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Abbreviations
BCRP
BDNF
BSA
bFGF
bHLH
DAPI
DCFH-DA
DG
DMEM
DMEM/F12
DMSO
EGF
ELISA
ERGO
FBS
GFAP
GLT-1
GLUTS
IL-1p
Mathl
LPS
MDR1
MRP
MTORC1
NOX
NSCs
NGF
NT3
NT5
OCTN1
octn1”
PA

PBS
P19-NSCs
ROS
RT-PCR
S.E.M.
S6K1
SiRNA
SIRT
SLC
TNFa
Trk

WT
36B4
4EBP1

breast cancer resistance protein

brain-derived neurotrophic factor

bovine serum albumin

basic fibroblast growth factor

basic helix-loop-helix
2-(4-amidinophenyl)-1H-indole-6-carboxamidine
2', 7-Dichlorodihydrofluorescin diacetate
dentate gyrus

Dulbecco’s modified Eagle’s medium
DMEM/Nutrient Mixture F-12 Ham

dimethyl sulfoxide

epidermal growth factor

enzyme-linked immunosorbent assay
ergothioneine

fetal bovine serum

glial fibrillary acidic protein

glutamate transporter 1

glucose transporter 5

interleukin-1p

atonal homolog 1

lipopolysaccharide

multiple drug resistance 1

multidrug resistance-associated Protein
mammalian target of rapamycin complex 1
NADPH oxidase

neural stem cells

nerve growth factor

neurotrophin 3

neurotrophin 4/5

carnitine/organic cation transporter OCTN1/SLC22A4
octnl-deficient

paraformaldehyde

phosphate-buffered saline

P19 cells differentiated into neural stem-like cells
reactive oxygen species

reverse transcription polymerase chain reaction
standard error of the mean

p70 ribosomal protein S6 kinase 1

small interfering RNA

sirtuin

solute carrier

tumor necrosis factor alpha

tropomyosin receptor kinase

wild-type

acidic ribosomal phosphoprotein PO
eukaryotic translation initiation factor 4E-binding protein 1
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F—E Fria

A DIEE MEDHERFIZIZ, 2R D AR gL (NSCs) . 7 & b A |,
Rl T Kx ORI IEE ICHERET 5 2 Lo, MIRNAMI BT AR R o iR e AR
KA. A Ml A > RER, RS EOREZEUNAMRFT L EDNEETH D [1-7], —J7. K
N OIE R HEDBREIE, Hix ORI R OFEIE - B2 5 [8, 9, L7t~ T, HAKD
T PN DR E P OREHE 2 BT 5 2 L IR DIRIRICA R E B A b D, FrZ, N OTEE
PEHERFIC IS\ T, MRHIAR 2 87 72 12 AE A 97 NSCs oM D5 « RIEICBE 5T 51707 ) 7ok
FHNWEETH D, FrBdZDfFITH D,

NSCs |%, HCOHEBER UMM X ket A~ AV 7 Kt A h~D%55k
REAZ AT 2 [10, 11], WHEEMMICH T, Ml E—ERELZ T L BAET L2 LT TE RN
23 [12,13]. NSCs 37 S Aln &2 A 32 & (RRETAE) 1T L 0 AP 2 v BN O
FEARIOEL DI F PRI IR T= D [14-16], D72, FRGHT AT, RLiECEE), J8h 5 0 AR 72 ik
REDHERHICEE TH S [16-17], —J7. #RHTAEOIHIL, T4 OREF R B OFE-CHEIZ B 5
T2 [17-19], FRREET AT, BREEOEIMITHE D A R L AR, KD DI, sRAVESE O & ORE s
BIZ L VIl S5 [17-19]0 & 2T, BB OIS A O & &5 5 &, ) RRERIIEE S
[20-21]. 7=, @#ERICHE D FHENLEBIOK TEAEMS NS [22], BREA SN THDH S D
FOLGE S | WIS OMRCHEDIRENTL D SRR OIEBUIMEL L 12D Z L2337 > T D [23-25],
L7eh3 > T, RO DIREDREHIRERBIZ W T, S OMRET AL REST 2 Z L 13, AO7RIRE
g & 72 0 155 [26-28],

(CHTET DEMian I 7 a7 ) 7 b £z, MOEFEOHERICREET 5 [29, 30],

27 uZ YT EERMATIE, Baoh L7c SR 2 X L7e#ib e UTIREL ., x5k



Ko D Z & CTREFEOMBEHIZIC BT NEONEZER L T D [31], MOBESS, 71 LADRKGL
FEORFIIET D &7 A—NRITIE R UTEME(RAL & 72 5, EMELRL S 7 v 277 U IR B AL~
WEIND L&, )G E LT, tumor necrosis factor alpha (TNFa) <2 interleukin-1 (IL-1p) 25D %
FEMES A N A RTEMEE SRR (ROS) | MHRER 1 OFEA - BUb, REMla 2 v /378
DOERZHV, #fMiaZ R#ET 5 [32-34], —FH T, I 707 VT RRFIZIEE LT 5 & BE
(SR LIS JE PH O IE & 72 5 1 b 55 & - 2 B2 RE I T VY A ~ — TR0 K D
O L DRE AR IR RO IEIE « BITEIZ R 5972 [35-37), L= -> T, 27 a7 U7 OiEM L E Y]
ICFRET 2 2 L TEIIE, Hx ORI EORARNZZIGFIZ O N D0 LILRW,

LA XD NSCs DA REHT A K TN 7 v 77U 7 O EHERE 2 HilH 95 2 & 13, Flix Okt
RIBIEFRICORN HATREMER SV FEE TH D, AWFETIE, LLEDONSCs KO 7 w7 )70
FERERIEI DR & U CEE RO RIREMEZ 5 2 7o, IR B OSE1X, —@EOR AN T 7
MEEOTEMEAL Z R E T 223, — 5T BEEEARITENS CORE DOIREAZRE T 570, 5
SEKEY bR BN D LB X b D, R, BT DR A ORGP R
IZBWTIEL, LR E N L7z NSCs 02 7 u 7' U 7 O BEMIMZMRERRET S A2 b Lz, &
SITiE, I, NSCs KON 7 1 7' U 7 Wil 308 U CR BT DA H 0 . 2 Offikiko
BeREZRETT 5 2 &, ML OBERE Z [FIRFIZHIE C© 2 AU, MRIRIGRDIR bR TE 2, £
2T, Box ik, A T A RS AR OCTNL/SLC22A4 1275 H L7z, NSCs (28T, OCTN1 D%
B DA F A o ElRs R O JE Bl & ol U CEAZ IS & [38], £72. octnl Ein K~ 7 A
OREMIZIBNT, 37827 7~—4—7Ths CDLlb mRNA DOFBLT, FAEM -~ R LIk L

THEIEY, 512, RomEfiuo~ 7 a7 7»—l28\ T OCTNL ORBAZHER ST



L7 [39]. MO I 7 a7 Y TICEB W THHIL TWD AR ®H 5, Liedi> T,

OCTN1 DOHIfEIC XL Y. NSCs HAHWVMEII 7 a /) 7 OMEEZHIH CX 5 alget 2% 2 7=, OCTN1

IR NG BPIEL BB SRPICIRIA S BB L TR Y | MBIV F A M b am R EE & L

|

CHEE LA NI O AT IR & D [40], REIZAERNICB W T Bt kO BB LIER 2469 %
7 3/ [ ergothioneine (ERGO) DHEALE WL, s iAf, IRANE BRI, IMBITE4ICRE 5325 [41-
43], IEETIEL, v 7 A~ ERGO Ok A 575, OCTNL Z41 L TR R < MNIZoAn LU, S i
RIET (DG) (2331 D+ AR E K O 9 SFRRIEM 245 2 L 2|5 L7z [43]. & B I,
IR PRROFRBAE D B I B\ T, ERGO DI R DM E A & Bl LA EITIR N 2 & 2y
2o TEY, MH ERGO JRE DK F AR B OMEIZE G325 Z LRI STV 5 [44,
45], NSCs K IN 7 v 7' U 7\Z81F % OCTNL 4 L 7= ERGO Dk 23Nkttt I R D RE |2 B 5-
THDNE LR,

RN ORI AMIBLZ 33T 5 OCTNL DAEFNZHERE & /0 L WG N2 TE T D, 4
FEAIIZ BV TlE, OCTNL OFEE Th 5 ERGO X, N-methyl-D-aspartate <> p-amyloid (Z L % #Hfa
M DIR#ET D [46,47], NSCs 2\ Tix, OCTNL Z4 L7= ERGO DEL Y AL, HiER{LIEM
IRV A MR L, — T, PURBLIER DA OIERIC L0 | s~ o3t (i k) 2 itk
T% [38], LA LA 5, ERGO (T & 2 #drLAREE D FEM72 A 1 = A LI RIEAHTH D, £D
RENOIEROMRINL, #RFT AR IBICB 532 K 5 D%, Hix ORI B OIRROF =72
FEROREIE DFE RAIZ DR D FREMEN BV AEZETH D, S HITIE, ERGO D/ 3—F 1Y URED
A RIR BOBEA~OE 5 L 50N H 5720 [44-46]. ERGO DIEFIEF ORI IX, Tl OF5th

PRIE BOIFEEDFRBHIZ G D723 B 00 LivZey, £ 2T, KX DFE FE T, NSCs (2815



ERGO DR IMUARMED A T = X Iif#MT 24T 2 T2

—J7. 2787 ) TIZEIT HOCTNIOFEH TR S 4TV, RIHOREMIEIZ BN T

L. CD14GEAmAE [47]°lamina propria mononuclear cells [39] 72 & ICOCTNLIZ R B4 5, & HIlT, <

a7 7 — VAL OTHP-1 K& O, e R AR e IR I O MHTAIZ B W CTUE. £ 3LEHULPS,

TNFa®DHHIZ X > T, OCTNIOMRNARIZEI N A 541 [39, 48], F£7=. /NNBRIEFALIZE T D

OCTNL1D & » /R 7 3B d, *HHRRE L ik L CAHEZREEZ R LTz [39], L7223 - T, MO SLEH

JaTHsHrI 7l U TICHLOCTNIARH L TERY ., 27 a7 U7 OiEMHHIFEIC 53 2 ATaEEDs

HbD, 27 a7 ) TIXIEHACRCZ & DOROSZ FEAT D3, ROSIZY A M A v OEAICEET 5,

TR, iR b Y'Eedaravone DIRINIE, A b A > OBEALZIHIT 5 [49], L7=h > T, OCTNLiZ

BAFRESE T 2B EEERGOZ IV AT Z LI LY, 27 vl U 7 OIEMHA LA #4325 wHe

MENEZ BND, B -ETIX, 727U T7IZBIT 50CTNLIOERER 7238 & O, OCTNLISZ D5

BERGOD X 7 v 7' ) TIEMAb ~DRE 5 &2 WFt L7z,



®w T R OCTNL IC X A MiRepia o 25L&

B—H S

NSCsiZ H CAEREE X CHRAIIAST X buth A h AV I7 2 Fad A b~ okie%

H9 5 [10, 11], WEELERKIZIWC, MESHIIE—EBEE2Z T D EFETDH Z EIXTE 20

25 [12,13]. NSCsASH 7 ISR ML 2 A 2 3 2 & 12 K 0 il A v . IS Ol i o 18

WIEIIRT-N D [14-16], D 7=, #RHT AT, FRECER), G 7 & O MBS DO HERFIZ MO CHE

HTHD [16,17], — 7. AREHET A OIHIL, FE 2 ORI ARRR RO ISRECH B 545 [17-19],

N

PR EIL, BREEDZITHE D A R L AR, KD O, HVEE O 2 ORFFFREZ BRI X0 #ii]
b [17-19], £ 2 C, RO AOME 2 UET 5 &, 9 SERITSES L [20-21], F
7o, mEICLE O FEBEIRRE N ORI AEMIND [22], & DT, MEHEMRCHAOMRREIL, BE
fFOH ) SEOMFEORBUIMETH D [23-25], L7z - T, KD DIFREDFHRIEBIZE W

T, B ORI EZ RS 5 2 &1, ARRIBRIN &2 V155 [26-28],

AHFFE T, NSCs OFHEHT A HIF OAZR) & U R R O AN % 5 % 7=, 2 RIR D5

Eid, —iEEOEOMIRAN > 7T IAREOTEM AL Z R L T2 23, — T RTINS T o
FEOREAEZFE T 5720 AR LD b RIS BN D L EX b D, FRIT

R ARERE R DB LB FBIZ W TIE, NSCs DOFSREZ RIIMICTREI T2 LN & 5 72D, G
R LI-fino BN MRERET NG L, 22T, Foxld, BN T4 v iRianksiR
OCTN1/SLC22A4 (275 H L7z, OCTNL (I, /NG, AThE. B SRPRICIRIA S FEBLL T\ D, 4
PHUZ W TIIAREAIIE, NSCs IZB W T H BN R SN TR Y [38, 42]. FFIT NSCs (28T,

OCTN1 OFEBLIM DA HE S T A > g s R DFEBL & bbie U CRAZE 1T E V) [38], OCTNL i, MRV



BT FA AMALE YA FE & U TR LA JATTEED & 5 [40], FRIZAEERNIZIBNT
T BETHESROPIALIER 28T 57 2/ 1 ERGO O LWL, sassyAn, FME B, MsIT
S 5T 5 [41-43), A TR, ~ U AICxT S ERGO Of #4573, OCTNL &4t L CThH R <
BN oA L, DG IZ3 1T D M Br AR E L Ot D DERRIER 25875 Z L 2 dd L7c [43], &+
7o, ¥ U AIZBIT H ERGO OFtiE/M LR HME SN TWD [50], & HIZE, /S—F Y VRS
FOHVE DB IZIBVT, ERGO Dl R E AR A & Fhis LA BITIRNZ &0 »> TR Y | il
ERGO JEJE DK T 2N iR e B ORI 535 Z E BRI I LT D [44, 45), LA ELD
OCTN1 ZJ L 7= ERGO Dk NSCs O A2 HilEd 25 Z & T, K D DFF D FEHHFRREIR
BB D RN E X 6N D, S HITIX, B3 NSCs Z V72 in vitro BF%E Tid, OCTN1 Z 1
7= ERGO DffaN~DHER Y iAA 7Y ERGO DHERALIEM LA DIERIC & - T, bHLH AER 5 il 4 [X]
- atonal homolog 1 (Mathl) DFFE&EZ I L THfEmbAEET 2 2 L 26 L7z [38], LAl
RIS ZOFEMIRA T = A LIRIEAHTH 5, £ D ERGO ORI OMEBIL, #RHT A 2035
RBIZ B 53 % K 9 D% O 4 O RGO R HIEFRS T 85 O 7= e BRI O B 00 %8 A2 -
BRRLAREM R SV HEHZRTH D, £ I TAIFFETIL. NSCs (25T 5 ERGO (T L 2453kt
TEFR D A J = X LB ER Y $ATE,

NSCs Do fblid, MfREMECX F—8, SRR 1, MRaER 5%, Mansto
KR BRI LV il <45 [51, 52], FFIZ, Mk #E K 7@ brain-derived neurotrophic factor (BDNF)
I%. ERGO @ X 9 |2 Mathl D% %/ L C NSCs Db 2 itk L [38, 53], H1 5 >Rzt B
59°% [24], s K 1-121X, nerve growth factor (NGF) . BDNF, neurotrophin 3 (NT3) | neurotrophin

4/5 (NT5) 73&% U | tropomyosin receptor kinase A, B, C (TrkA. TrkB. TrkC) <> p75 neurotrophin receptor



Yy

DOIEMALZ I L, i bBE 2 & O 722Kk 72 NSCs OFSRERIENCE> 5 [53], & Z T. K52 NSCs
\ZxF 95 ERGO DEEFZAS, T TOMRRARER 1-. NGF, BDNF, NT3, NT5 OFEHLU M IFd 5%
WCOWTHEFI L7, &I, ERGO X7 I/ ThHdrimd, 73 /b —L L Tmbhb

J

4

mammalian target of rapamycin complex1 (mTORC1) (Z &% H L7z, mTORC1 i, HMifEN 7T

171

AT HZ LT, FIIRCA— N7 7 ORI L, MO E S 2 H#5 [54, 55], T
£, mTORC1 7% BDNF Oy ZEEd 2% Z &0 [59]. Mtz Hli+ 2 Z L bbb
[56,59], % Z T, ERGO IZ & % NSCs DM IMRED A 1 = X L& LT, R, MPRERER T

TN EOMTORCL & 7 F A ENTAME D naiait L,

B Hik

2-2-1) A

Anti-mTOR. p-mTOR (Ser2448). S6K1. p-S6K1 (Thr371). p-S6K1 (Thr389). 4EBP1. p-4EBP1 (Thr37/46).

