuroscience, 42: 6761-6769. doi: 10.1523/JNEUROSCI.0043-22.2022.

b NEBRSINE 2 515 5 N HEAEN MRI 3 & CHREGEA MRI 7 — X O 0fnic & b —RHEE & R OMER#A e M RN
BWTHHBEBRICH S Z L 2R L=

HFEFRE | KAGEEHFIEE (University of California, Berkeley - TEHGB{EIHZEHMNE ), REFEEBR CGRRY: - (BB SHIHEME)
Oishi H, Takemura H, Amano K (in press) Macromolecular tissue volume mapping of lateral geniculate nucleus subdivi-
sions in living human brains. Neurolmage. doi: 10.1016/j.neuroimage.2022.119777.

MTV i (Mezer et al., 2013) & RN 2 E &G MRIGHTEZ AV, b MMIBSR RO ISRl Z 3 7 2 5 MRIZE %
HAWTITR o7z, ZOFER, b FMUBIRIKR D IHIIEREIR & /MEIE A MTVEDOE W K > Tl tE s 2, MTVHEICK -
TRkl & 7z KRR RE & /INIRRR ARSI D W T I 7 — X & DL IMRI 77— X & DR I & o TZ DO Z Y M HER X

220



N2 DL 5Tz,

(EFHEMEIE)
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