TrkB antibody, anti-rabbit IgG antibody conjugated with peroxidase(%. Cell Signaling Technology (Danvers,

MA, USA) L v | anti-p-TrkB (Tyr816) antibody(%. Merck Millipore (Darmstadt, Germany) & ¥ . Block Ace

IZ. DS Pharma Biomedical (Suita, Japan) & ¥ . Dulbecco’s modified Eagle’s medium (DMEM) .

DMEM/Nutrient Mixture F-12 Ham (DMEM/F12). poly-L-lysine (m. w. 150,000-300,000). anti-pIII-tubulin,

glial fibrillary acidic protein (GFAP) Htf&i%. Sigma-Aldrich (St. Louis, MO, USA) X ¥ . fetal bovine serum

. Biowest (Nuaillé, France) X ¥ . GNF5837/%, Synkinase Pty (Melbourne, Australia) X ¥ | ISOGEN/Z,

Nippon Gene (Tokyo, Japan) & ¥ . MultiScribe™ Reverse Transcriptase(%. Applied Biosystems (Foster City,

CA, USA) X » | Neuro Cult Chemical Dissociation Kiti3, Stem Cell Technologies Inc. (Cambridge, UK) £

8



v . Neurotrophin 4/5, BDNF Rapid™ ELISA Kit/X, Biosensis (Thebarton, SA, Australia) X ¥ . rapamycin
L. Adipogen Life Sciences (San Diego, CA, USA) & ¥ | recombinant human basic fibroblast growth factor
(bFGF). recombinant human epidermal growth factor (EGF)(%. Pepro Tech (Rocky Hill, NJ, USA) X ¥ |

recombinant mouse neurotrophin 4/5/% . Genscript (Piscataway, NJ, USA) X ¥ | secondary antibodies
conjugated with Alexa Fluor seriesi%, Invitrogen (San Diego, CA, USA) X V. THUNDERBIRD SYBR
gPCR Mix, Can Get SignaliZ. TOYOBO (Osaka, Japan) & 0 l#E A L7z, EFELIA ORI T TR

PRI 2 2

2-2-2) B
ICR~ 7 A%, Japan SLC (Hamamatsu, Japan) L V JiEA L7-, Sillind 4 A~ o R % FERICH
Wiz, BIIX TR COEER CIEUIRIEE, 5 SOBRBRICBWTHEE S, KL ORI A B
& L7-, octnliEfs /K48 (octnl™) ~ 7 AiX, C57BL/GIEFAR (WT) ~ T AL DNy 7 7 0 A%6
[1T 5 7o~ o A% FBRIZH 2 [38,41], WT~ 7 A Je Qoctnl”-~ &7 A, SRKFFEERFERE
- FEREVAFFE SR CTEGE, R Shcbox A, A%34l BICHERL L., RO~ Y
AT TR TEER THE S, KERORHITABICE 2 b, BiEBRIISR KB ERIEE

(A€ THEME LTz,

2-2-3) FIREERMHREHIIE DR
FIRES B AR A (B52NSCs) OFRT, MEDFRILESBIZ L TiTo 7 [38], 415

HEsO~T A5, JRIRZEY H L, NSCsz B8 12& Telib i RAMEE 2 Bl L A R TRl L 7=,

©



0.25%D kU 72 L28mM®D 7L a— A & TePBSIZIR L, 37°CC, 20471 »F 2_X— L7z,

MfkZ BNy T 4 IR0 IEBIEBIIES L, 02%D 7 Hrn—RA % a—7 17 L7126 well dish

125 x 10° cells/mL O a2 CHEFE L | Wil SeF T CThEEE L7, & )06 A f#]i%, 100 U/mL penicillin,

100 pg/mL streptomycin, 100 pg/mL apo-transferrin, 20 nM progesterone, 5.2 ng/mL sodium selenite, 60

UM putrescine, 10 ng/mL EGF. 10 ng/mL bFGF#% & A4 52DMEM/F12D55#1C, 37 °C, 5% CO,A{ >

FaX—H—TBWTHEEITo7, H#R3A HIC, Bz LRz T Hn—AEa—T 7L

T7eu6 well dishiZiii X 72k L7z, NSCsidH OEREAF T 5720, Mzl L., DR X

R EEEE HEURAFRIICH N L Tw< ., 6H AT, Neuro Cult Chemical Dissociation Kit (Stem Cell

Technologies Inc., Cambridge, UK) (2 ¥, NSCsOMifusl 2 ik <&, EBRITH U T, 6 wellE 721X

24 well dishiZ1 x 10° cells/mLTHZ 728 L., SHBEXDYEAT 4 U LI BTV 5, 3F 21X

6. ORI, ST CEEL, SERICMHEA L, ZoEEHRIcB T, LEIZG CERGOR

KRB ER 2 IS U7z, ERGOD USSR FE X, JeATAFSE L 0 #PRaT AR e 2h B 03 s S 41T 5500

UM & 3% E L7= [38],

NSCsD 43 baEE T LT 7 1 F 2 )LIZHEVMT - 7=, 15 5 47-NSCs% . Neuro Cult Chemical

Dissociation KitiZ X 0V 3# L. & 52> Cpoly-L-lysiness 2 —7 ¢ > 7 & 724 well dishiZ, 3 x 10°

cells/mLDHMIIE B Tt | BEAEERRZ1TV), Mfsilid, 7 X buth A b biFE 2T 7o, 5%

BHHEIZ, AT 4 UL ZIT -T2, LB ERF O T, 5% FBS, 100 U/mL penicillin, 100 pg/mL

streptomycin, 28 mM glucose, 2 mM glutamine, 5 mM HEPES, 25 pg/mL apo-transferrin, 250 ng/mL

insulin, 0.5 pM B-estradiol, 1.5 nM triiodothyronine, 10 nM progesterone, 4 ng/mL sodium selenite, 50

uM putrescineZ i3Il L 7-DMEM % AV =, 8523 H B EBRIZH W, 5530 BIZH\W\ T, NSCs

10



~— 71— Onestin ®{HKA L, Rk~ — I —OBII-tubulin L Y7 A et A h~—D—0

GFAPMB4INT % [38],

2-2-4) Western blotting

Western blot (X, BE DR LA SEIIT-72 [38], o7 ik, KLz PBSIZL -T2

[EIYE L. 4°C, 5747, 15,0009 D&M Tml LIk Sz, oLy MI, ImMEDTA, 1

mM EGTA., protease inhibitors (0.1 mM 4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride, 1 pg/mL

leupeptin, 1 pg/mL antipain, 0.5 mM benzamidine hydrochloride hydrate), phosphatase inhibitors (10 mM

sodium furoride, 10 mM B-glycerophosphate disodium salt hydrate, 10 mM sodium pyrophosphate

decahydrate, 1 mM sodium orthovanadate) % & ¢ 20 mM Tris—HCI buffer (pH 7.5) 1 (2331 T, tip sonicator

(TOMY SEIKO Co., Ltd., Tokyo, Japan) Z Fi\ > T R[#%{k L, Bio-rad Protein Assay Kit (Z L 0 % /37 &

ZHIE LTz, & 512, &2 7 1z 10% glycerol, 2% sodium dodecylsulfate, 0.01% bromophenol blue,

5% mercaptoethanol % & ¢ 10 mM Tris—HCI buffer (pH 6.8) & &I BE 20% & 72 5 K H Iz &# /%7

BEMESET, 10%KRY 727 VLT I RELOE T =W 5 pugl8 ub 777 A L. compact-slab size

PAGE system (ATTO, Tokyo, Japan)iZ & ¥ . =R, 21 mA/plate DT, 30 yESIKEN 21T o772, F

W, 100% D A %Z ) —iZ 30 FMR L7= PVDF BEIC 7 v w7 ¢ 7 &1T- 72, 4% Block Ace ¥AZIZ

k57 v 7%, PVYDFEIL, &P, HimTOR, S6K1, eukaryotic initiation factor 4E-binding

protein 1 (4EBP1), p-mTOR, p-S6K1 (Thr371 & TF Thr389), p-4EBP1 (Thr37/46), TrkB & p-TrkB, B-

actin Jif& % Can Get Signal ™ buffer A (2 X > T 1000 7R L7=b D & 4 °C T—Bus S8z, #i

W, Z1LE, HRPIERFL~ 7 X 19G HLiRA R (1/10000 with Can Get Signal buffer B), %7

11



%, HRP Z#PL ™ = IgG HUiR A IRIANL (1/2000 with Can Get Signal buffer B) & 581 C— R i

EHT, TNOHOPUR L S ST 371, ECL™REKIC L - TH £ S lumino image analyzer

(LAS-4000; FUJIFILM, Tokyo, Japan) Z FHVNCTHREHE L 72, S#T O BRI, /S ROJR & % Imaged software

Z W THIE LTz,

2-2-5) EERT-PCR

Total RNADHHH| 1%, ISOGENDAEHRE T 7 s 2 L@ Y 12T 7=, AV 277 A ~—_ dNTP mix,

RT buffer, MultiScribe™ Reverse Transcriptase(Z L ¥ cDNA% &% L7z, cDNA|X, THUNDERBIRD

SYBR gPCR Mix, sense primer, antisense primer (Table 1) & 7Z&H . Mx3005P (Agilent Technologies; Santa

Clara, CA,USA)IZ &LV, HilE L7z, PCROISFEMIFZLL FDiEY, 95°C, 154 — (95°C, 10f) —

60°C. 30f))x40cycles, mRNA®R X, fxtEED AACtHEZ AW CER L, fAEETIE, ~NY

A F— ¥ 7 iEn+ T DHacidic ribosomal phosphoprotein PO (36B4)iZ k> T, V7 BlDT 7

L — MBS ORGSR O IE 21T > 712,

Table 1. Primers used for real-time PCR analysis in the present study

Genes Sense primer (5°-3”) Antisense primer (3°-5")

NGF TCTATACTGGCCGCAGTGAG GGACATTGCTATCTGTGTACGG
BDNF GCGGCAGATAAAAAGACTGC TCAGTTGGCCTTTGGATACC
NT3 GGAGGAAACGCTATGCAGAA GTCACCCACAGGCTCTCACT
NT5 CCCAAGTTGAGGGAAAACAA TCCTCCGGGAGAACTCCTAT
bFGF CGGCTCTACTGCAAGAACG TGCTTGGAGTTGTAGTTTGACG
EGF CCATCCATTGGCAAAACC AACCTTCACGACACAAACACC
VEGF AAAAACGAAAGCGCAAGAAA TTTCTCCGCTCTGAACAAGG

12




CNTF CTGGAACAGAAGGTCCCTGA AAGCCCCACAGCTTCTTCTC
Haptoglobin GAGAGGTCCACGATGAGAGC ACTCCACAGCAAAAAGCTGAC

SCF CAGAACAGCTAAACGGAGTCG TTTGTGTCTTCTTCATAAGGAAAGG
Mathl ACATCTCCCAGATCCCACAG GGGCATTTGGTTGTCTCAGT

36B4 ACTGGTCTAGGACCCGAGAAG TCCCACCTTGTCTCCAGTCT

2-2-6) R AEHIEE

B2 e I E X, Neurotrophin 4/5 Rapid™ ELISA Kit X ' BDNF Rapid™ ELISA KitZ VT,

WfTOHEE 70 ha LIcHE L TiTo -, o 7 bid. kB L7-PBSIZ L - T2FIPEE L. 4°C, 5%

15,000 gD Sk T LibB S 87-, b=~ » MI% L. protease inhibitors (0.1 mM 4-(2-

aminoethyl) benzenesulfonyl fluoride hydrochloride, 1 pg/mL leupeptin, 1 pg/mL antipain, 0.5 mM

benzamidine hydrochloride hydrate) . phosphatase inhibitors (10 mM sodium furoride, 10 mM -

glycerophosphate disodium salt hydrate, 10 mM sodium pyrophosphate decahydrate, 1 mM sodium

orthovanadate) % & T2 78 B /K & XL v F DIRFEDKINE & 725 K 5 IZ¥I L T, tip sonicator (TOMY

SEIKO Co., Ltd., Tokyo, Japan)z i § L T [ {k L7z, Bio-Rad Protein Assay KitiZ &> T /37 jE

24TV, %ELISAS » k% HW T, Neurotrophin 4/5% O'BDNF % & & L7=, WL, microplate

reader (MOLECULAR DEVICES, Sunnyvale, CA, USA)IZ X Y | 450 nmD £ #HIE Lz, & L-E

1T, BV TADB Ry BT IE LT,

2-2-T) Sefgets

0.75 cm X 0.75 cmiZ 57 /X— 747 < A (Matsunami Glass Ind.,Ltd., Oosaka, Japan) Z BT L. ZiL

%Z70% EtOHIZI0MERER L7-1% . SRAMRIRE 2 w30 3" 211\, Ml 285 S 5% K T4
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ORI E H S o 728 D& A 7-24 well dishiZPBSTH# R L 7275 pg/mL poly-L-lysine% il 2., 37 °C.

5% COxf > F a2 _X—H —|ZB T, D7 & b2 E L=, Poly-L-lysinelaA#k % k7% LPBST3

[E Y Lok, PBSZ &L <HRY BRE | Mol S, Mifla 2608 LEG2 L7, ez | PBST2REIVEA L,

4% Dparaformaldehyde (PA) 12XV | FEiR, 2051 F 2= 52 L TEHEM L, SHIT,

3% bovine serum albumin, 0.2% Triton X-100% & #ePBSIZ =i, 300 A v FaX—FL, 7 v ¥

v T EATo 7, Fipll-tubuling GFAPHIIAZ . 71 v & 2 7R & 1005 AR L 73R L 0 . 41/1000

THML, 4°C WS 7=, PBSIZ L~ T, 3EIPEH L. AlexaFluorseriesiZ & » THER& S 4172

TWRPURE, T 0w TR EL0EATR U7 IR X0 10005 12 AR U, SR TR RO S 7=,

TRYURES B & 2 T IE, PBSIZ K 3[R 21TV DAPIEFAAKIZRIIL, AV #~=F%=

TCEE L, =R, BT Ol I, BlEE. LR ABEMEE (LSM710; Carl Zeiss, Jena,

Germany) ZHW\WTiT>72,

MIRTCBE DRI BV TR, RGP NE D~ — 7 — T & 2 BII-tubulin b5 f Az 1 X

O L, TA oA hO~—T—"ThDHGFAPRIEMIIL, REAICYt L, & Th

% DAPIG PRI XA &5 6> 2 A5 Btk D FI& 255 LT,

2-2-8) ¥ 7 A~MDERGODFE O K5

SHERDICR~ 7 Ak} LT, 0F 721350 mg/kg?ERGO %, 2i[M 3 BV id2 HH., B H R

TG etT o7, 2BMFEG SNTe~ U AFEG&ERGOH BIZ, 2H &L Sio~ U AR &&E G

DARFZIZIB N T, KIMEZE L DG Hiflff L7-, Mk B\ &% T L. Western blot )2 OV 3= 62

WELEZIT T,
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2-2-9) HEEHARAT
TRTOERIIDRL L HIEHEY IR L Tz, 7 — X I PFHEHERER S TR L,
Microsoft Excel TStudentdtiii &, one-way ANOVAwith the Bonferroni/Dunnd % UM%, Dunnett test % ji#

L. BEHFRICHENT LT, plEAN0.05K0M &2 MG FRICAE B ZH D & LT,

E=E KR
2-3-1) BEEENSCSIZI1T 50CTN1IZE A L7ZERGODEL Y iA B 3tk {b 2 (RIS 5,

FEx il EIC, ~ 7 AHEONSCsHMNE T & 5 P19-NSCsiZ 1 T, small interfering RNA
(SIRNA)E AL k& 5 OCTNLR BN F2BR 24T 5 Z & T, OCTN1Z 4 L7=ERGODHIIN~DE Y iA
TR 2S5 Z & ZFE L7 [38], LA L. #IAREEFNSCsIZ R Tk, ERGOD RSy
{EARHEIZOCTNIN B 595 Z L IR TE TR, £ 2T, AR <~ T 2 kDO PIME;ENSCs

(WT-NSCs) K& O"ERGO Dk iEHE2M T & A & 72\ voctnliE s 7- K~ 7 A H 3K DONSCs (octnl™-
NSCs) (23T [38]. ERGODH#E I~ DR Z G~ T, WIEFENSCsZ . ERGO (500 pM)1E(E
FEITIFFIE FCTOHMEE L. S OIC3H MEEREIC X 0 whiiifia Kk OV ) 7 Ml 12 5 kik i
ZONT . RIEGREIC XD AR R U 7o, AR O~ — 1 — T & 5 Bl -tubulinfg
AR EIZ, T A b ad A FO~—h—Td 5GFAPEIEMIIIT ARG I8t L= (Fig. 1A, B), WT-
NSCs~DERGO DR L, FEMRTERE & Hfz L C. Bll-tubulinB a3 2 W K D I A 2 7228 (Fig.
1A). —J T, octnl”-NSCsiZ %9~ 5 ERGODIRFE ILE DI E(kIZ /2L H ThH - 7= (Fig. 1B),
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Imagel Z H W\ 7= EBMATIC L D & WT-NSCsIZHWTid, ERGOMEFERE I RAE & b L. BlII-
tubulinB5 AR O EI A 134 B HIN L, GFAPI MM O FI& 134 B2 L= (Fig. 1C), —J7 C.
octn1”-NSCsiZ 35\ T, ERGOMEFE L, BlII-tubulinfGEAHHE K& O\GFAPBG AL DOE ST R ZE L e
572 (Fig. 1D), F7-. OCTN1% /" L7-ERGODHL Y iAFHINSCSDEFH ~KIE T HEE TR 5 728
[ZNSCsAZ AL T 2 MR O 1 fE 2 1) & L 7=, WT-NSCsIZH\W\ Tik, ERGO (500 pM)BRFERE L, &R
B & e UC, AR BLEAE 23 A B L7223, octnl™-NSCsiZ 38\ CTld, ERGOMEZE | 3l fa B i A
B % RF & 72 7v o 7= (Supplementary Fig. S1A, B), Ziu 5 OfEF L, NSCsiZFW\ T, OCTN1%
It L2 M ~DERGODER V IAZ 7S, #RfE bR L, IR Z M2 2 & 2mme L, \BED

P19-NSCs# i i L 7= OCTNIZE BN R D5 R & xHis7 5 [38],

2-3-2) ERGOD#ESLAREVE FIIINSCs D EE 2 #i R QMR BRI TR ET B,
e\ T, ERGOD R/ LA HERN R & NSCsD K53 H ¥t & O BEfR % ICR~ 7 A 3 DNSCs
(ICR-NSCs) % VTl 7z, E5ENSCsOME 1T, B MIMIC X » T&T 5, —f&IC, K5#NSCs
DRI E HEDNEL 2513, IKFT 5 [60], Fig.2B,COOIX, ERGOIHEIFEIE FIZd\
T, KEEH%3, 6. 9H H ONSCsOM#EMbEENR V27 U T Hlfa~D /3 bie 2 ~m L TV 5208, K5 H
BsEEIN$ 212240 T, BllI-tubulinBG MR ~D /3 (LRBIZIEA L (Fig. 2B). GFAPRGERERE~D 73k
Bl L7 (Fig. 2C), —F T, 77 70@, @IZZi., ERGO (500 uM) % £5# D etk D1H
W& 2\ X3 H Mg LR CTh D, 3H ME# L72ICR-NSCsiZxf L C, ERGO% E5#&fcf% D1 H
HDHVIIHMBREGET D &, Bll-tubulinBMEM A I X B 28 & 5 (Fig. 2B). — 7 C. GFAP[GE
TR A HERR T & 72 (Fig. 2C), 64 5 VNI H M543 L 72ICR-NSCsi %t L T, ERGO% £53%
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BHEOLAEM S HVNE3HMERE T 25 & plll-tubulinfG MR A EIZHE I L, —J5 . GFAPEEMER

FlZ A E A Lz (Fig.2B,C), ZDfEFR LV, H#E3AH L V6H HH D WIIH H DICR-NSCsD

Jim3. ERGODMIE MR HEMER N KE WD EVRIER I NT=, 6H H X U9H H DICR-NSCs?>OCTN1

DOFRELS, SBHHORBLL Y bEmWZ ERBER L TWD AR & 5 [38], IBIRHIDONSCs L b &k

RIZITVINSCsD 5 53, ERGOD MR MUAREE A R Z VWO d LRy, ZOERKIY | 55456

H H ®NSCsIZH\\ T, ERGODMEMUATEER 23 e b K& Mo 7272 (Fig. 2B, C). LAt. D& g

# 928 (Fig. 3A, Supplementary Fig. S2)% B < in vitroZBR Ti%, 5526 H H DICR-NSCsZ il L 7=,

2-3-3) ERGOII MR R BR FNTS 2558 L, #R0LRESE LA X85,

ERGOIZ L DM AEEED A h = X 5 & LT, MREERNT-OFFEICEH Lz, Mk

[N+ DBDNFIX. ERGO & [FREICbHLHA O #s G HI# [K F-Mathl %2 #5425 = & Tk 2 ek

9% [38, 53], £9. NSCsIZxfd HERGOD & HI[HINGEER 23 fd 2 DS K+ OMRNAFKBLIC K IT T 5

B AR L7z, WT-NSCsiZxf L CTERGO%9H fig#E 95 &, Mathl ENTSORBUIAEIZH M L7-

25 (Fig.3A). —J7., octn1”-NSCsiZ B\ Ti%, ERGOIIMathl o E K +D R B ITHE L KIF S 7

77z (Datanotshown), %72, ICR-NSCsiZ%}9 5ERGOMI H Al DIEFE & . Mathl & U'NT5DOmRNA

FEE 2 BAE I CHAN S E 72 (Supplementary Fig. S2), ICR-NSCsix., WT-NSCs & thilg LT, =2 A MIx%t

T A HRAEN &SN . LIk D EER TIXICR-NSCs % V7=, ERGOIZ L A #f#8 e # [K 7 DI EL

~O 52 AR Tl % & . ERGOWNNA 121 TNTSOmMRNAFHL 2 A B2 #ahn X1, 248

[B17% 1 Mathl OmRNAFE I 2 A B2 S (Fig. 3B). ERGOBEFEL H # (2 bk 4 ) ) S e tn,

(2 & o> THREMERE Z Rl 2 & . ARG ~ — U —BII-tubulind B MERIIE 25 A7 B SN L
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7= (Fig.2B, OKU'@), & HITid, BERAEREEOME., ERGOREEL24FFRHIIZIH VT, HifuN

NTS5D # L X7 BNAEITHEM L7724 (Fig. 3C). BDNFORIUZIIZELN e oTz, T b DFER

IZ. ERGOZINTSDFEHLFHE A 41 L CNSCsDOA R 3L 2R+ 2 [ REME 2 n 9 720, LIBRDOERT

FRAES D0

2-3-4) ERGOIXTrkBOIEMAL 24 LT, #RMb a2 BT 5,

RIZ., ERGOIZ & B it /LA HEDS | NTED 32 54K T & 5 TrkB D BHEHIGNF583712 L - TH]I

&b 2 L Z2MENDiz, 55386 H H OICR-NSCsiL, 553 D% -3 H MIZHV\ T, ERGO (500 uM){F

T & DVITIEFLE T, HLEAIGNF5837 (100 nM) 1E(E T & 2 WIEZIETFAE FICB W TEE 21TV,

YT X0 iR L RE 2 R L 72, GNF5837/%, ERGOIZ X % BIII-tubulinBGMEAMAR D& D HE N

A EICI A, GFAPGERI OFIG O 2 A= L7z (Fig. 4A-C), —J7. GNF5827 Hijhfx

H%, BUI-tubulinfGAlla, GFAPRGMEMAL DOEIGIT B Z KX S /)~ 72 (Fig. 4A-C), ERGO & [F]

BRIZ, GNF5837(Z & 5 NTSD##E UARHENE ] ~ DI O\ T b ifES L7 (Fig. 4A, B). NT5 (100

ng/mL) DML, BIII-tubulinBg ARG OIS A HE N <&, GNF5837IXNT5IZ & 2 BIII-tubulinkg: 4 iz

DOEE O EBREICI A 7=—7 . GFAPE MDA Ob 2 H B IZHH L7 (Fig. 4A-C), &

5121%. GNF5837/%., ERGOIZ & % Mathl mRNAD FE B E 2 A & 2l L7= (Fig.4D), £7=. 3H

M OERGOMEFRIITIkKBD U Vb2 A EIZHEINSE7-28, ZOTrkBY b o, GNF5837(2

XA BICHHE S (Fig. S3A, B), ZiL5 OfEHEIZ. ERGOANSCSIZIHBWT, D7l &b —Hh,

NTSDIEE L 2 I L 7= TrkBOTEMEAGIZ K o THEE b 2 R1ET 5 2 L 2R L7z,
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2-3-5) ERGO X NSCs {238 YT mTORC1 ¥ 7 v & iEHA{b4 5,

BN T, ED X 9 ICERGONNTSZ#FE T 5 DO0Z st Lz, ERGOIXT X /e THHT-8

TI e Y —L L THLNAMTORCLY 7 VIc#EH Lz, mTORCLY 7L, fiRaez A 1-

BDNF% #E 9% [59,61], 7. mTORC1D L TH HmTORD UV »fgfk, TFiHioS6K1, 4EBP1D U

AL ~DERGOD BT DU TREET L7z, NSCsiZxf4 H2ERGOM3 H f] DIRE#EEIIp-mTOR, p-S6K1

(Thr389), p-S6K1 (Thr371)DFHL %A A EIZHEIN X H7=23, mTORCLRHZE A D rapamycin (100 nM) D]

RFRINIZERGOIZ X 2 mTOR, S6K1D Y gk A EIZHA ¥ 72 (Fig. 5A,B), — /7T, ERGOIZL,

MTOR & ONS6K1DFAFH 2 8% KIE X 7277 - 7= (Fig. 5A, C), £7-. ERGOlX. 4EBP1% (p-

AEBPLOREC & 8 725 7= (Fig. 5A-C). BHIE TIL. 4EBPLICIE, 35D T A V 7 4 — LB F

£ %, sidm ) VA, BIIHMAETHY | adXY VL TH D [62], T3~ A v Uid, &k

ORI Dp-4EBP1Z A B & ¥, ot Op-4EBPLIZHEIME 23 7 S 47z (Fig.5B), & OFEHRIL. i

F£DBerettaCLin% O &~ % [62, 63], KT, ERGOMEREIZ L ZmTORCLY 7' L &7 o

X7 DY AL Z RRRFIZ M L 72, ERGOTR N LIR¢fH] T, p-S6K1 (Thr389) D F BLIZA I L |

p-mTORDFEBLIXERGOWMN% 6EM THEIZHIM L7z (Fig. 5D, E), NT5DOFHLUIERGOWRMNE 12

FC#FE sz (Fig. 3B), ZMD XK D12, mTORCLY 7 I /VOIEMALIINTSDOFEFFLE L 0 | FU

MCEER SNz, BB L2, mTORD U Vig{klX, = Fiticd b & &3 5HS6K1 (Thr389)d

UV bE D b#EN-T, ZOZ LI LTE, BLROETHEmT . — . BAUNE Dp-4EBP1L

DFEH T B - 7= (Fig. 5D, E), LL O HI%, NSCsIZ35\ ) TERGOAMTORCLY 7 F /L %

TEMEALT 2 2 & 2R d 2,
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2-3-6) ERGO X mTORC1 ¥ 7 v &4t L7z TrkB OIFEMAIC X - TR 2 e 4 3,

RIZ, ERGO IZ X % NSCs DM KAEHEIZ 5V T mTORCL ¥ 7 F L i L3 B 535
2E D 0% Fix D mTORCL & 7 /L DO EHZ VTGRS L 72, Rapamycin (3 mTORC1 D RHEHA
T, GSK2334470 1% S6K1 ® _EfidD—>Td %5 PDKL DOFLEAI, PF4708671 13 S6K1 DRLEHITH 5,
K:# 6 H H® ICR-NSCs 1%, H:#ED#% Y3 HEIZE W T, ERGO (500 uM) f#1E F & D VW IELFAE
T, ZNENDOEAIOFE T & 2 WIFTIEAEE TICB W TR 2TV, @l I 0 ks bag
% F7Afi L 7=, Rapamycin (100 nM), GSK2334470 (5 uM). PF4708671 (1 uM)ix. ERGO (2 & % BIII-
tubulin B PEAMIRE O K Y GFAP BEEAf AR o) & A 2| L7 (Fig. 6A-C), YL XLV ERGO
(2 X DR EAREMETIZ BN T, S6K1 DIEMEAL NS TH D Z LR S vlz, 72, PDK1 O
FHEE A 0> GSK2334470 1%, H F&R 7ot /(b & Hfi 3~ 2 m 25 e S 7z (Fig. 6B), Z DFEHIZ R
LTI, PDK1 i S6K1 721F T < MR /MUICEE R Akt o 7 TV OIEMAGIC B BS- T 57280,
GSK2334470 12 LV Akt > 7 F V3l S 7o vlREtED B 5 [64], & HITiE, ERGO IZ & % p-S6K1
DIEMEAL & p-TrkB DOIEMEAL & DEEMEIZ-SU T, mTORCL FHEAIR S6K1 fREHAI, PDK1 FHEHI %
FAWTHiET L7=, ERGO 1L, p-TrkB K& T* p-S6K1 DR HEZ A EITHIN S 722, total-TrkB. total-
S6K1 DR BLEIITHE L 72~ 7= (Fig. 6D, E), PDK1 [HLEHID GSK2334470 (5 uM) K UF S6K1 BHFE
#|> PF4708671 (1 uM)iZ, ERGO (2 L% TrkB, S6K1 &V Eefb & A = 2Pl L 7= (Fig. 6D, E),
mTORC1 BEEAI > Rapamycin (100 nM)i%, ERGO (Z & % S6K1 @ U »fefb & BaE 2l L. TrkB &
U BRI EnHME R 23 R S du7e (Fig. 6D, E), BAEX W, ERGO IZ, S6K1 (Thr3g89)?d U »fig{t % 4y

LT, TrkB Z{&ME{b L. NSCs Offiftirfb et s 25 2 L AvVRR Sz,
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2-3-7) ERGO DO#% 0 # 5.1 3¢5 B #niRE] D S6K1 (Thr389)& Ot NT5/TrkB &ML 5,

invivo 123\ T, ERGO (T & % mTORCL KT NT5/TrkB * 7 F /L DIEMEILIZ DUV TRRET L
72 SHERD ICR < 7 AZ%f LT 50 mg/lkg ERGO % 2 HRIfE HfR &G4 25 &, &E5% 19 HEIC
DG IZF1T % p-TrkB, p-S6K1 (Thr389)DIEHL & A EITH M S 7225 (Fig. 7A,C). KIMEZEIZHB W\ T
IR R SN0 - 7= (Fig. 7B, D), 7. ERGO O #5103, DG IZBIFH NTs DX /3
BAABEICHINSE7228 (Fig. 7TE), KRIMEEICH W TIZEMITRD Hie s~ T- (Fig. 7E), DG |
12 NSCs 7385124 £ 41, NSCs 13 OCTNL DFELAE =8 [38]. DG (2% < ® ERGO M3 4374 %
Z LAY mTORC1 <X° TrkB D& Ak, NT5 OFREBEDHENNCE DL L#ELE SN D, £72. HiF& NSCs
& NSCs #% < &ie DG IZHW T, NTS ORBLA LT 2 & £53 NSCs D523, DG LV b Ene
-7z (Fig.3C,7E), NSCs DEEN @< 72 58, NTS &AL <720, 72, ERGO DfEH b K& A
HONH Ly, —J7, 5RO ICR ~ 7 A1Z% LT 50 mg/kg ERGO % 2 H ] ORI\ T
b Hitt D545 &, DG O p-S6K1 (Thr389) D FEH BT A F TN L7223, p-TrkB DI T &I L
L7772 (Fig. S4A, B), ZDfEF L W, ERGO IZ & % TrkB OiFEMEALIL, S6K1 (Thr3g89) DAL
IV L THChD EEZBND, LLED X 512, ERGO 2% p-S6K1 (Thr3g9) & (X NT5/TrkB <+ 7 /L

ZIEMALT 5 AT, invivo O5fES K OV in vitro O ST L7z,
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Figure legends
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Figure 1. Comparison of effect of ERGO on neuronal differentiation between cultured WT- and octnl
F-NSCs.

(A, B) Effect of ERGO on neuronal differentiation in WT- and octn1”-NSCs derived from C57BL/6J
embryonic murine cortex. NSCs were exposed to vehicle or ERGO (500 uM) for 9 days and then induced to
differentiate by adhesion culture for further 3 days. The cells were fixed with 4% PA, followed by
immunocytochemical detection of immature neuronal marker BIII-tubulin (green), astroglial marker GFAP
(red), and nuclear marker DAPI (blue). Scale bar: 50 um. (C, D) The number of cells positive for each marker
was counted by using ImageJ and normalized by the number of DAPI-positive cells. White columns show
results of NSCs treated with vehicle, and black columns show that of NSCs treated with ERGO. Each value
represents the mean £ S.E.M. (n = 6). *P < 0.05, significant difference from the value obtained from WT-NSCs

treated with vehicle.

22



A

01 2 3 0 3 45 6 0 6 7 8 9(days)
Vehicle F—————— bee - ——+— bt
ERGo,1day)—0—-< Fi—!—i LJ—l—li
il Roo | o —— " —
!

Differentiation into Neurons and Astrocytes for 3 days,
followed by Imnmunocytochemical Analysis

B C

7 ICR-NSCs/vehicle O:Vehicle
®:ERGO, 1 day
6 9 0 3 6 9

@®:ERGO, 3 days
Culture Period of NSCs (days)

i3
o

©
o

(24 w
o a
1 1
(2]

o
|

N
(3]
I
~J
o
1

-
(3]
1
*
[=1]
o
|

1
|

|
|

—
o
1

N
o
L

BII -tubulin-positive Cells (% of Total Cells)
o S
GFAP-positive Cells (% of Total Cells)

o
o

o
w

Figure 2. Culture period- and exposure time-dependent efficacy of ERGO in ICR-NSCs.

(A) Schematic representation of experimental schedule. NSCs were cultured for up to 3, 6, or 9 days, and the

cells were exposed to 500 pM ERGO during the last O (white symbols), 1 (gray symbols), or 3 days (black

symbols) in the each culture, followed by evaluation of neuronal differentiation. In brief, NSCs were induced

to differentiate by adhesion culture for further 3 days. The cells were fixed with 4% PA, followed by

immunocytochemical detection of immature neuronal marker BIIT-tubulin (green), astroglial marker GFAP

(red), and nuclear marker DAPI (blue). The number of cells positive for each marker was counted by using

ImageJ and normalized by the number of DAPI-positive cells (B, C). Each value represents the mean £ S.E.M.

(n = 8). *P < 0.05, significant difference from the corresponding control value obtained from ICR-

NSCs/vehicle.
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Figure 3. Effect of ERGO on expression of several trophic factors in cultured NSCs.

(A) WT-NSCs were exposed to vehicle or ERGO (500 uM) for 9 days and total RNA was extracted for

guantitative RT-PCR analysis. mMRNA expression of several trophic factors were examined. Each value is

normalized by the expression level of 36B4 mRNA and represents the mean + S.E.M. (h = 3-6). *P < 0.05,

significant difference from the value obtained from WT-NSCs/vehicle. (B) ICR-NSCs were cultured for up to

24



6 days, and during the last 0, 3, 6, 12, or 24 h in the culture, the cells were exposed to vehicle or ERGO (500

pHM) and total RNA was extracted for quantitative RT-PCR analysis. mMRNA expression of NGF, BDNF, NT3,

NT5, and Mathl were examined (A : NGF, [J: BDNF, l: NT3, O: NT5, @: Mathl). Each value is

normalized by the expression level of 36B4 mRNA and represents the mean £ S.E.M. (n = 4-6). *P < 0.05,

significant difference from the corresponding control value at 0 h. (C) ICR-NSCs were cultured for up to 6

days, and the cells were exposed to vehicle or ERGO (500 uM) during the last 24 h in the culture, and

expression of NT5 and BDNF at the protein level were examined by enzyme immunoassay. Each value

represents the mean + S.E.M. (n = 3-6). *P < 0.05, significant difference from the corresponding control value

obtained from ICR-NSCs/vehicle.

25



GNF5837 ERGO+GNF5837 NT5+GNF5837

O:c m:E [N [M: E+G B:N+G O: G

D
B 300 *
30 -
» p=
3 20 - g
E =
E 10 - g§ 200 -
. ot€
o 0 — $°
2 02
o O T
§C85 . aj & 100+
o 80 - <
2 4
7] #
no. 70 - 0.
65 - > L &
& O H
— T oo < oé
5 _ X
Oo
0 &
GFAP

Figure 4. Effect of inhibition of TrkB receptor on ERGO- or NT5-induced neuronal differentiation in

ICR-NSCs.

(A) ICR-NSCs were cultured for up to 6 days, and during the last 3 days of the culture, the cells were incubated

with vehicle, ERGO (500 uM), or NT5 (100 ng/mL) in either the presence or absence of GNF5837 (100 nM),

the inhibitor of TrkB. The NSCs were induced to differentiate by adhesion culture for further 3 days. The cells

were fixed with 4% PA, followed by immunocytochemical detection of immature neuronal marker BITI-tubulin

(green), astroglial marker GFAP (red), and nuclear marker DAPI (blue). Scale bar: 50 um. (B, C) The number

of cells positive for each marker was counted by using ImageJ and normalized by the number of DAPI-positive
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cells. C, E, N, and G mean Control, ERGO, NT5, and GNF5837, respectively. Each value represents the mean

+ S.E.M. (n = 10-20). *P < 0.05, significant difference from the corresponding control value. *P < 0.05,

significant difference from the corresponding value of the ERGO-treated group. P < 0.05, significant

difference from the corresponding value of the NT5-treated group. (D) Moreover, expression of Mathl mRNA

was examined after incubation of vehicle or ERGO with or without GNF5837 for 3 days. Each value represents

the mean + S.E.M. (n = 3-6). *P < 0.05, significant difference from the control value. *P < 0.05, significant

difference from the value of the ERGO-treated group.
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Figure 5. Effect of ERGO on mTORC1 signaling in ICR-NSCs.

(A, B) Phosphorylation of mTORCL signaling-related proteins (nNTOR, S6K1, and 4EBP1) were examined by

western blot after incubation with or without ERGO (500 uM) and/or rapamycin (100 nM), mTORC1 signaling

inhibitor, for 3 days. Fig. 5A shows typical examples of western blot bands. Each value was normalized by the

protein level of B-actin and represents the mean + S.E.M. (n = 3-4). *P < 0.05, significant difference from the
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corresponding control value. *P < 0.05, significant difference from the corresponding value of the ERGO-

treated group. P < 0.05, significant difference between rapamycin-treated group and ERGO and rapamycin-

treated group. (A, C) Total protein of mTOR, S6K1, and 4EBP1 were examined by western blot after

incubation with or without ERGO and/or rapamycin for 3 days. Each value was normalized by the protein

level of B-actin and represents the mean = S.E.M. (n = 3-4). (D, E) ICR-NSCs were cultured for up to 6 days,

and the cells were exposed to ERGO (500 uM) during the last 0, 1, 3, or 6 h in the culture, and phosphorylation

of mMTORC1-related proteins (MTOR, S6K1, and 4EBP1) were examined by western blot (ll: p-mTOR, M:

mTOR, @: p-S6K1 (Thr389), O: p-S6K1 (Thr371), @: S6K1, A: p-4EBP1(0), A: p-4EBP1(B), A: p-

4EBP1(x)). Fig. 5D shows typical examples of western blot bands. Each value was normalized by the protein

level of B-actin and represents the mean £ S.E.M. (n = 4-7). *P < 0.05, significant difference from the

corresponding value at 0 h.
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Figure 6. Effect of rapamycin (mTORCL1 signaling inhibitor), GSK2334470 (PDK1 inhibitor), and

PF4708671 (S6K1 inhibitor) on ERGO-induced neuronal differentiation (A-C) and ERGO-induced

phosphorylation of TrkB and S6K1 (D, E) in ICR-NSCs.

(A) ICR-NSCs were cultured for up to 6 days, and during the last 3 days of the culture, the cells were incubated
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with vehicle or ERGO (500 pM) in either the presence or absence of rapamycin (100 nM), GSK2334470 (5

KUM), or PF4708671 (1 uM). The NSCs were induced to differentiate by adhesion culture for further 3 days.

The cells were fixed with 4% PA, followed by immunocytochemical detection of immature neuronal marker

BIII-tubulin (green), astroglial marker GFAP (red), and nuclear marker DAPI (blue). Scale bar: 50 um. (B, C)

The number of cells positive for each marker was counted by using ImageJ and normalized by the number of

DAPI-positive cells. C, E, R, GSK, and PF mean Control, ERGO, Rapamycin, GSK2334470, and PF4708671,

respectively. Each value represents the mean + S.E.M. (n = 10-20). (D, E) Phosphorylation of TrkB and S6K1

were examined by western blot. Fig. 6D shows typical examples of western blot bands. Each value was

normalized by the protein level of B-actin and represents the mean + S.E.M. (n = 3-4). N.D.: not detectable. *P

< 0.05, significant difference from the corresponding control value. *P < 0.05, significant difference from the

corresponding value of the ERGO-treated group.
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Figure 7. Effect of oral administration of ERGO on mTORC1 and NT5/TrkB signaling in DG of

hippocampus and cortex in ICR mice.

(A-E) 5 weeks old ICR mice were administered with 50 mg/kg ERGO on alternative days for 2 weeks. At day

19, DG and cortex were collected, and phosphorylation of TrkB, mTOR, S6K1, and 4EBP1 were examined by

western blot (A-D). Amount of gene product of NT5 was also examined by enzyme immunoassay (E). Fig. 7A
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and B show typical examples of western blot bands. In the western blot analysis, each value was normalized
by the protein level of B-actin and represents the mean £ S.E.M. (n = 3). In the enzyme immunoassay, each
value is normalized by the protein concentration and represents the mean £+ S.E.M. (n = 3). *P < 0.05,

significant difference from the corresponding control value.
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Figure 8. Intracellular ERGO incorporated by OCTN1 promotes neuronal differentiation via activation

of S6K1 (Thr389) and NT5/TrkB signaling in NSCs.
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Supplementary Figure
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Supplementary Figure S1. Comparison of effect of ERGO on proliferation between cultured WT- and

octn1”-NSCs.

(A, B) NSCs were exposed to vehicle or ERGO (500 uM) for 3, 6, or 9 days, and the area of neurospheres was

guantified by using ImageJ. Each value represents the mean + S.E.M. (n = 6). *P < 0.05, significant difference

from the corresponding control value obtained from WT-NSCs treated with vehicle.
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Supplementary Figure S2. Effect of ERGO on mRNA expression of several neurotrophic factors in ICR-
NSCs.

(A) ICR-NSCs were exposed to vehicle or ERGO (500 uM) for 9 days and total RNA was extracted for
guantitative RT-PCR analysis. MRNA expression of several neurotrophic factors was examined. Each value
represents the mean + S.E.M. (n = 3-6). *P < 0.05, significant difference from the corresponding control value

obtained from ICR-NSCs/vehicle.
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Supplementary Figure S3. Effect of inhibition of TrkB receptor on ERGO-induced phosphorylation of

TrkB in ICR-NSCs.

(A) ICR-NSCs were cultured for up to 6 days, and during the last 3 days of the culture, the cells were incubated

with vehicle or ERGO (500 uM) in either the presence or absence of GNF5837 (100 nM), the inhibitor of

TrkB, followed by examination of phosphorylation of S6K1 and TrkB by western blot. C, E, and G mean

Control, ERGO, and GNF5837, respectively. Fig. S3A shows typical examples of western blot bands. Each

value was normalized by the protein level of B-actin and represents the mean £ S.E.M. (n = 3-4). *P < 0.05,

significant difference from the corresponding control value. *P < 0.05, significant difference from the

corresponding value of the ERGO-treated group.
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Supplementary Figure S4. Effect of oral administration of ERGO on mTORC1 signaling and p-TrkB

in DG of hippocampus in ICR mice.

(A, B) 5 weeks old ICR mice were administered with 50 mg/kg ERGO at day 0 and 2. After 4 h from the final

administration, phosphorylation of TrkB and mTORC1-related proteins (mTOR, S6K1, and 4EBP1) were

examined by western blot. Fig. S4A shows typical examples of western blot bands. Each value was normalized

by the protein level of B-actin and represents the mean + S.E.M. (n = 3). *P < 0.05, significant difference from

the corresponding control value.
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BIUET B

2-4-1) ERGOIZ & B HiRBT AE(EED X 1 = X LR DEZE

AW LV | fhikEHEE (NSCs) (23T, ERGOIES6K1 (Thr3g89) &% UNNTS/TrkB 7 /L

DIEMHALZ T LT, MRS EET 2 2 E NG EN-, £7-, invivolcBWThH, BRAOkES

ALTZERGOIIZKEENMETH 0 7223 6 | I Eh =R B < BAT L NSCsy BB ITAF/ET 2 DGDS6K1 (Thr3g9)

K ONTS/TrkBZ1E AL S ¥7= (Fig. 7A, C, E), mTORCLY 2 F L OiEMEAL %2 L CNTS & 3583 %

FIXERGOM IO T TH D, NTEDMRLEEK 1314 KDAFEDXTF R TH Y . MBI T D

TR, £ ORI G & DHE A~ OFEHMFREIRBORRITINEETH 5725 [65]. —J7 T, MPIZZIR

BLBAT UNTS 23559 DERGOIT., KRB DIRIRICA S Lty Fx DL DS

IZ& % & ERGODRE N H- DGO HT A 2L L7=2% [43]. AR L G TE XD L. DG

DS6K1 (Thr389) K ONNTS/TrkBDiEMAL Y. ERGODFFIREB AEMMEEFH DA W= A L LTEZ BN

%, ERGODVEFIFEH) & HEZR X115 S6KL (Thr389) K UINTSI., BEAED K Hh Rt RIB K O H &

TR 5720, BAFOIRKIEL NI 2 2 LI KD HIFTE 2000 LRy, 7z, B

TEDE Z A, SBKIDTEMALCNTSDFEEIC L A5 A EFRITWE SN TWVRN 2D, SBKISONTS % 42

By & LIzinmid, BEF ORSHR BIGIREDS AT 21 4 ORI Z[BhEE 5 Z L 23 a[RE S LRV,

&

=11}
S

SHOMFTHRETH D,
2-4-2) ERGOIZ & 5S6K1 (Thr389) DEFLRI 2R EMAL DMFF
Fig. LOFEH L 0 . ERGOIE, Mifash TIXMEHE T, BEliEAROCTNLIZ X » THU W A E 7z

%I, MfaN s B RS OTEMAL 29 L T bz R 2 alREtE s B2 bz, £ 2T 73/
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W C & HZERGODIERIIERY & LT, MlEICFET 57 X / et > ¥ —mTORCLIZHK H L7z, NSCs

\Z %3 HERGOMEFZE IIMTOR K NZF D T dS6K1D U b 24 B 2N &4, ZF o

mTORC1D [ E A rapamyciniZ & » THfl &7z (Fig. 5A, B), F7-. ERGOIZ X HNSCsO #4531k

OEHEIX, rapamycinlZ L - CTHE S 7= Z £ 225 (Fig. 6A, B), ERGOIX, mTORCLOIEMALZ 4T L

TR b ERET D LB 2 b, ERGO L AR, HB4kT I > 2 FFoL-carnitined, £ 72, Rl

{ROCTN2% 41 L THIMIPNICEL D IA EHUmMTORCLY 7 F v &AL+ 5 726 [66]. HA4kT I v & H

L 2OHINICIRB S BV IAEND T 2 JEENAMTORCLY 7 F /L DIEMALICE D S5 D0 vh L

7RUN, BIRIRN = LT, B5#ENSCSIZ % 2 ERGOBRFE 1L D T 2/ FRNTFET Dl DOE#ETH.,

MTORC1Z i&E ML & 72, mTORCLZ{EMILT 5 b DIZiL, gH 7 I / BE D leucine (Leu) .

isoleucine (lle) . valine (Val) Z23% %57 [67,68]. Leu, lle, ValOBE, FallcT I/ BEFR 2

W EMTORCLDIEVE(LIZ R 2 720 [69], ZAUIE, ARG AT ¢ 7 AT B EICIFET D Leu,

lle. ValZEh3, mTORCUHEMALDIER S ZBEICfafnSETWA = EEx b5, —F. ERGOIL,

T I EENFEAET D OERSIE T THEMTORCLZEM L S 7-28, i, ERGOIZ L %

MTORC1 > 7 F )V DIEMALDVER 23, D38 T I VR L IX R 5707 EE 2 o5, &

BR. T 2 BRIIMTORD U k% 12S6K1% U U gfk9 %28 [70]. ERGODAIE., H I

S6K1 (Thr389)% U »&{t4 % (Fig. 5D, E), L7=-> T, 73 /A2 EBEICEAT HAEEKRNICE N

TMTORC1Y 7 NV Zim AL S BB IIE, D7 XV BEOHRGIZ X OV mTORE U V(b ¥ 5

XV, ERGOE: 512 XV S6KL (Thr389) B SeiIc Y VU Rfb 92 H A RM7IZ LB 2 bl b,

HEW T L2, ERGOIZ X AMTORCLY 7 F /L DIEVE(L % B ISHIC AT 5 £ . mTORS?

S6K1 (Thr371)D V U ERL X W FIRICH D EE 2 HiD [71] S6KL (Thr389) D U L (b % FE I T
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SR & ¥ 7= (Fig. 5D, E), £72. ~ 7 RIZxT HERGOD# N 51X, DGIZEBW T, S6K1

(Thr389)?d U v (b 2 A EIZH N S H 7228, mTORXPS6K1 (Thr371)d U U ER{LIZHEIN S 72 o 7=

(Fig. 7A, C), mTORC1 7 F /L d 9 £©86K1 (Thr3g9) & B S i IG AL 3~ DL AT EIED & = A4

HBRTELT., ZOREOMBRIZNEETH 575, ERGOSMTORIEKIEAINTS6KL (Thr3s9) & & MAL:

THAREMEZE X T\ D, il 21X, ERGOIEX., WEMIIZISUN T, sirtuinl (SIRTL)DFELZHIMN L

[72]. MEEefmA IV Tl SIRTLIZS6KL (Thr389) DI HL A 42 [73], £7=. AWFFEICEH T,

S6K1 (Thr389)» V v {2 {Eitk+ 2 PDK1 [74] D FHEHIT H & 5 GSK23344703ERGOIZ L 5 S6K1

(Thr389)d U lk{k. % 4l L7= (Fig. 6D, E), L7273 C. ERGOIE. SIRT1d %\ EIPDK1OTEMAL

ZJr L. S6K1(Thr389)D U » (b2 mTORFEAKAFHICAREMET D AlgEtEnN S 5, LV FEMAR A =X

LOEPIZIL, S ORLMFEPLETH D,

S HIZHIBRIENZ & 12, ERGOIZ X AmTORCL 7 F /L DIEMAL K O LA EE A 13 3E

FAZEH Y, BEENSCsIZ %9 HERGODIRFR 1L, S6K1 (Thr389) % >3 /) 1HF[] ¢, mTOR% 6HF[E T U

UMb &+ (Fig. 5D, E), 24F:[H] TNSCsO##k ke % B X 7= (Fig. 2B), Z i, Hifasto

ERGOOCTNLIZ X » THIFENIZZh =R B < Bt W iA £ 4 [38]. FMMAZNERGOME FE N HEEM T LA 2

ZEWCEY, T BEUY—mTORCIDZE R IEMELEN D Z EICERT D00 Ltz

ERGO & [A#EIZ, mTORXPS6K 1, #fifs b A TEMALT 2 & DIZ, T 9 >FEDselective serotonin reuptake

inhibitors (SSRI) 231 H AL T2 [75-79], B 2 1E. SSRIMDparoxetined 54, NSCsDAffE /b g ik

ICTHER [79]. AREEANIAIC BT AMTORK USEKLD U L kI IZ4 HFLEE 2 3% [75], ERGO & kil

9% & paroxetine®mTORCL Y 27 F /L DAL K Ot AL AREEME I IFFEF 1TV, 24U, SSRI

DA v 7 AMIBR OserotoninE DN B A E Y | serotoninsz AL MAl.. cAMP/CREBIE AL
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BDNF/TrkBiEMEAL . Akt CERKIEME(L, mTORCLIEMEAL,, #RHT AL EHE & vy 5 RUVVBFR DS LETH

%7\ [58,80]. ERGODIEE L, MTORCLY 7 F /L DiE A, NTS/TrkBOTEMEAL., #fE A= (e & i

BAEWNLTEEEZOND, TH, WK CTRIELE 2559 DEOZNEFEBLOPELEIZ, mTORC1ID

TEMEALCARE IR E £ TR A0 2 Z ENEE-T 25 L OHENH 5 [23, 59, 76].

MTORC1 % FEHF [ THEME(L T 2 & D iZketamines & 2 73, BIZMMEDHL 5 SRR &2 R4 7o D4 H

ZIWONTW D [59, 61,81, 82], Ketaminei, NSCsiZ 30T, 1FFIFEE TmTORCL & & MAL+ % [83],

ERGO % £ 7-. NSCsicB\\ T, 4RI TmTORCLY ~ F /L (MTOR, S6K1 (Thr389)) dDiEtkA{l., ik

AL E RS B 7=, ketamine® X D IZEIMEDHL Y D1ERZ AT 2006 LILRV, E5H1Z

ketaminel LRI TH W IKIEMEDORIEN B DA [84]. —H T, BEBRBHDOLZ XX r I8 EICER

T 5 KIEPEDOTIREWEERGOIZ LI L L BEX OGN D -0, REIRIGHE « THIZR W THM

H LIV [43], LALLM 5 in vivolZ 31T 2ERGOD HIENH 2 EIC DWW T, £EFEET

— A e, AWFZETlE. ERGODF O H1%2 H K TOM9H %12, NSCS/MEFIC/EET HDGIZE

W TUmTORCI Rt DS6K1 (Thr389) 1M b < 7= (Fig. 7, Fig.S4), F7-. @EDOMIE CTIix. 2l D

ERGODR M 5-1%, DGIZRW TR H A 212t Lt o SEEEER 2~ LT [43], 5%. ERGOD

BIZhHY 72 VB 2 ERB 9~ % 72 I (2-14 F ) i 13 5-32BRIC I\ T e AR e R

Lo OREEZHRFT L T MLERH D,

2-4-3) ERGOIZ X BANT5D=BIRA 72558

BRI Z 212, B5ENSCsIZ %3 H2ERGODIREFE 1L, M E N +NTS 2 @RI iR E LT

(Fig. 3A-C), MMIZI\\ T, NTSZ2#HET 2L EMITBUED & = AERGOLAMI A 1372\ 2%, BDNF
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NFHEINLHEEH D [59, 85], 5z 1X. TetrahydrocannabinoliL, ~ 7 A DFRFIRIZEBWT,
MTORC1D#EMALZ I LT, BDNFOMRNAK ONY v /X7 OBl & A2 IS % [86], CreatinelZ,
MTORC1/BDNF > 7' /L Z &AL L. corticosteronelZ L ¥ i X i7-~ 7 AD 9 OHEIEIR & o9
% [87], 2D X 5IZmTORCLZBDNFZ#HET o HEI1TZ < &5 [59, 85, 88], AWFICIZI T,
ERGO O & FRAE ] % /R B EM 9~ % & . ERGOUE 75 #% 1K TmTORCL > 7' /L F it © S6K1
(Thr389),3 U » gk i (Fig. 5D, E), = D%, 12FFM CHifREEEN -NTS2 758 X 11 (Fig. 3B). 24
R CNSCsOMRE M LEEN EH- L 7= (Fig.2B), F7=. invivolZB\TH, ERGODRE O# 5%, 2H
TDGMS6K1 (Thr3g9)d U L ER{L AN L (Fig. S4). 19 H #£121LS6K1 (Thr389) Jz NNTS/TrkB 3 7'
JVINTEME(E S U= (Fig. 7A,C,E), L7-2723- T, ERGODHAITE T, mTORC1Y 7 F /L FifdDSEK1
(Thr389) &M Ak L. NTS/TrkB 7 F L 2 iEMEA LT 5 2 & T, Mk (e T 2 et #EZ2 ©
&%, —J7. ERGOIZ X ZNTSD BRI 2 i E OFEM2EF 1T A D % % ThH D, ERGOIZ K 5 S6K1
(Thr389) DRI ZRIEMAL B G-F 5 Db LV, AROBFHETH D,

UTAE . NTSOABRAEENZ DWW T OWEAE X TV D, NT5IE, K9 26k & B2 BR 1 &
HBDNF &R U K 512, TrkBATEMEAL Lk E 22t 32 [23,53,89], ERK Tix., KO DWOE
JEFED EFAZE, AT BDNFRE XK 3528 [90]. [AIERIC, MAEHNTSRE IR FT 2729,
NTSH £72 KD DWOEIEE DO~ —H—L LTHHEEZLND [91, 92], L7=28-> T, NT5IE,
BDNF & [AlkIC, TrkBOTEMAL Z I L7124t 9 DRICE G5 L B A b D, TrkBOTEMEALIE, #
R T T AMREFEZHIET 5 Z & T, 9 DIEROUEER, H1O SO ORI H 5
3% [93,94], 7. SSRIZDHL > SEOEMIZIZ, TrkBY 7T &0 LTz, M AREER 2
HETHDH [23,2594], =2 TI4E, TkBO U B> R THHBDNFAEIMAN THMESE S Z Lk
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KD OFWEIERT DRAN 2 EINTWD, R, MEWNIZIEASILZBDNFIL, 9 DfRET /L~

AD 9 ORERZWET D [95] L LRSS, MRERERFI1X, ~T7F FTH Y MBATHED R T

VY [65], Z D7, MR R T Z M~ EZE ST D VAT L0, BTV & < PN THRIRE SR

BNF2FHET ILEMOBRRERNEETH D [96,97], — 7. BDNFOSNPs (Val66Met) ZH7T 5 K

IOIFDEE . HLO DIEDSSRIDEZ ENR N & 230> T 5 [98, 99], BDNF 7 SNPs

(Val66Met) TixVal/ValZ £ ofE & il L TN OBDNF O WMEREME T2 2 E BNERT 5 & &

Z b5 [100], L7=A3> T, BDNFOSNPs (Val66Met) %4 L. 7>, NTS#EIm F-ICER DK

I OIRDOEEEICIT,. BDNFZFHEST 2 L0 EFEANTSZFE TS5 2 &2, K9 DIRIGEDOH - 728

WL 7250 b LilZey, £Z T, ERGOIL, BAKETH Y 2N LMEBITHENE <. DGIZHBWT,

BDNF TI%72 < NTS 2 #IRAICFEE 4 572 (Fig. 7TE). BDNF SNPs (Val66Met) % A4 % SSRID i

ZPEDPMENK D SR OIGIRIC A S L,

2-4-4) BEFF DMREFTARER & D i

BRBEROZEXZ 7B EICE ENHERGOIT. BEFH KOKEEOHRILWE TH Y .

TEEEIROCTNLZ I L CTMIC R R K BAT T 270, fMOBEAFORREHT AR & i+ 2 & | %

efE, MBATHICE L T, FRCEND L EA b5, BT, BIFEOH O b bt etk

MBH DN, 'u b= EGERER ERIERNZ <. TOEMOBRCITERLET 5 [101] . —77,

ERGOD L 5 IZEBEHH KDL EW T, #RHT A Z RS 5 6 DIT, resveratrol<Ccurcumins: D AT M:

DALBEIN S DN, NAFT XA F VT 4 RO TR R ARG L 2BRIIR#ECTH S [102],

S I, EEAIC XD IFFF RN LD THIETRRIEHNEC S AREELH D, FHE,

44



curcumin DI FIF GBI 2B EUIESE 2 E 25 2 EAHE SN Tn5 [103], —FH T, KiE

MHALEYOLAIE, BREEE L2 LTH, ZORIE, ZEHEE ORI/ S < FEEARIC X

DHIIR SRR SN D720, L EEEZ BN D [104], BIAIE, AR e EE A

EHTHREICERT 57 X/ Ftheanine D KR 708 O 5.1 [105, 106], K 5 DI ABEITEB T,

BIER & 722 < L4 9 SfER 2 U 25 [107, 108], BAED L Z A, BEFHSROKEMEILEW D%

O 8 50T X0t 4 2R te 4 2{b &%, theanine< S Tdh %, Theanine & [FIEEIC . KIETET.

LR BEHDEEXH 7 ICEEICE EN AERGOD S5 AT 1T EAOCTNLIC L » THIRE N 5 7-

D, B ETH-oTH, L2 EEZ NS [43], WK TlX, ERGOM I HHE /) X —

XY URRRAEE B ICB W TR T35 Z & X° [44, 45]. ERGODFHEEE/ICFMES DIK T A2k

BT DHZENHEINTWD [60], AFFZEERE ALY THE 25 L. ERGOIE, S6K1(Thr3g9)dik

A, NTS/TrkBOIEMEAL 2 I U= b ORI L 0 . #REMO#EIT2FHEI L TV D D00t L

v, BLEX YD . ERGOVE, MATHRZBMEDOBLNNGT D & BEMOMRREH A e EEN 24

TOIEMTTHRIEND EE X b, BUREBORHINRIGE - THFEICADLELLND,

2-4-5) #EEA

ABFFEL VD . OCTNLIZ & - THIBPIZ R Y iA £47-ERGOIE, S6K1 (Thr389) & UINT5/TrkB

T FNOIEMALZ ST LT, NSCsOMIRMb AT 2 Z LN B L7257 (Fig. 8), ERGOM

TEMEAE L72S6K1 (Thr389) L ONNTSIL, BEFF DA i i BB ORER) L 1T B 720, b %

{EEE3 SERGOD & 5 Zefb e, BEAFOIBHIE AT 2 BIMEM O IEEe, BEAF DOIRHE & fF ]

T5Z LICKDHERDRPEIFFTE D0 LAY, SROBERETH S,
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BEE JFEEIEAR OCTNLIC L B I 27 v 7Y 7 OEMALEIH

B—H S

I RAET D5 S 7 v 27 ) 71k, otEH PO/ 545 [29,30], S0/
UTIE, IEF 2N T, Ko L7eBEZMIT LR e U TFEEL, BEZREVKLED
Z & TP OARESMAIC BE NEN N ZEER LTV D [31], BMOBESS, 7 A /L A DY RS
T LT A=NRICIERA ULTEMEALRL & 72 5, TEME(RIRLS 7 v 770 IS ~EEESND &
PR & LT, TNFoRIL-1BZE D RIEMEY A b 1A U RPROS, MRSFR K1~ DFEAE - i<, R
PR & R OB A MR 2 RE T D [32-34], — 5T X/ m 7 U T AREIC
TEMEAET 2 & (BEIALE PO ER i s 2 b R 2 5 2 | 18R 72 i EIT T vy o
A = —IFRK D DI FEOREIHRIR B ORI G5 [35-37], L7ieBoT, 377 U7 DiE
PALA T 5 2 LN TEIUT, Flix OB B OB AR 2GR A ARBIZ /2 5200 h LRV,
EBE. X7 v 7 U 7 OIEMEALHEEE & LT, MRS B 7T v &9 LT TE b O FRET A %
HFRENTWD, FIxiE, 7V vZEEIT. 370707 ORENZEIETH 2 BAREOIEERE
[ZB85-9°% [109, 110].

—Ji. X7 na 7 )7 O EICE, RSN, AR E OB AT b T AR
— =L LTIV 7 h—R&HET HGLUTS [111]° 7V & 2 e &tk 9 5 GLT-1 [112]75. HEH
kT v AR —%—L& LTMrpl, 3, 4, 5, Mdrl, BCRP [113]DF BN HE I T\ D, BIE TR
homeostasis|Z % E 72 ¥)E % NI HR Y 3A T esolute carrier superfamily(Z, #3& 13HfAIZ & > TRE D
BN 72 & o 2 HEi4 5 ATP binding cassette superfamilylZ &9~ %, Mrpl, 3, 4, 5, Mdrl, BCRP73

EDABC | 7 » AR —4%—[X, lipopolysaccharide (LPS) #INC L2 I 27 v 27U 7 OIEHEAGIZHEN,
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MRNAFSC X /X7 mB B L CTHBEN A LT 2 [113], L LAR L, I bEEmEALE I 7 v

70T OIEMAL & OFEM/R BRI O\ TIRIZ & A S STV, S REOEAIL. —if

PEDEOHIIEN > 7 FIRZEDIEMAL Z R L 225, —J7 T BRI IENS TOSE DR E

AT o720 AR LD LRI MEREREICEND L E X005, R, MR

REFEOBMEREIZBW TR, 227 n 7 ) 7 OiEEE2 REIICHRET & 20808 H 5720, BhEg

I Lol o BRI BRERET S B 20 b Ltz

AWFGE TG T F 4 o 5 ROCTNL/SLC22A4I2 % H L7-, OCTNLIZM., /. AN, &

g7 SRPICIRIAS BB L TR Y . 7o, WKW FA MbamaEH L& LGRS L

E{'

WZHLD IATIEMEDN B D [40], & < ATAERPICBW TIZ AT R OFIRLYEERGODWRIT, Ngessy

i, PRANE PN 72 E2f# < [41), BN Cldpidsiila [42]5°NSCs [38]i2 31T DTN HE T

WD, 277 ) TICBIT DIBUTZ > TR, ROV Tid, CD14B MM

[47]<°lamina propria mononuclear cells [39JIZFHELT 5, I HIZ, v 7 v 7 7 — VA LML OTHP-1}%

O MHTARIAZIZ 38U Tl £ 2 FULPS, TNFoD Il IZ L 0, OCTNIOmMRNAEIIHE N L [39, 48],

F 7. N RIEENLIC T HOCTNLID Z o3 7 3EE BT, FERIEERNL & boile U CAH B 288

SNz [39]. BEIMEMZ AT 2 M XiEHAbOBIC, MINICB W TS EDOROSZEAT 57

B, OCTN1Z AT L7 Hilb/E DERGODEL V) AL MMM & L CEEZOE LivZevy, L=

Mo T, MOREMITHLD I 77 Y TIZHOCTNIAFEEL L TW DS ATREMED iV, X7 r 27 7T

DOIEMEALFIC BT . ROSHZE < FEA S, ROSITHIIARDIERILSoH A A o D4 W B 5

T 5, Bz 1L, NADPHA ¥ 2 % —E (NOX) EZFRIBICL WROSOEAREZIKFEE 2~ AT

7 a2 ) 7 ORKIEAIGE b [114], F7=. Piig{b¥/EedaravoneDiRIMNIL, YA b A v
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DFELEZMEIT D [49], L7223-> T, OCTNLEZE D BAF72 FE TH D iRt WEERGO % HL V) jA T,

ZEicky, 27 u s ) 7 OEMEEEISET S Z ER RS,

ARBFFETIE, £ 27 07 U TIZOCTNINHERERIICHEH 5 2 L 2l T 272, v U R

Bk 7 v 27 ) THIHKBV2 L WIREEE X 7 v 7 U 7T HIIEIC R 1T 2ERGOD HR W A A 1E M A a8 L

72o WIZ, OCTN1ID X 7 v 7' U TiEMEAb~D B E 2 Etd 5720, 27 a7 U 72817 520CTN1ID

FEELNHIRCoctn LEAR - KIS, RIEPEY A N T A o D FEASCHIIE D IERACIZ K IT T 528251 L

7o 51X, OCTNIDOEE TH HERGOD 2 7 a 7' TIEMAL~DEIEIZ >\ T b ET L7,

B_E Ak

3-2-1) RI

DMEMIZ, Fnyt#fiZk (Osaka, Japan)J ¥ . bovine serum albumin (fatty acid free, low endotoxin, fatty acid

free, suitable for cell culture), poly-L-lysine (m. w. 150,000-300,000), LPS (L4524)(%. Sigma-Aldrich (St.

Louis, MO, USA) L v | clearsoliX, #7147 A2 (Kyoto, Japan) L ¥, L-(+)-ergothioneine-d9 (d9-

ERGO) %, Toronto Research Chemicals, Inc. (North York, Toronto, Canada) & ¥ . FBSIZ. Invitrogen (San

Diego, CA, USA) L v | [*H]ergothioneine ([*H]JERGO) . Moravek Biomedicals, Inc.(Brea, California)

£ U | L-(+)-ergothioneineld, KEMPROTEC Ltd. (Carnforth, UK) X ¥ [ ISOGEN, THUNDERBIRD SYBR

gqPCR Mix, SuperScript Il Reverse Transcriptaseld. < #1<#UNippon Gene (Tokyo, Japan), TOYOBO

(Osaka, Japan), Invitrogen (San Diego, CA, USA) X W g A L7z,
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3-2-2) B

octnl™-~ 7 A |X, WT~ T REDNRy 7 7 aRA&6EfTol-~ T A& ERICHWZ, WT~

7 A K Qoctnl”-~ 7 AL, BIRKFEFERSFEEBR Y o 2 — - BEREMWIINISEHiR CEIE., B Sz

b oz Wz [41], A%3-4E FICEERL L, BELR O~ 7 AT TN TREER THE S, KR URE

FTHBICEZ bz, B EBRITERREEMWEBRIEEHIAE > TR L7,

3-2-3) ~UAHKI 7 vl Y THIKEKRBV2DOIEE

~ AWK I 7 s U THlakk (BV2) 1%, Korea University®Eui-Ju Choif#i - X 0 #2ffk L C
TEW =, WEIRZE R CHUEIRIT SL-BV24 37 °COKIE TTE 5 721 AUl L 7= %, 37 °CICii
7= H5H (10% FBS. 100 units/mL penicillin, 100 pg/mL streptomycin & DMEM) H 28 L 7=,
Z DORKEWE 2127 g T HIE Lol L. BT A FRER, ORI RE S, 37 °C. 5%
CO,A ¥ % = ~— & — (Hirasawa, Tokyo, Japan)H T4 L 72, 2-3 H#%IZdish/iE i FE D 80%FE £ Tl
JASHEGE L 2R ISR 2 7 A 8 L — 2 — TV BRE . 3mL PBSTIEIGEF L, 7 A L—&—Tl
51#. 2.5 mL 0.25% trypsinZ NN LA A 1308 L7z, 1328 L7l IcEie L, otk b
1E&2 B BRE 1 mLESH G L, 5X10° cells/10 cm dish®# & -¢10 cm dishiZfifi\ M7z, 2-3HM T &
(R AT o 72,

N7 v AR —Z — Ok F 5 & Ottotal RNAOTHIIZIX, 1286 2 %24 well dishiZ3 X 10*
cells/cm?D A% £ T, ROS imagingZ2BR 113, 12X 108 cells/cm2oD #lfia7: B CHEFE L 7=, &)
548K % I BT, 500 UM ERGO% & A L7-FBSA G OEF M [EHA L, T2 %I ER &2 1T -
2o LPSEIRINT H%51%. A EBRBLGDO0, 1, 2,4, 6, 8F 71X I6RF AT AN L 7=,
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3-2-4) IIREERI 70T T OHE
~ U AR KM EE BRI ARSI, SRR PR E R 2 — - EREWIF
ZEMERR T, BHE S - WT R Qoctndl -~ 7 A DA A MO H/EfF~ 7 A& WEH L, HEE 2K
x| AR Uiz, f U7 2l3okes L7PBSHICEIL L, BEvE#%., 4°CIC@m<° L7-PBSHIZ A
AT F E FERBMEE N ORI A FS L, KIMEE A0 L7z, KIMEZE 237 °ClZiid 722 mLod
20BN, B RE DT A X LTz, WIT, FEF2IL DRMPVERE VA — MZOE
1 mL0.25% trypsiniZ (5.5 mM glucose % 7 £#PBS) % Nz, 154337 °COKIBH Tiz% (250 rpm)
LR, A& a_X— |k Lz, 155, Ut & 1k 572912, BifiE 4200 uL & . 1 mg/mL DNAase
(PBSTHIR) Z25uLimn L. 286 g Chopfilim LB L . o Nk ZE Y e HEDREA T ¢
7L (10% FBSinDMEM) THEEE L7z, ZD& &, By hZ2HWTHIA R 2 72 < 725 £ THH
L7c, D%, &6 Cpoly-L-lysinesd = —7 1 7 L7 58 dishiT i 2.5 X 10° cells/dish i
fAaBEBEIZ 72 D K 91210 emdishic#ifE L, 558 dishZ E<HEE L T 6 A U F a2 _X—F —NIZEE L
Tz ZOW%, LA Z LB AT ¢ 7 2% LT [115], MiaiERE%28 H B LUKk #dish % PBS
Tl L=, trypsiniasid (0.25% trypsin-0.03% EDTA : DMEM =1:4) %%, 30431 > % =
—hL7, EIZ, TA bt A b5 MiaEN N Edish) HilEREL T< 2720, trypsinig & & b
ICBRZE L, PBSTREIVES L7z, Dk, Hagdish LIS LTV A filzs I 7n 2y 7 e Lz, =
DL TFIZENT, 27 r s U 7 ~—F—IsolectinB4 &% Olbal D B ERIIE OULR1Z, 90%LL ETH 5
[116], S/ Yetald Z ORRECEBRICHEH L, b7 v AR — & —Oigikilii & Ototal RNAD i
ROS imaging. #MIADIZREBIZZ DB AL, DI 7 17 ) TIZE 5120.25% trypsinZ il 255y A
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YFXaN—hL, ERyT 7T/ u s U T ERHA L, BNOMREEICTHEREL, T

v AR—Z — Dk EE K& Ototal RNADHIH IZ1Z. 12 well dishiZ1.3 X 10° cells/cm?2d {53 B T

U\

ROS imaging & Ol O T BELZ2 121, 24 well dishiZ6 X 10* cells/cm2?D #ll i % FE C#EFE L 7=, ERGO

¥

WINEBROLA 1T, IR & 2414 123\ T, 500 UM ERGO% & 47 L 7-FBSAR & D% i1 &

Hal . 48HFMIRRICK TR AIT o7~ LPSEZIRINT 256 1E. K FEBRBALEDL, 2, 4F 72 1X6H5HF71230

ng/mLDOLPSZ Wi L 7=,

3-2-5) SIRNAE A2 X 5 OCTN1DFEB I

Lipofectamine RNAIMAX % Opti-MEMH Z ¥R L. 553 [I=EIR THiE L7c, £DOHEAT S

octnli& 1= - @ small interfering RNA (Fl%1: GGCAGUCUGACUGUCCUCAUUGGAA) (Invitrogen,

Tokyo, Japan) % Opti-MEMH1{2100nM & 725 & 5 124 R L. Lipofectamine RNAIMAX & JE&Fn1% ., 20747

fH==ih CifE L7=, siRNA®negative control & L T, Stealth RNAI siRNA Negative Control Medium GC

Duplex #2 (Invitrogen, Tokyo, Japan) % L 7=,

ZORNC, 3-2-3DF1ETH#E L7-BV2% ., 0.25% trypsinisiiic L v ytic L. HiAEMEREG D

10% FBS% & 1e DMEMY1Z. 3.0 X104 cells/em? (2725 L H1ZFHBL L 7=, 12 well dishiZ f i i ik %

FEFE L. 554 1ZsiRNA-Lipofectamine RNAIMAXIR A 2 N 2 7=, K53 24W5fE1%4 . PLAEME R E D10%

FBS% & {PDMEMIZ [EH#L L 7=, A8HF[ITZICFBSA G AR HICACHA L, B 720F #2124 SEBRIC H W

77‘4
—o

3-2-6) HEEMINIZ 1T B [PH]ERGO K& (Rd9-ERGO Dk Bk
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BV2E 7213w I 7 2 7 U7 (PMG) %, transport buffer (123 mM NaCl, 4.8 mM KClI,
5.6 mM glucose, 1.2 mM CaCly, 1.2 mMKH,PO., 1.2 mM MgSOs, 20 MM HEPES, 4.2 mM NaHCO3/NaOH,
pH7.4) T2REPE%. 3 Etransport bufferZ ¥ L., 37 °CTH3 A ¥ =2_X— |k L7z, ZDk,
transport bufferz 7 A 'L — & — Ty, FEiE (700 dpm/ULD[PHIERGO & % M E10 uM d9-ERGO)
2500 LN L 28R 4 BAA U 7c, 2B TE AN KK 2 10 uLENY U7z, SEERIE THRFICHK 2 7 &
B L— & — T Ok ETH=e Lztransport buffer C3[E%:#4+ L 7=, transport bufferd 7 A &° L — & —

WX VBREL, FRROFEICZL Y, Mlad OFPHIERGO K (N9-ERGO % HIE L 7=,

3-2-7) i D[PHIERGODHEIE

B RRBR D% . ISk L C0.2N NaOH %400 pL¥sin L7z, K2 L X 9 icwellod
M OZERNZ AR K Z I 2 dishic# % L, /37 7 /L A Tdish&E ORI A 5 S &, 84rpm, =il
TR TR L7-, MIRRAEMRE LT 2 & 2R84, 16 pLod5SN HCIZ Nz HFn L7z, 100 pLiZ %t
LT, clearsolZ1 mLiRM L, vortexfs, —MiFfE L CLELSE, B FL—rarhvr s
—IZ LV R ERIE LT, Ml e kiR o # X7 EIIBSAZAENE L L, protein assay kit (Bio-
Rad Richmond, CA, USA) Z IV THIIE L7z, Wi teid, Mlap O PHIERGO MU TS M2 Fiik o

[FHIERGOMRE e V% > /X7 BTl L7=fE (uL/mg of protein) TaFAfi L 7=,

3-2-8) #iKH DAI-ERGODHIE
TSR D% . MIIEIC ) L CTH0Z 400 LRI L, cell scraper# WV CHEAE Z [ L7, R
R T, EREYEJ9-ERGO A cell lysatelZ L ¥ . FrfkiEEEA % 40, 3, 10, 30, 100. 300,
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1000,3000nM & 72 % L D IZAR LTz, £ D%, F v 7Y =/ —3 a - (TOMY SEIKO Co., Ltd., Tokyo,
Japan)(Z & 0 MIfRARE 21T LR OSRMETH v I ViRR A 1T - 7=, 45uLdcell lysatelZ kLT, W
PEYE)E (cimetidine) % icA&IREEN30 nM E 725 X 51215 b, H,0%15 pub, AcCNZ75 uLinz 7=
#%. vortex% =il T3 M4TV Y, 15,000 rpm, 4°CTL104 L L EiG&E &, 512, ZoO@ELED
B OHEEOBFE A2 0 IR L, KIS b EEALC-MSIMSIC X v ER LT,

< LC/MS/MS condition >

* Instrument :  LCMS-8040 (Shimadzu, Kyoto, Japan)
» Column: SeQuant® ZIC®-cHILIC Column (100 A, 3 um, 2.1 mmx150 mm; Merck, Frankfurter, Germany)
* Mobile Phase : A) 0.1 % HCOOH

B) 0.1 % HCOOH in AcCN

Time (min) % of A % of B
0 5 95
0.5 5 95
35 70 30
45 70 30
4.6 5 95
7.0 5 95

* Flow rate: 0.4 mL/min

+ Column temperature : 40 °C

+ Autosampler temperature: 4 °C

+ lonization: Electrospray

+ Polarity: Positive

* Multiple Reaction Monitors:
+ d9-ERGO: m/z 239.15 (Precursor ion), m/z 127.00 (Product ion)
« cimetidine: m/z 253.10 (Precursor ion), m/z 159.10 (Product ion)

3-2-9) RT-PCR

PMG K OBV 2#fifdiXZ 4141, RNeasy Mini Kit (QIAGEN, Hilden, Germany) % 7= (ZISOGEN
(Nippon Gene, Toyama, Japan)Zf#i il L, &4 OEHET o k=L ZHEV, total RNAZ il L 7=, Oligo

(dT)12-18 primer . deoxynucleotide triphosphate mix . RT buffer . MultiScribe™ Reverse
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Transcriptase & FlW 2B G GIZ LV . cDNAZBRL L2, 135 4U72cDNAL | FARRY B S 12 %)
Jit~ 9" % sense & Ulantisense primer (Table 2) &% OTHUNDERBIRD SYBR qPCR Mix % /&4 L, Mx3005P
(Agilent Technologies, Santa Clara, CA, USA)% FI\ T, E&PCR%4T~7-. PCROJEIE. 95 °C.
154y — (95°C. 10%» — 60°C. 30%)) x40 cyclesD & TIT -7z, mRNAJHL&EIZ, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)(Z L - TH v 7L OFEHE(L 24TV, FE E B DAACHEZ W

TE&E LT,

Table 2. Primers used for real-time PCR analysis in the present study

Genes Sense primer (5'-3") Antisense primer (3'-5")

OCTN1 GCTGGGAGTACGACAAGGAC GAAGAACAGGGAGGTGGTGA

IL-1B GCTGAAAGCTCTCCACCTCA AGGCCACAGGTATTTTGTCG

TNFa CGTCGTAGCAAACCACCAAG GAGAACCTGGGAGTAGACAAG

GAPDH AACTTTGGCATTGTGGAAGG GGATGCAGGGATGATGTTCT

3-2-10) Ml AEmAOHIE

9, ERAICED, 27l U ToRGE{To7-, 0.75 cmX0.75 cmiZ I N— T T A

(Matsunami Glass Ind.,Ltd., Oosaka, Japan) &t L, #4174 70% EtOHIZ 100 IR L 7= 1%, YRS IR

WA MHE3SH TV, MIlaAH0E SE D E A K TAHHREH S - 70 D& At 7-24 well dishiZ

PBSTA IR L 7275 pg/mL poly-L-lysine& /il 2., 37°C. 5% COxf v F 2 X—X — (2B T, Dl L

2 M §5E L 72, Poly-L-lysinel&ik & FrZs LPBS T3[HIYE L7-1%. PBSZ L < BV B | il S,

HE 2 B R LS L=, fMildzd ., PBST2EIWEF L., 4%PAIZ LY, iR, 2000 A ¥ 23— K9

AZ L THETEMNMLEZ, 51T, 3% bovine serum albumin, 0.2% Triton X-100% & #ePBSIZ=1E . 304
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A vFaX—h L, 7rYF 7 %E{To7z, filba-1FL{K (Dako; Santa Clara, CA, USA)%Z, 7 1 v

X TR AELIOEATIR L7kl L0 . /1000 CA R L., 4°CT—ME&G & H 72, PBSIZL - T, 3H]

Yed L. Alexa Fluor seriesiZ & o THEak S 417z ZIRFLA (Alexa Flour 488 anti-goat 1gG) %, 7 &2~

X TR Z 10 AR U7 PARIZ K 0 1000f5 (2 AR L. SSIE CLRFR G S 872, “WRBUA KRG % #&

A T-AEREIE. PBSIZ &0 3EITEH 24TV DAPIETAFIZIRINL, Y 2~ =% 27 THH L. =i,

WS T Ol &7, Bisi, HE S BEMEE (LSM710; Carl Zeiss, Jena, Germany) % FVCTiT-

7o ST AT, ME60ME UL LA BI%R, Hksg Lo, ImageJZ MW T, MIAAD MO K & &Mk

EFEZ B L, SRR RS IS — D OELEDI RS T 5 X 9 1IZExcel® T=rand()| & HWCTELELZ 58 4E

S, EOEHEE FNEA 2 T, EALS0ME DO ELEUT i3 2 Ml AR AL A2 50 L7,

3-2-11) Intracellular ROS Imaging

YoneyamaZs D 7' 1 k 2L & —{EEIE L3RR L7z [117], PMGH 5 WM EBV2IZxf LT, 10 uM

DCFH-DAZ ¥R L T, 37 °C. 1EffjA > F 2_X— | L7-, PBST2[HH A% . BIOREVO BZ-9000

microscope (Keyence, Osaka, Japan)iZ k& 0 #8152, R 41T -7, WIHERIZ CHREZHIPH 2 FE/E 2% [ 23R

L. #kiZ L7z, Image JZ& AV TL A3 2 HOG5RE O 5\ e B o 6 & 3 L 72,

3-2-12) MEEHEAT

FTANTOERRITDAR LBV IR L TUTbI T, 7 —Z T FHE A TR L,

studentoDth i %5 L . BEEFEITARAT LT, SRERIELEE . —Sehe A U AT (ANOVA) 24700,

HEZDOWIZRERIZ B CTDunnett's test & 47 - 72, pfiEA30.05A40 2 F it 2RI A BEEZH D & L,
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B AR
3-3-1) =T ARI 7l 7TIZEIiT 5OCTNIOMEERRE,
FRSRMIE O T, RRAMAECNSCsIZ 35 1T 5 OCTNLID R BT MERE STV 5 2% [38, 42].
27 a7 U TIZBITH0CTNIOREIIARHTH S, 227 v 7 U 7281 H0CTNIOKRERFE Bl %2
e b 572812, OCTNLID BAF72 E THHERGOZEHH 5\ MFPH (D) I X W E#K L{L&H D
RPN ~D LV AT EME 2 M L7z, BV2IZIHW T, 1204 % CTHEMEAERYIC [PBHIERGO D B V) JA T
| L72 (Fig. 1A), 120431238\ C, 500 UMD FEFEFRARKERGO D fF7E F Tk, B IZ[P*H]ERGO
DOHLY iAF WY LTz (Fig. 1A), Z DERGODHL Y IAHZMNOCTNLIZ T LT=b D TH LN E 9 vk
RS % 7212, SIRNAELALZ L W OCTNLIOFRBLA #liil] L 72BV2 K& Uoctnl”-~ ¥ A B 3KPMG (octnl®
F-PMG) 128\ T, [PHIERGO % 72 (Zd9-ERGOD L V) iA % 4 % FFAfi L 7=, OCTNLIZ%fd" % siRNA
(SIOCTN1) ZBV2IZHEAT 5 & W IEETH 2 IERFRIISIRNAEARE & i L T, d9-ERGOD H
DIAAIEMENRZE LB L7 (Fig. 1B), X512, WT~ 7 AHHKPMG (WT-PMG) 28\ Tk, 3E
HIZEVOPHIERGOD BL W A TR AN HERR T & 7223, octnl™-PMGIL, [PHIERGOZ 1E & A FHLY iA £
7272 (Fig. 1C), LA XYW, ~ T A7 v 7 U 728V T, OCTNIMSHERERIIZ B L, ERGO%

AR B E 2 2 & AR S 47z,

3-3-2) 7 u 7Y 7T OEHELIZHES OCTNIOZEE 5

WIZ, 27 a7 )T OIEMERIZ X HOCTNLIORBEIA~D % 83 5 7-HIZ, BV2IZLPS
R LISM L &8 7-2% ., OCTNI mRNAZEHLE L O PFHIERGO D HL V) IA A& ME 2 € L=, £ 993,
LPSOIEFEARIFIE DA AT 72, 15 D I3 ng/mLOLPS % 6FE[#IRZE S %5 & . OCTNLI mRNAD %
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BIAKI2.565 (23N L, 10-100 ng/mLOLPSZBEEE 4% &, OCTNLI mRNADIEELILKISFFIT N L7z

(Fig. 2A), IXIZ, LPSEREFE DRFREMKAFIEC OV Tz, 100 ng/mLOLPSDBRFER . 17> b 8HFH

T BB AFHIIZOCTNL mRNAZE B E 3 80 L 7= (Fig. 2B), OCTNLI mRNAZE B OHER & FIBI L €.

PHIERGODHL W IARIEME S F 72, LPSIRFEZSIFM] £ CTIXRFMIKFANCHIM L, D%, EHIE

L7z (Fig.2C), Ui L&V, 227 wu 7 7 OiEHALIZHE . OCTNIOBERERIFEEL NN~ % Al REME D3

~ENT,

3-3-3) ERGOIZ & A M ROSE D #H

3-32F TORRE LY . BV2EOWT-PMGIZFH T, OCTNLIZ. B {b'E DERGO % Hifia

PNICHL D iATe Z L RFE S 72 (Fig. 1), feW T, SR EEERGODHMNAS, 27 v 27 U 7T HICK

UWTCREA S5 Ml ROS Z il 9~ 5 & & 2 ROSHE H 1 ek 3K O DCFH-DA % F VW TR L 72,

DCFH-DAIZ, #IIENOROS & i LT, #t &% T 5, BV2RUWT-PMGIZH LT, LPSZIREE T

%L RO A T SRR OB L=, ERGODIRINIL, LPSIZ L 28 GaRE o 523

L7= (Fig.3A, B), EEMHTICEB VT H . ERGOIL, LPSIZ X %58 E o FH- 24 E (il L7z (Fig.

3C,D), — 4 C. octnl™-PMGIZ 5\ T, LPSIZ L 2 8 e B oL, ERGOMINIC L - TIEE A

EIfl T & 72y 7= (Data not shown), LA EL Y, OCTN1%J L7ZERGODH VD A ix, 27 vy

U7 OIEMEIIZ L 2/ NROSOHIN 2 Il 42 Z &L DR S v,

3-3-4) I7u 7Y T DOREXKIZEBITSHOCTNIOEE

27w 7Y TIERIERFITHIA D IE R LS D [118], EBRIZ, TV A <~ —IHEE DK
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NTIE, AL T 7 a7 U THERIET S [119], £Z T, OCTNIO I 7 a7 U 7tk
b~D G- %33 5 72912, WT-PMG & octn1”-PMG % FiV N CREFAKR D IE R AL 2 5E4f L 7=, 1EHEAL
LTWRWNWI 7 a7 U 7T OREST NS WK ER T L5720, WT-PMG & octnl”-PMGIZ Xt 7%
ERGOHMEIN L, A DK & SITEEE KIE S 72 o 7= (Fig. 4A, B), WT-PMGIZHW\ T, LPS
WREE CHIRAR A L < IERAE L7223, —J5, ERGOD HATIRMIL, LPSIZ X 2 MR AR Kb % il L
7z (Fig.4A), £7-. Fig.4ClZ. MIADOEAE A XxEZ, MIADEFHORK S Zyihic 7' =2 > b L72H
M THD, MBREL LT, 77y hOERINEA EICBET 28, Mk kE{ ks Lic
7%, LPSIIMZ K- T, 7'my hoFEMITA LICBET 2 M R o b3, —J . ERGOFHIR
Mz X ->T, ZOEMIE, ZF~BEIL TWAHZ ERg05 (Fig.4C), & B2, MR Z /&S
WHDNHBRENSDFE TARITT . BREOFIE 2 ER&MIT LT DAFig.4dETH 5, LPSIRINIC
KoT, REWVMIIEEZE T HMAOEIGIL. B L i L TEWAS, —F . ERGOZ HATRMN
T5HZ LT, LPSIZ X D REWllakz2fH 3 2 0B & 13682 Lz (Fig. 4E), LI EORERE
I%. OCTN1% 4 L7ZERGODHLY iAZ NS, LPSIZXL D27 v 7 U 7 ORIBKDIE KA Z Jiii 95 =
EERBET 5, BN Z LT, octnl”-PMGIZHWTiE, WT-PMG &tz LC, LPSIZ & % flilafgk
DIERAE DRI/ NS 2o 72 (Fig. 4A-D). E RN OFERIZIBNTH, LPSOUIMIZ X Soctnl™
-PMG D R HIFE DA E/RBINT R S ey~ 7= (Fig. 4F), LLEX Y, OCTNLE, 27 us/ U7

DIERANAT DR E R EE ZH > T D AREMER B 2 b,

3-3-5) RIEMEY A MU A L DEAIZRKITHOCTNIDOEE
WIZ, 2707 VT ORIERED—D>ThDHRIEMY A NI A OFEAIZIIT 20CTNLIO R
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et Ulc, REWRKIEMEY A VA THDHIL-1IBLOTNFalL, il 4 OFFFRERRIR B D FEIE

ROHEICIRS B S-L [120]. £72. 2702 U 74 2IEmBEORE. ZhbDH A M A

VDOFRBEIEIT D=0 [49]. K2, IL-1B KL ONTNFalZ 5 45 % 24 T =, BV2 LK U'WT-PMGIZEB W T,

LPSZ ¥4 % &, IL-1p mMRNAK O'TNFa mRNADJEH A B8N L 7= (Fig. 5A, C), Z MDLPSIC

X BIL-18 mMRNADF5E X, negative sSiRNAZE A L7-BV2 & ik LT, siOCTN1%E A L72BV2iZ

BT, LW KEXho7 (Fig.5A), £72. PMGICEHWNTiE, 1HOLPSIEFEIC & 5 IL-18 mMRNAD

FHEIT WT-PMG L ¥ &, 0ctn1-PMGIZ U TR & 73572 (Fig. 5A), —75 T, LPSIZ & 5 TNFa mRNA

DOIHFEE B LTl BV2E OPMGHEAIRIIZ I\ T, OCTNIDOFEINEIC L B 2813/ 0720~ T~

(Fig.5B,D), LA EX VYV OCTNLIZI 7 a2 U 7TIZ X DIL-1BPEAZAICHIEIT 2 Z LRSIz, R

12, OCTN1DKE Toh HERGONIL-1BFEEAZ I L T2 LKA 32T, ERGOTRINC K 2 e

YA DIA L DORBANRITTREZFHE LIz, TARICK LT, ERGOI, LPSIZ L SIL-1B K% O TNFa

MRNADREFHEE IR LT, AEREEL ME S0 o7 (Fig.6), —J7T. LPSIERMEEDBV2IC

B TIL,ERGOIZ, IL-18 MRNA K " TNFa mRNAFS Bl 2 A & (280 = 7= (IL-1p: 1.00£0.17 (-ERGO),

2.54+0.57 (+ERGO). TNFo: 1.00+0.08 (-ERGO), 1.71+0.19 (+ERGO)) (Fig. 6A, B), UL EOfEFE LY |

27 a7 ) TRV T, OCTNIBERGOLSN DRI DILE DHLY iAZ %4 LT, IL-1B mRNAX B %

BTS2 ATREMESS, ERGODMRBRIEM 28R EIZ K » TR T D AIREMEERE 2 b D,
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Figure legends
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Figure 1. Functional expression of OCTNL1 in BV2 cells and primary cultured microglia.

(A) BV2 cells cultured for 3 days were incubated with [P HJERGO either in the absence (open circles) or
presence (closed circles) of 500 uM unlabeled ERGO, followed by determination of [*(H]JERGO uptake. Each
value represents mean + S.E.M. (n = 4). (B) BV2 cells were transiently transfected with sSiOCTN1 (closed
circles) or negative control siRNA (open circles), and subsequently cultured for 3 days. The cells were then
incubated with d9-ERGO, followed by determination of d9-ERGO uptake. Each value represents mean +
S.E.M. (n=3). (C) Uptake of [?(H]JERGO was measured in primary cultured microglia obtained from WT (open

circles) or octn1™ (closed circles) mice. Each value represents mean + S.E.M. (n = 3-5).

60



>
vy)
@)

~
)

~
J

—

an

o
)

I_<

*kk Hekek

*kk

|
B:
|4

| i

-

o

o
1

ok

'S
L
'S

N w
1 1
N w
1 1
(3]
o
1

OCTN1 mRNA (Ratio to Control)
*
[FHIERGO Uptake (pL/mg protein)

o

0 T
0 1 3 10 30100 0 1 2 4 8 0 8 16 24
LPS (ng/mL) Time after Addition Time after Addition

of LPS (h) of LPS (h)

Figure 2. Up-regulation of OCTN1 in BV2 cells activated by LPS-stimulation.

BV2 cells were treated with LPS (1-100 ng/mL) for 6 h (A) or LPS (100 ng/mL) for 1 to 8 h (B), and total
RNA was extracted for quantitative RT-PCR analysis of OCTNL. Each value is normalized by the expression
level of GAPDH mRNA and represents mean = S.E.M. (n = 4-6). (C) BV2 cells were treated with LPS (100
ng/mL) for 1 to 24 h, followed by uptake measurement of [(HJERGO for 120 min. Each value represents mean
+S.E.M. (n=4). p<0.05, “p<0.01, *p <0.001, significant difference from the control value obtained from

BV2 cells not treated with LPS.
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Figure 3. Suppression of LPS-induced intracellular ROS by ERGO in BV2 cells and primary cultured
microglia.

BV2 cells (A, C) and primary cultured microglia from WT mice (B, D) were exposed to LPS (100 and 30
ng/mL) for 6 h either in the absence or presence of ERGO (500 uM), and DCFH-DA staining was performed
for detection of intracellular ROS. Typical fluorescence images obtained in BV2 cells (A) and primary cultured
microglia (B) are shown in the upper panels. Scale bar: 300 um. The fluorescence images in BV2 cells (C)
and primary cultured microglia (D) were quantified using the ImageJ software. Each value represents mean +
S.E.M. (n =3-4). p <0.05, *p < 0.001, significant difference from the control value obtained from cells not
treated with LPS in the absence of ERGO. *p < 0.05, *#p < 0.001, significant difference from the value obtained

from cells treated with LPS in the absence of ERGO.
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Figure 4. Involvement of OCTNL1 in hypertrophy in primary cultured microglia obtained from WT
and octn1”-mice.

Primary cultured microglia obtained from WT (A, C, E) or octn1™ (B, D, F) mice were treated with LPS (30
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ng/mL) for 6 h either in the absence or presence of ERGO (500 uM). The cells were fixed with 4% PA, followed
by immunocytochemical detection of microglial marker Iba-1 (green) and nuclear marker DAPI (blue). Typical
fluorescence images are shown in microglia from WT (A) or octn1” (B) mice. Scale bar: 30 um. The area and
perimeter of cells measured in fluorescence images are shown in the abscissa and ordinate, respectively, in
microglia from WT (C) or octn1™ (D) mice. (C) Values above 3000 um? and 600 um were plotted as 3000 pm?
and 600 um in the abscissa and ordinate, respectively. The percentage of the number of cells with different
size of cell bodies was calculated by using the cell area as an indicator in microglia from WT (E) or octn1™
(F) mice. Each value represents mean + S.E.M. (n = 3-4). “p < 0.01, ™"p < 0.001, significant difference from
the control value obtained from cells not treated with LPS in the absence of ERGO. *p < 0.05, #p < 0.01,
significant difference from the value obtained from cells treated with LPS in the absence of ERGO. N.D., not

detectable.
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Figure 5. Promotion of inflammatory cytokine production by knockdown of OCTNL1 in BV2 cells and
primary cultured microglia.

BV2 cells were transiently transfected with siOCTN1 (black columns) or negative control siRNA (white
columns), and subsequently cultured for 3 days. The cells were then treated with LPS (100 ng/mL) for 1 to 4
h, and total RNA was extracted for quantitative RT-PCR analysis of IL-1p (A) and TNFa (B). Each value is
normalized by the expression level of GAPDH mRNA and represents mean + S.E.M. (n = 6-7). “p < 0.05,
significant difference from the control value obtained from BV2 cells transfected with negative control.
Primary cultured microglia obtained from WT (white columns) or octn1” (black columns) mice were treated
with LPS (30 ng/mL) for 1 to 4 h, and total RNA was extracted for quantitative RT-PCR analysis of IL-1p (C)
and TNFa (D). Each value is normalized by the expression level of GAPDH mRNA and represents mean +
S.E.M. (n = 5-6). "p < 0.05, significant difference from the value obtained from primary cultured microglia

from WT mice.
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Figure 6. Effect of ERGO on inflammatory cytokine production in BV2 cells and primary cultured
microglia.

BV2 cells were treated with LPS (100 ng/mL) for 1 to 4 h either in the absence (white columns) or presence
(black columns) of ERGO (500 uM) (A, B). Primary cultured microglia from WT mice were treated with LPS
(30 ng/mL) for 1 to 2 h either in the absence (white columns) or presence (black columns) of ERGO (500 uM)
(C, D). Total RNA was extracted for quantitative RT-PCR analysis of IL-1B (A, C) and TNFa (B, D). Each
value is normalized by the expression level of GAPDH mRNA and represents mean + S.E.M. (n = 3-4). p <

0.05, significant difference from the control value obtained from the absence of ERGO.
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. /1. OCTN1 suppressed mRNA expression of IL-1B.
Wild-type |  However, addition of ERGO did not suppress it.

i 2. OCTN1-mediated ERGO uptake suppressed hypertrophy
.. at least partially via reduction of intracellular ROS.

Resting Microglia Activated Microglia

1.
Activation
by LPS
— A N
IL-18 mRNA
W S

octn1”- | 3. octn1+ microglia did not show hypertrophy.

Activation
by LPS

Figure 7. Involvement of OCTNL1 in microglial activation.
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Fhui B
3-4-1) BRI L B I 70l Y 7 OEEEHEORE

AHFFEZ L D WD T, BEMI S 7 1 7Y T2 W T, PRI R OCTNL 23S HEREAIIFE
BLTWADZ EMNFEH SN, &5HIZ, OCTNL 47 L7=Hif (b E ERGO DHLY JAAIC X % ik
N ROS o#iil, & 5 WMiE, ERGO LISNDIE DR A X A2 KRAMOIEREFICLY, 77
U7 OIEMHEEZRIET L Z EBNRB I, SNETH Y UZREREIZ LD & T D FIRT 7T
N7 a7 YT OIEMLZ T 5 & OWEITZ < H o7 [110, 121, 122], BEREEAIC L 5
7 a7 U7 OIEMHEHIEIZIZ E A EB BN E o T, RBFFEL D | ZREKIC L D IEMALHIE
IZMA T BERRERIC L > Th 7 v 7 ) 7 OEMELOHIE T & 2 ATRerEr R Sz, sk o
Baid., —@tEOEOIN > 7 IARZEDOTEMAL 2 RS L T 208, —5CL AR BN T
OB OWREFALEFET D720, BEZAEEL Y b RN MEREGICEBN D B2 6D, 18
PERY 70 R ST DMER DHEFTIC R 592 T /L A = — 0K 5 O % D dEsh iR g I %t L T
I% [35-37, 123, 124], EMIMICI 7 a7 ) 7 OIEMEZRE T2 0 ERH 5, Lizdi-> T, PERE A
BN E Le 7 a2 U 7 ORHRIEERENT, e O R BT RT 5 Bi 72 e TRk &

LCTHifF s LD,

3-4-2) OCTNL1 {Z & % ERGO DE Y iAZi%, #kIKA ROS Ol LIERIL 233 5
BV2 1 L X WT-PMG (23 THEKFEY 72 ERGO OHL Y ARG Y (Fig. 1A,C). =
DELY AZ T sIOCTNL O AZ L > TIK F L (Fig. 1B)., F7=. WT-PMG (2t~ octnl”-PMG CiH

F\AED o 72 (Fig. 1C), & 51T, HiF ke edaravone & [A4EIZ. ERGO fE(E F Tl LPS @iz k
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LA ROS OHNA IS &7z (Fig. 3), L7z~ TC, 22727 U 7IZ3H 425 OCTNL (%, #i

FANIZHLER (L E ERGO & BV iA A, AN ROS &2 #iil7-5 Z & NEIES 7=, HIEN ROS @
., 2770 7oKL EMAZ 5, BlxiE. NADPH 4% v &% —+F (NOX) &z KIEICE
D ROS DFEAREZIR T S B2~ ATIEI Z7 v 7 U 7 OBEKEIH S5 [114], LPS 12X 5
7 a7 )7 ORI, HilR{L#)’E edaravone (Data not shown)iZ & 0 #jilil <3125 [49], [FIEEIZ . ERGO
DT E>TH LPS 1L D7 u s Y 7 OERMuTIE Sz (Fig. 4A, C, E), L3> T,
OCTNL {2 L Y MIfENIZER VW A £ 7z ERGO 1%, HiER(b/EHIC X v Hifa ROS Z 45 Z & T,
JERALZ I 2 T2 EHEEL S NG, TV NA = —Ii0—F 2 Y VRO BE OMN T (AR
L7270 7 U 73R S v, IERAL & RGP R & OBIEMEN A ST\ 5 [125-127],
Flo, TAINAST—FT AT RAGEWEI /A7 ) v akb5T258, 377U TERE
O & & BT, EMFEREINGET H [128], L72h3 > T, OCTNL Z47 L7= ERGO BV iAZ|Z
K237 07 Y7 ORERICENIL, FERReEE B o B RGO 22 M 5 B HE ) OSSO 7278 £ FlRe
RSB D, —J7, WT-PMG 12335 LPS BSINC X - TEIE S /- Mifla ik oIt K1KiX, octnl”-PMG
WZBW I E A EiER S e -7 (Fig. 4B, D, F), ZOHHIIAHOEETH LD, Fred L
ICHEZR LTz, Bz, SIRTL AR RO RERALIZBIER 9523, OCTNL OFEE Th 5 ERGO 1,
BN B\ T SIRTL OFBLA IEIZHIET 5 Z & 235> Tnvd [72,129, 130], OCTN1 &
BAR TR L - T, SIRTL FOMIEDIETALIZE 59 2 BInFOFHEP M S/ LT, 2
7a 7 U7 OB IMZ GO0 s LitZewy [72,129,130], £/=. 27 v 27 U 7 OIER/LZE
4 2WE 2 OCTNL 28R W iA A, OCTNL D KABIZ L 0 JERABIEERE AN IRV A D 72> - ATRENE

HHEZHiLDH, OCTNL OBAS 1 KRIBIZ L DIEKRCIH DO A 1 = X L ZfRAT D720, 5H I B
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DFRRINMEET D D,

3-4-3) OCTNL T L B RIEMED A S A > DIRBLHIH

WT-PMG & O} octn1”-PMG DZRIEMY A kI A L 3BLZ g5 & | LPS {F4E Iz T
IX, octnl™-PMG @ IL-1 ® mRNA ¥H3FEICE D > 7= (Fig. 5C), 7=, siOCTNL Z#E A L 7=
BV2 TiX, ®HEHEL Il LT, LPSf#7E, FEMAE FIZHB W T, IL-1p ORBUTI A RICHE D> 72 (Fig.
5A), Z Dt AiE OCTNL 28 IL-1p DB A AUTHIEH+ 2 Z & 2R 5, LPSICk2I7n 707
DY A NI A CPEAERKITIE, ROS DEAZITT DR L ROS OEAN T L L 72 DD
25 [120,132), RiFEOREEN T L35 & OCTNL idEFHF O ERGO % MiEPNIZER W A A, il
N ROS Z 4|42 Z LT K- T, IL-1p OFBAMGIT 5 ATtk H 5, LrLgn b, BV2 KDY
WT-PMG (25T, 24 Bfij> ERGO HRTIRMIZ, LPS OIREIC L 5 IL-1B, TNFa OXEHL EFICH
HIREBE RIE S 7ino Tz (Fig. 6), LPS IZ X » Tk &aN/=2 7 a2/ ) 7IZHW T, ERGO (2
X DN ROS O IMERE S 72729 (Fig. 3). AMFITIZIVT LPS (2 X D RIEMEY A A >
ORBUFHEIL, EICHIIEN ROS OFEANGH LW THH 00 s Liveyy, —J, OCTNLIZ
X% LPS #i IL-1p FBL - H-04Mil 1, OCTN1 A% ERGO LIS DIE 2B v iAde = 112 X 5 AlREME
N %, OCTNL 240 L CHIFENIZEL Y 3A F 4172 ERGO 23 AHfEN ROS Z #ifi] L TH A kA > D3
B2 sl 22—, @ERERNS MRS ERGO 231 KB A v D% B2 A9 %5 OCTNL
FEEORY ABLZHEL, #ERE LTHA MU A COFBUMGIN R A 2> Te e b E X b b,
BV2 #2350 T siOCTNL B AIZ k- T, IL-1p OFEEMNE L HEML=D ., OCTNL 23, IL-1p

DRI AITHIET 2 2 DORE, ERGO X INKRHOFEE ZIVIAD R o 7= Z LITERKRT 5
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b LA, LPS JEFSINE D BV2 (23 Tid, sIOCTNL EAIZ L D IL-1p @ mRNA FEBLAS 14
% (Fig. 5)—Ji. ERGO ¥R X > T IL-1B KX TNFo OFEBLUIHIMN L7= (Fig. 6), Z 415 D H
16 H . ERGO LISMTIIENEST A b A > OFEBLZ AITHIET 5 OCTNL DIEEMNFEL. £ D
Y iAZ % ERGO A PRS2 ATREMEIZ S S 115, Invitro 1238\ T OCTNL EOHENH 5 7 & F
a0 [133]), RIEVEY A SO A L ORBEZMEIT L7200, ZOEMERVEDL S LiLen

[134],

3-4-4) LPS BT & 5 OCTN1 DRERERI R B DB DO\ T

LPS RN & % BV2 OIFMEALIZHE - T OCTNL OERERISE LN L 7= (Fig. 2), Z D
HBE, THP-1 IS LPS #INd™% 2 & T OCTNL OIS 5 &\ 9 il [39] & b5,
F72 LPSIC LB 27 027 ) 7 OiEMAGIE IL-1p X° TNFo OB & #n S w7= (Fig. 3), MH7A il
(2 IL-1B ° TNFa Z ¥4 2 Z L2k D, OCTNL @ mRNA REFHFENE Z 5 [48], L7=23-> T,
27 U TIZENT, LPSHINZ LY IL-1B <° TNFo SEEAESIL, 2T DH A R IA IZ k-
TEBIZOCTNL ANFESNI-REMENE X OGN D, 2712 U7 ORERIEMEGIC X 2 RIEMEY
A b I A R ROS ORI e HUHAMREEE A2 5| S 2 L, Hx ORSAPIRR B O R RECHE R (2 B
595 [120], L7=d3->T, 27 v 7 U7 OiEHbEAIZHl#E7T 25 OCTNL OFBLNHEMT 5 Z &
VL MR O B IR A B SRATERERE & 2 DL DH, E o, OCTNL I ZHEEFERAMED RN T
FRPRAE K D HIZIX OCTNL Z[HE T2 b DONEL H D, BlAIT, TV A <~ —IGRED F R~
VUL OCTNL OFEE TH Y [135], it AZ I VKoY 7 I 00, GlEED 7 n = %

OCTN1 ORHERITH S [40], WTiLdh, FEHARMTHLIETH D720, 707U TICB 5
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OCTN1 O#EEREOIHNC LV, 27 vl U 7T OREZR2IEHALSE E SRS 200 Ll
WV, EHITIE, B MZERWT OCTNL IZ—HEZMBAEL . Wikl EL 525720, 171
7 U7 OIEMHACICR 22 RIE T RN & 5 [136-139], Flix OIRRESCBIB TARICL S 7 0
7Y TIZHT % OCTNL OFEREZKIZ K - T, RSB BTk T D MagatEns & o L 5 7B e =

F D DN, HERRATIRETH D,

3-4-5) fE#

JEER AR OCTNL 122 7 1 7 U 7 ITHERERDIC R BL L TR Y . PIB(LWE ERGO &ML
0 3ATe Z L ASRER &7z, OCTNL %41 L7- ERGO OV A X, 27 a2 U T OIEMHALIZFES
HIMIN ROS OBMZMEIT 52 LT, 27 a7 ) 7 OMIBEOIERLZ I Lz, &5
OCTNL %, RIEMEY A A > IL-1p OFFE L AIZHIF L7 (Fig. 7)., 5%, OCTNLIZ L5 I/ 1
70T ORI ILIE IS A U7 fE 2 ORI BRI DI~ DIG A D7 . 57 50

77‘%753\‘/[2‘%-’6‘3?) Z)o
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FNE e

GHEH T A EEEER OCTNL 1%, NSCs 128\ T, 7 2 /i ERGO O ~DHELY A
F %4 LT, S6K1 (Thr389) & O NT5/TrkB o 7 vz iE AL L, ik b 23 %, F7=, OCTN1
X7 v 7Y TICHEERICRIL L TE Y . OCTNL 241 L 7= HiiR{b%'E ERGO MEL Y A %I LT,
MM ROS o#NZMEl+ 252 &<, 27 a7 ) 7 OMIBKOIERLZ IS5, &I,
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